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ABSTRACT 
 

Park situated at approximately 1400 m asl on a 
plateau within the boundaries of Turkey's fifth 

drinking water reservoir with favorable conditions 
for freshwater mitosporic fungi (Ingoldian fungi, or 
aquatic hyphomycetes). The purpose of this study 
was to define the distribution and identities of fungi 
from the reservoir dam and spores trapped in foam 
from immediately adjacent areas. It presents the 
distribution and identification of 5 species, 
Alatospora acuminata Ingold 1942, Dendrospora 
erecta Ingold 1942, Fontanospora eccentrica (R.H. 
Petersen) Dyko, Tricladium angulatum Ingold 
1942, Tricladium splendens Ingold 1942. Dendro-
spora erecta, Fontanospora eccentrica and Tricla-
dium splendens are new records for Turkey.  

 
 
KEYWORDS:  
Freshwater fungi, Ingoldian fungi, Marmara region, 

Park 
 
 

INTRODUCTION 
 
Climate change is negatively affecting many 

living organisms. The Intergovernmental Panel on 
Climate Change (IPCC) has presented evidence that 
in response to current climate change, many species 
in terrestial, marine and freshwater ecosystems has 
continue to change their geographical and seasonal 
distributions as a result of migration and evolving 
relationships between species. The unavoidable 
global climate change has affected aquatic ecosys-
tems and may expose the inability of vulnerable 
species to adapt to the new environmental condi-
tions and eventually result in their extinction [1]. 

The aquatic habitat provides a suitable envi-
ronment for many micro- and macroorganisms and 
may serve as biological reservoirs. In particular, 
lotic and lentic biotopes serve as important habitats 
for such fungal groups as the Chytridiomycota, 
Hyphochytriomycota, Oomycota, Ascomycota and 
aquatic hyphomycetes (mitosporic fungi). The 
aquatic hyphomycetes are a dominant mycoflora on 
submerged decaying allochthonous plant debris 

lotic and to a lesser extent in lentic systems [2]. 
Bärlocher [3] stated that aquatic hyphomycetes are 
believed to be sensitive to pollution and are usually 
associated with clean and well aerated freshwaters. 
They convert some of the organic compounds into 
fungal biomass [4]. Especially in lotic habitats, 
aquatic hyphomycetes are important in the degrada-
tion and recycling of leaf litter. This degradation 
process results in the loss of litter mass in freshwa-
ter ecosystems [5, 6]. They have the ability to de-
grade the leaf matrix by the activities of cellulose 
and pectinase (extracellular enzymes), which have 
different pH optima [3, 7, 8]. Hence, aquatic hy-
phomycetes comprise a major link in the stream 
food web. Freshwater ascomycetes which are often 
endophytes and saprobes on dead plant materials, 
algae and aquatic macrophytes, can be found in 
lotic and lenthic ecological habitats [9]. In addition, 
these fungi colonize submerged leaves of riparian 
vegetation and also actively function in the energy 
turnover and trophic dynamics of aquatic ecosys-
tems. 

Kirk et al. [10] reported that around the world, 
hyphomycetes group organisms had 9000 species in 
1800 genera. Over 600 species of freshwater fungi 
and fungal-like organisms have been discovered, 
and of this the temperate regions tend to have a 
higher number of species as a contrast to the tropi-
cal region [11]. These consist of 300 ascomycetes, 
300 mitosporic fungi and a quantity of chytrids and 
oomycetes [12]. A sexual stage has been recognized 
in roughly 10% of the 300 species of aquatic hy-
phomycetes that have been reported [3, 13]. They 
are a phylogenetically heterogeneous, ecologically 
defined group and depend entirely or partly on 
freshwater for their life cycle [14]. Their mycelia 
usually grow on decomposed leaves whilst their 
conidia are released from mycelia in the leaves and 
collect in foam [15]. Lignicolous freshwater fungi 
include freshwater ascomycetes [16] and anamor-
phic hyphomycetes and coelomycetes [17]. In 
aquatic hyphomycetes, the production and dispersal 
of conidia occur under water. These fungi also 
develop on submerged wood and twigs, but they 
have not been observed on coniferous wood [18]. 
Anamorphic freshwater fungi were first observed 
by Ingold [19] as a unique group of freshwater 
fungi that normally exist on partially decomposed 
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and immersed leaves of angiosperms. They have 
therefore been referred to as Ingoldian fungi in his 
honor. Predominately aquatic, Ingoldian hyphomy-
cetes are collected in small to medium-sized, rela-
tively clean, well-ventilated rivers and streams 
passing through forest or wooded areas with an 
excessive amount of foam in a conidium-rich envi-
ronment. High biomass and species diversity of 
Ingoldian fungi mostly exist on deteriorating woods 
and leaves in a well - aerated streams [20]. Ingoldi-
an hyphomycetes have adapted to small and fast-
flowing river waters in a number of ways, including 
the conidial form, mucilage release, and appressori-
um formation. Extracellular enzyme production 
varies in the presence of rapid colonization and 
sporulation. In addition, a temperature close to 0 

C is another important factor that affects sporula-
tion and development [21]. They are infrequently 
observed on leaves of Betula and Fagus. Moreover, 
this fungal group was rarely or never observed on 
Ulmus and Corylus. In contrast to Betula, Fagus 
and Quercus, which have slowly decaying, leathery 
leaves, the leaves of Alnus species undergo a much 
faster degradation [20]. Fungal species composition 
varies with latitude [18, 22]. 

The naturally occurring foams produced by 
water turbulence normally trap the conidia released 
underwater. Tetra-radiate conidia are the type most 
commonly observed in many aquatic hyphomy-
cetes, in which four long and straight branches 
emerge from a single point [18]. Under turbulent 
settings the branches of conidia may be very useful 
in attachment of spores to the substratum or inter-
twine the spore inside organic debris, which even-
tually turn out to be a substratum [22]. Tetra-radiate 
spores usually have three points of contact with the 
surfaces, for instance leaves, whilst sigmoid spores 
have two [23]. In addition, as noted by Webster, the 
sedimentation rates of tetra-radiate conidia are not 
consistently lower than those of more conventional-
ly shaped conidia [24]. Ingold [19] stated that the 
dominance of certain spore shapes indicates con-
vergent evolution. A lot of species are distinctively 
adapted to dispersal in running water. The topic did 
not receive much experimental attention, but it has 
been documented in many countries worldwide 
[11].  

Turkey is located at the intersection of three 
phytogeographical regions (Mediterranean, Euro-
Siberian, and Irano-Turanian) and, thus, has differ-
ent regional proportions and rich diversity of spe-
cies [25, 26]. Turkey has limited aquatic biodiversi-
ty areas. The study area in the Marmara region is at 
the southern part of the Marmara Sea and a Medi-
terranean transition climate is dominant in the re-
gion. The aquatic fungal biota of the Marmara re-
gion and of Turkey is still unexplored. There have 
been only two studies on the aquatic hyphomycetes 
in Turkey [27, 28]. Both were conducted using 
decaying leaves and foam recovered in the eastern 

region of Anatolia in the Aras River and its tributar-
ies. Species obtained from these studies include 
Alatospora acuminata Ingold 1942, Anguillospora 
longissima (de Wild.) Ingold 1942, Articulospora 
inflata Ingold 1944, Articulospora proliferata A. 
Roldan & W.J.J. van der Merwe 1990, Clavariopsis 
aquatica de Wild. 1895, Clavatospora longibrachi-
ata (Ingold) Sv. Nilsson ex Marvanova & Sv. Nils-
son 1971, Flagellospora curvula Ingold 1942, 
Heliscella stellata (Ingold & Cox) Marvanova 
1980, Heliscus lugdunensis Sacc. & Therry 1880, 
Lemonniera aquatica de Wild. 1894, Lemonniera 
centrosphaera Marvanova 1968, Tetracladium 
furcatum Descals 1983, Tetracladium marchali-
anum de Wild. 1893, Tricladium angulatum Ingold 
1942, Tricladium curvisporum Descals 1983, 
Tricladium giganteum S.H. Iqbal 1971, Tricladium 
gracile Ingold 1944, and Triscelophorus monospo-
rus Ingold 1943. 

 
 

MATERIALS AND METHODS 
 
The study was carried in a small (average 

depth approximately 4 m) stream leading into a 

o07 00  N, 
29o05 55  E, elev. ca. 1570 m), by a well-aerated 

with its unique biotic and climatic conditions to 
which it is connected by a rich forest cover. Materi-
als were obtained between April 2009 and July 
2010 study period at difference intervals. Due to the 
harsh winter conditions no material could be ob-
tained in February and March. To the extent possi-
ble, decaying angiosperm leaves and detritus mate-
rial were collected from the dam lake. In particular, 
Populus tremula and Fagus orientalis leaves ob-
tained from the dominant riparian vegetation were 
gathered from the stockpile leaf packs. A great 
quantity of samples was collected from the bottom 
layer of the dam, and a quantity of water samples 
was collected from foam bubbles that formed on the 
dam overflow. The material was collected and 
evaluated by partly modified routine laboratory 
methods [18, 20, 22, 29]. 

During the study, a total of 97 samples were 
collected and incubated in the laboratory. A small 
amount of water was added to the collected sam-
ples, which were placed in sterile plastic sealed 
containers. These containers were then transported 
to the laboratory and washed in tap water. 30 mL of 
distilled water was added to 10 cm diameter glass 
Petri dishes and incubated at approximately 10 C 
to induce sporulation. After 24 hours, 5 to 10 cc of 
methylene blue solution was added to improve 
visibility on the Petri dishes. Careful microscopic 
observations were focused on the veins and petioles 
of the older leaves gathered from the surface layer 
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and bottom of the reservoir. The samples were 
examined under a light microscope for the devel-
opment and emergence of conidiophores at regular 
intervals over a 15-day observation period. In addi-
tion, conidia of aquatic hyphomycetes were collect-
ed for isolation from foam formed on the dam over-
flow. For this purpose, samples were taken from the 
parts of the dam that produced high amounts of 
foam due to elevated flow rates. Immediately after 
sampling, the fixing solution FA was added to the 
jar to inhibit spore germination. Furthermore, fresh 
foam samples were transported to the laboratory on 
the day of the field study and transferred to centri-
fuge tubes. Microscopic examination for fungal 
spores was subsequently performed after adding 1-2 
drops of methylene blue solution into the mixture. 

After incubation, for approximately 10 minutes, the 
pipetted samples were transferred onto a micro-
scope slide in a drop of water. Then, the covered 
slides were examined under a light microscope. 
Photographs were made of the foam and decaying 
leaves of the samples with an Olympus BX 51 
microscope. Taxonomic characterizations of the 
samples were based on microscopic observations of 
the specimens obtained from semipermanent slides. 
Taxonomic identifications of the samples were 
made based on keys by Petersen [30], Nilsson [20], 
Crane [29], Ingold [18], Subramanian [31] and 
Gulis et al. [32]. Hence, some of the general charac-
ters and related to the microscopic observations and 
geographic 

 
FIGURE 1 

The study area on a map of Turkey with a grid system 

 
FIGURE 2 

-  
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distributions are derived from authorized publica-
tions, with our evaluations based on the lists of 
species in several studies [18, 20, 32, 33]. A map of 
the study area (Fig. 1), the seasonal distribution and 
occurrence of fungal taxa (Table 1) and a climate 
diagram are shown (Fig. 2) and also microscopical 
images are presented (Figs. 3 7). New records of 
taxa for Turkey are indicated by an asterisk. 

 
 

RESULTS 
 

 Plateau area are in the 

asl. The primary objective of this research was to 
obtain qualitative data about the distributions and 
identities of aquatic fungi f
which is under the influence of the Mediterranean 
climate of the South Marmara region of Turkey. 
Five species, belonging to four genera, of freshwa-
ter hyphomycetes were isolated from the dam, es-
pecially in the upper zone, between April 2009 and 
July 2010. These taxa are Alatospora acuminata 
Ingold, Dendrospora erecta Ingold, Fontanospora 
eccentrica (R.H. Petersen) Dyko, Tricladium angu-
latum Ingold, and Tricladium splendens Ingold. 
Dendrospora erecta, Fontanospora eccentrica and 
Tricladium splendens are new records for Turkey.  

 
List of species. Alatospora acuminata Ingold 

1942. This was isolated from foam samples. Most 
records have been from temperate regions and 
many of the records are from the UK [18]. This is 
one of the most common species in Sweden and 
also appears particularly abundant and dominant in 
the foam samples. This species is often prevalent in 
late autumn, winter and early spring in lotic waters 
and spores are also observed in some mountain 
rivers in Sweden [20]. The morphological appear-
ance formed from two side arms can be easily iden-
tified major axis and a small tetra-radiate phi-
alocondial structure [18]. Phialides develop singly 
at the tips of short which has two divergent lateral 
arms arise and extend simultaneously [33]. Fig. 3 

 

 
FIGURE 3 

Alatospora acuminata Ingold 
 

Dendrospora erecta Ingold 1943. This was 
isolated from leaf samples. This taxon is reported 
from Europe, Asia and North America [20]. The 
conidia are easily defined by a straight main axis 
and a large thalloconidial structure consisting of 
one or more level side arms. It exhibits a basal 
branch near the base of the arms [18]. Fig. 4 

 

 
FIGURE 4 

Dendrospora erecta Ingold 
 
Fontanospora eccentrica (R.H. Petersen) 

Dyko, Trans. Br. mycol. Soc. 70(3): 412 (1978). It 
was isolated from the foam sample. Taxon have 
been reported from USA, Canada, Ireland and Cen-
tral European from rivers and lakes in especially 
from submerged decaying leaves [30, 34]. Conidia 
with geniculate or curved axis and two branches 
attached near its middle. Branches subopposite, not 
aqual in length, axis subconstricted at a septum 
between branch insertions. Axis typically over 90 
mikrometers long, elements cylindrical. Spore pro-
duction begins with septum formation 20-30 mi-
crometers from the tip of the aleuriospore [30, 32]. 
Fig. 5 

 

 
FIGURE 5 

Fontanospora eccentrica (R.H. Petersen) Dyko 
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Tricladium angulatum Ingold 1942. Sample 
material was isolated from the leaves of undeter-
mined species. Although it was rarely found in the 
foam specimens, it is a very common and easily 
identifiable species. It is recorded from Europe, 
Africa, North America. The main axis of the termi-
nal thalloconidium has a sharp slope at the site of 
the side arms [18, 20]. Fig. 6 

 

 
FIGURE 6 

Tricladium angulatum Ingold 
 
Tricladium splendens Ingold 1942. The spec-

imen was isolated from the foam sample. This tax-
on is easily recognized from the leaves or in foam 
specimens and also shows a very wide distribution 
in Sweden and the UK. It is probably common in 
the entire Northern Hemisphere and is also distrib-
uted in Africa and Asia. The conidia have a slightly 
curved terminal thalloconidium branching at differ-
ent levels in one or more of the long main axes [18, 
20]. Fig. 7 

 

 
FIGURE 7 

Tricladium splendens Ingold 
 
 

DISCUSSION 
 
Ingold [18] stated that the aquatic hyphomy-

cetes are especially abundant in the end of third and 
fourth months of the year, when lower water tem-
peratures (less than 20 ºC) provide optimum growth 
compared to terrestrial species. By the end of the 
winter season during April and May, significant 
increases in the number of species and sporulations 
occur in streams affected by snow melt. In most 

temperate streams, leaves appear within a few 
weeks in the fall, disappear within a few months 
due to drift and invertebrate feeding. They also 
occur in discrete units, which generally necessitates 
a reproductive effort by a fungus every time it col-
onizes a new leaf [35].  

This study was carried out in a water reservoir 

Park, an area with an intense Mediterranean cli-
mate, with a short dry period in summer and rainfall 
in spring and autumn (Fig. 2). In the context of 
these data and ombrothermic diagrames, the climate 

rainy Mediterranean bioclimatic stratum [25, 26]. 
As shown in Table 1, no isolation took place during 
the winter months (February and March) due to 
prevailing harsh conditions in the study area. In 
April of 2009 and 2010 we were able to record the 
most species and identified 4 different taxa. No 
sporulation was observed in any samples during 
June and July. During the summer the amount and 
condition of water in the dam region was substand-
ard, due to the onset of a drought period. Decreased 
precipitation, increased temperature, excessive 
evaporation resulted in a lower water level, which 
provided unfavorable conditions in these study 
periods for the development of aquatic fungi. We 
recorded only two taxa from August to December. 
In September we recovered one species, two spe-
cies in October and one species in November. Thus, 
seasons that allow fungal conidia transported from 
the upper zone of melting snow and rain water can 
also carry over to the dam area with a high amount 
of substrate material. Despite this, in the summer 
and autumn seasons, local climate conditions nega-
tively impacted the supply of water to the reservoir 
due to extremely low water flow (Table 1).  

In the study area, rainfall and temperature in-
fluenced the amount of plant material entering the 
streams from deciduous trees in the early spring and 
the autumn. This and similar circumstances that 
occur in the region, climatic conditions can cause a 
fungal sporulation increase. In their study, Iqbal & 
Webster [36] observed high leaf fall in early winter 
containing fast-flowing rivers. Hence, Descals [37] 
stated that autumn in cold and temperate climates 
tends to be the highly productive collection season 
in streams flowing through deciduous woods even 
though minor peaks may occur at other times. Our 
findings are partly compatible with these statements 
concerning species recoveries from the same peri-
ods (Table 1). Descals and Moralejo [38] are also 
stated that the small number of species in temporary 
streams is associated with the seasonality of the 
water flow. As stated by Khan [2], aquatic fungi 
exhibit a remarkable seasonality; to explain this, a 
couple of models have been put forward, which 
tend to establish a strong correlation between their 
seasonal occurrence and the temperature and pH of 
the aquatic systems. 
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TABLE 1 
Occurence of conidia in during the study periods * 

 
 
Species 

Year/ 
Mont
h 

1 2 3 4 5 6 7 8 9 10 11 12 

Fontanospora 
eccentrica 

2009 - - - - - - - - + + - - 
2010 + - - + + - -      

Tricladium 
spendens 

2009    + + - - + - - + + 
2010 - - - - - - -      

Tricladium 
angulatum 

2009    - - - - + - + - + 
2010 - - - + - - -      

Alatospora 
acuminata 

2009    + - - - - - - - - 
2010 - - - - - - -      

Dendrospora 
erecta 

2009    + - - - - - - - - 
2010 - - - - - - -      

* (+) observed, (-) not observed, ( ) untreated period 
 
On the other hand, the regional conditions 

were adversely affected in other water quality pa-
rameters, e.g., salinity, turbidity, and BOD. Hence, 
this condition was limiting for the proliferation of 
aquatic hyphomycetes in this extreme period. 
Without doubt, the occurrence in this season of 
adverse macroclimatic conditions makes the con-
tinued existence of all living organisms in the 
aquatic environment difficult. 

We have identified five species, Alatospora 
acuminata, Dendrospora erecta, Fontanospora 
eccentrica, Tricladium angulatum, Tricladium 
splendens. Dendrospora erecta, Fontanospora 
eccentrica and Tricladium splendens are new rec-
ords for Turkey, which was a lot less than expected 
for this region. Potential reasons include the harsh 
regional climate, but also the periodic cleaning of 
this reservoir before the autumn rains that occur in 
the region. All these activities caused the loss of 
organic substrates that are essential for the devel-
opment of aquatic hyphomycetes. Hence, the accu-
mulation of decaying debris and suspended material 
remain at very low levels in subsequent seasons. 
This also limited the seasonal recovery of conidia 
from the sample materials for laboratory studies. 
These interventions interrupted the degradation 
processes and disrupted nutrient cycling and un-
doubtedly limited the occurrence of species. 

 
 

CONCLUSION 
 
Most freshwater habitats are vulnerable to dis-

turbance. Any disruption inside the drainage basin 
will have an effect on the in-stream communities 
through wash-off or run-off processes, and due to 
the downhill flow of water. Thus, any alteration in 
the headstream areas will eventually affect the 
downstream reaches [11]. As the freshwater habi-
tats are shrinking due to the activities of human and 
climate change, it is very important to understand 
the geographical distribution patterns of freshwater 
ascomycetes. Worldwide increases in temperature 
believed due to the greenhouse effect, acidification 

and exposure of aquatic ecosystems to anthropo-
genic pollutants are important factors influencing 
the distribution and composition of species in the 
aquatic environment, in the short term, it is im-
portant to determine which taxa of aquatic organ-
isms exist in the world. Dubey et al. [34] reported 
that pH alone cannot be a major factor accounting 
for low species numbers, for appreciable differ-
ences also existed for most other chemical charac-
teristics such as high sulfate and/or aluminum con-
centrations. In order to maintain the ecological 
processes in aquatic ecosystems, it very important 
to preserve the biological qualities. Given these 
considerations, it is crucial to understand and pre-
serve our areas of aquatic diversity.  

All of the identified species were specifically 
recorded from the region for the first time and three 
of them are also new records for Turkey. The pres-
ence of a limited number of species will help us to 
at least have an understanding of some aspects of 
the biodiversity of aquatic environments in Turkey, 
they will also increase our understanding of the 

ment. 
 
 

ACKNOWLEDGEMENTS 
 
This study is based on the MSc thesis entitled 

- 

We thank Prof. Dr. Felix Bärlocher, (Mount Allison 
University, New Brunswick, Canada) and Prof. Dr. 
Sridhar Kandikere (Mangalore University, Man-
galagangotri - Karnataka State, India) for their 
invaluable suggestions to our manuscript. We 
would like to acknowledge financial support 

project number UAP(F)-2010/29. Editing was car-
ried out by AJA.  

This study was presented partly as a poster at 
-

-  



© by PSP  Volume 27  No. 12B/2018 pages 9433-9440        Fresenius Environmental Bulletin 

9439

 

REFERENCES 
 

[1] Anonymous (2014) Climate Change IPCC 
2014: Mitigation of Climate Change. Contribu-
tion of working group III to the fifth assess-
ment report of the intergovernmental panel on 
climate change. Cambridge University Press, 
Cambridge, United Kingdom and New York, 
NY, USA.  

[2] Khan, M.A. (1987) Interspecies interactions in 
aquatic hyphomycetes. Botanical Magazine. 
100, 295 303.  

[3] Bärlocher, F.T. (1992) The ecology of aquatic 
hyphomycetes. Springer-Verlag, Berlin. 

[4] Gulis, V. and Suberkropp, K. (2003) Leaf litter 
decomposition and microbial activity in nutri-
ent-enriched and unaltered reaches of a head-
water stream. Freshwater Biology. 48, 123
134. 

[5] Hieber, M. and Gessner, M.O. (2002) Contri-
bution of stream detritivores, fungi, and bacte-
ria to leaf breakdown based on biomass esti-
mates. Ecology. 83, 1026 1038. 

[6] Tsui, C.K.M. and Hyde, K.D. (2004) Biodiver-
sity of fungi on submerged wood in a stream 
and its estuary in the Tai Ho Bay, Hong Kong. 
Fungal Diversity. 15, 205 220. 

[7] Suberkropp, K. and Klug, M.J. (1976) Fungi 
and bacteria associated with leaves during pro-
cessing in a woodland stream. Ecology. 57, 

 
[8] Chamier, A.C. and Dixon, P.A. (1982) Pecti-

nases in leaf degradation by aquatic hyphomy-
cetes: the enzymes and leaf maceration. Micro-
biology. 128, 2469 2483. 

[9] Shearer, C.A. and Raja, H.A. (2010) Freshwa-
ter Ascomycetes Database. 
http://fungi.life.illinois.edu/about/intro. 

[10] Kirk, P.M., Cannon, P.F., Minter, D.W., Stalp-
ers, J.A. (2008) Dictionary of the fungi. 10th 
edn. CABI Publishers, Wallingford, UK. 

[11] Michelle, K.M.W., Goh, T.K., Hodgkiss, I.J., 
Hyde, K.D., Ranghoo, V.M., Tsui, C.K.M., 
Ho, W.H., Wong, W.S.W., Yuen, T.K. (1998) 
Role of fungi in freshwater ecosystems. Biodi-
versity and Conservation. 7(9), 1187 1206. 

[12] Goh, T.K. and Hyde, K.D. (1996) Biodiversity 
of freshwater fungi. Journal of Industrial Mi-
crobiology and Biotechnology. 17, 328 345. 

[13] Sivichai, S. and Jones, E.B.G. (2003) Teleo-
morphic-anamorphic connections of freshwater 
fungi. In: Tsui, C.K.M., Hyde, K.D. (eds.) 
Freshwater Mycology. Fungal Diversity Press, 
Hong Kong, 259 272. 

[14] Thomas, K. (1996) Australian freshwater fun-
gi. In: Grgurinovic, C.A. (ed.) Introductory, 
volume to the fungi (part II). Fungi of Austral-
ia, vol IB. Australian Biological Resources 

 
 

[15] Huang, Z., Jones, E.B.G., Zhou, D., Bahkali, 
A.H., Hyde, K.D. (2011) Checklist of freshwa-
ter fungi in Thailand. Cryptogamie Mycologie. 
32(2), 199 217. 

[16] Cai, L., Zhang, K.Q., Hyde, K.D. (2003) 
Freshwater Ascomycetes. Fungal Diversity Re-

 
[17] Goh, T.K. and Tsui, C.K.M. (2003) Key to 

common dematiaceous hyphomycetes from 
freshwater. In: Tsui, C.K.M., Hyde, K.D. (eds.) 
Freshwater mycology. Fungal Diversity Press, 
Hong Kong, 325 343. 

[18] Ingold, C.T. (1975) An illustrated guide to 
aquatic and water-borne hyphomycetes (Fungi 
Imperfecti), with notes on their biology. 
Freshwater Biological Association Scientific 
Publications. vol. 30, Cumbria, England. 

[19] Ingold, C.T. (1942) Aquatic hyphomycetes of 
decaying alder leaves. Transactions of the Brit-
ish Mycological Society. 25, 339 417. 

[20] Nilsson, S. (1964) Freshwater hyphomycetes: 
Taxonomy, morphology, and ecology. Symbo-
lae Botanicae Upsalienses. 18(2), 1 130. 

[21] Tsui, C.K.M., Hyde, K.D. (2003) Freshwater 
mycology. Fungal Biodiversity Press, Hong 
Kong. 

[22] Webster, J. and Descals, E. (1981) Morpholo-
gy, distribution and ecology of conidial fungi 
in freshwater habitats. In: Cole, G.T., 
Kendrick, B. (eds.) the biology of conidial fun-
gi. vol. 1, Academic Press, New York, 295
355. 

[23] Webster, J. (1987) Convergent evolution and 
the functional significance of spore shape in 
aquatic and semi-aquatic fungi. In: Rayner, 
A.D.M., Brasier, C.M., Moore, D. (eds.) Evo-
lutionary biology of the fungi. Cambridge Uni-
versity Press, Cambridge, 191 201.  

[24] Webster, J. (1959) Experiments with spores of 
aquatic hyphomycetes, I Sedimentation, and 
impaction on smooth surfaces. Annals of Bota-
ny. 23, 595 61. 

[25]  
try of Forestry Publication, 163, Meta Publish-

 
[26] 

raphy. vol I., Ministry of Environment and 

Turkey. 
[27] 

study on aquatic hyphomycetes flora of decay-
ing leaves in Aras River within Erzurum Prov-
ince. Trakya University Journal of Natural Sci-

 
[28] 

study on aquatic hyphomycetes of foams of 
Aras River within Erzurum. Trakya University 
Journal of Natural Sciences. 5(1), 29 33. 

 
 



© by PSP  Volume 27  No. 12B/2018 pages 9433-9440        Fresenius Environmental Bulletin 

9440

 

[29] Crane, J.L. (1968) Freshwater hyphomycetes 
of the Northern Appalachian Highland includ-
ing New England, and three coastal Plain 
States. American Journal of Botany. 55(8), 
996 1002.  

[30] Petersen, R.H. (1962) Aquatic hyphomycetes 
from North America. I. Aleuriosporae (Part I) 
and key to the genera. Mycologia. 54(2), 
151. 

[31] Subramanian, C.V. (1983) Hyphomycetes: 
Taxonomy and biology. Academic Press, New 
York. 

[32] Gulis, V., Marvanova, L., Descals, E. (2005) 
An Illustrated key to the common temperate 
species of aquatic hyphomycetes. In: Graça, 
M.A.S., Bärlocher, F., Gessner, M.O. (eds) 
Methods to study litter decomposition, a prac-
tical guide.  

[33] Webster, J. and Weber, R. (2007) Introduction 
to fungi. Cambridge University Press, Cam-
bridge.  

[34] Dubey, T., Stephenson, S.L., Edwards, P.J. 
(1994) Effect of pH on the distribution and oc-
currence of aquatic fungi in six west Virginia 
Mountain Streams. Journal of Environmental 

 
[35] Sudheep, N.M. and Sridhar, K.R. (2011) Di-

versity of lignicolous and Ingoldian fungi on 
woody litter from the River Kali (Western 
Ghats, India). Mycology. 2(2), 98 108. 

[36] Iqbal, S.H. and Webster, J. (1977) Aquatic 
hyphomycetes spore of some Dartmoor 
Streams. Transactions of the British Mycologi-
cal Society. 71, 231 237. 

[37] Descals, E. (1997) Ingoldian Fungi: some field 
and laboratory technique. Bolletí de la Societat 
d'Història Natural de les Balears. 40, 169 221. 

[38] Descals, E. and Moralejo, E. (2001) Water and 
asexual reproduction in the Ingoldian fungi. 
Botanica Complutensis. 25, 13 71. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Received: 18.08.2017 
Accepted: 12.11.2018 
 
 
CORRESPONDING AUTHOR 
 
C Cem Ergul 

 
Faculty of Arts and Sciences,  
Department of Biology,  
Bursa  Turkey 
 
e-mail: ergulc@uludag.edu.tr 

 



© by PSP  Volume 27  No. 12B/2018 pages 9441-9446        Fresenius Environmental Bulletin 

9441

 

 
POTASSIUM AND CALCIUM CONTENT IN POTATO  

TUBERS DEPENDING ON WAYS OF APPLICATION OF THE 
UGMAX PREPARATION 

 
Alicja Baranowska1,*, Krystyna Zarzecka2, Iwona Mystkowska1, Marek Gugala2 

 

1Institute of Agriculture, Pope John II State School of Higher Education in Biala Podlaska, Poland 
2Department of Agrotechnology, University of Natural Sciences and Humanities in Siedlce, Poland 

 
 
ABSTRACT 

In recent years, dynamic changes occur in ag-
riculture, and the idea of protection of the natural 
environment and the consumer becomes more and 
more popular. Care for the natural environment and 
quality of the harvested crops is reflected in intro-
duction of various kinds of microbiological prepa-
rations to agricultural practice, which affect physi-
cal and chemical properties of soil and qualitative 
characteristics of plants. The purpose of the exper-
iment was to identify the effect of using the UGmax 
microbiological preparation (Soil Fertilizer) on the 
content of potassium and calcium in edible potato 
tubers. The experiment was established according 
to randomized split-block method, in three replica-
tions. The examined factors included: 1st factor: 
edible potato cultivars (Satina and Tajfun), 2nd 
factor: doses and dates of application of the UGmax 
Soil Fertilizer.  

As a result of the conducted study, it was de-
termined that potato tubers contain more potassium 
and calcium after application of the UGmax soil 
preparation as compared to tubers harvested from 
the control object, where UGmax was not used, but 
these differences were not confirmed statistically. It 
was proven that weather conditions and cultivars 
affect accumulation of potassium and calcium in 
dry matter of potato tubers. It was demonstrated 
that the experiment factors had a significant impact 
on the uptake of the examined macroelements with 
the yield of potato tubers. 

 
 

KEYWORDS:  
Potato, potassium, calcium, microbiological preparation  

 
 

INTRODUCTION 
 
Potato (Solanum tuberosum L.) is one of the 

main cultivated plants, decisive in feeding the 
world population [1, 2]. It is cultivated in over 125 
countries and consumed every day by more than a 
billion people [3].  

The nutritional value of ware potato tubers is 
determined by the content and quality of chemical 

substances, such as: starch, complete protein, sug-
ars, vitamins, phenol compounds, dietary fiber, 
organic acids, lipids, and minerals [4].  

Minerals constitute approximately 1-1.2 % of 
fresh mass of potato tubers. One of the most im-
portant elements is potassium, occurring in its ionic 
form K+. Consumption of 300g of potatoes covers 
approximately 48.6 % of the daily demand for this 
element [5].  

In the human body, potassium is the main cat-
ion of the intracellular fluid, and it is present in 
digestive juices and bones. It is responsible for 
maintenance of the water-electrolyte balance. This 
element plays a key role in the functioning of the 
heart, the nervous system and muscles [6]. 

Potassium also plays an important role in 
many biochemical and physiological processes 
taking place in plants. Among others, it plays a 
major role in osmotic processes, activation of plant 
enzymes, transport of ions and organic compounds. 
Therefore, it determines the quality and quantity of 
harvested crops [7, 8].  

Calcium Ca2+ is also an important element 
present in potato tubers. This macroelement fulfills 
an important framegenic role, is a component of 
cellular walls and body fluids, and is also the acti-
vator of many enzymes and takes part in the pro-
cess of blood clotting. This element determines 
correct growth and development of the body [9]. In 
the body of an adult person, 99 % of calcium can be 
found in the skeletal system [10].  

Few ambiguous results of empirical research 
on the effect of microbiological preparations on the 
content of macroelements in ware potato tubers 
induce to conduct further research. The experiment 
assumed that the UGmax microbiological prepara-
tion (Soil Fertilizer) will favorably affect the con-
tent of the concerned macroelements in potato tu-
bers. The purpose of the experiment was to identify 
the effect of using the UGmax preparation on the 
content of potassium and calcium in ware potato 
tubers.  
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MATERIALS AND METHODS  
 
The research material consisted of edible pota-

to tubers of the Satina and Tajfun cultivars obtained 
from a three-year field experiment, conducted with 
the use of the UGmax Soil Fertilizer (microbiologi-
cal preparation) in the period of 2008-2010 in the 
Agricultural Experimental Station in the area of 
central Poland. The experiment was conducted on 
soil with the granulometric composition of sandy 
clay, slightly acidic and acidic (4.81-5.91 pH in one 
n of KCl). The assimilable potassium content in soil 
ranged from low to high, phosphorus content - from 
high to very high, and magnesium - from low to 
average. 

The experiment was established according to 
the randomized split-block method, in three replica-
tions. The examined factors included: the cultivar 
and application of the UGmax Soil Fertilizer. The 
assessment covered two medium early cultivars of 
edible potato - Satina and Tajfun, and five ways of 
application of the UGmax preparation at different 
doses and application times: (1) control object 
without UGmax, (2) UGmax applied to soil before 
planting at a dose of 1.0 dm3 -1, (3) UGmax ap-
plied to soil before planting at a dose of 0.5 dm3 -

1, when the height of plants is about 10-15cm, and 
in the flower buds making phase at a dose of 0.25 
dm3 -1, (4) UGmax applied before planting at a 
dose of 1.0 dm3 -1 and when the height of plants 
is about 10-15cm, and in the flower buds making 
phase at a dose of 0.5 dm3 -1, (5) UGmax applied 
to leaves when the height of plants is about 10-
15cm and in the flower bud making phase at a dose 
of 0.5 dm3 -1. The UGmax microbiological prepa-
ration is an extract of a special compost containing 
a vaccine of soil microorganisms. It consists of: 
yeast, lactic acid bacteria, photosynthetic bacteria, 
Azotobacter spp, Pseudomonas spp , Actinomy-
cetes, as well as macro- and microelements, such 
as: potassium (3500 3), nitrogen (1200 

3), sulfur (1000 3), phosphorus (500 
m 3), sodium (200 3), magnesium (100 

3), zinc (20 3), manganese (0.3 

3) [11, 12]. 
In autumn, before the experiment was estab-

-1, 
-1 P/ha 

(superphosphate 46 %) and potassium fertilization 
-1 (potassium salt 60 %) were used. 

In spring, nitrogen fertilization (ammonium nitrate 
-1. Pota-

to tubers were planted in the second decade of 
April.  

In order to avoid weed infestation, before the 
potato plants sprung out, a mixture of herbicides 
Afalon Dispersive 450 SC (1.0 dm3 -1) and 
Command 480 SC (0.2 dm3 -1) was applied. Dur-
ing growing season, the plantation was protected 
against the potato beetle with insecticides Actara 25 

-1 -1) 
and the potato blight using Dithane 455 SC (2.0 

-1 -1). 
Tubers were harvested in the period of technologi-
cal maturity, in the first decade of September. 

Chemical analyses were performed on dry 
plant material in three replications. Potassium and 
calcium content were determined with the use of 
the Atomic Absorption Spectrometry (ASA) after 
prior grinding, drying and mineralization of potato 
tuber samples in a laboratory furnace at the temper-
ature of 450-550oC. 

The study results were analyzed statistically 
using the variance analysis, and the significance of 
the differences was assessed using Tukey's test, at 
the significance level of P = 0.05.  

Weather conditions during the experiment 
were diverse (Table 1). In 2008, rainfall was well 
distributed in particular months of vegetation. Air 
temperature was close to the temperature in the 
multiannual period. It was a season stimulating 
growth and development of potato plants. In 2009, 
rainfall was spread irregularly, and average air 
temperature was higher than the multiannual aver-
age. 2010 was warmer than the previous seasons, 
and rainfall was very high (459.7mm) and exceeded 
the average sum from the multiannual period; it was 
the most humid season. 

 
TABLE 1 

Rainfalls and air temperatures in 2008-2010 vegetation seasons at the Agricultural  
Experimental Station, Poland 

Years 
Months Mean/ 

Sum 
IV IX 

IV V VI VII VIII IX 

Temperature (oC) 
2008 9.1 12.7 17.4 18.4 18.5 12.2 14.7 
2009 10.3 12.9 15.7 19.4 17,7 14.6 15.1 
2010 8.9 14.0 17.4 21.6 19.8 11.8 15.6 
The average over  
the years 1987-2000 

7.8 12.5 17.2 19.2 18.5 13.1 14.7 

 Rainfalls (mm) 
2008 28.2 85.6 49.0 69.8 75.4 63.4 371.4 
2009 8.1 68.9 145.2 26.4 80.9 24.9 354.4 
2010 10.7 93.2 62.6 77.0 106.3 109.9 459.7 
The average over  
the years 1987-2000 

38.6 44.1 52.4 49.8 43.0 47.3 275.2 



© by PSP  Volume 27  No. 12B/2018 pages 9441-9446        Fresenius Environmental Bulletin 

9443

 

TABLE 2 
Content of potassium (K) in dry mass of potato tubers depending on methods of use of UGmax,  

cultivar and weather conditions in years of study (g -1) 

Objects 
Potato cutivars Years Mean 

Satina Tajfun 2008 2009 2010  
1. Control object 23.82 23.40 24.87 24.47 21.50 23.61 
2. UGmax 1.0+0 dm3 -1 24.38 24.51 26.22 25.17 21.95 24.45 
3. UGmax 0.5+0.25+0.25 dm3 -1 24.67 24.92 26.70 25.34 22.35 24.80 
4. UGmax 1.0+0.25+0.25 dm3 -1 24.90 25.24 27.27 25.45 22.50 25.07 
5. UGmax 0+0.5+0.5 dm3 -1 24.22 24.37 25.80 25.09 22.00 24.30 
Mean 24.40 24.48 26.16 25.10 22.06 24.44 

LSD0.05 for: methods of use of UGmax - ns, cultivars - ns, years - ns, interaction between methods of use of UGmax x culti-
vars x years = ns 
ns -not significant at P0.05 

 
 

RESULTS AND DISCUSSION 

In the opinion of many authors Emitazi et al. 

danowicz [14]; al. 
[16], the content of minerals in potato tubers de-
pends on the soil pH, its nutrient content, appropri-
ate humidity, genetic factors, as well as the use of 
various kinds of microbiological biopreparations 
(soil fertilizers) improving the properties of soil. 
These preparations currently generate great interest 
both among manufacturers themselves, as well as 
among scientists [17].  

 
Potassium content in dry matter of potato 

tubers. The authors' research showed that potassi-
um content in dry mass of potato tubers was at the 
level from 23.40 up to 25.24 g -1 and depended 
on the methods of application of the UGmax prepa-
ration, the cultivar and the weather conditions (Ta-
ble 2).  

Potassium content in potato tubers was similar 
to the values obtained by other authors [18, 19]. As 
a result of the conducted study, it was determined 
that the UGmax microbiological preparation caused 
increase in the content of potassium as compared to 
tubers harvested from the control object, where 
UGmax was not used, but these differences were 
not confirmed statistically (Table 2).  

The greatest potassium content was accumu-
lated in tubers harvested from object 4, where the 
UGmax preparation was applied to soil before 
planting of tubers in damp soil and twice during the 
vegetation at the overall dose of 1.5 dm3 -1, and 
from object 3, where the UGmax Soil Fertilizer was 
applied on the same dates, but at a smaller dose of 
1.0 dm3 -1.  

Similar research findings were obtained by 
Wichrowska et al. [20], who concluded that micro-
biological preparations intensify the biological 
activity of soil and contribute to transformation of 
unavailable forms of nutritional components into 
forms of available for plants. On the other hand, 
Traw  did not notice 

any impact of the microbiological preparation on 
the increase in the potassium content in potato tu-
bers.  

The authors' research showed that potassium 
content depended on cultivar features. Greater con-
tent of this component was observed in tubers of 
the Tajfun cultivar than in the Satina cultivar, but 
these differences were not confirmed statistically 
(Table 2). According to Wichrowska et al. [20], 
White et al. [21], Ekin [22], the content of this 
element in potato tubers is shaped by the genetic 
properties of cultivars. On the other hand, Sawicka 
et al. [23] demonstrated in their studies that the 
content of minerals in edible potato tubers is not 
only a cultivar feature, but also depends on envi-
ronmental factors, one of which is fitoavailability of 
minerals in the soil.  

It was also observed in the experiment that 
weather conditions in the research period differenti-
ated the potassium content (Table 2). Tubers accu-
mulated the largest quantity of this element in the 
vegetation period of 2008, when rainfall was well 
distributed in particular months of vegetation and 
air temperature was close to the temperature in the 
multiannual period, which is consistent with the 
research of Wadas et al. [24]. On the other hand, 

er concentration of this element in tubers from 
cooler and more humid periods.  

 
Calcium content in dry matter of potato tu-

bers. One of the more important macroelements 
present in potato tubers is calcium. The authors' 
research showed that calcium content in dry matter 
of potato tubers was at the level from 0.671 up to 
0.764 g -1 and depended on the methods of appli-
cation of the UGmax preparation, the cultivar and 
the weather conditions (Table 3). The content of 
this element in potato tubers was similar to the 

 
When comparing calcium content in tubers, it 

was observed that applications of the UGmax prep-
aration substantially contributed to the increase in 
concentration of this macroelement as compared to 
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potatoes harvested from the control object, where 
UGmax was not used. The greatest calcium content 
was accumulated in tubers harvested from objects 4 
and 3 (on average, 0.752 and 0.726 g -1) (Table 
3). 

Calcium content depended on cultivar fea-
tures. Greater content of this component was ob-
served in tubers of the Tajfun cultivar than in the 
Satina cultivar, but these differences were not con-
firmed statistically (Table 3). The genetic properties 
of cultivars were indicated by Wichrowska et al. 
[20]; Miles et Buchman [27] and Zarzecka et Gug-

 
The authors' research demonstrated significant 

impact of weather conditions on the calcium con-
tent in potato tubers (Table 3). Greater concentra-
tion of this element was observed in 2009, which 
was a warm year with irregularly distributed rain-
fall, which is consistent with the research of Zar-

 

 
Potassium and calcium uptake with the 

yield of potato tubers. The uptake of potassium 
and calcium with the yield of potato tubers was 
substantially shaped by the methods of application 
of the UGmax preparation, the cultivar and the 
humidity and temperature conditions prevailing in 

the research period (Table 4-5).  
Substantially larger uptake of potassium and 

calcium was recorded on objects 4 and 3, which 
were sprayed with the UGmax preparation three 
times, at different doses and application dates. 
Larger uptake of the examined components was 
recorded in the case the Tajfun cultivar than in the 
Satina cultivar. It was proven that weather condi-
tions in the research period had significant impact 
on the uptake of potassium and calcium. The uptake 
of the examined macroelements with the yield of 
potato tubers was the largest in 2008, which was the 
most beneficial year for the growth and vegetation 
of potato plants. The study showed the impact of 
interactions between the application methods of the 
UGmax preparation and the cultivars, as well as 
between the application methods of the UGmax 
preparation and the weather conditions on the up-
take of the concerned macroelements with the yield 
of potato tubers (Table 4-5).  

The obtained results of the author's research 
allow for stating that the performed applications of 
the UGmax microbiological preparation had a posi-
tive influence on the accumulation of potassium 
and calcium in dry matter of potato tubers, and 
hence on the qualitative characteristics of the har-
vested crops. 

 
 

TABLE 3 
Content of calcium (Ca) in dry mass of potato tubers depending on methods of use of UGmax,  

cultivar and weather conditions in years of study (g -1) 

Objects 
Potato cultivars Years Mean 

Satina Tajfun 2008 2009 2010  
1. Control object 0.671 0.686 0.692 0.714 0.630 0.679 
2. UGmax 1.0+0 dm3 -1 0.714 0.720 0.720 0.740 0.692 0.717 
3. UGmax 0.5+0.25+0.25 dm3 -1 0.712 0.740 0.739 0.745 0.695 0.726 
4. UGmax 1.0+0.25+0.25 dm3 -1 0.739 0.764 0.759 0.780 0.717 0.752 
5. UGmax 0+0.5+0.5 dm3 -1 0.710 0.708 0.749 0.730 0.649 0.709 
Mean 0.709 0.724 0.732 0.742 0.677 0.717 

LSD0.05 for: methods of use of UGmax - 0.030, cultivars - ns, interaction between methods of use of UGmax x cultivars = ns; 
LSD 0.05 for: methods of use of UGmax - 0.030, years - 0.027, interaction between methods of use UGmax x years = ns. 
ns - not significant at P0.05 

 
TABLE 4 

Uptake of potassium (K) with the yield of potato tubers depending on methods of use of UGmax  
and weather conditions in years of study (g -1) 

Objects 
Potato cultivars Years 

Mean 
Satina Tajfun 2008 2009 2010 

1. Control object 130.3 202.9 244.6 141.2 114.0 166.6 
2. UGmax 1.0+0 dm3 -1 174.5 265.2 339.9 175.3 144.3 219.8 
3. UGmax 0.5+0.25+0.25 dm3 -1 188.0 284.4 341.1 201.3 166.2 236.2 
4. UGmax 1.0+0.25+0.25 dm3 -1 212.7 323.3 392.3 234.1 177.6 268.0 
5. UGmax 0+0.5+0.5 dm3 -1 150.4 240.1 288.5 162.9 134.3 195.2 
Mean 171.2 263.1 321.3 183.0 147.3 217.2 

LSD0.05 for: methods of use of UGmax - 11.6, cultivars - 6.2, interaction between methods of use of UGmax x cultivars = 
11.6; LSD 0.05 for: methods of use of UGmax - 11.6, years - 9.6, interaction between methods of use UGmax x years = 20.2 
ns - not significant at P0.05 
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TABLE 5 
Uptake of calcium (Ca) with the yield of potato tubers depending on methods of use of UGmax and 

weather conditions in years of study (g -1) 

Objects 
Potato cultivars Years 

Mean 
Satina Tajfun 2008 2009 2010 

1. Control object 3.66 5.90 6.83 4.17 3.35 4.78 
2. UGmax 1.0+0 dm3 -1 5.01 7.67 9.33 5.15 4.54 6.34 
3. UGmax 0.5+0.25+0.25 dm3 -1 5.36 8.39 9.49 5.94 5.19 6.87 
4. UGmax 1.0+0.25+0.25 dm3 -1 6.21 9.66 10.94 7.19 5.67 7.93 
5. UGmax 0+0.5+0.5 dm3 -1 4.39 6.97 8.37 4.74 3.94 5.68 
Mean 4.92 7.72 8.99 5.44 4.54 6.32 

LSD0.05 for: methods of use of UGmax - 0.35, cultivars - 0.16, interaction between methods of use of UGmax x , cultivars = 0.35; LSD 0.05 
for: methods of use of UGmax - 0.35, years - 0.26, interaction between methods of use of UGmax x years = 0.62 
ns - not significant at P0.05 
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ABSTRACT 
 
This study concerns a prefabricated plastic 

structure column that can be used as a greenhouse. 
The plastic construction, having a frame assembly, 
is a structure in which a series of a Triangular Pyr-
amid Model (TPM) is arranged between four con-
tinuous parallel Fiber-Reinforced Plastic (FRP) 
chords. One of the parallel chords is connected to a 
TPM by passing through one of its vertex nodes. 
Thus, each TPM is a connection member between 
four distinct parallel chords.  

The main object of this study is to provide a 
simple, prefabricated, portable a greenhouse struc-
ture with plastic column, one which employs a 
series of model units of novel design that permits 
even an inexperienced person to the quickly and 
easily assemble a building. This new greenhouse 
structure can be displayed in attractive and func-
tional properties that will work by providing excel-
lent opportunities for the quality, health and safety 
of constructions. As a result, the system was re-
sistant to two years of severe wind speeds and forc-
es. At the end of the third year, wind speeds reach-
ing 77 km/h has not cause any damage to the mod-
el, even though the greenhouse cover material was 
damaged. 
 
 
KEYWORDS:  
Buildings, construction design, greenhouse, greenhouse 
structure, triangular pyramid model 

 
 

INTRODUCTION 
 
Innovative new structural approaches have re-

cently widespread in agricultural activities to pro-
vide ecological sustainability. In this sense, new 
materials and systems have been developed based 
on physical behaviors of natural materials encoun-
tered in nature. Besides durability, esthetics and 
lightness, antimicrobial, fireproof and environmen-
tal friendliness should be taken into consideration 
while selecting construction materials. Such materi-
als should not pose any chemical and biological 
threats on plant cover, surrounding environment 

and local ecology. 
To prevent natural resources, some essential 

factors such as; waste minimization, efficient use of 
water, recycling of building materials and proper 
material selection should be considered [1]. Many 
advances in greenhouse materials and designs have 
occurred in the last decade. Traditionally, green-
houses were constructed by using galvanized iron 
pipes and all had a similar structure. Today, howev-
er, a great variety exists, and the materials chosen 
depend on production goals and financial con-
straints. Materials for greenhouse structures can be 
classified as wood, metal, plastic or, concrete. 

l-

failures during adverse weather conditions but be 
kept to a minimum size and number to reduce the 
amount of shading and to provide for maximum 
light transmission [2]. Another crucial issue is the 
changes in the greenhouse environmental factors 
which may have significant effects on growth, de-
velopment and productivity of crops [3]. Water 
droplets effect total internal reflection of incident 
light and consequently reduce the light transmission 
in greenhouses [4]. Low light transmission, for 
instance, reduces photosynthetic rates of plants in 
greenhouse and it may lead to a proportional loss in 
productivity of crops [3]. Similarly, in a greenhouse 
ecosystem, the short-wave radiation plays an im-
portant role in the overall energy balance of the 
greenhouse construction (structural parts and cover) 
[5]. It is understood that greenhouse transmission 
and daily temperature or daily solar radiation values 
will be practical to determine ET0 in low cost plas-
tic greenhouses in Mediterranean climate zones [6]. 

Greenhouses are glass or plastic-covered 
structures that allow farmers to grow vegetables 
and fruits year-round through automatic or manual 
climate control systems [7]. Prefabricated structures 
are known in the art and generally are formed of 
solid panels which are joined in many different 
ways. Some provide solid panels with adjacent 
interlocking edges, while others permit prefabrica-
tion by utilizing a multitude of unusually shaped 
members and beams. They very often require spe-
cial tools for assembling as well as drilling holes 
for fastening [8]. Kong et al. [9] stated that the 
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determination of the dynamic characteristic of the 
double-layer triangle pyramid reticulated dome 
structure was very important for the basis of struc-
tural dynamic analysis. This study concerns a pre-
fabricated plastic structure that can be used as a 
greenhouse. This invention relates generally to 
prefabricated structures and more particularly re-
lates to a universal beam construction to prefabri-
cate panels for assembling a structure. 

 
 

MATERIALS AND METHODS 
 
Steel is expensive, heavy and inflexible; it also 

damages the glazing during heat waves. Wood is 
heavy, expensive, and vulnerable to termites and 
rots quickly. A column made by Fiber-Reinforced 
Plastic (FRP) chord and Triangular Pyramid Model 
(TPM) is readily available, also has very high dura-
bility and withstand ultraviolet (UV) rays or high 
temperatures. The bars are wrapped with a clear 
helical glass fiber chord; surface coated with resin, 
and rolled in sand to provide enhanced bond prop-
erties [10]. Depending on the specific purpose, the 
material for the greenhouse is generally chosen 
because of its strength, flexibility, ease of align-
ment, cost and availability. The ridges of the TPM 
make spacing of fasteners easy and help prevent 
incorrect alignment of the panels, because the 
ridges normally run longitudinally on columns 
consist of the FRP chords. Regarding the various 
end subassemblies, all of them are made from fiber-
reinforced plastic material that is used on columns. 

One of the parallel chords is connected to a TPM by 
passing through one of its vertex nodes. Thus, each 
TPM model is a connection member between four 
distinct parallel chords. A structural skeleton used 
as column made up of a plurality of pairs of TPM 
units. The structural skeleton is prefabricated, port-
able, and in which TPM can be used as series. A 
space frame or truss can be assembled from a struc-
tural skeleton by the addition of model units in the 
four parallel bars. In such systems, plastic chords of 
trusses advantageously are lighter forms than that 
of steel and create compression elements by filling 
the forms and create. 

The materials used to cover greenhouse struc-
tures must allow for maximum light transmission. 
They can be rigid or flexible, double-walled or 

z-

that inhibit rapid degradation by UV radiation. 
However, all glazing material will age and they are 
therefore rated by the number of years they will 
maintain a certain level of light transmission capa-
bility. The glazing material of polycarbonate is 
lightweight, easy to work with and is resistant to 
high impacts and fire. Typical light transmission 
(PAR; Photosynthetically active radiation) is 79 % 
for double wall and 87 % for single wall. The esti-
mated lifetime is now over 10 years or more, de-
pending on the type. Corrugated polycarbonate 
sheet, technical specifications and glass fiber rod 
technical specifications given in Table 1, Table 2 
and Table 3 respectively. 

 
 

TABLE 1 
Corrugated polycarbonate sheet 

Specifications Unit Value Test Method 
Temperature limits (min.-max.) ºC -40ºC - +120ºC - 
Linear heat expansion coefficient mm/(m/ºC) 0.065 - 
Specific weight gr/cm3 1.2 ISO 1183 
Incombustibility class - B1 (max. 105ºC) DIN 4102 
Resistance to flood - Unbreakable STL 98101 
Vicat softening point ºC 150 ISO 306 
Water absorption (average) % 25 ASTM-D570 
 

TABLE 2 
Technical specifications 

Specifications Unit Value Tolerance Test Method 
Number of walls - 2 - - 
Width mm 2100 ±10 - 
Length m 6 - 14 ±0.03 - 
Thickness mm 4 6 8 10 ±0.4 - 
Weight gr/m2 830 1300 1500 1700 ±5% - 
Light permeability 
(transparent) 

- 80 80 78 78 - 
ARMDM CT 

17/TS 
K value W/mK 3.9 3.6 3.4 3.2 - - 
The force at break N/mm2 2300 2300 2300 2300 - ISO-R 527 
Cold bending radius mm 1000 1500 2000 2500 - - 



© by PSP  Volume 27  No. 12B/2018 pages 9447-9452        Fresenius Environmental Bulletin 

9449

 

TABLE 3 
Glass fiber rod technical specifications 

Color Diameter Length Density Flash Point 
Orange 12 mm 6 m 2.1 gr/m3 180°C 

Tensile Strength Modules of Elasticity Distance to copper Shelf Life  
>1600 MPa >53000 MPa 3% Unlimited  

 
The greenhouse construction process has three 

phases: 1. preparing the ground, 2. setting up the 
framework, and 3. installing the glazing. The 
greenhouses can be readily constructed in two 
eight-hour days by two adults who have little or no 
formal education. Each greenhouse embodiment is 
designed to be field assembled from several sub-
assemblies which may be mass produced in a facto-
ry. The light weight prefabricated sub-assemblies of 
the greenhouse are easily assembled. The tech-
niques of assembly are simple, and a relatively 
inexperienced person may quickly perform the final 
assembly of the arched roof greenhouse. The free-
standing style is often a Quonset (Gothic-shaped 
Structures), which will accommodate many grow-
ing situations but presents height restrictions near 
the side walls.  This type of greenhouse is con-
structed by using trusses of TPM model and FRP 
chords for permanent framed structure. Both TPM 
model and FRP chords are made by fiber-reinforced 
plastic material.  

"Effect of wind speed on the structure" can be 
estimated by using the following equations [11]. 

 
(1)pw c q

 
2

(2)
1600

v
q

 
Where; 
q: Surface wind pressure or suction (kN/m2) 
v: Wind speed  
w: Equivalent static pressure or suction force 
cp: Coefficients dependent on; the position of the 
building surface; the windward side (pressure: 0.8 
kN/m2); the leeward side (suction: 0.4 kN/m2); in 
the direction of the wind and in the angles that 

- 0.4 kN/m2) 
Maximum wind speeds for the years 2013 to 

2016 in Kayseri region were obtained from meteor-
ological reports [12]. 

 
 

RESULTS AND DISCUSSIONS 

 
The main objective of this study is to provide 

a simple, prefabricated, portable greenhouse struc-
ture with plastic column, one which employs a 
series of TPM model units of novel design which is 
shown in Figure 1 that permits even an inexperi-

enced person to quickly and easily assemble a 
building. 

 
FIGURE 1 

A perspective view of a TPM model 
 
The prefabricated and portable greenhouse 

structure is made of plastic column which is shown 
in Figure 2. A space frame or truss can be assem-
bled from a structural column by the addition of 
model units in the four parallel bars.  

 

 
FIGURE 2 

A structural column by the addition of TPM 
models in the four parallel bars 

 

 
FIGURE 3 

Plastic-covered, quonset-style greenhouse 
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Double poly carbonate is used as the covering 
material of greenhouse. The greenhouse cover is 
attached to the framed structure with the help of 
screws. Quonset-style greenhouse which is shown 
in Figure 3 offers growers and farmers a more cost-
effective structure. 

The width, length and height of the green-
house are 9 ft, 15 ft and 9 ft respectively. It has two 
doors of dimension 6 ft×3 ft on the either sides. In a 
double poly carbonate Quonset structure, a plastic 
column frame forms a large half circle or dome 

(Figure 3). 
The forces due to the wind speeds acting on 

the structure are given graphically in Figure 4-6. As 
seen in Tables 4 and 5, the first two years wind 
speeds and the total forces applied to CTP structure 
due to wind speeds showed a normal distribution. 
However, in the third year the wind speed reached 
67.1 km/h in March and 77 km/h in December. 
Depending on the wind speeds, the total forces 
applied to the CTP structure is 86.9 kN/m2 and 
114.4 kN/m2 in March and December respectively. 

 
 

TABLE 4 
Max Wind Speed (km/h) 

Years Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
2014 32.8 47.3 56.7 45.00 37.6 34.3 35.0 26.5 31.6 33.2 32.7 48.0 
2015 49.5 47.5 58.0 43.75 38.8 33.0 35.0 25.0 32.0 33.7 33.0 56.0 
2016 52.0 49.8 67.1 55.0 43.1 35.0 32.3 27.5 33.9 38.7 52.5 77.0 

 
TABLE 5 

Total forces applied to CTP structure due to wind speeds (kN/m2) 
Years Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
2014 20.8 43.2 62.0 39.1 27.3 22.7 23.6 13.6 19.3 21.3 20.6 44.5 
2015 47.3 43.5 64.9 36.9 29.1 21.0 23.6 12.1 19.8 21.9 21.0 60.5 
2016 52.2 47.8 86.9 58.4 35.9 23.6 20.1 14.6 22.1 28.9 53.2 114.4 

 
FIGURE 4 

Total force due to wind speed in 2014 
 

 
FIGURE 5 

Total force due to wind speed in 2015 
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FIGURE 6 

Total force due to wind speed in 2016 
 
Due to the severe winds in the region during 

the third year of the study, as seen in Figure-3 De-
cember-2016, the greenhouse cover material was 
damaged. It can be stronger with a cover material 
which thicker and more durable than the already 
used one. In blustering wind over the last year of 
work only the sera cover material was damaged. 
There was no damage to the model that made up the 
greenhouse structure. This problem may be elimi-
nated by using thicker cover material. 

 
 

CONCLUSIONS 
 
Our technology team continues to streamline 

the design for easier assembly and is researching 
low-cost substitutes for greenhouse-grade plastic. 
The simplicity of the TPM connector coupled with 
the durable yet flexible FRP chords has kept the 
greenhouses structurally sound. Through behaving 
of the coupling elements of TPM by supporting 
each other due to their geometric structure, the 
applied force is distributed throughout three dimen-
sions and on all system and increases the resistance 
force. Structure column has a big force more than 
other systems to make stand the force applied from 
one coordinate. TPM model is designed for joist, 
column and belt in where resistance is basis and 
main. To bear more force with less material is the 
claim of this invention. The geometric structure of 
TPM developed by inspiring from the diamond 
chemical structure is an important position for both 
the architecture and the light and powerful struc-
ture. According to the claim of using of structure 
column, its complementary accessories may be 
changed. This new greenhouse structure can be 
displayed in attractive and functional properties that 
will work by providing excellent opportunities for 
the quality, health and safety of constructions. 
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In this study, it was aimed to develop a web-

based application to calculate dimensions and de-
termine the cost of the multi-span greenhouses 
having different roof types are naturally ventilated 
by entering some size in computer. This application 
was aimed to determine the cost of the multi-span 
greenhouses with base area 480-11500 m2 depend-
ing on the selected values. With this study, different 
options will be chosen regarding the greenhouse 
dimensions such as 4-5 m side wall height, 8 and 
9.60 m in width, between 2 and 20 block-size for 
30-60 m length values. For this purpose, the pre-
pared web-based application is easy to operate, 
user-friendly, interactive interface with and it is also 
completing an application process step by step 
according to user preferences. The application was 
prepared as a HTML, PHP, PDO, jQuery and Boot-
strap-based and in the calculation user-induced 
errors were reduced to minimum for all options 
using the form elements. At the end of this study, 
manufacturers will be able to calculate cost of 
greenhouse type which is chosen by entering the 
appropriate data which chosen by themselves and 
they will be able to see the plan, section and view of 
greenhouse chosen according to the product grown 
in.

Cost, designing, multi-span greenhouse, roof-type, web-
based application, data base. 

 
The greenhouse structures used in agriculture 

can be analyzed in three groups such as low plastic 
tunnels, high plastic tunnels and greenhouses. Low 
plastic tunnels can be defined as simple greenhouse 
production areas covered with plastic material of 60 
to 200 cm in width, 30 to 200 cm in height and 20 
to 50 m in length with half circle skeleton. High 
plastic tunnels are structures between greenhouses 
and low tunnels, 300 to 400 cm in width, 150 to 200 

cm in height and 50 to 60 m in length with half-
circle skeleton. Greenhouses are non-climate de-
pendent structures that provide more favorable 
conditions for cultivated plants and provide a higher 
income [1], [2]. 

When the farmers who want to build a green-
house want to bid from greenhouse companies, 
creation of bid can be long time by the company. 
Because it is a long and troublesome job to calcu-
late the cost of greenhouse. Manufacturers who 
want to build a greenhouse do not have information 
about the costs of the greenhouses they will be 
built. However, they can take advantages and de-
cide criteria such as greenhouse type, dimensions 
etc. in advance if they know cost of greenhouse that 
will be built. With this study, greenhouse compa-
nies will able to prepare bid much faster and easier 
and they will able to deliver to the manufacturers 
who want it. In addition, a manufacturer who want 
to build greenhouse will able to determine cost of 
greenhouse easily in a few step by defining some 
basic data belong to greenhouse [3], [4]. 

In this study, it was aimed to create a web-
based greenhouse cost calculator for the commer-
cial greenhouse manufacturers. Additionally, with 
this application, the costs of greenhouses with dif-
ferent characteristics can be calculated by defining 
simple greenhouse properties such as roof type, 
greenhouse length, width, height, number of blocks. 

 
Web technologies used to development of this 

database driven web based application are HTML, 
PHP [5], PDO [6], jQuery [7] and Bootstrap [8]. 
HTML used to create static web content and forms. 
Using PHP form data processed and managed data-
base operations. PDO extension defines an interface 
for accessing databases in PHP. jQuery used to 
interaction of user responses on forms. Bootstrap 
used to design user-friendly interface. 

A Web application consists of a set of static 
HTML pages displayed to the user and (possibly) of 
server side programs, which perform some compu-
tation, finally resulting in the production of dynam-
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ic pages transmitted to the browser for display. 
Moreover, HTML pages may embed client proce-
dures which are either executed during page loading 
or in response to graphical interface events. 

A Web application is a special case of client-
server system, in which the Web server plays the 
role of the server, the Web browser plays the role of 
the client, and a fixed communication protocol (the 
HTTP protocol) is established between the client 
and the server. 

Static Web sites consist only of a set of fixed 
Web pages written in HTML and stored in the file 
system. They are transmitted to the Web browser 
upon request. Dynamic Web applications include 
also a set of server programs, which (part of) 
the HTML code to be displayed by the browser. 

Several server side languages are available for 
the construction of a Web application (e.g., PHP, 
Java, Perl, VBscript, etc.). The same is true for the 
client side code (e.g., Java, JavaScript, etc.). In this 
paper, we will consider PHP for the server and 
JavaScript for the client. Such a choice is by no 
means restrictive, since these languages offer all the 
basic features available in the others [9]. 

User interface in the application uses form 
controls to interact with user. Filled form fields sent 
to PHP interpreter to calculations. PHP interpreter 
at the server executes script that evaluates passing 
parameters from form. Script file calculates and 
manage database operations. The main components 
of the system are shown in FIGURE 1. 

 

PHP (recursive acronym for 
) is a widely-used open source gen-

eral-purpose scripting language that is especially 
suited for web development and can be embedded 
into HTML [10]. 

Since PHP has the feature that its script con-
texts can be embedded in the HTML language. PHP 
is an open source language for server side scripting. 
It is widely used and contains a rich function library 
code, which makes it ideal for web applications. It 
is also object oriented so the developed scripts take 
advantage of object oriented design.  

 
 

jQuery is a fast, small, and feature-rich JavaS-
cript library. It makes things like HTML document 
traversal and manipulation, event handling, anima-
tion, and Ajax much simpler with an easy-to-use 
API that works across a multitude of browsers. 
With a combination of versatility and extensibility, 
jQuery has changed the way that millions of people 
write JavaScript [11]. 

jQuery takes a lot of common tasks that re-
quire many lines of JavaScript code to accomplish, 
and wraps them into methods that you can call with 
a single line of code. jQuery also simplifies a lot of 
the complicated things from JavaScript, like AJAX 
calls and DOM manipulation. 

The jQuery library contains the following fea-
tures: 

• HTML/DOM manipulation 
• CSS manipulation 
• HTML event methods 
• Effects and animations 
• AJAX 
• Utilities 
There are lots of other JavaScript frameworks 

out there, but jQuery seems to be the most popular, 
and also the most extendable [12]. 

Bootstrap is a free front-end framework for 
faster and easier web development, includes HTML 
and CSS based design templates for typography, 
forms, buttons, tables, navigation, modals, image 
carousels and many other, as well as optional Ja-
vaScript plugins also gives the ability to easily 
create responsive designs [13]. 

Besides properties belong to four different 
greenhouses chosen as material were given in Fig-
ure 2. 
 
 

 
In the index page shown in Figure 2, there is a 

general information about the application and de-
fault values used in design are given as tables. It is 
entered to the application with the link of "Project 
Pages" at the bottom of the pages (Figure 2). 

When the "Project Pages" link is clicked, a 
login form is entered in which users can enter their 
user name and password for registered users. The 
"Sign-Up Here" link is used by non-registered users 
to register (Figure 3). 

On the Sign Up page (Figure 4) users can reg-
ister with the user name, e-mail and password in-
formation. The user's name and e-mail are checked 
to see if it has been used before during registration 
and users are warned if the same username and e-
mail has been registered in the previous recordings. 
Form based SQL injection is prevented by cleaning 
harmful codes during processing of form data. 
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After the filled the form in Figure 5 and regis-

tration is completed, a message is created shown 
that registration is successful and a link is created 
that directed to the home page. It is gone to home 

page shown in Figure 3 by clicking the link of "log-
in" in Figure 5 or "Sing in" at the bottom of the 
pages. 
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Users reach to the project management page 

shown in Figure 6 when the users are entered with 
the registered user information. Projects created by 
the user in this page are listed as tables with the 
titles “Project Description”, “Project Date” and 
“Roof Type”. The listed projects are displayed with 
the "View" icon and deleted with the "Delete" icon. 
Here, the table is empty because the user has not 
created a project. It has to click “New Project” link 
to create project. 

Screen in Figure 7 appears when the "New 
Project" link is clicked. The first step of creation a 
project is to give a name and description to the 
project. It is not passed to the next step before these 
fields are not filled in. After these fields are filled in 
and click "OK" button it can be passed to the next 
step. “Project name” and “Project description” 
entered are saved in the database and these infor-
mation is listed in the project management pages. 

After project name and description is entered, 
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roof-type selection is activated. One of the four roof 
types such as gable, venlo, gothic and arc desired is 
chosen by clicking radio box button (Figure 8). 

After the roof type is selected, sliders are acti-
vated where the he greenhouse width and block 
number can be changed (Figure 9). The user can 
choose the desired width 5 m intervals between 30-
60 m from here. The number of blocks can choose 
from 2 to 20 blocks. Calculated greenhouse area 
depending on the selections are displayed in "Area" 
field with the real time. 

Drawings belong to the front and side views of 
the selected roof type are shown. These drawings 
change according to number of block selected. In 

this stage, project is saved by clicking to "Save" 
button activated after the roof type selection. Before 
saving, calculation results can be shown by clicking 
"Calculation" tab where the calculations belonging 
to the selections are listed, cost results can be 
shown by clicking "Cost Table" tab or unit price 
can be shown and update if necessary with the 
"Unit Table" tab (Figure 9). 

Greenhouse drawings which are changing 
depending on block number selection are shown in 
Figure 10, 11, 12, 13 for the 3, 4, 5, 6 blocks, 
respectively. Same drawings are used for the 6 
blocks and more. 
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Calculations which is done according to 

selections located in “Calculation” tab were given 
in Figure 14 as table. Detailed information about 

the profiles to be used in the design can be obtained 
from the "Details" link on the side. 
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For instance, users can see profile type, unit 
weight, total weight and how many meter should be 
used from the information screen for the “Internal 

and Side Columns” (Figure 15).  
Volume of Excavation, Volume of Concrete, 

Amount of Mold, Cover Materials, Irrigation Sys-
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tem, quantities, unit prices and their sum belong to 
required profiles are shown in the table in the "Cost 
Table" tab. Total cost of greenhouse and unit cost 
per m2 are shown at the bottom of the table. Unit 
prices are selected from the dropdown box. Calcula-

tions are performed according to last entered unit 
prices by default. If desired, recalculations can be 
made by selecting previous unit prices. Unit prices 
can be selected as Turkish Lira ( ), Euro (€) or U.S. 
Dollar ($) (Figure 16). 
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Unit prices of the all components required for 

the project cost calculation is located at the "Unit 
Table". Unit prices are updated when requested and 
saved in the database with the "Save" button. The 
foreign exchange provisions of unit prices are taken 
instantaneously from the data of the Central Bank 
and changed. The unit price table includes unit 
prices of the profiles used in the all greenhouses 
(Figure 17).  

It is returned to the project management page 
when the project is saved by clicking the "Save" 
button at the "Selection" tab. As shown in Figure 
18, project name, description, date and roof-type 
were shown in the table and "View" and "Delete" 
buttons are activated. Project details are shown as a 
single page by clicking to the "View" icon and 
delete the project with the "Delete" icon. 

All data belong to project design at the page 
opened when the view icon is clicked are shown in 
Figure 19. In this screen, the details of the profiles 
can be seen by clicking on the related links and 
results can be calculated instantaneously by chang-
ing the currency. 

After the project is completed, the "Sign Out" 
option in the upper left menu is used to exit the 
project page and return to the main page (Figure 
20). 

Buyuktas et al., (2011) [14] aimed to 
determine the cost of singular greenhouses in 
computer with a software having ground area of 
100 to 750 m2 by entering greenhouse size. They 
reported that their study would last long and 
respond to the demands of the greenhouse designers 
for years. They also specified that it was so 
practical and advantegous that it could be used both 
in designing and in education in the fields of civil 
engineering and agriculture. Guzman et al., (2004) 
[15] developed a web-based system able of 
remotely controlling greenhouse climatic conditions 
and irrigation using different hardware and software 
platforms. They noted that this web-based system 

could be used by the student and greenhouse 
manufacturers to design a greenhouse climate. 
Büyüktaş et al., 2013) [16] carried out a study to 
determine the cost of multi-span greenhouses with a 
ground area of 400 m2 - 5760 m2 through computer 
data entry. They allowed the program to calculate 
the greenhouse cost according to some defined 
greenhouse characteristics. They also reported that 
the manufacturers would be able to select a 
greenhouse type and its cost according to the 
product they wanted to grow by entering data they 
have selected and would be able to see the plan, 
section and view of the criteria entered in a 
particular greenhouse. Buyuktas et al., (2010) [17] 
aimed to calculate the dimensions of necessary 
measures and to determine the cost of a greenhouse 
structure, where vegetables are grown, by the 
computer based on some information provided by 
the user. They noted that the software developed 
was easy to use, user friendly and had an interactive 
interface; and it continues the process step by step 
according to the user preferences. In practice, all of 
the options would be used in the calculation to 
minimize user errors, as selected from the prepared 
radio box or combo box. Our results were in line 
with the results of these studies.  

 
 

 
 
Manufacturers who want to install a 

greenhouse can easily calculate the installation cost 
in a few steps for vegetables or fruit greenhouse 
with gable, venlo, gothic and arc roofed by using 
the web-based application. Manufacturers or 
companies will be able to complete very long 
bidding process much more quickly using the 
application with user-friendly interface. In addition, 
manufacturers will be able to compare the accuracy 
of the bid they receive from companies with this 
application. 
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User registration, user login, project manage-
ment and new project creation have been success-
fully accomplished in this web-based database 
driven application. With this application, the most 
economical and efficient greenhouse design can be 
done with program codes by choosing the minimum 
parameters of the user in project design. 

Supervisor operations such as user registration 
confirmation, user deletion, project limitation, etc. 
do not add to web-site because application is not 
considered to be a commercial product at this stage. 
Hovewer, mobile version of this application can be 
prepared in the next step. 
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ABSTRACT 

 
The present study was conducted to determine 

the observations and recommendations on planting 
and landscape restoration and preservation of the 
nature in Sürmene Kutlular Solid Waste Landfill, 
where solid wastes and garbage that originated in 
Trabzon and Rize provinces were dumped for sev-
eral years. Plant selection in such landfills is similar 
to the selection of suitable material in landscape 
design in various areas. Environmental factors that 
occur in these areas such as toxic gases, 
wastewater, etc. could directly affect plant growth. 
Such problems that might be encountered during 
planting could be prevented by selecting suitable 
plant species for the site. Furthermore, selection of 
indigenous species would reestablish broken eco-
logical connections. Planting in landfills are pre-
dominantly designed based on ecological and mate-
rial opportunities. Thus, the selection of woody and 
herbaceous species that are hardy and problem free, 
and could resist the hardships related to such fields, 
should be the priority in plant selection. 

 
 

KEYWORDS: 
Trabzon, Sürmene, Kutlular, Solid waste landfill, Land-
scape rehabilitation, Planting. 

 
 

INTRODUCTION 

 
Today, rapid population growth and urbaniza-

tion led to the problem of waste, in other words, 
garbage management requirements in urban areas. 
Based on technological and industrial developments 
and changes in the materials used, the emergence of 
waste has differentiated over time [1]. The per 
capita waste in Turkish provinces was recorded as 

Aksaray 1.59 kg, Bingöl 
1.49 kg, Sivas 1.4 kg, Antalya 1.36 kg, Bolu and 
Isparta 1.2 kg, Manisa 1.16 kg, Bursa 1.02 kg, 
Konya 1.01 kg, Adana 1 kg, Samsun 0.94 kg, Mer-
sin 0.84 kg, Erzincan 0.76 kg, Mus 0.64 kg, Trab-
zon 0.5 kg, Sirnak 0.43 kg and Mardin 0.4 kg [2]. 
The mean per capita waste in Turkey is 0.6 kg [3]. 

The term waste refers to all types of used sub-
stances that are no longer desirable, and cause harm 
to the environment. On the other hand, solid waste 

refers to solid matter and treatment sludge that 
needs to be disposed by the producer and should be 
removed regularly in order to protect the society 
and especially the environment [4, 5]. 

 
Classification of Solid Waste. There are sev-

eral different resources in the literature on the clas-
sification of solid waste, but the most commonly 
referred is the categorization by Baran (1995) [6] 
based on the quality of solid waste. He classified 
solid waste as follows: 

 Medical and chemical waste including tox-
ic substances and products 

 Domestic waste (garbage) [4,7]. 
Turkish Environmental Problems Foundation 

(TCSV) classified solid waste as follows: domestic, 
commercial, construction, agricultural, and hospital 
waste [8]. 

 
Solid Waste Landfills and Classification. 

Solid waste landfills are sites where most unwanted 
or unused waste is stored. Until the mid-20th centu-
ry, waste was dumped in sites with an adequate 
natural topography in an uncontrolled and open 
manner. Waste incineration was often observed to 
reduce the volume of landfills. Topographically low 
streams, fields with slopes, floodplains and unused 
mines, sand and gravel quarries were the most 
common landfill sites. Garbage disposal practices 
in open areas began to be regulated more carefully 
during recent years. It is possible to classify the 
solid waste landfills that are used to eliminate the 
solid waste problem created by human activities as 
irregular landfills and regular landfills [9]. 

 
Wild Landfills. Wild landfill is a method used 

in undeveloped or developing countries where solid 
wastes are removed from the human environment 
and randomly discharged to open land without any 
provisions (Figure 1). This method leads to serious 
problems such as the formation of dust clouds due 
to wind effect in landfills, air pollution due to the 
natural gas formation, the environmental and visual 
pollution due to the solid waste spreading over a 
wide area, and infectious diseases caused by the 
animals living and feeding on waste. The landfill at 
Moloz locality in our region that was closed in 
2006 was a wild landfill site [10]. This area was 
rehabilitated by the Municipality of Trabzon in 
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2006 with the sponsorship of European Union grant 
project. This area was converted into a park. 

 
Sanitary Landfills. Solid waste that is needed 

to be disposed by the manufacturer and removed 
regularly to protect the environment and solid waste 
categorized as treatment sludge should be collected 
systematically based on its physical, chemical and 
biological effects on the environment and stored 
accordingly. The aim of sanitary landfills is the 
treatment of the waste with physical, mechanical, 
chemical and biological processes, and removal of 
the solid waste that are not economically viable or 
created by the above-mentioned processes and is a 
threat to human health, harmful for other living 
beings and disrupt environmental aesthetics and 

damage the environment [12]. Sanitary landfills 
that are built in accordance with the technical 
standards such as adequate site selection and envi-
ronmental protection measures are the most effec-
tive way of waste disposal [10]. Trabzon Sürmene 
Çamburnu Kutlular Solid Waste Landfill in our 
region is a sanitary landfill site. 

Based on Regulation for Solid Waste Control, 
 Solid waste landfills should be at least 1 

km away from the nearest settlement and at least 3 
km away from an airport. 

 It should not be constructed in designated 
preservation areas where drinking, tap and irriga-
tion water are procured or surface water, which 
could be used for above-mentioned purposes, is 
present. 

 
 

 
FIGURE 1 

Waste landfills in coastal areas [11] 
 

 
FIGURE 2 

A cross section of a typical sanitary solid waste landfill 
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 Beyond a level of stability that will ensure 
the continuity of the landfill operation and to ensure 
that groundwater is not contaminated, the most 
important feature in the ground is minimum water 
permeability for landfill sites. Areas with minimum 
water permeability should be preferred. 

 Areas that could be improved by landfills 
and landscaping such as areas destroyed by previ-
ous industrial activities, excavated lands or that do 
not serve any purpose are suitable for solid waste 
landfills(Figure 2). 

 Landfills should not be built on fault lines 
in earthquake prone regions. 

 Landfills should not be built in areas with 
a high risk of flood, avalanches, landslides and 
erosion. 

 Access to landfills from the garbage col-
lection areas should be easy. In addition, transport 
distance is a major factor in site selection. If the 
transportation distance is short and other conditions 
are met, this is desirable condition to reduce the 
transportation costs. 

 Based on urban planning principles, solid 
waste landfills should not be constructed in the 
direction of predominant winds. 

 The landfill capacity should be at least 
500,000 m3 in areas with a population greater than 
100,000, and it should be sufficient to hold 10 years 
of waste in settlements with a population of less 
than 100,000. 

 It should be ensured that the landfill is not 
opened for settlement at least 40 years after the 
closure of the operations and location of the facility 
should be detailed in the zoning plan. 

 Following the selection, 1/1000 map of the 
land should be prepared and an EIA report should 
be developed. 

 Plans and projects that should be designed 
for the landfill are as follows: 

 How the land base would be prepared, how 
the drainage, leak-proof strata and gas control struc-
tures would be constructed should be demonstrated. 

 The landfill operations, transportation 
methods, soil deposits should be specified. 

 How to abandon the full landfill area and 
how to green these areas should be mentioned in 
these projects. 

 Projects for infrastructure and service 
buildings should be provided. 

 
Effects of Solid Waste on Individuals and 

the Environment. Garbage that is not deposited 
under adequate conditions or disposed randomly 
into a field creates a suitable breeding environment 
for organisms that cause diseases. It is known that 
hundreds of infectious diseases are transmitted to 
humans through garbage and solid waste. Thus, 
landfills are the largest medium of reproduction and 
propagation that threaten our health. 

Solid waste landfill soil is composed of cells 
that contain a wide variety of materials with differ-
ent physical, chemical and biological properties 
when compared to the normal soil conditions. Their 
growth potential that cause environmental problems 
such as uncontrolled gas production, irregular 
ground motion, water pollution and leachate should 
not be ignored. 

The formation of leachate in landfills is a 
complex process. Solid waste stored on the land is 
transformed by chemical and biochemical mecha-
nisms. Groups with organic origins, such as food, 
garden and animal waste, are used by microorgan-
isms and broken via aerobic and anaerobic meth-
ods. In the event that excessive amounts of water 
enter the solid waste piles above a certain water 
retention capacity, the landfill could not retain the 
excess water and discharge it. This excess water, 
which is called leachate, carries various pollutants 
and degradation products to the surface or ground-
water sources as it passes through the garbage. 
Rainfall water, runoff water or underground water 
come into contact with incompletely stabilized 
garbage, resulting in environmental degradation by 
transporting disintegrating products outside of the 
garbage storage cells [13]. This is one of the most 
important problems that threaten public health. In 
general, the problem of leachate in storage areas in 
arid regions with low precipitation does not reach 
significant dimensions. However, in regions with an 
annual rainfall of more than 400mm, the problem of 
leachate could lead to dangerous consequences [14, 
8
nual precipitation in Trabzon was between 1000-
1200mm in 2015. In other words, if the leachate is 
not controlled, it could cause great hazards [3]. 

 
Problem Area and the Aim of the Study. In 

principle, all the technical problems that could 
occur in sanitary landfills have been accounted for. 
But to summarize, the common problems in land-
fills are as follows: 

 Uncontrollable gas production, 
 Irregular ground motion (erosion), 
 Leachate. 

These problems will be addressed and recom-
mendations will be provided with respect to tech-
nical and landscape restoration in Kutlular sanitary 
landfill (Figure 3). In fact, these problems were 
technically resolved when the field was active. 
After the closure of the site, the proposed restora-
tion (planting) will completely prevent adverse 
effects on individuals and the environment. Fur-
thermore, integration of the structure with the envi-
ronment will be ensured. 

The main objective of landscape restoration 
that would be conducted after the closure of solid 
waste landfill is to render the landscape elements or 
parts that would affect the environment negatively 
harmless and take necessary measures to establish 
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various rational human activities in the surrounding 
area. In the plantation studies that would be con-
ducted after the closure of the area, ecologically 
and aesthetically diverse environmental features 
should be restored, and in particular the ruptured 
ecological ties with the environment and ecological 
sustainability should be reestablished [15]. Howev-
er, restoration with plants, that is, restoration with 
live materials, have some disadvantages compared 
to restoration with inanimate materials. These dis-
advantages are, 

 The conditions for plant growth must be 
available, or these conditions should be created. 

 Planting could only be conducted at certain 
times of the year. 

Effective restoration could be achieved only 
after a long period of time after the completion of 
the work [16, 17, 18]. 

When such sites are within the borders of the 
urban center, it is very useful for urban areas and 
urbanites to open these areas for new uses. Despite 
the increase in the amount of green space per capita 
in Turkish cities and in Trabzon especially during 
the recent years (8.5 m2), it is still not at the desired 
level (10 m2) [20, 21]. If the study area was an 
urban area, it could be suggested that this area 
should be utilized as an urban green area. This 
restoration could be conducted with combined 
restoration with both living and non-living materi-
als. However, since the study area is a rural area, 
ecological continuity with the surrounding envi-

ronment should be maintained rather than a conver-
sion to different uses after closure. Because, in 
planning or design of rural areas, natural environ-
ments that meet the needs of local people, suitable 
landforms that are compatible with the climate 
conditions and solutions with an emphasis on cul-
tural values are planned or designed [22]. Thus, the 
primary goal in this field of study is to make this 
area compatible with its immediate surroundings. 
This is only possible through selection of indige-
nous plants, recreation of the local character and 
reestablishment of ecological ties with the proposed 
landscape restoration. However, the negative as-
pects of the landscape should be taken into consid-
eration in plant selection. As mentioned earlier, 
when living materials are used in restoration, the 
presence of proper conditions is significant. There-
fore, in addition to indigenous species, suitable 
species for the restoration of the particular area will 
be recommended. 

Trabzon Sürmene Çamburnu Kutlular Sanitary 
Solid Waste Landfill will be planted and restored as 
a natural environment. However, the use of scien-
tific approaches in the restoration of this area, for 
example in the selection of the plant material, rapid 
growth of plants, reduction of environmental effects 
and creating visual effects, should be taken into 
consideration. In particular, the pH of the soil in 
question and its permeability are the first limiting 
factors in the determination of the plant species. 

 

 
FIGURE 3 

Wild landfills before Kutlular sanitary landfill was built in Trabzon [19] 
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RESULTS AND DISCUSSIONS 
 
Study Area. The study area was the Sanitary 

Solid Waste Landfill Site in Trabzon Province, 
Sürmene District Çamburnu Locality (Figure 4). 
Trabzon has a surface area of 4685 km2 between 
40o-33o and 41o-07o north latitudes and39o-07o and 
40o-30o east longitudes in the Eastern Black Sea 

Giresun province is in the west, Rize province is in 
the east, and Black Sea is in the north. The popula-
tion is 214,949. Mountains, hills and highlands are 
usually found in the higher altitudes. In Trabzon, 
which has a very rich vegetation, there are 2500 
plant species which are rare in Turkey and 440 of 
these species are indigenous. Trabzon has a humid 
climate, where the humidity is could reach 99%. 
The average annual precipitation was 1000-1200 
mm in 2015 [3]. The precipitation rate is higher the 
inner regions. The least rainfall is observed in July 
and August and the most snow falls in February. 

The study field was used as a copper mine site 
by copper mining enterprises before it became a 
sanitary solid waste landfill. Later, after the process 
started in 1995 under the leadership of the Ministry 
of Environment, it was considered adequate to use 
this area as a sanitary solid waste landfill after 2006 
[23]. 

After the mine was removed, the landscape 
needed to be restored, however the area was aban-
doned and had become a marsh (Figure 5). As a 
result, the surface waters flowing through the field 
and into Gökçesu stream polluted the stream due to 
the high copper content [19]. 

The construction stages of the study area and 
the elements (Vehicle Maintenance, Administrative 
Building, Scale, Tire Washing, Sterilization of 
Medical Wastes, Nitrification Denitrification, Bal-
ancing Pool, Nano Filtration, Ultra Filtration, Me-
thane Gas Power Generation Facility) included in 
the field after the construction are presented in 
Figure 6. The study area is surrounded by forests. 

 
 
 

 
 

 
FIGURE 4 
Study field 

 

 
FIGURE 5 

Picture of the Kutlular Sanitary Solid Waste Landfill when it was used as a copper mine field [18] 
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FIGURE 6 

Construction stages of the sanitary solid waste landfill site and the units in the site [18] 
 

 
FIGURE 7 

The present state of Kutlular Sanitary Landfill Site 
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FIGURE 8 

Kutlular Sanitary Landfill Site after landscape restoration 
 
 
Findings on the Identified Problems About 

the Study Field and Recommended Plant Resto-
ration Measures. Findings and Recommenda-
tions on Methane Gas Removal in The Landfill 
Site. Technical findings on methane production and 
removal in sanitary landfill site were as follows: 

There are 2 gas engines and generator sets, 
with a capacity of 1,415 MW each in the power 
generation plant built on the landfill site. As of 
November 2016, the total installed capacity was 2,8 
MW / hour, and the capacity of the plant could be 
increased by adding an engine based on the amount 
of gas generated in the site. Furthermore, in case of 
maintenance or failure of the gas engines, or pro-
duction of over-capacity gas, the input gas is re-
moved with a burning flare (Figure 7). Thus, even 
when the plant does not work, it contributes to the 
emission reduction and eliminates the methane gas 
without harming the environment and human health 
and attempts to prevent the formation of a smell. 

The botanical measures that could be taken for 
methane production and disposal even before the 
closure of the site are as follows: 

Fragrant plants could be used to prevent mal-
odor generated in the site. Woody plant species 
Laurus nobilis, Tilia platyphyllos, Rosmarinus 
officinalis, Philadelphus coronarius, Camallia 
sinensis and herbaceous species Allyssum sp., Rosa 
sp., Salvia sp., Narcissus sp., Lonicera sp., Thymus 
sp. could be used on the northwestern direction of 
the study site to improve the impact of their fra-
grance. Thus, the bad odor will be avoided both by 
technical means and landscape restoration. 

 
Findings and Recommendations on Irregu-

lar Ground Movements. The study area has a 
northeasterly exposure. The altitude is 450 m. The 
study site surface area is 12000 m2. In Trabzon 
province, there is a frequent risk of erosion. Thus, 

adequate plant species should be selected in order 
to prevent surface movements in the study area. 

Factors that cause irregular ground move-
ments are water abrasion and transportation (leak-
age, or rain water), wind erosion, and landslides. In 
short, the active factors that lead to irregular ground 
movements are 'water and wind'. In addition to the 
wind and water, biological factors (collapse, deteri-
oration, decomposition, etc.) can cause irregular 
ground movements in the study area. As a result of 
regular measurements in surveys conducted in the 
study area, it was determined that northwesterly 
winds are dominant in the area. The study area 
descends from the south to the north. The garbage 
is disposed towards the south with a cellular pat-
tern. Thus, the dominant winds do not cause surface 
movements in the study area. Due to the suscepti-
bility of the soil to wind erosion, wind curtains 
could be formed with woody evergreens and decid-
uous species on the northwest boundaries of the 
study area. This problem could be significantly 
reduced by plantation on the slopes of the field that 
are open to the winds. After the landfill was closed, 
the final ground cover was 1 m deep. This would 
make it impossible to use woody species initially. 
Therefore, it is necessary to use indigenous herba-
ceous species that are resistant to the local climate 
properties. 

Thus, the following herbaceous species could 
be used: Sambucus sp., Ranunculus spp., Malva 
parviflora, woody watery mildew spp., Medicago 
sativa, Urtica dioica, Mentha sp., Pteridophyta sp., 
Hedera helix, Xanthium strumarium, Conium 
maculatum, Pulmonaria officinalis, Taraxacum 
officinale, Melissa officinalis, Lamium purpureum, 
Rhododendron ponticum, Corylus avellana, Alnus 
glutinosa, Ficus carica, Fagus orientalis, Picea 
orientalis, Pinus sylvestris, Camellia sinensis, Vac-
cinium sp. As the area would be rehabilitated using 
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indigenous species, ecological networks could be 
reestablished and accelerated in the environment. 

Findings and Recommendations on Leach-
ate Management. Technical findings on leachate 
management in the sanitary landfill site are as fol-
lows: 

Certain projects were developed in Kutlular 
Sanitary Landfill Facility to treat the leachate dur-
ing the construction phase based on site characteris-
tics and meteorological conditions. In order to en-
sure drainage of waste leachate during the construc-
tion of the site, perforated drainage pipes were 
installed at the bottom of the landfill after it was 
covered with a leak-proof impermeable layer. 
These drainage pipes were laid out in the form of 
tree branches so that they could intake the leachate 
formed in all parts of the field. Constructed waste 
leachate drainage pipes were covered with 30 cm 
thick gravel (Figure 7). Thus, the pipes were pro-
tected against the garbage piles, and most im-
portantly, the proper drainage was ensured. Leach-
ate drained from the field via perforated pipes under 
the ground flows into the pump pit using the gravi-
ty. From the pump pit, the leachate is then trans-
ferred to the balancing pool, where the treatment is 
initiated. All parts of the leachate management 
system are regularly maintained at frequent inter-
vals and kept operational. The pipes are checked 
regularly and frequently for sand and sludge accu-
mulation, clogging or other obstacles. Factors that 
could affect the performance of the leachate man-
agement system adversely are reviewed and all 
parts of the leachate management system are 
checked regularly and frequently for possible dam-
age and required repairs are performed. The leach-
ate management system is based on the principle 
that maintenance is more efficient than fixing the 
problems. 

Landfill leachate is treated with a biological 
process and then transferred to the treatment plant 
for the physical process. UF and NF filters are used 
for the physical treatment, and when the treated 
leachate meets the standards of the Water Pollution 
Control Regulation, it is discharged to the receiving 
body. Based on the current values, COD pollution 
of about 20000 mg / l in leachate is lowered to 1400 
mg / lt with 90% efficiency in the UF system efflu-
ent and to 200 mg / lt in the NF system effluent. 
The treated leachate is discharged to Gökçesu 
stream, which is at a distance of 10 m to the treat-
ment plant on the northeast. The measured values in 
the leachate at the treatment plant are analyzed by 
special laboratories accredited by the ministry. 
Furthermore, analysis of waste leachate is conduct-
ed routinely in Provincial Environment and Urban 
Planning Directorate laboratory with ready-to-use 
kits. 

Leachate management system is under consid-
erable control with technical studies conducted in 
the field. However, after the site is closed, the pro-

posed planting would ensure the continuous control 
of the leachate. As mentioned earlier, leachate con-
trol is more problematic in areas with high rainfall 
when compared to low-rainfall areas. Because, 
rainfall, surface waters or underground water inter-
act with garbage, leading to environmental pollu-
tion by transportation of the garbage out of the 
storage cells. This impends public health and the 
environment. Thus, in the context of the conducted 
landscape restoration study, the water holding ca-
pacity of the soil and access water in the soil were 
examined by Thorn Thwaite method based on the 
annual precipitation in Trabzon province and suita-
ble plant species were selected to prevent leachate 
problem in the site. 

Accordingly, water status graph was devel-
oped for Trabzon province by superposing evapo-
transpiration, which is the total water loss in the soil 
due to the plant intake and evaporation, and the 
precipitation amount. In Trabzon, rains start to 
increase after August, and highest precipitation is 
observed in October. Water is stored in the soil 
between August and January. In April, the precipi-
tation decreases and the consumption of the water 
in the reservoir starts. In July, the soil water is con-
sumed and water shortage begins. Thus, irrigation 
could be commenced by July. However, the species 
that could be used for the improvement of the areas 
with damp and wet soil in the presence of leachate 
problem are Picea orientalis., Taxodium distichum, 
Thuja occidentalis, Platycladus ortelis, Thujopsis 
dolabrata, Alnus glutinosa, Crataegus oxycantha, 
Eucalyptus sp., Fraxinus sp., Kerria japonica, Lliq-
uidambar orientalis, Liquidambar straciflua, Quer-
cus sp., and Sorbus aucuparia. 

In addition to the recommended species, the 
species that are generally tolerant in sanitary land-
fills are Acacia latifolia, Acer rubra, Arbutus un-
edo, Eucalyptus lehmannii, Fraxinus pennsylvannii, 
Ginkgo biloba, Gledtsia triacanthos, Grevillea 
robusta, Liquidambar styraciflua, Melaleuca quin-
quenervia, Myoporum laetum, Myrica pensylvani-
ca, Nyssa sylvatica, Picea abiestir. The species that 
are sensitive to landfills are Abies concolor, Acer 
saccharum, Caria ovata, Cornus Florida, Malus, 
Picea pungens, Pinus resinosa, Populus nigra itali-
ca, Prunus, Pseudotsuga menziesii, Quercus velu-
tine, Salix sp, Sorbus aucuparia . 

 
 

DISCUSSION AND RESULTS 
 
Waste is a natural and inevitable consequence 

of life. Today waste is considered as one of the 
reasons of environmental problems and this fact is 
mostly related to the failure of societies to manage 
waste. The development of solid waste landfill 
techniques and recycling the resources should pro-
vide economic, environmental and energy-related 
benefits for future forms of landfill reuse. 
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Garbage landfills lead to negative psychologi-
cal consequences in public health [24, 25, 26]. 
People who live near these areas are diagnosed with 
unsubstantiated health symptoms by the specialists 
due to the presence of nearby landfill sites. Thus, 
plantation of these areas, colored with flowering 
plants, and hence, minimization of the visual pollu-
tion would have a positive effect on public health, 
contributing to the elimination of psychological 
pressure on individuals and their health concerns 
[27]. There are no public settlements near Kutlular 
sanitary landfill site. The Black Sea region geogra-
phy primarily includes detached buildings sur-
rounded by forests. It is therefore important that it 
would demonstrate harmony with the surrounding 
forests in ecological and aesthetic terms. 

As a result of the observations and examina-
tions conducted at Trabzon Sürmene Çamburnu 
Kutlular Sanitary Landfill, it was determined that 
planting should be conducted to solve the environ-
mental problems that were caused by the mine or 
after its closure and restoration of the site. The 
observations conducted in the area demonstrated 
that it was important to plan the planting in the 
present site based on economic and ecologic re-
sources and reduction of environmental pollution 
and restoration of the ecological ties with the sur-
rounding forests. Because, it is not possible for 
Kutlular site, which has been used for several years 
as a landfill site for Trabzon and Rize urban settle-
ments, to repair itself if the solid waste deposits 
were left untouched after closure. Since the soil 
content would change, regeneration of the vegeta-
tion would be difficult in the area. If no measures 
would be taken and restoration would not be con-
ducted, groundwater pollution, as well as image 
pollution and unwanted odors would increase. 
Thus, it is important to plant woody and herbaceous 
material, which could be grown under harsh condi-
tions, at Kutlular solid waste landfill site. 

Limited number of studies were conducted in 
Turkey on restoring the old landfills to the nature. 
No studies were conducted on or suggested land-
scape restoration in the sanitary landfills in Trabzon 
province. The present study is significant in this 
regard. In the present study, plant species were 
suggested for the restoration of the site. However, 
planting in the area in blocks and monitoring the 
development of the recommended species, and 
determination of the species that could facilitate or 
slow down the restoration process require future 
studies on the topic. 
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Education is one of the most important factors 

for a child to become an individual. School and 
school gardens are indispensable elements of child 
education. But in our country school gardens are not 
as important as school buildings. However, school 
gardens are an important part of children's physical 
and mental development. The information that chil-
dren gain by playing and living in school gardens is 
as important as the information they earn through 
the education they receive from the schools. Lack of 
institutional management, inadequate design of 
green areas and unplanned settlements lead to con-
struction of gardens with solid textures in school 
campuses. However, children should be offered the 
opportunity to be involved with nature. They should 
be given a chance to live by learning and feeling the 
nature. 

In this study, it is aimed to determine the items 
and qualities that should be in school gardens from 
the children’s point of view. The study was con-
ducted with a group of 100 students consisting of 
second, third and fourth grade students in a ran-
domly selected primary school. The methodology is 
based on semi-structured interviews and drawing 
exercises with students. The aim was to catch the 
imagination of the students which are direct users of 
school gardens on daily basis. As a result, it is de-
termined that children prefer more green space in 
their schools' gardens and imagine interior spaces 
with items such as water, sand and soil. Suggestions 
have been made on how school gardens should be 
in line with pupils' views.

 
Elementary school gardens, Nature, Child, Design 

 
Today, the vast majority of the world's popu-

lation lives in cities due to technological develop-
ments and industrialization. The number of children 
in this dense urban population is too high to neglect. 
Nevertheless, children are ignored in urban plan-
ning studies and the necessary spaces for children 
are not designed [1, 2]. Scientific research 

emphasized that children’s positive or negative be-
havior are directly related to the environment they 
live in [3]. It should not be forgotten that individuals 
who do not spend their childhood in spaces that af-
fect their physical and social development posi-
tively, cannot become healthy adults. In other 
words, children need spaces and activities where 
they can develop their social, physical, emotional 
and mental skills to be a positive individual in the 
future [4]. Children's playgrounds and school gar-
dens are the most important of these spaces and the 
most important activity is to play. 

Playing games, the most important event in 
childhood, is a universal concept. The game playing 
is an activity that conveys excitement and happiness 
and allows children to have fun and learn. Play ac-
tivity contributes to the development of children's 
physical, mental and intelligence in all cultures [5, 
6]. Nature is the prominent teacher in child devel-
opment and contributes to children's learning by ex-
perience [7]. It was emphasized in the previous 
studies that children who spend time in nature get 
less ill and develop more physical abilities [8, 9]. 

However, in today's cities, losses in green ar-
eas and increasing daily construction activities re-
sult in the destruction of natural playgrounds for 
children [10, 11]. Children are trapped in malls, and 
homes, while they could learn and develop within 
the nature. They go to their school which is at walk-
ing distance using school shuttles due to heavy ve-
hicle traffic [12]. 

School and school gardens are the best place 
for playing games in the contemporary times. Chil-
dren spend a large part of their daily lives at school. 
The school gardens, where most of the breaks are 
spent, are especially important for children. Previ-
ous studies have indicated that school gardens could 
be used for different purposes other than those 
known by all. These studies also emphasized that 
school gardens enhance students' sense of responsi-
bility, understanding nature, and improve their 
sense of being in the nature [13, 14]. Malone and 
Tranter [15] suggested that school gardens should 
enable activities that allow children to move freely 
and experience unconstructed experiences. They ar-
gued that these activities would be effective in the 
development of children's cognitive and social in-
telligence. Thus, school gardens should not be re-
garded as ineffective areas where children spend 
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their free time in the recess, but should be part of the 
education, and the focus should be on the regulation 
of school gardens as much as other structural ele-
ments in the school [16]. However, it seems like the 
school gardens are often composed of paved sur-
faces and the possibilities for green spaces are lim-
ited. These gardens do not provide opportunities for 
children to relax and experience the nature [9, 17]. 
However, school gardens should offer children sev-
eral possibilities as spaces where they can learn the 
nature by experience and recognition by touching. 
Several studies were conducted on the design of na-
ture friendly school gardens. 

The Learning Through Landscapes institution 
has used natural facilities to educate and teach the 
children (Figure 1). It aims to explore children's 
abilities with educational features of the nature. The 
institution utilized school gardens that it supported 
with natural resources for these implementations 
[18, 19, 20]. 

The Nursery Fields Forever project, created by 
a group of Italian and Dutch architects, is an exam-
ple where children are trained through direct obser-
vation of farm work and contact with animals [21], 
(Figure 2). 

Similar initiatives were realized with the pro-
grams titled Learning Grounds in Canada and 
Skolans Uterum in Sweden [12]. In the nature-based 
schools of Canada Grandview Elementary School 
(Figure 3), Windsor School, Monica's Catholic 
School and Dartmouth High School, butterfly gar-
dens, hobby gardens and a variety of other activities 
are utilized directly with the facilities that the nature 
provides [22, 23, 24]. 

In Turkey, the compulsory elementary educa-
tion includes the children in the 6-13 age group and 
the education commences at the end of September 
of the year that the child is five years old and ends 
at the end of the school year when the child is 13 
years old. Thus, the school and its garden, the child's 
first socialization institution, plays a significant role 
in the development of the child’s mental-physical 
intelligence. However, it is also true that the schools 
and school gardens that are necessary for mental-
physical intelligence development of children are 
not designed with nature-based planning ap-
proaches in Turkey. School gardens in Turkey re-
flect several missing natural landscape elements. 
Moreover, these gardens do not fulfil the recrea-
tional demands of children adequately [25]. 
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The effects of natural elements such as plants, 

water and soil on children's learning skills should 
not be overlooked. Especially plants in school gar-
dens affect children's creativity and provide play fa-
cilities. Studies demonstrated that children in 
schools with natural landscape facilities are more 
creative and their learning skills are more active 
[26]. 

Thus, in the present study, the primary school 
children were asked to draw a picture of a nature-
friendly school garden that they imagine. The dif-
ferences between the current state of their current 
school garden and the nature-friendly school garden 
they imagined were identified. It was aimed to de-
termine the desires of the children on the type of the 
school and school garden they would like to attend 
and thus, to contribute to the future school garden 
designs. 

 
The study was conducted in an elementary 

school located in Ortahisar district of Trabzon prov-
ince (Figure 4). The school, which has an area of 
6030 m², includes a main building and an auxiliary 

building (Figure 5). The main school building has 3 
floors, 12 classrooms, 3 administrative offices, a 6-
cabin bathroom, and the auxiliary building has 5 
floors. It includes 21 classrooms, 1 laboratory, a 
dining hall and a 6-cabin bathroom on each floor. It 
is an elementary school with a student population of 
800-850 in the 1st, 2nd, 3rd and 4th grades. 

The school garden is divided into three differ-
ent gardens due to its topography. Stairs were used 
as transition elements between the elevation differ-
ences. Activities such as ceremonies, demonstra-
tions and playing tag are conducted in the school 
garden, which is paved with asphalt material. It is 
not used as a car park besides the vehicles that cater 
the school which is totally dedicated to the student 
use. The study group included 100 students ran-
domly selected from the 2nd, 3rd and 4th grades in 
the 2016-2017 academic year. Of 100 students, 34 
were 7-8 years old students, 34 were 8-9 years old 
students and 32 were 9-10 years old students, 52 
were males and 48 were females. 

A three-step method was used in the study. In 
the first stage, the landscaping requirements for an 
elementary school garden and the studies on nature 
friendly school gardens were analyzed. Other stages 
included interviews which were the data collection 
methods. A personal-semi-structured interview and 
drawing work were conducted with the children in 
the selected primary school (Figure 6). In semi-
structured interviews usually open-ended questions 
are asked. Thus, the interviewer has the opportunity 
to ask questions and redirect the same when the an-
swers are not satisfactory. As a result, the observer 
could explain the topic better for the subjects and 
obtain clear responses [27]. 

At the interview stage, the children were asked 
about the landscape elements, activities and quali-
ties they desired in their nature-friendly school gar-
den, and thus, the landscape elements, activities and 
qualities that primary school gardens should possess 
based on the views of the children were determined. 
Furthermore, children were also asked to draw the 
dream-friendly school garden they imagine at this 
stage. 
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As a result of the drawings and the interviews, 
the desired landscaping items are obtained. By com-
paring the data obtained with semi-structured inter-
views and drawings, basic landscape items were 
identified. The identified items were also supported 
by other studies on the topic, and the research ques-
tions were answered. 

 
With the semi-structured interview, students 

were asked how they imagined the school garden 
should be. At the end of the study, all the answers 
given by the students were classified by associating 
these responses with the landscaping items and 
these are presented in Figure 7. Eight active land-
scape elements (green elements, animals, water, 
sand, soil-mud, furniture, seasonal changes and oth-
ers), and preference rates of these elements were de-
termined. 

The 98% of the answers obtained in the inter-
views included green elements. These elements in-
cluded trees and especially fruit trees. Also colorful 
flowers, vines and green hills were also preferred. 
Fragrant plants and large grasslands were also 
among the elements that students wanted to see in a 
school garden. 90% of the results included the ele-
ment of animals. The children especially mentioned 

the activities of playing with animals and feeding 
them. Among the animals, it was determined that 
butterflies and birds were the most preferred. 72% 
preferred the water element. Water elements include 
ornamental pools, water slides, fountains, puddles, 
lakes, water parks. 37% preferred the element of 
sand. Building sand castles and opening pits in the 
sand were the most requested activities. Further-
more, 28% preferred soil-sludge element and the ac-
tivity of playing with mud was preferred the most. 
41% preferred the seasonal changes. Under this 
topic, answers that reflect longing for the nature 
such as sliding on the snow instead of holing up in 
buildings when it snows, playing with snowballs, 
touching fallen leaves, dripping in the rain, touching 
the wet soil were obtained. Furthermore, running 
under the sun and in the areas where the sun is re-
flected were also identified as other notable infor-
mation obtained. It was determined that hammocks, 
wooden swings, tents, etc. were among the least de-
sirable items with a rate of 15%. In addition, activi-
ties such as climbing, wall painting, flying kites, 
sliding, swinging were identified under the title oth-
ers with a ratio of 17%. 

In addition to the results obtained in the inter-
views, children’s drawings demonstrated that they 
desired lines drawn on the grounds for games, natu-
ral green hills, running water, bridges over the run-
ning water, tree climbing, fruit gathering, caverns 
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for hiding, planting saplings, animal shelters, log 
houses, feeding aquatic animals and an area where 
they could see the rainbow (Figure 8). 

As a result of interviews and children’s draw-
ings, it was determined that the school garden that 
children desired was an inartificial garden. Thus, the 
school garden was redesigned as a result of the con-
ducted literature review and the review of existing 
school gardens where natural elements are used 
(Figure 9). This predominantly natural design con-
structed spaces that utilize ecological design ap-
proaches to provide the curiosity of the children and 
allow them to learn by experimentation, rather than 
guiding children to play certain games. Green areas 
are the most frequently used element in a natural 
school garden. Thus, the amount of green spaces in 
the study area was increased and associated with 
other areas. In the first section of the school garden, 
green hills, fruit gardens, butterfly gardens, fra-
grance and color gardens, shelters for animals such 
as rabbits, squirrels, ducks, labyrinths, sand ponds, 
still-running water ponds and sitting elements with 
canopies were considered. The second section 
where the school entrance is located is the most suit-
able area for ceremonial and celebratory events. 
Various spaces were constructed in section 3 based 
on the slope of the land in this section. Especially 
the hills, caves and climbing tracks are the most ef-
fective spaces to be built in this area. Furthermore, 
this area, which is the sunniest spot in the garden, 
was considered for large lawn areas designed for ac-
tivities such as picnicking, kite flying and outdoor 
courses. Also, designed for use in cold weather was 
a winter garden and sitting elements with canopies. 
Also, a space where birdhouses could be built and 

fish could be fed, and includes mud pools, dry pools 
and other spaces for games drawn on the floor was 
designed. 
 
 

 
Primary school gardens in Turkey are used as 

spaces where children spend their free time when 
not in the classroom. Paved surfaces are usually as-
phalt or concrete, and these spaces are passive areas, 
which cannot contribute to the development of the 
body and mind of the children. These school gar-
dens, which do not include natural areas and ele-
ments, cause children to be insensitive to the envi-
ronment. However, school gardens should be at 
least as important as the school buildings. School 
gardens should offer thought-provoking, natural ex-
perience opportunities and should not be used only 
for ceremonies and playing. Children attend the 
school for 261 days every year and spend an average 
of 1827 hours at school. This extended period of 
time, which is quite long to be underestimated, sup-
ports the fact that school gardens must be changed 
in the positive direction. 

In the study, it was determined that the school 
garden that the children imagined was very different 
from the school garden they experience. The pre-
dominance of the desire for green spaces reflects 
children's longing for nature. These findings were 
consistent with the argument by Özdemir and Yil-
maz [25] that there should be less paved surfaces in 
school gardens. Thus, the green elements  
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such as trees, shrubs, groundcover plants and grass 
should be predominant in school gardens. Such 
plant elements should be selected based on the func-
tional features such as shading, noise and wind con-
trol as well as the aesthetic features that are of inter-
est for children, as Pamay [28] stated. Features such 
as color, texture, form and size of the plants should 
be taught to children with games. Thus, children 
will be able to perceive the morphological features 
of plants such as flower-foliage colors, flowering-
leafing periods and whether they are evergreen or 
not, and the appearances of seasonal differences in 
nature. It should not be forgotten that every plant 
species cannot be used in school gardens; prickly 

species, those with allergenic pollens, toxic fruits 
and leaves should not be used. In addition to the ed-
ucational features of the plants, their properties as 
attractive and intriguing playgrounds should not be 
forgotten [29]. Thus, the amount of plant elements 
in school gardens should be increased. The re-
sponses obtained such as the desire to play with an-
imals and feeding them are supported by the find-
ings of a study conducted by Titman [30], who 
stated that presence of animals at school would pro-
vide opportunities for children and teach them sev-
eral things. It is obvious that children are interested 
in all living organisms such as plants, because chil-
dren love to explore and learn new things. It is 
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important not to forget the effects of events such as 
a caterpillar turning into a butterfly, the industrious 
ants, and how the bees create honey on the future of 
children. It could be quite surprising and remarkable 
for children that butterflies prefer scented and col-
orful plants. Thus, butterfly gardens exist in many 
projects in Europe. The butterfly garden, also prac-
ticed in Dartmouth High School, is one of the pro-
jects that recognized the interests of the children 
[24]. Water is one of the other important items de-
sired. Water games improve motor skills by helping 
children to relax. It was observed that children are 
not distracted while playing with water. It should 
not be forgotten that water positively affects the en-
vironment, not only in school gardens, but every-
where it is used [5]. Children who play with water 
will be able to learn by experiencing various rules 
of physics such as buoyancy of water, its solid-liq-
uid-gas forms, its property to take the shape of the 
container it was placed in [7]. Sand, soil and mud 
were among the other preferred elements. Items that 
could be shaped like sand and soil encourage chil-
dren to produce. Children can produce their own 
toys by constructing the objects they imagine with 
elements such as sand and mud. These elements de-
velop manipulative skills as well as the coordination 
of hand and mind. Seasonal differences also played 
an active role in the obtained results. This finding 
was different from the landscaping activities found 
in other studies in the literature. The fact that most 
of today's children spend their time in structural el-
ements revealed that they dream of spaces where 
they could experience natural phenomena. The re-
sults of the present study demonstrated that children 
long for many activities such as getting wet in the 
rain, feeling the sunshine and touching the soil. Es-
pecially the desire to be under the sun and in sunny 
areas was determined as the most mentioned sea-
sonal element. This result could be related to the 
negative effects of the schools on the children, 
which are established in random places in neighbor-
hoods in Turkey, without considering their geo-
graphical position and exposure. It is inevitable for 
children to want to see and touch the natural trans-
formations that the seasons offer. Also, children's 
preferences for green hills and caves to hide are an 
indication of their desire to use natural topography. 
The statement by Fjørtoft [31] that the natural to-
pography of the rocks and hills are dynamic play-
grounds for children supports this preference. As a 
result, these responses demonstrated that children 
desired more intriguing and surprising, and curious 
elements [15, 25, 30]. The fact that the furniture was 
desired the least could be explained by the fact that 
children do not prefer the spaces created with artifi-
cial elements, but the areas where surprises await 
them, as Titman [30] argued. Furthermore, as 
Kaplan [32] notes, unlike artificial elements, natural 
elements have the potential to respond to children's 
desires and educate them. It should not be forgotten 

that nature is the main resource for several activi-
ties. 

In addition, security in natural school spaces, 
where children will have a lot of mobility, is one of 
the most important concerns. It should not be for-
gotten that 70% of child injuries occur due to falls 
[7]. Thus, children should be observed by teachers 
during the time they spend in nature-friendly school 
gardens. It should also be noted that children play-
ing in the garden may dirty the school and the class-
room environment. Based on this fact, cleaning staff 
and related costs should be taken into consideration. 
It should be kept in mid that all these factors would 
result in extra expenditures for the school admin-
istration. Since the schools could hardly find ade-
quate funding for several needs, the environmen-
tally friendly school garden is a service that requires 
financial support. 

As a result, the loss of natural areas as a result 
of urbanization affects the children as well as all liv-
ing beings. School gardens, the most important 
playgrounds for the children where they spend most 
of their time, are also becoming more and more ar-
tificial. Thus, it is necessary to implement the pro-
cedures utilized in Europe and planning similar to 
that of several organizations in our country as well. 
Our school gardens should be rehabilitated with di-
rective design decisions, and implementation 
should be conducted with planning proposals using 
nature friendly approaches for new schools. In fu-
ture studies, design criteria that specify the qualities 
of a nature-friendly school garden must first be es-
tablished. The criteria should be defined by experts 
such as teachers, psychologists and sociologists, 
child development specialists and landscape archi-
tects. The application of these criteria must be en-
sured by laws and legislation. Furthermore, the nec-
essary funds should be allocated and support should 
be provided to implement and sustain natural gar-
dens at schools. The opportunities to learn and play 
within the nature in environmentally friendly school 
gardens they create in their imagination should be 
provided for Children, who are our future, as a com-
munity health policy. 
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Global warming, intensifying problem in Med-

iterranean climate, has affect on yield and quality of 
crops. Strawberry is a sensitive crop to abiotic 
stresses (drought, salinity etc.) and this sensitivity is 
further increases in greenhouse production condi-
tions. Hence, determinations to tolerance level to 
abiotic stress conditions of cultivars and genotypes 
are important for their cultivation and breeding. 
This tolerance level can be determined through 
morphological, physiological and biochemical 
analysis. In this study, tolerance levels of Osmanli 
and Festival strawberry cultivars have been deter-
mined through biochemical analysis (SOD- super-
oxide dismutase, CAT-catalase, MDA- malondial-
dehyde) of callus tissues and physiological analysis 
(callus formation ratio, callus fresh and dry weight, 
callus dry mass ratio) under  drought condi-
tions (0, 3, 6, 9 and 12% PEG). There was a linear 
relation between PEG concentration and oxidative 
enzyme activities (SOD and CAT) and lipid peroxi-
dation (MDA). Moreover, there was no callus de-
velopment at high PEG conditions (9-12% PEG 
6000). The highest SOD, CAT and MDA values 
were obtained from Osmanli cultivar. In addition, 
the highest callus formation rate and fresh weight 
values were determined to Festival strawberry cul-
tivar. Callus formation rates, callus fresh and dry 
weight decreased when PEG 6000 concentrations 
were increased on tried strawberry cultivars. 

 

  
, callus, SOD, CAT, MDA, 

callus dry weight. 
 

 
Strawberry has the advantage of being grown 

in a vast range of ecological conditions because of a 
wide range of species and cultivar richness. How-
ever, the tolerance of strawberries to abiotic stress 
factors considerably vary among cultivars. Indeed, 
Johnson [1] reported that there were significant 
differences among cultivars in tolerance to high 
temperatures, and, especially, the Camarosa cultivar 

in greenhouse cultivation hindered flowering at 
high temperatures above 30oC, increased vegetative 
growth, and considerably decreased the fruit size. 
Ledesma and Sugiyama [2] stated that the Nyoho 
strawberry cultivar was more resistant to stress of 
high temperature than the Toyonoka cultivar, and 
Klamkowski and Treder [3] reported that, in straw-
berries grown in greenhouse under drought stress 
conditions, the efficiency of water use increased, 
photosynthesis and transpiration rate decreased, and 
leaf area and yield decreased by 30 – 35% as com-
pared to control. 

The  and  techniques can be used 
in researches on resistance to abiotic stress factors, 
and particularly, the  callus culture technique 
is fast, easy and an effective method for stress pa-
rameters such as salinity and drought [4]. Large 
molecular weighted polyethylene glycol (PEG) 
used  studies for this purpose increases the 
solution viscosity, reduces the amount of oxygen in 
the environment of plant roots and provides osmotic 
water stress [5]. In addition, Hassanein [6] stated 
that Mannitol and PEG were the osmotic agents 
promoting the drought at  conditions. 

Drought stress directly or indirectly affects 
several metabolic activities in plants, and triggers 
numerous physiological, biochemical and molecular 
responses in plant structure [7]. The antioxidant 
enzyme activities are initiated under stress condi-
tions, which were resulted in the synthesis of free 
radicals and the destruction of cell membranes by 
hazardous chemicals [8, 9, 10,11]. Hence, in many 
studies carried out on vegetables, the stress – re-
sistant cultivars and genotypes are identified to 
contain more activities of superoxide dismutase 
(SOD), catalase (CAT), peroxidase (POX), ascor-
bate peroxidase (APX) and glutathione reductase 
(GR) enzymes during the stress period than suscep-
tible ones [4]. In addition, the amount of malondial-
dehyde (MDA), a chemical substance indicating 
lipid degradations in cell membrane, increases un-
der stress conditions [11]. Increase in callus weight 
and color change in callus cultures are also at re-
markable levels under stress conditions. In the stud-
ies carrying out the resistance of cherry rootstocks 
at  conditions, 1%, 2% and 4% of PEG 8000 
concentrations were used and the MDA, SOD, 
CAT, POX, APX and GR enzyme activities were 
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determined to rise in parallel with increasing PEG 
concentrations [12]. Yong et al. [13] reported that 
after the short term low temperature stress applica-
tions (0, 12, 24, 48 and 72 hours at 0 oC) in straw-
berries, the activities of antioxidant enzymes such 
as the SOD, CAT, POD and APX along with the 
MDA and the content of hydrogen peroxide (H2O2) 
increased as compared to the control plants. 

Sensitivity of plants to drought parameters de-
pends on stress duration, plant species, and plant 
developmental stages [14]. In strawberries consist-
ing of a vast gene pool, identification of tolerance 
level of cultivars to drought stress is among the 
important topics for both breeding studies and cul-
tivation purposes. Hence, it is important to use of 
the tolerant cultivars to water stress both particular-
ly soilless cultivation and in breeding studies. 
Therefore, the aim of this study was to determine 
the mechanism of drought stress among tolerant and 
less tolerant strawberry cultivars, examining the 
physiological and biochemical characteristics of the 
calluses at  conditions inducing drought 
stress. 

 
 

This research was carried out in the 
tissue culture laboratories of a private research 
institution (2K VEG Inc.) between 2013 and 2015 
years. In the research, two strawberry cultivars, 
which were identified in previous studies as drought 
tolerant (Festival) and less tolerant (Osmanli), were 
used. 

 
In the experiment, stolon tips col-

lected in June were used, surface sterilized materi-
als were isolated so as to contain 1–2 leaf primordia 
under a binocular microscope, and they were trans-
ferred to Murashige and Skoog medium [15]. (30 
g/l sucrose, 2.4 g/l Gelrite and 4.43 g/l MS). After 
meristems were cultured in the MS medium con-
taining 1.5 mg/l TDZ+1 mg/l IAA for one month, 
they were transferred into MS medium containing 
1.5 mg/l TDZ+1 mg /l IAA + 0.1 mg/l GA3 in order 
to stimulate the shoot and leaf explants [16]. Later 
on, the explants grown in this medium were trans-
ferred into callus development medium (4 mg/l ά-
naphthalene acetic acid-NAA) containing different 
concentrations of PEG 6000 (0, 3, 6, 9, 12 %). 
Then, the explants were subjected to a subculture in 
the same medium in order to achieve callus devel-
opment [17]. Preliminary studies have revealed that 
the use of 4 mg/l NAA is sufficient for callus de-
velopment in strawberries (Table 1). During all 
experimental stages, cultures were maintained in a 
growth chamber with controlled temperature 
(25°C±1°C), photoperiod (16-8 h) and light (3000 
μmol·s-1·m-2). 

15.06.2014 Surface sterilization of the starting materials. 
Isolation of the meristems and transfer into 
MS medium containing 1.5 mg/l TDZ + 1 
mg/l IAA  

15.07.2014 Multiplication and sub – culturing (1.5 mg/l 
TDZ+1 mg/l IAA+0.1 mg/l GA3) 

15.08.2014 Culturing of the explants at different PEG 
concentrations containing 4 mg/l NAA. 

15.09.2014 Callus development at 4 mg/l NAA+ 
PEG MS environment 

15.10.2014 Biochemical analyses on calluses 

The lipid peroxidation (MDA) and enzyme ac-
tivity (SOD, CAT) values on calluses were deter-
mined in the study. At the end of callus develop-
ment period, the amount of malondialdehyde 
(MDA), a product of lipid peroxidation that can be 
entitled as cell membrane damage, was measured as 
described by Madhave and Sresty [18]; and the 
other biochemical analyses given below were per-
formed based on the following literature; the anti-
oxidant enzyme activities and the enzyme extrac-
tions, Hossain et al. [19]; the SOD enzyme activity, 
Tang et al., [20]; the CAT enzyme activity, Levya 
et al. [21], and the MDA analysis, Lutts et al. [22], 
respectively. Also, callus formation rate, callus 
fresh and dry weight, callus dry mass rate were 
recorded at end of the  stages. 

The study was planned on two factors, two 
strawberry cultivars (Festival and Osmanli) and five 
different PEG 6000 concentrations (0, 3, 6, 9, 12 
%), and the experimental design was set based on 
the randomized split plots in factorial design with 
three replication, each containing six explants. 

 
 

The effects of different 
PEG 6000 concentrations on the SOD, CAT antiox-
idant enzyme activities and the MDA contents were 
given in Table 2. As seen in Table 2, the SOD and 
CAT enzyme activities increased depending on the 
elevation of the PEG concentrations. In experiment, 
while the highest SOD activity value was deter-
mined in 6 % PEG 6000 concentration (90.17 U 
mg-1), the lowest in control treatment (29.96 U mg-

1). Similarity, the highest CAT activity value was 
founded in 6 % PEG 6000 concentration (119.49 U 
mg-1) (Table 2). However callus can not survive in 
9% and 12% PEG 6000 concentration. Consequent-
ly, the increased  stress conditions triggered 
enzyme activities. Differences among the cultivars 
in terms of enzyme activities were also identified, 
and the enzyme activities in the Osmanli strawberry 
cultivar were determined higher values than the 
Festival cultivar (Table 2). Regarding to interac-
tions, the highest enzyme activities were founded in 
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6% PEG concentration for the Osmanli strawberry 
cultivar (Table 3). 

The effect of PEG concentrations on the callus 
MDA contents was found statistically significant in 
the experiment (Table 2). As a matter of fact, the 
MDA contents increased depending on the eleva-
tion of the PEG concentration. In addition, differ-
ence between the cultivars was also observed, and 
the MDA contents in the Osmanli cultivar were 
determined higher than the Festival cultivar (Table 
2). The ‘PEG concentrations x cultivar’ interactions 
were also at a significant level, and as the highest 
MDA contents were identified in the Osmanli culti-
var with high concentration PEG applications. 
Therefore, both the antioxidant enzyme activities 
and the malondialdehyde contents were further 
stimulated in Osmanli cultivar than Festival cultivar 
(Table 3). 

 

0 29.96 c 33.04 c 0.04 c 
3 54.39 b 71.71 b 0.07 b 
6 90.17 a 119.49 a 0.09 a 
9 - - - 
12 - - - 

 
Festival 52.95 b 70.01 b 0.053 b 
Osmanli 63.40 a 79.49 a 0.081 a 

*PEG 6000 Concentrations 
 

 
 
Festival 

0 29.90 e 31.78 e 0.026 d 
3 44.81 d 63.93 d 0.056 c 
6 84.15 b 114.32 b 0.076 b 
9 - - - 
12 - - - 

 
 
Osmanli 

0 30.03 e 34.30 e 0.053 c 
3 63.97 c 79.49 c 0.085 b 
6 96.19 a 124.67 a 0.106 a 
9 - - - 
12 - - - 

 
 

 
In our study, the malondialdehyde (MDA) 

content, a by – product of lipid damage, and SOD 
and CAT enzyme activities in calluses were signifi-
cantly affected by the PEG concentrations. The 
SOD and CAT activities increased in higher PEG 
concentrations, and this increment was particularly 

observed in the Osmanli cultivar (Table 2 and Table 
3). In addition, the MDA contents also showed an 
increase in stress conditions as well as the enzyme 
activities. This situation, as the enzyme activities, 
was yet striking in the Osmanli cultivar.  

Our findings were in agreement with those of 
Wang [23], Yasar et al. [24], Yong et al. [13] and 
Erturk et al. [25]. Indeed, Erturk et al. [25] reported 
in a study carried out with cherry rootstocks grown 

 saline environment that the antioxidant 
enzyme activities such as the MDA, CAT, SOD, 
GR, and the POX increased depending on elevation 
of the NaCl concentrations. Moreover, Uzal [26] 
reported that the MDA content in strawberries 
grown in saline environment increased; however, 
that increase was slowed down by the jasmonic acid 
application. To the knowledge, there is no study 
reporting the malondialdehyde, antioxidant enzyme 
activities on stressed strawberry cultivars.  

 

0 92.65  
(4.53** a) 

4.05 a 2.83 a 71.14 
(4.26**) 

3 67.46  
(4.16 a) 

2.93 b 2.01 b 68.65 
(4.21) 

6 23.61  
(3.02 b) 

2.25 b 1.25 c 59.02 
(4.04) 

9 - - - - 
12 - - - - 

 
Festival 41.30  

(4.09 a) 
3.51 a 2.24 62.90 

(4.12) 
Osmanli 32.19  

(3.72 b) 
2.64 b 1.82 69.63 

(4.22) 

*PEG 6000 Concentrations 
** Logarithmic transformation values. 

The 
effects of different PEG 6000 concentrations on the 
callus formation rate, fresh, dry weight and dry 
mass rate values were given in Table 4. As can be 
seen in Table 4, the highest callus formation rate, 
fresh and dry weight values were determined con-
trol treatment. As a matter of fact that callus for-
mation rates, callus fresh and dry weight decreased 
while PEG 6000 concentrations were increased on 
tried strawberry cultivars. In case of callus dry mass 
ratio, there were no statistical differences among the 
treatments. Between the cultivars, highest callus 
formation rate (41.30 %) and fresh weight values 
(3.51 g) were founded in Festival (Table 4). 
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Festival 

0 95.00 (4.55)** 4.83 3.17 65.20 (4.17**) 
3 80.48 (4.38) 3.43 2.40 69.18 (4.21) 
6 31.02 (3.33) 2.27 1.17 54.35 (3.98) 
9 - - - - 
12 - - - - 

 
 
Osmanli 

0 90.30 (4.49) 3.27 2.50 77.08 (4.34) 
3 54.44 (3.93) 2.43 1.63 68.12 (4.22) 
6 16.20 (2.71) 2.23 1.33 63.70 (4.10) 
9 - - - - 
12 - - - - 

  
*PEG 6000 Concentrations 
** Logarithmic transformation values. 
 
In this study, ‘PEG concentration x Cultivar’ 

interactions were examined and the datas obtained 
were shown in Table 5. Statistical analysis showed 
that there were not significant differences in terms 
of ‘PEG concentration x Cultivar’ interactions. 
Nevertheless, callus formation rate, fresh, dry 
weight and dry mass rate values increased depend-
ing on the elevated PEG concentrations in tried two 
strawberry cultivars. These results were similar to 
the values reported by other authors [12, 27]. As 
stated Sivritepe et al. [12], found the dry mass ratio 
increased significantly by increasing PEG concen-
tration from 0% to 4% in cherry. Celik and Atak 
[27] reported shoot and root length, fresh weight 
decreases, but MDA increases by increasing NaCl 
concentration under  nutrient solution.  

 

 
Strawberry is a sensitive species to abiotic 

stress factors, and its tolerance level show differ-
ences depending on cultivars, growing conditions 
and stress parameters. The level of tolerance of 
cultivars and genotypes to biotic and abiotic stress 
factors can be determined morphologically, physio-
logically and biochemically at  and  
conditions. In this study, determination of the toler-
ance level of cultivars through  drought 
technique in a short time and effectiveness of meth-
ods in strawberries were presented. Furthermore, as 
a result of this study, identification of the antioxida-
tive enzyme activities and physiological parameters 
in calluses obtained from  conditions were 
also advised as effective selection parameter. 

 
 

ascorbate peroxidase catalase;
glutathione reductase polyethylene 

glycol peroxidase superoxide dis-
mutase; malondialdehyde. 
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Oxidative stress is considered to be involved in 
the pathophysiology of all cancers. Melanoma is the 
main cause of death in patients with skin cancer. It is 
caused by neural crest-derived melanocytes -pig-
mented cells normally presented normally in the ep-
idermis and, dermis. Oleuropein is a heterosidic ester 
of elenolic acid and hydroxytyrosol and possesses 
beneficial effects on human health. The aim of this 
study was to determine  effects of oleuropein 
on melanoma cells. Viability of the ells was quan-
tified by MTT assay in a time and dose response 
manner. Melanoma cells were treated with 100 µmol 
for three hours. Glutathione (GSH), Total oxidant 
capacity and total antioxidant capacity (TOC, TAC) 
and nitric oxide levels were identified using specific 
colorimetric methods. Oleuropein treatment de-
creased cell viability in melanoma cell line in a dose-
dependent manner. Oleuropein inhibits the activa-
tion of nitric oxide and prevented decreased levels of 
GSH. Also, total oxidant capacity decreased signifi-
cantly after treatment. Oleuropein decreased cell vi-
ability and triggered antioxidant system positively. 
These findings suggested that oleuropein has potent 
anticancer and antioxidant properties on melanoma 
cells. However, further  studies are required 
to determine the exact potential of this agent. 

Oleuropein, Melanoma, Oxidative stress 
 
 

 
Olive oil is high-value edible oil which is con-

sidered important for its flavour and its preventive 
effects against important diseases such as coronary 
heart diseases, neurological disorders and some 
types of cancer [1]. This beneficial food’s com-
pounds are attracted attention with nutraceutical uses 
and significant properties [2]. 

Oleuropein is a phenolic secoiridoid glycoside 
and one of major phenolic compound of Olea euro-
pae. It has significant antioxidant, anti-tumoural, 
anti-inflammatory, antidiabetic, hypolipidaemic, 
anti-angiogenic, antiatherosclerotic and platelet anti-

aggregate activities when compared with other oil 
compounds. [3, 4, 5, 6, 7].  
 

 

 

 
Oxidative stress is the main part of the patho-

genesis and complications of many diseases includ-
ing cancer [8]. Particular attention has been focused 
on the therapeutic activities of oleuropein and its 
constituents about its antioxidant activity. Oleuro-
pein act as an antioxidant such as free radical scav-
enging, radical chain breaking. The catecholic struc-
ture it has is able to eradicate peroxyl radicals and 
break oxidative chain reactions [9]. This study is car-
ried out aim of this study was to determine  
effects of oleuropein on melanoma cells. 

 
 
Human melanoma cells were obtained from 

American Type Culture Collection (Manassas, VA) 
and maintained in DMEM supplemented with 10% 
fetal bovine serum, 2 mM glutamine, 100 U/ml pen-
incillin and 100 μg/ml streptomycin, at 37°C with 
5% CO2. Briefly, cells were plated in 24-well plates 
(0.4 × 105cells) and pre-treated with 100 μM oleuro-
pein for 3h. After the incubation, the supernatant was 
replaced by fresh medium. 
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Cell survival was quantified by colorimetric 
MTT assay [10]. The 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT, Fluka, 
USA) measures the mitochondrial activity of viable 
cells by quantifying the conversion of the tetrazo-
lium salt to its formazan product. Microglia 
(2 × 106/2 ml culture medium/well) were placed in a 
12- well flat-bottom plate in triplicate and cultured 
at various times containing the indicated doses of 
agent. Following culture at 37 °C, 1 ml/well of MTT 
(5 mg/ml) was added to the wells, followed by incu-
bation for an additional 2 h for each experimental 
time interval. The viable cells produced a dark blue 
formazan product, whereas no such staining was 
formed in the dead cells. The resulting formazan 
product was solubilized in 1 ml/well of acidic iso-
propanol, and absorbance was read at 570 nm with 
ELISA reader (µQuant-USA). Cell viability was cal-
culated by normalization of optical densities (OD) to 
the negative control.  

GSH levels were determined according to reac-
tion with 5,5-dithiobis-2-nitrobenzoic acid resulting 
in the formation of a product with has a maximal ab-
sorbance at 410 nm. The results were expressed as 
mmol/L [11]. 

Nitric oxide concentration in plasma and tissue 
samples was analysed indirectly by measuring the 
nitrite levels based on Griess reaction. 

Total antioxidant level of the sample was cal-
culated according to ABTS (dark blue coloured 

radical) reducing capacity of antioxidants at 660 nm. 
Results were given as Trolox equivalent (mmol/lt) 
which is a vitamin E analog. Additionally, oxidants 
in the sample oxidize ferrous-ion chelator complex 
to ferric ion. Briefly, total oxidant level was meas-
ured by colorimetric methods according to absorb-
ance change of formed coloured complex at 530 nm. 
Results were given as H2O2 equivalent (mmol/lt). 

The one-way analysis of 
variance (ANOVA) and post hoc Duncan tests were 
performed on the data to examine the differences 
among groups using the SPSS statistical software 
package. The results are presented as average ±SE. 
A value of p<0.05 was considered significant. 

 
 
We first evaluated the effects of increasing con-

centrations (10%, 50% and 100%) of oleuropein for 
1h and 3 hours on skin cancer cells proliferation us-
ing MTT assay. We observed that treatment for 3 h 
and 100% concentration with oleuropein reduced 
cell viability in melanoma cells in a time and dose 
dependent manner (Fig. 1). The NO oxide levels ap-
proximately 9.40 % decreased in oleuropein treated 
samples (Table 1) 

 

 
  

 
Nitric oxide (µmol/L) 197.4 ± 1.47 168.84±0.12 
Glutathione (mmol/L) 8.56 ± 0.02 22.85 ± 0.02 
Total Antioxidant Status (mmol/L) 1.258 ± 0.0004 1.715 ± 0.0008 
Total Oxidant Status (mmol/L) 7.430 ± 0.0007 6.900 ± 0.0005 
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GSH levels increased 3 times after 100µl 
oleuropein administration for 3 hours (Table 1). To-
tal oxidant capacity was found very high in mela-
noma cells but treatment of oleuropein was fixed the 
decreased levels of TOC as shown in Table 1. In ad-
dition, oleuropein administration enhanced total an-
tioxidant capacity as well (Table 1). 

 
Oleuropein, the main compound of a phenolic 

content of olive leaves and drupes, exhibited antipro-
liferative effects against some in vitro cancer cell 
lines [12, 13, 14] like the cell line which is used for 
recent study. The antioxidant effects of oleuropein 
may reduce cancer risk.  Oxidation of major macro-
molecules (DNA, proteins, lipids) have been shown 
to trigger to cancer. It’s clearly become evident that 
antioxidants reduce the risk of mutagenesis and car-
cinogenesis [15]. In vitro and in vivo studies have 
shown that, among the phenolic component of olive 
oil, oleuropein exhibits significant antioxidant action 
[16, 17]. 

It is well known that the antioxidant effect of 
oleuropein and its constituents depends on its cate-
cholic effects [18]. This catecholic property of 
oleuropein may earn free radical scavenging and 
metal-chelating activities which are responsible for 
the ability of protect membranes from lipid oxida-
tion. Also, Kimura and Sumiyoshi [19] showed that 
the therapeutic effects of the oleuropein on UVB-
induced skin cancer may be due to inhibition of the 
gene expression of proteolytic enzymes and VEGF. 
Bulotta et al. [20] reported that oleuropein may lead 
to cell apoptosis and modulate pro- and anti-onco-
genic signalling pathways. Investigations about the 
structure activity relationships with scavenging ac-
tivity of oleuropein in different experimental oxida-
tive models like total antioxidant capacity are re-
ported that potential antioxidant activity of oleuro-
pein may due to the presence of hydroxyl groups 
which are prevent oxidation. In addition, Quiñones 
et al. [21] established that oleuropein has anti-in-
flammatory action that may be associated particu-
larly to its antioxidant potential. The study about oral 
administration in mice reported that oleuropein re-
gressed tumours in 9-12 days [22].  Also, it is well 
known that oleuropein modulate several oncogenic 
signalling by regulating pathways HER2, interfering 
with MAPK pathway, modulation of apoptosis and 
PI3K/AKT as well as by preventing ROS production 
[23]. 

As we found in recent study, the study with 
Mongolian gerbils with cerebral ischemia revealed 
that oleuropein was decreased levels of nitric oxide 
and lipid peroxidation and increased SOD activity 
[24]. 

Reduced glutathione (GSH) plays an important 
role in metabolic processes, transport and cellular 

protection in nearly all cells of the body by way of 
its thiol groups. So, the low levels of GSH fixed by 
oleuropein treatment. Al-Alzawie and Alhamdani, 
[25] demonstrated that oleuropein treatment showed 
significant increase in glutathione levels in diabetic 
rabbits. Also, another study about spinal cord injury 
reported that also reported increased glutathione lev-
els after oleuropein administration [26]. 

In conclusion, this study demonstrated the ben-
eficial effect of using oleuropein as an effective an-
tioxidant agent in preventing oxidative stress and 
free radicals as well as in enhancing antioxidant sys-
tem. 
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The leaves of  are con-
sumed as a vegetable in some regions of Turkey. The 
current study investigated the total phenolic content 
(TPC), pigment content, antimicrobial, antioxidant, 
and antimutagenic activities in aerial parts of 

Bieb. The samples were collected from 
Bingöl, Kahramanmaras (the cities of Turkey) and 
Nakhcevan. The results showed that TPC of meth-
anolic extracts of  ranged between 60.3 
and 115.8 mg gallic acid equivalents (GAE)/100g of 
dry weight (DW). The results of antioxidant activity 
correlated with TPC, both of which were determined 
to be highest in the sample collected from Bingöl. 
The sample collected from Kahramanmaras rec-
orded the lowest values for 2,2-diphenyl-1-picrylhy-
drazyl (DPPH) (17.21%), 2,2'-azino-bis (3-ethylben-
zothiazoline-6-sulfonic acid) (ABTS) (42.81%), and 
Ferric Reducing Antioxidant Power (FRAP) (263.1 
mmol Fe(II)/g DW). It was observed that the pig-
ment content was too high in samples collected from 
Nakhcevan as compared with others. The strongest 
antibacterial activity was detected in the sample ob-
tained from Nakhcevan against 

 with an inhibition zone of 14.970 mm. Addi-
tionally, antifungal activity was recorded only 
against . Four different 
concentrations (10, 20, 40, and 80 µL/plate) of 

extracts were used to analyze the antimu-
tagenic activity. The tests were designed in 

 TA 98 and TA 100 strains. We 
found that all doses of Bingöl extracts and the high-
est dose (80 μL/plate) of Kahramanmaras extracts 
exhibited antimutagenic activity in 

 TA 98. However, only 40 μL/plate 
dose of Nakhcevan extracts was found to be statisti-
cally significant in  TA 100 
strain. Therefore, the present research suggested that 
the consumption of plant might prove 
to be beneficial for human health.  

Antimicrobial, Antimutagenic, Antioxidant, 
 Bieb., Phenolic

Factors such as environmental pollution, ioniz-
ing and ultraviolet (UV) radiations, and smoking, 
cause oxidative stress [1]. Free radicals and reactive 
metabolites are produced during stress. Many dis-
eases, especially cancer, is strongly related to oxida-
tive stress. In addition, a positive relationship exists 
between the frequency of chronic diseases and the 
oxidative stress [2]. Antioxidants are produced as a 
part of the defense mechanism of higher organisms 
and prevent oxidative damage related to diseases [3]. 
Therefore, antioxidants have an important role in the 
protection of human health [4]. 

It is known that bioactive compounds produced 
by plants possess antioxidant activity. Factors such 
as genetic, environmental, maturity time, posthar-
vest time, storage time, etc., influence the amount of 
bioactive compounds produced in plants [5]. Re-
cently, many studies have been conducted to deter-
mine the antioxidant capacity of plants [6, 7, 8]. Phe-
nolics and flavonoids in plants are the major bioac-
tive compounds, which are a significant source of 
antioxidants [9]. It is think that phenolic acids are 
useful to prevent from various diseases such as Alz-
heimer’s disease [10, 11]. Some phenolics also pos-
ses antimicrobial and antimutagenic potentials [12, 
13]. Recently, an indiscriminate use of antibiotics 
has given rise to problems such as antibiotic re-
sistance at a global level.  

Genus  which is a member of the 
family Liliaceae, includes nearly 50 species [14]. 
The leaves of this plant are used as a vegetable, and 
roots are used as a source of glue [15]. Two species 
of this genus, namely  and 

are widely present in Turkey.  
is one of the most important species in this genus, 
and it is popularly called Çiriş or Gulik in Turkey 
[16]. It has been used in the treatment of rheumatism, 
gastrointestinal diseases, eye pain, fungal infections, 
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eczema, hemorrhoids, diabetes, skin inflammatory 
disorders, and as antidysuria and antihypertensive 
[17, 18, 19, 20]. In earlier studies, it was determined 
that  contains polysaccharides, flavo-
noids, vitamin K, Vitamin D, potassium (K), calcium 
(Ca), magnesium (Mg), iron (Fe), and copper (Cu) 
[19, 21, 22]. It has been reported that methanolic ex-
tracts of roots of blocked the growth of 
several Gram-positive and Gram-negative bacteria 
[23].  

Various studies on chemical content, antioxi-
dant and antimicrobial activities of leaf and root ex-
tracts of  have been performed [19, 21, 
22, 23]. However, samples used in these studies were 
collected from different regions. Moreover, the anti-
mutagenic activity of the has not yet 
been reported. The present study aimed determining 
the total phenolic content, pigment content, antioxi-
dant, antimicrobial, and antimutagenic properties in 
aerial parts of  collected from Bingöl, 
Kahramanmaras (the cities of Turkey) and Nakhce-
van.  

 
 

 
The aerial parts of 

were collected from Bingöl (1170 m), 
Kahramanmaras (1200 m), and Nakhcevan (875 m) 
(Figure 1), which are taxonomically identified ac-
cording to Davis (1965–1985) [24]. A portion of aer-
ial parts was dried for the analysis of antioxidant, an-
timicrobial, and antimutagenic activity and the rest 
was frozen at –80ºC for analysis of pigment content.  

 
Dried aerial parts were ground 

with an electrical blender. The powdered aerial parts 

(30 g) were placed in Soxhlet apparatus, and extrac-
tion was performed in 300 mL of methanol (polarity 
index: 5.1) for 6 h. The solution was filtered and con-
centrated at 40°C by vacuum (SCILOGEX RE100-
Pro, USA). Extracts were frozen (–18°C) until used 
for determining the total phenolic content (TPC), an-
tioxidant, antimicrobial, and antimutagenic activi-
ties. 

TPC of aerial 
parts of was determined using Folin–
Ciocalteu procedure described by Spanos and 
Wrolstad [25] with slight modifications. The diluted 
extract (0.4 mL) and 2 mL of Folin–Ciocalteu’s rea-
gent (10%) were combined. After an incubation of 
2–3 min, 1.6 mL sodium carbonate (Na2CO3) (7.5%) 
was added, following which the mixture was left for 
1 h in the dark. The absorbance was measured by 
UV-Vis spectrophotometer (UNICO S1205, USA) 
at 765 nm. The results are expressed as milligrams 
of gallic acid equivalents (GAE) per 100g of dry 
weight (DW). 

The antioxidant activity 
of aerial parts of was determined ac-
cording to 2,2-diphenyl-1-picrylhydrazyl (DPPH), 
2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic 
acid (ABTS), and Ferric Reducing Antioxidant 
Power (FRAP) methods. 

 
The diluted extract (50µL) 

was mixed with DPPH solution (950 µL, 0.1 N). The 
mixture was placed in a shaker at room temperature 
in the dark for 30 min. The sample was then meas-
ured at 515 nm by UV-Vis spectrophotometer. The 
inhibition of the DPPH radical by the sample was 
calculated using the formula: (Absorbance control-
absorbance sample/Absorbance control)×100 [26].

 
 

 
 

1: Kahramanmaraş/Turkey, 2: Bingöl/Turkey, 3: Nakhcevan (www.google.com.tr/maps) 
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This assay was carried out as 
described earlier [27]. ABTS solution and 2.45 mM 
potassium persulfate solution were stirred (1:1 v/v). 
The mixture was left for 12–16 h at room tempera-
ture in the dark. After an absorbance value of 0.70 at 
734 nm was reached, the mixture was diluted with 
methanol. The diluted extract (0.15 mL) was then 
mixed with 2.85 mL of diluted ABTS solution fol-
lowed by incubation for 2 h at room temperature in 
the dark. Absorbance was measured at 734 nm by 
spectrophotometer. Percentage of ABTS was calcu-
lated using the formula: (Absorbance control – ab-
sorbance sample/Absorbance control)×100. 

FRAP assay was performed 
according to the procedure described by Benzie and 
Strain [28] with slight modifications. To prepare the 
FRAP reagent, 25 mL of 300 mM sodium acetate 
buffer (pH 3.6), 2.5 mL of 2,4,6-tripyridil-s-tria-
zin(TPTZ), 10 mM of 40 mM HCl, and 2.5 mL of 
iron(III) chloride hexahydrate (FeCl36H2O) (20 
mM) were mixed. The initial absorbance value of 
900 µL of reagent was measured at 593 nm. The di-
luted extract (20 µL) and 2.98 mL of FRAP reagent 
were mixed followed by incubation for 10 min at 
room temperature. Absorbance was measured at 593 
nm using spectrophotometer. The ferric ion reducing 
ability of aerial parts of was deter-
mined using the calibration curve and reported as 
mmol of FeSO4 equivalents per gram of sample.

The extraction of pigments 
from the aerial parts of was carried out 
according to the method described by De-Kok and 
Graham [29]. A sample of 1 g was homogenized 
(Wise Tis HG–15A, Germany) in 50 mL of acetone 
for 5 min followed by shaking for 30 min. It was re-
frigerated at 4ºC for 2 h. The sample was then fil-
tered, and 1/5 volume of distilled water was added to 
it. The sample was shaken for 15 min and centri-
fuged at 3000 rpm for 10 min. Absorbance was 
measured at 470, 645, and 662 nm. Chlorophyll a 
(Cha), Chlorophyll b (Chb), Total chlorophyll and 
Total Carotenoid (Cx) contents were calculated us-
ing standard equations. 

The antimicrobial ac-
tivity of methanolic extracts of aerial parts of 

was determined by the agar well diffu-
sion method. Eight strains of bacteria (

ATCC 9027

ATCC 6538, 
 DSM 32, and ) 

and three strains of yeast (
and ) were 

used to evaluate antimicrobial activity of 
. Agar wells of 11 mm diameter were prepared 

with a sterilized cork borer to which 150 μL of ex-
tract was added. A microbial suspension (1%) of 

each strain having 106–107 colony forming units 
(CFU/mL) was added to 15 mL of sterile media (For 
bacteria, Muller-Hintone Agar and for yeast, 
Sabouraud 2% Glucose Agar were used.) [30, 31]. 
Erythromycin was used as a positive control and in-
hibition zones were measured using a digital ruler. 

 In this study
 TA 98 and TA 100 strains were 

used to examine the antimutagenic activity of aerial 
parts of according to Ames test with 
slight modifications.  TA 98 and TA 
100 strains were routinely checked to confirm the ge-
netic properties according to Maron and Ames [32]. 

The Ames test was used to assay the antimuta-
genic activity of aerial parts of [32]. 
Four different concentrations of methanolic extracts 
(10, 20, 40, and 80 μL/plate) were used. Antimuta-
genic experiments were performed in the absence of 
S9 mix on  TA 98 and TA 
100 strains. 4-Nitro-o-phenylenediamine (4-NPD) 
and sodium azide (SA) were used as positive con-
trols for TA 98 (10μg/plate) and TA 100 strains (100 
μg/plate) respectively. After plating the bacterial 
culture (100 μL/plate), leaf extract and the mutagen 
(4-NPD for TA 98 and SA for TA 100) were added 
to 2 mL of top agar. After gently mixing each plate, 
minimal glucose agar (MGA) was poured onto each 
plate. The plates were incubated at 37ºC for 48–72 
h.  

In this study, all experiments 
were performed in triplicates. Results are repre-
sented as mean ± standard deviation. Statistical anal-
ysis was performed using SPSS (version 16) soft-
ware. One-way analysis of variance (ANOVA) and 
significant differences between the groups were de-
tected by multiple comparison procedures according 
to Duncan [33]. The results were considered statisti-
cally significant at p < 0.05. The antimutagenic data 
were tested for normal distribution (Shapiro–
Wilkmethod) and analyzed with ANOVA and Dun-
nett’s test.   

 
 

Phenolic compounds produced by plants have 
many biological effects such as antimicrobial, anti-
inflammatory, antioxidant, and anti-tumor [34, 35]. 
Total phenolic content and antioxidant activity of 
methanolic extracts of aerial parts of  
obtained from three different regions (Bingöl, 
Kahramanmaras, and Nakhcevan) are shown in Ta-
ble 1. Statistically significant differences among 
samples were observed. According to the data ob-
tained, total phenolic content of  ex-
tracts was between 60.3 and 115.8 mg GAE/100g 
DW. TPC was found to be highest in the sample 
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from Bingöl, whereas the lowest TPC was recorded 
for the sample obtained from Kahramanmaras.  

It is important to choose a suitable method for 
the detection of antioxidant activity of plants. The 
DPPH, FRAP, and ABTS methods are simple and 
easy for the assessment of antioxidant activity [36]. 
The DPPH method is based on the ability of antiox-
idants to interact with DPPH free radicals. The 
FRAP method depends on the reduction of ferric to 
ferrous ions in a complex catalyzed by antioxidants 
[37]. The ABTS method is based on the inhibition of 
production of ABTS radical cation and does not in-
volve a substrate [38]. In the present study, the reac-
tivity of methanolic extracts of was an-
alyzed with DPPH, ABTS, and FRAP assays. The 
antioxidant activity in the DPPH, ABTS, and FRAP 
assays correlated with TPC (Table 1). The sample 
from Bingöl had the highest antioxidant activity ac-
cording to all methods, while it was observed that 
sample from Kahramanmaras recorded the lowest 
DPPH (17.21%), ABTS (42.81%), and FRAP (263.1 
mmolFe (II)/g DW) values (p < 0.05). Several stud-
ies similar to ours have been conducted by other re-
searchers. Tosun et al. [19] reported that DPPH and 
TPC values in  were 53.43–86.66 
µg/mL and 178–259 mg/100g, respectively. Another 
study [20] observed the total phenolic content to be 
44.93–49.84% in . According to Bircan 
and Kirbag [22], percentage inhibition of DPPH rad-
ical was between 5 and 60.57% at  
plant extracts. It is thought that the results obtained 
from different studies are caused by different plant-
ing locations and different climatic conditions. 

Chlorophyll regu-
lates many physiological functions in plants. The 
changes in the levels of chlorophyll in plants are an 
important indicator of stress, environmental quality, 
and nutritional status [39, 40, 41]. Many abiotic fac-
tors affect pigment contents of plants [42]. The val-
ues of different pigments (Chlorophyll a (Cha), chlo-
rophyll b (Chb), total chlorophyll (TC) and carote-
noid (Cx)) in aerial partsof are listed in 
Table 2. Statistically significant differences in these 

parameters were observed among aerial parts ob-
tained from different regions (p < 0.05). Cha was 
higher than Chb in all the samples. We found that the 
content of all pigments was too high in the samples 
obtained from Nakhcevan as compared with others. 
The Cha content was between 1.51 and 14.85 µg/g, 
and Chb content was between 0.46–7.40 µg/g. The 
lowest values of Cha, Chb, Cx, and TC contents were 
recorded in the sample collected from Kahramanma-
ras. The pigment content of  has not yet 
been identified before. The content of Cha and Chb 
in the some medicinal herbs are given below. For ex-
ample, a study [43] reported that , 

, , 
, and  have 774.1, 492.9, 334.9, 

147.5, 194.8, and 213.2 mg/100g Cha content, and 
356.8, 239.6, 149.5, 68.5, 54.4, and 102.1 mg/100g 
Chb content, respectively. According to the results 
of Loranty et al. [44], Cha was detected in 

 (9.7 mg/g of dry tea),  
(15.7 mg/g of dry tea),  (38.6 mg/g of 
dry tea), and  (58.7 mg/g of dry tea). 
The Chb content varied from 2.3 mg/g to 75.2 mg/g 
of dry tea. This may be due to a variation between 
species, use of different methods, differences in en-
vironmental conditions, locality, and altitude. 

The agar well diffu-
sion method was used to identify the antimicrobial 
activities of methanolic extracts of aerial parts of 

(Table 3). The standard antibiotic (eryth-
romycin) was used as a positive control (Table 3). In 
the present study, it was observed that methanolic 
extracts exhibited antibacterial activity against dif-
ferent test microorganisms at different rates. The 
strongest antibacterial activity was observed in the 
sample obtained from Nakhcevan against 

 with an inhibition zone of 14.970 
mm. However, the extracts exhibited antifungal ac-
tivity only against . No 
growth inhibition zone was observed for the other 
two yeast strains. The lowest activity was recorded 
in the sample collected from Nakhcevan against 

with an inhibition zone of 12.270 
mm. 

 
 

115.8±10.2a 73.38±5.30a 48.33±2.01a 297.1±12.1a 

60.3±6.9c 17.21±9.8c 42.81±0.71c 263.1±19.9c 

90.1±4.4b 39.46±5.19b 46.26±1.70b 291.3±9.2b 
All values are presented as means ± SD (n = 3). Different letters (a-c) within the columns indicate statistically significant 
differences by Duncan’s multiple range test at p<0.05. 
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3.38±0.14b 1.45±0.31b 4.83±0.26b 1.39±0.10b 
1.51±0.14c 0.46±0.19c 1.97±0.17c 0.52±0.04c 
14.85±0.98a 7.40±1.20a 22.25±1.09a 5.6±0.89a 

All values are presented as means ± SD (n = 3). Different letters (a-c) within the columns indicate statistically significant 
differences by Duncan’s multiple range test at p<0.05. 
 

 

 ATCC 9027 13.300±0.030 14.026±0.494 13.280±0.455 26.00±0.577 

13.846±0.451 13.280±0.649 13.793±0.396 19.33±0.333 
14.663±0.055 13.913±0.288 14.970±0.665 25.33±0.333 

- - 12.270±0.334 30.00±0.0 
14.753±0.513 13.036±0.430 13.300±0.635 21.33±1.856 

ATCC 6538 13.716±0.060 13.023±0.124 13.070±0.136 23.33±0.333 

DSM 32 12.966±0.401 12.970±0.276 14.196±0.728 25.67±0.333 

14.326±0.255 12.903±0.152 14.276±0.319 23.67±0.333 
- - - - 
- - - - 

12.620±0.050 12.635±0.175 12.830±0.320 - 
All values are presented as means ± SD (n = 3). 
 

Control 13.00±1.00 
Positive control(4-NPD)+ 684±159 

Methanol 15.67±1.86 
10 µL/plate 318.0±89.8  * 
20 µL/ plate 339.3±27.4  * 
40 µL/ plate 316.3±15.6  * 
80 µL/ plate 255.7±15.2  * 

Control 13.00±1.00 
Positive control(4-NPD) 684±159 

Methanol 15.67±1.86 
10 µL/plate 398±108 
20 µL/ plate 324.7±38.6 
40 µL/ plate 326.7±44.5 
80 µL/ plate 200.0±43.5  * 

Control 13.00±1.00 
Positive control(4-NPD) 684±159 

Methanol 15.67±1.86 
10 µL/plate 751.0±93.7 
20 µL/ plate 331.3±61.9 
40 µL/ plate 445±128 
80 µL/ plate 306.0±23.2 

4-NPD: 4-nitro-o-phenylenediamine; **Sd: Standard deviation, *Significant difference between positive control, P≤0.05 
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Control 370.0±47.6 
Positive control (SA)+ 5843±440 

Methanol 204.7±68.7 
10 µL/plate 4534±634 
20 µL/ plate 3919±1100 
40 µL/ plate 3564±570 
80 µL/ plate 5721±887 

Control 370.0±47.6 
Positive control (SA) 5843±440 

Methanol 204.7±68.7 
10 µL/plate 4419±1207 
20 µL/ plate 3345±480 
40 µL/ plate 7531±1216 
80 µL/ plate 3009±256 

Control 370.0±47.6 
Positive control (SA) 5843±440 

Methanol 204.7±68.7 
10 µL/plate 5897±431 
20 µL/ plate 4432±683 
40 µL/ plate 2823±253  * 
80 µL/ plate 3513±1047 

SA: Sodium azide, **Sd: Standard deviation, *Significant difference between positive control, P≤0.05 

 
To the best of our knowledge, only a few stud-

ies have been published on the antimicrobial activity 
of . However, our samples were col-
lected from different regions of Turkey. Kanaani and 
Sani [23] did not observed any growth inhibition by 
the agar diffusion method in the methanolic root ex-
tracts of . Instead, they observed an an-
tibacterial activity by microdilution broth assay 
method against , 

,  and . Ac-
cording to Taskin et al. [45], chloroform and aqueous 
extracts of  exhibited an antifungal ac-
tivity against . In addition, ethyl 
acetate and aqueous extracts displayed antibacterial 
effects on  and 

. Bircan and Kirbag in 2015 [22] reported 
that the extracts of  led to a zone of in-
hibition of 12 mm for 14 
mm for 9 mm for 

 and 8 mm for  spp. Some dif-
ferences can be observed between different studis. 
This may be due to reasons such as the different ex-
traction method, the different solvent using the ex-
traction, the different bacterial strain used in study, 
the different geographical region of plant or the dif-
ferent amount of the used material.

In the present study, 
we determined the antimutagenic activity of aerial 
parts of . Four different concentrations 
(10, 20, 40, and 80 µL/plate) of ex-
tracts were used based on the results of preliminary 

experiments. The tests were performed in 
 TA 98 and TA 100 strains. We 

found that all doses of Bingöl extracts and the high-
est dose (80 μL/plate) of Kahramanmaras extracts 
exhibited the antimutagenic activity in 

 TA 98 strain. None of the concentra-
tions of Nakhcevan extracts displayed antimutagenic 
effect against TA 98 strain (Table 4).  

Only 40 μL/plate dose of Nakhcevan extract 
was found to be statistically significant form 

 TA 100 strain. All other doses did 
not exhibit antimutagenic effect against TA 100 
strain (Table 5). As far as we know, the antimuta-
genic activity of has not yet been re-
ported. Ipek et al. [46] observed that the oil of

is antimutagenic against 
 TA 98 and TA 100 strains. In another 

study, antimutagenic activity of 
, ,  L., 

 L., and  
Scop. was determined in  
TA 98 and TA 100 [47, 48, 49]. 

 

The present study concluded that the extracts of 
aerial parts of have a high total phe-
nolic content. It is known that the phenolic com-
pounds have antioxidant effects. Additionally, we 
determined  extracts to have a signifi-
cant antioxidant and free radical scavenging ability 
using three methods (DPPH, ABTS, and FRAP). 
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Therefore, the consumption of this plant may protect 
the body against oxidative damage. Furthermore, 
chlorophyll is a good source of antioxidants and aer-
ial parts of , especially the sample from 
Nakhcevan had high pigment (Cha, Chb, Cx, and 
TC) content. The results of this study revealed that 
the extracts of aerial parts of possess 
antimicrobial and antimutagenic properties. There-
fore, the consumption of plant may 
prove to be beneficial for human health.  
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Evapotranspiration (ET) is one of the most dif-

ficult processes in nature. The most accurate and re-
liable method to determine ET is lysimeter, which is 
difficult, expensive and time-consuming. On the 
other hand, ET can be estimated using reference crop 
evapotranspiration (ETo) and crop coefficient (kc). 
easily Many ETo equations using meteorological 
data have been developed. The most widely accepted 
equation for ETo is FAO-56 Penman-Monteith 
(FAO-56 PM) equation. However, FAO-56 PM 
equation needs numerous meteorological data and is 
hard to measure for farmers. For this reason, equa-
tions which need less meteorological data have been 
gaining importance. Characteristic Mediterranean 
climate prevails in coastal areas of Antalya, Turkey. 
In the present study, long term data (1985 to 2015) 
obtained from meteorological stations was used to 
compute ETo in Antalya. Seven different ETo equa-
tions (Penman, FAO 24 Penman, Hargreaves, Turc, 
Priestley-Taylor, FAO 24 Pan, Christiansen Pan) 
were compared with FAO-56 PM. It was shown that 
the Turc equation gives results close to FAO-56 PM 
equation. 

 

  
ETo, Penman-Monteith, Humid conditions, Turkey, Turc 

 
 

 
Determining the amount of evapotranspiration 

for optimal irrigation programming is important be-
cause of declining water resources. But determining 
of ET is one of the most difficult processes in nature. 
The most accurate and reliable method to determine 
ET is lysimeter, which is difficult, expensive and 
time-consuming. On the other hand, ET can be esti-
mated with meteorological data and crop coefficient 
easily. ET quantification frequently must be pre-
ceded by the determination of reference evapotran-
spiration (ETo) [1, 2]. 

Although FAO-56 PM is considered as a stand-
ard and most accurate model under various climatic 
conditions to estimate ETo [3, 4, 5, 6, 7, 8, 9, 10] 

many models have been developed in accordance 
with various climate and geographical conditions. 
The major limitation to FAO-56 PM model is that it 
requires many meteorological inputs, thereby limit-
ing its utility in data-sparse areas. It is expensive to 
equip meteorology stations to measure these data es-
sentially in developing countries. Therefore, it is rec-
ommended to apply simpler models because they 
need parameters that are readily available from sta-
tion observing meteorological data [11]. For this rea-
son, many researchers had investigated the perfor-
mance of ETo models that need less climate parame-
ters. 

Penman [12], FAO-24 Penman [13], Har-
greaves [14], Turc [15], Priestley-Taylor [16], FAO-
24 Pan [13], Christiansen Pan [17, 18] models re-
quire less climate parameters than the FAO-56 PM 
[4] model. However, the accuracy of these models 
relative to the FAO-56 PM varies with climate, re-
gion and altitude. 

Djaman et al. [10] evaluated sixteen reference 
evapotranspiration methods under Sahelian condi-
tions in the Senegal River Valley. They revealed that 
the Hargreaves equations systematically overesti-
mated ETo with the highest percentage error of esti-
mate (PE) while Turc equations systematically un-
derestimated ETo. Sheikh and Mohammadi [19] 
tested different estimation methods of ETo in semi-
arid regions. Their results showed that the Har-
greaves-Samani equation gave the smallest differ-
ence compared to the FAO-56 PM.  

Tabari et al. [2] compared 31 ETo models 
against FAO-56 PM under humid conditions. The re-
sults indicated that all of the pan evaporation-based 
methods had a tendency to underestimate FAO-56 
PM ETo. In contrast with the pan evaporation-based, 
the temperature-based and radiation-based equations 
overestimated against FAO-56 PM.  

According to Bogawski and Bednorz [20], the 
best estimations were obtained using the radiation-
based models, followed by pan coefficient-based and 
temperature-based models at the border between two 
humid climates in Poland. In addition, the authors in-
dicated that the pan evaporation methods were not 
applicable in Poland and that the Class A Pan was 
not routinely used for ETo calculation. Also, the Har-
greaves methods produced the least accurate 
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monthly ETo estimates. 
Fernandes et al. [21] compared six different 

equations against FAO-56 PM. The results showed 
that the Hargreaves, Priestley-Taylor and Makkink 
methods presented the highest agreements with re-
spect to the FAO-56 PM equation. These methods 
achieved better performances due to the approach of 
improving the representation of the effects of the ra-
diative process, since they use solar radiation. 
Xystrakis and Matzarakis [8] evaluated thirteen dif-
ferent ETo equations and compared with FAO-56 
PM in order to determine the equation that gives 
closest results to FAO-56 PM in Mediterranean re-
gion. The radiation-based equations generally per-
formed better than those that included only tempera-
ture-related input variables. 

Several researchers [6, 11, 22, 23, 24, 25, 26] 
indicated that the Turc model performs well in hu-
mid climate. Similarly, Tukimat et al. [26] found that 
radiation based methods (Turc, Priestley-Taylor) 
gave better performance compared to temperature-
based methods (Hargreaves) in estimation of ETo in 
the humid area. They also said that Turc method 
needs less number of parameters to estimate ETo 
compared to Priestley-Taylor method and therefore, 
much easier to use. 

Tabari [11] evaluated four models (Makkink, 
Turc, Priestley–Taylor and Hargreaves) commonly 
used to estimate monthly ETo values for different cli-
mates and altitude. The author concluded that Har-
greaves and Turc model presented the best estimates 
for warm humid climate. Lu et al. [25] reported that 
the radiation based equations (Priestley-Taylor and 
Turc) showed best performance for the southeast 
side of the United States. Trajkovic and Kolakovic 
[6] tested five commonly used models to estimate 
ETo under humid condition which were compared to 
corresponding values estimated using the standard-
ized FAO-56 PM equation. They indicated that the 

Turc equation was the most suitable model for esti-
mating ETo at humid locations. Fontenot [24] evalu-
ated seven commonly used ETo equations (FAO-24 
Radiation, Blaney-Criddle, Hargreaves and Samani, 
Priestley-Taylor, Makkink and Turc) against ETo 
values computed by the FAO-56 PM model in humid 
area. The results of this study indicated that the Turc 
model was the most accurate model in estimating 
daily and monthly ETo. 

The aim of this study was to assess the perfor-
mance of seven ETo equations models against FAO-
56 PM model which was accepted as a standard 
method. By using FAO-56 PM model as reference 
for these models, multiple regression equations were 
developed in Antalya conditions. 

 
 

In the pre-
sent study, long term data (1985 to 2015) obtained 
from meteorological stations was used to compute 
ETo in Antalya (Fig 1). All climatic data were ob-
tained from the Turkish State Meteorological Ser-
vice. 

Climatic data used in ETo calculation was col-
lected daily during the period between January of 
1985 and December of 2015. The long term average 
data used is given in Table 1.  

Antalya is under the influence of the Mediter-
ranean climate with hot summers and rainy winters. 
Since this site lies within the coastal plane, the solar 
radiation values are very high in summer and rather 
low in the winter periods. The solar radiation is un-
der the influence of humidity due to excessive evap-
oration in this region. 
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Station no: 17302 Latitude: 36.8851 Longitude: 30.6828 Altitude: 47.0 

Month 1 2 3 4 5 6 7 8 9 10 11 12 
Tmax (°C) 15.06 15.55 18.06 21.24 26.15 31.63 34.52 34.46 31.26 27.19 21.02 16.35 
Tmin (°C) 5.54 5.86 7.70 10.86 15.24 19.83 23.05 22.92 19.28 15.47 10.22 7.23 
RH (%) 63.35 61.05 64.60 68.00 66.10 58.70 58.22 60.64 60.27 60.55 63.32 66.39 
u2 (m s-1) 2.35 2.59 2.32 2.01 1.76 2.01 1.85 1.76 1.90 1.85 1.97 2.13 
Rs (MJ m-2day-1) 8.71 12.05 16.25 19.76 23.16 25.95 25.25 22.78 19.49 14.23 9.70 7.38 
N (hours) 5.56 6.11 7.02 8.00 9.87 11.78 11.91 11.25 9.67 8.02 6.41 5.09 

Epan (mm) 1.64 1.97 2.60 3.14 4.22 6.03 6.45 5.92 4.77 3.24 1.95 1.40 
Tmax is maximum air temperature; Tmin is minimum air temperature; RH is relative humidity; u2 is wind speed at 2 meter; Rs is 
solar radiation; n is sunshine hours and Epan is pan evaporation. 
 

The FAO 
Penman-Monteith [4] method for calculating ETo is 
given in Eq. 1: 

 

(1) 

 
where ETo is the reference crop evapotranspi-

ration (mm day-1); Rn is the net radiation 
(MJ m- 2 day-1); G is the soil heat flux (MJ m-2 day-

1); γ is the psychometric constant (kPa oC- 1); es is the 
saturation vapor pressure (kPa); ea is the actual vapor 
pressure (kPa); and Δ is the slope of the saturation 
vapor pressure temperature curve (kPa oC-1); Tmean is 
the average daily air temperature (oC) and u2 is the 
mean daily wind speed at 2 m (m s-1).  

 

Penman’s formula [12] combined the energy 
balance with the mass transfer method and derived 
an equation to compute the evaporation from an open 
water surface based on standard climatic records of 
sunshine, temperature, humidity and wind speed 
[27]. 

The Penman equation (Eq. 2) is expressed as: 

(2) 

 
where ETo is reference evapotranspiration (mm 

day-1); Δ is the slope of saturation vapour pressure 
temperature curve (kPa oC-1); γ is the psychometric 
constant (kPa oC-1); Rn is the net radiation (mm day-

1); Ea is aerodynamic term (mm day-1). The aerody-
namic term is given in equation (Eq. 3):  

(3) 

where u2 is wind speed measured at 2 m (m s-

1); es is the saturation vapor pressure (kPa); ea is the 
actual vapor pressure (kPa). 

The FAO-24 Penman equa-
tion [13] is expressed as Eq. 4: 

(4) 

Where ETo is reference evapotranspiration 
(mm day-1); Rn is the net radiation (MJ m-2 day-1); G 
is the soil heat flux (MJ m-2 day-1); γ is the psycho-
metric constant (kPa oC-1); es is the saturation vapor 
pressure (kPa); ea is the actual vapor pressure (kPa); 
and Δ is the slope of the saturation vapor pressure 
temperature curve (kPa oC-1); and u2 is the mean 
daily wind speed at 2 m (m s-1).  

 

The Hargreaves model is not truly temper-
ature-based method because it contains a radiation 
term. Since measurement is not needed for extrater-
restrial radiation, this method may be classified as a 
temperature-based method [28]. The Hargreaves 
model [14] is expressed as Eq. 5. 

(5)
 
where ETo is reference evapotranspiration 

(mm day-1); Tmean the daily mean air temperature 
(oC); Tmax the daily maximum air temperature (oC); 
Tmin the daily minimum air temperature (oC) and Ra 
is the extraterrestrial radiation (MJ m-2 day-1). 

 
ETo The 

Turc model [15] developed in the Netherlands is 
given below by Eq. 6-7. 

(6) 

(7) 

where ETo is reference crop evapotranspiration 
(mm day-1); Tmean is the mean monthly air tempera-
ture (oC), Rs is solar radiation (MJ m-2 day-1), and λ 
is the latent heat of vaporization (MJ kg−1). If the 
mean daily relative humidity (RH mean) was greater 
than or equal to 50%, then equation 6 is used. If the 
mean daily relative humidity was less than 50%, then 
equation 7 is used. 

The Priestley-Taylor equa-
tion [16] which is a simplification of the Penman 
equation, is expressed as Eq. 8; 
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(8) 

 
where ETo is the reference crop evapotranspi-

ration (mm day-1); Rn is the net radiation 
(MJ m- 2 day-1); G is the soil heat flux (MJ m-2 day-

1); γ is the psychometric constant (kPa oC-1) and Δ is 
the slope of the saturation vapor pressure tempera-
ture curve (kPa oC-1). 

 
For the 

most of countries, Class ‘A’ pan is used at monitor-
ing stations to measure evaporation from free surface 
water.  

 
Epan can be used to estimate ETo 

when the kpan coefficient is applied as expressed by 
Eq. 9. 

 
(9)

 
kpan values were determined from the FAO-24 

table prepared by Doorenbos and Pruitt [13]. 
 

The following equation 
(Eq. 10) was developed by Christiansen and Har-
greaves [18] to estimate ETo using Class ‘A’ pan and 
various climate parameters. 

 
(10) 

 
where is class A pan evaporation (cm d-1), 

, 2, and are estimated by following set 
of equations: 

(11) 

(12) 

(13) 

(14) 

 
where Tmean is the mean air temperature (°C); u 

is wind speed (km/hr), RHmean is the mean relative 
humidity (%,) n is the actual sunshine hours (h) and 
N is maximum possible sunshine hours. 

 
The FAO-56 PM model 

was assumed as the equation giving the most accu-
rate ETo value. Other seven methods were compared 
and evaluated to determine the ETo equation that 
provides the best fit with the FAO-56 PM model on 
daily time step. For this purpose, some performance 
criteria were used including coefficient of determi-
nation (R2), root mean square error (RMSE), relative 
error (RE), mean bias error (MBE), The Willmott in-
dex [29] of agreement. These criteria are defined as 
in Eq. 15, 16, 17, 18 and 19. 

(15) 

(16) 

(17) 

(18) 

(19) 

 
Where n is number of observations, Xi is esti-

mated ETo by other equations, Yi is estimated ETo by 
FAO-56 PM and Ῡi is mean value of ETo by FAO-
56 PM. The most accurate result is obtained when 
RMSE, RE and MBE were equal to 0 and d and R2 
equal 1. 

 
 

 
Seven methods were compared and evaluated 

against the reference evapotranspiration data calcu-
lated using the FAO-56 PM model. These results are 
given in table 2. 

 
The re-

sults of the statistical analysis of the combination-
based methods versus the FAO-56 PM model are 
given in Table 2. According to the MBE values and 
figure 2-3, all of the combination-based methods 
overestimated in comparison with FAO-56 PM 
model. Although the combination methods had high 
R2 values, these methods gave the worst results in all 
other statistical cases.  

Similarly, some researchers [30, 31] reported 
that Penman's method estimated the ETo values 
higher in humid region. However, it had been deter-
mined that ETo value is less predicted by Penman 
method in arid regions. According to Lopez-Urrea et 
al. [1] and Jensen et al. [3] the Penman method un-
derestimated the lysimetric measurement in arid re-
gion. Also, they declared that FAO-24 Penman esti-
mated higher ETo value. 

Accord-
ing to Table 2 and Figure 4, our study showed that 
Hargreaves method did not give good result (R2= 
0.758, RMSE= 0.811mm day-1, RE= 0.247 and d= 
0.931). 

The result obtained by the Hargreaves method 
is similar to previous studies of different researchers 
[6, 21, 30, 31, 32, 33]. As a result of many studies 
Hargreaves equation is not recommended for humid 
areas because Hargreaves equation was developed in 
the dry climate region of California [11, 25, 33, 34]. 
According to Temesgen et al. [35] higher wind speed  
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0,997 0,689 0,210 -0,647 0,959 
0,995 1,212 0,370 -1,167 0,889 
0,758 0,811 0,247 -0,131 0,931 
0,973 0,267 0,081 -0,059 0,993 
0,965 0,494 0,151 0,165 0,979 
0,945 0,486 0,148 0,319 0,974 
0,931 0,674 0,206 0,535 0,952 
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combined with lower humidity resulted in lower val-
ues of Hargreaves ETo compared to FAO-56 PM 
ETo. Also, lower wind speed combined with higher 
humidity resulted in higher values of Hargreaves 
ETo compared to FAO-56 PM ETo. This is probably 
due to the lack of explicit wind speed and humidity 
terms in the Hargreaves et al. [14] equation.

According 
to the results obtained, radiation-based ET models 
made the closest estimates to FAO-56 PM (Figure 5-
6) for our region. In particular, the Turc model 
(R2=0.973, RMSE=0.267, RE=0.081, RE=-0.059, 
d=0.993) achieved the best result compared to all 
other methods (Table 2). Also Turc method needs 
less number of parameters to estimate ET compared 
to Priestley-Taylor method and therefore, much eas-
ier to use [26]. 

Trajkovic and Kolakovic [6] indicated that the 
Turc equation is most suitable for estimating refer-
ence evapotranspiration at humid locations when 
weather data are insufficient to apply the FAO-56 

PM equation. Similarly, Lu et al. [25] stated that ra-
diation based methods that were developed for 
warm, humid climate conditions (Priestley-Taylor 
and Turc methods) perform well for the southeastern 
United States. Kashyap and Panda [30] and Tukimat 
et al. [26] also declared that the Turc model gave the 
closest results to the FAO-56 PM model. 

Similar to Trajkovic and Kolakovic [6] Priest-
ley-Taylor method gave reasonable results in our 
study (R2= 0.965, RMSE= 0.494, RE=0.151, 
MBE=0.165, d=0.979). Fernandes et al. [21] 
achieved the good performances by Priestley-Taylor 
method with high coefficients of determination (over 
0.9) and indices of agreement close to 1. 

 
The re-

sults showed that Pan Evaporation-Based models un-
derestimated in comparison with FAO-56 PM (Table 
2 and Figure 7-8). In this study, the FAO-24 model 
gave more significant results than the Christiansen 
model. 
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Figure 7 and Table 2 compares the daily ETo 
values computed by FAO-24 Pan model and the ob-
tained values by FAO-56 PM. As shown, the FAO-
24 Pan model presented the good results at our re-
gion. But Christiansen Pan model did not present 
good results in comparison with other models. 

According to Irmak and Haman [36] Christian-
sen model significantly and consistently underesti-
mated Epan throughout the year. The results obtained 
from this study are similar to previous studies in this 
regard. 

 

 
Although the FAO-56 PM model is considered 

the standard model, it requires a large number of cli-
matic parameters. For this reason, seven simple com-
monly used ETo equations evaluated against FAO-
56 PM as the standard equation of estimating refer-
ence evapotranspiration. 

FAO-24 Penman model gave the worst result in 
comparison with other models. Because of high 
evaporative demand periods Hargreaves model did 

not give good results. Similar to previous studies, it 
is not recommended to use the Hargreaves equation 
for this region. The FAO-24 Pan model gave better 
results comparison with Christiansen model when 
the Pan Evaporation-Based models were examined. 

In this study, the best results were obtained with 
radiation-based equations. Turc model was the best 
estimating ETo model. Also Priestley-Taylor model 
gave good result. Because it needs less number of 
parameters to estimate ETo and much easier to use it 
is recommended to use Turc model against Priestley-
Taylor. 
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The hydraulic conductivity ( ) of streambed 

sediment is a basic parameter in studying the ex-
change of water between surface sources and ground 
sources, the transport of solutes, etc. Inadequate un-
derstanding of  upper stream of the Tarim River 
makes it difficult to allocate water optimally. Parti-
cle sizes of streambed sediment upstream and mid-
stream of the Tarim River were analysed and, cou-
pled with data on water temperature and run-off, the 
spatial and temporal variation in  was studied. The 
results of the study were as follows. (1) In 132 sedi-
ment samples, the particle size was less than 5 mm; 
the sediment was predominantly sandy; and the Sau-
erbrei’s formula proved to be the most reliable em-
pirical formula. (2) At any given water temperature, 

 increased along the course of the river at locations 
upstream whereas  at midstream locations showed 
no obvious regularity. Changes in  with depth 
showed no consistent pattern. (3) At 20 °C, the mean 
value of  across all the locations was 44.29 m/d, 
that in the upper reaches was 64.53 m/d, and that in 
the middle reaches was 37.82 m/d; the difference 
was largely due to the differences in the process of 
sediment deposition. 

Streambed sediment, hydraulic conductivity, variability, 
particle-size analysis, Tarim River 

 
 

 
The hydraulic conductivity ( ) of streambed 

sediment influences the movement of water in that 
porous medium, a crucial parameter affecting many 
hydrogeological processes such as the exchange of 
water between surface sources and ground sources 
and the transport of solutes [1-4]. In an arid inland 
river basin, groundwater plays a vital role in main-
taining the stability of oases and of agricultural 

production [5, 6]. In arid areas, by definition, precip-
itation is scanty and evaporation is high, and leakage 
from river run-off becomes the main source of the 
recharge of groundwater [7-9]. Hydraulic conductiv-
ity is the basis of research on the exchange of water 
between surface sources and ground sources and the 
research on it is extremely important in arid inland 
river basins. 

In recent years, many scholars have used differ-
ent methods to study the hydraulic conductivity of 
streambeds and obtained significantly different re-
sults [10-15], although it is generally accepted that 
the hydraulic conductivity of streambed sediment 
shows a clear temporal and spatial variation [10, 13, 
14]. The most common methods of the determina-
tion of hydraulic conductivity can be divided into 
two main types: in situ measurement including 
pumping method [16, 17], the slug and bail test [10, 
12] and in situ standpipe [11, 18], and laboratory de-
termination including grain-size analysis and perme-
ameter test [19-21]. Compared to other methods, 
grain-size analysis is not restricted by field condi-
tions, and the determination process is relatively 
concise. Based on the classification of the soil sedi-
ments by size, the hydraulic conductivity can be de-
termined more reliably by using appropriate calcula-
tions, and research on related aspects shows that 
temporal variation in hydraulic conductivity can be 
determined more accurately by particle size than by 
any other method [19]. 

The Tarim River flows through an arid region 
in north-western China. The area, characterized by a 
dry climate, scanty rainfall, and water supply 
through glacial melt, is a typical arid area. Since the 
1950s, the increase in population has resulted in a 
rapid increase in the area under cultivation, and the 
expansion of water resources increased and use of 
water have adversely affected the run-off in the 
lower reaches. The result was a series of serious en-
vironmental problems such as the drying up of rivers 
and lakes, the degradation of the green cover, and 
desertification [22]. In order to restore the ecological 
destruction and to balance the supply of water with 
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the demand for it in the Tarim River basin, Chinese 
government has invested 10.7 billion yuan since 
2001 in the Ecological Water Conveyance Project. 
The project transferred 350 million m3 of water from 
the Kongque River to downstream locations of the 
Tarim River and restored the flow of water into the 
Taitema Lake. The ecology of areas downstream of 
the Tarim River has improved significantly [23, 24]. 
Over the years, scholars have studied hydraulic con-
ductivity, water exchange, etc. downstream of the 
Tarim River, and much has been achieved including 
important insights into scientific and rational con-
veyance of water and measures to optimize the ef-
fects of such conveyance [24, 25]. However, hydro-
logical processes upstream and midstream of the Ta-
rim River have not received as much attention; in 
particular, the hydraulic conductivity has been 
largely ignored. Such lack of related research has 
made it difficult to manage the water resources equi-
tably. Allocation of water resources appears to be 
particularly imbalanced in the dry season. For in-
stance, in 2008, because run-off decreased in the area 
of origin and water resources were not allocated eq-
uitably in upstream and midstream stretches of the 
Tarim River, no water could flow into the down-
stream stretches. This break in the flow affected eco-
logical restoration downstream. In order to ensure 
that water conveyance is sustainable and the ecolog-
ical damage downstream is restored, the present pa-
per selected some stretches upstream and midstream 
of the Tarim River as the study area, determined the 
hydraulic conductivity of the streambed sediment by 
analysing the particle size of the sediment, and ex-
amined the temporal and spatial variability of the hy-
draulic conductivity. The study can provide a more 
scientific basis for further research on hydrological 
processes in the upstream and midstream stretches of 
the Tarim River. 

 
The Tarim River basin (34.20°–43.39° N, 

71.39°–93.45° E) lies in south Xinjiang, China, and 
abuts the Takliamkan desert, which is surrounded by 
nine great rivers, namely Aksu, Yarkand, Kashgar, 
Hotan, Keriya, Weigan–Kuqa, Dina, Kaidu–
Kongque, and Cheerchen rivers (Fig.1). The long-
term average annual run-off is 39.8 billion m3, and 
total water resources amount to 42.9 billion m3. The 
total area of the basin is 1.02 million km2 and covers 
five prefectures, 42 counties, and 55 regiments of the 
Construction and Production Corps of Xinjiang, with 
a population of 4.81 million. 

The Tarim River is the longest inland river in 
China, with a total length of 1321 km [23, 25]. The 
upper reach (447 km) extends from Alar to Ying-
bazha and the middle reaches (398 km) from Ying-
bazha to Qiala (Fig.1). Over this area, the mean an-
nual precipitation is only 20 mm whereas the mean 
annual evaporation is 2500–3000 mm, because the 
area, which forms the hinterland of Eurasia, is far 
away from the sea. The climate is typically continen-
tal arid desert. The Tarim river, a dissipative type of 
continental river, produces no run-off of its own but 
relies mainly on its tributaries. Since the 19th century, 
the Kashgar, Weigan, Keriya-Kuqa, Dina, Kaidu–
Kongque, and Cheerchen rivers have been cut off 
from the Tarim River because of climate change and 
human activities. Only the Aksu, Hotan, and Yar-
kand rivers remain the tributaries of the Tarim River, 
contributing 73.2%, 23.2%, and 3.6% of its total re-
sources, respectively, as monitored at the Alar sec-
tion. The natural vegetation along the Tarim River is 
a desert riparian forest, consisting mainly of 

 and  trees and of 
, , and  

as the main herbs. 



 

 9511 

 The present paper draws on the data from 
the analysis of 33 sampling sites (8 upstream and 25 
midstream; 132 soil samples). The water tempera-
ture is the monthly average temperature from the hy-
drological station at Xinqiman for the upstream lo-
cations and that at Wusiman for the midstream loca-
tions from 1957 to 2016, provided by the Xinjiang 
Tarim River Basin Management Bureau. Run-off 
was measured by the hydrological stations in Alar 
and Yingbazha covering the same period. 

The sampling work was in May 2015 when was 
dry season. It’s difficult to enter the river channel of 
upstream because of thick vegetation, so only 8 sam-
pling sites were set. In the midstream, the width of 
vegetation is narrow, and the vehicle can travel along 
the river embankment in parallel. Accordingly, sam-
pling was relatively simple so that 25 sampling sites 
were set. The sampling sites are uniformly distrib-
uted along the river with the information of vehicle 
odometer and GPS. Song et al. [11] studied hydrau-
lic conductivity at depths of 50–70 cm and 90–100 
cm from the streambed surface along the Elkhorn 
River, Nebraska, USA. However, to study the effect 
of depth more carefully, we measured the hydraulic 
conductivity at four depths, namely 30 cm, 60 cm, 
100 cm, and 150 cm, using a soil auger (catalogue 
no. 04.02.SC, Eijkelkamp, Giesbeek, The Nether-
lands) to collect the sample. Each sample weighed 
about 50 g so that enough quantity was available for 
the follow-up experiment.

Impurities, salts, and organic matter were re-
moved from the samples [26] and a dispersant, 

namely Sodium Hexametaphosphate ((NaPO3)6), 
was added to the processed samples. The mixtures 
were cleaned for 10 minutes using an ultrasonic 
cleaner (SB-4200DTDS, Shanghai Jingxin, Shang-
hai, China). Particle sizes were analysed using a par-
ticle-size analyser (Mastersizer 2000, Malvern In-
struments, Malvern, UK). 

The standards for 
soil classification differ with the subject discipline 
and region; the classification used in the present 
study was the one based on DL/T5355-2006 [27] and 
consisted of determining the content of each grade 
(gravel, sand, silt, etc.) of particles in each sample, 
determining the size gradation characteristics of 
each sample, and classifying the samples with refer-
ence to the standard (Table 1). 

Vukovic and Soro [19] summarized the follow-
ing general formula for calculating :

                         (1) 

where  is the hydraulic conductivity; is the 
acceleration due to gravity (9.81 m/s2 in the present 
study);  is the water viscosity coefficient (m2/s);  
is a dimensionless coefficient;  is the porosity, 
( ) is the dimensionless porosity ( ) function; and e 
is the effective particle diameter at a cumulative 
weight percentage of the smaller particle size (Ta-
ble 2). 

The value of the water viscosity coefficient de-
pends on the water temperature ( , unit: °C), which 
is calculated by the following equation [28]: 

                  (2)
 

 

 Content of coarse grain group 
(0.075mm ≤60mm  

Content of fine grain 
group 

(0.075mm≤ ) 
Name of soil type 

Coarse-
grained soil 50% 

Gravel (The content of gravel  
(2mm ≤60mm) is greater than  
the content of sand  
(0.075mm ≤2mm)) 

≤5%  

5% ≤15% gravel containing fine-
grained (GF) 

Clay( ≤0.005mm) 
5% 50% 

Clayey gravel 
 (GC) 

Silt (0.005mm
≤0.075mm) 
5% 50% 

Silty gravel 
(GM) 

Sand (The content of sand  
(0.075mm ≤2mm) is  
greater than the content of gravel 
(2mm d≤60mm)) 

≤5%  

5% ≤15% 
Sand containing fine-
grained 
(SF) 

Clay (d≤0.005mm) 
5% 50% 

Clayey sand 
(SC) 

Silt (0.005mm
d≤0.075mm) 

5% 50% 

Silty sand 
(SM) 

Fine-grained 
soil  ≥50%  

2)()/( ⋅⋅⋅= ϕ

ϕ

2000221.00337.01
01775.0
++

=
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Method 
Function of porosity 
( ( ) ) 

Effective grain diameter  
( e) 

Value of coefficient 
  Domain of applicability 

Hazen 1+10( -0.26) 5 6×10-4 0.1mm< e <3mm η<5 
Slichter 3.278 10 6.1×10-3 0.01mm< e <5mm 

Terzaghi  
10 6×10-4log(500/ ) Large-grain sands 

Beyer 1 10 3.75×10-3 0.06mm< e <0.6mm; 1< <20 
Sauerbrei  17 6×10-4 Sand and sandy clay e <0.5mm 
Kozeny  10 8.3×10-4 Large-grain sands 

USBR 1 20 4.8×10-4  Medium-grain sands <5 

 

The dimensionless coefficient and the dimen-
sionless porosity function should be determined by 
the soil texture (Table 1). The formula for calculat-
ing the porosity is as follows: 

                             (3) 
                                             (4) 

where,  is the coefficient of particle uni-
formity, 60 and 10 are the effective particle diame-
ters at 60% and 10% of the cumulative weight of the 
smaller particles. 

The maximum particle size of the 
132 sediment samples was less than 5 mm (Fig. 2); 
in 49 samples (approximately 37% of the samples), 
it ranged from 0.0005 mm to 0.2 mm and in 13 
(10%), from 0.0005 mm to 0.5 mm. The samples 
thus consisted mainly of smaller particles fairly uni-
form in size. 

The characteris-
tic particle size reflects the structure of the sediment 
and is also the basis for classifying the sediments and 
calculating hydraulic conductivity. In the present 
study, the following sizes were analysed: effective 
size ( 10), median size ( 50), constrained grain size 

( 60), and 17.The changes in the mean particle size 
of the samples from each site along the river were 
complex (Fig. 3 and Table 3): the size increased 
along the course of the river in its upper reaches but 
showed no regular pattern of change in the middle 
reaches. Statistical results of 132 samples show that 
the mean of characteristic particle size of upstream 
and midstream is approximately equal. The size 
range showed clear differences. As the cumulative 
volume increased, so did the standard deviation, 
which shows a greater dispersion.  

 
Based on the soil classifi-

cation standard (Table 1), the contents of gravel, 
sand, clay, and silt in each sample were analysed. 
Gravel was entirely missing from all the samples, 
and fewer than 15% of the samples showed the pres-
ence of fine particles: 73 samples showed clayey 
sand, 47 showed silty sand, and 12 showed fine par-
ticles. 

 

The particles of streambed 
sediments were smaller than 0.5 mm and the soil was 
predominantly sandy. Therefore, the coefficients  
and (n) of Sauerbrei were selected for calculating 
the streambed hydraulic conductivity. Further, the 
monthly  of each sample site as it varied with the 
water temperature was also calculated. 
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 Mean Minimum Maximum Range Standard deviation σ  

10 
Upstream 0.007454 0.001489 0.024070 0.022581 0.000038 
Midstream 0.006346 0.001442 0.036243 0.034801 0.000036 
All 0.006681 0.001442 0.036243 0.034801 0.000037 

17 
Upstream 0.011672 0.002135 0.039112 0.036977 0.000093 
Midstream 0.010159 0.002042 0.060899 0.058857 0.000101 
All 0.010628 0.002042 0.060899 0.058857 0.000099 

50 
Upstream 0.037738 0.007172 0.080105 0.072933 0.000555 
Midstream 0.037948 0.005843 0.117693 0.111850 0.000854 
All 0.038185 0.005843 0.117693 0.111850 0.000773 

60 
Upstream 0.049756 0.010510 0.100340 0.089830 0.000783 
Midstream 0.055864 0.008116 0.328098 0.319982 0.002024 
All 0.054717 0.008116 0.328098 0.319982 0.001708 

 The conductivity of every layer of the sample 
varied even within a given year (Fig. 4). The mean 
of hydraulic conductivity at different depths of each 
sampling site is used to analysis the temporal varia-
tion in hydraulic conductivity. The changes in  and 
water temperature during a year were parallel and 
unimodal. The water temperature peaked in July, and 
so did ; the water temperature was the lowest in 
January, and so was , although it varied across the 

sampling sites at any given time. At site U4,  was 
175.8 m/d in July, which was the maximum value 
upstream; in January, the value was 90.6 m/d. At U1, 

was 6.2 m/d in July; in January it was only 3.2 
m/d—the lowest value upstream. At M4,  was rel-
atively high among all the midstream sites: 225.8 
m/d in July and 116.4 m/d in January. On the other 
hand, at M6  was 1.2 m/d in July and only 0.64 m/d 
in January—the lowest value midstream. 



 

 9514 

 

Water temperature influences  greatly (Fig. 
5). For analysing the variation in  with depth,  at 
20 °C is used as a standard. Upstream, the  of each 
layer did not differ much across some sites: U1 (σ = 
2.75), U2 (σ =13.32), U3 (σ = 11.96), and U6 (σ = 
10.84) but differed substantially at some other sites, 

with the standard deviation (σ) more than 90. In par-
ticular,  at U4 (σ = 249.54) at the depth of 100 cm 
was up to 526.7 m/d; at 30 cm, it was only 2.8 m/d. 
Midstream, the  of each layer was different: M6 (σ 
= 0.11), M12 (σ = 0.56), M15 (σ = 0.27), and M22 
(σ = 0.78). The differences with depth were most sig-
nificant at M4 (σ = 239.74): up to 469.3 m/d at the 
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depth of 30 cm but only 1.0 m/d at 100 cm. We ob-
served the mean  at 30 cm and 60 cm to be the  at 
shallower depths and that at 100 cm and 150 cm to 
be the  at greater depths. At upstream sites U1, U2, 
U5, U7, and U8, the values of  at shallower depths 
were higher than those at greater depths. The same 
pattern was seen at midstream sites M2, M3, M4, 
M6, M8, M10, M12, M18, M19, and M23. However, 
at the remaining sites, K at shallower depths was less 
than that at the greater depths. Between the upstream 
sites and the midstream sites, changes in  with 
depth showed no consistent pattern. 

The Tarim River is a seasonal river: from May to Oc-
tober, the run-off is more. During this period, the wa-
ter temperature is more than 15 °C. It is important to 
study  during this period, and the mean values of  
at 30 cm, 60 cm, 100 cm, and 150 cm at water tem-
peratures of 15 °C, 20 °C, and 25 °C were used in 
analysing the variation in  along the river (Fig. 6). 
At any given water temperature,  upstream in-
creased along the course of the river, being the min-
imum at U1 and the maximum at U4; the corre-
sponding values were as follows: at U1, K was 5.0 
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 Means Range Standard deviation σ  
Upstream 64.53 0.74~525.99 114.17 
Midstream 37.82 0.67~468.67 80.78 
All 44.29 0.67~526.06 90.27 

 
 
m/d at 15 °C, 5.6 m/d at 20 °C, and 6.3 m/d at 25 °C; 
at U4, it was 140.5 m/d at 15 °C, 159.2 m/d at 20 °C, 
and 178.9 m/d at 25 °C. Midstream, the changes in 

 followed a more complex pattern along the river: 
maximum at M4, minimum at M21, but showing nei-
ther consistent increase nor consistent decrease at in-
termediate locations. The high and low values were 
as follows: 180.4 m/d at 15 °C, 204.5 m/d at 20 °C, 
and 229.8 m/d at 25 °C (M4) and 1.0 m/d at 15 °C, 
1.1 m/d at 20 °C, and 1.2 m/d at 25 °C (M21). 

As can be seen from the above analysis, at any 
given water temperature, changes in  showed no 
obvious and clear-cut pattern, irrespective of the 
depth and the location (whether closer or father 
along the river). When the value of  in all the 132 
samples at 20 °C was analysed statistically (Table 4, 
Fig. 7), it became apparent that upstream was 
greater than that in the middle reaches. Although the 
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range of  showed no obvious difference, whether 
upstream or midstream, its dispersion upstream was 
greater than that midstream. The mean of all the 132 
samples was 44.29 m/d at 20 °C and that of most 
samples fell within 0–100 m/d (Fig. 7). In particular, 
the number of samples with  from 0 m/d to 33.33 
m/d was as high as 97 (74.5% of all samples). 

The complexity of the spatial variation of  
was related to the complexity of the particle size dis-
tribution of the streambed sediment. Upstream, the 
variation in particle size along the course of the river 
was parallel with the variation in . Midstream, the 
complex pattern of changes in the permeability coef-
ficient along the course of the river was due to the 
disorderly distribution of the particle size. The pro-
cess of deposition of the streambed sediment is in-
fluenced by the run-off velocity, the sediment-carry-
ing capacity of the run-off, the geotechnical charac-
teristics of the river and of the run-off flow, etc [29]. 
In the Tarim River, the inflow upstream is heavier 
than that midstream [30], the run-off velocity is 
higher, and the channel is straighter [29-32]: there-
fore, the run-off carries larger quantities of sediment. 
The main sediment deposition area is upstream of the 
Tarim River [30]. The process of sediment deposi-
tion is fairly simple. Reaching the midstream, as the 
strength of the current begins to decrease, the run-off 
also decreases and so does its sediment-carrying ca-
pacity. The quantity of sediment carried by the run-
off therefore falls off and the process of sediment 
deposition becomes slower. The course of the river 
midstream is not straight, punctuated by many lev-
ees. The many tributaries also influence run-off, and 
the process of sediment deposition becomes more 
complex [30]. 

Hydraulic conductivity is influenced by water 
temperature, which is higher in July, August, and 
September, and therefore  is also higher. Mean-
while, run-off in the three months is most abundant 
upstream and midstream (Fig. 8). Because of abun-
dant water and greater hydraulic conductivity, water 
leakage increases significantly during this period. 
The leakage from run-off is the main source of 
groundwater in the arid area and is important for the 
stability and regeneration of the desert riparian for-
est. Studying the recharge of groundwater from run-

off under different water conditions can provide use-
ful insights for ensuring optimal allocation of water 
resources of the Tarim River. The study of temporal 
and spatial variability of the hydraulic conductivity 
of the streambed sediment makes the study of the 
process and the results of such recharge of ground-
water by run-off more reliable. 
 
 

 
The present study analysed the characteristics 

of particle size of the sediment in the Tarim River. 
Based on that analysis and on the temporal and spa-
tial variability of the hydraulic conductivity of the 
streambed sediment, the following main conclusions 
are drawn. 

(1) The maximum particle size of streambed 
sediment in the upper reaches of the Tarim River is 
less than 0.5 mm. The soils are predominantly sandy. 
The Sauerbrei’s formula proved to be the most reli-
able empirical formula for calculating the conductiv-
ity. 

(2) As water temperature increases, so does the 
hydraulic conductivity in the upper reaches of the 
Tarim River. During the year, the hydraulic conduc-
tivity shows a clear single peak, reaching its maxi-
mum value in July; the lowest value is reached in 
January. At the time, the conductivity varied greatly 
across the sampling sites. 

(3) At any given water temperature,  upstream 
increased along the course of the river, whereas the 
middle reaches of the river showed no obvious regu-
lar pattern. Both upstream and midstream, the pat-
terns of variability of  with depth were complex 
and displayed no regularity. 

(4) At 20 °C, the mean value of  of all the 
samples was 44.29 m/d. The mean value upstream 
was 64.53 m/d and that midstream was 37.82 m/d. 
The discrete degree of  was significant, the stand-
ard deviation ( ) of which was 90.27 m/d. The values 
of  in the upper middle reaches of the river were 
due mainly to the differences in the process of depo-
sition of the sediment. 
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The soil covering the zone of the industrial 
complex of Ust-Kamenogorsk city in Kazakhstan is 
characterized by very high concentrations of copper 
and zinc of technogenic origin. Research on the dis-
tribution of mobile forms of copper and zinc in the 
rhizosphere of plants under such conditions is of 
great importance for understanding the mechanisms 
of plant defense reactions. Maximum levels of total 
content and concentrations of the mobile forms of 
heavy metals (HM) in the rhizosphere of absinthium 
( L.) were investigated in the 
area of the Ulba Metallurgical Plant and Lead-Zinc 
Plant. Accumulation of exchange and acid-soluble 
forms of zinc and copper was not statistically signif-
icant in the rhizosphere of absinthium (

) The strength of the correlations between 
the content of heavy metals in the plant biomass and 
the concentration of mobile compounds depended on 
the nature and form of occurrence of HM, and the 
type and extent of soil contamination. 

 
 

  
Heavy metals, , rhizosphere, root, 
soil pH 

 
 

 
The modern environmental situation is charac-

terized by a rapid growth of heavy metal (HM) con-
centration in the environment, especially in the soil. 
The interrelation in the soil-plant system relative to 
invading HM in the plant body is a complex and con-
troversial problem. Higher plants are able through 
various morphological and physiological properties 
to adapt to the increased content of heavy metals in 
the soil. In the course of evolution, the roots of plants 
have had repeated contact with an excess of particu-
lar elements in the soil, and they have developed 

protection mechanisms to ensure the preservation of 
a constant internal environment. The rhizosphere, 
the soil adjacent to the root, can be thought of as an 
external safety mechanism that controls the absorp-
tion of HM by the plant. Detoxification of HM ions 
occurs when they are bound to organic products se-
creted by the roots or by rhizosphere microflora, re-
sulting in less toxic complexes, or in compounds 
which are not easily accessible.

Plants accomplish a huge transformative func-
tion in the environment, since they change the forms 
of elements. The soil of the rhizosphere is a unique 
eco niche and a zone of active interaction between 
the soil, microorganisms and roots, and performs the 
key role in this process [1-7]. The study of hidden 
mechanisms of this interaction, especially in condi-
tions of technogenic pollution of soil by HM, is im-
portant, since an essential characteristic in predicting 
the accumulation of heavy metals in plants is the di-
rection of the transformation of elements and com-
pounds entering the soil and the change in the degree 
of their accessibility to the root system [8].  

Also, there are numerous studies regarding the 
use of plants as bioindicators in environmental in-
vestigations due to their ability to accumulate chem-
ical substances [9]. Because of this characteristic, re-
searchers have identified them as a group potentially 
useful for bioremediation and biomonitoring [10]. 

The purpose of this research was to explore the 
total content and concentration of mobile forms of 
Cu, Zn and pH in the rhizosphere of absinthium (

L.) in the technogenesis condi-
tions of the example of Ust-Kamenogorsk city. The 
objectives of the study were: 1. to determine the total 
content and concentration of mobile forms of HM, 
and the pH in the rhizosphere of absinthium (

), in conditions of technogenic pollution in 
the area of Ust-Kamenogorsk city; 2. to determine 
the effects of the rhizosphere on HM invasion in 
plants. 
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Exploration area TMS RS RSS 
Copper 

Titanium-magnesium Plant 266.7±0.03 
4.0 

266.9±0.06 
3.5 

267.0±0.05 
2.8 

Cement Plant 458.1±0.03 
2,4 

458.0±0.04 
2.4 

458.4±0.03 
1.9 

Ulba Metallurgical Plant 489.2±0.03 
2.2 

490.5±0.02 
3.1 

490.5±0.03 
4.2 

Lead-zinc Plant 379.4±0.03 
2.8 

379.6±0.03 
2.1 

379.9±0.04 
2.5 

Irtysh polymetallic Plant 385.9±0.03 
2.8 

386.3±0.02 
2.3 

386.4±0.03 
2.1 

Ablaketka 180.8±0.03 
6.4 

181.2±0.03 
5,2 

181.9±0.03 
5,0 

Processing Plant 280.2±0.05 
3.7 

280.6±0.04 
5.2 

181.9±0.03 
5.0 

Zinc 

Titanium-magnesium Plant 488.0±0.05 
2.3 

489.2±0.06 
1.4 

488.0±0.05 
1.7 

Cement Plant 2671.6±0.06 
1.1 

2671.8±0.05 
1.3 

2671.4±0.04 
1.5 

Ulba Metallurgical Plant 3342.0±0.04 
1.2 

3342.2±0.03 
1.0 

3342.3±0.06 
1.2 

Lead-zinc Plant 3821.4±0.05 
1.2 

3822.0±0.03 
1.2 

3821.9±0.05 
1.5 

Irtysh polymetallic Plant 1983.5±0.03 
1.3 

1982.5±0.04 
1.5 

1982.1±0.05 
1.5 

Ablaketka 420.6±0.04 
2.4 

421.0±0.05 
1.1 

420.9±0.05 
1.2 

Processing Plant 2180.8±0.06 
1.2 

2181.5±0.07 
1.0 

2181.2±0.05 
1.0 

Note: The numerator is the arithmetic average and its error; the denominator is the coefficient of variation (%). 
 
 

 
The study of the total content and composition 

of the mobile forms of Cu and Zn and pH in the rhi-
zosphere of absinthium ( ) was carried 
out in the territory of Ust-Kamenogorsk city in con-
ditions of real technogenic pollution. Soil and plant 
samples were taken at a distance of 1 km from the 
Titanium-Magnesium Plant, Lead-Zinc Plant, Ce-
ment Plant, Ulba Metallurgical Plant, Belo-usovskoe 
Mining and Processing Mill and Ust-Kamenogorsk 
Hydroelectric Power Station (Ablaketka). 

The prevailing wind direction was taken into 
account in sampling in the city area. The control was 
samples selected within 60 km of the city limits in 
the direction opposite to the direction of prevailing 
winds. The objects of the study were soil samples 
from two areas of the rhizosphere of plants: the rhi-
zosphere (RS) and root surface soil (RSS), and sam-
ples taken from the total mass of soil (TMS). 

In the selection of soil samples, the root system 
of the plants was dug out of the soil monolithically, 
and carefully freed from the surrounding soil so that 
a thin soil layer remained on the roots (1-3 mm). 
Then, the roots were separated from the shoot and 
dried. After drying, the soil layer (RS) was gently 
shaken off, and soil particles adhering to the root sur-
face (RSS) were removed with a brush. TMS free of 

plants was selected for comparative analysis on the 
same site [11-13]. Measuring the pH of aqueous sus-
pensions of the soil samples was performed using a 
pH meter-ion meter (Ecotest-120, Russia). Determi-
nation of soil physico-chemical properties was car-
ried out in accordance with conventional methods 
[14]. For analysis on the total content of Cu and Zn, 
chemical decomposition of the soil was performed. 
Mobile forms of the metals were extracted using the 
most common and conventional extractants, dis-
solved in double distilled water: exchanged ammo-
nium-acetate buffer at pH 4.8 and acid-soluble 1N 
HCl. The concentration of metals in the extracts was 
determined by the photo colorimetric dithizone 
method [15]. Determination of the concentrations of 
the metals in the plant organs was determined by us-
ing an atomic absorption spectrometer (Quantum 
AAS - 2A). Statistical analysis of experimental data 
was conducted according to standard formulas and 
indicators [16-18] using the software package Excel. 
Environmental assessment of the results was real-
ized with the use of basic ecological and biogeo-
chemical parameters (bioavailability factor - BF, ac-
cumulation factor - AF) [19-21]. The accumulation 
factor was calculated as the ratio of the content of the 
heavy metals in the organs of the plants (mg/kg dry 
basis) to the content of the mobile forms of the heavy 
metals in the soil (mg/kg). The bioavailability factor 
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was calculated as the ratio of the concentrations of 
mobile forms of HM compounds to the total content 
of the heavy metals in the soil (mg/kg) [21]. 

 
Ust-Kamenogorsk city is the regional center of 

East Kazakhstan region and its surrounding neigh-
borhood is saturated with large, environmentally 
dangerous industrial facilities of non-ferrous and fer-
rous metallurgy, and nuclear and thermal power sys-
tems. It was for this reason that research was carried 
out on the total content and composition of mobile 
forms of Cu and Zn compounds in the rhizosphere of 
absinthium ( ) in the area of Ust-Kame-
nogorsk city and environs. The territory of Ust-Ka-
menogorsk city and its environs are represented by 
common loamy black humus earth. The common 
features of this group of soils are the high capacity 
of the soil profile and the humus horizon, loamy 
composition, significant humus content, and neutral 
or mildly alkaline reaction in the upper horizon and 
alkaline in the lower horizons. Physical-chemical 
characteristics of this type of soil are: humus 3 to 

6%, cation exchange capacity 15-22 mg/100 g soil, 
pH (water) from 6.8 to 8.1. Black soils, specific to 
the area of Ust-Kamenogorsk city and its surround-
ings have a very high sorption capacity of the soil 
absorbing complex and are very resistant to contam-
ination by HM [22-23]. According to the results of 
the study, the total content of Cu and Zn was almost 
the same in the areas of the rhizosphere as in the total 
mass of soil, and it varied within the following limits 
(mg/kg): copper 180-490 (average 335); zinc 420-
3821 (2129.7) (Table 1). 

As can be seen from Table 1, the total metal 
content in the rhizosphere of absinthium (

) and in the common soil is highest in the 
area of the Ulba Metallurgical Plant, and lowest in 
the area of Ablaketka. From the standpoint of envi-
ronmental assessment, the total content of metals in 
the investigated soil fractions of the rhizosphere and 
the total mass of soil exceeded the regional Clarke 
copper by 5.7 times on average, and zinc by 17 
times. It was found that the excess of maximum al-
lowable concentration (MAC) [24] of the total con-
tent of copper and zinc in the rhizosphere of ab-
sinthium ( ) and in the total mass of the 
soil was 1.3-3.7 times and 1.9-15.2 times respec-
tively in all research areas. 

 
 

 

Exploration area TMS RS RSS 
Copper 

Titanium-Magnesium Plant 11.5±0.10(4.3) 
3.4 

12.8±0.08(4.8) 
3.8 

12.9±0.09(4.8) 
4.2 

Cement Plant 15.5±0.07(3.4) 
4.2 

15.4±0.04(3.4) 
4.4 

15.5±0.06(3.4) 
4.0 

Ulba Metallurgical Plant 14.7±0.04(3.0) 
5.2 

15.1±0.05(3.1) 
4.4 

15.4±0.05(3.1) 
4.0 

Lead-Zinc Plant 14.4±0.06(3.8) 
3.6 

14.0±0.05(3.8) 
4.2 

14.5±0.06(3.8) 
4.6 

Irtysh Polymetallic Plant 14.5±0.05(3.8) 
3.5 

14.8±0.09(3.9) 
3.5 

14.6±0.03(3.8) 
3.0 

Ablaketka 9.8±0.07(5.4) 
5.1 

10.5±0.06(5.8) 
4.4 

10.6±0.04(5.8) 
5.2 

Processing Plant 13.7±0.06(4.9) 
6.2 

14.0±0.04(5.0) 
5.2 

14.5±0.06(5.2) 
5.1 

Zinc 

Titanium-Magnesium Plant 36.1±0.04(7.4) 
8.2 

38.9±0.06(8.0) 
9.0 

39.2±0.05(8.0) 
8.5 

Cement Plant 610.7±0.07(22.9) 
10.2 

637.2±0.04(23.8) 
12.5 

638.0±0.06(23.9) 
10.2 

Ulba Metallurgical Plant 821.9±0.06(24.6) 
9,7 

846.9±0.05(25.3) 
10.8 

847.0±0.08(25.3) 
11.5 

Lead-Zinc Plant 921.5±0.07(24.1) 
12.5 

930.8±0.09(24.3) 
10.7 

930.6±0.05(24.3) 
9.7 

Irtysh Polymetallic Plant 361.7±0.06(18.2) 
7.7 

366.7±0.04(18.5) 
10.2 

366.8±0.04(18.5) 
9.7 

Ablaketka 68.3±0.07(16.2) 
10.2 

76.4±0.08(18.1) 
10.2 

77.0±0,05(18.3) 
9.5 

Processing Plant 439.1±0.07(20.1) 
15.2 

454.0±0.06(20.8) 
15.0 

454.8±0.05(20.8) 
14.5 

Note: The numerator is the arithmetic average and its error, with the percentage of the total content in brackets; the denominator is the coeffi-
cient of variation (%). 
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Study area TMS RS RSS 
Copper 
Titanium-Magnesium Plant 1.6±0.04(0.6) 

2.4 
1.8±0.06(0.7) 

3.7 
2.1±0.04(0.8) 

2.6 
Cement Plant 5.5±0.05(1.2) 

1.7 
5.7±0.06(1.2) 

2.2 
6.2±0.07(1.4) 

1.5 
Ulba Metallurgical Plant 7.0±0.03(1.8) 

9.6 
7.1±0.06(1.9) 

10.5 
7.0±0.04(1.8) 

8.5 
Lead-Zinc Plant 6.9±0.04(1,8) 

5.5 
7.0±0.04(1.8) 

5.0 
7.2±0.06(1.8) 

6.2 
Irtysh Polymetallic Plant 5.7±0.07(1.5) 

10.,2 
4.8±0.04(1.2) 

12.4 
5.0±0.05(1.3) 

14.,2 
Ablaketka 1.8±0.04(1.0) 

16.7 
2.4±0.05(1.3) 

15.6 
2.6±0.04(1.4) 

15.6 
Processing Plant 6.9±0.04(2.5) 

5.9 
7.4±0.05(2.6) 

4.2 
7.7±0.07(2.7) 

5.7 
Zinc 
Titanium-magnesium Plant 23.3±0.04(4.8) 

5.6 
34.3±0.06(7.0) 

7.5 
35.0±0.06(7.2) 

7.0 
Cement Plant 353.8±0.03(13.2) 

10.7 
362.5±0.04(13.6) 

11.1 
363.0±0.06(13.6) 

12.2 
Ulba Metallurgical Plant 659.3±0.04(19.7) 

8.7 
667.4±0.06(20.0) 

10.7 
667.7±0.05(20.0) 

10.8 
Lead-Zinc Plant 344.4±0.05(9.0) 

4.7 
348.7±0.06(9.1) 

5.1 
348.8±0.04(9.1) 

8.1 
Irtysh Polymetallic Plant 126.5±0.09(6.4) 

17.8 
142.0±0.04(7.2) 

14.4 
142.8±0.08(7.2) 

15.4 
Ablaketka 28.5±0.04(6.8) 

7.7 
36.0±0.05(8.6) 

8.4 
36.5±0.04(8.7) 

10.1 
Processing Plant 96.0±0.06(4.4) 

10.7 
119.0±0.05(5.4) 

14.6 
119.7±0.03(5.8) 

12.6 
 
 

The content of mobile forms of metals in the 
rhizosphere of absinthium and in the total mass of 
the soil varied widely. According to the data ob-
tained, the concentrations of the acid forms of the 
metals were (mg/kg): Cu, 10.6-15.5 (average 13.8) 
in the soil from the root surface, 10.5-15.1 (13.8) in 
the rhizosphere and 9.8-15.5 (13.4) in the total mass 
of the soil; and Zn, 39.2-930.0 (479) in the soil from 
the root surface, 38.9-930.0 (478.7) in the rhizo-
sphere and 36.1-921.0 (465.6) in the total mass of the 
soil (Table 2).  

The proportion of acid forms of HM com-
pounds from the total content in the soil fractions in-
vestigated was (%): 3-5.8 for copper (average 4.2), 
and 7.4-25 (19.8) for zinc. The range coefficient of 
variation of the acid form of HM was (%) 3.4-6 for 
copper, and 8-15 for zinc. From an environmental 
point of view the concentration of the acid form of 
copper in the rhizosphere and in the total mass of soil 
in all areas of research did not exceed its maximum 
allowable concentration (MAC) and was lower by 5-
10 times. The content of the similar form of zinc ex-
ceeded MAC in all soil fractions by 1.3-15.5 times, 
except for the area of the Titanium-Magnesium 
Plant. 

In general, the maximum concentration of acid-
soluble forms of metals was observed in the rhizo-
sphere and in the total mass of the soil near the Ulba 
Metallurgical Plant and the Lead-Zinc Plant. 

Analysis of the results showed an accurate (Р0.1-0.5) 
increase by 1-1.1 times in the concentration of the 
acid form of zinc in the rhizosphere of absinthium 
relative to the total mass of the soil in all study areas, 
whereas no significant accumulation in the rhizo-
sphere was established for the similar form of cop-
per.  

Research on the concentration of the exchange-
able form of metals revealed the following limits of 
variation (mg/kg): Cu, 2.6-7.7 (average 5.4) in soil 
from the root surface, 1.8-7.4 (5.1) in rhizosphere, 
and 1.6-7.0 (5,1) in the total mass of the soil; Zn, 35-
667 (244.8) in soil from the root surface, 34-667 
(244.2) in the rhizosphere, and 23.3-659 (233) in the 
total mass of soil (Table 3).  

The ratio of the exchangeable form of HM to 
the total content in the rhizosphere and in the total 
mass of the soil was (%) 0.6-2.7 for copper, and 4.8-
20 for zinc. The variation coefficient of the ex-
changeable form in the investigated soil fractions 
varied within the following limits (%): 1.5-16 for 
copper, and 4.7-15 for zinc. The maximum content 
of the exchange form of heavy metals in the rhizo-
sphere of absinthium and in the total mass of the soil 
was noted close to Ulba Metallurgical Plant and the 
Lead-Zinc Plant, and the minimum was in the area 
of the Titanium-Magnesium Plant and Ablaketka. 
Comparison of the concentrations of the exchangea-
ble form of metals in the rhizosphere and in the total 
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mass of soil with MAC revealed an excess, by 1.8-
2.3 times for copper, except for the area of the Tita-
nium-Magnesium Plant and Ablaketka; and by 1.5-
29 times for zinc in all areas of the research. 

According to our research, only the content of 
the exchangeable form of zinc in the rhizosphere of 
absinthium was significantly increased by 1-1.5 
times (Р0.1) compared to the total mass of the soil. 
The concentration of the soluble form of the metals, 
according to the data obtained, constituted (mg/kg) 
for copper, 3.5-4.4 (average 4.0) in soil from the sur-
face of the root, 3.5-4.2 (3,8) in the rhizosphere, and 
3.4-4.0 (3.7) in the total mass of the soil; for zinc, 
9.8-12.7 (10.5) in the soil from the surface of the root 
9.5-11.8 (10.2) in the rhizosphere, and 8.6-12.9 (9.7) 
in the total soil mass (Table 4). 

The proportion of water-soluble compounds in 
the total amount varied within the following limits 
(%): 1.3-2.2 for copper, and 0.3-4.7 for zinc. The 
range of variation of coefficients of the water-solu-
ble forms of HM (%) was 7.8-16 for copper, and 6.4-
17 for zinc. Analysis of the study results did not re-
veal a statistically significant accumulation of water-
soluble metal compounds in the rhizosphere of ab-
sinthium ( ) relative to the total weight 
of the soil on the territory of all the studied areas. 

There was no statistically significant difference 
in the results of the studies between the areas of the 

rhizosphere in the total content and concentration of 
mobile forms of metals, or between the total content 
of heavy metals in the rhizosphere and in the total 
mass of the soil. The levels of bioavailability factor 
of HM in the rhizosphere were 1-1.5 times higher 
than in the total mass of the soil, or were equal. The 
exchangeable form of zinc was characterized by 
maximum availability in the rhizosphere and in soil 
total mass; the exchangeable form of copper was 
characterized by minimum availability in the rhizo-
sphere and in the total soil. The levels of bioavaila-
bility factor of the exchangeable form of HM in the 
rhizosphere and in the total mass of the soil in the 
areas of maximum technogenic contamination were 
higher than with a water soluble form: for copper by 
1.5-1.8 times and for zinc by 3.5-50 times. The soils 
of the study area are exposed to powerful anthropo-
genic pollution (especially HM), so that the plants 
are experiencing strong chemical stress. In times of 
chemical stress, as is known, the barrier functions of 
the root system are broken, and there is an active ab-
sorption of pollutants, including mobile compounds 
of HM. Increasing the concentration of mobile forms 
of zinc in the rhizosphere can be explained in this 
situation by the plants being able to eject an excess 
of zinc from their organism through the roots [25, 
26].  

 
 

Exploration area TMS RS RSS 
Copper 

Titanium-Magnesium Plant 3.4±0.06(1.3) 
10.2 

3.5±0.05(1.3) 
10.2 

3.5±0.05(1.3) 
10.2 

Cement Plant 3.5±0.05(0.8) 
11.1 

3.7±0.04(0.8) 
12.7 

3.9±0.04(0.9) 
14.2 

Ulba Metallurgical Plant 3.9±0.06(0.8) 
10.5 

4.2±0.04(0.9) 
10.5 

4.4±0.05(0.9) 
11.2 

Lead-Zinc Plant 3.7±0.05(1.0) 
12.7 

4.1±0.07(1.1) 
15.7 

4.4±0.06(1.2) 
16.4 

Irtysh Polymetallic Plant 4.0±0.04(1.0) 
7.8 

3.7±0.06(1.0) 
8.1 

4.0±0.04(1.0) 
9.1 

Ablaketka 3.6±0.03(2.0) 
10.2 

4.0±0.03(2.2) 
12.6 

4.2±0.05(2.2) 
14.2 

Processing Plant 3.7±0.05(1.3) 
8.6 

3.8±0.04(1.3) 
9.1 

4.0±0.05(1.3) 
8.7 

Zinc 

Titanium-Magnesium Plant 8.6±0.04(1.8) 
11.2 

9.8±0.03(2.0) 
15.7 

10.0±0.03(2.0) 
14.6 

Cement Plant 9.5±0.05(0.4) 
8.4 

10.0±0.04(0.4) 
6.4 

10.4±0.07(0.4) 
7.2 

Ulba Metallurgical Plant 12.9±0.05(0.4) 
10.2 

11.8±0.06(0.4) 
8.6 

12.7±0.07(0.7) 
7.1 

Lead-Zinc Plant 9.4±0.04(0.2) 
14.4 

10.1±0.06(0.3) 
17.5 

10.5±0.04(0.3) 
16.7 

Irtysh Polymetallic Plant 9.7±0.08(0.5) 
11.2 

10.1±0.07(0.5) 
14.4 

10.1±0.05(0.5) 
15.7 

Ablaketka 9.2±0.04(2.2) 
7.2 

9.8±0.06(2.3) 
9.7 

10.0±0.06(2.3) 
10.2 

Processing Plant 8.9±0.04(4.4) 
10.7 

9.5±0.04(4.7) 
11.2 

9.8±0.05(4.7) 
12.7 
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Study area TMS RS RSS 
Titanium-Magnesium Plant 7.86±0.07(1.2) 7.75±0.04(2.2) 7.72±0.06(1.3) 
Cement Plant 7.70±0.07(0.9) 7.60±0.05(1.0) 7.60±0.07(0.9) 
Ulba Metallurgical Plant 7.90±0.04(1.4) 7.70±0.06(1.7) 7.68±0.05(1.2) 
Lead-Zinc Plant 7.80±0.05(2.0) 7.65±0.05(1.3) 7.60±0.06(1.7) 
Irtysh Polymetallic Plant 7.71±0.07(1.3) 7.60±0.05(1.2) 7.61±0.07(1.5) 
Ablaketka 7.70±0.04(1.1) 7.60±0.07(1.4) 7.60±0.05(1.7) 
Processing Plant 7.84±0.06(2.1) 7.74±0.07(2.1) 7.73±0.06(1.9) 

Note: The arithmetic mean and its error, with the coefficient of variation in brackets. 
 

Study area Leaves Stems Roots 
Titanium-Magnesium Plant 14 6.1 12 
Cement Plant 35.5 7.4 22 
Ulba Metallurgical Plant 72 13 58 
Lead-Zinc Plant 51 19 43.5 
Irtysh Polymetallic Plant 52 15 48 
Ablaketka 11 5.3 14 
Processing Plant 55 20 48 
MAC – 1517  

Study area Leaves Stems Roots 
Titanium-Magnesium Plant 79 36 36 
Cement Plant 418 71 194 
Ulba Metallurgical Plant 1326 291 663 
Lead-Zinc Plant 434 112 214 
Irtysh Polymetallic Plant 260 87 239 
Ablaketka 30 18 35 
Ore Mining and Processing Mill 2454.5 80 227 
MAC – 5017 

 
 

The results indicate that the rhizosphere soil 
does not have a constant behavior [27]. In addition, 
the mobilization of heavy metals in the rhizosphere 
involved microflora metabolites, but such a high 
level of soil contamination by HM leads to a drastic 
reduction in the quantitative and qualitative compo-
sition of the rhizoidmicrobial community. The soil 
cover in the area of influence of the industrial com-
plex of Ust-Kamenogorsk city and the surrounding 
neighborhoods is characterized by a neutral or 
weakly alkaline reaction of the area of 7.7-7.9. The 
limits of fluctuations of pH in the rhizosphere of ab-
sinthium ( ) were 7.57-7.72 in the soil 
from the surface of the root, and 7.60-7.75 in the rhi-
zosphere itself (Table 5). 

As can be seen from Table 5, pH decreased in 
the zones of the rhizosphere of absinthium (

), i.e. the solution acidified, compared to the 
total mass of the soil. Thus, the pH value in the rhi-
zosphere of absinthium ( ) in the neigh-
borhood of the Titanium-Magnesium Plant was 
1.8% lower than in the total mass of the soil; in the 

territory of the Cement Plant it was 1.3% lower; near 
the Ulba Metallurgical Plant it was 2.3% lower; near 
the Lead-Zinc Plant it was 2.6% lower; near the Ir-
tysh Polymetallic Plant it was 1.3% lower; near 
Ablaketka it was 1.3% lower, and near the Ore Min-
ing and Processing Mill it was 1.4% lower. Thus, the 
maximum reduction of pH was found in the rhizo-
sphere of absinthium ( ) in the area of 
the Lead-Zinc Plant and Ulba Metallurgical Plant. 

There was no significant correlated dependence 
of the concentration of mobile forms of metals and 
pH in the soil fractions studied. The content of heavy 
metals in the biomass of absinthium, according to the 
data obtained, is characterized by wide fluctuations 
in range. Thus, the concentration of copper in the or-
gans of absinthium was (mg/kg dry basis): 11-72 
(average 41.5) in the leaves, 5.3-19 (12.3) in the 
stems, and 12-58 (35.1) in the roots (Table 6). 

Table 6 shows that the maximum content of 
copper in plants was observed in the area of the Ulba 
Metallurgical Plant, the Lead-Zinc Plant and the Ir-
tysh Polymetallic Plant, and that the minimum was 
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in the area of the Titanium-Magnesium Plant and 
Ablaketka. The distribution of copper in absinthium 
bodies in all areas of study except Ablaketka has the 
following form: leaves > roots > stems. From the 
ecological point, copper content exceeded MAC by 
3-5 times in the leaves of absinthium and by 1.5-3 
times in the roots in the area of the Cement Plant and 
Ulba Metallurgical Plant, the Lead-Zinc Plant and Ir-
tysh Polymetallic Plant, as well as near the Ore Min-
ing and Processing Mill. The zinc concentration in 
the absinthium organs was (mg/kg dry basis): 30-
1326 (714.5) in the leaves, 18-291 (99.3) in the 
stems, and 35-663 (229.7) in the roots (Table 7). 

The maximum zinc content in the bodies of ab-
sinthium was noted near the Ulba Metallurgical 
Plant, and the minimum in the area of Ablaketka. 
The distribution of zinc in absinthium organs was 
similar to that of copper, and had basically the fol-
lowing form: leaves > roots > stems. Comparing the 
zinc content in the bodies of the test plants with the 
MAC, it was established to be in excess by 1.6-26.5 
times in the leaves and by 3.9-13.3 times in the roots 
in all areas except Ablaketka. Differences between 
the contents of the elements analyzed in the ab-
sinthium body were smaller in the leaves and roots 
than in the stems. The maximum values of the metals 
analyzed were higher for leaves and roots in almost 
all areas with the exception of Albaketka than for 
stems.  

Quantitative assessment of HM transition from 
soil to plants using the accumulation factor (AF) re-
vealed the following. The maxima of the accumula-
tion factors of copper and zinc were by leaves, and 
the minima by stems. Revealed regularity, as well as 
the basipetal nature of the distribution of the metals, 
was apparently caused by significant environmental 
contamination of the plants [28, 29]. 

Regarding the mobile form of HM compounds, 
the accumulation factors were of the following de-
creasing series: AF accumulation factor (water solu-
ble form) > AF accumulation factor (exchange form) 
> AF accumulation factor (water soluble form). In 
most cases, the accumulation factors calculated with 
respect to the rhizosphere and the total mass of soil 
were virtually identical. Correlations were estab-
lished between the content of heavy metals in ab-
sinthium organs and the concentration of mobile 
forms of heavy metals in the rhizosphere. 

The content of HM in the leaves of absinthium 
is closely correlated with the concentration of acid-
soluble and exchangeable forms of metals in the rhi-
zosphere, and there was a very strong positive corre-
lation in the total mass of the soil (r = 0.7-0.99). 
There was a very close correlation between the con-
centrations of copper and zinc in the leaves of ab-
sinthium and the concentrations of water-soluble 
compounds in the rhizosphere and in the total mass 
of the soil (r = 0.57-0.97). The correlation between 
the content of copper in the roots and the concentra-
tion of the acid form in the rhizosphere was very 

close (r = 0.8), but in the total mass of the soil it was 
practically absent (r = 0.1). The correlation between 
the copper content in the roots and the concentration 
of its exchangeable form in all soil fractions had an 
average strength (r = 0.5). Cu and Zn content in the 
roots of absinthium was closely correlated with the 
concentration of the water-soluble compounds of 
these metals in the rhizosphere and in the total mass 
of the soil (r = 0.82-0.94). 

 
On the territory of Ust-Kamenogorsk city, the 

maximum of total content and concentrations of mo-
bile forms of HM in the rhizosphere of absinthium 
were found in the area of the Ulba Metallurgical 
Plant and the Lead-Zinc Plant. The total content of 
copper and zinc was nearly identical in areas in the 
rhizosphere and in the total mass of the soil. It was 
found that the accumulation of exchange and acid-
soluble forms of zinc and the accumulation of simi-
lar copper forms in the rhizosphere of absinthium 
were not statistically significant. The increase in the 
concentration of mobile zinc in the rhizosphere can 
be explained in this situation by the fact that plants 
are able to remove the excess of zinc from the body 
through the roots. On the territory of all the areas 
studied, no statistically significant accumulation of 
soluble metal compounds was established in the rhi-
zosphere of absinthium relative to the total mass of 
the soil. A drop in pH was observed in the rhizo-
sphere of absinthium compared to the total mass of 
the soil in the study area in a range of 1.3-2.6%. In 
most cases, the accumulation coefficients calculated 
with respect to the rhizosphere and total soil were 
virtually identical. The bioavailability factor of 
heavy metals in the rhizosphere of the studied plant 
varied depending on the nature and form of HM oc-
currence and the level and nature of soil contamina-
tion. There were positive correlations between the 
concentration of heavy metals in absinthium organs 
and the content of mobile forms of these metals in 
the rhizosphere and in the total mass of the soil. The 
strength of the correlations between the content of 
heavy metals in the plant biomass and the concentra-
tion of mobile connections depended on the nature 
and mode of occurrence of HM, and the nature and 
extent of soil contamination. 
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GST is the most important detoxifying enzyme 

of environmental pollutants, such as carcinogenic 
matters, heavy metals, some of drugs and pesti-
cides. In this study, hydrophobic gel having a chem-
ical structure of Sepharose 4B-L-tyrosine naphthyl-
amine (STN), for the first time, was used for the 
purification of Broiler chicken glutathione S-
transferase (bcGST). The effects of pesticides 
namely, Delmetrin®, Mamba Turbo®, Alpgor® and 
Petra® on purified bcGST activity were determined. 
Among the pesticides tested, Delmetrin® and Pet-
ra® had very strong inhibitory effects on bcGST 
with  values of 28 μM, 45 μM, respectively, but 
the activity of enzyme was poorly inhibited by 
Mamba Turbo®. On other hand, Alpgor® with dime-
thoate had no inhibitory effect on bcGST at the 
working concentration (20-60 µM). 

Glutathione S-transferase, Pesticides, Hydrophobic Inter-
action, Broilers. 

 

 
Living organisms are continuously exposed to 

foreign chemicals compounds in the environment 
[1]. These chemicals, also known as xenobiotics, 
can interact with biomolecules, causing serious 
damage. Concerns about the ecological effects of 
pesticides which are the most important xenobiotics 
are increasing almost everywhere in the world. 
Among many purposes, pesticides are especially 
used to increase crop yield in agriculture industry 
[2-4]. Many of the pesticides have very stable 
chemical structures. For this reason, they have a 
potential for bioaccumulation with long half-lives in 
the environment. It has been noted that the bioac-
cumulation of pesticides in the food chain can lead 
to significant side effects in all non-target organ-
isms, including the human [5]. It is well known that 
pesticides and other pollutants induce the intracellu-
lar production of ROS as well as altering the activi-
ty of many enzymes [6-8].  

Almost all living organisms have highly so-
phisticated detoxification systems against toxic 

xenobiotics [9, 10]. Detoxification of xenobiotics 
occurs in two phases, phase I and phase II. There 
are two different enzyme systems for detoxification 
of xenobiotics. With these systems, toxic chemicals 
are transformed into more hydrophilic and more 
easily excreted compounds. Glutathione S-
transferase (GST) is a phase II enzyme that plays 
critical role in the metabolism of xenobiotics [11-
14]. GST catalyzes the conjugation reaction of 
electrophilic xenobiotics with reduced glutathione. 
Conjugated compounds are more soluble forms that 
are easily excreted in the urine. It is estimated that 
GST is found in almost all living organisms. Nu-
merous GST isoenzymes have been determined in 
animal tissues, including chicken liver [15-20].  

There has been a serious concern for years 
about bioaccumulation of pesticides in the feed of 
animals that are the main protein source of humans. 
It is known that animal feeds consisting of numer-
ous additives contain pesticide residues [21]. 
Chickens, also known as broilers, are raised for 
meat in large quantities throughout the world. 
Broiler chicken is most preferred as a protein source 
with more protein and less fat [22]. The chicken 
proteins are of high quality because they contain 
high levels of essential amino acids. In addition, fat 
in chickens has a high degree of unsaturated fatty 
acid residues, which protects against diseases. 
Chicken meat is relatively low in cost compared to 
other meats. For these reasons, chicken meat is 
coming more popular in order to provide the protein 
needs of the growing world population [23]. 

Reduced activity of the GST enzyme in chick-
en liver is an important risk for its xenobiotic me-
tabolism. As a consequence, chicken can accumu-
late xenobiotics in various tissues and constitutes a 
major danger for human health. Numerous chemi-
cals have been reported in the literature as GST 
inhibitors. Some of these compounds are glutathi-
one analogues, phenolic, α-chloroacetamide deriva-
tives, cibacron blue, bromosulfophthalein, com-
pounds containing benzothiazole groups, flavo-
noids, chloroacetamide derivatives, ethacrynic acid 
and pesticides [24-29]. Commercial formulations 
with lambda cyhalothrin, glyphosate dimethylamine 
salt, dimethoate and deltamethrin are among the 
most commonly used pesticides worldwide and 
pose an important danger to non-target organisms. 
Effects of these compounds have been studied on 
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GSTs from different sources such as carp (
L.) [30], fungus [31], 

mice [32], earthworm  [33], midge 
 [34], [35],

different earthworm species [36].  
However, no information has been found in 

literature about the effects of these pesticides on 
chicken liver glutathione S-transferase which is an 
important enzymatic detoxification. It is clear that 
the determination of the effects of these compounds 
on bcGST is important, as can be understood from 
the statements discussed above. In this study, the 
bcGST enzyme was purified from the chicken liver 
by hydrophobic interaction chromatography meth-
od. The main purpose of the study is to determine 
the effect of several pesticides on purified bcGST 
enzyme activity. 

 

 
Commercial preparations of the 

pesticides used in our research were obtained from 
the market. These preparations were Delmetrin 25 
EC® (25 g Deltamethrin /L), Mamba Turbo® (608 
g Glyphosate dimethylamine salt /L), Alpgor 40 
EC® (400 g Dimethoate /L) and Petra 5 EC® (50 g 
Lambda- cyhalothrin /L). All other reagents used in 
the study were purchased from Sigma-Aldrich. 

Protein quantities 
were achieved spectrophotometrically at 595 nm 
according to Bradford’s method. In this procedure 
serum albumin was used as standard [37]. 

bcGST activity was assayed 
spectrophotometrically at 340 nm by the procedure 
of Habig and Jakoby. For this purpose, the reaction 
medium contained 100 mM phosphate buffer (pH 
6.5), 20 mM GSH and 25 mM 1-Chloro-2,4-
dinitrobenzene (CDNB), ethanol (final concentra-
tion %3) and enzyme solution. Under assay condi-
tions, activity measurements without enzyme were 
used as controls. All measurements were repeated at 
least three times [38].  

 
The hydro-

phobic gel used for bcGST purification was synthe-
sized in three steps. First, the hydroxyl groups on 
Sepharose 4B are activated by cyanogen bromide. 
In the next step, Sepharose-4B-L-tyrosine gel was 
obtained by the reaction of L-tyrosine with the 
CNBr activated Sepharose 4B. Finally, the hydro-
phobic matrix was synthesized by coupling of dia-
zotized 1-naphthylamine to the Sepharose 4B-L-
tyrosine [39]. 

 
Chicken livers were 

immersed in liquid nitrogen and powdered with a 
blender. The powdered sample was suspended in 50 

mM Tris buffer (pH 7.5) containing 1 mM EDTA 
and than centrifuged for 15 min (13,000× ). The 
hydrophobic column, namely Sepharose 4B-
Ltyrosine-1-naphthylamine, was equilibrated with 
the solution 25 mM Tris/HCl (pH 8.0)/10 mM 
CaCl2/3 M NaCl and than, the sample containing 
the bcGST enzyme was applied to this hydrophobic 
column. bcGST enzyme was eluted with the solu-
tion of 25 mM Tris/HCl (pH 8.0). 1.5 mL fractions 
were collected. 

 
The inhibitory 

effects of pesticides on bcGST enzyme activity 
were determined at five different concentrations of 
these pesticides by using GST and CDNB as sub-
strates. IC50 values (the inhibitor concentration, 
which reduces enzyme activity by 50%) for this 
pesticide compounds were calculated from percent 
activity versus pesticide concentration graphs. In 
the absence of pesticide percent activity was ac-
cepted as 100. 

 
GSTs were purified from many different 

sources by affinity chromatography having a chem-
ical structural of GS-Sepharose. Some of these 
sources are turkey [15], cattle [17], human [18], 
mouse [19], rat [20], chicken [29], midge [34], 
rabbit [40] and fish [41].  

In this study, hydrophobic gel having a chemi-
cal structure of Sepharose 4B-L-tyrosine-
naphthylamine (STN), for the first time, was used 
for the purification of bcGST. According to struc-
tural analyzes on GSTs, they have two different 
domain. Domain I, designated GSH binding site, is 
located in the N-terminal region of the enzyme. 
Domain II is composed of a helix structure and 
nonspecifically interacts with hydrophobic xenobi-
otics. This region is also called H-region [42]. Con-
sidering the H-region of GST, we preferred the 
hydrophobic interaction chromatography technique 
for the purification of this enzyme. Purification of 
bcGST was accomplished by liver homogenate 7 
fold and a recovery of about 7.2%. In previous 
studies, the purchased GS-Sepharose affinity col-
umn was used for GST purification from different 
sources [15, 17, 18 and 19]. The STN gel used in 
this study was previously synthesized in our labora-
tory for the purification of PON enzyme [37]. We 
have considered as an advantage of using the same 
gel mentioned above to purify the bcGST enzyme 
without buying another new gel. 

This research was carried out to determine the 
effect of pesticides namely, Delmetrin ®, Mamba 
Turbo®, Alpgor® and Petra® on bcGST activity 
which is one of the detoxification enzymes. Pesti-
cides with Deltamethrin, Dimethoate and Lambda-
cyhalothrin are widely used in agriculture because 
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of efficiency against a wide spectrum of insect pests 
[31, 33, 34, 43 and 44]. They were previously 
thought to be less toxic to non-targets. However, 
there are many studies showing that it is extremely 
toxic to many mammals, including human [30].  

As shown in Figure 1, Alpgor® with dimetho-
ate had no inhibitory effect on bcGST at the work-
ing concentration (20-60 µM). Van Preat et al. 
studied the effect of dimethoate on midge 

 GST enzyme [34]. They reported 
that pesticide did show inhibition effect on enzyme 
activity. On the other hand, it was found that pesti-
cide with same compound activated the 

 GST [36]. It was determined that purified 
cGST was inhibited by Delmetrin® and Petra® at 
different levels (Figure 1). We found the IC50 val-
ues for Delmetrin® and Petra® as 28 μM, 45 μM, 
respectively. According to results, Delmetrin® was 
the most potent inhibitor of the tested compounds. 
This pesticide with Deltamethrin is a widely used 
compound because it has broad spectrum and is 
very effective against insects. Several pesticides 
containing deltamethrin have been studied for their 
effects on the GST enzymes [30]. Our result was 
similar to that reported by Rehman et al. [32] who 
found a significant decrease in the activity GST in 
the liver of deltamethrin-treated mice. In addition, 
Yamamoto et al. noted that GSTs from different 
sources was inhibited by fenitrothion, permethrin, 
and deltamethrin [45]. But in another study it was 
found that liver GST activity was increased in fish 
exposed to high pesticide concentration [30]. On the 

other hand, Itabajara et al. reported the inhibition 
effects of some pesticides including deltamethrin on 
the  GST [45]. In addition, it 
was found that fenitrothion and lambda-cyhalothrin 
mixture inhibited rat kidney GST [44].  
 
 

 
bcGST is a multifunctional enzyme with an 

important role in xenobiotic metabolism, as de-
scribed in the introduction section. It is known that 
GST is the most important detoxifying enzyme of 
environmental pollutants, such as carcinogenic 
matters, heavy metals, some of drugs and pesticides 
[25-28]. It is evident that the reduction of liver GST 
activity will result in the accumulation of these 
compounds in living organism. This may be not 
very important for the health of the broilers because 
their lives are only a few weeks. However, chicken 
meat with xenobiotic remnants is an important 
threat to human health [23]. It was reported that 
methyl parathion and copper oxychloride lead to 
some toxic effects on the GST enzyme activity. It 
was significantly affected by these pesticide appli-
cations on earthworms [47]. Benradia et al. [48] 
reported that the activity of GST was measured in 
Palaemon adspersus. The activity of the biomarkers 
was determined during the summer and autumn 
seasons during two consecutive years 2013 and 
2014. 
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Chicken meat is one of the most popular and 
most common protein sources in the world because 
of the taste, price, and easy to cook. Consumption 
of chicken meat has been increased dramatically in 
recent years in Turkey. Concerns about the potential 
that exists in adulterating poultry products with 
pesticide residues have been increase in recent 
years. This problem has international implications 
because chicken feeds and chicken products are 
among the most important sectors that are traded 
between different countries in the world [22]. 

Unlike other pesticides used in our research, 
the glyphosate dimethylamine is a glyphosate-based 
herbicide that is used intensively in agriculture 
struggle [49]. We found the glyphosate dimethyla-
mine at the concentration of 50 µM showed approx-
imately an inhibition effect of 20% on GST activi-
ties. Glyphosate dimethylamine is one of the most 
popular compounds among these herbicides as an 
active ingredient. This compound acts specifically 
in plants by inhibiting the enzyme, which plays an 
important role in the synthesis of aromatic amino 
acids in plants [50]. Many pesticides, at relatively 
low dosages affect the metabolism of biota by alter-
ing normal enzyme activity. For instance, we previ-
ously reported the inhibitory effects of some pesti-
cides incorporating lead on the activity of 
paraoxonase [51] and carbonic anhydrase [52]. 
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A complex research of coastal karst basin wa-
ters is the topic of this research. The aim of the 
research is to develop a model for the wastewaters 
management of the basin’s area in order to protect 
waters in the karst underground.  

As the research spot a particular karst basin is 
chosen. Municipial wastewaters are discharged into 
the basin without any purification and, after holding 
up in the underground, they appear at the spring of 
the river which supplies water of the biggest lake on 
the Balkans. 

Results determined by the simulation of neural 
network by inserting qualitative indexes of 
wastewaters and spring waters, indicate a satisfacto-
ry compatibility with measurements.  

Scientific importance of the shown research is 
a contribution to development of the karst waters 
usage and protection methods through an applica-
tion of the developed model. This model has been 
proven as a reliable control/management element in 
the process of defining and prompt implementation 
of the necessary protective measures, particularly in 
accidental water pollutions. 

  
Wastewaters, basin, coastal karst, neural network. 

 

 
Karst systems require specific investigation 

methods that capture their duality due to their par-
ticular dynamics, i.e., both slow/diffuse and 
fast/concentrated flow and storage dynamics [1].  

Knowledge of the behaviour of waters in karst 
areas, in both quantitative and qualitative terms, is 
one of the issues of great importance. This is due to 
their specific behaviour, as well as to the difficulty 
in making a sufficiently reliable and at the same 
time easy to use model of control of discharge of 
pollutants in karst terrains [2]. Hydrologic models 
require an adequate representation of karst specific 
processes, like the strong subsurface hydraulic 
heterogeneity of karstified rocks [3]. 

 

Contamination control of karst systems as nat-
ural phenomena becomes one of the most important 
aspects of water wealth protection, because it can 
be easily contaminated but hardly “cleaned” in a 
relatively short period of time. The quality of karst 
water has important differences compared to the 
water quality from other hydrogeological environ-
ments, not only because of its natural state, but also 
because of the contamination [4, 5]. 

The protection from the sources of contamina-
tion, especially from industrial and communal 
wastewaters from settlements in karst terrains, is a 
very complex approach to problem solving. In this 
regard, water management at the basin level using 
information technology is a challenge, especially 
regarding karst hydrological systems [6]. 

The objective of the Water Framework Di-
rective is to remedy the damage done so far and to 
achieve good chemical and ecological status of 
waters [7]. This is difficult to achieve without the 
complex monitoring of the quality of all water body 
types in the basin, within the existing technological 
and socio-economic development. In addition, the 
application of artificial intelligence, such as models 
and expert systems, also has a great role and im-
portance when it is based on a reliable database, 
such as data on the processes in the area of the 
affected basin, the boundary flow rate of inlet 
wastewater load, its effect on quality of the recipi-
ent and others. 

The subject of this paper is the testing of the 
waters of the Crnojevica River Basin, oriented 
towards the development of a model of wastewaters 
management in a coastal karst area. Given the spec-
ificity of the coastal karst, where the quantity of 
inlet and outlet water is not completely known, 
which is the case with the selected basin, a better 
knowledge of the reactions of the basin in question 
from the aspect of contamination will be obtained 
by properly combining the data on the variable 
water quality and quantity at the inlet and outlet 
using neural networks for identification. The results 
of the research will enable the proposal of appropri-
ate measures for the protection of the waters of the 
karst system, an invaluable water wealth, which is 
also of practical importance for the already estab-
lished strategy of sustainable development of Mon-
tenegro. 
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The basin of the Crnojevica River taken as an 

example of coastal karst, belongs to a highly holo-
karstic area with typical surface and underground 
karstic forms. These terrains have high differences 
in height and the cotes range from 1600 to 20 m 
a.s.l. The geological material of the basin is domi-
nated by limestone, dolomit limestones and dolo-
mites form from the upper trias and lower Jurassic 
ages. Intense karstification has destroyed the sur-
face river net and moved it underground [8]. 

In the identification of karst systems and esti-
mation of parameters, the mathematical - statistical 
approach input – response – output is of particular 
importance. This implies the determination of the 
character of the system’s response, using the calcu-
lated data on variables at the inlet and outlet of karst 
formations (channel system, aquifer, complex ba-
sins, etc.). However, due to the insurmountable 
difficulties in understanding and describing the 
karst aquifers and the underground channel systems 
as a whole, especially due to the inaccessibility of 
these regions, the modeling of karst systems has 
shown relatively modest results. This is because the 
inlet is insufficiently defined, in contrast to the 
outlet, since it is mainly focused on concentrated 
outflows that are easily accessible for measurement 
and observation. 

 

 
First, the sources of contamination were iden-

tified and through the series of measurements the 
quantitative and qualitative characteristics of 
wastewater were determined. The wastewaters from 
settlement Cetinje mostly flow into the karst swallet 
- the inlet (measuring point – P0), and after a rela-
tively short holding up time of 55-78 hours spent in 
the karst underground [8], depending on the hydro-
logical conditions, they reach the spring of the wa-

tercourse - the outlet (measuring point – V0), whose 
recipient is Shkodra Lake (Fig.1) [9]. 

The dynamics and range of the investigation 
were appropriate for the investigation of karst hy-
drological systems [10], while physical, chemical 
and bacterial examinations were performed using 
standard methods [11].  

The instantaneous samples were taken at 
measuring points P0 and V0 in five series. The series 
of investigations at these points have been per-
formed every two hours in 7 days time. Sampling at 
point V0 was in each series moved in time for the 
predicted period of retention time of wastewaters in 
karst underground [8]. 

The terrain measurements include water flow 
(Q), temperature (t), electrolytic conductivity (EC) 
and dissolved oxygen (DO), while other parame-
ters: pH, BOD5, Na+, K+, Ca2+, NH3, NO3-, NO2-, Cl-

, SO42-, PO43-, total coliform bacteria and fecal coli-
form bacteria were determined in laboratory. 

Neural Network Toolboxes module, an inte-
gral part of the MATLAB software package, was 
used to design and simulate neural networks. Im-
mediately prior to importing data into the Grafical 
User Interface (GUI), intended for work with neural 
networks, the data must be normalized with no 
boundaries for the inlet values, while the outlet 
values must be in the range of -1 and 1. 

Neural networks are trained with the results 
obtained for the following parameters: temperature, 
electrolytic conductivity, pH, BOD5, total N (TN) 
and total P (TP). As emphasized, there are no de-
fined boundaries for the inlet values, thus the ob-
tained numerical values were used for training and 
simulation of the network. In contrast, the outlet 
values are defined by a certain interval, so the val-
ues obtained by measurements at the spring i.e. 
outlet for the corresponding parameter, were adjust-
ed to the required interval. Namely, the obtained 
outlet values for the selected parameters, used for 
training of the neural networks, are divided with the 
maximum measured value for the given parameter 
and thus the outlet data were obtained in the inter-
val from 0 to 1, which is in accordance with the 
requested interval. 

After the data normalization was completed, 
the training of the neural network was initiated 
individually for each parameter obtained during 
four series and the results were verified on the basis 
of data obtained from the fifth series of testing. 

Based on the analysis of types of neural net-
works, the choice was reduced to the Feed-forward 
Backpropagation Neural Network, which will be 
specially trained, with different performances, on 
data for the specified parameters. 

The results are shown in Tables 1 and 2 and in 
Fig. 2-8. 
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The data obtained by field and laboratory test-

ing of wastewater at the measuring point P0 and 
waters at the spring of the Crnojevica River water-
course - exit V0 are presented in Table 1, 2. Due to 
their high amount, only the ranges of the obtained 
data are presented. 

Measuring the flow and sampling every two 
hours enables very good monitoring of the changes 
in the wastewater flow and the concentration of 
foreign components contained therein. The data 
obtained by this method basically include all oscil-
lations in the contamination load so that their sum-
ming up can provide a realistic data on the average 
amount of contamination during the day. 

 

l/s μS/cm mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l
min 5.5 9.3 6.46 130 10 0 3.70 1.7 6.60 5.2 4.3 2.8 0.5 
max 90 20 8.75 1110 350 8.9 194 38.9 40.40 499.4 680 442 14.3 
stdev 12.81 1.8 0.39 180.54 71.9 2.1 42.57 4.7 7.73 81.95 131.6 85.6 3.6 
medi-
an 23.80 17 7.54 438 65 4.8 29.80 7.1 22.35 38.1 23.9 15.6 1.3 

min 6.10 4 6.46 90 32.6 1 6 2 8.2 7.1 1 0.65 0.1 
max 177 13 8.26 540 317 9.8 123 8.4 110.2 133.1 1753 1139.4 1.4 
stdev 33.66 1.9 0.40 82.10 50.4 2.5 15.78 1.4 16.46 19.31 252.6 85.6 0.2 
medi-
an 26 8 7.43 310 90.1 6.2 20 5.3 24.85 25.3 7.6 15.6 0.15 

min 3 9 6.92 160 26 0 6.2 1.2 2 13 1.1 0.7 0.8 
max 220 15 7.90 430 210 9.5 48 55.6 54.6 73.6 31.8 20.7 18.1 
stdev 36.89 1.7 0.21 62.56 37.6 1.9 9.04 5.8 7.94 11.47 4.3 2.8 4.8 
medi-
an 43 11 7.37 347.5 103.5 6.2 24.5 4.6 19 26.95 4.7 3.1 5.4 

min 3 10 6.95 260 15 0.2 13.5 4.5 10 12.8 0.8 0.5 2.1 
max 63 20 8.85 840 315 7.9 310 15 95 75 51.8 33.6 30.3 
stdev 13.77 2.3 0.37 102.12 62.3 2.1 57.62 2.1 16.93 12.51 13.9 9.1 7.1 
medi-
an 30 14 7.35 466.50 112.5 4.1 42.5 9 25.25 33.3 6.4 4.2 12.1 

min 4 8 7 20 15 0 4.5 2.5 6 5.2 0.3 0.2 0 
max 170 15 8.40 1440 360 9.7 266 26 640 85.8 28.6 18.6 1.5 
stdev 39.68 1.9 0.27 228.98 66.5 3.1 39.02 5.2 76.21 17.09 5.7 3.7 0.3 
medi-
an 52 10 7.65 355 96 1.8 27 8 18.35 20.5 7.4 4.8 0.11 

 

l/s μS/cm mg/l mg/l mg/
l mg/l mol 

ratio mg/l mg/l mg/l mg/l mg/l

min 505 10 7.70 220 0 2.9 0.8 4 0.54 7.7 2.6 4.3 0.65 0.1 
max 505 17 8.53 285 8.1 6.2 1.7 12 14.28 65.3 14.4 680 13.8 0.7 

stdev 0 1.4 0.89 13.90 1.9 0.65 0.2 1.35 1.75 10.15 2 131.
6 2.1 0.2 

median 505 12 8.05 270 1.6 5.2 1.3 9.3 1.57 14.1 10.2 23.9 1.7 0.4 
min 4 680 10 7.25 120 0.3 2 0.2 3 0.47 3.9 7.2 1 0.03 0.05 
max 11·103 13 8.17 210 13.5 6.4 1.7 11 6.31 39.7 13.9 1753 1.3 0.4 

stdev 24·103 0.8 0.13 22.66 1.8 0.52 0.3 1.42 1.07 7.73 1.3 252.
6 0.2 0.1 

median 7 690 11 7.84 180 3.7 2.85 0.6 5.6 1.21 16 11.1 7.6 0.1 0.05 
min 1 200 11 7.45 200 0.8 1.7 0.8 4 0.54 5.1 7.5 1.1 0.03 0.05 

max 11·103 13.
4 8.3 260 6 6.2 4 8.9 27.89 46.7 14.1 31.8 5.2 0.3 

stdev 2 375.9 0.6 0.15 15.99 0.9 0.7 0.6 0.85 3.37 6.57 0.9 4.3 0.6 0.1 

median 2 570 11.
2 7.84 230 1.9 2.2 1 5.95 1.91 14.1 10.8 4.7 0.1 0.1 

min 460 10 7.8 245 0.6 2 1 7 1.47 8.98 3.1 0.8 0.05 0.02 
max 460 14 8.6 300 5.7 9.6 3.9 9.1 12.27 26.9 13.3 51.8 0.9 0.3 
stdev 0 0.8 0.18 14.43 1.1 1.49 0.4 0.53 1.70 4.79 1.9 13.9 0.2 0.05 
median 460 10 8.15 279 2.1 3.7 1.5 8 1.99 14.1 10.2 6.4 0.2 0.1 
min 0.32 10 7.8 140 1 3.5 0.3 5 1.11 4.5 8 0.3 0 0.02 
max 24.55 12 8.4 285 6 10.1 5.9 32 3.74 38.4 12.5 28.6 14.3 0.4 
stdev 5.51 0.6 0.14 30.52 1.1 1.43 1.1 6.01 0.62 4.62 0.9 5.7 1.6 0.1 
median 3.86 10 8.15 200 2.1 5.6 1.9 7.25 2.09 10.9 10.8 7.4 0.1 0.1 
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Regardless of the annual period and very poor 
system for drainage of municipal wastewaters and 
atmospheric precipitations into the swallet P0, the 
data obtained during the research period (Table 1) 
indicate relatively uniform quantities of water re-
leased into the swallet. High concentrations of con-
taminants are best reflected in the range of values of 
water temperature, pH, electrolytic conductivity, 
sodium, chloride, phosphate, etc. 

It can be noticed that the maximum values of 
most components, i.e. their contents are more evi-
dent during the morning working hours, while after 
midnight, when daily technical and technological 
processes are completed, significantly lower values 
of these components are recorded. 

As a consequence of different hydrological pe-
riods of the year, the flow of water at the outlet 
(Table 2) from the karst underground was in the 
range of 0.32 l/s to 109 m3/s. Variations in average 

values of temperature during the research period did 
not exceed 2°C, which is at the same time a charac-
teristic of strong and permanent karst springs [12]. 
Based on the range of values for total hardness, the 
waters of the Crnojevica River spring are classified 
into soft to moderate hard waters. 

The increased content of nitrogen compounds 
and organic matter in the period of high waters is a 
characteristic of karst springs [13]. The situation is 
different at the Crnojevica River spring. The slight-
ly increased content of nitrogen compounds and 
organic matter was recorded in the period of low 
waters. Ammonia and nitrites - nitrogen assimila-
tors - are formed by degradation of nitrogenous 
organic substances using enzymes of ammonifica-
tion bacteria in certain ecological conditions [14]. 
The waters of this spring were constantly loaded 
with organic substances, as indicated by BOD5.  
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The microbiological investigations showed 
that the spring waters were loaded with bacteria 
(24000 bacteria in 100 ml of water). 

The data normalized according to the 
previously defined method were incorporated into 
the neural network and the network performance 
was selected to make the output results for the se-
lected parameters as close as possible to the actual 
ones. For each parameter a certain network perfor-
mance was obtained and afterwards the simulation 
of such trained network was performed on the fifth 
series of data.  

The Fig. 2 shows characteristics the of the 
network that has given the best results for tempera-
ture, for example. The selected neural network 
consists of three layers, of which the first one has 
13, the other 9, and the last output layer according 
to rule 1 is a neuron (Fig. 2a). Although the set 
number of epochs (iteration) for this network was 
100, it achieved this goal in 25 epochs with an ac-
curacy of 10-3 (Fig. 2b). 

A comparison of the results obtained by meas-
urements and neural network for the selected pa-
rameters is shown in the Figure 3-8. 

 

The results obtained by simula-
tion correspond with the results obtained by meas-
urements, as shown in Fig. 3. Since water tempera-
ture is a crucial factor affecting many natural pro-
cesses that occur in water, such trained neural net-
work that yields satisfactory results can indicate 
industrial emissions, cooling water intake or other 
inputs that are the result of accidents.

 
 By simulation of 

neural network the obtained results (Fig. 4) follow 
the dynamics of the change in electrolytic conduc-
tivity values obtained by measurements. Electrolyt-
ic conductivity is an important summary parameter 

for dissolved, dissociated substances and, therefore, 
it is suitable for tests that determine changes in ion 
concentrations over time, as indicated by the neural 
network trained in this manner. 

 

 
 The trained neural network gave satisfac-

tory output data for the pH value (Fig. 5). This 
gives us the possibility of timely action in case of 
accidents caused by the absorption of acid and 
alkaline wastewater, since the water is retained for a 
certain period of time in the karst underground. 
With an increase in the pH value, the NH4+/NH3 
balance is displaced in favour of ammonia. If the 
pH value exceeds 9, then ammonium ion (NH4+), 
which is almost non-toxic, is mostly converted into 
ammonia (NH3), a strong cell toxin. The pH value 
is influenced by numerous exogenous factors (e.g. 
alkaline solutions, limewater, washing) and endog-
enous factors derived from metabolic activity of 
plants (especially macrophytes and phytoplankton), 
and the buffer capacity of the water body is natural-
ly defined by the chemical activity of its basin. 

μ
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. The results in a certain degree deviate 
from the results obtained by measurements (Fig. 6). 
However, there is a relatively uniform trend in 
increase and decrease in the concentration of BOD5 
in both cases, which is somewhat satisfactory, since 
such trained neural network can indicate the influ-
ence of the contaminants at the inlet which influ-
ence the change of natural BOD5 value in the water 
of the Crnojevica River spring. Naturally, the ob-
tained results also point to the fact that the network 
cannot register the effects of some other contami-
nants that do not reach the major swallet, but are 
washed from the basin into the spring through 
groundwater. 

 

 
The results obtained by simulation of 

trained neural network in the case of total nitrogen 
show maximum compatibility with the measure-
ment results (Fig. 7) compared to other included 
indicators of the quality of wastewater and spring 
water. This is of great importance in case of acci-
dents, because we could take timely measures to 
protect the waters of the Crnojevica River spring, 
since water in the underground is retained for at 
least 55 hours. 

The simulation results for total P 
show deviations from the measurement results (Fig. 
8), indicating very complex processes of transfer-
ring phosphorus into karst underground waters, as 
opposed to other pollutants that are washed from 
the basin into the spring waters. However, the 
change trend of total P concentration obtained by 
simulation follows to a certain extent the values 
obtained by measurements, and such trained neural 
network will indicate the value expected at the 
outlet, on the basis of the inlet total P value in 
wastewater.  

In order for neural networks to achieve even 
better results for all included quality indicators of 
wastewater and spring water, it is necessary to in-
crease the number of training samples, i.e. much 

more training data are needed to make the output 
data as close as possible to the actual ones. 

The automatic measuring stations for continu-
ous measurement of water quantity and quality 
parameters can provide enough data to make the use 
of neural networks as efficient as possible. 

 

 
 

 
 

Waters, especially in the Mediterranean karst 
area, are usually the most important natural re-
source that influences economic and general devel-
opment of the area. The problems of using and 
protection of water resources are extremely im-
portant in these conditions. 

The method applied in this paper enabled a re-
alistic view of the relation between contaminants 
and recipient by studying the transfer of contami-
nants in karst underground waters, as a precondition 
of the created wastewater management model for 
settlements using neural networks.  
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The analysis of the obtained results at the 
swallet and spring and their statistical analysis ena-
bled the training of neural networks. The results 
obtained by simulation of neural networks, on the 
basis of the included indicators of wastewater and 
spring water quality, indicate maximum compatibil-
ity with the measurements results in the case of 
total nitrogen, while to a lesser extent in the case of 
all other tested indicators. 

The research presented in this paper is a con-
tribution to the development of methods for the use 
and protection of karst waters through the develop-
ment of the applied model. This model proved to be 
a reliable control element in defining and timely 
undertaking the necessary protection measures, 
especially in case of accidental contamination of the 
Mediterranean karst waters. 
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ABSTRACT 
 
Carob Moth [Apomyelois (=Ectomyelois) 

ceratoniae Zeller (Lepidoptera: Pyralidae)] is a key 
pest in pomegranate orchards, Punica granatum L. 
(Myrtales: Punicaceae) in the Southeastern of Tur-
key. The pest causes significant damage and reduc-
es marketability of fruits and is difficult to control 
using insecticides. The pest generally overwinters at 
different larval stages in infested pomegranate 
fruits. Therefore, infested fruits hanging on the trees 
or fallen on the ground are important for the Carob 
Moth's summer population in pomegranate or-
chards. This study was aimed to determine the in-
festation rate of A. ceratoniae and overwintering 
larvae population density of the pest on pomegran-
ate fruits remaining on or under the trees. This 
study was carried out in two pomegranate orchards 

2015-2016 and 2016-
2017 winter periods. In the study, 20 hanging fruits 
and 20 fallen fruits (200 fruits per orchard per year) 
were collected in each row. The infested and non-
infested fruits registered individually. The infested 
rate with Carob Moth was then calculated. Also, 
overwintering larvae numbers were determined 
from collected infested pomegranate fruits. As a 
result of the study, the maximum infestation rate of 
fallen fruits was determined as 52% while infested 
hanging fruits were determined as 25% in Central 
County in 2016-2017 winter. The minimum infesta-
tion rate of fallen and hanging fruits rate were de-
termined as 26% and 12% in Suruç County in 2015-
2016 and 2016-2017 winter seasons respectively. 
The maximum overwintering larvae density of the 
pest was determined from fallen fruits as 120 lar-
vae/100 infested fruits in Suruç in 2016-2017 win-
ter. Conversely, the minimum overwintering larvae 
density of the pest was determined from hanging 
fruits in Suruç pomegranate orchard in the first 
working year with 40 larvae/100 infested fruits. 
Removal of those infested pomegranate fruits from 
the orchards in terms of mechanical management of 
A. ceratoniae in winter is very important to reduce 

the population density of the pest in spring and 
summer period in pomegranate orchards. 
 
 
KEYWORDS:  
Ectomyelois ceratoniae, pomegranate, overwintering, 
population density, environmentally friendly pest man-
agement 
 
 
INTRODUCTION 

 
Turkey is one of the leading pomegranate 

growing countries. The crop popularity is growing 
and production areas have expanded in Turkey. 
Pomegranate is widely grown in Aegean, Mediter-
ranean and Southeast Anatolia regions of Turkey. 
Turkey owns 16.000.000 pomegranate trees and 
pomegranate production was 383.000 tons in 2013. 

and the annual pomegranate production was 6.400 
tons [1].  

There are many pests that impede pomegran-
ate production and reduce yield and quality. The 
Carob moth is one of the major pests that can cause 
significant damage on pomegranate fruits. Carob 
moth is a key pest in pomegranate orchards in 
Southeastern Anatolia Region of Turkey and this 
pest causes up to 80% of damage [2]. 

Carob Moth larvae first feed on petals and 
then bore into fruits. Larval feeding causes brown 
lesions on pomegranate fruit skin near petals. Ad-
vanced lesions cause hollow, cracked and rotten 
fruits that are not marketable. Inside heavily dam-
aged pomegranate fruits are black in color and can 
be completely covered in mold [3, 4, 5, 6].  

The pest causes significant damage and reduc-
es marketability of fruits, and is difficult to control 
using insecticides. Despite 4-5 conventional pesti-
cides available for application, the pest remains a 
significant problem in pomegranate production in 
Turkey. Therefore, the use of insecticides is not 
alone appropriate because the larvae are protected 
from insecticides inside the pomegranate fruit [7]. 
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TABLE 1 
Description of pomegranate orchards and their locations where included in the study 

District Orchard Location Coordinates Cultivar Tree age (Year) Area(m2) Altitude (m) 

-Central  
 
N37 10 26,00  
E39 02 07,50  

Local variety 50-60 20.000 482 

-Suruç Aligör 
N37 01 13,90  
E38 26 18,70  

Local variety 20-30 10.000 511 

 
The pest overwinters at different larval stages 

in infested pomegranate fruits. Therefore, infested 
fruits hanging on the trees or fallen on the ground 
are important for the Carob Moth's summer popula-
tion in pomegranate orchards. In addition, removing 
infested fruits from orchards through mechanical 
management is vital in order to control the pest. 
This study aimed to determine the infestation rate of 
A. ceratoniae and overwintering larvae population 
density of the pest on pomegranate fruits remaining 
on or under the trees in pomegranate orchards in 
Southeastern Anatolia. 

 
 

MATERIAL AND METHODS 
 
Material. The main analyzed material of the 

study was fallen and hanging pomegranate fruits in 
winter season. This study was carried out during 
2015-2016 and 2016-2017 winter periods in two 
pomegranate orchards established 5x5 m within and 
between rows with local cultivars and located in 

County. Description of 
the pomegranate orchards included the study are 
given in Table 1. Sampling and counting procedures 
were carried out in December and January of corre-
sponding years. 

Regional Directorate of Meteorology Station in 
order to compare both years  ecological conditions. 

 
Method. The trial was designed in a random-

ized complete block design with five replications. 
For this purpose, 20 hanging fruits on trees and 20 
fallen fruits on the ground were collected in each 
pomegranate row. Since some trees had no pome-
granate fruits, rows are accepted as replication 
instead of trees. In this way, 100 hanging and 100 
fallen pomegranate fruits were collected and con-
trolled in total per orchard and per year. 

Fruits were brought to the laboratory for eval-
uation of the percentage of the infested fruits and 
larvae numbers. The infested and non-infested fruits 
registered individually and the infested rate with 
Carob Moth is calculated for each orchard in terms 
of fallen and hanging fruits individually using the 
following equation:  

        Infested fruit number 
Infestation rate (%) =--------------------------x100 (1) 

 Examined total fruit number 

Also overwintering larvae numbers were de-
termined from collected infested pomegranate fruits 
in both locations and corresponding years. Calcula-
tion was done only in terms of infested fruits. 
Therefore, in order to objective comparison, it was 
converted to an average for 100 infested fruits 
(Equation 2). 

Total larva number 
Larva number =---------------------------------x100 (2) 

Total infested fruit number 
 
 
Statistical Analysis. Collected data of infesta-

tion rates and larva population density were tested 
in terms of normality and due to normality of data 
no transformation was needed. Infestation rates and 
overwintering larva population density of fruits 
fallen on the ground and hanging on the trees were 
tested by Independent T-Test in corresponding 
locations and years. Results are presented herein as 
means per treatment (SEM). All data were com-
pared by locations, years, criterion and methods 
using the statistical computer packet program JMP 
8 (SAS Institute Inc.). 

 
 

RESULTS AND DISCUSSION 
 
The mean infestation rate of fruits by A. cera-

toniae according to locations in 2015-2016 and 
2016-2017 winter seasons are shown in Fig. 1.  

As a result of the study, the wintertime infesta-
-Central County 

and Suruç County were determined as 50% and 
52% in 2015-2016 and 2016-2017 respectively 
while hanging fruits were found to be infested at a 
rate of 17% and 25% respectively. In the same way, 
infestatio -Suruç 
County were determined as 31% and 26% in 2015-
2016 and 2016-2017 wintertime while hanging 
fruits were 12% and 15% according to the corre-
sponding years (Fig. 1). It has been reported that 
this pest causes up to 80% of damage in pomegran-
ate orchards in the summer season [2]. Similarly, 
some researchers stated that Carob Moth damage 
rate can be even higher (between 20-80%) in un-
cared for pomegranate orchards [8]. 
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FIGURE 1 

The infestation rate of pomegranate fruits by Carob moth in 2015-2016 and 2016-2017 winter season in 
. 

 
TABLE 2 

Carob moth infestation rate of fallen and hanging fruits by years and locations according to  
Independent T-Test 

METHOD YEARS N  SD SEM df t p 

Infestation rate of 
Fallen Fruits 

2015-2016 10 40.50 15.3569 4.8563 
18 -0.21669 

0.8309 
 2016-2017 10 39.00 15.5991 4.9329 

LOCATIONS  
Central 10 51.00 11.2546 3.5590 

18 -5.4167 
0.0001 
(p 0.05) Suruç 10 28.50 8.5147 2.6926 

METHOD YEARS N  SD SEM df t p 

Infestation rate of 
Hanging Fruits 

2015-2016 10 14.50 4.97214 1.5723 
18 2.087939 

0.0525 
 2016-2017 10 20.00 6.68331 2.1134 

LOCATIONS  
Central 10 21.00 5.79272 1.8318 

18 -3.19963 
0.0052 
(p 0.05) Suruç 10 13.50 4.62481 1.4625 

Unfortunately, there is no study conducted on 
overwintering infestation rate and larva density in 
pomegranate orchards in literature except [9]. 

a-
tures sufficiently. This study aims to contribute to 
this field. According to the data above, the maxi-
mum infestation rate was determined from fallen 
fruits rather than those of hanging fruits not only in 
both locations but also at both years. In parallel 

with our study, [9] reported that the remaining fruits 
underneath of the trees were more infested by A. 
ceratoniae than the fruits on the trees in two con-
secutive years in Iran significantly. This means that 
fallen fruits dropped because of Carob Moth infes-
tation. The hanging fruits generally are the fruits 
from the last flowers and are small to collect during 
harvest. Also, they cannot ripen because of insuffi-
cient time from last flowers to harvest. 
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According to Shapiro Wilk Normality Test, in-
festation rate of fallen and hanging fruits were of a 
normal distribution in both years and also both 
locations (Shapi A sig-
nificant difference was determined between 

locations on the basis 
of Carob Moth infestation rate of fallen fruits (t(18)= 
-5.4167; p=0.0001 0,05), while there was no sig-
nificant difference between years on the basis of 
fallen fruits infestation (t(18)= -0.21669; 

Figure 1; Table 2). In the same 
way, there is no difference between years (t(18)= 

n the basis of the infes-
tation of hanging fruits and there is significant dif-
ference between Central and Suruç Counties (t(18)= -
3.19963; p= 0.0052 0.05).  

In a study conducted in the same locations, it 
was determined that pomegranate fruits were infest-
ed by Carob Moth 48% and %28.5 in summer in 

Central and Suruç Counties respectively 
[2]. Another study, conducted in different three 
regions of Iran, showed that infestation rate of Car-
ob Moth on pomegranate fruit was significantly 
lower in Saveh than that in Varamin and Qom but 
there was no significant difference between Qom 
and Varamin [9]. In another study, carried out in 9 

pomegranate orchards in Hatay Province of Turkey 
in 2008-2009 summer season in order to determine 
the infestation rate of the Carob Moth, it was de-
termined that the pomegranate fruit infestation rate 
with A. ceratoniae was varied from 13% to 40% 
[10]. 

The overwintering larval population density of 
A. ceratoniae according to the fallen and hanging 
infested fruits, in terms of locations in 2015-2016 
and 2016-2017 winter seasons are shown in Figure 
2. 

According to the data of the study, both max-
imum and minimum overwintering larva density 
were determined in Suruç County. The maximum 
overwintering larvae density of the pest was deter-
mined from fallen fruits as 120 larva/100 infested 
fruits in Suruç in 2016-2017 wintertime. Surprising-
ly, the minimum overwintering larvae density of the 
pest was determined from hanging fruits in the first 
working year with 40 larvae/100 infested fruits in 
the same orchard (Fig. 2). Moreover, the larva 
number we determined to be higher in terms of 
infested hanging fruits in the second working year 
in contrast to the infested fallen fruits in both loca-
tions. 

y

 
FIGURE 2 

Carob moth overwintering larva density in pomegranate fruits in 2015-2016 and 
2016-2017 winter seasons. 
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The collected data of overwintering larva den-
sity were tested in terms of normality by Shapiro 
Wilk Normality Test. The data were normal distri-
bution both years and locations (Shapiro Wilk: 

And due to normality of data no 
transformation was needed. Independent T-Test 
Analysis indicated that the overwintering larva 
density was no different in terms of years (t(18)= -

(18)= -
0.34837; p=0.7318 0.05) on the basis of fallen 
fruits (Table 3). However, it was determined that 
the overwintering larva density was difference 
significantly in terms of years (t(18)= 2.433661; 
p=0.0261 0.05) on the basis of hanging fruits, on 
the contrary there is no difference by locations 

(t(18)  (Table 3). 
Table 4 can be concluded statistically in terms 

of sample method as fallen and hanging fruits ac-
cording to infestation rate and population density 
ignoring years and locations. 

As a result of the study, Independent T-Test 
analysis indicated that the infestation rate of Carob 
Moth is different between fallen and hanging fruits 
significantly (t(38)= -6.14201; p 0.05). Conversely, 
there is no significant difference between fallen and 
hanging fruits in terms of overwintering larva den-
sity (t(38)= -  

2015-2016 and 2016-2017 winter seasons are 
shown in Figure 3. 

 
TABLE 3 

Carob moth overwintering larva density in infested fallen and hanging fruits by years and locations ac-
cording to Independent T-Test 

METHOD YEARS N  SD SEM df t p 

Overwintering Larva 
Density in Infested 
Fallen Fruits 

2015-2016 10 91.69 42.0955 13.312 
18 -0.61967 

0.5440 
 2016-2017 10 81.50 30.5305 9.655 

LOCATIONS  
Central 10 89.48 32.4920 10.275 

18 -0.34837 
0.7318 
(p 0.05) Suruç 10 83.71 41.0804 12.991 

METHOD YEARS N  SD SEM df t p 

Overwintering Larva 
Density in Infested 
Hanging Fruits 

2015-2016 10 47.50 45.1175 14.267 
18 2.433661 

0.0261 
(p 0.05) 2016-2017 10 92.00 36.1649 11.436 

LOCATIONS  
Central 10 59.50 36.6517 11.590 

18 0.99909 
0.3327 
(p 0.05) Suruç 10 80.00 53.5426 16.932 

 
TABLE 4 

Carob moth infestation rate and overwintering larva density in infested fallen and hanging fruits accord-
ing to Independent T-Test 

CRITERION METHODS N  SD SEM df t p 

Infestation Rate 
Fallen fruits 20 39.7500 15.0853 3.3732 

38 -6.14201 
0.0001 
(p 0.05) Hanging fruits 20 17.2500 6.3898 1.4288 

Population 
Density 

Fallen fruits 20 86.5950 36.1695 8.088 
38 -1.28947 

0.2055 
 Hanging fruits 20 69.7500 45.8789 10.259 

 
 

 
FIGURE 3 

-2016 and 2016-2017 winter seasons. 
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As shown in Fig. 3, winter average weekly 
temperature pattern  the 
two years. Nevertheless, the temperature in Decem-
ber was higher in 2015 than in 2016 year. Also, the 
minimum temperature was measured in January in 
2016 as 2.5 degrees below zero while it was never 
measured below zero during the second year of the 
study. This means the greatest temperature fluctua-
tion occurred in the 2015-2016 winter season.  

Several researchers conducted studies to con-
trol the A. ceratoniae damage in pomegranate or-
chards such as chemical management [11, 12, 7]; 
biotechnological management including mating 
disruption and mass trapping [13, 14, 7, 15]; biolog-
ical control [16, 17] and mechanical management 
[16, 9]. 

Unfortunately, from these management meth-
method which can be recom-

mended alone. Therefore [7] suggested that integra-
tion of mating disruption technique with a chemical 
or biological pesticide application, weekly destruc-
tion of infested fruits and prevention fruit cracks are 
all important for success of integrated pest man-
agement. Many studies confirm these thoughts such 
as [9] and [2]. For instance, [9] reported that the 
most recommended procedure to control this pest is 
collecting and destroying infested fruits in the or-
chards at the end of cropping season to eliminate 
overwintering sites.  

 
 

CONCLUSION 
 
In contrast to the above authors, some re-

searchers expressed their concerns about collecting 
and destroying infected fruits in the orchards at the 
end of cropping season due to negative effects on 
naturel enemies such as parasitoids and a decrease 
in biodiversity. This idea has been shared by us to 
some extent since larval parasitoids of Carob Moths 
in overwintering seasons might pressure the popula-
tion of the pest at the beginning of the following 
cropping season. However, this can only be ex-
pected in pomegranate orchards in Southeastern 
Anatolia. 

Infested fruits hanging on the trees or fallen on 
the floor are important in the management of Carob 
moth. Since the pest overwinters at different larval 
stages in infested pomegranate fruits, removal of 
those infested pomegranate fruits from the orchards 
during the winter season through mechanical man-
agement is very important to reduce the Carob 
Moth population density in the spring and summer 
periods. 
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The corrosion inhibition behaviors were inves-

tigated earlier synthesized pyridazine and pyrazole 
derivatives. The quantum chemical parameters of 
compounds calculated using density functional 
theory (DFT) at B3LYP/6-31G (d, p) level. Theo-
retical calculations showed that the compound 
BMPPCN could be used as a corrosion inhibitor. 

 
 

  
Pyrazole, Pyridazine, Corrosion Inhibition, Molecular 
Modeling, DFT. 

 

 
The deterioration of materials due to corrosion 

causes economic loss. A wide variety of research is 
conducted to prevent this harmful process. One of 
the excellent methods to protect materials against 
corrosion is use of heterocyclic compounds contain-
ing π-electrons [1]. The physicochemical parame-
ters of the molecules are important because they 
determine adsorption on the metal surface. Most 
effective inhibitor molecules behave as both elec-
tron donor and electron acceptor [2]. When using 
heterocyclic compounds for corrosion inhibition are 
sharing the lone pairs on hetero atoms or π electrons 
to over metal surface and the molecule is adsorbing 
on the metal surface [3].   

The quantum chemical calculations have been 
widely used to the reactivity of organic compounds 
for corrosion inhibition [4]. The inhibitor activities 
are involved molecular geometry and orbitals of the 
organic compounds and correlated with frontier 
orbital energy. The highest occupied molecular 
orbital energy (EHOMO) is associated with the elec-
tron donating ability of the molecule. There is a 
good correlation between the speed of corrosion 
and EHOMO. The adsorption of the molecule on the 
metal surface can occur on the basis of donor–
acceptor interactions between the lone pairs on 
hetero atoms or π electrons [5]. The high EHOMO 

value has a molecule tendency to give electrons, 
while a low ELUMO value indicates the ability of the 

molecule to accept electrons. The difference be-
tween ELUMO and EHOMO energies is called energy 
gap. Larger values of the energy gap will provide 
low reactivity to a chemical interaction and inhibi-
tion efficiency. But the lower values of the ΔE will 
render good reactivity to a chemical interaction and 
inhibition efficiency [6].  

The ionization potential (I) and electron affini-
ty (A) of the inhibitor molecule and EHOMO and 
ELUMO are related to each other. The absolute elec-
tronegativity (χ) and the global hardness (η) de-
pending on the ionization potential and electron 
affinity of the inhibitor molecules, the following 
can be given (1) [7]. 

 

 

  (1) 
 
The chemical softness (S) is a chemical de-

scriptor measuring the molecular stability and reac-
tivity. The relation between chemical softness (S) 
and chemical hardness can be given as follows (2) 
[7]. 

 
 (2) 

 
The global electrophilicity index (ω) is a 

measure of energy lowering due to maximal elec-
tron flow between donor and acceptor. It can be 
given as a function of the dipole moment and the 
chemical hardness as follows (3) [7]. 

 
 (3) 

 
The global electrophilicity index measures the 

tendency of molecules to accept electrons. A mole-
cule with a high ω value has an electrophile and 
with a low ω value has a nucleophilic character. 

The transferred electrons fraction index (ΔN) 
measures the stabilization in energy when the sys-
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tem acquires an additional electronic charge from 
the environment. Thus the fraction of electrons 
transferred from the inhibitor to metallic surface (4) 
[7]. 

 
    (4) 

According to the simple charge-transfer model 
there are occurring governing the interaction be-
tween the inhibitor molecule and the metal surface 
(5) [8].  

 
  (5) 

The ΔE back donation implies that when η > 0 and 
ΔE back donation <0 the charge-transfer to a molecule, 
followed by a back donation from the molecule, is 
energetically favored.  

 
The quantum chemical parameters of the earli-

er synthesized 2 -pyridazin-3-one 1 -pyrazole-3-
carboxylic acid and derivatives [9] were calculated 
using DFT based on Beck’s three parameter ex-
change functional and Lee–Yang–Parr nonlocal 
correlation functional (B3LYP) and the 6-31G (d, 
p) orbital basis sets in Gaussian09 program (Table 
1)[10-12]. 

 
The quantum chemical calculations of the all 

molecules have been performed using DFT based 

on Beck’s three parameter exchange functional and 
Lee–Yang–Parr nonlocal correlation functional 
(B3LYP) and the 6-31G (d, p) orbital basis sets in 
Gaussian09 program (Fig.1). This method has been 
widely implemented to study the relationship be-
tween corrosion inhibition efficiency of the mole-
cules and their electronic properties [13].  

The quantum chemical parameters of all com-
pounds such as the energies of highest occupied 
molecular orbital (EHOMO) and the lowest unoccu-
pied molecular orbital (ELUMO), the energy gap 
(ΔE), dipole moment (μ), ionization potential (I), 
electron affinity (A), absolute electronegativity (χ), 
chemical hardness (η), global electrophilicity index 
(w), chemical softness (S), fraction of electrons 
transferred (ΔN) and back donation energy (ΔEback 

donation) were calculated (Table 1). 
According to the frontier molecular orbital 

theory of the chemical reactivity is depends interac-
tion between highest occupied molecular orbital 
(HOMO) and lowest unoccupied molecular orbital 
(LUMO). The energy of the highest occupied mo-
lecular orbital (EHOMO) measures the tendency to-
wards the donation of electron by a molecule. 
Therefore, higher values of EHOMO indicate better 
tendency towards the donation of electron, enhanc-
ing the adsorption of the inhibitor on metal and 
therefore better inhibition efficiency. ELUMO indi-
cates the ability of the molecule to accept electrons. 
The binding ability of the inhibitor to the metal 
surface increases with increasing of the HOMO and 
decreasing of the LUMO energy values [14]. Fron-
tier molecular orbital diagrams of BMPPC, BMP-
PCC, BMPPCA, BBMPPC, NBMPPC, BMPPCN 
and BHMPP is represented in Fig. 2. 

 BMPP
C 

BMP-
PCC 

BMP-
PCA 

BBMPP
C 

NBMPP
C 

BMP-
PCN 

BHMPP 

EHOMO (eV) -5.7499 -5.9159 -5.7499 -5.7145 -5.7499 -5.4097 -6.1227 
ELUMO (eV) -2.0716 -2.2760 -2.0708 -2.0327 -2.0736 -2.4464 -1.8449 
Ionization potential:  
I (eV) 

5.7499 5.9159 5.7499 5.7145 5.7499 5.4097 6.1227 

Electron affinity:  
A (eV) 

2.0716 2.2760 2.0708 2.0327 2.0736 2.4464 1.8449 

Electronegativity: χ(eV) 3.9106 4.0959 3.9104 3.8736 6.7867 3.9281 3.9838 
Chemical hardness: 
η(eV) 

3.6783 3.6399 3.6791 3.6818 3.6763 2.9633 4.2778 

Chemical softness: S 0.2719 0.2747 0.2718 0.2716 0.2720 0.3374 0.2338 
Electrophilicity index: 
(ω) 

6.0433 12.2303 6.0419 5.4430 10.7047 17.1377 1.7775 

Dipole moment: 
µ(debye) 

6.6677 9.4358 6.6677 6.3309 8.8717 10.0781 3.8997 

Transferred electrons 
fraction: (ΔN) 

0.4199 0.3989 0.4199 0.4246 0.0290 0.5183 0.3525 

Energy gap:  
ΔE= ELUMO- EHOMO (eV)  

3.6783 3.6399 3.6791 3.6818 3.6763 2.9633 4.2778 

ΔE back donation -0.9196 -0.9099 -0.9198 -0.1705 -0.9191 -0.7408 -1.0695 
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4-benzoyl-1-methyl-5-phenyl-1 -pyrazole-3-carboxylic acid (BMPPC) [9] 

 

 
4-benzoyl-1-methyl-5-phenyl-1 -pyrazole-3-carbonyl chloride (BMPPCC) [9] 
 
 

 

 
4-benzoyl-1-methyl-5-phenyl-1 -pyrazole-3-carboxamide (BMPPCA) [9] 
 

 

 
butyl-4-benzoyl-1-methyl-5-phenyl-1 -pyrazole-3-carboxylate (BBMPPC) [9] 

 

 
N-[4-benzoyl-1-methyl-5-phenyl-1 -pyrazole-3-carbonyl]-N′-phenyl urea (NBMPPC) [9] 
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4-benzoyl-1-methyl-5-phenyl-1H-pyrazole-3-carbonitrile (BMPPCN) [9] 
 
 
 

 

 
5-benzoyl-4-hydroxsy-2-methyl-6-phenyl-2Hpyridazin-3-one (BHMPP) [9] 

 
 HOMO LUMO 

BMPPC

BMPPCC

 
 

BMPPCA
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BBMPPC

  
 
 
 

NBMPPC 

  
 
 
 

BMPPCN 

  
 
 
 

BHMPP 

  

 
EHOMO for the seven compounds follows the 

order; BMPPCN> BBMPPC >BMPPC= 
NBMPPC=BMPPCA>BMPPCC>BHMPP which 
implies that BMPPCN has the highest tendency to 
donate electrons (Table 1). High value of EHOMO is 
likely to a tendency of the molecule to donate elec-
trons to appropriate acceptor molecule of low emp-
ty molecular orbital energy. 

The inhibitor does not only donate electron to 
the metal ion but can also accept electron from the 

metal leading to the formation of a feedback bond. 
In this case the ELUMO value of the molecule is also 
important for interaction. ELUMO for the all mole-
cules are; BHMPP > BBMPPC > BMPPCA> 
BMPPC > NBMPPC > BMPPCC > BMPPCN 
which implies that BMPPCN has the highest ten-
dency to acceptor electrons (Table 1).  

The energy gap (ΔE) between the EHOMO and 
ELUMO energy levels of the molecules is an im-
portant parameter as a function of reactivity of the 
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inhibitor molecule. When ΔE decreases, the reactiv-
ity of the molecule increases. There is a relationship 
between chemical hardness and chemical softness 
with energy gap. The soft molecules have low ener-
gy gap and thus these inhibitors are the most effec-
tive for metals [15]. In this study, the results indi-
cated that the compound BMPPCN has the lowest 
energy gap (table 1). This means that the compound 
BMPPCN could have better performance as corro-

sion inhibitor.  
The ionization energy is one of a fundamental 

descriptor the chemical reactivity of molecules. 
High ionization energy indicates high stability and 
chemical inertness and small ionization energy 
indicates high reactivity of the molecules [16]. The 
compound BMPPCN has the lowest ionization 
energy when compared with other compounds. This 
indicates that BMPPCN has a high inhibitory effect.  

  
BMPPC BMPPCC 

  
BMPPCA BBMPPC 

  
NBMPPC BMPPCN 

 
BHMPP 
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The global electrophilicity index (ω) is the 
measure of the electrophilic tendency of a molecule. 
In our work, the compound BMPPCN with high 
electrophilicity index value than the other com-
pounds has the highest inhibition efficiency. 

The electron transferred (Δ ) and back-
donation were also calculated (table 
1). If Δ < 3.6, the inhibition efficiency increases 
by increasing electron-donating ability of these 
inhibitors to donate electrons to the metal surface 
[17]. The highest fraction of electrons transferred is 
associated with the best inhibitor.  

The calculated ΔEback donation values for the in-
hibitors reveal that back donation is favored for the 
molecule BMPPCN which is the best inhibitor 
(table 1). 

The molecular electrostatic potential (MEP) 
provides information about reactive sites for elec-
trophilic and nucleophilic attack in order to predict 
reactive sites for electrophilic and nucleophilic 
attack in all molecules, the MEP maps were also 
fixed in figure 3. The electrostatic potential on the 
surfaces have been represented by colors. The blue 
regions of MEP maps shows electrophilic, while the 
red areas show nucleophilic reactivity.  

 
The 2 -pyridazin-3-one 1 -pyrazole-3-

carboxylic acid and derivatives [9] were investigat-
ed as corrosion inhibitors using density functional 
theory (DFT) at B3LYP/6-31G(d,p) level. From the 
results, it can be concluded that the compound 
BMPPCN is good inhibitors for the corrosion.  
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Extraction of the saffron (Crocus sativus L.) 

stigma grown in Kırıkhan-Hatay and Karabük-
Safranbolu (which is the most common saffron 
farming area in Turkey) with methanol / ethyl ace-
tate solvent mixture was carried out and volatile 
components of the saffron were detected by GC-
MS (gas chromatography-mass spectroscopy) anal-
ysis. According to the obtained results, fifteen 
compounds were identified in Safranbolu Saffron 
stigma and fourteen components were detected for 
Kırıkhan Saffron stigma. Some of these compounds 
including β-Isophorone, α-Isophorone, 4-
Ketoisophorone, Safranal (2,6,6-trimethyl-1,3-
cyclohexadiene-1-carboxaldehyde), 2,4,4-trimethyl-
3-carboxaldehyde-5-hydroxy-2,5-cyclohexadien-1-
one, 2,4-bis(1,1-dimethylethyl)phenol, Nonadecane 
and tricosane have also been obtained in previous 
studies according to the literature. Some of com-
pounds in Kirikhan Saffron stigmas including; 3-
chlorophenylhydrazine, 2,2-dimethyl-3-(2-methyl-
1propenyl)cyclopropanecarboxylic acid, 9,12-
octadecadienoic acid, Bis-2-ethylhexyladipate, 
heneicosane, 1-eicosanol, heptacosane and hexaco-
sane have been detected for the first time in a Saf-
fron stigma according to the literature. 

 
 

, GC-MS, ultrasonic extraction, saffron, 
stigma 

Crocus Sativus L. is a member of iridaceae 
family. C. Sativus L. is cultivated plant with an 
onion flower blooming in the autumn. It is height 
around 20-30 cm long [1, 2]. Acreages of Saffron 
(  L.) in Turkey greatly reduced and 
dropped to 20-30 per hectare due to production 
difficulties. In the near future, the production of this 
plant seems to be abandoned in Turkey. Saffron is 
an important plant for food, paint, cosmetic and 
pharmaceutical applications. It is one of the most 
expensive spices in the world due to using it in the 

treatment of cancer [3-6]. Saffron has been cultivat-
ed for about 4000 years and is used as a spice due 
to its fragrances, colors and healing properties [4, 7, 
8]. 

It is important that the cultivation of this plant 
is to be sustainable because application area is more 
and important. There is an important problem in the 
growth of Crocus Sativus L. Saffron can not be 
grown from the seed because it is an infertile plant. 
Growth of this plant occurs vegetatively with bulbs. 
However, reproduction with bulbs takes a quite 
long time (at least needed to have two-three years). 
Since it requires a lot of work to growth this plant, 
it is not seemed to be economically satisfactory [9-
11]. 

Saffron has been known in Anatolia soils 
since Hittites and exported to abroad in Ottoman 
period. Today, very little space is being produced 
and efforts are being made to develop it for produc-
tion in different regions [5,6]. Saffron agriculture is 
spreading in tropical and subtropical climate re-
gions in the northern hemisphere. Nowadays, saf-
fron is grown in countries such as Iran, Spain, In-
dia, Greece, Azerbaijan and Italy. Iran is the most 
important producer country in the world and has a 
production of 190 tons per year. Iran is also the 
leading exporter country in world trade [12]. Alt-
hough one of the origin countries of saffron is Tur-
key, there is a very limited research on saffron. 
Therefore, to increase the number of research on 
saffron in Turkey is of great importance [13]. 

Safranal (C10H14O) is the principle essential 
oil responsible for the aroma of saffron and it des-
ignates the quality of saffron. Safranal had various 
pharmacological impacts in prevention of stomach 
ulcers and it is also used as anti-nociceptive, anti-
convulsant, antidepressant, antitussive, antimicrobi-
al and antitumor. Crocin is an unstable molecule 
responsible for the color of saffron and it has some 
medicinal impacts as antitumor, antidepressant, 
hypotensive, hippocampus and etc. [14-16].  

The amounts of crocin and picrocrosin in Saf-
fron stigma may decrease during the gathering, 
drying out and storage processes. The volatile com-
ponents, spice flavor and chemical components of 
saffron must be identified by using Gas Chromatog-
raphy (GC) and Gas Chromatography-Mass Spec-
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trometry (GC-MS). Ultrasonic solvent extraction 
(USE) method using organic solvents is used for the 
isolation of volatile, bioactive and flavor com-
pounds of plants at room temperature. Ultrasonic 
solvent extraction (USE) method provides highly 
efficient contact between the sample matrix and 
solvent. Acoustic cavitations, mechanical and ther-
mal functions have a direct effect on the efficiency 
of ultrasonic extraction [17-23]. 

In this study, an USE extraction method for 
determining separations and detections of volatile 
components of saffron grown in Kırıkhan-Hatay 
and Karabük-Safranbolu (which is the most com-
mon saffron farming area in Turkey) was devel-
oped. This study applies extraction of the volatile 
components of the saffron and then uses GC-MS 
technique to determine volatile components of this 
plant. 

Saffron stig-
mas used in the study were obtained from saffron 
cultivated area of Kırıkhan/Hatay and Karabük-
Safranbolu in the provinces of Turkey in 2017. 
Stigmas were dried at room temperature, and stored 
in the absence of light. Methanol (Isolab, catalog # 
947.043.2500) and ethyl acetate (Tekkim, catalog # 
TK.050140.02500) were purchased and used as 
received. 

The extraction of Saf-
fron stigmas was accomplished by ultrasonic-
assisted solvent extraction method in an ultrasound-
cleaning bath (Bandelin, Germany) as reported in 
the literature, with input power 180 W, by the mode 
of indirect sonication at the frequency of 35 kHz at 
25 ◦C. Each batch of saffron sample was extracted 
as further described.  

1 g of Saffron stigmas was first powdered to 
make a uniform blend. Then, the powdered stigmas 
were put into a flask.  The flask was charged with a 
mixture of (18–42 mL) methanol: ethylacetate 
(70:30) as the extraction solvent. Sonication was 
performed for 15 min. After sonication, organic 
extract colored as orange was put into a centrifuge 
tube and centrifuged in 5000 rpm for 3 min. 10 mL 
of the solvent mixture was then added to the residu-
al of extract, and sonicated for 10 more min. New 
formed organic extract was centrifuged for 3 min at 
5000 rpm. After decantation, the organic extracts 
were combined together and concentrated up to 10 
mL. Obtained organic extract was stored at 4 oC in 
the fridge and the absence of light before GC–MS 
analysis. 1 µL was used for GC–MS analysis [23]. 

 
 

 

GC–MS analyses were per-
formed using a Hewlett-Packard 6890 gas chro-
matograph equipped with a HP-5MS fused silica 
column (5% phenyl methyl polysiloxane 60 m 0.25 
mm i.d., film thickness 0.25 µm), interfaced with a 
Hewlett-Packard mass selective detector 6890.

GC-MS analyses were performed according to 
the procedure reported before. The oven was first 
heated at 60 oC and held for 1 min at that tempera-
ture; the temperature was then increased at 5 
oC/min to 200 oC and held for 1 min. Finally, the 
temperature was raised at 20 oC/min to 280 oC 
with final hold for 21 min. Helium as a carrier gas 
(99.999%) was used with a flow rate of 1 mL/min. 
Injector temperature was at 200 oC.

 

The chemi-
cal composition of the volatile components of 
Kırıkhan and Safranbolu saffron was obtained by 
USE method with GC-MS. The total ion chromato-
gram (TIC) obtained by USE-GC-MS method of 
Kırıkhan saffron is shown in Fig. 1 and the results 
are also summarized in Table 1. The total ion 
chromatogram (TIC) of Safranbolu saffron is 
shown in Figure 2 and the results for that are also 
summarized in Table 2. GC-MS analysis results of 
the volatile components of saffrons were compared 
with the standard mass spectra found in NIST li-
brary.  

According to the results obtained from 
Kırıkhan and Safranbolu saffron in table 1 and 2; 
the name of the chemical components and their 
formula, MW- molecular weight, tR retention time, 
% Relative area percent (peak area relative to the 
total peak area) and MF Match Factor in library are 
shown in Table 1 and 2. 

The ratio of the peak areas of extracted com-
pounds to the total peak areas is given as percent-
age in Table 1 and 2. Fourteen compounds are 
defined for Kırıkhan saffron and their total peak 
areas are shown in Table 1. Fifteen components 
have been identified for Safranbolu saffron and 
their total peak areas are given in Table 2. Similari-
ty relations of the compounds found in the GS-MS 
library are also given in Table 1 and 2. 

Kırıkhan saffron contains fourteen compounds 
and the highest peak areas of the compounds were 
found in the order of Safranal (2,6,6-trimethyl-1,3-
cyclohexadiene-1-carboxaldehyde), 2-(1,1-
dimethylethyl) phenol, -Isophorone (3,5,5-
trimethyl-2-cyclohexen-1-one) and 1-eicosanol 
(Table 1). 
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No. Chemical name Formula MWg/ 
mol R % MF 

1 -Isophorone C9H14O 138.21 10.36 0.31 70 

2 α-Isophorone (3,5,5-trimetyl-2-
cyclohexen-1-one) C9H14O 138.21 15.07 0.82 91 

3 2,2,6-Trimethyl-1,4-cyclohexanedione C9H12O2 154.21 17.49 0.60 86 

4 Safranal (2,6,6-trimethyl-1,3-
cyclohexadiene-1-carboxaldehyde) C10H14O 150.221 18.72 16.20 98 

5 3,5,5-Trimethyl-2-hydroxy-1,4-
cyclohexane-2-dione C9H14O2 154.2063 23.78 0.47 50 

6 2,4,4-Trimethyl-3-carboxaldehyde-5-
hydroxy-2,5-cyclohexadiene-1-one C10H12O3 180.2005 26.07 0.37 64 

7 2-(1,1-dimethylethyl)Phenol C14H22O 206.329 27.32 2.69 72 
8 Bis(2-ethylhexyl) adipate C22H42O4 370.57 52.99 0.22 83 
9 Heneicosane C21H44 296.583 54.46 0.08 87 
10 Bis(2-ethylhexyl)phthalate C24H38O4 390.56 55.32 0.35 90 
11 Nonadecane C19H38 266.513 57.32 0.47 90 
12 1-Eicosanol C20H42O 298.555 57.75 0.93 81 
13 Heptacosane C27H56 380.745 58.13 0.48 98 
14 Hexacosane C26H54 366.718 59.92 0.11 50 

MW- molecular weight, tR retention time. % Relative area percent (peak area relative to the total peak.  
 
 

A total of fifteen components have been de-
tected for Safranbolu saffron and similarity rela-
tions of components compared to that of found in 
GC-MS library and their total peak areas are given 
in Table 2. The highest peak areas of the com-
pounds were found in the order of Safranal (2,6,6-
trimethyl-1,3-cyclohexadiene-1-carboxaldehyde), 
2-(1,1-dimethylethyl) phenol, 2,4,4-
carboxaldehyde-5-hydroxy-2,5-cyclohexadiene-1-
one and 1-eicosanol (Table 2).   

There are four compounds ((3-chlorophenyl) 
hydrazine, 2,2-dimethyl-3-(2-methyl-1-propenyl)- 
cyclopropanecarboxylic acid, 9,12-octadecadienoic 

acid and tricosane) in Safranbolu saffron which are 
not found in Kırıkhan saffron. There are three com-
pounds (β-Isophorone, Heneicosane and Nonade-
cane) in Kırıkhan saffron which are not found in 
Safranbolu saffron. Despite the same extraction 
method, the same extraction solvent and the same 
amounts of saffrons were used, different volatile 
components and different amounts of the compo-
nents were detected for Safranbolu and Kırıkhan 
saffrons. Safranbolu saffron has 70.3% of safranal 
compound in 30.4 total peak area, whereas safranal 
in Kırıkhan saffron is obtained in 67.2% of 24.10 
total peak area. Safranbolu saffron has more 
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amount of safranal than that of Kırıkhan saffron. 
Kırıkhan saffron has more amount of 2,4-bis (1,1-
dimethylethyl)phenol compound compared to that 
of Safranbolu saffron. When we look at the per-
centages of the components, both saffron samples 
have different amounts for each compounds. This 
can be a reason of the effects of geographical and 
climate differences. 

According to the literature; -Isophorone, -
Isophorone, 4-Ketoisophorone, Safranal (2,6,6-
trimethyl-1,3-cyclohexadiene-1-carboxaldehyde), 
3,5,5-Trimethyl-2-hydroxy-1,4-cyclohexane-2-
dione, 2,4-bis(1,1 dimethylethyl) phenol, 2,4,4-

Trimethyl-3-carboxaldehyde-5-hydroxy-2,5-
cyclohexadiene-1-one, Nonadacene and Tricosane. 
Similar studies have also been accomplished by 
several research groups such as [23-28]. According 
to the literature, some compounds found in the 
samples have been detected in saffron for the first 
time ((3-chlorophenyl) hydrazine, 2,2-Dimethyl-3-
(2-methyl-1-propenyl) cyclopropanecarboxylic 
acid, 9,12-octadecadienoic acid, Bis-(2-ethylhexyl) 
adipate, heneicosane, Bis-(2-ethylhexyl)phthalate, 
1-Eicosanol, Heptacosane ve hexacosane) in Table 
3.  

 
 

 

Numbers are related to the components in Table 2.
 

No. Chemical name Formula MW 
g/mol R % MF 

1 -Isophorone (3,5,5-trimetyl-2-cyclohexen-1-
one) C9H12O 138.21 15.07 0.68 91 

2 2,6,6-Trimethyl-2-cyclohexene-1,4-dione C9H12O2 152.19 16.36 0.56 91 

3 Safranal (2,6,6-trimethyl-1,3-cyclohexadiene-
1-carboxaldehyde) C9H14O2 154.20 18.87 26.72 98 

4 3,5,5-Trimethyl-2-hydroxy-1,4-
cyclohexanone-2-ene C9H14O2 154.20 24.10 0.75 64 

5 2,4,4-Trimethyl-3-carboxaldehyde-5-hydroxy-
2,5-cyclohexadiene-1-one C10H12O3 180.20 26.40 1.80 1.80 

6 (3-Chlorophenyl) hydrazine C6H7ClN2 142.58 26.91 0.44 22 
7 2-(1,1-dimethylethyl)phenol C4H6O2 86.09 27.68 2.42 55 

8 2,2-Dimethyl-3-(2-methyl-1-propenyl)-
cyclopropanecarboxylic acid C10H16O2 168.23 29.74 0.11 47 

9 9,12-Octadecadienoic acid C19H34O2 294.47 45.21 0.57 98 
10 Bis(2-ethylhexyl) adipate C22H42O4 370.57 53.10 0.12 80 
11 Bis(2-ethylhexyl) phthalate C24H38O4 390.56 55.38 0.29 86 
12 Tricosane C23H48 324.63 57.38 0.09 57 
13 1-Eicosanol C20H42O 298.55 57.79 0.73 76 
14 Heptacosane C27H56 380.74 58.18 0.36 98 
15 Hexacosane C26H54 366.72 59.95 0.10 50 

R retention time. % Relative area percent (peak area relative to the total peak area), MF match factor 
in library. 
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No. Chemical name Kırıkhan Safranbolu 
% (24.1)* % (30.4)** 

1 -Isophorone 1.3 Nf 
2 -Isophorone 3.4 2.2 
3 4-Ketoisophorone 2.5 1.8 

4 Safranal (2,6,6-trimethyl-1,3-cyclohexadiene-1-
carboxaldehyde) 67.2 70.4 

5 3,5,5-Trimethyl-2-hydroxy-1,4-cyclohexane-2-dione 2.0 2.5 

6 2,4,4-Trimethyl-3-carboxaldehyde-5-hydroxy-2,5-
cyclohexadiene-1-one 1.5 5.9 

7 (3-Chlorophenyl) hydrazine nf 1.4 
8 2,4-bis(1,1-dimethylethyl)phenol 11.2 8.0 

9 2,2-Dimethyl-3-(2-methyl-1-propenyl)  
cyclopropanecarboxylic acid nf 0.4 

10 9,12-Octadecadienoic acid nf 1.8 
11 Bis-(2-ethylhexyl) adipate 0.9 0.4 
12 Heneicosane 0.3 Nf 
13 Bis-(2-ethylhexyl)phthalate 1.5 0.9 
14 Nonadecane 2.0 Nf 
15 Tricosane nf 0.3 
16 1-Eicosanol 3.9 2.4 
17 Heptacosane 2.0 1.2 
18 Hexacosane 0.5 0.3 

* GC-MS analysis of Kırıkhan saffron (24.1 peak area of total 26.8 peak area (89.8% of which is shown in the table)) 
** GC-MS analysis of Safranbolu saffron (30.4 peak area of total 33.23 peak area (93.8% of which is shown on the table)) 
 
 

The aim of this study is to explore the volatile 
components of saffron samples grown in two dif-
ferent regions (Kirikhan/Hatay and Safranbo-
lu/Karabuk) of Turkey using ultrasonic solvent 
extraction method with the GC-MS analysis and to 
identify differences between them. After characteri-
zation of volatile compounds of these saffrons, 
chemical compounds and their components were 
found to be different for each regions. There is still 
a need of research to discover components of saf-
fons in different ecological conditions in Turkey. 
As a result of this research, differences between 
Safranbolu saffron and Kırıkhan saffron in terms of 
chemical components and components ratios have 
been shown. While Safranbolu saffron has more 
amount of safranal compound compared to that of 
Kırıkhan saffron, Kırıkhan saffron has more 2,4-
bis(1,1-dimethylethyl)phenol compound compared 
to that of Safranbolu saffron. When we look at the 
percentages of the components, both saffron sam-
ples have some differences between each other. The 
reason of these differences might be the effect of 
geographical and climate differences. New com-
pounds in the components of saffron samples were 
also detected compared to the previous reports. 
According to the literature, compounds found in the 
samples have been detected in saffron for the first 
time ((3-chlorophenyl) hydrazine, 2,2-Dimethyl-3-

(2-methyl-1-propenyl)cyclopropanecarboxylic acid, 
9,12-octadecadienoic acid, Bis-(2-ethylhexyl) 
adipate, heneicosane, Bis-(2-ethylhexyl)phthalate, 
1-Eicosanol, Heptacosane ve hexacosane). 

[1] Arslan, N., Gürbüz, B., Ipek, A., Özcan, S., 
Sarihan, E., Daeshian, A.M. Moghadassi, M.S. 
(2007) The effect of corm size and different 
harvesting times on Saffron (Crocus sativus l.) 
regeneration. Acta Horticulturae. 739, 113-117. 

[2] Bakhtavari, A.S. (2010) Effect of different 
saffron (crocus sativus L.) bulb (corm) sizes 
and plant density on the yield and factors af-
fecting yield. Ph.D. Thesis. Ankara University, 
Graduate School of Natural and Applied Sci-
ences Department of Field Crops. Ankara, 79p.  

[3] Gümüşoğlu, İ. (2002) Plant of Safranbolu 
(Crocus sativus L.). Safranbolu Service Union 
Cultural Publications No: 10 First Edition 

[4] Çavuşoğlu, A., Erkel, İ.A. (2009) Saffron 
(Crocus sativus L.) Growing without Remov-
ing of Mother Corms under Greenhouse Condi-
tion. Turkish J. of Field Crops. 14(2), 170-180.  

[5] Ünaldı, Ü.E. (2007) A Plant Exposed to Dan-
ger: Saffron (Crocus Sativus). Fırat University 
Journal of Social Science. 17(2), 53-67. 



9562 

[6] Rezaeieh, K.A.P., Vaziri, P. (2012) Enhanced 
Plantlet Induction from Cultured Segments of 
Saffron (Crocus sativus L.) through In vitro 
Micropropagation: Background and Prospects. 
Türk Bilimsel Derlemeler Dergisi. 5(2), 29-31.  

[7] Arslan, N., Sarıhan, E.O., İpek, A. (2008) Ef-
fects of Different Bulb Cutting Methods on 
Some Characteristics of Fritillaria persica L. 
Ankara University Faculty of Agriculture Jour-
nal of Agricultural Sciences (JAS). 14(3), 246-
250.  

[8] Aytekin, A., Açıkgöz, A.O. (2008) Hormone 
and Microorganism Treatments in the Cultiva-
tion of Saffron (Crocus sativus L.) Plants. Mol-
ecules. 13(5), 1135-1147.  

[9] İpek, A., Arslan, N., Sarıhan, E.O. (2009) Ef-
fects of Different Planting Depth and Bulb Siz-
es on Yield and Yield Components of Saffron 
(Crocus sativus L.). Ankara University Faculty 
of Agriculture Journal of Agricultural Sciences 
(JAS). 15(1) 38-46.  

[10]Karaoğlu, C., Cocu, S., İpek, A., Parmaksız, I., 
Sarıhan, E., Uranbey, S., Arslan, N., Kaya, 
M.D., Sancak, C., Özcan, S., Gürbüz, B., Miri-
ci, S., Er, C., Khawar, K.M. (2007) In Vitro 
Micropropagation of Saffron. ActaHorticul-
turae. 739, 223-228.  

[11]Yıldırım, M.U., Hajyzadeh, M., Küçük, G., 
Sarıhan, E.O. (2017) Effects of Different Ma-
nures on Growth of Saffron Plant (Crocus sa-
tivus L.) and Some Characteristics. KSU J. 
Nat. Sci. 20(Special Issue), 327-331. 

[12]Valizadeh, N., Arslan, N. (2014) Saffron Agri-
culture and Industry in Iran, II. Medical and 
Aromatic Plants Symposium, 23-25 September 
2014, Poster 63, Yalova.  

[13]Taghiloofar, A.H., Bayram, E. (2014) Izmir, 
Turkey and Iran saffron Origin Populations 
Conditions on Agro-Morphological Studies II. 
Medical and Aromatic Plants Symposium, 23-
25 September 2014, Poster 8, Yalova.  

[14]D’Archivio, A.A., Maggi, M.A. (2017) Geo-
graphical identification of saffron (Crocus sa-
tivus L.) by linear discriminant analysis applied 
to the UV-visible spectra of aqueous extracts. 
Food Chemistry. 219, 408-413.  

[15]Siracusa, L., Gresta, F., Avola, G., Albertini, 
E., Raggi, L., Marconi, G., Ruberto, G. (2013) 
Agronomic, chemical and genetic variability of 
saffron (Crocus sativus L.) of different origin 
by LC-UV-vis-DAD and AFLP analyses. Ge-
netic Resources and Crop Evolution. 60(2), 
711-721. 

[16]Rubert, J., Lacina, O., Zachariasova, M., 
Hajslova, J. (2016) Saffron authentication 
based on liquid chromatography high resolu-
tion tandem mass spectrometry and multivari-
ate data analysis. Food Chemistry. 204, 201-
209. 

[17]Lozano, P., Delgado, D., Gomez, D., Rubio, 
M., Iborra J.L. (2000) A non-destructive meth-
od to determine the safranal content of saffron 
(Crocus sativus L.) by supercritical carbon di-
oxide extraction combined with high-
performance liquid chromatography and gas 
chromatography. J. Biochem. Biophys. Meth-
ods. 43, 367-378. 

[18]Alonso, G.L., Varon, R., Gomez, R., Navaro, 
F., Salinas, M.R. (1990) Auto oxidation in Saf-
fron at 40°C and 75% Relative Humidity. J. 
Food sci. 55, 595. 

[19]Pan, J., Xia, X.X., Liang, J. (2008) Analysis of 
pesticide multi-residues in leafy vegetables by 
ultrasonic solvent extraction and liquid chro-
matography-tandem mass spectrometry. Ultra-
sonics Sonochemistry. 15, 25-32. 

[20]Jerkovic, I., Mastelic, J., Marijianovic, Z., 
Klein, Z., Jelic, M. (2007) Comparison of hy-
drodistillation and ultrasonic solvent extraction 
for the isolation of volatile compounds from 
two unifloral honeys of Robinia pseudoacacia 
L. and Castanea sativa L. Ultrasonics Sono-
chemistry. 14, 750-756. 

[21]Alissandrakis, E., Daferera, D., Tarantilis, 
P.A., Polissiou, M., Harizanis, P.C. (2003) Ul-
trasound-assisted extraction of volatile com-
pounds from citrus flowers and citrus honey. 
Food Chem. 82, 575. 

[22]Kanakis, C.D., Daferera, D.J., Tarantilis, P.A., 
Polissiou, M.G. (2004) Qualitative determina-
tion of volatile compounds and quantitative 
evaluation of safranal and 4-hydroxy-2,6,6-
trimethyl-cyclohexene-1-carboxaldehyde 
(HTCC) in Greek saffron. Journal of Agricul-
tural and Food Chemistry. 52(14), 4515-4521. 

[23]Heravi, M.J., Parastar, H., Najafabadi, H.E. 
(2009) Characterization of volatile components 
of Iranian saffron using factorial-based re-
sponse surface modeling of ultrasonic extrac-
tion combined with gas chromatography-mass 
spectrometry analysis. Journal of Chromatog-
raphy A. 1216, 6088-6097. 

[24]Amanpour, A., Sönmezdağ, A.S., Kelebek, H., 
Selli, S. (2015) GC-MS-olfactometric charac-
terization of the most aroma-active components 
in a representative aromatic extract from Irani-
an saffron (Crocus sativus L.). Food Chemis-
try. 182, 251-256. 

[25]Culleré, L., San-Juan, F., Cacho, J. (2011) 
Characterisation of aroma active compounds of 
Spanish saffron by gas chromatography–
olfactometry: Quantitative evaluation of the 
most relevant aromatic compounds. Food 
Chemistry. 127, 1866-1871. 

[26]Masi, E., Taiti, C., Heimler, D., Vignolini, P., 
Romani, A., Mancuso, S. (2016) PTR-TOF-
MS and HPLC analysis in the characterization 
of saffron (Crocus sativus L.) from Italy and 
Iran. Food Chemistry. 192, 75-81. 



9563 

[27]D’Archivio, A.A., Giannito, A., Maggi, M.A., 
Ruggieri, F. (2016) Geographical classification 
of Italian saffron (Crocus sativus L.) based on 
chemical constituents determined by high-
performance liquid-chromatography and by us-
ing linear discriminant analysis. Food Chemis-
try. 212, 110-116. 

[28]Melnyk, P.J., Wang, S., Marcone, M.F. (2010) 
Chemical and biological properties of the 
world's most expensive spice: Saffron. Food 
Research International. 43, 1981-1989. 

 
 
 
 

Mustafa Kemal University, 
Altınözü Vocational School of  
Agricultural Sciences 
Medicinal and Aromatic Plants, 
31001, Hatay – Turkey  
 
e-mail:  hasanasil@mku.edu.tr 

hasan.asil@hotmail.com 



© by PSP  Volume 27  No. 12B/2018 pages 9564-9572        Fresenius Environmental Bulletin 

9564 

 

 
DETERMINATION OF SOME QUALITY PROPERTIES OF 

WHEAT GENOTYPES SUITABLE FOR  
YUFKA FLOUR PRODUCTION IN IZMIR 

 
Nihan Bas-Zeybekoglu1,*, Kemal Kemahlioglu2, Gulden Ova3 

 
1Aegean Agricultural Research Institute, Menemen, Izmir 

2Ege University, Vocational College, Bornova, Izmir 
3Ege University, Faculty of Engineering, Department of Food Engineering, Bornova, Izmir 

 
 
ABSTRACT 

 
In this study, physicochemical, chemical and 

rheological properties of 13 genotypes were deter-
mined in the yufka flour 
producing wheat genotype. In this context, geno-
type x year interactions  of some characteristics of 
wheat, wheat flour, and dough from the year 2015-
2016 and correlations of these analyses were exam-
ined. The analyses that are regarded as indicative for 
the yufka quality criteria are wet gluten, modified 
zeleny sedimentation, alveoconsistograph W (40), 
extensograph 45 energy value and Rmax. The prom-
inent genotypes are EBVD1-16-E, EBVD 1-8-E, 
Efe-E, EBVD 2-48-E, EKM 129- -E, and 
Saggitario-Ü. 
 
 
KEYWORDS:  
Yufka, quality, wheat. 
 
 
INTRODUCTION 

 
Wheat is the primary source of food for approx-

imately 35% of the world population. The total grain 
production in the world was 2048 million tons in 
2015. However, the wheat production is 730 million 
tons and trade is 153 million tons [1]. 

Numerous studies have been carried out to de-
termine the qualities of bread and durum wheat. 
Most of these studies were carried to investigate the 
effects of genotypes on different quality parameters 
while some others were carried on to determine the 
effects of cultivation conditions, as plant nutrition 
studies, on these parameters [2], [3], [4], [5], [6] and 
[7].  

The development and production of fortified, 
special-purpose flours and flours for specific prod-
ucts and the development of target-oriented varieties 
from the field stage will gain further importance in 
the future.  

Currently, the flat breads from the bread in 
ancient times are still produced (chapatti, yufka, oat-
cake,etc.) Yufka is registered in UNESCO
sentative List of Intangible Cultural Heritage of Hu-

and it represents the culture of Tur-
key [8]. The total yufka production in Turkey is 1 
million 200 thousand tons, the export is 400 thou-
sand tons and the yufka export corresponds to 600 
million TL. [9]. Although numerous studies have 
been carried out to determine the qualities of bread 
wheat flour, studies on the determination of the qual-
ities of yufka flour and special-purpose flours, which 
are the group in which yufka flour is found, are lim-
ited. However, for yufka flour, usually crops culti-
vated at low temperature ecologies are preferred for 
their quality criteria [10]. One of our aim is to inves-
tigate the performance of spring wheat genotypes in 
Izmir, which has respectively a high temperature 
ecology. 

This study aimed to determine the chemical, 
physicochemical, and rheological properties of the 
Aegean coastal region wheat genotypes and deter-
mine yufka wheat genotypes suitable for improve-
ment.  

 
 

MATERIALS AND METHODS 
 
In this study, 13 genotypes were selected from 

the Aegean Agricultural Research Institute and Ege 
University Faculty of Agriculture Field Crops De-
partment. Wheat samples were stored in glass jars at 
-20 °C until the time of analysis, avoiding exposure 
to moisture. After the samples were annealed, they 
were milled in CD1 mill and rested for 3 weeks until 
the analyses were performed.  

Thirteen genotypes used in the present study 
are listed below (Table 1). From these wheat geno-
types, the physicochemical, chemical and rheologi-
cal characteristics of 2015 and 2016 harvests were 
analyzed and compared. 

 
Method. The characteristics of the 13 wheat 

genotypes (heading days, plant height, yield, and 
hectoliter weight) were determined by the units from 
which the samples were obtained. 
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TABLE 1 
Genotypes used in the study 

EBVD1-16-E* EKM 129-U* 
EBVD 2-37-E EKM 340-U 
EVD 2.1.2013-E EKM 342-U 
EBVD 1-8-E -U 
EBVD 2-48-E -U 

-E  
KAYRA-E  
EFE-E  

*E: Genotypes taken from Aegean Agricultural Research Insti-
tute, U: Genotypes taken from Ege University Faculty of Agricul-
ture Field Crops Department 

 
Analyses conducted on wheat flour: 
 Humidity ICC 110/1 [11]; Protein ICC 

167 [12]; Ash ICC 104/1 [13]; Starch Damage 
AACC Method 76.33.01 [14]; Wet gluten, dry glu-
ten, gluten index ICC 155 [15]; Zeleny Sedimenta-
tion ICC 116/1 [16]; Modified Zeleny Sedimenta-
tion [17]; SDS (sodium dodecyl sulfate) sedimen-
tation ICC 151 [18]; Falling Number ICC 107/1 
[19]. Among these analyses, wet gluten and modified 
zeleny sedimentation analyses, which determine pro-
tein quantity and protein quality, were taken into 
consideration. 

 Analyses conducted on the dough: 
 Farinograph 115/1 [20]; Extensograph 

ICC 114/1 [21]; Glutograph [22]; Mixograph 
AACC 54-40.02 [23]; Alveoconsistograph ICC 121 
[24]. Although large amounts of data were obtained 

according to the metadata method in this analysis, 
only the data that were important in terms of yufka 
characteristics were taken into consideration. 

Three replications for each sample were taken 
in two years. During these two years, the analysis re-
sults of 13 genotypes were evaluated by the JMP7 
statistical program, based on the genotype * year in-
teraction. 

 
 

RESULTS AND DISCUSSION  
 
Table 2 shows the field data of 13 genotypes, 

Table 3 shows the physicochemical, chemical and 
rheological properties, and Table 4 shows the corre-
lation between wheat flour and dough properties. 

values in Table 2, the earliest genotypes in terms of 
heading days were Ebvd 1-16-E, Kayra-E, and Evd 
2.1.2013-E, while the genotypes with high yield val-
ues were Efe-E, Kayra-E, Ebvd 2-48- -E, 
Ebvd 2-37-E, Ebvd 1-16-E, Ebvd1-1-8-E and Evd 
2.1.2013-E. The genotypes with high hectoliters 
were Kayra-E, Ebvd 2-37-E, Efe-E, Ekm129-U, Evd 
2.1.2013-E, Ebvd1-8-E and Ebvd 1-16-E. The flour 
yields of genotypes with high hectoliters are ex-
pected to be high. 

 
 

TABLE 2 
Field data  of genotypes 

  Heading days Plant Height (cm) Yield (kg/da) Hl (kg/Hl) 

Genotype 2015 2016 Average 2015 2016 Average  2015 2016 Average  2015 2016 Average  
EBVD 1-
16-E 94.33j 89.00m 91.66  90.33l 100.33jk 95.33de 697.33g 835.00d 766.16b 77.66k 84.33c 80.95e 

EBVD 2-
37-E 104.33e 94.33j 99.33d 109.66b-e 100.33jk 105.00b 827.00d 890.00bc 858.50a 78.90h 86.33a 82.62a 

EVD 
2.1.2013-E 94.66  92.00kl 93.33h 105.00g-  105.33f-h 105.16b 700.33g 756.00ef 728.16c 78.03j 84.90b 81.47c 

EBVD 1-
8-E 93.33jk 96.00  94.66g 89.66l 105.33f-h 97.50d 780.00e 732.00fg 756.00bc 78.16j 84.23c 81.20d 

EBVD 2-
48-E 104.66de 91.33l 98.00ef 110.00a-d 100.33jk 105.16b 760.33ef 1001.00a 880.66a 77.53k 83.90d 80.72f 

-
BEY-E 99.66g 97.00h 98.33de 110.00a-d 100.00jk 105.00b 824.66d 894.00bc 859.33a 77.13l 83.83d 80.48g 

KAYRA-
E 91.66l 91.33l 91.50  103.00g-j 100.33jk 101.66c 853.66cd 919.00b 886.33a 78.93h 86.23a 82.58a 

EFE-E 96.66h 97.33h 97.00f 110.00 a-d 110.33a-c 110.16a 859.66cd 914.00b 886.83a 78.66  84.86b 81.77b 
EKM 129-
U 114.66b 99.66g 107.16c 108.66c-f 102.33h-k 105.50b 447.66h 391.33  419.50d 78.03j 85.00b 81.52c 

EKM 340-
U 120.33a 101.33f 110.83b 113.00ab 101.33 -k 107.16b 329.33jk 364.33  346.83ef 77.00l 82.00e 79.50h 

EKM 342-
U 121.00a 101.33f 111.16b 113.33a 106.00e-g 109.66a 246.33m 322.33kl 284.33g 75.20m 79.03h 77.12j 

-U 121.00a 106.33c 113.66a 83.33m 106.33d-g 94.83e 356.00  395.33  375.66e 73.96n 80.00g 76.98k 

-U 121.00a 106.00cd 113.50a 98.66k 106.00efg 102.33c 288.33l 388.66  338.50f 74.03n 81.33f 77.68  

 
            

Average 
105.95a 

±0.19 
97.15b 

±0.19 
 103.43 a 

±0.62 
103.41a 

±0.62 
 613.13b 

±6.95 
677.15a 

±6.95 
 77.16b 

±0.02 
83.54a 

±0.02 

 
 
 

CV 0.9 CV 1.96 CV 3.86 CV 0.11 
Genotype *LSD 1.06 Genotype *LSD 2.35 Genotype *LSD 28.88 Genotype*LSD0.1  

Year *LSD 0.52 Year LSD : N.S. Year*LSD 19.76 Year *LSD 0.04 
Genotype*Year *LSD 1.53 Genotype*Year *LSD 3.66 Genotype*Year *LSD 43.94 Genotype*Year *LSD 0.14 

N.S.: Not Significant *: Significant at p<0.05 
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The study of the physicochemical, chemical 

ues were 10.18-12.58 d.m%, the wet gluten was 
22.82-32.42 (14% m.b), modified zeleny sedimenta-
tion was 16.12-47.07 ml, MTAL 369.77-435.05 
Tq%*min, water absorption was 54.05-62.85%, 
dough development time was 1.40-
ergy was 40.75-99.25 cm2 -

153.50-195.50 mm, Alveograph P was 46.75-97.25 
mm, Ie was 35.20-52.37%, G was 16.47-27.50 mm, 
W was 135.50-272.00 *10-4 J, W(40) was 70.75-
157.00*10-4 J, glutograph relaxation was 108.42-
256.92 B.U. The wet gluten, sedimentation and dry 
gluten values showing the protein quality of geno-
types with high protein content were also found to be 
high, similar to the results of Erekul and Köhn [25] 
and Barutcular et al. [26]. No similar studies on the 
mixograph have been found. The farinograph water 
absorption values determined in our study are in 
agreement with the studies on yufka and flat breads 
[1], [27], [28], [29], [30], [31] and [32]. However, 

Kundu [33], Shalini and Laxmi [34], Rao et al., [35] 
reported higher water absorption values in their 
study on chapatti. Yeyinli [29] conducted interviews 
with flour factories, and concluded that the wheat 
flour must have a water absorption rate of over 60%. 
The duration of the dough development is consistent 
with the study on yufka and flat breads [1], [27], 
[28], [29], [30], [31], [32], [33], [34] and [35]. In our 
study, extensograph -
166.7 cm2 -
bility 110-233 mm values were found between the 
values found between those reported by Yeyinli [29] 
and Olçay [32]. Alveograme values were found to be 
compatible with Acar [1] and Olçay [32], but higher 
than Gül et al. [36], Li et al. [37], Agyare et al. [38] 
and Indrani et al. [39]. Acar [1], in their study, have 
reported that flour samples for baklava production 
obtained from pure wheat varieties and samples of 
commercial baklava flour showed the glutograph 
stretching times of 6 - 125 s and relaxation values of 
245-650 B.U. These values were corroborated in our 
study (Table 3). 

 
 

TABLE 3 
Genotype*year interactions of some chemical, physicochemical and rheological characteristics  

of wheat flour and dough 

Protein (%d.m)** WG- Wet Gluten (%14 m.b)** 
MZS- Modified zeleny sedimentation 

(ml) 

Genotype 2015 2016 Average  2015 2016 Average  2015 2016 Average  

EBVD 1-16-E 13.68ab 11.49d-f 12.58a 32.17c-e 30.68d-g 31.43ab 44.33d 64.33b 54.33a 

EBVD 2-37-E 12.98bc 9.39 -k 11.19b 31.6c-f 25.62h-j 28.61c 24.33jk 19.33m 21.83j 

EVD 2.1.2013-E 10.66f-h 11.97c-e 11.31b 21.88kl 36.36a 29.12bc 30.00h 30.33h 30.17g 

EBVD 1-8-E 12.53cd 12.11c-e 12.32a 29.72d-g 32.66b-d 31.19ab 40.00f 42.33e 41.16d 

EBVD 2-48-E 10.05h-j 10.63f-h 10.34c 19.61l 26.01h-j 22.82e 25.66  67.66a 46.67b 

-E 10.71f-h 11.15e-g 10.93bc 25.55h-j 29.99d-g 27.77c 36.00g 39.67f 37.83e 

KAYRA-E 13.71ab 8.81k 11.26b 34.44a-c 22.67j-l 28.56c 60.67c 27.00  43.83c 

EFE-E 14.69a 9.67h-k 12.18a 36.07ab 28.77e-h 32.42a 61.67c 29.33h 45.50b 

EKM 129-U 12.91bc 9.09jk 11.00bc 32.14c-e 25.88h-j 29.01bc 35.00g 24.66j 29.83g 

EKM 340-U 12.12c-e 10.24g-  11.18b 30.43d-g 25.87h-j 28.15c 34.33g 21.33l 27.83h 

EKM 342-U 12.34cd 8.98jk 10.66bc 27.37g-  21.79kl 24.58de 30.33h 35.00g 32.67f 

-U 11.17e-g 10.34g-  10.76bc 25.05 -k 28.69f-h 26.87cd 22.67kl 29.33h 26.00  

-U 11.53d-f 9.14jk 10.33c 30.44d-g 26.07h-j 28.26c 35.33g 40.33f 37.83e 

          

Average 12.24a ±0.15 10.23b ±0.15  28.96a ±0.31 27.77a ±0.31  36.95a ±0.23 36.21a ±0.23  

 

CV 5.56 CV 7.40 CV 2.87 

Genotype *LSD 0.76 Genotype *LSD 2.43 Genotype *LSD 1.23 

 Year*LSD 0.46  Year N.S.  Year N.S.  
Genotype*Year *LSD1.14 Genotype*Year *LSD 3.41 Genotype*Year *LSD 1.79 

N.S.: Not Significant *: Significant at p<0.05 **%14 m.b.: %14 moisture basis, %d.m: % dry matter basis. 
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Continues: 

  Extensograme Energy (cm2)  
Extensograme 45  Maximum Resistance-
Rmax (BU) E  Extensibility-Ext. (mm) 

Genotype 2015 2016 Average 2015 2016 Average 2015 2016 Average 

EBVD 1-16-E 78.50g-  120.00b 99.25b 281.00g-  486.00b 383.50b 207.00abc 184.00d-f 195.50a 

EBVD 2-37-E 49.00n 32.50pq 40.75  160.50kl 127.50l 144.00  208.00ab 162.50g-k 182.25ab 

EVD 2.1.2013-E 22.50r 44.00no 33.25j 87.00m 183.50jk 135.25  170.00f-j 154.00 -l 162.00de 

EBVD 1-8-E 70.50  83.00fg 76.75d 268.00  307.50efg 287.75de 192.50b-e 190.00c-e 191.25ab 

EBVD 2-48-E 25.50qr 111.00c 68.25ef 90.50m 398.00cd 244.25g 175.00e-h 201.00a-d 188.00ab 

-E 69.50jk 98.50de 84.00c 281.00g-  395.00cd 338.00c 178.00e-g 182.00ef 180.00bc 

KAYRA-E 99.00d 45.00no 72.00de 370.00d 180.50k 275.25ef 206.50a-c 171.50f-  189.00ab 

EFE-E 156.50a 61.00kl 108.75a 661.00a 293.50f-h 477.25a 190.50b-e 146.00kl 168.25cd 

EKM 129-U 90.00ef 58.00lm 74.00de 324.00ef 250.50  287.25de 210.50a 159.00h-l 184.75ab 

EKM 340-U 51.50mn 70.00  60.75gh 171.50k 292.50f-h 232.00g 211.50a 168.00f-j 189.75ab 

EKM 342-U 21.00r 60.50l 40.75  85.00m 273.50g-  179.25h 160.50g-k 153.50j-l 157.00de 

-U 38.50op 73.00h-j 55.75h 173.50k 331.50e 252.50fg 150.50kl 156.50 -l 153.50e 
-

U 
51.50mn 79.50gh 65.50fg 215.50j 405.00c 310.25d 169.00f-j 143.00l 156.00de 

 
         

Average  63.34b±0.65 72.00a±0.65  243.73b±0.73 301.88a±0.73 186.88a±1.13 167.00b±1.13  

 
     

CV 6.42 CV 6.28 CV 4.90 

Genotype *LSD 6.17 Genotype *LSD 24.36 Genotype*LSD 3.22 

Year*LSD 1.83 Year *LSD 2.07 Year*LSD 12.32 

Genotype*Year*LSD 8.60 Genotype*Year *LSD 33.17 Genotype*Year *LSD 17.04 
N.S.: Not Significant *: Significant at p<0.05 

 
Continues: 

 Alveograme P-tenacity (mm) Alveograme Ie-elasticity (%) Alveograme G-index of swelling (mm) 

Genotype 2015 2016 Average 2015 2016 Average 2015 2016 Average 

EBVD 1-16-E 59.00g-  90.50b 74.75c 50.65b-f 54.10a-e 52.37a 27.35ab 24.60bc 25.97ab 

EBVD 2-37-E 47.50jk 46.00kl 46.75h 47.20d-h 36.25 -l 41.72cd 26.95ab 22.75c-g 24.85bc 

EVD 2.1.2013-E 39.00m 79.50cd 59.25e 29.65l 40.75h-k 35.20e 21.15e-j 20.15g-l 20.65e 

EBVD 1-8-E 39.50lm 60.50gh 50.00gh 57.45ab 43.85f-  50.65ab 28.15a 26.85ab 27.50a 

EBVD 2-48-E 59.00g-  77.00c-e 68.00d 44.90e-h 59.65a 52.27a 19.55h-m 20.55f-k 20.05e 

-E 69.50f 81.50c 75.50c 54.75a-d 48.40c-g 51.57ab 19.75h-m 23.05c-f 21.40e 

KAYRA-E 74.00d-f 76.00c-f 75.00c 52.05b-f 41.60g-k 46.82bc 24.50b-d 17.00m 20.75e 

EFE-E 103.50a 91.00b 97.25a 60.45a 36.60 -l 48.55ab 23.40c-e 18.25k-m 20.82e 

EKM 129-U 80.50cd 74.50c-f 77.50c 55.70a-c 40.25h-k 47.97ab 22.70c-g 18.85j-m 20.77e 

EKM 340-U 61.00g 59.00gh 60.00e 40.15h-k 40.10h-k 40.12de 21.75d-  21.60e-j 21.67de 

EKM 342-U 52.00 -k 54.00h-j 53.00fg 34.40kl 42.10g-j 38.25de 17.70lm 22.05c-h 19.87e 

-U 79.50cd 89.50b 84.50b 36.10j-l 45.65e-h 40.87d 13.50n 19.45h-m 16.47f 

-U 39.50lm 71.00ef 55.25ef 54.95a-c 45.15e-h 50.05ab 28.15a 18.95  23.55cd 

 
         

Average 61.80b±0.36 73.07a±0.36  47.57a±0.55 44.19b±0.55  22.66a±0.21 21.08b±0.21  

          

CV 5.04 CV 8.06 CV 6.35 

Genotype *LSD 4.82 Genotype*LSD 5.25 Genotype *LSD 1.97 

Year *LSD 1 Year* LSD 1.55 Year* LSD 0.58 

Genotype*Year *LSD 6.63 Genotype*Year *LSD 7.3 Genotype*Year *LSD 2.73 
N.S.: Not Significant *: Significant at p<0.05 
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Continues: 

  Alveograme W-baking strength (10-4J) AlveogrameW(40)  baking strength at 
40. second (10-4 J) Glutograme Relaxation (BU) 

Genotype 2015 2016 Average 2015 2016 Average 2015 2016 
Aver-
age 

EBVD 1-16-E 222.50d-f 327.00b 274.75a 96.50f 151.50b 124.00b 205.50ef 225.00de 215.25c 

EBVD 2-37-E 162.00 -k 111.00l-n 136.50fg 74.00  67.50j 70.75g 166.00g-  260.00a-c 213.00c 
EVD 2.1.2013-
E 94.00n 177.00g-j 135.50fg 54.50k 119.00e 86.75ef 225.50de 249.33b-d 237.42ab 

EBVD 1-8-E 177.50g-j 197.50f-h 187.50cd 69.00j 93.50fg 81.25f 153.50g-j 271.67ab 212.58c 

EBVD 2-48-E 133.50k-m 243.50cd 188.50cd 93.00fg 136.00cd 114.50cd 145.50h-j 71.33k 108.42g 

-E 190.50f-  235.50c-e 213.00b 118.50e 127.00de 122.75bc 129.00j 246.00b-d 187.50de 

KAYRA-E 249.50cd 153.50jk 201.50bc 120.50e 119.00e 119.75b-d 175.50f-h 227.00de 201.25cd 

EFE-E 368.50a 175.50g-j 272.00a 179.50a 134.50cd 157.00a 159.00g-j 278.33a 218.67bc 

EKM 129-U 262.00c 155.50jk 208.75bc 137.50cd 115.00e 126.25b 147.00h-j 271.33ab 209.17cd 

EKM 340-U 144.50j-l 144.00j-l 144.25f 90.50f-h 90.50f-h 90.50e 240.50cd 273.33ab 256.92a 

EKM 342-U 95.50n 136.00k-m 115.75g 75.50  82.00g-  78.75fg 160.50g-j 180.67fg 170.58ef 
-U 109.50mn 209.00e-g 159.25ef 80.05h-j 143.50bc 111.77d 140.00  162.67g-  151.33f 

-
U 177.50g-j 164.00h-k 170.75de 69.00j 115.00e 92.00e 172.50f-  246.67b-d 209.58c 

 
         

Average 183.61a±2.91 186.84a±2.91  96.77b±0.99 114.92a±0.99  170.76b±3.01 227.94a±2.46  
          

CV 8.95 CV 5.85 CV 8.18 
Genotype *LSD 24.06 Genotype *LSD 8.78 Genotype *LSD 21.79 

Year : N.S. Year * 2.81 Year *LSD 7.82 
Genotype*Year  *LSD 33.71 Genotype*Year *LSD 12.28 Genotype*Year *LSD 33.75 

N.S.: Not Significant *: Significant at p<0.05 
 
Table 4 shows the correlations of some chemi-

cal, physicochemical and rheological properties of 
wheat genotypes and doughs. In our study, signifi-
cant positive correlations were determined between 
protein content x water absorption, protein x dough 
development time, Protein x Alveograme G, Protein 
x Alveograme W, Protein x Alveograme Ie 
(r=+0.8181, +0.7544, +0.5707, +0.5165, +0.4881, 
p<0.05). Yeyinli [29] found positive correlations be-
tween protein x water absorption and protein x dough 
development time (r = + 0.51, +0.45, p <0.0001) in 
their study on correlations of some properties of 
yufka dough flour. 

Extensograph is a quality analysis that shows 
the producibility of yufka dough in the pastry. While 
135' values were generally used in studies on flat 
breads, 
yufka is not a leavened dough [32], [39] and [40]. 

x wet 

-0.3134, 

Rma
p<0.05). 

ported by Yeyinli [29] and Olçay [32]. Yeyinli [29], 
in their study on the relation of extensograph and 
chemical-physicochemical properties of flour sam-
ples sold for special purposes in the market, found r= 
+0.72, +0.60, +0.66, +0.51, +0.59, +0.59 between 

ergy x total gluten, 

x 
total gluten, respectively (p<0.0001). The correla-
tions were positive and close to our values. Olçay 

ergy values and wet gluten, zeleny sedimentation 
and alveograme 

0.2
flour samples obtained from pure wheat genotypes 

(r=-
ergy x ze

sograph and wet gluten analyses demonstrated posi-
tive correlations with each other but were slightly 

 
In our study, positive correlation was deter-

mined between water absorption and wet gluten 

sibility (r=+0.3842, p<0.05); dough development 
time and wet gluten, dough development time and 
modified zeleny sedimentation, dough development 

Rmax, dough development time and water absorp-
tion (r= +0.6727, +0.6087, +0.5436, +0.5403,  
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TABLE 4 
Correlations of some chemical, physicochemical and rheological characteristics of wheat flour and dough 

  

Wet 
gluten 

Pro-
tein 
% 

MZS 
Relaxa-

tion 
(BU) 

 
Energy 

 
Ext. 

 
Rmax 

WA DDT Alv P Alv G Alv W Ie W(40) 

Wet gluten 1              

% protein 0.7999 1  -0.2733 0.3850 0.6850  0.8181 0.7544  0.5707 0.5165 0.4881  

MZS 0.2923  1 -0.3314           
Relaxation 
 (BU) 

   1           

45'energy 0.4943  0.8421  1          

45'Ext. 0.4614  0.4670 -0.3134 0.4116 1         

45 ' Rmax 0.4271  0.7787  0.9713  1        

WA 0.6917     0.3842  1       

DDT 0.6727  0.6087  0.5436 0.5403 0.4637 0.6163 1      

Alv P 0.3095  0.4194  0.6168  0.6681   1     

Alv G 0.5511  0.3890  0.3442 0.6207   0.4979 -0.3408 1    

Alv W 0.6165  0.8088  0.9296 0.4833 0.8792 0.3567 0.6519 0.6563 0.4083 1   

Alv Ie 0.4566  0.7151 -0.5264 0.7370 0.5887 0.6509  0.4309 0.2788 0.5581 0.7935 1  

Alv W(40) 0.3785  0.5758  0.7679  0.7907  0.3593 0.9303  0.8192 0.5126 1 

MTAL 0.3773  0.2797  0.3383  0.3207   0.5822  0.3748  0.5318 

WA:Water Absorbtion, DDT: Dough Development Time, MTAL: Mixograme Total Area 
 
 
+0.4637, +0.6163, p<0.05). Olçay [32] found that 
the values of water absorption x zeleny sedimenta-
tion, water absorption x wet gluten, water absorption 
x alveograme P values for commercial yufka flour 

correlations. For pure wheat genotypes, Olçay [32] 
reported correlations similar to those found in our 
study as water absorption x zeleny sedimentation, 
dough development time x zeleny sedimentation, 

 
Alveograme values (Table 3) were similar to 

those reported by Acar [1] and Olçay [32]. In our 
study, correlations Alveograme P and various factors 
including wet gluten, modified zeleny sedimenta-

+0.6168, +0.6681, p<0.05). The correlation of Alve-
ograme G with wet gluten, modified zeleny sedimen-

ment time and alveograme P was also determined 
(r=+0.5511, +0.3890, +0.3442, +0.6207, +0.4979 -
0.3408, p<0.05). Alveograme W and various factors 
such as Alveograme W x wet gluten, Alveograme W 
x modified zeleny sedimentation, Alveograme W x 

sorption, Alveograme W x Dough development 
time, Alveograme W x Alveograme P, Alveograme 
W x Alveograme G (r= +0.6165, +0.8088, +0.9296, 
+ 0.4833, +0.8792, +0.3567, +0.6519, +0.6563, 
+0.4083, p<0.05); The values further determined 
were: Alveograme Ie x wet gluten, Alveograme Ie x 
relaxation (BU), Alveograme Ie x modified zeleny 

eo-

Rmax, Alveograme Ie x Dough development time, 
Alveograme Ie x Alveograme P, Alveograme Ie x 
Alveograme G, Alveograme Ie x Alveograme W 

(+0.4566, -0.5264, +0.7151, +0.7370, +0.5887, 
+0.6509, +0.4309, +0.2788, +0.5581, +0.7935, 
p<0.05); Alveograme W(40) x wet gluten, Alveo-
grame W(40) x modified zeleny sedimentation, Al-

ment Time, Alveograme W(40) x Alveograme P, Al-
veograme W(40) x Alveograme W, Alveograme 
W(40) x Alveograme Ie (r= +0.3785, +0.5758, 
+0.7679, +0.7907, +0.3593, +0.9303, +0.8192, 
+0.5126, p<0.05). Acar [1] determined that alveo-
graph P and Ie values indicate wheat flour quality for 
commercial flours used for baklava production. In 
the same study, it was revealed that the quality of 
yufka flour can be estimated by using alveograph Ie 
and gluten index values. In the Olçay [32] study, 

Olçay [32] also re-
ported correlations between alveograph P value and 

yufka flour samples, and correlations between Alve-
ograme P x wet gluten (r=-  alveograme 

wheat genotypes. These results were similar to those 
obtained in our study.  

In our study, correlations were found between 
Mixograme MTAL x wet gluten, MTAL x modified 
zeleny sedimentation, MTA

veograme W, and MTAL x Alveograme W(40) 
(r=+0.3773, +0.2797, +0.3383, +0.3207, +0.5822, 
+0.3748, +0.5318; p<0.05)  
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CONCLUSION 
 
When the correlations obtained in our study 

were examined, alveoconsistographe was found to 
be a guiding device in the selection of yufka wheat 
varieties. Particularly, alveoconsistographe exhib-
ited high correlations with modified zeleny sedimen-

 
As a consequence of the study, wet gluten mod-

ified zeleny sedimentation and alveoconsistograme 
W (40), Ie
ues were determined to be significant in terms of 
yufka quality. As a result of genotype-year interac-
tions evaluation for two years in Table 3, Ebvd 1-16-
E, Ebvd1-8-E, Efe-E, Ebvd 2-48-E are the prominent 
genotypes due to their protein content and high qual-
ity. 
bey-E, Saggitario-U and Ekm-129-U are suitable for 
mixograme MTAL, 45 'extensograme, alveograme 
values. As a result of these evaluations, it can be seen 
that genotypes Ebvd 1-16-E, Ebvd 1-8-E, Efe-E, 
Ebvd 2-48-E and Ekm 129 - -E, Saggi-
tario-U can be suggested as yufka wheat varieties. It 
is also thought that Ebvd 1-16-E, Ebvd 1-8-E, Efe-E, 
and Ebvd 2-48-E genotypes are also good in terms of 
quality and yield values, and the use of these varie-
ties in Aegean and Mediterranean coast, where has 

gested for widespread usage, by the farmers. In the 
subsequent studies, yufka will be produced using 
these genotypes, yufka quality analyses will be con-
ducted, and the genotypes that are most suitable for 
yufka production will be determined. 
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To investigate the extent of heavy metal con-

tamination in market-purchased vegetables in 
Hangzhou, China, and assess the health risk of 
eating these vegetables, 19 vegetable samples were 
purchased at three major wholesale vegetable mar-
kets in Xiaoshan, Gouzhuang, and Xiasha. The 
concentrations of Cd, Pb, Cr, Cu, and Zn were 
measured, and the extent of heavy metal contamina-
tion in the vegetables was assessed according to 
related Chinese standards. The health risk of heavy 
metals in market-purchased vegetables was also 
assessed using the exposure assessment equation 
from the MMSOILS model of the United States 
Environmental Protection Agency. Results indicat-
ed that Pb and Zn, with standard-exceeding rates of 
94.7% and 100%, respectively, are the main metal 
contaminants in the vegetables sold in Hangzhou. 
All vegetables sold in Hangzhou in the summer of 
2016 were seriously contaminated. According to 
our analysis using the exposure assessment equa-
tion, only the HQveg of Cu was greater than 1 
among the five metals studied. The results of the 
present study indicated that consuming vegetables 
sold in vegetable markets in Xiaoshan, Gouzhuang, 
and Xiasha may have adverse effects on human 
health because of their excessive Cu content. Based 
on the exposure assessment equation, the pollutant, 
Cu is considered hazardous to human health. The 
situation requires more attention not only from the 
consumers but also from the administrators. 

Vegetables, heavy metals, pollution, health risk assess-
ment 

 
Vegetables, as a major food group in human 

diet, provide the human body with abundant vita-
mins, mineral salts, and cellulose. The quality of 
vegetables has a direct effect on human health [1, 
2]. However, with the rapid development of indus-
try and agriculture, vegetables are often contami-

nated by various heavy metals because of the un-
reasonable application of agricultural chemicals and 
fertilizers containing heavy metals. 

Characterized by non-reversibility and incom-
plete decomposition, heavy metals are easily accu-
mulated in the roots, stems, leaves, and seeds of 
plants [3]. Then, they are absorbed into the human 
body through the food chain and threaten human 
health [4]. Vegetables from various regions have 
been found to be contaminated by different quanti-
ties of heavy metals, particularly Pb, Cd, Cr, Cu, 
and Zn [1, 2, 5-8]. Once the concentrations of these 
five heavy metals reach a certain level in the human 
body, serious illnesses may develop. For example, 
lead is difficult to eliminate from the human body 
and can directly damage brain cells [9]. This metal 
also has carcinogenic and mutagenic effects. 

Assessments on heavy metal contaminations in 
vegetables sold in Hangzhou are lacking [10]. To 
provide references to monitor the heavy metal con-
tamination in vegetables in Hangzhou, aid govern-
ment decision-making, and provide consumers with 
a safe eating guide, the heavy metal concentrations 
in vegetable samples obtained from wholesale mar-
kets in Hangzhou were measured. The pollution 
status of these vegetables was also assessed accord-
ing to food hygiene standards. 

In the summer of 2016, 19 
types of vegetables were obtained from the main 
vegetable wholesale markets in Hangzhou and 
divided into nine major categories (Table 1).  

To ensure that the sampling sites were equally 
distributed, the vegetables samples were acquired 
from three major vegetable markets, namely, Hang-
zhou Xiaoshan agricultural products wholesale 
market, Hangzhou Gouzhuang vegetable wholesale 
market, and Xiasha agricultural byproduct market 
(Fig. 1). Sampling was performed over two time 
periods; one in July 2016, during which three col-
lections were performed, and the other in August 
2016, during which another three collections were 
performed. During each sampling, 1 kg of each 
vegetable type in each market was collected. 
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Major categories Name 
Leafy vegetable Lettuce Spinach   

 sp. Cauliflower    
Tuber vegetable Carrot    

 sp. Garlic    
Stem vegetable Celery Lotus root  
Melons and solanum Cucumber Tomato Green pepper Eggplant 
Beans Asparagus bean Green bean Kidney bean  
Edible mushrooms Enoki mushroom   
Tomato, potato and cassava Taro Potato   

 

 

A) Map of China; the yellow region indicates 
Zhejiang Province; B) Map of Zhejiang province; 
the yellow region indicates Hangzhou City; C) Map 
of Hangzhou;  represents the population and , 

 and represents the sampling sites 

The edible 
parts of the vegetables were obtained after repeated 
washing using deionized water. After the surface 
water had been removed using filter paper, the 
samples were placed in a drying oven at 105 °C for 
30 min and then heated to a constant weight at 70 
°C. The dry samples were grounded using a micro 
pulverizer, passed through a nylon sieve of 100 
mesh, and stored in plastic bags. The samples were 
measured as follows: The processed sample (0.5 g) 
was put into a digestion tube and then mixed with 
0.5 mL of HF, 1 mL of H2O2, and 5 mL of HNO3. 

The solution was digested using a microwave di-
gester (CEM, MARS) [11]. The concentrations of 
Cd, Pb, Cr, Cu, and Zn in the digestion solution 
were measured by graphite furnace atomic absorp-
tion spectrophotometry (PE Company, A800). Each 
group included 39 samples and one blank control. 

 

Heavy 
metals in vegetables may be represented by the 
standard-exceeding rate. The standard-exceeding 
rate is expressed as 

 Ci (%) = (ni / Ni) × 100, (1) 
where Ci is the standard-exceeding rate of a 

certain pollutant in a certain vegetable type, ni is the 
number of the samples containing a certain pollu-
tant for a certain type of vegetable, and Ni is the 
total number of samples collected for a certain type 
of vegetable [12]. 

,
r
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Heavy metal Vegetables Concentration limit (mg/kg) Criterion 

Pb 

Fresh vegetables (except  sp., 
leafy vegetables, beans and potatoes) 0.1 

GB 2762-2012 

 sp. and leafy vegetables 0.3 
Beans and potatoes 0.2 

Cd 

Fresh vegetables (except foliage 
vegetables, beans, root and tuber 
vegetables, and stem vegetables) 

0.05 

Leafy vegetables 0.2 
Beans, root and tuber vegetables, 
stem vegetables (except celery) 0.1 

Celery 0.2 
Cr All vegetables 0.5 
Cu All vegetables ≤10 mg/kg GB 13199-1991 
Zn All vegetables ≤20 mg/kg GB 13106-1991 

Classification 1 2 3 4 5 
Integrated pollution index P≤0.7 0.7<P≤1.0 1.0<P≤2.0 2.0<P≤3.0 P>3.0 

Pollution degrees Safe Vigilance Mild pollution Moderate pollu-
tion Serious pollution 

Pollution levels Clean Moderately clean Start to be  
polluted 

At moderate level 
of pollution 

At serious level of 
pollution 

 

Heavy metal Cr Pb Cd Cu Zn 
RfD (reference dose)
μg/(kg·d) 15 3.5 1 500 300 

 
The extent of heavy metal contamination in 

vegetables was assessed according to national food 
safety standards GB 2762-2012 and GB13106-1991 
(Table 2). 

 

The heavy metal contamination in vegetables was 
assessed using a single-factor pollution index and 
an integrated pollution index according to the aver-
age concentrations of heavy metals [13]. 

(1) Single-factor pollution index method: 
Pi=Ci/Si   (2) 
where Pi is the single-factor pollution index of 

a certain heavy metal, Ci is the measured concentra-
tion of certain heavy metal, and Si is the standard 
concentration of each assessment. 

(2) The degree of contamination in the vegeta-
ble samples was assessed according to the integrat-
ed pollution index and the quality classification 
standard of vegetables (Table 3).  

The integrated pollution index is calculated as 
follows: 

Pz = [(P²avg+Pmax²) /2] ½ , (3) 

where Pz is the integrated pollution index, Pavg 
is the average of each single-factor pollution index 
(Pi), and Pmax is the maximum of Pi. 

The average daily 
intake of heavy metals from the edible vegetables 
was calculated using the simplified exposure as-
sessment equation (generally applied in determin-
ing exposure risks from water, food, and air) from 
the MMSOILS model of the United States Envi-
ronmental Protection Agency (USEPA) [14]. 

CDIveg = (C • I • 103) /BW  (4) 
C·I = ∑(ci·Di·Fd )    (5) 
where CDIveg is the average daily intake of 

heavy metal contaminants from vegetables 
[μg/(kg•d)], C is the concentration of heavy metals 
in the vegetables (mg/kg), I is the contact rate, BW 
is the body weight (kg), considered as 60 kg, ci is 
the average concentration of heavy metals in a 
certain type of vegetable (mg/kg), Di is the daily 
consumption of a certain type of vegetable (kg), 
and Fd is the proportion of dry weight calculated 
from the fresh weight of vegetable, considered as 
0.1 [15]. According to research on the diet, nutri-
tion, and health situations of Chinese residents, the 
consumption of vegetables per capita is 311.63g•d-1 
[16]. 

In this research, the exposure risk index of 
heavy metals from edible vegetables is expressed as 
HQveg (hazard quotient), and the maximum permit-
ted uptake from this pathway is 0.5RfD [17]. The 
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average daily uptake of vegetables (CDIveg) was 
compared against 50% of the reference dose of 
exposure to toxic pollutants (RfD, Table 4).  

If HQveg is greater than 1, the pollutant is con-
sidered hazardous to human health. The value of 
HQveg is proportional to the hazard brought about by 
the pollutant [4]. HQveg was calculated using the 
following formula: 

HQveg = CDIveg / 0.5 RfD  (6) 

Of the 19 types of vegetables tested, 
leafy vegetables generally had the highest concen-
trations of heavy metals (except Cu), whereas beans 
had the lowest concentrations (Fig. 2). This finding 
concurred with a previous report [18]; that heavy 
metal concentrations and the integrated pollution 
index in foliage vegetables were higher than that in 
other types of vegetables, such as beans, roots and 
tubers, melons, and solanum, in representative 
regions of Guangdong Province. Leafy vegetables 
have strong accumulative ability. Heavy metal 
elements in smoke and dust may be absorbed by 
leaves and accumulate in vegetables [19].  

By comparing the heavy metal concentrations 
in vegetables collected over different months, the 
concentrations of five metals across the months 
were not found significant difference (data not 
shown). Several differences in the heavy metal 

concentrations of vegetables from different sam-
pling sites were observed, but these differences 
were generally small (data not shown). 

To understand the extent of heavy metal pol-
lution in different types of vegetables, the amounts 
of heavy metals in vegetables sold in Hangzhou 
were investigated and assessed according to Chi-
nese limitation standards. Pb and Zn, which showed 
standard-exceeding rates of 94.7% and 100%, re-
spectively, were the heavy metal pollutants with the 
highest concentrations in the vegetables (Table 5). 
The standard-exceeding rates of Pb in all types of 
vegetables except garlic were close to 100%; Pb in 
garlic did not exceed the specified limits. The con-
centrations of Cu in the vegetable samples fell be-
low the maximum permitted concentrations accord-
ing to Chinese national standards. The general 
standard-exceeding rates of Cr and Cd (36.8% and 
63.2%, respectively) were relatively high, but their 
concentrations varied among the different vegeta-
bles. For example, the standard-exceeding rates of 
Cr and Cd in foliage vegetables reached 100%. The 
concentrations of Cr in stem vegetables, melons, 
solanum, and edible mushrooms were much higher 
than the specified limits. By contrast, Cd concentra-
tions in all vegetables except  species were 
very high. The standard-exceeding rates of heavy 
metals in vegetables from different sampling sites 
slightly differed, but these differences were not 
significant (Table 5). 

The red lines indicate maximum concentration limits according to Chinese national standards in vegetables. 
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Major  
categories * 

Cr Pb Cu Cd Zn 
Gou-
zhuan

g 

Xiao
shan 

Xia
sha 

Gou-
zhuan

g 

Xiao
shan 

Xia
sha 

Gou-
zhuan

g 

Xiao
shan 

Xia
sha 

Gou-
zhuan

g 

Xiao
shan 

Xia
sha 

Gou-
zhuan

g 

Xiao
shan 

Xia
sha 

Leafy vege-
tables (2) 100 100 100 100 100 100 0 0 0 100 100 100 100 100 100 

 sp. 
(1) 100 100 0 100 100 100 0 0 0 0 0 0 100 100 100 

Tuber vege-
table (1) 0 0 0 100 100 100 0 0 0 100 0 0 100 100 100 

 sp. 
(1) 0 0 - 0 0 - 0 0 0 0 100 - 100 100 100 

Stem vege-
tables (3) 33.3 33.3 0 100 100 100 0 0 0 0 0 33.

3 100 100 100 

Melons and 
solanum (4) 25 25 0 100 100 100 0 0 0 100 75 75 100 100 100 

Beans (3) 0 0 33.
3 100 100 66.

7 0 0 0 0 0 33.
3 100 100 100 

Edible 
mushrooms 
(2) 

0 100 0 100 100 100 0 0 0 0 100 50 100 100 100 

Potatoes (2) 0 0 0 100 100 100 0 0 0 100 100 100 100 100 100 

Note: *Figures in the brackets represent the number of species included in each category; '-' indicates that the vegetable is not 
available in the specified location. 

Categories Vegetables 
Single-factor pollution index Integrated 

pollution index 
Pollution 
degrees Cr Pb Cu Cd Zn 

Leafy vegeta-
ble 

Lettuce 2.1700 10.6117 0.1500 3.1192 6.4700 8.1515 Serious 
Spinach 3.3780 10.1667 0.1174 21.2825 7.5200 16.2030 Serious 

 sp. Cauliflower 1.0513 1.2600 0.0594 0.3367 6.8700 5.0431 Serious 
Tuber vegeta-
ble Carrot 0.8223 8.6083 0.1232 1.2567 6.6558 6.5691 Serious 

 sp. Garlic 0.4010 0.4875 0.1148 0.7250 9.2963 6.7558 Serious 

Stem vegetable 
Celery 0.9780 20.8067 0.1494 1.1308 5.5975 15.2607 Serious 
Zizania latifolia 0.6297 4.6633 0.0852 0.0867 7.1133 5.3352 Serious 
Lotus root 2.6197 19.3183 0.2750 0.2783 7.7892 14.3156 Serious 

Melons and 
solanum 

Cucumber 1.5210 11.3800 0.1656 1.2400 14.1733 10.8011 Serious 
Tomato 0.3903 6.2517 0.1281 5.4000 8.8842 6.9520 Serious 
Green pepper 0.6123 6.6850 0.1753 1.8867 6.2192 5.2152 Serious 
Eggplant 0.5300 2.2150 0.1924 9.4000 8.1408 7.2503 Serious 

Beans 
Asparagus bean 0.5870 3.4117 0.1709 0.3217 6.8975 5.1363 Serious 
Green bean 1.3100 4.9450 0.2319 1.6100 11.2350 8.4016 Serious 
Soybean 0.6130 2.2038 0.1176 0.1500 6.7075 4.9409 Serious 

Edible mush-
rooms 

Enoki mush-
room 0.3605 2.6075 0.1052 0.2900 7.2263 5.3247 Serious 

Pleurotus gees-
teranus 0.8580 6.4000 0.1370 3.3550 15.3663 11.4761 Serious 

Tomato, potato 
and cassava 

Taro 1.2343 17.3358 0.1155 11.9700 6.4517 13.3343 Serious 
Potato 0.5217 1.8558 0.0854 2.5867 7.5908 5.6574 Serious 

To determine the extent of heavy metal con-
tamination in vegetables sold in Hangzhou, the 
single-factor and integrated pollution indices were 
applied (Table 6). The single-factor pollution indi-
ces of foliage vegetables were generally higher than 
the standard-exceeding rates of heavy metals, and 
the Pb pollution index of each type of vegetables 
was also higher because of serious Pb excess. Dif-

ferences in the pollution indices of various vegeta-
bles, which may be related to the habitats of the 
vegetables and pesticide usage, were also observed. 
The integrated pollution indices of all vegetables 
were greater than 3, implying that these vegetables 
were seriously contaminated. The highest integrated 
pollution indices were observed in spinach, celery, 
and lotus root. 
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Assessment index Cr Pb Cu Cd Zn 
CI 0.0169  0.0353  0.0443  0.0121  5.1240  
CDI 0.2814  0.5878  0.7378  0.2019  85.4001  
HQ of vegetables 0.0375  0.3359  1.4756  0.0008  0.5693  

The health risk associat-
ed with heavy metal pollution in vegetables in 
Hangzhou was assessed according to the simplified 
assessment equation of exposure (risk from water, 
food, and air) from the MMSOILS model of 
USEPA (Table 7). 

The health risk indices of the five heavy met-
als (Table 7) showed that all the HQveg values of Cr, 
Pb, Cd, and Zn were smaller than 1, whereas the 
HQveg value of Cu was greater than 1. These results 
indicate that market-purchased vegetables in Hang-
zhou may promote health risks among local resi-
dents because of excessive Cu content. 

 
 

 
 
Heavy metal concentrations in 19 types of 

vegetables (nine major categories) purchased from 
the main vegetable wholesale markets in Hangzhou 
in the summer of 2016 were analyzed and assessed 
in this study. The present work is the first systemat-
ic investigation on heavy metal concentrations in 
vegetables in Hangzhou. The Xiaoshan agricultural 
products and Gouzhuang vegetable wholesale mar-
kets are the major wholesale markets in Hangzhou 
that provide the majority of the vegetable supply in 
the region, and have important roles to ensure the 
vegetable supply of Hangzhou City. Census data 
reveal that the population of the urban area of 
Hangzhou is 5.9959 million (Fig 1). If the average 
weight of vegetables consumed daily by each per-
son is 0.3 kg, then 1798 tons of vegetables are con-
sumed every day in Hangzhou. Therefore, to ensure 
that vegetables are safe to consume is a matter of 
great concern [20]. 

Our study indicated that vegetables sold in 
Hangzhou are seriously contaminated by Pb and 
Zn, with standard-exceeding rates close to 100%. 
Among the five heavy metals determined, only Cu 
was found at concentrations lower than the upper 
limit of national food safety standards. Small dif-
ferences in heavy metal concentrations across sam-
pling times and sites were further observed. Serious 
heavy metal excesses were detected in all samples 
[21]. 

Large differences in heavy metal concentra-
tions were found among the sample vegetables. The 
heavy metal concentrations in beans, for example, 
were relatively low, whereas that in leafy vegeta-
bles were relatively high [22]. Differences in the 
concentration of the same heavy metal in various 

vegetables, as well as in the concentration of differ-
ent heavy metals in the same vegetable were further 
observed. These findings indicated that absorption 
of heavy metal elements from the soil by the vege-
tables is influenced by multiple factors [14]. Heavy 
metal concentrations in vegetables are related not 
only to the degree of soil contamination, but also to 
the absorption ability of the vegetables. Therefore, 
differences in heavy metal concentrations in vege-
tables are the result of synergistic effects of multi-
ple factors [17].

The single-factor index reflected the degree of 
pollution of each pollutant, but it failed to compre-
hensively reflect the extent of contamination in 
vegetables. The integrated pollution index high-
lighted the significance of pollutants with high 
concentrations because its calculation involved the 
average and maximum of the single-factor pollution 
index [5]. The integrated pollution indices of all 
samples were greater than 3, and the integrated 
indices of some samples were greater than 10. 
These findings indicated that all samples have seri-
ous levels of contamination. Health risk assessment 
using the USEPA model showed that the Cu con-
centrations in all vegetable samples were not above 
the national standards. However, safety risks from 
Cu pollution were relatively high because of the 
low dose exposure to the metal [23]. 

The concentration of heavy metals accumulat-
ed in vegetables is closely related to the heavy 
metal concentration in the habitat. The heavy metal 
concentration in soil solutions around plant roots is 
generally an important factor that influenced the 
metal absorption of vegetables. When the concen-
trations of heavy metals in the soil solutions in-
crease, the amount of heavy metals absorbed by 
vegetables also increased [24]. The vegetable sam-
ples in the present research were seriously contami-
nated by heavy metals, which may be related to the 
fact that the soils of vegetable-producing areas are 
also polluted. Major factors that influence the in-
crease in heavy metal accumulation in soil include 
sewage irrigation, sludge and city garbage for agri-
cultural usage, application of fertilizers and pesti-
cides, and atmospheric sedimentation [25]. Heavy 
metal contamination in vegetables is related to the 
extent of pollution in the soil, water, and air in a 
given location [26, 27]. As a representative aquatic 
vegetable, lotus root showed excessive heavy metal 
concentrations because of water pollution in its 
habitat. The sewage yield every year in China is 
estimated to reach tens of billions, but only 24% of 
the industrial sewage and 4% of the domestic sew-
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age are processed. Therefore, 80% of the water 
sources in China are polluted. Industrial and domes-
tic waste and pesticide usage further increase the 
heavy metal concentrations in water and lead to 
contamination of aquatic vegetables [28]. As such, 
ensuring vegetable quality and safety by improving 
the detection and supervision of heavy metal con-
tamination in vegetable-producing areas is of ut-
most importance. 

Unreasonable use of fertilizers is an important 
factor that increases heavy metal concentrations in 
vegetables. Excessive use of nitrogen fertilizers is a 
common practice because farmers desire high 
yields and early maturation of vegetables [15]. 
When the pH of soil declines, its H+ increases and 
the exchange capacity between H+ and heavy metal 
cations adsorbed on the surface of colloids and clay 
mineral particles increases. These phenomena in-
duce desorption of heavy metal cations into the soil 
solution. Declines in pH value also disrupt the pre-
cipitation-dissolution equilibrium of heavy metal 
cations, which enhances the activity of some heavy 
metals in soil and promotes their release [18]. Con-
sequently, the heavy metal absorption of plants 
increases. As such, reasonable fertilization is an 
important measure to prevent heavy metal pollution 
in vegetables. 

The purchase channel of wholesale vegetable 
markets in Hangzhou is not confined to Zhejiang 
Province [12]. Vegetables from other provinces, 
such as Anhui, Shandong, and Fujian, occupy a 
considerable proportion of imported vegetables. 
Aside from local vegetables in Hangzhou, vegeta-
bles from other provinces must also be strictly in-
spected [19]. Logistics and storage management 
practices must be strengthened to ensure the safety 
of vegetables. 

 
 

 
Vegetables are important sources of nutrition 

for people, especially trace elements. However, the 
heavy metal contamination has increased the risk of 
vegetable consumption. We collected different 
vegetable samples from different wholesale markets, 
and the concentrations of Cd, Pb, Cr, Cu, and Zn 
were measured. All vegetables were seriously con-
taminated in Hangzhou. According to our results, 
the standard-exceeding rates of Pb and Zn were 
94.7% and 100%, respectively, which are the main 
metal contaminants in the tested vegetables. Based 
on the exposure assessment equation, the pollutant, 
Cu is considered hazardous to human health. The 
situation requires more attention not only from the 
consumers but also from the administrators. 
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This study includes detailed trichomes morpho-

logical analysis of which are distributed in 
Turkey. Trichome shapes were investigated fruit sur-
face of 16 species of  L., 4 of which are en-
demic to Turkey, by scanning electron microscopy 
(SEM). The shapes of trichomes vary from stellate to 
lepidote, tuberculate and bifurcate. The stellate is the 
most common type. Some of species have two or 
three kinds of trichomes on their silicules. The tri-
chome types recognized in this study provided useful 
taxonomic evidence that can be used to identify the 
different taxa of 

Trichome, Silicule, , Brassicaceae, Micromor-
phology, SEM. 

 
 

The Brassicaceae (Cruciferae) or mustard fam-
ily comprising approximately 338 genera with 3709 
species distributed worldwide [1]. The Brassicaceae 
are cosmopolitan but especially temperate areas, 
with the highest diversity in the western North Amer-
ica Irano-Turanian region and Mediterranean area 
[2]. The genus  L comprises about species 
in the 113 and 56 of these are endemic to Turkey [3]. 
The Brassicaceae family has characteristics siliques, 
floral and fruit morphology by the cruciform corolla 
and tetradynamous stamens, that are readily distin-
guished from other flowering plant families [4]. 

The genus contain annual and per-
ennial herbaceous plants and (rarely) small shrubs, 
with oblong oval leaves and yellow or white flowers 
(pink and purple in a few species), stellate, stalked or 
sessile trichomes, and dehiscent silicle fruit [5]. 

The taxonomic significance of trichomes has 
been used by many authors as a character in the clas-
sification and identification of the Brassicaceae. Tri-
chome morphology, first emphasized by Dennert [6] 
then trichome variation has been used to a classifica-
tion of Brassicaceae by Prantl [7]. The taxonomic 
significance of trichomes has been emphasized by 

many authors [8, 9, 10, 11, 12, 13]. More recently, 
Oran [14] studied the taxonomic significance of tri-
chomes types of 12 species of the genus  in 
Jordan by light and scanning electron microscope 
(SEM) and 16 types of trichomes were recognized. 
Khalik [15] noted that, trichomes morphology, struc-
ture, and taxonomic significance of 82 species be-
longing to tribes of Brassicaceae from Egypt were 
investigated aid of light microscopy (LM) and scan-
ning electron microscopy (SEM). İn this study three 
species which are also present in Iran including 

 Stapf,  (Fisch. & 
C.A.Mey.) Boiss. and  Steud. ex 
Boiss. were identified as stellate trichomes. Ancev 
and Goranova [16] studied the taxonomic signifi-
cance of silicule trichomes of 8 species of tribe Alys-
seae in Brassicaceae. The trichomes of silicules and 
pedicels in 37  species of Iran were studied 
by endemihefi and Assadi [17] to identify trichome 
types. In this research shapes of trichomes vary from 
star-shape to simple and dendroid. The star-shape is 
the most common type. 

The aim of this research is to study the variation 
of silicule trichomes of  species for expand-
ing the knowledge of the trichome diversity in Bras-
sicaceae and possible use of it in the taxonomy of the 
genus. 

 
 

Trichome morphology of 16 species of  
was studied using scanning electron microscopy of 
material from field collections made by the third au-
thor and from herbarium specimens. A list of taxa 
with full voucher data is provided in (Table 1). The 
basic terminology used in trichome classification 
and description used here follows Payne [18] but 
simple self-explanatory terms are included to iden-
tify each specific type of trichome.  

For scanning electron microscopy, dried speci-
mens were used. Samples were mounted using dou-
ble adhesive tape on aluminum stubs, sputter-coated 
with gold and examined with a Jeol Tescan scanning 
electron microscope at the Bartın University Central 
Research Laboratory. 
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  Waldst. 
& Kit. subsp. murale var. 
alpinum Boiss. ex Nyár.

18 06 
2014 

Step 
Road 
side 

Irano-Tu-
ranian En-
demic 

Tunceli: Pülümür, 2 km east of 
village Kırklar (by road) 

 
Hausskn. & Bornm.

13 06 
2015 Step Endemic Van: Gürpınar, east of the village 

of Doluçıkın, Kepir mountain 
 

Boiss. & Hausskn. subsp. 
flexibile (Nyar) T.R.Dud-
ley

5 06 
2014 Step  - - - Tunceli: Pülümür, Çakırkaya vil-

lage 

  Nyár. 3 06 
2014 Step 

Irano-Tu-
ranian En-
demic 

Tunceli: Nazımiye, Nazımiye - 
Tunceli road, 3rd km 

 Boiss. 27 07 
2017 

Be-
tween 
calcare-
ous 
rocks 

Endemic 
Muğla: Kavaklıdere, Menteşe 
village, 3.5 km south of 
Gökçukur highland 

 
Boiss.

30 07 
2017 Step Endemic 

Mugla: Köyceğiz, north moun-
tain of Sandras (Çiçek Baba) 
mountain 

 
Boiss.

30 07 
2017 Step Endemic Muğla: Köyceğiz, 4 km north of 

village Sazak  

 callichroum 
Boiss. & Balansa

2 06 
2014 Step  - - - 

Tunceli: Mazgirt, Akpazar, Ye-
nice south of village Yenice 
north of hamlet) 

 
T.R.Dudley & Hub.-Mor.

15 05 
2017 Step 

Eastern 
mediterra-
nean en-
demic 

Muğla: Marmaris, Beldibi neigh-
borhood, Muğla highway exit 

  
Boiss. & A.Huet

4 06 
2014 Step 

Irano-Tu-
ranian En-
demic 

Tunceli: Ovacık, 3 km north of 
Isikvuran village Munzur Moun-
tains 

  Willd. 12 05 
2017 

Rocky 
area  - - - Muğla: Center,   Karşıyakaneigh-

borhood 

  Willd. 5 06 
2014 Step Irano-Tu-

ranian  
Tunceli: Pülümür, between Dere-
boyu and Saglamtas village 

 Banks 
& Sol.

15 04 
2017 

Step 
Hillsides  - - - Siirt: Kurtalan, 500 m south-west 

of village Yeşilkonak 
 Nyár. 

subsp. prostratum (Nyár.) 
T.R.Dudley

20 06 
2014 Step 

Irano-Tu-
ranian En-
demic 

Tunceli: Between Ovacık, 
Yazıören - Gözeler villages 

 
Bornm. ex Baumg.

18 07 
2017 

Rocky 
area  - - - Muğla: Köyceğiz, Sandras west-

ern side(Çiçek Baba) mountain  

  Rudolph 6 06 
2014 Step  - - - Tunceli: Hozat, 2 km northeast of 

village Akpınar 
 Waldst. 

& Kit. subsp. murale var. 
murale

8 08 
2014 Step 

Eastern 
mediterra-
nean 

Tunceli: Ovacık, Tunceli - 2.5 
km from the village of Yakatarla 
on the road to Ovacık 

 



9583 

 

 
 

 
The main types of the trichomes and their den-

sity among the  species studied are summa-
rized in (Table 2). Selected SEM micrographs of tri-
chome types are presented in Figure 1-5. Fruit tri-
chomes of 16  species can be separated into 
four types; stellate, lepidote, tuberculate and bifur-
cate. In most species, only stellate trichome is ob-
served. Only two species are found to have two or 

three trichome types  has stellate and 
tuberculate trichomes, has stellate, bi-
furcate and tuberculate trichomes. The trichome 
types in  and  
were lepidote but in  had widely webbed 
trichomes whilst  had webbed 
trichomes at the base. 

Trichomes density is different in the species 
studied, but the most cramped trichomes are found 

 and Trichomes 



9584 

on the indumentum of the subsp. 
, ve 

are relatively more sparse  and
have only trichomes on pedicel. 

End of branches of trichomes was similar in dif-
ferent varieties. The number of rays was 2-22 in stud-
ied  taxa.  has 18-22 
branches while has only 2-6 branches 

on trichomes. Rays length different in all species. 
Trichome surface ornamentation was similar in 

the species studied.  has more promi-
nent tuberculate ornamentation while has 
obscure tuberculate on trichomes. Some of these 
stellate hairs are characterised by the presence of pri-
mary and secondary branches in the stellate hairs and 
others by multibranches.  

 
 

 
 
 



9585 

The most common type which has been ob-
served is the sessile trichomes but stalked type only 
have been observed in  and 

 Some of the stellate trichomes have inflation 

at the centers, especially in  and 
 subsp. var.

has asymmetric rays on ped-
icel that make it different from the others. 
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 trichome morphology has been gener-
ally used as a diagnostic character. Trichome branch-
ing has a complex pattern of evolution in the Brassi-
caceae [19]. Among the 16 species we observed, 5 
species were also observed earlier by Vaghefi et al., 
[17]. Compared to their works, trichomes of 

 and are 
characterized as similar to their observation. But we 

observed flat center on the stellate trichomes of 
 and we find that dentate, stellate and 

bifurcate trichome on the indumentum of 

and  are dis-
tinguished by their characteristic indumentum con-
sisting of lepidote hairs. Furthermore, is 
distinct from  by its larger 
webbed parts. Lepidote trichomes differs from the 
stellate type by the fusion. 
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Among the 16  species studied, 14 have 
sessile trichomes and 2 species has stalked tri-
chomes.  

In , surface of fruit covered with tuber-
culate protruding and branches are tapering at tip. 
The shape of these protrudings and trichomes sculp-
turing vary among studied populations. It is more 

prominent in some populations, while it is more ob-
scure in others. 

Studied  species can be easily distin-
guished from each other by trichome type. In conclu-
sion, the present study supports the use of fruit tri-
chomes morphological characters as a parameter for 
species identification. 
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subsp.  var. 

 
Stellate Dense 10-16 

equal rays Tuberculate Multibranches Inflated Sessile Absent 

(Endemic) 

Stellate 
Tuberculate Dense 3-6 une-

qual rays Tuberculate Multibranches Flat Stalked Absent 

 subsp.  Stellate Rare 
9-13 
Slightly 
equal rays 

Tuberculate Multibranches Inflated Sessile Absent 

 
subsp. murale var. 
murale

Stellate Dense 6-10 
equal rays Tuberculate Primary and Sec-

ondary branches 
Prominent 
Inflated Sessile Absent 

Stellate Rare 10-14 
equal rays Tuberculate Primary and Sec-

ondary branches Inflated Sessile Absent 

 
(Endemic) Lepidote Dense - Tuberculate - Flat Sessile 

Widely 
Webbe
d 

. (Endemic) Stellate  
Rare 
on pedi-
cel 

8-12 
Slightly 
equal rays 

Tuberculate  Multibranches Flat Sessile Absent 

Stellate Dense 10-14 
equal rays 

Prominent Tu-
berculate  

Primary and Sec-
ondary branches 

Prominent 
Inflated Sessile Absent 

 
(Endemic) Stellate Rare on 

pedicel 
12-16 
equal rays 

Obscure 
Tuberculate  

Multibranches Flat Sessile Absent 

Stellate Very 
Dense 

18-22 
equal rays 

Tuberculate 
 Multibranches Flat Sessile Absent 

Stellate Dense 7-12 
equal rays 

Tuberculate 
 

Mostly Primary 
and Secondary 
branches 

Inflated Sessile Absent 

Stellate Dense 6-9 un 
equal rays 

Tuberculate 
 

Primary and Sec-
ondary branches Flat Sessile Absent 

Stellate 
Bifurcate 
Tuberculate 
 

Dense 
2-6 
unequal 
rays 

Tuberculate 
 Multibranches Flat Stalked Absent 

. 
subsp.  
(Endemic) 

Stellate 
 Rare 6-10 

equal rays 
Tuberculate 
 

Mostly Primary 
and Secondary 
branches 

Inflated Sessile Absent 

 
Lepidote Dense 12-22 

equal rays Tuberculate Mostly Second-
ary branches Flat Sessile 

Webbe
d only 
at base 

 Stellate 
 

Very 
Dense 

6-10un 
equal rays Tuberculate Primary and Sec-

ondary branches Flat Sessile Absent 
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Shrimp shell waste is a good source of chitin, 

which represents 17.8% of the dry weight of shrimp 
offal. Therefore, the use of a prepared shrimp shell 
adsorbent has good application prospects. This work 
aimed to study the preparation process and potential 
use of a potassium permanganate-modified shrimp 
shell adsorbent for  cell re-
moval. In addition, the effects of the potassium per-
manganate concentration, modification reaction time 
and amount of added modified shrimp shell adsor-
bent on the cell removal efficiency were also evalu-
ated. Under the optimal modification conditions, the 
potassium permanganate-modified shrimp shell ad-
sorbent concentration was 1.0 g/L, and it achieved a 
76.32% removal efficiency. The present study pro-
vides a promising technique for the removal of toxic 
cyanobacterial blooms. 

, microcystin, sodium hydroxide, 
modified shrimp shell, adsorbent

 
The eutrophication of lakes or reservoirs can 

lead to cyanobacterial blooms; when a cyanobacteria 
bloom breaks out, cyanobacteria will reproduce at a 
rapid rate and multiply quickly in a short time, turn-
ing the lake or reservoir green locally or even glob-
ally [1]. Cyanobacteria may produce and release 
toxic compounds, resulting in disastrous effects on 
the aquatic organisms, wild life, domesticated ani-
mals and humans that drink or come into contact 
with water containing the toxic compounds [2]. 
Therefore, the control and removal of harmful cya-
nobacterial blooms are urgent issues worldwide [3]. 

To date, many measures have been proposed to 
remove cyanobacterial blooms in aquatic ecosys-
tems. These measures can be categorized into three 
groups. The first group is biological treatments, 

which include the use of algae-lysing bacteria, alle-
lopathic compounds, and zooplankton, silver carp 
and bighead carp that graze on the algae [4-10]. The 
second group consists of physical treatments, such as 
shading and the mechanical salvaging method [11]. 
The third group is chemical treatments, which are the 
most widely used algae removal techniques around 
the world; these treatments include flocculation, ad-
sorption, and algicide [12-14]. Adsorption is pres-
ently considered one of the best curative methods. 
Hence, it is necessary to look for a new adsorbent 
that is effective, inexpensive and eco-safe. 

Shrimp shell waste, a kind of high-quantity 
food waste, is an inexpensive and reliable biomass 
source that can be used without increasing the com-
petition for food [15]. Shrimp shells have been used 
as a source of extracted chitin and chitosan [16-17]. 
In addition, non-treated shrimp shells have been 
used to remove textile dyes from wastewater through 
adsorption [18]. The current work describes the 
preparation process and influence factors of potas-
sium permanganate-modified shrimp shell waste, as 
well as its removal characteristics on 

cells. 

 An axenic unicellular 
culture was obtained from the Culture Col-

lection of Algae at the Institute of Hydrobiology, 
Chinese Academy of Sciences. The algae were cul-
tured in sterilized BG11 medium (pH 7.4) at 25 °C 
with a light intensity of 2500 lux and a 12:12 h light: 
dark cycle. The algae were cultured for 4 days, until 
reaching the exponential phase at a density of 106 
cells/mL, and they were then used to assay the ad-
sorptive properties of a potassium permanganate-
modified shrimp shell adsorbent. The growth me-
dium for all cultures was BG11 [19]. 

Shrimp shells were obtained from the supermarket 
of Pingdingshan in Henan Province, China. The 
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shells were first washed free of debris with tap water 
and then washed by deionized water before they 
were oven-dried on trays at 105°C for 2 h. After dry-
ing, the shells were smashed and sieved using an 80-
mesh screen. 

The specific preparation process of the potas-
sium permanganate-modified shrimp shells is as fol-
lows. First, 0.5-15 g/L of a potassium permanganate 
solution was prepared. Next, 4 g of the pretreated 
shrimp shells was slowly added to 400 mL of the po-
tassium permanganate solution, and the mixed sus-
pension was slowly stirred with a magnetic stirrer. 
Finally, the suspension was filtered with qualitative 
filter paper (10-15 μm), and the modified shrimp 
shells were washed four to five times with distilled 
water and then oven-dried to a constant weight at 
60°C. The dried, modified shrimp shells were the fi-
nal adsorbent. 

 The ability of the 
potassium permanganate-modified shrimp shell ab-
sorbent to remove harmful algae blooms was tested 
using . The potassium permanganate-
modified shrimp shell absorbent was added to 50 mL 
of the algal culture in a 100-mL beaker and allowed 
to stand for 24 h. In the control groups, the potassium 
permanganate-modified shrimp shell absorbent was 
not added. At the end of the settling period, a sample 
was collected from each beaker 2 cm below the sur-
face for analysis. 

 The concentration of 
chlorophyll-  was measured as an indicator of the 
change in the concentration of  cells 
during the flocculation experiment. The chlorophyll-

concentration was determined using standard 
methods [20].

The clearance of algae (r, %) in every sample, 
based on the chlorophyll-  concentration, was deter-
mined after the 24 h exposure period by the follow-
ing formula: 

  (1) 
where 1 and 2 are the chlorophyll-  concen-

trations for the culture after the adsorption treatment 
and the control, respectively. 

 
 Differences between the groups 

were evaluated using one-way analysis of variance 
with the removal efficiency of algae as a factor. A 
probability level of 0.05 was used to establish signif-
icance ( < 0.05). All statistical analyses were per-
formed using SPSS 19.0 and Origin 8.0 software. 

 In preliminary experiments, different 
concentrations of potassium permanganate were 
used as modifiers to investigate the removal effi-
ciency of the modified adsorbents on  
cells (Fig. 1). The removal efficiency increased with 
an increase in the potassium permanganate concen-
tration in the range of 0.5-6.0 g/L. After the potas-
sium permanganate concentration exceeded 6.0 g/L, 
the removal efficiency decreased. A concentration of 
6.0 g/L was found to be an optimum level for the re-
moval of  cells. 

 

 

 

 

 
 The ef-

fect of modification reaction times on the removal of 
 cells was tested at five different 

times: 12, 18, 24, 30 and 36h. The results shown in 
Fig. 2 indicate that the  cell removal 
efficiency first increased with the increasing modifi-
cation reaction time, reached a peak, and then 
dropped with further increases. The highest removal 

2 1

2

100%−
= ×
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efficiency, 71.43%, occurred at 30 h. Therefore, we 
can conclude that 30 h is the optimal time for the ex-
perimental study on  cell removal. 
 

 To understand the effect of the 
amount of modified shrimp shell adsorbent on 

 cell removal, experiments were conducted 
with five different amounts of added potassium per-
manganate-modified shrimp shell adsorbent. The 
samples were analyzed after each experiment to es-
timate the effect of the modified adsorbent concen-
tration on the cyanobacteria removal efficiency. Fig. 
3 shows that the efficiency of cyanobacteria removal 
increased steadily with increases in the modified ad-
sorbent concentration, reached a peak, and then 
tended to decrease with further increases in the ad-
sorbent concentration. Therefore, the most effective 
modified adsorbent concentration was found to be 
1.0 g/L, at which 76.32% removal efficiency was 
achieved. 
 

 

 
In our previous work, potassium permanganate 

was used as a pre-oxidant to enhance the removal 
efficiency, and the results indicated that it could im-
prove algae coagulation removal by 9.44% when 

 was pre-oxidized by potassium perman-
ganate at a concentration of 0.9 mg/L [21]. Ou et al. 
[22] also reported that an appropriate dose of 
KMnO4 can reduce the photosynthetic capacity of 

 cells and degrade their extracellular MC-
LR, resulting in low cell activity and intact cells in 
suspension. In addition, some studies on the use of 
potassium permanganate as a modifier report that 
when potassium permanganate-modified activated 
carbon was used to adsorb Cu and Sb (III) effectively 
improved the adsorption efficiency of the activated 
carbon [23-24]. In the current work, potassium per-
manganate was employed to modify shrimp shells, 
and the algae removal efficiency of the modified 

shrimp shells was lower than those of chemical 
sorbents. The reason for this result may be that the 
hydrated MnO2 was washed. Some researchers have 
shown that the hydrated MnO2 from potassium per-
manganate acts synergistically with coagulants to 
improve the algae removal efficiency [22]. There-
fore, the effect of hydrated MnO2 on the modifica-
tion reaction will be investigated in further research. 

 
According to the above mentioned results and 

discussion, we can recommend the following proce-
dure: 1) 6.0 g/L of potassium permanganate solution 
is prepared, and then,4 g of the pretreated shrimp 
shells is slowly added to 400 mL of the potassium 
permanganate solution; 2) the mixed suspension is 
slowly stirred with a magnetic stirrer for 30 h; 3) the 
suspension is filtered with qualitative filter paper 
(10-15 μm), and then, the modified shrimp shells 
were washed four to five times with distilled water 
and oven-dried to a constant weight at 60°C. The 
dried, modified shrimp shells were the final adsor-
bent. Under the optimal modification conditions, the 
removal efficiency of the potassium permanganate-
modified shrimp shell adsorbent on the 

 cells was 76.32% when the added concentra-
tion of the modified adsorbent was 1.0 g/L. 
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Well defined graphene oxide (GO) nanosheets 

were synthesized via a facile synthetic method and 
further functionalized by silanization treatment. 
Adsorption property of GO toward heavy metal 
ions was evaluated by using Pb(II) ions as model 
ions. The results showed that modified GO exhibit 
high adsorption ability for Pb(II) ion in aqueous 
solution and the removal efficiency is nearly 99.5%, 
which indicating modified GO-based carbon 
nanostructures provide a promising class of adsor-
bents for heavy metal removal. 

  
Graphene oxide, Silanization, Lead, Adsorption 

 
 

 
Heavy metals are widespread in the environ-

ment; especially the lead pollution is becoming 
more and more serious due to the increased demand 
for industrial use of lead. The form of lead in water 
is mainly Pb2+, which can affect blood, neural sys-
tem, urinary system and immune system in human 
body, as well as carcinogenicity. 

There are many ways to adsorb lead ions (Pb2+) 
from aqueous solution. For high levels of Pb2+ in 
wastewater, chemistry precipitation (hydroxide, 
sulphide) is an economic method [1-2]. For low 
levels of Pb2+ in wastewater, ion exchange process, 
reverse osmosis and adsorption method could be 
used [3-5]. However, the maintenance cost of ex-
change process and reverse osmosis is higher, and 
the recent researches indicated that adsorption 
strategy has been widely applied [6]. A lot of mate-
rials such as activated carbon, zeolites, dust, metal 
oxides, chitosan and agricultural byproducts have 
been developed as adsorbents to remove Pb2+ [7, 8]. 

Graphene-based materials, one kind of high 
efficiency adsorbents, have been manufactured 
come from graphite oxide (GO) in ton quantities at 

low cost [9]. This means that graphene has moved 
from the laboratory research to the marketplace and 
sold by the ton. The theoretical specific surface area 
(SSA) of graphene is 2630 m2/g, which is much 
higher than single-walled CNTs (SWNTs), an ideal 
limit SSA is 1300 m2/g [10-12].  

It has been demonstrated that the adsorption of 
heavy metals onto carbonaceous materials primarily 
takes place at acidic functional groups as shown in 
Fig. 1 [13-15]. The hydrophily of GO derive from 
oxygen functional groups (carboxyl, hydroxyl and 
epoxy groups in Fig. 2) is helpful to adsorb heavy 
metal ions. GO also possesses novel physical prop-
erties, such as high thermal and superior chemical 
stability, which enable it to act as an ideal material 
for adsorption of lead ion [16-18]. 

In this paper, we used GO as adsorbent to re-
move Pb2+ in water. Simultaneously, we developed 
a modified GO taking advantage of a kind of sili-
cohydride compound. This simple and economic 
approach holds the potential to solve the problem of 
lead pollution in water. 
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Graphite oxide is 
produced by the oxidative treatment of graphite, 
and the commonly used method is Hummers meth-
od [19]. Firstly, 3.0 g graphite and 1.5 g NaNO3 
were mixed together in a flask, then 100 ml H2SO4 
(98%) was added to the mixture, which was kept in 
an ice bath. While maintaining agitation, 300 g 
KMnO4 was added to the suspension little by little 
to avoid overheating. After that, the ice bath was 
removed and the suspension was stirred at room 
temperature for 2 h. The color of the suspension 
would become bright brown. Then, 90 ml of dis-
tilled water was added slowly, causing an increase 
in temperature of the suspension to about 90 °C. 
The dilute suspension would change to yellow in 
color. The suspension was stirred at 98 °C for 12 h 
and treated with 30 ml 30% H2O2 to reduce the 
KMnO4 and MnO2. For purification, the mixture 
was washed with 5% HCl and then distilled water 
for several times. After that the suspension was 
centrifuged at 3000 r.p.m for 5 min, followed by 
drying in vacuum. As-synthesized graphite oxide is 
black powders and when suspended in water it 
gives a brown dispersion. After the above process, 
there were still some residual salts and acids, which 
was ought to dialysis in elaborate experiments. Ul-
trapure Milli-Q water was used in all experiments.  

Under N2 flow, 
20mL of MeOH was added slowly to a mixture of 
APMS (3-aminopropyltrimethoxysilane, 2 g, 11 
mmol) and methyl acrylate (17.2 g, 200 mmol) at 
ambient temperature and stirred for 24 h-36 h. Then 
the solution was heated at 40-60 °C for 30 min 
(Scheme 1a). Then, the product was heated at 
100-150 °C adding DMF under nitrogen flow 
(Scheme 1b). As-synthesized product was hydro-
lyzed in water (Scheme 1c). MeOH and methyl 
acrylate were evaporated at ambient temperature. 
Then we obtained a colorless product in 97% yield 
[20, 21]. 

Different concentrations 
of lead ions were used for each of four synthetic 
wastewaters investigated. After each experiment, 
the composite materials were separated from the 
solution by centrifugation and then prepared for 
further analysis. The supernatant was analyzed by 
flame atomic absorption spectrophotometer (AAS
using a Perkin-Elmer 2380 atomic absorption spec-
trophotometer. The sediment was vacuum drying 
and then analyzed by scanning electron microscopy 
(SEM) and automatic scanning type of X-ray fluo-
rescence spectrometer (ZSX Primus II, The Japa-
nese Company). 

 

Graphite oxide is 
produced by the commonly used Hummers method 
by exfoliation treatment of graphite, which results 
in two dimensional GO with an excellent source of 
oxygen functional groups including carboxyl, hy-
droxyl and epoxy groups [22]. It has been demon-
strated that the adsorption of heavy metals onto 
carbonaceous materials primarily takes place at 
acidic functional groups [23]. The oxygen function-
al groups can interact with Pb2+ by electrostatic 
forces. 

 

 
Characterization of the product by Fourier 

transform infrared spectroscopy (FTIR) in Fig.3 
demonstrates that we have successfully prepared 
GO. The absorption peaks at 3500 cm-1 implied the 
formation of hydroxyl (O-H). The absorption peaks 
at 1728 cm-1 and 1627 cm-1 assigned to the C=O 
stretching and C=C stretching peak. At the same 
time, the absorption peak at 1052 cm-1 indicated the 
introduction of epoxy groups(C-O-C). The absorp-
tion peak at 1427 cm-1 showed that the hydrogen 
(O-H) shock on carboxyl group. 
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Tapping mode Atomic force microscopy 

(AFM) (AutoProbe CP/MT Scanning Probe Micro-
scope (MultiTask), Veeco Instruments) image of 
GO sheets exfoliated by the ultrasonic treatment at 
concentrations of 0.1 mg/mL in water with a height 
profile taken along the red line. The sample was 
prepared by drop-casting a dilute GO dispersion 
onto a silicon wafer, with a mean thickness of 1 nm 
in Fig. 4. 

 

APMS (3-aminopropyltrimethoxysilane) is a com-
mon silane coupling agent, which can bridge the 

inorganic and organic materials--two very different 
materials. The essence of the reaction is that APMS 
has the chemical groups which can react with inor-
ganic materials and organic materials. When 
as-synthesized MGO was dissolved in water, the 
ester groups were hydrolyzed and the acidic func-
tional groups were formed. At the same time, it is 
commonly known that the nitrogen atoms can offer 
lone pair electrons, which could attract lead ion 
effectively; accordingly, nitrogen-containing groups 
have been widely used for complexing lead ions. So, 
the modified GO (MGO) with APMS is expected to 
increase the adsorption efficiency for Pb2+ [24, 25]. 

All 
of the supernatants were analyzed by flame atomic 
absorption spectrophotometry (AAS) and the data 
were reported in Table 1. The removal efficiency (η) 
and the amount of Pb2+ adsorbed q (mg/mg) was 
given according to the formula:  

 

=     (1) 

q=       (2) 
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Where  (mg/mL) is the initial concentra-
tion of Pb2+, (mg/mL) is the concentration of 
Pb2+ after adsorption,  (mg/mL) is the concen-
tration of GO. 

Table 1 shows the relationship between ad-
sorption efficiency of lead ion and concentrations of 
lead ion, MGO and GO. With the increase of Pb2+ 
concentration, the adsorption efficiency decreased, 
but the adsorption capacity increased. And the ad-
sorption efficiencies of MGO were all higher than 
that of GO for the same concentration of Pb2+. For 
instance, at a concentration of 100 mg/mL of Pb2+, 
the adsorption efficiency was 55.6% of GO, but 
when we used modified GO (other conditions re-
main unchanged), the adsorption efficiency was 
92.2% in table 1, almost doubled. Otherwise, the 
surplus Pb2+ in lead solution achieves the require-
ment of drinking water after the adsorption of MGO 
when the initial concentration of Pb2+ is 1mg/mL. 

The U.S. Food and Drug Administration sets 
an action level of 500 ppb (500μg/L) for lead in 
products intended for use by infants and children. 
The U.S. Environmental Protection Agency’s (EPA) 

action levels for total lead in soils range from 100 
to 400 ppm (0.5 to 1.5 mg/L) [26]. 

SEM images (Fig. 5) shows that GO crimps 
with Pb2+. Surface morphologies of metallic archi-
tectures were observed by field emission scanning 
electron microscope (FESEM, Zeiss EVO-MA10), 
EDS analyses (Fig.6) were recorded with an IN-
CAX-sight energy dispersive X-ray spectrometer 
equipped on the FESEM. The SEM and EDS show 
the relationship between adsorption efficiency to 
lead ion and concentrations of lead ion and MGO. 
The results of SEM showed that when reacting with 
Pb2+, the crimps emerged on the surface of GO, 
which indicated that the Pb2+ was adsorbed on the 
surface of GO [27]. From SEM and EDS measure-
ments, it is clear that there were a weight ratio of 
25.7% of Pb2+ adsorbed on MGO surface as shown 
in table 2. Moreover, these data reveal information 
about the removal Pb((II) mechanism. Hence we 
conclude that this simple and economic approach 
holds the potential to solve the problem of lead 
pollution in water. 

adsorbent (mg/mL) (mg/mL) (mg/mL) η(%) q(mg/mg) 
MGO 0.5 1000 370 63.0 1260.0 
MGO 0.5 100 7.8 92.2 184.4 
MGO 0.5 10 0.21 97.9 19.58 
MGO 
GO 
GO 
GO 
GO 

0.5 
0.5 
0.5 
0.5 
0.5 

1 
1 
10 

100 
1000 

0.005 
0.19 
2.5 
44.4 
780 

99.5 
81.1 
75.0 
55.6 
22.0 

1.99 
1.62 
15.0 
111.2 
440.0 

Element C K  O K Si K S K Pb K totals 

Weight  40.05 32.42 0.52 1.31 25.70 100% 
Atomic% 60.15 36.55 0.33 0.74 2.24 100% 

 

Elements Mg Al Si P S Cl K Ca Fe Pb 

wt% 0.082 1.812 8.489 0.895 16.466 6.847 0.466 0.908 1.534 62.496 

 

0

1

0 1
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X-ray fluorescence (XRF) core scanning is in-

creasingly accepted as an effective method of ob-
taining high-resolution elemental records because 
of its non-destructive and nearly continuous meas-
urements. 

In this paper we use automatic scanning type 
of X-ray fluorescence spectrometer (XRF ZSX 
Primus II, The Japanese Company) to analyze the 
surface of GO after the adsorption of Pb2+. Alt-
hough the results in table 3 suggest that nine ele-
ments (Mg, Al, Si, P, S, Cl, K, Ca, Fe and Pb) can 
be detected using scanning XRF method, only five 
elements (C, O, Si, S and Pb) can be employed by 
EDS. These two elements (Pb, C) cannot be suffi-
ciently detected by the XRF core scanner. So the 
results of XRF data are found to be in conformance 
with the results of EDS of the weight of the content 
Pb and C elements. 

 
 

 
Graphite oxide, the high efficiency adsorbent, 

has been reported that it can be used to remove 
heavy metals from aqueous solution efficiently. In 
this work, the GO and MGO were synthesized and 
used to remove Pb2+ from water. A kind of facile 
method of preparation of MGO was developed. In 
addition, it was found that MGO showed high ad-
sorption ability in Pb2+, even more than 99% ad-
sorption efficiency in our investigation. The results 
suggest a potential application of this simple and 
economic approach to solve the problem of lead 
pollution in water. 
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Nanoparticles gain new characteristics, which 

are related to their nano-scale structure. Thanks to 
these features, they have found wide applications in 
the industry and as well as in the daily life. Howev-
er, with the increase in the release of nanoparticles 
into the environment, the world of science has at-
tracted attention. In this study, an effect on photo-
synthetic pigment content and oxidative stress of 
boron particles on  
was investigated  Acute exposure tests were con-
ducted in the BG-11 medium for 24, 48, and 72 
hours on algal cells with the 0.1, 0.01 and 0.001 
mg/L concentrations. Results revealed that oxida-
tive stress and photosynthetic pigments content in 
the algal cells changed with time-varying exposure. 
Nano and micro boron particles were roughly indi-
cated the same toxic effects on the pigments. Reac-
tive oxygen species activity exhibited nonlinear 
changes between their treatment groups in the both 
boron particles. Consequently, after time-varying 
exposure of B particles at various concentrations, 

displayed different 
toxicity. 

Boron, , nanoparticles, 
oxidative stress, nanotoxicology 
 
 

 
Though nanoparticles (NPs) have many bene-

ficial applications, the release of the NPs in the 
environment may cause them to affect the health of 
the ecosystem. Many experimental studies to date 
have proved that metal NPs containing silver, zinc, 
copper, gold and boron have anti-microbial and 
anti-bacterial properties and are therefore used in 
various medical applications and consumer prod-
ucts. Nano boron is produced industrially, especial-
ly because it is used in numerous applications, in-
cluding potential energy source, medical, military 
and civilian [1-3]. However, the inclusion of these 
beneficial NPs in the natural environment may pose 

a risk to soil and water environments [4]. NPs have 
many sources which are generally categorized as 
natural and anthropogenic sources. Natural sources 
of NPs; dust storms, forest fires, volcanoes, ocean, 
water evaporation and organisms (body parts such 
as skin and hair). Anthropogenic sources; diesel and 
engine exhaust NPs, indoor pollution, cigarette 
smoke, building demolition, cosmetics and other 
consumer products, engineered nanomaterials [5]. 
These NPs may find their way into aquatic envi-
ronments. NPs entering the aquatic environment 
may become components of previously known 
natural colloids. Colloids are complex mixtures in 
water containing natural organic matter (humic 
acids, protein, polysaccharide exudates), inorganic 
matter (iron, manganese, aluminum), viruses and 
bacteria [6-7]. Fate, behavior and carrying of NPs 
after incorporation with these colloids will depend 
on both the physicochemical properties of the aque-
ous environment and their interaction with other 
colloidal ingredients [8]. These are the effects the 
behavior of NPs in aquatic environments, relation to 
sediment and colloidal particles, connecting with 
lipophilic organic and metal contaminants, transi-
tion pathways to biota, a contribution of surface 
properties and particle size to toxicity and organism 
health and ecosystem integrity [9]. NPs have a wide 
range of physicochemical characteristics and this 
influence their toxic degree of NPs. These physico-
chemical characteristics are chemical composition, 
density, shape, crystal structure, chemical reactivi-
ty, surface area, surface energy solubility, dielectric 
constants, surface roughness, conductivity, melting 
and boiling points, hardness, and optical properties. 
Among these properties are the small dimensions of 
the NPs, which are particularly noteworthy [10]. 
Due to the nanoscale nature of the NPs, their ex-
traordinary properties can interfere with living 
organisms and cause effects within the environ-
ment. These effects can be overdone or unforeseen 
when compared to more bulky equivalents [8]. 
Numerous studies have shown that nano-size signif-
icantly changes biological effects of NPs [11]. NPs 
can interact easily with biological systems via in-
ternalization by cells. Therefore, NPs may cause 
harmful biological effects on living organisms [12]. 
As was stated by Borm et al., [13] although there 
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are several advantages of the nanotechnology, ultra-
fine particles may pose a risk to living organisms. 
One of those risks is oxidative stress which is the 
major factor of the toxicity induced by NPs. Oxida-
tive stress which the production of ROS are the 
states of oxidizing (redox) imbalance that reduces 
the antioxidant defense capacity of the cell, which 
may result in negative biological effects in living 
organisms [14]. However, the effects of boron NPs 
on the environment are still entirely unknown. In 
addition, the behavior of boron NPs in aquatic envi-
ronments varies depending on many factors such as 
aggregation characteristics and natural organic 
matter relationships [15]. Although the boron ele-
ment is useful in trace amounts for plants, it has 
been reported in previous studies that it is toxic and 
even fatal in large quantities [16]. Therefore, re-
moval of toxic metals from water is an important 
area of research. For this purpose, the data of toxici-
ty tests made with different organisms (bacteria, 
seaweed, and sea chestnut) from aquatic environ-
ments compare different environments. [17-18]. For 
example, in a few studies; exposed 
to micro boron and nano boron particles. Accord-
ingly, the mortality rate increased for both particles 
when the exposure time longer at all concentrations. 
However, this increase is much higher for micro 
boron particles [19]. Dağlıoğlu et al. Assessed the 
toxicity of nano and micro boron NPs to 

 and reported that the toxic effects of the parti-
cles increased during the long-term exposure period 
[20]. Strigul et al.  reported that the 
boron NPs was toxic [21]. In another study, they 
reported that nano and micro boron particles in 

 exhibited different 
amounts of accumulation [22]. In this study, algae 
were used as indicator organism. Because, in an 
aquatic environment, green algae constitute the 
main source of biomass production required for 
animals at high ecological trophic levels. Algae are 
used as bioindicator species to monitor the health of 
aquatic ecosystems due to the accumulation of 
metallic pollutants in their biomass [23]. Also, 
responses of algae species to different toxic chemi-
cals are different [24]. In this study, single-celled 
green algae called 
was used as a model organism to determine the 
comparative toxicity and characterization of nano 
boron (NB) and micro boron (MB) particles. In 
order to evaluate photosynthetic pigment and oxida-
tive stress levels, the algae cells were left for a 72 
hours exposure to NB and MB particles. Moreover, 
by minimizing the boron particle down to a nano 
size, a comparison as to the variations in the re-
sponse of the algae cells to toxicity and oxidative 
stress could be made. 

 
 
 
 

The test organism 
was collected from freshwater (from Eber Lake in 
Afyon, Turkey). Isolated and pure culture was 
grown according to the procedure given by Rippka, 
on BG-11 medium commonly used for growing 
blue-green algae in flasks. This medium contains 
only trace amounts of metal ions and allows rich 
growth [25]. The cells were grown in sterile shake 
flasks containing 100 mL of BG-11. The algal cul-
tures were grown under the cool white fluorescent 
light intensity of 3000 lux light intensity at 25±1 
°C, in 12 h–12 h light–dark cycle and were incubat-
ed for 15–20 days in an incubator which is suitable 
for photosynthesis (Figure 1A). The obtained algal 
cells were later done species identification using 
morphological and molecular methods. The DNA 
of our research material was insulated with the help 
of the Qiagen marked DNA isolation Kit.

 

The exposure 
test was conducted following the "Alga, Growth 
Inhibition Test" Guideline OECD No. 201 [26]. The 
boron particles suspensions were prepared in 200 
mg/L stock solution with BG-11 medium previous 
to the experiments. Inoculums were grown in flask 
containing 100 ml of BG-11 medium in the same 
conditions on a shaking at 100 rpm. Three concen-
trations, 0.1, 0.01, 0.001 mg/L (nominal concentra-
tion, (0.01, 0.001 and 0.0001 mg/L) of B particles 
were added to flasks from the stock solution of 
particles suspensions, aliquots of 90 mL of the with 
an initial cell density (2.1 x 105 cells mL) of algal 
culture in the exponential growth phase. Chloro-
phyll a (C ), Chlorophyll b (C ), and carotenoids 
(C ) were extracted with 80% (v/v) acetone and 
determined according to the method of Lichtenthal-
er and Wellburn [27]. Light absorbance of the 
supernatant liquid was measured with a UV-1200 
spectrophotometer (Hange- Lange brand DR 2800) 
at 663 nm (A663), 646 nm (A646), and 470 nm 
(A470), respectively [28]. C , C  and C  were calcu-
lated using the following equations [29].

C = 12.21A663 -2.81A646
C = 20.13A646 - 5.03A663
C  = (1000A470 - 3.27C -104C )/229  
 

Nano boron (NB) and micro 
boron (MB) powders were purchased from 
Pavezyum Chemicals Industry (Istanbul, Turkey). 
According to the manufacturer, the diameter parti-
cles of NB particles were <100 nm, purity was 
98.5% and MB particles were <1 µm, purity was 
95-97 % (Figure 2). SEM images of the cells ex-
posed to B particles after ethanol pretreatment is in 
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Figure 2. For this, 
cells (about 5x107 cell/ml) exposed to 72 hours 0.1, 
0.01 and 0.001 mg/L concentrations were collected 
into falcon tube containing Phosphate Buffer Sodi-
um (PBS) by centrifugation. Then these collected 
cells, after washed twice, were centrifuged at 1000 
g for 10 minutes. And then, cells prepared in 0.1 M 
PBS was taken up in 2.5% glutaraldehyde. After 1 
overnight (4 °C) cells were detected washing with 

buffer and taken up in 1% osmium tetroxide was 
subjected to secondary fixation. Then, the samples 
were dehydrated in a graded ethanol series (50%, 
70%, 90%, and 100%) with 10 min intervals. Imag-
es were taken up after sample coating with gold 
(Figure 1B). The surface of 

 was observed with SEM (JEOL 
JSM5600).
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Cellular oxida-
tive stress reactive oxygen species (ROS) formation 
was measured by using the cell permeable indicator 
20,70-dichlor-odihydro fluorescein diacetate 
(H2DCFDA) [30]. Cellular esterases hydrolyze the 
probe to the non-fluorescent 20,70-
dichlorodihydrofluorescein (H2DCF), which is 
better protected in the cells. In the entity of ROS 
and cellular peroxidases, H2DCF is converted to the 
extremely fluorescent 20,70-dichlorofluorescein
(DCF). The treatment groups and the control group 
were related with 5 mM of H2DCFDA in 1 ml of 
solution. The DCF fluorescence was measured by 
using an excitation wavelength of 485 nm and an 
emission wavelength of 530 nm. All the fluores-
cence data were collected using a fluorescence
platereader. Samples were diluted nine times with
potassium phosphate buffer (pH 7.8). Afterwards, 
homogenization and centrifugation were performed 
(10.000 rpm, 20 min) and the supernatant was re-
moved. 

All experiments were 
independently repeated three times and the data 
were recorded as the mean value with standard 
deviation. For acute toxicity and ROS tests, a one-
way analysis of variance (ANOVA) with Tukey’s 
multiple comparisons was used to detect significant 
differences between the control and treated groups. 

TEM 
images confirm that NB and MB particles have a 
spherical shape. Analysis by TEM showed NB and 
MB particles suspensions in pure water media to 
have an average diameter of particle size distribu-
tion of 10-80 nm and 250-300 nm, respectively 
(Figure 2).

was exposed to BG-11 medium 
containing NB and MB particles at various concen-
trations for 24, 48, and 72 hours. The photosynthet-
ic pigment levels were measured after this time-
varying exposure. In this study, 

 was exposed with BG-11 medium 
containing boron particles in the range of 0.1 mg/L-
0.001 mg/L and the medium without boron particles 
(untreated control group).  

As shown in Figue 3, compared to control 
groups, NB and MB particles were demonstrated 
very different reactions depending on the time-
varying exposure and various concentrations, and 
these reactions are parallel to each other. For exam-
ple, the values of C  have decreased rather a great 
deal at all treatment groups in the 48 h. 0.1 mg/L, 
0.01 mg/L and 0.001 mg/L for these values have 
decreased by 80%, 94% and 99% for NB 
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particles, 81%, 99%, and 75% for MB particles 
respectively. When the exposure time was extended 
to 72 hours, the C  values have increased again in 
the both particle groups. Generally, both nano and 
MB particles have a negative effect on the amount 
of C  compared to the control groups, and a signifi-
cant have decreased occurred. In the statistical 
study, there was no significant difference in the C
amount of the MB in terms of exposure time and 
concentration ( ). Only, the C amount of the 
NB is important depending on exposure time 
( ).

NB particles have shown a toxic effect on the 
C  pigment for 24 and 48 hours and reduced the 
amount of C . When the exposure time was extend-
ed to 72 hours, the amount of C  increased again. 
This increase is considerably higher than the initial 
amount of C . At concentrations of 0.1, 0.01 and 
0.001 mg/L these values are 266%, 66% and 13 % 
for NB and 5%, 66% and 33% for MB, respective-

ly. Accordingly, the amount of C  in NB is higher 
than that of MB (Figure 4). It was found that B 
particles did not exhibit any significant difference 
on C  depending on the exposure time and concen-
tration ( ). 

The amount of C  for nano and MB particles 
increased in algae at 24 hours exposure time com-
pared to the control groups. At 48 hours of exposure 
time, the amount of C  decreased in all treatment 
groups, including the control groups, compared to 
the 24 hours exposure period (Figure 5). Generally, 
at 72 hours exposure time, the amount of C de-
creased very seriously in treatment groups (except 
0.1 mg/L) for NB and MB particles (30% for 
0.01mg/L of MB and 57 % for 0.001 mg/L of NB). 
While there was a significant difference in C value 
in terms of time varying exposures of boron parti-
cles ( ), there was no significant difference in 
terms of exposure concentration ). 
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At the 72 
hours exposure to all the treatment groups (0.1, 0.01 
and 0.001 mg/L) of the NB and MB particles in 
algal cells, there has a significant difference at 

 level in terms of ROS level in a general 
means, which was, at most, seen in the 0.001 mg/L 
of the MB. When all the groups exposed to B parti-
cles were compared with the control groups the 
ROS level proved to be high in all the algae cell 
suspensions (excluding 0.1 mg/L) (Figure 6). When 
we compared the groups exposed to NB and MB 
particles among themselves, the ROS level was 
higher in MB than in NB ( ). Contrary to 
expectations, the MB was observed to have the 
highest level of ROS at the lowest concentration 
(0.001 mg/L). Furthermore, there was no definite 
relationship between the treatment groups and ROS 
levels in algae exposed to boron particles. 

 
 

 
In the usage of NPs, the environmental release 

is increasingly important. Because, they have rapid-
ly increasing applications in a wide range of fields 
such as economics, textile, electronics, pharmacy, 
cosmetics and environmental improvement [31]. 
Therefore, risk assessment of NPs should be per-
formed. The assessment of the environmental risks 
of NPs is made by comparing the environmental 
concentrations of NPs that are toxic to organisms. 
In aquatic ecosystems, it can affect the productivity 
of algae either because of direct toxicity or of indi-
rect toxic effect due to physical constraints. As a 
direct effect, NPs internalized by algae may cause it 
to shade or their increase of cellular weight eventu-
ally sinks [31]. As an indirect effect, the aqueous 
suspensions of the NPs are opaque and thus can 
inhibit algal productivity by absorbing light from 
the algae [32]. Our aim was to determine the toxic 
effect of nano and MB particles on 

 which is the indicator organisms of 
the aquatic ecosystem. In this study, the quantities 
of photosynthetic pigments (C , C and C ) were 
comparatively evaluated after exposure to nano and 
MB particles, according to their exposure concen-
trations (0.1, 0.01 and 0.001 mg/L) and varying-
time (24, 48, 72 and 96 h). One of the methods used 
to investigate the effects of stress factors on algae is 
to determine photosynthetic pigment contents. In 
our study, NPs have adversely affected the photo-
synthesis mechanisms of algae. C  and C  are sepa-
rate by molecular solubility and absorption towards 
the light. Therefore, despite the decreasing amount 
of C  the amount of C increases; this increase is 
caused by the induction of the conversion of C  to 
C . When we compare NB and MB in terms of C
pigment, there is no différence in either of them as 
seen in Figure 3. The amount of C  decreased ac-

cording to control groups when the exposure time 
was prolonged. However, at 72 hours the amount of 
C  has increased again compared to 24 and 48 
hours. In C , on the other hand, the MB particles 
were seen to be more toxic than the NB at 24 h. 
That is recorded to exhibit toxic effects on 

 at 48 hours of exposure to 
NB and MB particles. Within this exposure period, 
the particles most effectively interacted with the 
algae and showed the highest toxic effect, which is 
why the development of the defense mechanisms of 
algal cells can be interpreted as the reduction of 
particulate uptake by the agglomeration of particles 
over time. In C , C  and C  pigments, the most toxic 
exposure time for NB and MB particles is 48 hours. 
The reason for this can be interpreted as the fact 
that the algal cells had interacted with these parti-
cles in the most active way. At the same time, con-
sidering C /C  ratio, there was an increase in the 
algae exposed to NB particle at all the concentra-
tions in 24 h when compared to the control groups, 
whereas a gradual decrease was observed at the 
48th and 72nd h. Considering the MB particle, on 
the other hand, there was a similar situation at the 
48th and 72nd h, however, this rate only increased 
at 0.01 mg/L at the 24th h while diminishing in 
treatment groups. As stated by Fang et al., [33], as 
the first step for degradation, C transforms into C . 
While C  exists only at the reaction center of 
photosystem, C exists both in the reaction centers 
and in the light-capturing complexes. A change in 
the C /C rate stands for the adaptation mechanism 
to keep the amount of light held by a leaf in equilib-
rium as well as the use of it for a photochemical 
way [34]. It was reported that the algal cells were 
affected by these particles and that the chlorophyll 
content of the cells had changed. Compared to the 
control groups, the C  value of the B particles 
reached their maximum values at 24 h and their 
minimum at 72 h of exposure. At 24 hours expo-
sure, the C  increase rates were 0, 0.1, 0.01 and 
0.001 mg/L, respectively; 190%, 170% and 130 for 
NB particles, 100%, 155% and 130% for MB parti-
cles. In this study, all photosynthetic pigments of 

were shown the most 
toxic effect at 48 hours. This is the indication that B 
particles are most effective with algae and that 
exposure time is 48 hours. Previous studies, as in 
our study, have reported an increase in C  pigment 
levels in the presence of stress. Chromium stress, 
aquatic plant species such as  
and , and  
caused an increase in the content of carotenoids 
[35].  

The presence of oxygen in cells produces con-
tinuous oxidative stress for cells and mechanisms 
[36]. Although oxygen itself is a completely inno-
cent molecule, it is partially degradable and can 
form harmful reactive oxygen species [37]. In 
plants, ROS is generally formed by the infiltration 



9608 

of molecular oxygen from the electron transporting 
activities of chloroplasts, mitochondria and plasma 
membranes, and by a variety of environmental 
stresses (high light, temperature and salt concentra-
tion, drought, heavy metal and NPs. The resulting 
ROS species may react with certain biomolecules to 
alter or inactivate biochemical activities, resulting 
in toxicity. Plant cells have developed various en-
zymatic and non-enzymatic antioxidant mecha-
nisms to struggle the stress created by ROS. Carot-
enoids are in non-enzymatic antioxidant mecha-
nisms [37]. In this study, the level of carotenoid 
pigment increased in 
as a result of exposure to B particles. Likewise, the 
increase in ROS values parallel to C  pigment is 
evidence of the defense mechanism of algal cells 
against NB and MB particle toxicity. For example, 
the highest ROS value for NB and MB was found at 
0.01 mg / L and the highest carotenoid levels were 
observed at 24 hours. However, the NB has a 6% 
higher level of carotenoid than the MB. Further-
more, NB was below the control group of ROS 
level at 0.1 mg/L (highest treatment group). At ROS 
analysis, when the control groups are compared 
with those under exposure, it is seen that the NB 
and MB particles cause an oxidative stress on the 
algae. ROS level was formed on a different level for 
each concentration in NB and MB particles. In 
general, the MB particles have posed more ROS in 
all the concentrations. So far, some studies have 
been carried out to evaluate the toxicity of NPs on 
algae. For example, Navarro et al. [38] evaluated 
the short-time toxic effect of silver NPs and ionic 
silver on . AgNO3 tox-
icity was reported to be 18 times higher than AgNP 
according to total Ag concentration. However, 
when the function of Ag+ concentration is com-
pared, the toxicity of AgNP is much higher than the 
toxicity of AgNO3. 

 
 

 
I) When traditional materials are reduced to 

nano size, their physicochemical properties change. 
In this study, it has been observed that the size of 
the boron has different toxicity due to the different 
physicochemical properties of micro and nano size. 

Also, when we look at the ROS level, we can 
conclude that the nano bo-run is more toxic. 

II) In alg cells, various stress factors lead to 
the production of reactive oxygen species. In this 
study, different sized boron particles, which are 
stress factors, produced oxidative stress in algal 
cells. Depending on the size (nano and nano B), 
these effects are quite different. The resulting ROS 
activated the defense mechanisms of the algae. The 
non-enzymatic antioxidant defense mechanisms 
have increased with increasing levels of ROS in the 
carotenoids. 

A special thanks to my father Murat Özkan for 
his exertion. May his soul rest in peace. 
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ABSTRACT  
 
The study was aimed to evaluate the effects of 

different auxins on phenolic contents and antioxi-
dant potential of methanolic extract of Hypericum 
retusum Aucher (Clusiaceae) plantlets grown under 
in vitro conditions. After seed sterilisation and 
germination, shoot proliferations were performed. 
In this study, shoots were separately cultured in the 
medium containing BAP (0.5 mgl-1) combined with 
three different auxins (0.25 mgl-1 IAA, NAA, IBA) 
and the highest number of shoots was obtained on 
medium supplemented with 0.5 mgl-1 BAP. The 
highest total antioxidant capacity and phenolic 
contents were observed auxins. The methanol ex-
tracts of plantlets grown in vitro conditions showed 
the strongest free radical scavenging capacities at 

been 
found that auxins and in vitro growth conditions 
have a significant effect on the total antioxidant 
capacity and phenolic contents.  

 
 

KEYWORDS:  
Hypericum retusum Aucher, auxins, antioxidant, phenol-
ic. 
 
  
INTRODUCTION 

 
The species Hypericum is the genus Hyperica-

ceae, usually found in a lower family in Clusiaceae, 
and covers more than 450 species separated into 36 
sections. In recent years, the use of Hypericum 
species has increased due to the antiviral and anti-
depressant activities found in the extracts of these 
plants [1]. Hypericum is known to contain a number 
of chemical compounds according to previous 
drugs. These compounds are defined as flavonoids, 
tannins, phenolics, hyperizine, essential oils, and 
pseudohyphe- sine. Antisepsis is reported to have 
multifunctional effects including antimicrobial, 
anti-inflammatory, antitumor and antioxidant ca-
pacities [2-5]. In both in vivo and in vitro systems, 
auxins have been found to exhibit a strong biologi-
cal activity at very low concentrations and are es-

sential for maintaining of physiological processes in 
plants [6]. Recent studies have focused on the 
health functions of phenolics, including anthocya-
nins and flavonoids [7-9[. Some researchers found 
that wheat Pseudomonas sp. Ile has been reported to 
be inoculated. It stimulates plant growth through 
reduction of toxic ion uptake, increases in oxine 
content, and the formation of strase specific pro-
teins in plants under stress caused by toxic ions 
[10]. Several studies have been published about the 
antioxidant properties of MEL (Melatonin) and of 
other plant indoles, such as indole-3-acetic acid 
(IAA), indole-3-butyric acid, indole-3-methanol, 
indole-3-propionic acid and tryptophan, and found 
that they all showed good antioxidant properties 
[11]. In the present paper, we study the effects of 
different auxins on the total antioxidant capacity 
and phenolic contents of Hypericum retusum 
Aucher raised under in vitro conditions.  

 
 

MATERIALS AND METHODS 
 
Chemicals. DPPH (1,1-diphenyl-2-picryl-

hydrazyl), BHT (butylated hydroxytoluene), BHA 
(butylated hydro-xyanisole), ascorbic acid and all of 
the chemicals used in the MS medium were pur-
chased from Sigma (Sigma, Aldrich). Potassium 
hydroxide (KOH), methanol and the other reagents 
and chemicals were purchased from Sigma (Stein-
heim, Germany).  

 
Collection of Plant Material. The seeds of H. 

retusum (Clusiaceae) were collected from South of 

have been deposited at the Herbarium of the De-
partment of Biology, Faculty of Science (DUF-
2513-c, voucher no). The taxonomic identification 
of plant material was confirmed by Prof. Dr. A. 
Selçuk Ertekin.  

 
Preparation of Plant Material. The seed 

germination and sterilization procedures were car-
ried out as described in our previous study[12]. 
Following germination, micro-shoots (0.5 1.0 cm 
length) were separately transferred to Murashige & 
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Skoog medium supplemented with 0.5 mgl-1 N-6-
benzylaminopurine (BAP) [13]. Based on the re-
sults of our previous experiments, media containing 
BAP (0.5 mg l-1) were separately supplemented 
with various auxins (0.25 mgl-1 IAA, IBA, NAA) 
for shoot proliferation [14]. All media were sup-
plemented with 30 gl 1 sucrose and solidified with 
agar (5.464 gl 1, Agar-Agar (Sigma). The pH was 
set to 5.8 before autoclaving (120ºC for 20 min). 
The in vitro cultures were maintained at 25 ± 2ºC 
for a 16 -2 s-1) provided 
by mercury fluorescent lamps. All experiments 
were repeated two times 

 
Preparation of extracts. Plantlets were re-

moved from gels by washing them with distilled 
water. Plant materials were dried at room tempera-
ture for 10 days (air dry weight); then, they were 
powdered and extracted with 1:10 (w/v) methanol 
for 48 hours on a 125 rpm rotary shaker. The crude 
extracts were obtained by filtering and a rotary 
evaporator (BUCHI R3) was used to remove the 
methanol. All tests were performed in triplicate. 

 

Determination of Total Antioxidant Capaci-
ty. The free radical scavenging effects of the meta-
nol extracts were estimated according to the method 
of Blois (1958) with minor modifications [15]. The 
DPPH solution was placed in a freshly prepared, 
aluminum foil-coated bottle each day and stored at 
+ 4 ° C in the dark. 1 ml of each sample prepared at 
different concentrations (5, 10, 25, 50, 100 and 150 

radical solution. The mixture was agitated and al-
lowed to stand in the dark for 30 minutes at room 
temperature and then the absorbance was measured 
at 517 nm with a spectrophotometer. The same 
procedure was repeated with Ascorbic acid, BHA 
and BHT as a positive control. All experiments 
were performed three times. The percentage inhibi-
tion activity was calculated by the following equa-
tion: 

Scavenging effect (%) =[ (A517 
A517 of sample/A517 of control)] × 100. 

where A517 of control and A517 of sample are the 
absorbance values of the control sample and the test 
sample, at particular times, respectively. 

 
 

 

 

 
FIGURE 1 

Morphological aspects of the effects of different auxins on Hypericum retusum Aucher raised under in 
vitro conditions.  

224 x 420 mm (96 x 96 DPI), 1A) Aspect of shoots were germinated from mature seeds of H. retusum Aucher, 1B) Devel-
opment of shoots on MS medium containing 0.5 mgl-1 BAP, 1C) Development of shoots on MS medium containing 0.5 mgl-1 
BAP+0.25 mgl-1 NAA, 1D) Development of shoots on MS medium containing 0.5 mgl-1 BAP+0.25 mgl-1 IAA, 1E) Aspect of 
shoots on MS medium containing 0.5 mgl-1 BAP+0.25 mgl-1 IBA. 
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Determination of Total Phenolic Contents. 
The concentration of total phenolics of methanol 
extracts were determined by using Folin-Ciocalteu 
reagent and external calibration with gallic acid 
[16]. Gallic acid was obtained from Sigma (Stein-
heim, Germany). About 0.1 ml of extract solution, 
4.5 ml of distilled water and 0.1 ml of Folin-
Ciocalteu reagent were added and the contents 
mixed vigorously. After shaking 3 min, 0.3 ml of 
2% Na2CO3 was added, and finally the mixture was 
allowed to stand for 2 hours at room temperature. 
The absorbance was measured at 760 nm using UV-
VIS spectrophotometer. The concentration of the 
total phenolics was estimated as mg of gallic acid 
equivalent by using an equation obtained from 
gallic acid calibration curve. The quantification of 
phenolic compounds in all the fractions were car-
ried out in triplicate and the results were averaged. 

 
(R2 = 0.991). 

 
 
 

RESULTS AND DISCUSSION 
 
In vitro germination of the H.retusum seeds 

were standardized in Murashige and Skoog (MS) 
hormone-free medium [17]. Cultures were initiated 
from shoots inoculated onto MS medium supple-
mented with 0.5 mg l-1 BAP (Fig 1A, 1B).  

Shoots were cultured on MS medium supple-
mented with cytokinin and combination of different 
auxins (0.5 mg l-1 BAP + 0.25 mgl-1 IAA, IBA, 
NAA) (Fig 1C,1D,1E). In our previous study, the 
best results in view of number and length of shoots 
obtained on MS medium supplemented with 0.25 
mgl-1 IBA (54.12 shoot/explant, 3.36 length of 
shoot)+ 0.5 mgl-1 BAP [15]. The ascorbic acid (AA) 
had higher capacity than BHT (butylated hydroxy-
toluene) and butylated hydroxyanisole (BHA) at all 
concentrations (5, 10, 25, 50, 100 and 150 μg/ml) of 
the DPPH solution. Ascorbic acid the highest had 
compared to BHT and BHA at all concentrations (5, 
10, 25, 50, 100 and 150 μg/ml) of the DPPH solu-
tion (Fig. 2, 3). 

 
FIGURE 2 

The free radical scavenging effects of the methanolic extracts of H. retusum standard, AA, BHT, BHA. 
 

 
FIGURE 3 

Calibration curve of free radical scavenging effects of methanolic extracts of H. retusum standard, AA, 
BHT, BHA. 
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TABLE 1 
The total antioxidant capacity of Hypericum retusum Aucher raised under the effects of different auxins in 

vitro conditions and A.Acid, BHT, BHA 
Concentrations Control A(NAA) B(IAA) C(IBA) A.Acid BHT BHA 

5μg/ml 13,81±0,57 20,15±0,07 16,45±1,26 13,85±1,28 83,84±1,69 22,7±1,15 44,39±1,61 
10μg/ml 24,25±0,86 34,84±1,69 29,36±1,15 29,05±0,81 92,18±0,07 32,93±0,13 70,63±0,61 
25 μg/ml 68,08±1,39 67,73±1,88 61,54±2,87 57,56±2,02 92,23±0,07 55,77±1,47 87,51±0,20 
50 μg/ml 84,32±1,75 83,35±0,39 86,01±0,70 79,51±0,70 92,23±0,07 76,62±2,58 89,90±0,65 
100 μg/ml 85,08±0,27 89,34±0,61 90,01±0,06 88,85±0,13 92,58±0,65 85,43±1,27 88,90±0,92 
150 μg/ml 83,62±0,07 88,41±0,13 89,28±0,24 89,54±0,06 92,18±0,15 86,58±0,92 89,55±0,53 

 

 
FIGURE 4 

Calibration curve of the concentration of total phenolics of methanolic extracts of H. Retusum 
 
However, the free radical scavenging ability 

and phenolic contents of H. retusum extract was 
increased after auxin treatment. The results of the 
present investigation showed that the free radical 
scavenging ability and phenolic contents changed, 
depending on different auxins and concentrations of 
the DPPH solution. The lowest value of control 
group and IBA had the antioxidant capacity of at 5 
μg/ml of the DPPH solution (13,81±0,57 and 
13,85±1,28) respectively. IAA (90,01±0,06) the 
highest antioxidant capacity had at 100 μg/ml of the 
DPPH solution (Table 1).  

The lowest of phenolic contents was observed 
in the control group (481,66±0,28 μgGAE/mg eks-
tre). The best results in view of phenolic contents 
obtained on MS medium supplemented with 0.5 
mgl-1 BAP + 0.25 mgl-1 IAA (576,66±0,97 μg/mg) 
as shown in Table 2. 

 
TABLE 2 

The total phenolic contents of Hypericum  
retusum Aucher raised under the effects of  

different auxins in vitro conditions 
Numunes Phenolic contents 

(μg GAE/mg ekstre) 

Control group 481,66±0,28 
A (NAA) 560±1,08 
B (IAA) 576,66±0,97 
C (IBA) 541,66±0,15 

The total amount of phenolic compounds of 
plant extracts was determined as the microgram of 
gallic acid equivalent by using an equation obtained 
from the standard gallic acid graph (Fig 4).  

Concentrations of secondary metabolits of the 
plants may vary substantially with auxins. The 
highest on the total antioxidant capacity and phe-
nolic contents were obtained on medium containing 
BAP+IAA when compared with the contents of 
control plants. The researchers found that both 
exogenous IBA and NAA stimulated ascorbate 
peroxidase activity in tomato, but no significant 
difference was found in plants treated with IAA 
[16]. Furthermore, there was no significant differ-
ence when compared to control in catalase activity 
of all bioregulator treated plants. Our results were 
obtained from Tyburski et al. The presence of ex-
ogenous auxin in culture suggests an increase in 
ascorbate levels at the roots of the tomato seedlings 
[17]. Our results demonstrate the accuracy of the 
data obtained in experiments on Caulerpa prolifera 
when IAA affects optimal growth stimulation [18]. 
Our findings correspond to other studies in which 
IAA significantly reduces Chlorella pyrenoidosa 
cell division at high concentration [19]. The effects 
of auxin group of hormones on the total antioxidant 
capacity and phenolic contents have been discussed 
in several studies. The auxin group of phytohor-
mones have an important effect in different pro-
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cesses, such as leaf expansion, cell division, differ-
entiation and elongation [20-22]. Auxin was 
showed to stimulate antioxidant enzyme activities; 
It has been shown that the activity of peroxidase is 
increased by auxine in the distal and proximal parts 
of the organ, where catalase activity is induced in 
the root distal region [23]. The aim of this study 
was to find out the effect of plant bioregulators on 
the total antioxidant capacity and phenolic contents. 
IBA and IAA are two naturally founding auxins 
found in plants. NAA is a synthetic auxin analog. 
Three compounds; IBA, NAA, and IAA were used 
in our study to explore the auxin effects on the total 
antioxidant capacity and phenolic contents of 
H.retusum. The previous studies and based on our 
results, we propose that auxin may possess an effi-
cient function on the total antioxidant capacity and 
phenolic contents of H.retusum. In many studies, it 
has been shown that auxins play an important role 
in plant growth and development [22, 24].  

 
 

CONCLUSIONS 
 
In this study, predictive models for the content 

of pharmaceutically important secondary metabo-
lites, namely, antioxidant, phenolic, were developed 
for H.retusum Aucher. The identification of chemi-
cal content in phytochemical studies on Hypericum 
species is known to be an important issue. The 
results of our study are important for providing 
information about pharmacological activities asso-
ciated with Hypericum retusum. The results provide 
useful information on pharmacological activities 
associated with free radicals of these traditional folk 
remedies. Further studies are underway to identify 
in vitro antioxidant capacity and to identify active 
compounds found in this plant. 
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ABSTRACT 
 
Historic environments remain in rapid and ir-

regular urbanization of in today's cities and cannot 
adapt to urbanization process. Historical fabrics are 
damaged in time and they may even become ne-
glected areas. Planning and design are attempted by 
taking into account the protection and utilization 
balance in these areas that are important for the 
image and cultural heritage of the city., Visual 
quality, which historical sites offer to the urban and 
urban dwellers has started to be prioritized when 
looking at the increasingly modernizing city. In this 
context, it is aimed to evaluate the visual quality in 
the historical area. The study is carried out around 
the Clock Tower, which is situated on the slope of 
the Sarayüstü hill at the center of the city of 
Kastamonu and inholds important landmark and 
nodal points of the city. 

The study area is examined by dividing into 3 
zones depending on the usage of the area and the 
buildings in its borders. The visual quality evalua-
tion in the study was done using photo question-
naire method based on the Legibility, Consistency, 
Complexity, Temporality/Continuity, Definability, 
Ownership/Belonging, Historicity, Naturality, Vis-
ual Scale and Sense of Space criteria by experts and 
users with a total of 100 points. As a result of ex-
pert and user group e valuation, it is found that the 
zone with housing areas has lower visual quality 
value, whereas the visual quality value in the zones 
with historical buildings were located is found 
higher. 
 
 
KEYWORDS:  
Visual Landscape Quality, Historical Environment, Clock 
Tower, Kastamonu-Turkey 

 
 

INTRODUCTION 
 
Historical areas that remain under the pressure 

of dense housing today are considered as an im-
portant part of the urban image. However, spatial 
perception of historical urban areas gradually dete-
riorates and their visual quality is affected adverse-
ly as a result of unplanned housing. Evaluation of 

visual quality in historical areas is to define whether 
a scenery is aesthetically appropriate, and identify 
certain factors and physical landscape components. 
In various studies, visual quality is defined as the 
product of certain (visible) properties of landscape 
that interacts with relevant psychological (percep-
tional, cognitive and emotional) processes of hu-
man observer [1] and it is mentioned that visual 
elements do not only reflect aesthetical values but 
also mutual relations among cultural, economic and 
biological values have a balance [2,3]. In the evalu-
ation of visual quality, there are two main ap-
proaches used, namely the objectivity based on a 
physical paradigm and subjectivity based on a psy-
chological paradigm [4,1,5]. The objective ap-
proach considers aesthetic quality as a feature in-
herent to a scenery. On the other hand, subjective 
approach assumes that aesthetic quality is a subjec-
tive value derived from the eyes of viewer [4,6]. In 
aesthetical context, the environment is generally 
evaluated considering the criteria of form, propor-
tion, rhythm, scale, complexity, color, light, shad-
ing, order, hierarchy, spatial relationships, conflict, 
ambiguity, confusion and innovation [7,8,9,10]. 
Visual quality of an environment is a perceptual 
and objective concept that involves environmen-
tal/ecological, socio-cultural and psychological 
factors. What matters in the concept of visual quali-
ty is visual criteria (form, line, color, vitality, har-
mony, unity etc.) and organization, positioning, 
ratios and especially physical structures and associ-
ations of these visual criteria are the main elements 
that constitute visual quality [11,12]. When study-
ing the concept of visual quality in historical areas, 
the concept of preservation should be prioritized 
and criteria should be established and scaled based 
on characteristics of the space and evaluations 
should be made separately [13]. 

This study aims to present visual landscape 
quality of Clock Tower and its surroundings involv-
ing historically rich civil architectural examples, 
covering popular spots of visitors but exposed to 
dense housing in recent times in Kastamonu, and to 
develop recommendations on visual quality with 
respect to decisions to be taken about the space. 
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STUDY AREA 
 
The study area is the Clock Tower and its pe-

riphery located in the east of Karaçomak Stream in 
the urban area of Kastamonu in the Western Black 
Sea Region of Turkey (Figure 1). Kastamonu has 
limited settlement areas due to its physical struc-
ture. The first settlements positioned in line with 
the topography in the east and west of Karaçomak 
Stream that passes through the center of city.  

It was found that the Clock Tower and its sur-
roundings have different functional uses (Figure 2). 
For this reason, the study was conducted in terms of 
historical layers and urban functions, and visual 
quality evaluation was performed in three different 
zones, namely landmark (Zone1), residential dis-

trict (Zone2) and square (Zone3) (Figure 3).  
Historical ground of the area selected as sam-

ple in the study dates back to the Principality of 
Jandar. Architectural settlement in the area can be 
examined in three layers, especially in the scale of 
monumental structures. Zone1 is within the borders 
of historic urban area and has two registered build-
ings. The Clock Tower located in Zone1 is in the 
second architectural layer of the area as it was built 
in 1885 [14,15]. The landscaping was carried out in 
2000 (Figure 4). The Sarayüstü hill situated in the 
silhouette of city just behind the area is one of the 
important natural areas of the city. This natural hill 
provides a clearer view of the Clock Tower, which 
is an important landmark of the city.  

 

 
FIGURE 1 

Location of the study site 
 

 
FIGURE 2 

Zones of the study site 
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FIGURE 3A 

Views from the study site (Zone 1) 
 

 
FIGURE 3B 

Views from the study site (Zone 2) 
 

 
FIGURE 3C 

Views from the study site (Zone 3) 

 
FIGURE 4 

Study Area Historical Layers 
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 FIGURE 5 

Visual Landscape Quality Score Scale  
 

METHOD 
 
In the study, necessary literature review was 

made and data related to the area were collected in 
line with the purpose and scope of study. Based on 
these data, the indicators used to evaluate visual 
quality of the study area were established. When 
defining these indicators, especially the studies 
[6,17,18,19,20] were used and 10 criteria, namely 
Legibility, Consistency, Complexity, Temporali-
ty/Continuity, Definability, Ownership/Belonging, 
Historicity, Naturality, Visual Scale and Sense of 
Space, and their 24 sub-criteria were defined. In 
order to reveal the degree of importance of these 
criteria in terms of visual quality, an expert group 
consisting of a landscape architect, an urban de-
signer, a city and region planner, a photographer, a 
sociologist and a forest engineer was asked to grade 
them from 1 to 5 by using the multi-criteria evalua-
tion method. Arithmetic mean of these scores was 
taken and indicator multipliers of the criteria were 
defined. An evaluation table with a total of 100 
points was prepared on the basis of the indicator 
multiplier created and the number of indicators in 
each concept. Then, the photo-questionnaire meth-
od [21] was used by selecting 9 photographs out of 
320 that were taken in the semi-sunny times of area 
during the spring. The questionnaire was applied to 
a total of 275 people, which consisted of 250 users 
and 25 experts. Expert and user group completed 
the evaluation in the survey by making positive (+) 
and negative (-) markings based on each parameter 
for 3 different zones. Calculations at the end of the 
evaluation were multiplied by the weight score to 
find the value of that criterion if the value marked 
by user and expert groups was (+). Arithmetic mean 
of the sum of criterion value marked by participant 
groups for each criterion was taken and visual land-
scape quality score was obtained accordingly (Fig-
ure 5).  

Problems and deficiencies in the whole area 
and specific to the zones were identified based on 
all data obtained as a result of the questionnaire. In 
this context, urban design recommendations were 
made with a holistic approach within the theory of 
environmental and urban aesthetics with respect to 
visual quality of this space that is situated at an 
important strategic point of the city. 

 
 

RESULTS 
 
In the findings of Zone1, Zone2 and Zone3; 

Zone1 got 61 points from the expert group and 58 

points from the user group. According to the score 
scale given in Figure 3, the area was evaluated as 
high visual quality by the expert group and moder-
ate visual quality by the user group. In terms of 
total scores, Zone1, which includes the Republic 
Square and its vicinity, had a score in visual quality 
lower than Zone3 but higher than Zone2.  

Visual quality of Zone2, which got the lowest 
points from both user and expert groups in the 
evaluation, was evaluated as moderate with 51 
points from the expert group and low level with 46 
points from the user group according to the Figure 
3. In the study area, Zone2 has a low visual quality. 
Zone3 received 81 points out of 100 in the evalua-
tion of both user and expert groups and was found 
to have very high visual quality. In all zones, both 
groups seem to support each other in terms of their 
responses to the criteria.  

When the criteria were evaluated by the expert 
group it was found that for Zone1, 15 sub-criteria 
received positive opinions, the main criteria of 
consistency, temporality/continuity, ownership/ 
belonging and historicity were positive with all sub-
criteria, but the main criteria of legibility, naturality 
and sense of space were negative with all sub-
criteria.  

For Zone2, 12 out of 24 sub-criteria received 
positive responses. From among these, all sub-
criteria in the main criteria of temporali-
ty/continuity and historicity were positive, while all 
sub-criteria of legibility, definability, naturality and 
sense of space received negative responses.  

It was found that for Zone3, 20 sub-criteria re-
ceived positive opinions; main criteria of legibility, 
temporality/continuity, ownership/belonging and 
historicity, visual sale and sense of space were 
positive with all sub-criteria, and only the naturality 
criterion received negative response. 

There are no significant differences between 
responses given by those who live and know the 
area and those involved in relevant professional 
groups. In general, it was found for Zone3 that 
there is no harmony between the spaces, diversity 
of inanimate materials is insufficient, watching 
points at the Clock Tower are not clearly perceived, 
and presence of natural flora is not preserved 
enough. On the other hand, it is believed that exist-
ing flora shows seasonal diversity depending on 
climatic change, and presence of historical housing 
fabrics, historical elements and layers continue to 
exist in the area.  
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TABLE 1 
The results of visual landscape criteria and sub criteria regarding the groups of users and experts 
 

 
 
 
 

Concept  Indicators  
  

Value Score Value Score 

  Z1 Z2 Z3 Z1 Z2 Z3 Z1 Z2 Z3 Z1 Z2 Z3 

C
on

si
st

en
cy

  
Fa

ct
or

: 3
  

 

Harmony  - - - 

6 6 6 

+ - - 

9 3 6 

Balance (balance on scale, dimension-
al balance)  

+ + + + + + 

Color (harmony of colors, repetition of 
colors and harmony of shades)  

+ + + + - + 

R
ea

da
bi

lit
y 

 
Fa

ct
or

: 5
 

 

Perceptibility of location  - - + 

0 0 15 

- - + 

0 0 15 Clear directions  - - + - - + 

Road hierarchy  - - + - - + 

C
om

pl
ex

ity
  

Fa
ct

or
: 5

 
 

Presence of different objects  + - + 

10 5 10 

+ + + 

10 10 10 Variety of inanimate materials  - - - - - - 

Variety of animate materials + + + + + + 

T
em

po
ra

ri
-

ne
ss

/P
er

m
an

en
ce

  
Fa

ct
or

: 4
 

 

Use of vegetation that allows transi-
tion through seasonal changes  

+ + + 
4 4 4 

+ + + 
4 4 4 

Climatic change  + + + + + + 

D
es

cr
ib

ab
ili

ty
  

Fa
ct

or
: 3

 
 

Presence of vantage points  - - - 

3 0 3 

- - - 

3 0 3 

Landmarks  + - + + - + 

Se
ns

e 
of

 P
ro

te
c-

tio
n/

B
el

on
gi

ng
  

Fa
ct

or
: 4

 
 

Sense of Care (Absence of desolate 
areas)  

+ + + 

12 8 12 

+ + + 

12 8 12 Well maintained buildings and linear 
objects (walls-roads-fences)  

+ - + + - + 

Absence of infrastructural issues  + + + + + + 

H
is

to
ri

ci
ty

  
Fa

ct
or

: 5
 

 

Sense of historical buildings  + + + 

15 15 15 

+ + + 

15 15 15 
Presence and variety of linear histori-
cal elements (fountains, roads, monu-
ments)  

+ + + + + + 

Visibility of historical timelines  + + + + + + 

N
at

ur
al

ne
ss

  
Fa

ct
or

: 5
 

 Presence and use of natural vegetation 
as a landscape element  

- - - 0 0 0 - - - 0 0 0 

V
is

ua
l S

ca
le

  
Fa

ct
or

: 4
 

 

Sufficiency of openness and enclosure 
within the location  

+ + + 

8 8 12 

+ + + 

8 8 12 Unobstructed view  + + + + + + 

Sense of depth and spaciousness  - - + - - + 

Se
ns

e 
of

 
L

oc
at

io
n 

 
Fa

ct
or

: 4
 

  - - + 0 0 4 - - + 0 0 4 

TOTAL   58 46 81  61 51 81 
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DISCUSSION  
 
The study attempted to find answers on how to 

design an environment or space and which design 
criteria should be used when designing. To that end, 
a visual quality evaluation was made and it was 
found that Zone3 has a visually good quality with a 
rate of 81%, while Zone2 has the lowest visual 
quality. Since historical structures reflect traditional 
architecture in visual quality and constitute im-
portant criteria for urban identity, they receive high 
points both from experts and users. In the study in 
Kemaliye district [3], urban sceneries with tradi-
tional architecture received high visual quality 
score. It was observed that visual quality decreases 
in areas with high human intervention [22], but 
areas with historical structures that have been pre-
served until today are an important element in terms 
of visual quality. In a visual quality study conduct-
ed on coastline of Trabzon, [23] found that pres-
ence of historical structures has an important value 
in visual quality of the area and the area shows a 
consistency. Also, in the study conducted by [24], 
historical fabric received more positive results in 
terms of visual quality in the evaluation of gardens 

old fabric. In our study, it was found that since 
there are historical structures around the Clock 
Tower and Republic Square, the historicity value 
received positive responses from both user and 
expert groups.  

One of the important findings of the study is 
that although the area is situated on a natural hill 
and has presence of vegetation, naturality indicator 
of the entire area received zero point from user and 
expert groups. Unplanned housing and insufficien-
cy of green areas caused this indicator of area to get 
zero point. In the improvements and preservation 
efforts, decisions should be taken with the aware-
ness that naturality is an important indicator of 
visual quality [25,26,27,28]. In the study [29], 
found that areas that have been subject to human 
intervention have very low visual quality value and 
presence of vegetation has a positive impact on 
quality [30,31,32]. In the study conducted by 
Cengiz et al. [33] on rural road routes, they found 
that preferences and liking of people differ by clo-
sure and openness of vegetation. In naturality per-
ception of the area, intensity of vegetation is an 
important criterion. Unplanned housing, lack of 
green areas, neglect and lack of fittings especially 
in Zone 2 cause the area to have a low visual quali-
ty. Differences in texture, color and height in the 
housing decrease the visual quality of area. Legibil-
ity is examined in various studies as it creates clari-
ty and balance in a space and embodies certain 
landmarks [34,35]. From this perspective, im-
provement efforts that have been performed at the 
Republic Square are clearly perceived by partici-
pants due to location of area and various landmarks 

it embodies, while legibility of other zones is low.  
In terms of total points received by different 

zones in the area, Zone3 stands out as an area with 
"very high visual landscape quality" with 81 points. 
In the study conducted by Öztürk et al. [36] with a 
simil
with its historical nature, got 75 points, falling be-
hind the Republic Square despite the fact that it is 
an area defined as "with high landscape quality". 
Zon1 was found as an area with high quality by the 
expert group with 61 points and moderate quality 
by the user group with 58 points. Zon2 was rated as 
having a moderate level of landscape quality with 
46 points from users and 48 points from experts. At 
this point, the results of expert and user opinions 
are close to each other. 

 
 

CONCLUSION 
 
Land prices are very expensive because of rap-

id urbanization and crowded population. There are 
lots of historic garden and green areas which are 
under the pressure of urbanization. These historic 
gardens and open spaces are very sensitive to use so 
that the need of the protection is a vital key point in 
the urban planning decisions [37]. Accordingly, it is 
very important to evaluate visual quality of today's 
cities, which are increasingly growing vertically 
and horizontally. 

In city center of Kastamonu, there are many 
architectural examples that still exist today, espe-
cially the structures that were built for commercial 
and residential purposes since the Principality of 
Jandar. The Clock Tower and its vicinity, which 
constitute the subject of this study, has many histor-
ical structures and hosts today's civil architectural 
examples as well. Different floor heights and par-
celing forms in the area cause diversity. On the 
other hand, the fact that the city is in a process of 
fast housing and transformation made this study 
essential to preserve historical environments and 
study their visual perception.  

When an environment or space is evaluated in 
a better, more beautiful, more aesthetic and holistic 
way, it is required to identify insufficient aspects in 
order to make sure that the visual quality, which is 
the common point, is higher. In the study, the data 
were obtained in relation to the design principles 
that can be used in restoration and rehabilitation 
activities at historical urban spaces in Kastamonu. 

In this context, although the Clock Tower is a 
space with a historical value and is preferred by 
tourists in Zone1, it lacks direction signs for vehicle 
and pedestrian access. This area lacks in terms of 
presence of vegetation and falls short in terms of 
perceptibility. In landscaping activities, use of 
vegetation and fittings that reflect characteristics of 
the city should be preferred. For example, paving 
stone used in the pavement does not reflect the 



© by PSP  Volume 27  No. 12B/2018 pages 9617-9625        Fresenius Environmental Bulletin 

9623

 

traditional material of city. The children's play-
ground is both inadequate and disharmonious with 
the area in terms of color and material details. Plas-
tic materials are used in the seats of tea gardens in 
the area. The vegetation choice and similar fittings 
have negative impact on harmony of spaces and 
naturality criteria of the space. On the other hand, 
preferring plant species that reflect historical spaces 
of the city, such as Tilia sp., Salix sp., Acer sp., 
Platanus orientallis, Buxus sempervirens, will 
make spatial perception of the Clock Tower and its 
vicinity clearer. Also, use of granite and wood in 
pavements and fittings will be more suitable for 
Kastamonu city, which has a forested area of 80%.  

The fact that Zone2 is located right next to the 
city's focal point, the Republic Square, and its 
landmark, the Clock Tower, and residential areas 
with high land prices but low building quality and 
transformation into desolated areas caused to have 
the lowest visual landscape quality value. There is 
not road hierarchy with open direction in the streets 
where organic transport links exist and there is no 
sense of building and parceling relations. Compo-
nents of buildings such as external balconies, win-
dows and doors have surveying differences and 
there are non-restored low quality registered build-
ings. The street is not perceived in a holistic way in 
terms of pavements, walls, signs and other fixtures 
and all street components are non-maintained. The 
area which is situated on a very rugged terrain lacks 
the sense of depth and comfort. Historical structures 
are mainly wooden structures built on stone founda-
tions and there are today's reinforced concrete 
structures as well. Different housing typologies, 
building heights and deteriorations in historical 
street details as well as lack of maintenance result 
in poor visual quality.  

Street improvement works should be carried 
out in these residential areas, which are located an 
access point to a touristic watching point. A restora-
tion activity should be carried out to restore former 
identity of Kuleli Street, where non-Muslims (Ar-
menians) lived once and which provides connection 
to the Clock Tower and was made of uniquely har-
monious colors. The architectural design on second 
and third floors of building is quite convenient for 
using ceiling beams. Ruined houses and idle parcels 
should be restored for re-use and external parts of 
structures can be used as design components to 
improve the visual quality. In street design, chil-
dren's playgrounds, sitting/recreation areas should 
be planned spatially in order to revive the street 
culture which is the basis of traditional social rela-
tions. That plan that is developed to make these 
spaces more perceivable and legible should be 
supported with a vegetation design. As a result, it 
will serve as a buffer between crowded housing 
structures, clean the air and act as shadow elements 
between the spaces. When selecting the materials of 
urban fixtures (garbage cans, sitting benches, signs, 

walls, fences, etc.), characteristics of the city should 
be taken into consideration. Materials (granite, 
cobblestone, wood, etc.) that are more compatible 
with the Republic Square located right in the west 
should be preferred. Existing registered buildings in 
the area should be restored, and existing commer-
cial areas and religious and social facilities should 
be maintained. 

The Zone 3, which includes architectural 
structures from the Republican Period, the Recent 
Era and the Seljukians, received negative responses 
in 4 sub-criteria. The area, which is completely 
surrounded by historical buildings, is considered 
inadequate in terms of natural vegetation elements. 
Landscape elements specially designed for histori-
cal spaces (living and non-living) are even more 
important in this zone. Bus stops that are located 
right next to the zone cause a complexity in the area 
and have adverse impact on its visual quality.  

In conclusion historical spaces are important 
in urban planning considering that urban heritage is 
a historical layer of values created by successive 
and living cultures and the accumulation of socially 
accepted traditions and experiences. However, such 
rapid and often uncontrolled housing can cause the 
disintegration and destruction of urban heritage. In 
this context, it is necessary for the study area, 
which hosted many civilizations, to be evaluated in 
a way to reflect the identity of city with sustainable 
planning approaches. On the other hand, there is an 
ongoing work for preparation of urban archaeologi-
cal databases and it is very important to evaluate 
and protect the spaces with historical fabric until 
such databases are prepared.  

The study, which was conducted to evaluate 
visual landscape quality, is expected to contribute 
greatly to better designing of Zone1, Zone2 and 
Zone3. Also planning and future researches where 
people's satisfaction and quality of life is consid-
ered at a high level and to reveal the impact of 
visual landscape quality on the value of space as 
well as the identity of city, as it presents the evalua-
tion process which is the preliminary stage of de-
sign. 
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The current study was conducted to identify the 

effect of six non-pathogen binucleate 
(BNR) anastomosis groups (AG A, AG C, AG E, AG 
G, AG H and AG I) as a biological control agent 
against spp. causing root rot and stunt-
ing in Central Anatolian wheat fields in Turkey. The 
pathogen isolates represented anastomosis groups 

 AG 4 HG II, AG 5, AG 8,  AG D I, 
 var.   var. 

 All six BNR isolates, when combined with AG 
4, AG 8, AG D, . var.  and

saw a greater reduction in disease 
severity when compared to the effect of the isolates 
alone. It was also detected that three of the six BNR 
isolates (AG H, AG E and AG C) significantly sup-
pressed disease on wheat caused by  AG 5 
in greenhouse conditions and  AG H pro-
vided a high degree of protection against all patho-
gen groups. These BNR isolates may have potential 
use in the management of the pathogen  
anastomosis groups on wheat, but will require rigor-
ous testing under field conditions. 

 
 

Biological control, binucleate, anastomosis 
groups, wheat 

 is an agriculturally important fun-
gal genus which contains diverse species that are 
found wordwide. It is a species complex composed 
of several pathogenic and non-pathogenic anastomo-
sis groups (AGs). To date, 14 AGs of 

 (AGs 1-13 and BI) have been identified on the 
basis of hyphal anastomosis interactions, cultural 
and morphological characters, host range, patho-
genicity, biochemical reactions and molecular stud-
ying in   and  were as-
signed to anastomosis groups WAG-Z and 
WAG-O, respectively [1, 2]. Up until now, Binucle-
ate  (BNR) (teleomorph: 

sp.) isolates were grouped into 18 AGs (AG A-
W) [3, 4, 5].  

Soilborne fungi of the genus  are 
known to be important pathogens in numerous field 
crops causing damping off, foliar blight, and root and 
stem rot. In Turkey, wheat is the largest cereal crop, 
and  is one of the main causal agents of 
wheat root rot. Wheat is susceptible to infection by 
several anastomosis groups (AGs) and subgroups of 

 AG 1 IB, 2-1, 2-2, 3, 4, 5, 6, 
8, 11, var  

var  var 
AG D were determined as patho-

gen on wheat [1, 6, 7, 8]. AG 2-
1, 3, 4, 5, 8, AG 11 and var 

 and var  have been reported previ-
ously to be wheat pathogens in Turkey [9, 10, 11].  

Currently,  disease is managed by 
cultural practices, such as crop rotation and methods 
that minimize prolonged contact of the plant with the 
pathogen, and the use of chemicals. However, cur-
rent cultural and chemical controls are not com-
pletely effective, and disease remains a 
persistent problem. Control of these pathogens is ra-
ther difficult due to their ecological behavior, ex-
tremely broad host range and high survival rate of 
resistant forms such as sclerotia under different en-
vironmental conditions [12]. The use of chemical 
plant protection results in the contamination of soil 
and increases pathogen resistance to commonly-used 
fungicides. These chemical effects are beneficial to 
microorganisms as well, and destroy the biological 
balance in soil. It has become necessary to develop 
alternative management methods-especially against 
soil pathogens-since excessive fungicide applica-
tions damage the ecosystem over time. Biological 
control is an alternative and environmentally-safe 
method of plant protection. Several genera of fungi, 
including binucleate [13,14], 

[15,16], [16] and 
[17] can control the development of pathogen iso-
lates of . Binucleate spp. con-
trolled diseases on creeping bentgrass 
[18] bean [13], potato [19] bedding plants [20] sug-
arbeet [21] cotton [22], cabbage [23], cucumber 
[24] Also, BNR has been effective in controlling 

 and  diseases [22, 25].  
 
 



9627 

 

6684 Yozgat Plant  AG 4 HG II KC590602 
0672 Ankara Soil  AG 5 KC590597 
0610 Ankara Plant  AG 8 KC590583 
6629 Yozgat Soil var.  KC590532 
4226 Konya Plant var.  KC590515 
0653 Ankara Plant AG D I KC590591 

 
 
BNR AG A, C, E, H, I, G, K, Bb anastomosis 

groups isolated from wheat [11, 26, 27]. AG I and 
AG K were reported on wheat in Turkey by Demirci 
[9]. None of them are pathogenic on wheat [28]. Alt-
hough there are few studies reporting that binucleate 

 spp. shows pathogenity in some other 
hosts, these species generally show saprophytic char-
acter in the soil. Among them, low-virulent or non-
virulent species are exhibiting hypo-virulent proper-
ties [1,29]. Regarding the genetic and physiological 
factors involved in hypovirulence in the different 
groups of , the possession of enzymes 
and the ability to synthesize melanin have been re-
vealed as important. Melanin has been found to be 
essential in pathogenicity processes in several fungi. 
Several authors have pointed out that hyphae from 
hypovirulent isolates from the genus 

are usually hyaline, while hyphae from patho-
genic isolates of  are usually pigmented with 
brown or grey tones, due to the accumulation of mel-
anin in their cell walls [30, 31]. The effect mecha-
nism of binucleate  AGs and hypoviru-
lent AGs used in the control of virulent 

 species is in the form of the systemic 
promotion of host resistance and food or habitat 
competition [1,18]. However, few reports have been 
published that document the ability of non-pathogen 

 species to control diseases caused by 
pathogen  species on wheat in the world 
[6]. 

The objectives of present work are to evaluate 
the effect of non-pathogen binucleate 
anastomosis groups potential use for biological con-
trol against pathogen  anastomosis 
groups isolated from wheat fields in greenhouse con-
ditions. 

 
 

Binucleate 
 species were isolated from 1256 wheat 

rhizosphere soil samples collected from Konya, An-
kara, Yozgat, Eskişehir, Kırıkkale, Kayseri, Kırşehir, 
Nevşehir and Aksaray provinces in the Central Ana-
tolian Region of Turkey.  AG 4 HG II (iso-
late num.: 6684), AG 5 (0672), AG 8 (0610), 

 AG D I (0653),  var.  

(6629),  var.  (4226) isolates, 
were used as pathogens throughout this study (Table 
1). These isolates belong to six anastomosis groups 
which were previously isolated and identified from 
wheat root by Ünal [10, 11, 32].  

Sterile wheat straws were used for binucleate 
spp. isolation from soil samples. Soil 

samples from the respective fields were transferred 
to pots on a greenhouse bench (20±20C). Pots were 
then watered to field capacity. Four internodal seg-
ments of mature, dried wheat straws, approximately 
4 cm long, were inserted vertically into each pot, and 
left for 3 to 4 days. After that, the straws were re-
moved, washed, blotted and placed on acidified wa-
ter agar (WA). Isolates of were trans-
ferred to potato dextrose agar (PDA, Merck, Ger-
many) [33]  

In order to determine hyphal diameter 
and the number of nuclei per cell of the BNR iso-
lates, they were maintained on PDA at 25ºC in the 
dark. Developing mycelia of the isolates were 
stained with safranin O (Sigma, USA) and 3% KOH 
[34] and observed at x400 using phase contrast mi-
croscopy. Hyphal diameter was determined by meas-
uring 10 cells. Nuclei were counted in 15 cells. 

Anastomosis was tested by pairing isolates with 
representative testers. isolates were ac-
tivated on PDA at 250C in the dark. Coverslips, 
which were sterilized by dipping in 95% ethyl alco-
hol and flaming, were coated with a thin layer of 
0.5% PDA and placed on water agar plates. Agar 
plugs with mycelia of  isolates and the 
tester isolates were cut at the margin of a growing 
colony and transferred to water agar plates on the op-
posite sides of the coverslip. After incubation at 250C 
in the dark for 24-48 hours, when overlapping myce-
lia of the two isolates were observed, the coverslip 
was removed from the plate and placed on the mix-
ture of one drop of safranin O and one drop of 3% 
KOH on a slide. Stained hyphae were then examined 
microscopically (x 400) and anastomosing hyphae 
were traced back to their source in order to confirm 
the anastomosis between our isolates and the tester 
isolates [35] For the anastomosis testing, all the 
pairs were examined twice.  



9628 

Approximately 300 mg my-
celium were harvested and ground with liquid nitro-
gen in a sterile mortar for DNA extraction from cul-
ture medium. Genomic DNA was extracted using a 
Qiagen DNeasy ® Plant Mini Kit, as specified by the 
manufacturer, and stored at -200C prior to use [32].

PCR re-
action mixtures and condition were modified from 
previous studies [36, 37] The reaction mixtures of 
PCR, a final volume of 50 µl, contained 5 µl of 10X 
buffer [75 mM Tris HCl, pH 9.0, 50 mM KCl, 20 
mM (NH4)2SO4], 2 µl of 5 µM each primer, 5 µl of 
1.5mM MgCl2, 2 µl of 10 mM deoxynucleoside tri-
phosphates (dNTPs), 1 U Taq polymerase (Fermen-
tas), 5 µl of DNA template for each reaction and 5 µl 
of bovine serum albumin (BSA: 10 mg/ml). DNA 
amplifications were carried out in a Techne TC-5000 
thermal cycler by the following program: 94 C for 2 
min, followed by 34 cycles of (1) denaturation (94ºC 
for 30 s), (2) annealing (60ºC for 30 s) and (3) exten-
tion (72ºC for 30 s), and a final extension step 10 min 
at 72ºC. 

The ITS region of the isolate was amplified us-
ing the universal primers ITS-1 (5’ TCC GTA GGT 
GAA CCT GCGG 3’) and ITS-4 (5’ TCC TCC GCT 
TAT TGA TATGC 3’ [38]. The PCR products were 
separated in 1.5% agarose gels stained with ethidium 
bromide, and visualized under UV light. They were 
sequenced by REFGEN (Gene Research and Bio-
technology Company, Ankara, Turkey).  

 Pathogenicity tests were 
performed with agar plate assay with six binucleate 
isolates belonging to AG A, C, E, G, H, I anastomo-
sis groups (Table 2). Isolates were incubated on PDA 
at 250C for 2 days, mycelial discs (4 mm) from an 
actively growing edge of the fungal culture were 
transferred to 2% WA and incubated in the same 
conditions for 2 days. Seeds of the susceptible wheat 
cultivar (cv. Kate A-1) were disinfected by dipping 
in 1% NaOCl for 5 mins, rinsed with sterile distilled 
water and aseptically blotted, then six seeds were 
placed adjacent to the growing edge of the isolates in 
each petri plate. Five plates were used for each iso-
late. Untreated plates were used as a control. After 
incubation for 7–8 days at 26±10C under a photoper-
iod of 12 hours, disease assessment was rated on a 
scale of 0-5, based on the relative size of a necrotic 
area on the hypocotyl as follows : 0= no disease, 1= 
1-10%, 2= 11-30%, 3= 31-50%, 4= 51-80% and 5= 
the entire hypocotyl was infected [39]. These scale 
values were converted to disease severity values us-
ing the following formula [40].

= [∑ (no. of plant in category 
x category value)] x 100 / Total no. of plants x max. 
category value). 

 

Isolates that produced a disease severity be-
tween 0-10% were considered essentially non patho-
gen. 

BNR iso-
lates used in biocontrol studies were obtained by ran-
domly selecting from among the isolates belonging 
to each different BNR anastomosis group isolated in 
this study. 

Cultures of pathogen and non pathogen 
 isolates were grown on PDA at 250C in the 

dark for 9 days. The mycelial mats were rinsed with 
sterile distilled water, blotted dry, and weighed. 
Then 4 g dried fungus cultures were blended in 200 
ml sterile water. The suspension of non pathogen 
fungus culture was thoroughly mixed with 4 kg of 
sterile soil mix (soil, sand, farm manure and bran at 
2:1:1:1/2 v/v) and placed in plastic pots (10 cm x 8,5 
cm) [39]. In addition, four seeds infested with each 
non pathogen BNR isolates (Table 2) were put in 
each pot. Infested seed inoculums were produced in 
1-liter flasks filled with 250 ml of wheat grain 
soaked in water and autoclaved twice. The grain was 
inoculated with 10 discs of 1-cm2 pieces from nine-
day-old potato dextrose agar (PDA) plate culture of 
each isolate. The flasks were shaken once each week, 
and the inoculum was harvested after 4 weeks [41]. 

Plastic pots were incubated in the greenhouse at 
26±20C with a 12 hr photoperiod at 6000 lux. After 
5 days of incubation, eight wheat seeds per pot were 
sown. Three days after the seeds were sown in soil 
infested with the non pathogen isolates, a mycelial 
suspension of each virulent isolate was spread on the 
soil (1g mycelium per 1kg of soil) and mixed in soil. 
In addition, eight seeds infested with each pathogen 
isolate mycelium were put in each pot. Twenty-two 
days after sowing, roots and hypocotyles of seed-
lings were examined and disease assessment was 
rated according to a modified 0-5 scale 0= no dis-
ease, 1= 1-10%, 2= 11-30%, 3=31-50%, 4= 51-80%, 
5= the entire hypocotyl/root is infected and/or stunt-
ing. These scale values were converted to disease se-
verity values [40]. In addition, percent protection 
values of BNR isolates were calculated using the fol-
lowing formula at the end of the study [39].

=[(C-B)/(A-B)]X100)] in 
which A: percentage of healthy plants in the non-in-
fested control, B: percentage of symptomless plants 
in soil infested with the virulent strain, and C: per-
centage of symptomless plants in soil infested with 
the avirulent strain and then challenged with the vir-
ulent strain. 

Non-infested soil mix, infested soil with only 
non-pathogen isolate and infested soil with only 
pathogen isolate were used as a control. Experiments 
were conducted with five replications (one pot per 
replication) and repeated twice. 
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0680 Ankara Soil AG A KC590599 
26114 Eskişehir Soil AG C KC590578 
06100 Ankara Soil AG E KC590572 
0615 Ankara Soil AG G KC590522 
0660 Ankara Soil AG H KC590560 
0616 Ankara Soil AG I KC590588 

 AG 4 AG 5 AG 8 AG D var. 
 

var

AG A 8,5 24,0 1,5 8,5 7,5 17,5 
AG C 2,5 14,0 7,5 17,0 2,0 15,0 
AG E 4,0 4,5 14,3 0,0 32,5 13,0 
AG G 0,0 14,5 9,0 13,5 26,5 30,0 
AG H 2,0 1,5 0,0 9,0 8,0 13,0 
AG I 6,5 24,0 31,0 22,0 20,0 21,5 

No BNR a 86,0 76,0 73,5 78,0 82,0 73,0 
Uninfested 
Control b 0,0 0,0 0,0 0,0 0,0 0,0 

   aNo BNR=soil mix infested with pathogen, not infested with BNR 
   b Uninfested Control=soil mix not infested with pathogen and BNR 

 
 

Statistical analyses were per-
formed with Minitab and MSTAT statistical soft-
ware. The data were evaluated by analysis of vari-
ance using Fisher’s least significant difference test (P 
< 0.05).

 
 

 
A total of 112 BNR isolates were obtained from 

1256 soil samples collected from 9 provinces in Cen-
tral Anatolia. According to the cellular nucleus num-
ber, width of the main runner hyphae, colony mor-
phology and the anastomosis test, the isolates were 
identified as binucleate . As a result of 
the anastomosis test, these isolates anastomosed with 
high fusion frequency (C 3 and C2 reactions) with 
tester isolates. These isolates characterized into 6 
anastomosis groups (  AG I, A, C, E, G 
and H) with the help of their vegetative hyphae, nu-
clear condition and hyphal anastomosis reaction with 
known tester isolates and rDNA-ITS sequence anal-
ysis. All isolates produced ≈650 bp amplicons during 
amplification with ITS1 and ITS4 primers. Se-
quences were submitted to GenBank at NCBI and 
their accession numbers were obtained (Table 2). 
The isolates’ resulting sequences used in this study 
were compared to other sequences and were 90-
100% identical to other  sequences in 
GenBank. 

In pathogenicity studies, isolates with patho-
genicity values 0-10% were evaluated as non-patho-
genic. All of the 112 BNR isolates were detected as 

non-pathogenic. Generally, the values of disease se-
verity in these groups changed between 0,0% and 
9,5%. All six BNR isolates, when combined with AG 
4 HG II, AG 8,  AG D I, var.

 and var , saw a greater reduction in 
disease severity when compared to the effect of the 
isolates alone. It was also detected that non-pathogen 
AG H group decreased the values of disease severity 
in all pathogen AG groups significantly; however, in 
combinations of AG I group with other pathogen 
groups except for AG 4 HGII, the values of 
disease severity varied between 20% and 31% (Table 
3).  

It was also detected that according to the pro-
tection values (%) calculated on the basis of the num-
ber of symptomless seedlings, AG H 
provided a high degree of protection (between 75% 
to 100%) against all pathogen groups. Protection val-
ues of AG C, AG E, AG G against all pathogen 
groups ranged from between 60% and 95%, 50% and 
100%, and 57% and 100%, respectively. Although 
AG I significantly prevented infection of 
AG 4 HG II, it prevented the infections caused by 
AG 5 and AG 8 only at the rates of 44% and 35%. It 
was also determined that AG A provided protection 
against five pathogen groups except for  AG 
5 at the rates varying between 80% and 96% (Table 
4). All of the non-pathogen isolates provided a high 
rate of protection against AG 4 HGII. The 
most successful results against AG 5 were 
obtained by AG H and AG E. AG I prevented the 
infection caused by AG 8 at the rate of 
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35%, and therefore, it was considered the most inef-
fective group against this pathogen. All non-patho-
gen groups provided an effective protection against 

AG D I and  var. . The 
most effective group against these pathogens was 
AG E. The groups with AG C, AG A 
and AG H saw the highest degree of protection (85%, 
80% and 80%, respectively) against . var. 

 (Table 4). 
In this study, the effect of 6 non-pathogen BNR 

anastomosis groups (AG A, C, E, G, H and I) against 
5 pathogen  anastomosis groups on 
wheat was investigated and hopeful results were ob-
tained in greenhouse conditions. In the present study, 
all BNR isolates induced no disease symptoms on 
wheat and were evaluated as non-pathogens. Aside 
from some exceptions, BNR isolates used for bio-
control of and some other pathogens are 
also pathogen some other hosts. In this study BNR 
AG A was found to be non-pathogenic on wheat, but 
pathogenic to some other plants. Ogoshi [33] stated 
that AG A is pathogenic on strawberry, sugar beet, 
peanut and potato. It was also reported on bean and 
soybean in Turkey as non-pathogenic [42, 43, 44, 
45] In this study, AG A provided strong protection 
against five pathogen groups except for  AG 
5. Similarly, Bell [46] reported that heat treated soil 
artificially infested with  AG 4 plus AG A 
and planted with snap bean had a significantly higher 
percentage of normal bean plants 2-5 weeks later 
than did soil infested only with AG 4. Also, AG A 
has been reported to be effective biocontrol agents 
against wilt of spinach and tomato. The 
isolate significantly reduced disease severity [47, 
48]. In the present study, AG C induced no disease 
symptoms and the isolates controlled only AG 4, 

. var.  and . var.  It is known 
that AG C is symbiotic with terrestrial orchids and 
no important pathogens have been reported about it 
[28, 49]. AG E have previously been recognized on 
beans in Turkey [43, 44, 50] and some the other 
plants including wheat around the world [28]. AG E 
reduced disease severity on wheat caused by AG 4 
HG II, AG 5, AG 8, AG D and . var . AG G 
group provided protection 75%, 90% and 100% 
against AG D I, AG 8 and AG 4 HG II, respectively 
in this study. Similarly, non-pathogenic AG G pro-
vide effective protection to young bean seedlings 

against root rot caused by AG 4 [51,52]
Escande and Echandi [19] also found effective AG 
G in control of  canker of potato. BNR 
AG H provided a high degree of protection (between 
75% and 100%) against all pathogen groups in this 
study. They are symbiotic on orchids. AG H was also 
reported on wheat by Ogoshi [26]. AG I controlled 
only AG 4 HG II group in our study. Previously, it 
was detected on wheat by Demirci [9] in Turkey and 
in the other countries [27,53, 54]. Its hosts are straw-
berry, sugar beet, wheat, apple, orchids, and fragaria 
x ananassa [28] and it is pathogenic on strawberry 
[52].  

There is a limited number of studies on the con-
trol of non-pathogen  species with path-
ogen  species on wheat. Roberts and Si-
vasithamparam [6] reported that in wheat fields with 
soil infested with , the center of disease 
patches was dominated by this fungus, while the 
populations of binucleate  were distrib-
uted along the margins of these patches, suggesting 
that these isolates could be involved in controlling 
the spread of these disease patches by means of an-
tagonistic phenomena against pathogenic 
strains. Similarly, Ichielevich-Auster et al. [39] indi-
cated a hypovirulent AG-4 isolate as an ef-
fective biocontrol agent for suppression of damping-
off in cotton, radish and wheat seedlings caused by 
virulent isolates of AG-4 and  There 
are many studies reporting that BNR groups, with the 
exception the BNR isolated in this study, also control 
many important diseases. Cardoso and Echandi [55],
determined that BNR AG R isolates significantly re-
duce the severity of the root rot disease in bean seed-
lings caused by  under greenhouse condi-
tions. Pascual et al. [56] indicated that the hypoviru-
lent, binucleate Rhv7 strain effectively 
controlled AG1-IA isolate in corn. Gonzá-
lez et al. [57] reported a new binucleate 
species  capable of pro-
tecting several plant species against  and 
other pathogen fungal species such as 

 
and . It known that BNR isolates pre-
vented the damping off caused by  
AG-4 and AG 8 in cucumber [20] and also root and 
crown rot caused by AG 2-2 isolates of  in 
sugar beet [29]. 

 AG 4 AG5 AG8 AG D var. 
 

var.

AG A 90,0 40,0 96,0 90,0 90,0 80,0 
AG C 94,0 60,0 72,0 66,6 95,0 80,0 
AG E 92,5 82,0 70,0 100,0 57,0 85,0 
AG G 100,0 50,0 90,0 75,0 65,0 67,5 
AG H 97,5 95,0 100,0 90,0 90,0 75,0 
AG I 90,0 44,0 35,0 60,0 60,0 65,0 

LSD (p=0,05) 0,53 4,87 5,71 3,12 1,93 1,28 



9631 

The defense reactions in plants treated with bi-
ocontrol agents might be the same as the ones that 
occurred in resistant cultivars against pathogen at-
tack. Nutrient competition and/or host-induced re-
sistance may play an important role in the mecha-
nism of protected effect of BNR against virulent 

 species [18, 55]
The study conducted by Honeycutt and Benson 

[14] investigated the effect of two binucleate 
spp. in Pesta and rice flour formulations and 

were evaluated for control of preemergence damp-
ing-off of impatiens caused by  . In the study, 
effective results were obtained about control of dis-
ease, but the conclusion was reached that improved 
shelf life of BNR isolates is needed before formu-
lated products can be developed for biocontrol of 
preemergence damping-off. 

Results of our study show that BNR isolates 
suppressed disease on wheat caused by  AG 
4 HG II, 5, 8,  AG D I, 
var  and  var.  in 
greenhouse conditions. AG H among binucleate 

 groups have shown strong protection 
against all pathogen groups in this study. These re-
sults suggest its greater potential use in the manage-
ment of the pathogen  anastomosis 
groups on wheat, but will require rigorous testing un-
der field conditions and formulations.  
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This study aims to determine the diversity and 

community structure of microarthropods in habitats 
dominated by different tree species. For this purpose, 
the microarthropod contents of the soil and litter 
samples collected in May 2017 from habitats domi-
nated by the Arnold/Black pine (  (Ar-
nold)), Oriental beech (  (Lipsky.)) 
and Uludag fir (  (Stev.) subsp. 

(Mattf.)) tree species were investi-
gated. Soil and litter samples were collected from 
Arac, Karabuk and Safranbolu forests for Black 
Pine, Oriental Beech and Fir, respectively. Litter 
samples used in the extraction of microarthropods 
were collected using a cylinder of 5 cm diameter and 
were as thick as the litter cover, while 5 cm thick soil 
samples were collected from the upper mineral soil 
to a depth of 5 cm. Moreover, extra samples were 
collected from the same locations to determine cer-
tain physical properties of the litter and soil in those 
locations. Microarthropods were extracted from the 
litter and soil samples using the Berlese funnel 
method and were counted and classified using a mi-
croscope. According to the analyses, there were 74 
different taxa throughout the three different ecosys-
tems, and there was no statistically significant differ-
ence in terms of biological diversity. Based on tree 
species, the Fir forest had the highest average taxo-
nomic richness (26 taxa), while the Pine forest had 
the lowest tree species-based taxonomic richness (19 
taxa). Similarly, the Shannon’s diversity index (H′) 
was the highest in the Fir forest (2.65), while it was 
the lowest in the Pine forest (2.34). In addition, the 
litter layer (H′ = 2.64) had a significantly higher bi-
ological diversity than that in the soil (H′ = 2.39). 
The study is still in progress and any seasonal 
changes in the relationships will also be revealed 
with new samples collected during other seasons. 

Soil, litter, Berlese funnel, ecosystem, biological diversity 

 
Some features such as geographic location 

caused by the physical structure of the World, dis-
tances to the seas, landscape forms, aspects and par-
ent rock are the principle factors having certain im-
pacts on the distribution of terrestrial plant species 
and the formation of ecosystems. Various forest sites 
created by those factors generate forest habitat dom-
inated by the appropriate tree species that specifi-
cally grow on those conditions [1, 2]. Moreover, for-
ests may be the habitats dominated by different tree 
species and the natural gen resources of various bio-
diversity characteristics [3, 4].  

The most promising organisms indicating the 
diversity/richness of other species in forest ecosys-
tems and the status of forest biodiversity are the in-
vertebrate soil fauna living in the soil [5]. The soil 
invertebrates include taxa varying from protozoa (5 
-30 μm) to the giant Australia worms, few meters in 
sizes with different body sizes [6, 7]. The population 
size and the breeding potentials are quite high. These 
small sized organisms provide the effective monitor-
ing of the details of important changes affecting the 
quality of the sites. It is possible to determine the 
population sizes with small samples using the pro-
portionate and statistical methods. It is also ideal to 
detect changes over time, as the generation time is 
quite short. Therefore, they constitute the widest di-
versity of micro habitat and their niches in ecosys-
tems. The soil invertebrates provide better ecological 
role than other vertebrates in ecosystems as they con-
tribute to accelerate the decomposition of surface lit-
ter, the nutrient network, soil structure and other ac-
tivities in ecosystems [8 - 10].  

When the use of the indicator species is evalu-
ated, the status of a whole forest ecosystem cannot 
be represented enough with a few indicator species 
due to the limitation of the extent of geographic area 
of single indicator species. Thus, the biodiversity in-
dicators of richness or abundance of species are quite 
effective to confirm the relationships of other easily 
measured parameters (stand age, amount of dead 
wood, rate of exotic or introduced species and the 
forested area) [5]. 

Data are generated with the International Co-
operative Programme on Assessment and Monitor-
ing of Air Pollution Effects on Forests (ICP Forests) 
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[11]. The ICP Forest Programme, having been im-
plemented in European countries since 1985, initi-
ated in Turkey in 2006. General Directorate of For-
estry (GDF) is responsible to manage the programme 
under the “Forest Ecosystems Monitoring Pro-
gramme” [12]. 52 level 2 permanent sample plots or 
observation points were established to represent the 
whole country and observations and measurements 
started afterwards [13]. Determination and monitor-
ing of the diversity of soil fauna in those areas have 
the potential to contribute to the forest ecosystems 
monitoring programme in Turkey. 

This primary aim of this study is to determine 
the diversity and community structure of microar-
thropods in forest sites dominated by different forest 
trees. For this purpose, the microarthropod content 
of soil and litter samples collected in May 2017 (dur-
ing spring) from habitats dominated by Black pine 
(  (Arnold.)), Oriental beech (

 (Lipsky.)) and Uludag fir (
(Stev.) subsp  (Mattf.)) tree spe-

cies were investigated. 
 

 
This study was conducted in Oriental beech 

( ), Uludag fir (
subsp. ) and Black pine ( ) 
dominated pure stands. Samples from both soils and 
surface litter were taken to determine the microar-
thropods diversity of soils under those forest habi-
tats. Furthermore, additional investigations were car-
ried to determine some features of soils and surface 
litter within the habitats. Further details are provided 

in the following sections.  

The case study area holds 
some permanent observation plots of ICP Forests 
Level-2 located in Karabuk (Beech), Safranbolu 
(Fir) and Arac (Pine) (Figure 1). The plots were se-
lected from the forests rising between 900 and 1400 
meters in elevation across the western Black Sea re-
gion of Turkey (Table 1). All three sample plots are 
located in the region beyond the Black Sea domi-
nated by the semiterrestrial climate conditions. The 
general characteristics of climate in the study area 
resemble to the typical terrestrial climate. The area 
experiences a dryer climate with hot (22.1 °C) and 
dry summers, and cold (2.2 °C) and snowy winters. 
The annual total precipitation is mostly in winter and 
spring periods. Mean precipitations are 603 mm for 
Karabuk, 597 mm for Safranbolu and 570 mm for 
Arac [14].

The Level 2 plots of ICP Forests established in 
2007 - 2013 within the study area were selected care-
fully to represent the habitats of the species in ques-
tion. A square area with 100 m by 100 m sizes was 
marked in the selected forest landscape and a level 2 
permanent plot was established [13]. The sample 
points were taken from each outside corner of the 
corresponding permanent observation plots. Thus, 
12 samples were taken from each sample types (3 
plots × four corners).  

In this study, the surface litter and soil layers (0 
- 5 cm upper soil) in the sample points were assumed 
to be different habitats (the living spaces) and the 
habitat of each tree species was evaluated differ-
ently. The samplings and the corresponding evalua-
tions were conducted accordingly.  
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Beech Fir Pine 

(Kncd3) 
Fully covered mature-
overmature pure Beech 
stands 

(GA) 
Large sized pure Fir stands 
under uneven-aged man-
agement 

(Ckc3) 
Fully covered mature 
pure Pine stands 

1368 1386 933 

41°02'15.6"N 
32°43'54.3"E 

41°22'15.7"N 
32°41'07.9"E 

41°16'20.8"N 
33°20'01.7"E 

Zonguldak Zonguldak Kastamonu 

Karabuk Safranbolu Arac 
Karatepe - 124 Safranbolu - 2 Arac - 122 

 

The litter samples taken from 25 cm × 25 cm sized 
plots were labelled and put into the polyethylene 
pockets for analysis. The amount (g·m ²) and the 
moisture contents (%) of litter samples were deter-
mined both in fresh and dry (24 hours 65 °C) in the 
laboratory. The soil samples were taken from the 0 - 
5 cm thickness of mineral soils in the middle of litter 
plots using volume cylinders with 5 cm in dimeter 
and 5 cm in height, only from. The bulk density and 
soil moisture were determined using the fresh and 
dry (24 hours 105 °C) mass of the soil samples. The 
samples were pounded down to a powder and the 
gravels/stones and roots were eliminated using a 2 
mm sized sieve. Then, the mass of fine soils and the 
amount of soil skeleton were determined.  

Steel cylinders 
with 5 cm in dimeter were used to take the fresh litter 
and soils samples during the sampling microarthro-
pods in the forests [15]. The litter samples were taken 
with the steel cylinder pressed up to the level of min-
eral soil and perpendicularly located on the surface 
litter. Similarly, the soil samples were taken with 5 × 
5 cm cylinder from the 0 - 5 cm depth of mineral soil 
where the litter samples were identified [16]. The 
sample cylinder was pressed gently by hand and a 
hammer was not used. One litter sample and soil 
sample were taken from each sampling point. The 
cylinders sampled with microarthropods were care-
fully wrapped with polyethylene folio in order to 
protect soil moisture, natural porosity of soils and the 
gallery of soil microorganisms. The samples were la-
belled, put into the cases and transported to the labs. 
Without any delay, the extraction process was initi-
ated immediately after the samples reached to the 
labs. 

The modified Tullgren-Berlese 
method, performing under the principles that the soil 

microorganisms escape from the light and tempera-
ture into the depth of soils, was used in this study 
[16]. The litter and soil samples taken from the 
ground were placed into the Tullgren-Berlese funnel 
upside-down with the surface layer at the bottom and 
left over 6 days under the 25 watts lamb providing 
light and temperature [17]. Therefore, the microar-
thropods using the galleries in soils were dumped 
into the collecting cup placed underneath and filled 
with the liquid consisting of 70% ethyl alcohol and 
+ 2% glycerin [18].  

The identification, classification and counting 
the microarthropods samples gathered from both the 
soil and litter samples were conducted in the labora-
tory. All samples were identified, classified and 
counted using 7x - 180x magnified and stereo zoom 
microscope, as the microarthropods were so small 
that could not be identified with bare eyes [19]. The 
taxonomical classification was performed at the hi-
erarchical level of class, order and family as func-
tional groups [15, 18 - 22]. Rare species or taxa are 
identified and evaluated at only class level. The iden-
tification key in various literature such as the Soil Bi-
ology Guide by [23], invertebrates of the HJ An-
drews Experimental Forest by [24], Kwik-Key to 
Soil-Dwelling Invertebrates of [25] and the Keys to 
Insects of the European USSR by [26] was used.  

The abundance of micro-
arthropods identified from the samples were evalu-
ated as individuals per·m² [27]. The statistical analy-
sis was performed with the SPSS statistical software. 
The correlation among the parameters was statisti-
cally analyzed and the relationships were identified 
at (P < 0.05) level of confidence. The differences 
within the data showing the changes with respect to 
the independent variables of habitat and the living 
spaces were analyzed with ANOVA and any signifi-
cant differences (P < 0.05) were further analyzed 
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with Duncan test. Furthermore, the Shannon-Wiener 
diversity index (H′) and Taxonomic Richness (S′) in-
dex showing the number of taxa were used to deter-
mine the diversity of microarthropods. 

 
 

The variations of habitat characteristics of soil and 
litter were detected depending on the tree species 
habitats. The soil moisture is quite similar in both 
Beech and Fir habitats (around 47%). However, soil 
moisture in Pine habitat is 25%, and less than other 
habitats. Conversely, litter mass, soil bulk density 
and amount of soil skeleton were all found to be the 

highest in Pine habitat compared to the other habi-
tats. Soil pH (6.05) was weakly acidic than litter pH 
(5.64). However, litter moistures with a mean of 
119%, were found to be similar in all habitats (Table 
2). 

Within the 
scope of this study, 12 soil and litter samples were 
taken from the field to determine the diversity of mi-
croarthropods over the spring seasons. Based on the 
extracted 24 samples, 3088 individuals including 74 
taxa were identified and classified. 

When the microarthropods soil fauna in all hab-
itats were evaluated together, the average number of 
individuals per square meter is found to be about 
142,173 (Table 3).

Soil Moisture (%) 25% a 47% b 46% b 39% 16% 0.000 
Soil Bulk Density (g·l�¹) 1120 b 903 a 830 a 951 227 0.003 
Soil Skeleton (g·l�¹) 312 b 148 ab 63 a 174 230 0.022 
Soil pH 6.77 b 5.63 a 5.76 a 6.05 0.7 0.047 
Soil EC (µmhos) 280 b 151 a 386 b 273 122 0.006 
Sand (%) 31 a 47 c 37 b 38 7 0.040 
Silt (%) 56 b 40 a 38 a 45 9 0.038 
Clay (%) 13 a 13 a 25 b 17 7 0.046 
Litter Moisture (%) 115% 117% 124% 119% 28% 0.706 
Litter Mass (g·m�²) 5596 b 2353 a 3035 a 3661 2206 0.000 
Litter pH 5.18 a 5.86 b 5.89 b 5.64 0.4 0.002 

Neanurinae 0 0 0 0 0 138 0 0 138 0.385 0 46 0.328 
Onychiuridae 3866 0 6352 3452 9667 3314 3866 9804 12981 0.220 6628 2255 0.039 
Hypogastruridae 276 828 828 2485 2209 5524 1104 3313 7733 0.058 1104 2946 0.121 
Entomobryidae 414 4004 414 3728 1795 5386 4418 4142 7181 0.467 874 4373 0.000 
Isotomidae 690 10633 5385 8009 6628 24858 11323 13394 31486 0.134 4234 14500 0.019 
Tomoceridae 0 138 0 276 0 552 138 276 552 0.720 0 322 0.117 
Neelidae 138 2486 552 0 0 138 2624 552 138 0.074 230 875 0.189 
Sminthuridae 0 690 276 276 138 1104 690 552 1242 0.629 138 690 0.063 
Oribatida 8284 48054 12564 19604 47226 34519 56338 32168 81745 0.099 22691 34059 0.240 
Mesostigmata 2623 4694 2761 3037 6627 12565 7317 a 5798 a 19192 b 0.002 4004 6765 0.138 
Prostigmata 16294 23888 4004 13117 18503 6489 40182 17121 24992 0.110 12934 14498 0.741 
Astigmata 0 0 138 414 0 552 0 552 552 0.432 46 322 0.163 
Araneae 0 138 0 0 0 0 138 0 0 0.385 0 46 0.328 
Pseudoscorpiones 0 0 0 276 138 276 0 276 414 0.450 46 184 0.308 
Chilopoda 138 0 138 138 276 0 138 276 276 0.800 184 46 0.143 
Diplopoda 0 0 0 552 414 0 0 552 414 0.258 138 184 0.752 
Symphyla 276 0 690 138 4833 138 276 828 4971 0.083 1933 92 0.051 
Pauropoda 0 0 0 0 552 0 0 0 552 0.385 184 0 0.328 
Protura 414 276 276 414 3176 828 690 a 690 a 4004 b 0.032 1289 506 0.211 
Diptera 138 0 0 0 138 276 138 0 414 0.296 92 92 1.000 
Insect Larvae 1795 1657 1519 276 828 690 3452 1795 1518 0.302 1381 874 0.362 
Coleoptera 0 0 0 276 0 276 0 276 276 0.614 0 184 0.152 
Hymenoptera 0 0 0 138 0 138 0 138 138 0.614 0 92 0.152 
Isopoda 0 0 0 138 0 138 0 138 138 0.614 0 92 0.152 
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While some taxa such as Neanurinae and Pau-
ropoda exit only in a specific habitat, most of the 
other taxa such as Hypogastruridae, Entomobryidae, 
Isotomidae, Oribatida, Mesostigmata, Prostigmata, 
Chilopoda, Symphyla, Protura, Diptera and insect 
larvae belonging to Collembolans, Acarina, Miri-
apoda and Insecta groups do not seem to select a spe-
cific habitat and they occur commonly in all other 
habitats (Table 3). When the distribution of microar-
thropods over the tree species habitat was evaluated, 
the average number of individuals per square meter 
is found to be 201,047 in Fir forests, 132,832 in 
Black pine forests and 92,641 in Beech forests (Ta-
ble 3).  

The site or habitat of each tree species was also 
evaluated separately. On an average, 84,043 individ-
uals per·m ² were found in the surface litter habitat. 
Specifically, the average number of microarthropods 
is 97,899 per·m ² within the litter habitat of Fir for-
ests, 97,486 per·m ² within the litter habitat of Pine 
forests and 56,744 per·m ² within the litter habitat of 
Beech forests. While the average number of micro-
arthropods is 103,838 per·m ² within the soil habitat, 
it is about 35,500 per·m ² in two other habitats. Alt-
hough the distribution of microarthropods over the 
tree species habitats or sites varies in diversity, only 
the diversity of the Mesostigmata and Diptera taxa 
was found to be statistically significant. These two 
taxa were also found to be higher in Fir habitats than 
Beech and Pine habitats (Table 3). 

The changes of 
tree species habitats did not cause any significant dif-
ferences on the diversity of soil microarthropods ac-
cording to Shannon’s Diversity and Taxa Richness 
indexes. The average Shannon’s Diversity Index was 
calculated to be H′ = 2.52 and Taxa Richness to be 
S′ = 22. Table 4 indicates that both Shannon’s Diver-
sity index and Taxa Richness index gradually in-
crease with respect to Pine, Beech and Fir habitats. 

 
Shannon’s 

Diversity (H ) 2.34 2.57 2.65 2.5 ± 0.3 0.113 

Taxa Richness 
 (S ) 19 21 26 22 ± 7 0.113 

 
Both Shannon’s Diversity index and Taxa 

Richness index indicate significant differences when 
the distributions of microarthropods to their habitats 
are investigated carefully. The surface litter has more 
diversity (H′ = 2.64 and S′ = 26) whereas the soil has 
less diversity (H′ = 2.34 and S′ = 18) within the as-
sociated habitats (Table 5).  

 
 

  
Shannon’s  

Diversity (H ) 2.39 2.64 2.5 ± 0.3 0.039 

Taxa Richness 
(S ) 18 26 22 ± 7 0.005 

 
 

 
The properties of soil and litter except litter 

moisture change according to the tree species habi-
tats. Although the amount of soil skeleton and soil 
bulk density do not vary based on seasonal charac-
teristics, both the soil and litter moisture do change 
according to the precipitation and the seasonal char-
acteristics [28, 29]. Furthermore, the increase in soil 
skeleton has negative effects on the soil moisture 
[30].  

Almost all of 74 taxa identified during this 
study were also detected more or less in all three 
sites. These taxa can survive under the ecosystems of 
dominated by different tree species. This indicates 
that the identified soil fauna has a widespread ecol-
ogy. We found that microarthropods abundance in 
surface litter habitat are quite higher than that in soil 
habitat. Cakir and Makineci [31] reported that the 
abundance of microarthropods in Pine stands is 
100,966 per·m ² and 46,473 per·m ² in Oak stands, 
based on a research conducted in spring season in 
Belgrad forests, Turkey. As in our results, their re-
sults seem to be quite higher in coniferous stands and 
lower in deciduous stands. Furthermore, similar to 
our results, [32] presented a similar other research, 
conducted in spring season, indicating that the abun-
dance of microarthropods is about 167,895 per·m ² 
in the litter habitat under Fir forests and 83,038 
per·m ² in the soil. In the same line of studies, [28] 
showed that there were 36,992 microarthropods 
per·m ² in Beech stands and 53,278 individuals 
per·m ² in surface litter. 

Our results indicated that the abundance of mi-
croarthropods in surface litter habitat are quite simi-
lar to each other in Fir and Pine stands/habitats 
(about 97,500 individuals per·m ²). However, the 
abundance of microarthropods in Beech stands is al-
most half the size in those two habitats. This could 
be attributed to the fact that the coniferous litter is 
accumulated and vertically layered with more poros-
ity structure while the surface litter in Beech stands 
is layered vertically to hinder/decrease the capacity 
of nesting and movements of microarthropods. 
Moreover, while the litter habitats in both Pine 
stands and Fir stands have similar number of micro-
arthropods, the soils in Pine stands accommodate 
only one third of living organisms compared to the 
soils in Fir stands. The principle reason may come 
from the fact that the soil moisture in Pine stands is 
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half the amount of soil moistures of both of other 
stands and the rate of soil skeleton is far above in 
Pine stands than that in other two coniferous stands. 
As known, the appropriate rate of soil moisture is 
quite important to feed and shelter the soil microar-
thropods [33, 34]. Moreover, the increase of soil 
skeleton causes to lower the amount of porosity and 
gaps in soil bulk density per unit, limiting the move-
ment, shelter and feeding areas of microarthropods. 
Besides, being decreased the soil moisture in bulk 
density is thought to cause limitation in the shelter-
ing capacity of soil microarthropods.  

The measurements of biodiversity of soil fauna 
may be used as indicators in evaluating the natural 
status of forest habitats [35]. Our study results indi-
cated that the diversity of soil microarthropods in 
each of the three tree species habitats is quite similar 
in each habitat (average S′ = 22; H′ = 2.52). The Col-
lembolans extracted from litter and upper soil in Fir 
forests at 1400-1600 m elevation in France were 
identified at species level to investigate the effects of 
anthropogenic disturbances of habitat on the biodi-
versity. Menta et al. [35] showed that the number of 
taxa was 24 and the Shannon-Wiener index was 2.51 
in managed Fir forests. In another study conducted 
by [36] in Italy, Shannon-Wiener index was found to 
be a bit lower (H′ = 1.2) in 3 - 10 years fire affected 
Maritime pine forests. The results have clearly indi-
cated that anthropogenic disturbances in natural en-
vironments have negative effects on biodiversity. 
The forests under investigation are naturally man-
aged forests. The biodiversity values indirectly 
measured by two important fragmentation or biodi-
versity indicators reasonably coincide with those 
found by [35] in managed Fir forests. As such, it 
would obviously be stated that any disturbances to 
the natural forests whether managed or not should 
carefully be planned for management in order to 
maintain the biological diversity of forest ecosys-
tems. 

 
 

 
 
This research presented the preliminary results 

gathered during the spring season of an ongoing pro-
ject designed to be conducted over a vegetation pe-
riod. Significant differences were found between the 
soil and litter properties of tree species habitats. The 
soil moisture in Pine forests was lower than that in 
the other two tree species habitats. However, the as-
sociated soil bulk density, soil skeleton and the sur-
face litter mass were found to be quite higher. The 
abundance of microarthropods differed among the 
habitats investigated in this study. Specifically, the 
number of individuals per square meter was about 
201,047 in Fir forests, 132,832 in Pine forest and 
92,641 in Beech forests. While the differences in mi-
croarthropods abundance exist, there were no signif-
icant differences in biodiversity values among the 

habitats. It is expected that the future results from the 
samples to be taken in both summer and fall seasons 
during the progress of the project would shed some 
lights on the understanding of microarthropods bio-
diversity within various habitats. Furthermore, any 
prospective studies to be conducted in various other 
geographic locations of the same tree species would 
undoubtedly enlighten the specific structure and bio-
diversity of habitats of the tree species and thus 
would be expected to contribute to the science in 
general. 
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A significant amount of water falls down on 

the ground with snowfall. Therefore, the snow 
cover accumulated in the upper watersheds can 
reservoir very large amounts of water. Snow masses 
may melt at different speeds depending on climate 
conditions. These reservoirs can regularly feed 
water resources in slow melting conditions or cause 
floods with sudden melts. Knowing some of the 
effective environmental characteristics on the ac-
cumulation of snow masses can render possible the 
estimated amount of water reserves and the extent 
of flood risks. For this purpose, the snow accumula-
tion and the amount of snow water equivalent at the 
open area and under the different forest canopies 
were investigated in the upper watersheds. The 
selected study area is located in southeast of Bolu 
province (northwestern Turkey) and consists sam-
pling points on route of Kartalkaya Ski Center 
(2000 m a.s.l.). In total 11 permanent sample areas 
were determined between 936 m and 1930 m (a.s.l.) 
altitudes. Three sampling points were selected as 
the open area, the semi closed and the fully closed 
forests at each sample area. The samples were col-
lected three times in a week from December to 
April. The snow depths (SD) were measured at all 
sampling points. Snow densities and snow water 
equivalents (SWE) were determined in the laborato-
ry by using snow core samples taken from the sites. 
In the evaluation of the samples, Correlation, 
ANOVA and Duncan analysis were applied to the 
data, such as independent variables of time, forest 
cover, altitude and aspect affecting the snow accu-
mulation and dependent variables of SD, SWE and 
snow density. When the data obtained is evaluated, 
SD and SWE negatively correlated with forest 
closures, and positively correlated with altitudes. 
SD (762 mm) and SWE (170 mm) reached maxi-
mum values at open areas in February. Forest cano-
pies significantly reduced the snow accumulations 
compared to the open areas. The average snow 
depth was observed in different values within open 
areas (371 mm), semi closed forests (229 mm) and 
fully closed forests (165 mm). Similarly, the water 
equivalent of snow was observed as 86 mm in open 
areas, 53 mm in semi closed forest, and 38 mm in 
fully closed forest. Although the snow density did 

not show a significant difference depending on the 
forest canopies, it increased based on altitudes and 
dates (221 g/l in December and 368 g/l in April). 
The amounts of SD and SWE in open areas were 
formulated according to altitudes by using the find-
ings. In this way, it is considered that snow accu-
mulation, water reserve and possible water regimes 
in the upper watersheds can be estimated depending 
on the snowfall information in a region. 

Bolu, altitude, snow density, snow depth, snowfall, snow-
water equivalent 
 
 

 
The water is the most important condition for 

the maintenance of land ecosystems. The water 
which is mixed with the atmosphere through evapo-
ration from the earth returns to the earth in various 
forms of precipitation [1]. Snow is one of the im-
portant precipitation forms. From the beginning of 
the winter months, the snow falling at varying 
amounts and intervals covers the earth. Even if 
snow cover melts and disappears in lower altitudes 
in a short time, it accumulates and deepens due to 
altitude increase. Snowfall and accumulation in the 
upper watersheds are important in terms of water 
balance of the forests, drinking and tap water re-
sources [2, 3] and natural disasters such as floods 
and avalanche [4, 5]. The snow masses that accu-
mulate in the upstream of watersheds and are able 
to store water in very high quantities both can feed 
water resources regularly under slow melting condi-
tions and they are important factors that can cause 
to floods [6] and erosion [7] due to sudden melting. 
Throughout the season, although the snowfall and 
melting continue constantly, melting is accelerated 
by heating the air in the spring. However, snow 
mass accumulation and melting rate can also vary 
according to the aspect and topography [8]. 

The amount of snowfall is increasing in direct 
proportion to the altitude [3, 9]. The forest canopy 
cover is effective on the amount of snow that ac-
cumulates on the ground by holding some of the 
falling snow [10, 11]. These studies have been 
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made about the water balance of the basin, melting 
and sublimation in snow cover and its influence on 
the stand structure and emphasized that the snow 
cover depth, the duration of snowy days and snow-
water equivalent (SWE) amounts have some of the 
uncertainties.  

For the estimation of water efficiency of the 
basins, various models including the amount of 
precipitation, topography, vegetation and climate 
characteristics are used [12, 13]. The snow depth 
can be estimated by a mathematical model which 
uses topographical factors such as altitude, slope 
and aspect [8]. By using the mathematical models 
to be formed for snow accumulation, the probable 
snow depth and SWE values can be estimated. In 
this view, basin’s flow forecasts can be accom-
plished.  

The aim of this study was to determine the ef-
fect of altitude, aspect and forest cover on snow 
characteristics in the upper watersheds. Another 
aim was to compare the snow water equivalent 
(SWE) for under canopy areas compared with open 
areas. In this study, it was made use of a road route 
of Kartalkaya ski resort which provides working 
and sampling opportunities since the road is always 
open during the winter season. Here, the effects of 
the duration of snow, altitude, slope, aspect and the 
forest canopy cover on the depth and density of 
snow cover and SWE snow-water equivalent have 
been investigated. 

 
 

 

. This study was conducted in a 
mixed forest 38 kilometers southeast of Bolu, Tur-
key in the Kartalkaya ski center (40°35’00”-
40°45’00” N, 31°43’00”-31°50’00” E); (Figure 1). 
Forests are dominated by larch from 900 to 1300 m, 

at upper altitudes and fir on north aspects, and 
Scotch pine on south aspects. Sample sites ranged 
in altitude from 936-1930 m a.s.l. and are annually 
snow covered from December 2007 to April 2008. 
This study area was chosen due to easy road access 
throughout the winter. 
 

The sample areas at 
which the snow measurements are to be made are 
shown in Figure 1. In total, 11 sample areas were 
selected between 936 m and 1930 m (a.s.l.) where 3 
of them with south aspect and remains with north 
aspect. Three sampling points are specified at each 
sample area. Sampling points were selected from 
forests that are semi closed (SC) at canopy cover of 
40-70% and fully closed (FC) forests at canopy 
cover of 71-100% and non-forested open area 
(OA). The permanently snow poles scaled in the 
length of 1.75 m were set up on these specified 
sampling points [14].  

Both depth and density samplings were re-
peated three times a week during December to 
April. The depth of the snow layer was measured at 
all points [14]. Bulk density snow samples taken 
from the undisturbed snow cover with a cylinder 
tube in 70 mm diameter were examined in the la-
boratory and snow densities and snow water equiv-
alents were determined [15].  

 In the evaluation of the sam-
ples, the correlation of the independent variables of 
date, forest cover, altitude and aspect affecting the 
snow accumulation and dependent variables of 
snow depth, snow density and SWE were exam-
ined. Moreover, the change of measured values 
according to independent variables have been re-
vealed by one-way variance analysis. The differ-
ences between means were separated by multiple 
range test of Duncan. 
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Snow density is positively associated with 
date, altitude and north. Snow depth and SWE were 
found to be positively correlated with elevation and 
north and negatively correlated with forest canopy 
cover (Table 1). These relationships are discussed 
in detail below. 

 

First snow accumulation in the field 
of study started in the first week of December and 
disappeared from the second week of April (Figure 
2). While snow depth is increasing over time with 
new snowfalls throughout winter season, it tends to 
decrease with ongoing melting and compression 
processes on the other hand. Within these process-
es, the average snow depth gradually increased 
from December to the highest amount (762 mm) in 
February. From the beginning of March, it has 
decreased to an average depth of 150 mm with a 
rapid melting and compacting first. Snow cover 
which continued its presence despite decreasing 

until the end of March with the effect of snowfall 
declined rapidly in April. However, at high alti-
tudes in the north, snow blocks in fragments were 
seen even in June. 

The average density of the snow layer has 
generally decreased in fresh snowfall periods, as 
can be seen in the graph in Figure 2. This case re-
sulted from the effect of new snow cover having 
lower density that accumulates on is due to the 
effect on the average density of the new snow layer 
of lower density that accumulates on the relatively 
denser old snow layer. The SWE of the snow cover 
(the amount of water stored) increased from the 
beginning of the snowy season and reached to the 
highest value (170 mm) at the end of February. The 
snow cover in the field of study started decreasing 
from March and it disappeared completely in the 
middle of April. Due to snow density that is lower 
in the first months of the winter, although SWE of 
thicker snow layers are lower, the snow masses in 
the same depth compacted more in date towards the 
end of the season have more snow water equivalent 
(Figure 2). 

 

Date 0.397** 0.077** 0.153** 
Altitude 0.210** 0.558** 0.565** 
Aspect (Northness) 0.154** 0.209** 0.231** 
Canopy cover -0.040 -0.307** -0.295** 
Snow Density 1 0.094** 0.365** 
Snow Depth 

 
1 0.945** 

   * Correlation is significant at the 0.05 level and ** correlation is significant at the 0.01 level (2-tailed). 
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. As can be seen in 
Figure 3, snow depth with increases altitude. 
Northern aspects tended to collect more snow than 
southern aspects at similar altitudes. SWE, as a 
derivative of depth and density followed the same 
trend. Northern aspects tended to collect more snow 
than southern aspects at similar altitudes. SWE, as a 
derivative of depth and density followed the same 
trend. Northern aspects tended to collect more snow 
than southern aspects at similar altitudes. SWE, as a 
derivative of depth and density followed the same 
trend. 

For each altitude, 
the snowfall characteristics measured at OA are 
considered normal of that altitude. In the other SC 
and FC, measures related to snow parameters were 
evaluated by comparing with OA.

It has been determined that the forest canopy 
cover has a significant effect on snow depth accu-
mulated on the ground. 63% of snow cover in OA 
was observed in SC forest and 43% of it in FC 
forest. The aspect also had an impact on snow ac-
cumulation with canopy cover. When evaluated one 
by one according to the aspect, snow depth oc-
curred to be 68% in SC south aspect and 60% in 
north aspect; while 43% in FC south aspect and 
41% in north aspect (Table 2). 

Based on the open areas in north aspect, the 
equation that expressing change of snow depth 
depending on the altitude was found as follows (R² 
= 0.83);  

SD = 0.0009 × A² - 1.10199 × A + 587.93   (1) 
Here; SD displays open area snow depth 

(mm), A displays altitudes (m). The other snow 
depths accumulated under forest can be calculated 
by considering and proportioning canopy cover 
level. 

 

 

 

936 N 122 b 53 a 37 a 71±103 0.001 
1100 N 156 b 64 a 49 a 90±118 0.001 
1200 N 172 b 140 b 72 a 128±147 0.004 
1330 N 211 b 163 b 60 a 145±166 0.001 
1430 N 256 b 122 a 85 a 154±183 0.001 
1525 S 208 b 202 b 108 a 173±174 0.009 
1540 N 302 b 169 a 218 ab 230±223 0.017 
1670 N 764 c 360 b 212 a 445±351 0.001 
1680 S 456 b 207 a 170 a 278±227 0.001 
1830 N 578 b 526 b 394 a 499±252 0.002 
1930 S 858 c 517 b 410 a 595±295 0.001 

P 0.001 0.001 0.001   
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936 N 26 b 11 a 8 a 15±20 0.001 
1100 N 34 b 14 a 10 a 19±21 0.001 
1200 N 36 b 30 b 16 a 27±31 0.009 
1330 N 46 b 36 b 14 a 32±33 0.001 
1430 N 52 b 25 a 17 a 31±34 0.001 
1525 S 49 b 51 b 27 a 42±42 0.015 
1540 N 62 b 34 a 46 ab 47±43 0.015 
1670 N 186 c 86 b 50 a 107±64 0.001 
1680 S 102 b 43 a 35 a 60±38 0.001 
1830 N 134 b 122 b 91 a 116±54 0.001 
1930 S 217 c 130 b 102 a 150±62 0.001 

P 0.001 0.001 0.001   
 

December 190 c 112 b 63 a 122±128 0.001 
January 390 c 237 b 160 a 262±176 0.001 
February 621 c 422 b 328 a 457±250 0.001 
March 316 b 175 a 135 a 209±296 0.001 
April 191 b 85 ab 47 a 108±224 0.046 

P 0.001 0.001 0.001   
 

 
SWE accumulated on the basis of forest 

changes depending on canopy closure. Inversely 
proportionally to the increase in canopy closure 
density, SWE amount decreases (Table 3). 

In order to express the altitude-dependent 
change of snow-water equivalent, this equation (R² 
= 0.82) has been formed by considering the sam-
pling points in the open areas. 

SWE = 0.0003 × A² - 0.5419 × A + 319.32 (2) 
Here; SWE displays Snow Water Equivalent (mm) 
and A displays altitudes (m). The other snow depths 
accumulated under forest can be calculated by con-

sidering canopy cover level (Table 3). 
The change of snow cover depth depending on 

the months and canopy cover level is significantly 
different (Table 4). Compared to monthly average 
snow depth of open areas, SC forests accumulated 
58% less average monthly snow and only 39% 
accumulated in FC forests. As it is detected in the 
monthly change, the highest average snow depth 
was detected to be highest (457 mm) in February 
and the lowest in April (108 mm). Besides, the 
snow depth ratio under forest was found to be high-
est in February compared to the open area and it 



9647

was observed to be 68% under SC and 53% under 
FC. The lowest ratio appeared in April. The lowest 
snow depth was detected to be 45% under SC and 
25% under FC compared to OA (Table 4).  

SWE stored on the ground displayed signifi-
cant differences depending on the canopy closure 
level. Compared to the open area, water-snow 
equivalent stored under forest is lower at the ratio 
of 40% under SC and 60% under FC (Figure 4). 

SWE peaked up to 170 mm at open area in 
February. In respect of water efficiency of the ba-
sins the water stock in the open area is about 1700 
m³ per hectare in February. 

 
 

 
Snow accumulation started in December on 

Bolu Mountains melts up to the middle of April and 
disappears. Early period snow was less dense and 
become denser over the last period melt season 
holding a greater quantity of water with less depth. 
During this period, snow cover depth peaked within 
February. This value was found to be 762 mm in 
the OA, 574 mm in SC forest and 454 mm in FC 
forest. Similar results were found in a study con-
ducted in the Spanish Pyrenees. The snowfall start-
ed in December and peaked up to (about 900 mm) 
at open area in February. Besides, the open area 
accumulated much more snow (average 42%) than 
occurred under the canopy. The snow cover was 
completely melted and disappeared in May [16]. 
Kremsa et al. [7] stated that the time of snow cover 
in Finland lasted for 6-8 months and the highest 
average snow depths is 1150 mm under forest in 
March- April and 935 mm in OA. Similarly, in a 
study carried out in Colorado (U.S.A.), Broxton et 
al. [17], it is stated that the snowfall period is from 
November to April. Annual cumulative snowfall 
reaches up to 537 mm in the open area. 

Although less snow accumulates under forest 
on Bolu Mountains depending on the level of cano-
py cover closures compared to the open area in the 
same altitude, thicker snow cover accumulates 
under forest in semi-boreal forests in Finland [7]. 
Besides, when compared in terms of weekly SWE, 
SWE was found to be 134 mm in OA in the forests 
of Bolu in February, 93 mm in SC forest and 71 
mm in FC forest while it is found to be 215 mm in 
the OA in Finland, 286 mm under forest [7]. The 
reason of this is considered that the forests of Bolu 
(Turkey) that is located in the mild temperature 
zone, reach to the temperature level enough for the 
melting and sublimation of the snow clanged to the 
tree crowns even in winter, in Finland which is 
located in boreal climate zone, the snow accumulat-
ed on tree branches could not find the opportunity 
to melt and accumulates by falling on the forest 
ground. 

In the observations made during the measure-

ments, it can be seen that old snow cover compact-
ed by transforming into ice layers and ice crystals. 
Therefore, in March and April, when the new snow-
fall was less, and melting was more, the snow in-
tensity reached to the highest values. Snow density 
tends to increase with the ongoing time of snowy 
season and the depth of snow (Figure 1). Sexstone 
and Fassnacht [18] state that the snow density tends 
to increase step by step with the crystallization, 
subsiding and compacting of snow during snowy 
season. At the same time, altitude is also effective 
on snow density [19]. Since topography and forest 
cover affect insolation also affect snow density. 
Local differences in land conditions and canopy 
cover closure can change snowpack [18]. 

Forest canopy cover closure played an im-
portant role in the distribution of snow amount 
(Table 2 and 3). Sexstone and Fassnacht [18] list 
precipitation amount, sun radiation, wind, topogra-
phy and vegetation cover as main factors that are 
effective on the distribution of snow and the feature 
of snowpack. The sublimation of snow clinging to 
forest canopy cover by inception is one of the main 
components within total water balance [20]. Melt-
ing and sublimation ratio of the snow is directly 
correlative with heat and relative air humidity [12]. 

SWE, density, depth, northness and altitude 
was found to be positively correlated with each 
other. However, canopy cover was found to be 
negatively correlated with SWE and snow depth 
(Table 1). Similar to the findings, Sexstone and 
Fassnacht [18] canopy cover and SWE are ex-
pressed as negatively correlated. In mountainous 
lands, being able to be completely expressed of the 
spatial distribution of SWE has a critical im-
portance in the evaluation of snow as a water 
source [21-23]. Although high flow rates are ob-
served in the rivers fed by high basins in associated 
with spring and autumn [6], flow rates of precipita-
tion remain lower in winter months in proportion to 
the falling precipitation because of snowpack. The 
distribution of snow in the basin and inception, 
melting and sublimation ratios and rates show dif-
ferences under the effect of local factors [24]. De-
pending on these facts, the depth of the snow, the 
duration of remaining on the ground and SWE 
amount include some uncertainties [25, 26].  

In order to estimate the water efficiency of the 
basins, various models have been used including 
precipitation amount, topography, vegetation and 
climate characteristics [12, 13, 26-29]. In this study, 
regression equation for each was formed to express 
snow depth and SWE depending on the altitude. 
The equations are appropriate for explaining the 
data belonging to the open areas in the north aspect. 
The effect of canopy cover closure can be estimated 
proportionally over these values [30-32]. But they 
stated that it is possible to make more effective 
evaluations by including topographic factors such 
as aspect and slope in the equation formed by [6]. 
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On the route of Bolu – Kartalkaya route, be-

tween the altitudes of 936 – 1930 m, snowy season 
continues from the beginning of December to the 
middle of April. The period when snow depth is the 
highest is the last week of February. In this period, 
it reaches to the highest value in SWE. Forest cano-
py cover closure decreases snow accumulation 
ratio. Snow depth and SWE increases depending on 
the altitude. This increase is expressed by a regres-
sion equation and this makes possible to calculate 
the water amount contained by it. So, it is possible 
to determine basin water efficiency and possible 
flood possibilities.  

In the next studies, it is required to determine 
compound effects of radiation on regional basis, 
climatic data such as wind rate, relative air humidi-
ty etc. various topographic factors on snow accu-
mulation. Besides, interception amounts of basic 
forest species must be revealed. This will allow 
making more precise estimations for broader areas. 
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In this study, we analyzed environmental deg-

radation using Geographic Information Systems 
(GIS) techniques. Within the scope of this study, 
the Environmentally Sensitive Areas (ESA) index 
method was employed to determine the degrees of 
influence and the scoring of environmental classifi-
cations. These classifications are based on three 
different critical environmental factors, specifically 
Soil Quality Index (SQI), Climatic Quality Index 
(CQI), and Vegetation Quality Index (VQI). The-
matic maps, soil analyses, and meteorological rec-
ords were used as secondary data. The degradation 
of the study area was explored and mapped based 
the analysis of the factors influencing environmen-
tal sensitivity. The results indicated that in the 
Tekirdag province that has no classes of low and 
medium sensitivity areas, the largest area (62%) is 
subject to environmental degradation. 

Environmentally Sensitive Areas (ESA) Index, Soil 
Quality Index (SQI), Climatic Quality Index (CQI), 
Vegetation Quality Index (VQI), Tekirdag. 

 
Increased human settlement and population 

demands have led to increased pressure on land-
scape and natural resources [1]. Environmental 
equilibrium has become unbalanced due to inap-
propriate or excessive human activities, which have 
increased in recent decades [2]. This process, which 
has persisted since ancient times, had been underes-
timated, and the severity of the problems had been 
understood only after they started to threaten world 
ecosystems [3]. 

Environmental degradation refers to the dete-
rioration of ecosystems, which is an important envi-
ronmental problem that has emerged as a result of 
negative human influence [4]. It is limited not only 
to developing countries or arid areas, but also to 
other countries worldwide. Environmental degrada-
tion influences one-third of agricultural areas 
around the world at either moderate or high levels 

[5] and directly affects the lives of more than 1.5 
billion people [6]. 

The Mediterranean basin has been described 
as a “love story” between humans and nature [7]. 
The Mediterranean is very suitable for habitation; 
hence, the region became exposed to many anthro-
pogenic influences throughout history [8]. This 
anthropogenic pressure has led to significant envi-
ronmental degradation [9, 10]. 

Various projects, such as DeMon [11], Medi-
terranean Desertification, and Land Use [12], DIS-
MED [13], DESERTLINKS [14], and LADAMER 
[15], have sought to detect and understand this 
sensitive regional situation [16]. One such project, 
Mediterranean Desertification and Land Use 
(MEDALUS), conducted with the help of the Euro-
pean Environment Agency (EEA), covers the five 
ecosystems covered in the European Topic Centre 
on Terrestrial Environment (ETC-TE), making it 
possible to detect and map areas sensitive to degra-
dation in Mediterranean countries. The Environ-
mental Sensitivity Areas (ESA) index method was 
developed within the scope of this project. This 
method has been applied in various areas [17, 18, 
19, 20], with Mediterranean Europe being the first 
region to have yielded highly efficient results [21, 
22]. 

The ESA index is often implemented along 
with Geographic Information Systems (GIS) [23, 
24], which allows for efficient data management, 
spatial analysis, and dynamic monitoring [25]. The 
analysis of the relationship between these results 
and environmental factors (topographic, climatic, 
edaphic, and biotic factors) provides evidence re-
garding the scope of environmental deterioration, 
its causes, and its generalized inflections [26]. 

Turkey is highly sensitive to environmental 
degradation due to its geographical location, natural 
conditions, and human settlement patterns [27]. In 
this study, we attempted to conduct an environmen-
tal degradation analysis using GIS techniques and 
the ESA index method. We hope that decision 
makers can use the findings of this study as a guide 
to environmental remediation policy implementa-
tion. 

This study revealed the interaction between 
humans in the area and the natural environment 
based on the principle of spatial distribution of data. 
Therefore, this is an important study, as it shows 
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the extent of anthropogenic influence on the natural 
environment. Hence, considering the fact that envi-
ronmental problems encountered in various areas 
across the world may create a domino effect and 
influence the entire world, the need for a better 
analysis of the interaction and relationship between 
human activities and natural phenomena becomes 
ever more obvious. In addition, this study is im-
portant because it provides results that are con-
sistent with those reported in other studies focusing 
on Turkey’s conditions. 

 
The study area is the Tekirdag province locat-

ed on the Thrace Peninsula in northwest Turkey 
(Figure 1), southeast of the Strandja Massif and 
Thrace Basin. The substratum is from the Precam-
brian period. The land shows undulatory plateau 
relief with average altitude of 152 m. The climate is 
dry with low humidity, the coastal area is semi-
humid while the mountains are humid (Köppen-
Geiger climate classification). The most important 
fluvial feature of Tekirdag province is the Ergene 
River. Six types of soils are evident in the Tekirdag 

province: Entisols, Alfisols, Inceptisol, Mollisol, 
Vertisol, and Andisol. The vegetation includes dry 
forest in the interior, semi-humid forest in the 
coastal areas, and humid forests in the mountains. 
With a population of 906,732, the Tekirdag prov-
ince is considered a metropolis. The largest land 
use is agriculture (58.84%). Furthermore, a large 
part of the remaining space of the province consists 
of non-agricultural fields that are used as residential 
areas (19.49%) [28]. 

 
 

 
The primary materials used in this study were 

topography maps with a scale of 1:100.000 pre-
pared by the Turkish General Command of Map-
ping (2015) and data on the soil, climate, and vege-
tation in the study area. In addition, thematic maps 
prepared by various organizations/institutions were 
used (Table 1). 

The ESA index was employed in this study 
together with the Soil Quality Index (SQI), Climate 
Quality Index (CQI), and Vegetation Quality Index 
(VQI). 
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Topography map (Scale: 1/100.000) [47] 
Geological map (Scale: 1/100.000) [48] 
The meteorological observation data [30] 
Soil map (Scale: 1/100.000) [35] 
Land Use-Land Cover (LU/LC) map (Scale: 1/100.000) [28] 

 

Coherent parental material: limestone, dolomite, non-friable sandstone, hard limestone layer Good 1.0 
Parental material moderately coherent: Marno-limestone, friable sandstone Moderate 1.5 
Parental material soft to friable: Calcareous clay, clay, sandy formation, alluvium and colluvi-
ums Poor 2.0 

Very deep Soil thickness is more than 1 meter  1.0 
Moderately deep Soil thickness ranges from <1m to 0.5 m 1.33 
Not deep Soil thickness ranges from <0.5m to 0.25 m 1.66 
Very thin Soil thickness 0.15 m 2.0 

Not very light to average L, SCL, SL, LS, CL 1.0 
Fine to average SC, SiL, SiCL 1.33 
Fine Si, C, SiC 1.66 
Coarse S 2.0 

< - 6 Gentle 1.0 
6 – 18 Not very gentle 1.33 
19 – 35 Abrupt 1.66 
35 - > Very abrupt 2.0 

 

 
1 High quality < - 1.13 
2 Moderate quality 1.13 – 1.45 
3 Low quality 1.46 - > 

 

1 Babaeski 41°N – 27°E 50 1969-1983 
2 Banarlı 41°N – 27°E 150 1985-1990 
3 Camlıca 40°N – 26°E 65 1988-2003 
4 Cerkezkoy 41°N – 28°E 160 1984-1997 
5 Corlu 41°N – 27°E 183 1950-2014 
6 Copkoy 41°N – 26°E 75 1987-1996 
7 Dambaslar 41°N – 27°E 50 1987-2000 
8 Hayrabolu 41°N – 27°E 40 1965-1989 
9 İbriktepe 41°N – 26°E 150 1987-1998 
10 İnecik 40°N – 27°E 200 1984-1990 
11 Kesan 40°N – 26°E 185 1965-1976 
12 Kıyıkoy- Midye 41°N – 28°E 20 1985-1997 
13 Luleburgaz 41°N – 27°E 46 1950-2014 
14 Malkara 40°N – 26°E 283 1980-2014 
15 Marmara Ereglisi 40°N – 27°E 5 1987-1997 
16 Muratlı 41°N – 27°E 80 1965-1991 
17 Murefte 40°N – 27°E 15 1972-1993 
18 Saray 41°N – 27°E 140 1977-1982 
19 Sarkoy 40°N – 27°E 10 1965-1992 
20 Tekirdag 40°N – 27°E 4 1950-2014 
21 Uzunkopru 41°N – 26°E 52 1962-2014 
22 Vize 41°N – 27°E 210 1985-1992 

  
1 Hyper-Arid < - 0.05 2.0 
2 Arid 0.05 – 0.20 1.75 
3 Semi-Arid 0.20 – 0.50 1.50 
4 Dry Sub-Humid 0.50 – 0.65 1.25 
5 Humid 0.65 - > 1.0 
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The index results were distributed using the 
inverse distance weighted (IDW) technique, a 
common geostatistical method. The raster data were 
fixed at the common data scale (100x100 pixels) of 
the input factors and were combined with the GIS 
techniques within the framework of the grid-based 
analysis methodology. 

SQI was determined based on the composite 
material, thickness, texture, and slope characteris-
tics of 174 samples taken randomly from the large 
soil groups in the study area in equal amounts (26 
pcs). Texture was identified using the Bouyoucos 
hydrometer method [29]. The results were graded 
according to the ranges reported by Kosmas et al. 
[12], based on which we were able to derive the 
indices (Table 2). 

SQI was derived using the following formula: 
SQI = (Ip * It * Id * Is) ¼   (Eq. 1) 
Here, “SQI” refers to Soil Quality Index, “Ip” 

refers to the main material index, “It” refers to the 
soil texture index, “Id” refers to the soil depth in-
dex, and “Is” refers to the slope index. The class 
and score of each parameter differ from one anoth-
er. The values generally range from 1 to 2. The SQI 
ranges from 1 (high quality) to 3 (low quality) (Ta-
ble 3). 

In this study, CQI was calculated from the 
long-term records of meteorology stations affiliated 
with the Turkish State Meteorological Service [30]. 
The calculations were made according to the fol-
lowing formula: 

CQI = (P / PET)    (Eq. 2) 
Here (Eq. 2), “CQI” refers to Climate Quality 

Index, “P” refers to mean annual precipitation, and 
“PET” refers to mean annual potential evapotran-
spiration. The results were grouped according to 
defined classes (Table 5), and they were distributed 
spatially. 

The relevant parameters were evaluated based 
on land use-land cover (LU/LC) classes determined 
by the CORINE system, which has been widely 
used in previous studies with similar content [17, 
22]. 

VQI was evaluated within the parameters of 
the LU/LC classes [17, 22]. To this end, we used 
data from the LU/LC map collected by Sarı and 
Ozsahin [28]. The VQI value was calculated based 
on the following formula; 

VQI = (IEp * IDr * IVc)¹/³   (Eq. 3) 
Here (Eq. 3), “VQI” refers to Vegetation 

Quality Index, “IEp” refers to the index of erosion 
protection, “IDr” refers to the index of drought and 
resistance, and “IVc” refers to the vegetation index. 
According to the results, VQI ranged from good (< 
- 1.2) to very poor (1.6 - >) (Table 6). 

The raster data obtained after the calculation 
of the indices were combined according to the for-
mula below: 

ESA = (SQI * CQI * VQI) ¹/³  (Eq. 4) 

Here (Eq. 4), “ESA” refers to Environmental 
Sensitivity Areas, “SQI” refers to Soil Quality In-
dex, “CQI” refers to Climate Quality Index, and 
“VQI” refers to the Vegetation Quality Index. The 
resultant map was sorted and classified according to 
the =ESA classification into non-affected or very 
low sensitive areas (< - 1.2), low sensitive areas 
(1.2 ≤ ESA < 1.3), medium sensitive areas (1.3 ≤ 
ESA < 1.4), sensitive areas (1.4 ≤ ESA < 1.6), and 
very sensitive areas (ESA ≥ 1.6) [22]. 

 
 

1 Good 1.0 - 1.2 
2 Average 1.2 – 1.4 
3 Weak 1.4 – 1.6 
4 Very weak 1.6 – 2.0 
 
In the final phase, zonal statistics were col-

lected to detect the factors influencing spatial dif-
ference. In this regard, the ESA index for Environ-
mental degradation characterizes the relationship 
between environmental sensitivity levels and inter-
actions with biotic (LU/LC) factors [31]. 

The imaging and analysis phases of the study 
were performed using ArcGIS 10.5 software. 
 
 

 
Basic phenomena, defined as geosystems, 

were traditionally divided into certain globes, 
which constitute the parts of a whole [32]. The ESA 
index method, which examines the identification, 
diagnosis, and treatment processes of environmen-
tally sensitive areas, revealed interactions among 
soil, climate, and vegetation [33, 34]. 

 
The SQI in the 

study area was examined for the qualities of thick-
ness, texture, and slope. In the study area, descrip-
tions of the classes of parent material are generally 
poor and moderate (Table 2, Figure 2). Good de-
scription of class of parent material is in urban 
areas close to the Strandja Mountains. These areas 
comprise generally massive rocks. The soil is most-
ly very deep in the study area (Table 2, Figure 2). 
The relationship between slope and soil thickness is 
inverse in that as slope increases, soil thickness 
decreases (Table 2, Figure 2). 

As a reflection of pedologic evolution, clay-
structure and heavy soil are more common. These 
texture types, found in areas where vertisol ordo is 
more common, is classified as “good” in the SQI 
parameter classification. The average slope is 
9.31% in the study area. According to the SQI slope 
classification, this slope would be categorized as 
“not very gentle” (Table 2, Figure 2). Although the 
site nearer Ganos Mountain and the mountainous 



9654

area leading to the Black Sea has higher slope val-
ues, thus it should be classified as “not very gen-
tle,” it is categorized as “gentle” thanks to decreas-
ing slope values in the western part of the area 
(Table 2, Figure 2). 

The average SQI value for the Tekirdag prov-
ince was found to be 1.32 (Moderate quality). The 
SQI value increases near Ganos Mountain and the 

Hayrabolu and Muratlı settlements while it decreas-
es around the Sarkoy and Corlu settlements (Table 
2, Figure 2). The value increases depending on the 
intensity of the anthropogenic activities, such as the 
unbalanced use of fertilizer and chemicals, overirri-
gation, inadequate drainage conditions, use of 
heavy machines and equipment, and overgrazing in 
a directly proportional way [35]. 
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Climate con-
ditions also influence environmental degradation 
processes and provide insights into the process of 
degradation in the Mediterranean [36]. In this 
sense, mean annual precipitation (P) and mean 
annual potential evapotranspiration (PET) are the 
main indicators used in the CQI. 

In the study area, the mean annual precipita-
tion is 531.2 mm. The highest precipitation value 
was recorded at the Saray station (866.6 mm) while 
the lowest value was recorded at the Marmara 
Ereglisi station (371.4 mm) (Table 7). 

As a reflection of pedologic evolution, clay-
structure and heavy soil are more common. This 
texture type, found in areas where vertisol ordo is 
more common, is classified as “good” in the SQI 
parameter classification. The average slope is 
9.31% in the study area. According to the SQI slope 
classification, this falls under the “not very gentle” 
category (Table 2, Figure 2). Although the site 
nearer Ganos Mountain and the mountainous area 
leading to the Black Sea has higher slope values, 
which correspond to “not very gentle” classifica-
tion, it is categorized as “gentle” thanks to decreas-
ing slope values in the western part of the area 
(Table 2, Figure 2). 

The average SQI value for the Tekirdag prov-
ince was found to be 1.32 (Moderate quality). The 
SQI value increases near Ganos Mountain and the 
Hayrabolu and Muratlı settlements while it de-
creases around the Sarkoy and Corlu settlements 
(Table 2, Figure 2). The value increases depending 
on the intensity of the anthropogenic activities, 
such as the unbalanced use of fertilizer and chemi-
cals, overirrigation, inadequate drainage conditions, 

use of heavy machines and equipment, and over-
grazing in a directly proportional way [35]. 

 
 Climate con-

ditions are another influencing factor in environ-
mental degradation processes. They are considered 
as key data points in revealing the process of deg-
radation in the Mediterranean [36]. In this sense, 
mean annual precipitation (P) and mean annual 
potential evapotranspiration (PET) are the main 
indicators used in the CQI. 

In the study area, the mean annual precipita-
tion is 531.2 mm, and the highest precipitation 
value was recorded at the Saray station (866.6 mm) 
while the lowest was recorded at the Marmara 
Ereglisi station (371.4 mm) (Table 7). 

The mean potential evapotranspiration value 
was found to be 725.1 mm. After proportioning the 
mean annual precipitation and potential evapotran-
spiration, the CQI value was approximately 0.70 
(Table 7). Accordingly, in the study area where 
different climates can be observed, the mean cli-
mate quality value was 0.73 (Table 7). Hence, this 
area belongs to the humid category overall. Alt-
hough the CQI value increases near Marmara 
Ereglisi, it decreases in the northern and western 
parts of the province (Figure 3).

 Vegetation 
plays an important role in decreasing degradation 
[36]. The relationship between vegetation, erosion, 
and drought are among the most important factors 
in evaluating environmental sensitivity [19]. VQI 
was determined in association with erosion protec-
tion, drought resistance, and vegetation indices 
(Table 8). 

Babaeski 576.4 721.1 0.8 
Banarlı 393.7 709.4 0.6 
Camlıca 531.1 752.3 0.7 
Cerkezkoy 517.5 671.3 0.8 
Corlu 540.3 716.3 0.8 
Copkoy 463.5 719.8 0.6 
Dambaslar 480.0 662.2 0.7 
Hayrabolu 490.7 736.7 0.7 
İbriktepe 488.7 731.9 0.7 
İnecik 510.4 724.9 0.7 
Kesan 576.2 762.7 0.8 
Kıyıkoy- Midye 626.4 702.5 0.9 
Luleburgaz 565.4 741.6 0.8 
Malkara 620.6 725.9 0.9 
Marmara Ereglisi 371.4 743.0 0.5 
Muratlı 518.4 718.3 0.7 
Murefte 442.4 761.9 0.6 
Saray 866.6 693.8 1.2 
Sarkoy 471.9 782.3 0.6 
Tekirdag 590.5 737.4 0.8 
Uzunkopru 618.6 745.2 0.8 
Vize 426.8 692.5 0.6 
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1 Artificial surfaces (settlements, etc.) 2.0 2.0 2.0 2.0 
2 Barren land (areas of little or no vegetation areas, water bodies etc.) 2.0 2.0 2.0 2.0 
3 Vineyard and Gardens 1.8 1.4 1.8 1.66 
4 Non-irrigated arable land 2.0 2.0 2.0 2.0 
5 Permanently irrigated land 2.0 2.0 2.0 2.0 
6 Pastures 1.3 1.7 1.8 1.58 
7 Natural grasslands 1.3 1.7 1.33 1.43 
8 Bushes 1.3 1.0 1.33 1.20 
9 Mixed forests 1.0 1.2 1.0 1.06 
10 Broad-leaved forests 1.0 1.0 1.0 1.0 
11 Coniferous forests 1.3 1.2 2.0 1.46 

 
Soil loss in the Tekirdag province, where a 

mild risk of erosion is widely observed, was calcu-
lated as 5.26 t ha¯¹ y¯¹ [37]. The province is covered 
mostly by dry farming areas. The mean erosion 
protection index was found to be 1.4. The drought 
resistance index is characterized by vegetation 
types. The mean VQI value in the study area was 
found to be 1.40 (average). Similarly, the areas 

classified as “very weak” are generally in artificial 
surfaces (settlements, etc.), barren land (areas of 
little or no vegetation areas, water bodies etc.), non-
irrigated arable land, and permanently irrigated land 
whereas the areas classified as “good” are generally 
broad-leaved and mixed forests (Table 8). The 
highest VQI was recorded in broad-leaved forests 
(Figure 4). 
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Environmental degradation is one of the most 

important global problems caused by the complex 
relationship between humans and the natural envi-
ronment [3]. This phenomenon divided into two 
categories including anthropogenic and natural has 
taken on a negative character over time due to 
changes in both biophysical natural ecosystem and 
socio-economic conditions [34; 38]. It has also 
grown in importance, especially as a result of the 
recent increase in various causal factors, such as 
climate changes, land use/land cover (LU/LC) 
changes, and human-dominated land management 
[39, 40, 41, 42]. 

Environmental degradation is a more serious 
problem especially in arid and semi-arid areas due 
to the sensitivity of these ecosystems [43]. Thus, it 
is also commonly observed in the Mediterranean 
basin characterized by a semi-arid climate. Envi-
ronmental degradation is clearly visible in Turkey 
that has witnessed intense anthropogenic activities 

from ancient times to the present day, especially in 
the study area. 

According to ESA index analyses, the mean 
value of the study area (1.36) represents “medium 
sensitive areas” (1.3 ≤ ESA < 1.4) (Table 9). ESA 
values for low and medium sensitive areas were not 
found in urban areas. The largest area (52.43%) 
covers regions with sensitive ESA values (Figure 5; 
Table 9). These spread through nearly the entire 
artificial surfaces and barren land. The second 
highest rate (27.84%) represents medium sensitive 
areas, which are observed around west of Hayrabo-
lu settlement and the southern part of the Strandja 
Mountains (Figure 5; Table 9). The third highest 
rate (15.89%) represents non-affected areas or very 
low sensitive areas. These places are found near the 
Malkara settlement and Ganos Mountain as well as 
their immediate surroundings. The smallest ESA 
class (3.85%) represents low sensitive areas cover-
ing forested areas near the mountainous regions of 
the study area (Figure 5; Table 9). 
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1 1.07 - 1.2 Non-affected areas or very low sensitive areas 982.58 15.89 
2 1.2 ≤ ESA < 1.3 Low sensitive areas 237.70 3.85 
3 1.3 ≤ ESA < 1.4 Medium sensitive areas 1720.76 27.84 
4 1.4 ≤ ESA < 1.56 Sensitive areas 3240.95 52.43 

 
Environmental degradation is a problem that 

occurs along with some ecological processes, par-
ticularly LU/LC changes [43, 44, 45]. Thus, in 
order to understand the environmental degradation 
in the study area, it is important to analyze the rela-
tionship between LU/LC and the ESA index. 
Among LU/LC classes identified in the study area, 
the highest ESA impact value (63.78%) was calcu-
lated in agricultural areas (Table 10). 

According to the ESA classes, these agricul-
tural areas comprise the greatest percentage of areas 
classified as sensitive e (90.18%) (Table 10). This 
indicates that agricultural areas are more sensitive 
to environmental degradation compared to other 
LU/LC classes. Frattaruolo et al. [46] showed that 
high levels of degradation in agricultural lands 

developed due to human agricultural mismanage-
ment and abuse of water resources. Forests and 
semi-natural areas belong to another LU/LC class 
with high ESA impact values (31.86%) (Table 10). 
According to the ESA classes, these areas comprise 
the largest percentage (85.07%) of areas catego-
rized as non-affected areas or very low sensitive 
(Table 10). This finding suggests that forests and 
semi-natural areas are less sensitive to environmen-
tal degradation compared to other LU/LC classes. 
Gad and Lotfy [17] stated that environmental sensi-
tivity to degradation has less influence in forested 
areas. For the other LU/LC classes, the ESA impact 
values have a proportional distribution across artifi-
cial surfaces (3.87%), water bodies (0.49%), and 
wetlands (0.01%) respectively (Table 10). 



9659

   

< - 6 23.5 39.3 40.8 Alfisol 34.6 15.3 23.7 
6 – 18 50.4 48.6 54.5 Andisol 0.5 0.1 0.9 
19 – 35 20.1 9.6 4.5 Entisol 26.3 32.9 18.1 
35 - > 5.9 2.5 0.2 İnceptisol 22.2 17.5 18.9 

Mollisol 10.7 17.6 11.1 
  Vertisol 5.6 16.6 27.1 

North 38.6 31.0 31.8 
South 37.4 43.9 41.3   

East 10.6 14.6 9.5 Insensible areas (settlements, water 
bodies etc.) 25.7 0.1 0.1 

West 13.2 10.2 17.2 Open spaces (Open spaces with 
little or no vegetation) 0.02 0.2 0.01 

Flat 0.2 0.3 0.2 Vineyard and Gardens 0.02 3.7 0.01 
Permanently irrigated land 0.1 80.5 0.1 

  Non-irrigated arable land 0.6 0.4 92.9 
<-12 6.5 1.3 2.6 Pastures 0.1 0.1 6.7 
12--13 43.5 29.4 48.4 Natural grasslands 0.03 2.7 0.01 
13--14 38.5 54.0 46.1 Bushes 0.03 3.1 0.01 
14-> 11.5 15.3 2.9 Mixed forests 34.7 0.1 0.1 

Broad-leaved forests 38.7 0.04 0.1 
  Coniferous forests 0.03 9.1 0.01 

<-500 26.7 40.8 28.4  500-600 45.1 55.3 62.0 
600-700 21.0 1.3 6.2 
700-> 7.1 2.5 3.4 

 
 

Thus, according to the ESA assessment, the 
agricultural regions in the study area have a very 
high environmental sensitivity in terms of environ-
mental degradation while this sensitivity decreases 
in the forests. The ESA values in the study area 
show a distribution according to the sensitivity of 
the LU/LC classes to environmental degradation. 
Thus, the most important indicator or the key pa-
rameter of environmental degradation in this area is 
LU/LC rather than other factors, such as soil and 
climate. 

This study used quantitative data based on the 
principle of spatial distribution to examine areas of 
environmental sensitivity and degradation. Hence, 
this study is important in that it shows the existing 
conditions of the natural environment, and it can be 
used as a guide to encourage or restrict human 
action. It further indicates the need to further ex-
plore the interaction and relationship between hu-
man activities and natural phenomena. The findings 
of this study, based on accepted scientific method-
ologies, provide insight into one Turkish region, 
suggesting that although human influence in this 
region is quite extreme, it could be mitigated with 
concrete public policies. 
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ABSTRACT 

 
Biomonitor organisms can be used to determine 

pollution levels and their regional distributions. In 
this sense, this study investigated traffic-related 
heavy metals pollution and its impact on plant nutri-
tion by using biomonitor plant European ash (Fraxi-
nus excelsior L.) tree. For this aim, Ca, Cd, Cr, Cu, 
Fe, K, Mg, Mn, Na, Pb and Zn levels were analyzed 
by using ICP-OES in plant and soil samples taken 
from eight different locations in Bishkek/Kyrgyz-
stan. Ca and Mg levels were highest at Shabdan 
Baatry Street (St2) while other remaining elements 
were highest at Chuy Street (St4). Chuy Street has 
been an international transit road with heavy traffic, 
thus increased levels of most elements were reason-
able. Heavy metals Cd and Pb in soil, and Cd, Cr and 
Pb in plants were above the acceptable ranges but not 
toxic levels in plant samples. Removal rates of Cd, 
Cu, Mn and Pb between washed and unwashed 
leaves were higher than other elements at all stations. 
Except Ca and Na, all test metals demonstrated 
strong positive correlations. In light of these find-
ings, the biomonitor plant F. excelsior could effec-
tively reflect the pollution levels in Bishkek/Kyrgyz-
stan. 
 
 
KEYWORDS:  
Heavy metal, mineral nutrition, pollution, anthropogenic 
activity, toxicity 

 
 

INTRODUCTION 
 
Pollution has been very serious problem at 

ever-increasing rates all over the world. Especially 
in big cities, various types of pollutants contami-
nated air, residential and agricultural areas [1]. Pol-
lutants were primarily introduced into ecosystems as 
results of anthropogenic activities [2]. Pesticides, 
herbicides, fertilizers, heavy metals, oils, mining res-
idues, acid rains, ash, road debris, and nuclear, in-
dustrial and electronic wastes were among major 

pollutants [3, 4]. From those, heavy metals were re-
garded as most deleterious elemental contaminants 
due to their toxic and ecotoxic impacts on environ-
ment and living organisms. So, many study disci-
plines e.g. ecology, toxicology canalized their search 
interests on those toxic heavy metals [5]. Some 
heavy metals such as Cu, Fe and Zn are accepted as 
essential for plant growth and development, some 
are non-essential but beneficial like Ni whereas As, 
Cd, Hg and Pb are regarded as toxic [6, 7]. So, excess 
levels of essential and beneficial elements and less 
concentration of toxic heavy metals could cause se-
rious metabolic problems in living organisms, even 
leading to death [8, 9]. 

Heavy metal emission could occur either by 
naturally (geochemical) or results of anthropogenic 
impacts mainly related to unplanned urbanization 
and industrialization, population growth and extrav-
agant consumption [10-12]. Especially in major cit-
ies, heavy metal pollution has reached to such alarm-
ing levels [13]. So, monitoring of heavy metal levels 
has been an inevitable subject for authorities; meas-
urement and risk assessments must be urgently done 
and necessary legislative regulations be imple-
mented [14]. There have been a number of analytical 
techniques that can be used in monitoring pollution 
levels, from which one included the use of biomoni-
tor organisms as pollution indicator. For example, 
plants can be used as biomonitors to figure out the 
presence of heavy metals and their concentrations in 
an environment [3, 10, 15]. However, an organism 
being used as biomonitor must have following char-
acteristics: (i) being present all over the test area, (ii) 
having wide geographical distribution, (iii) being 
able to discriminate airborne heavy metals from soil 
born and (iv) having easy sampling and identifica-
tion features [16, 17]. The powerful side of using or-
ganisms in pollution monitoring was that biomonitor 
organism has been already part of that ecosystem/s. 
In this regard, employing plants in biomonitoring ac-
tivities could provide further advantages like they 
were relatively cheap, easily available and gave 
quantitative results [3].  
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FIGURE 1 
Map of the studied area in Bishkek.  

Numbers and yellow lines refer to stations which are 1. Akhunbaev Street, 2. Shabdan Baatyr Street, 3. Jibek Jolu Street, 4. 
Chuy Street, 5. Moskovskaya Street, 6. Bokonbaeva Street, 7. Gorky Street and 8. Yusup Abdrahmanov & Baitik Baatyr 
Streets. 
 
 

Fraxinus excelsior, European ash or common 
ash- belongs to Oleaceae family. It is mainly native 
to Europe and distributed from Spain to Russia and 
to Caucasia, and from southwestern Asia to Turkey 
[18]. This tree species could grow on various soil 
types and had a lifespan up to 300 years and was 
drought tolerant but sensitive to cold [19]. With 
these features, ash tree was planted for forestry and 
landscape purposes, used in animal feeding, build-
ings, shipbuilding and musical instruments, and used 
as firewood, ornamental purposes, shelter and tim-
ber. Besides, plant leaves and barks have been used 
as traditional medicine in treatment of various dis-
eases since Hippocrates [18]. In addition, biomoni-
toring features of F. excelsior tree for indication of 
certain heavy metals have been clearly established so 
far [20]. 

In this regard, this study aimed to determine 
heavy metal pollution levels and to evaluate the im-
pact of heavy metals on mineral nutrition of biomon-
itor plant F. excelsior.  
 
 
 
 

MATERIALS AND METHODS 
 
Study area. The study area was located at 

been economic and cultural center of the country 
with its about 1 million population [21]. It has a con-
tinental Mediterranean climate with average 440 mm 
precipitation per year and lush vegetation and mostly 
tree-lined streets [22]. Plant and soil samplings were 
done from eight main streets (showed in Figure 1) in 
Bishkek; Akhunbaev street as Station 1 (hereafter 
St1), Shabdan Baatyr street as Station 2 (St2), Jibek 
Jolu street as Station 3 (St3), Chuy street as Station 
4 (St4), Moskovskaya street as Station 5 (St5), 
Bokonbaeva street as Station 6 (St6), Gorky street as 
Station Yusup Abdrahmanov 7 (St7) and & Baitik 
Baatyr street as Station 8 (St8).  

 
Sample collection, preparation and analysis. 

Samplings were done with extreme caution to avoid 
contamination and mistake in allocation and label-
ing. Eight plants and eight soil samples were col-
lected, taking one sample from each location with 
three repetitions. Soil samples (approximately 500 g) 
were taken from about 10 cm depth using a stainless 
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shovel. Similar leaf and bark samples were taken to 
ensure standardization. Leaf samples were divided 
into two groups: one group was washed with distilled 
water to remove airborne elements while other group 
was kept unwashed. Then, all plant samples were 
oven-dried at 80oC for 48 h and dried samples were 
grinded using mortar and pestle. 0.2-0.25 g plant 
sample was transferred into Teflon vessels and 
added with 8 ml 65% HNO3 (Merck). Soil samples 
were passed through 2 mm sieve and weighted 0.2 g 
sample was transferred into Teflon vessels and 
added with 9 ml 65% HNO3, 3 ml 37% HCl and 2 ml 
48% HF (Merck). Mineralization was done by using 
microwave digestion system (Berghof Speedwave 
MWS-2) as 5 min at 145oC, 5 min at 165oC and 20 
min at 175oC. Then, samples were filtered by using 
Whatman filters (Macherey-Nagel), added up to 50 
ml volume with ultrapure water and stored in 50 ml 
falcon tubes until measurement. Standard solutions 
were prepared by using multi-element stock solu-
tions 1000 mg/l (Merck). Element measurements Ca, 
Cd, Cr, Cu, Fe, K, Mg, Mn, Na, Pb and Zn were done 
by using ICP-OES (PerkinElmer-Optima 7000 DV).  

 
Statistical analysis and calculations. All anal-

ysis and calculations are based on dry weight (dw) 
basis. Multivariate analysis of variance (MANOVA) 

s post-hoc HSD and Pearson correlation 
was performed by using IBM SPSS Statistics v20. 
Paired-Samples t-test was used to compare means of 
heavy metals in unwashed and washed leaf samples. 
Removal ratio and airborne element levels were cal-
culated using element concentrations in unwashed 
and washed leaves. 
 
 
RESULTS AND DISCUSSION 

 
To reveal traffic related heavy metal pollution 

levels by using biomonitor plant F. excelsior and its 
impacts on plant nutrition, concentrations of some 
heavy metals and mineral nutrients such Ca, Cd, Cr, 
Cu, Fe, K, Mg, Mn, Na, Pb and Zn in F. excelsior 
plant parts (washed leaf, unwashed leaf and bark) 
and their co-located soil samples collected from 
eight different stations (streets) in Bishkek/Kyrgyz-
stan were analyzed. The measured mean concentra-
tions of tested mineral elements and heavy metals in 
soil samples (Table 1) and plant parts (Table 2) were 
given. In addition, 

hereafter abbreviated as 
WL, UwL and B, respectively because of their con-
venience in use. 

 
TABLE 1 

The mean concentrations of mineral elements and heavy metals (mg kg-1, dw) in soil samples 
Element Station Soil Element Station Soil Element Station Soil 

Ca 

1 13743.89±137.581 

Cd 

1 4.992±0.053** 

Cr 

1 28.662±0.642**e 
2 14944.961±193.192 2 4.694±0.054** 2 26.951±0.69**e 
3 12361.068±148.261 3 5.307±0.066** 3 30.721±0.633**d 
4 8650.093±93.215 4 7.054±0.076** 4 40.172±0.433**a 
5 10604.926±126.999 5 5.962±0.067** 5 34.233±0.513**c 
6 11674.658±128.76 6 5.564±0.059** 6 32.201±0.582**d 
7 9292.296±82.377 7 6.515±0.076** 7 37.081±0.441**b 
8 9859.639±108.6 8 6.185±0.08** 8 35.244±0.431**c 

Cu 

1 39.117±0.745**e 

Fe 

1 4497.821±60.334**ef 

K 

1 2456.841±47.716**f 
2 36.773±0.714**f 2 4221.711±58.337**f 2 2310.353±46.19**f 
3 41.928±0.703**d 3 4786.23±66.343**de 3 2633.423±52.593**e 
4 55.264±0.596**a 4 6359.542±68.531**a 4 3471.645±37.394**a 
5 47.083±0.701**c 5 5377.133±76.488**c 5 2934.823±41.537**c 
6 43.942±0.654**d 6 5017.044±74.811**d 6 2739.112±48.566**d 
7 51.416±0.703**b 7 5870.329±83.087**b 7 3230.254±35.869**b 
8 48.867±0.656**c 8 5577.936±91.816**c 8 3046.413±44.596**c 

Mg 

1 3626.306±54.195** 

Mn 

1 185.115±2.916**e 

Na 

1 98.432±0.876** 
2 3914.906±54.784** 2 173.792±2.736**f 2 91.811±0.928** 
3 3261.661±49.487** 3 196.764±3.077**d 3 104.689±1.044** 
4 2267.602±24.421** 4 259.41±2.796**a 4 136.899±1.475** 
5 2778.544±35.109** 5 221.037±3.193**c 5 116.661±0.929** 
6 3058.867±43.232** 6 206.272±3.016**d 6 108.863±1.072** 
7 2435.289±21.376** 7 239.496±2.09**b 7 127.398±1.003** 
8 2565.166±30.76** 8 227.62±2.574**c 8 120.142±1.275** 

Pb 

1 71.479±0.861** 

Zn 

1 186.474±2.31**f 

 

2 67.134±0.857** 2 172.874±2.863**f 
3 75.98±0.66** 3 201.638±2.446**e 
4 99.73±1.075** 4 268.004±2.888**a 
5 84.266±0.701** 5 224.457±2.678**c 
6 79.658±0.72** 6 211.116±2.741**d 
7 92.698±0.796** 7 247.061±2.505**b 
8 87.455±0.558** 8 233.141±1.763**c 

The mean differences is significant at P < 0.01 (**) level. a, b, c, d, e, f: different letters indicate different averages within same 
column, which are significant in terms of averages (P < 0.01). 
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TABLE 2 
The mean concentrations of mineral elements and heavy metals (mg kg-1, dw) in plant parts  

(washed leaf, unwashed leaf and bark) and removal rates 

Elements Stations 
Bark  
(B) 

Unwashed leaf  
(UwL) 

Washed leaf  
(WL) 

Removal  
(%) 

Ca 

1 15586.756±131.124 14942.684±300.875 14561.957±198.973 2.55 
2 16828.364±147.106 16137.549±345.817 15789.064±126.073 2.16 
3 14120.866±139.342 13530.738±238.336 13459.174±195.329 0.53 
4 9956.991±100.586 9535.839±108.963 9291.708±95.159 2.56 
5 12204.961±186.386 11686.007±160.321 11466.658±136.013 1.88 
6 13341.899±166.131 12778.315±193.756 12622.582±169.348 1.22 
7 10697.239±137.221 10315.114±121.919 10051.487±110.526 2.56 
8 11348.261±174.601 10865.253±156.639 10585.458±140.866 2.58 

Cd 

1 1.340±0.023** 1.346±0.023** 1.155±0.027** 14.19 
2 1.251±0.022** 1.256±0.023** 1.083±0.026** 13.77 
3 1.436±0.024** 1.442±0.021** 1.229±0.028** 14.77 
4 1.899±0.019** 1.888±0.022** 1.621±0.017** 14.14 
5 1.603±0.020** 1.611±0.029** 1.369±0.023** 15.02 
6 1.496±0.023** 1.503±0.023** 1.288±0.026** 14.30 
7 1.753±0.024** 1.757±0.024** 1.496±0.019** 14.85 
8 1.654±0.023** 1.658±0.026** 1.421±0.020** 14.29 

Cr 

1 1.512±0.025**e 3.733±0.042**e 3.408±0.045**e 8.71 
2 1.411±0.027**e 3.509±0.039**e 3.179±0.053**e 9.40 
3 1.608±0.022**d 3.971±0.049**d 3.65±0.039**d 8.08 
4 2.119±0.021**a 5.237±0.06**a 4.85±0.05**a 7.39 
5 1.807±0.022**c 4.428±0.061**c 4.069±0.042**c 8.11 
6 1.686±0.026**d 4.131±0.059**d 3.827±0.033**d 7.36 
7 1.973±0.024**b 4.835±0.067**b 4.476±0.049**b 7.43 
8 1.875±0.023**c 4.561±0.072**c 4.223±0.053**c 7.41 

Cu 

1 8.161±0.13**e 8.588±0.09**e 7.08±0.085**e 17.56 
2 7.611±0.129**f 8.01±0.111**f 6.605±0.09**f 17.54 
3 8.676±0.104**d 9.133±0.125**d 7.59±0.1**d 16.89 
4 11.349±0.115**a 12.241±0.14**a 10.01±0.103**a 18.23 
5 9.673±0.13**c 10.259±0.107**c 8.399±0.114**c 18.13 
6 9.027±0.123**d 9.574±0.136**d 7.899±0.116**d 17.50 
7 10.561±0.142**b 11.297±0.162**b 9.242±0.086**b 18.19 
8 9.963±0.142**c 10.65±0.13**c 8.714±0.101**c 18.18 

Fe 

1 130.348±1.817**ef 145.496±2.572**ef 141.251±2.185**ef 2.92 
2 121.595±1.602**f 136.607±2.237**f 132.748±2.042**f 2.82 
3 139.648±1.804**de 155.974±3.033**de 150.281±2.447**de 3.65 
4 184.278±1.862**a 205.572±2.349**a 196.841±2.016**a 4.25 
5 155.697±2.279**c 172.643±2.69**c 167.762±2.574**c 2.83 
6 146.408±1.961**d 162.275±2.901**d 156.579±2.77**d 3.51 
7 171.255±1.79**b 189.866±2.547**b 183.181±2.307**b 3.52 
8 161.503±1.989**c 179.115±2.471**c 174.068±2.522**c 2.82 

K 

1 301.446±3.389**f 1877.756±44.279**f 1811.625±25.045**f 3.52 
2 283.523±4.219**f 1752.01±44.752**f 1689.931±21.087**f 3.54 
3 320.437±2.679**e 1996.193±44.469**e 1942.281±18.866**e 2.70 
4 415.700±4.199**a 2631.271±30.067**a 2560.869±26.227**a 2.68 
5 357.247±4.327**c 2224.233±42.263**c 2146.924±22.756**c 3.48 
6 333.325±3.783**d 2092.726±40.870**d 2019.75±19.882**d 3.49 
7 386.888±3.818**b 2428.165±33.993**b 2363.218±19.634**b 2.67 
8 367.833±4.142**c 2289.697±37.038**c 2228.231±24.117**c 2.68 

Mg 

1 787.579±12.344** 2254.776±25.960** 2207.471±35.896** 2.10 
2 856.426±14.234** 2451.640±29.240** 2382.789±35.844** 2.81 
3 713.573±12.114** 2028.758±24.468** 1999.104±27.875** 1.46 
4 506.359±5.115** 1419.800±16.222** 1370.743±14.040** 3.46 
5 616.309±9.601** 1740.405±23.971** 1703.413±25.065** 2.13 
6 673.860±9.204** 1915.477±22.054** 1875.018±23.996** 2.11 
7 543.926±7.054** 1525.457±20.877** 1482.569±17.921** 2.81 
8 572.941±7.178** 1617.992±18.319** 1572.785±23.037** 2.79 

Mn 

1 8.786±0.122**e 10.44±0.046**e 7.899±0.099**e 24.34 
2 8.202±0.123**f 9.803±0.031**f 7.372±0.102**f 24.80 
3 9.414±0.157**d 11.102±0.057**d 8.399±0.075**d 24.35 
4 12.214±0.123**a 14.532±0.166**a 11.088±0.114**a 23.70 
5 10.414±0.119**c 12.279±0.139**c 9.377±0.1**c 23.63 
6 9.794±0.136**d 11.548±0.092**d 8.748±0.082**d 24.25 
7 11.372±0.113**b 13.512±0.138**b 10.235±0.111**b 24.25 
8 10.808±0.12**c 12.745±0.169**c 9.656±0.12**c 24.24 
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Elements Stations 
Bark  
(B) 

Unwashed leaf  
(UwL) 

Washed leaf  
(WL) 

Removal  
(%) 

Na 

1 95.93±1.476** 193.686±2.652** 187.474±2.088** 3.21 
2 89.464±1.183** 180.615±2.427** 176.27±2.295** 2.41 
3 102.81±1.328** 205.976±2.673** 200.991±2.312** 2.42 
4 135.629±1.37** 271.681±3.104** 260.689±2.67** 4.05 
5 114.595±1.154** 227.736±2.962** 224.05±3.346** 1.62 
6 106.92±1.239** 214.245±2.65** 210.756±2.795** 1.63 
7 125.143±1.246** 250.766±3.473** 242.605±3.211** 3.25 
8 118.949±0.944** 236.405±3.014** 230.663±3.423** 2.43 

Pb 

1 8.563±0.088** 12.729±0.186** 10.087±0.13** 20.76 
2 7.988±0.092** 11.871±0.179** 9.483±0.122** 20.12 
3 9.177±0.096** 13.643±0.174** 10.808±0.103** 20.78 
4 12.122±0.122** 18.016±0.206** 14.26±0.146** 20.85 
5 10.238±0.101** 15.206±0.158** 12.059±0.112** 20.70 
6 9.555±0.097** 14.304±0.188** 11.333±0.105** 20.77 
7 11.188±0.111** 16.648±0.223** 13.169±0.162** 20.90 
8 10.621±0.089** 15.701±0.177** 12.513±0.137** 20.30 

Zn 

1 37.146±0.465**f 42.943±0.412**f 36.696±3.517**f 14.55 
2 34.859±0.584**f 40.145±0.372**f 34.583±3.283**f 13.85 
3 39.997±0.356**e 45.567±0.441**e 43.229±0.233**e 5.13 
4 52.033±0.526**a 60.41±0.69**a 56.183±0.575**a 7.00 
5 44.669±0.284**c 50.886±0.441**c 48.213±0.277**c 5.25 
6 41.697±0.32**d 47.458±0.493**d 45.324±0.174**d 4.50 
7 48.421±0.363**b 55.744±0.503**b 52.275±0.475**b 6.22 
8 46.021±0.301**c 52.843±0.486**c 49.697±0.293**c 5.95 

ean dif-
ferences is significant at P < 0.01 (**) level. a, b, c, d, e, f: different letters indicate different averages within same column, which are significant 
in terms of averages (P < 0.01). 
 
 

Calcium (Ca) is an essential macroelement for 
plants. It involves in intracellular signaling, symbi-
otic and immune responses [23], maintains cell in-
tegrity, membrane stability, osmoregulation, cat-
ion/anion balance and plant growth [24]. It is also a 
structural component for cell wall and stimulates 
production of cell wall precursors [25]. Its natural 
concentrations in plants were reported between 1000 
and 50000 mg kg-1 [24]. In this study, lowest-to-
highest Ca levels (mg kg-1) in soil were found as 
8650.093±93.215 (St4)-14944.961±193.192 (St2) 
while in plant parts it ranged as 9291.708±95.159 
(St4/WL)-16828.364±147.106 (St2/B). Removal 
rates were calculated between lowest 0.53% at St3 
and highest 2.58% at St8. In addition, St3 (0.53%) 
and St6 (1.22%) were also noted with relatively 
lower removal rates compared to other stations. In a 
similar study, F. excelsior plants under different nu-
trient and water statuses from forest sites of Ba-
varia/Germany were investigated and Ca contents in 
leaves were found 7000-31100 mg kg-1 [26]. This 
was higher than findings of this study and also sug-
gested that variations could be caused by different 
soil properties at study sites. In another work from 
an abandoned coal mine site at Indiana/USA, Ca lev-
els in F. pennsylvanica leaves were 10300 mg kg-1 at 
control site and 12000 mg kg-1 at mine site [27]. 
However in this study, Ca content was slightly 
higher than Jensen et al. [27] reports. The physiolog-
ical variations between F. excelsior and F. pennsyl-
vanica plants, and negative impacts of mine site 
were thereby considered to have some impacts. In 
other similar study conducted by Severoglu et al. 

[21], Ca levels in Juniperus virginiana from Bish-
kek/Kyrgyzstan were reported as 9296.613-
16283.677 mg kg-1 in soil, 1657.342-2841.166 mg 
kg-1 in bark, 2461.592-4161.037 mg kg-1 in un-
washed leaves and 2369.536-4092.177 mg kg-1 in 
washed leaves. In the same study, removal ratio of 
Ca was calculated as 1.61-3.74%. Leaf Cd levels re-
ported by Severoglu et al. [21] were higher than find-
ings of this study while in soil it was slightly higher. 
Overall, Ca levels were implicated to show varia-
tions depending on soil type, plant parts and plant 
species. 

Cadmium (Cd) is a toxic heavy metal and its 
presence and accumulation are regarded as serious 
threat for ecosystem/s [28]. Its emission is mainly 
caused by anthropogenic activities like industrial 
and agricultural applications, mining, waste combus-
tion etc. [29]. The expected natural Cd range in soil 
and plant tissues are reported as 0.06-1.1 mg kg-1 and 
0.05-0.5 mg kg-1 respectively [30]. In this study, 
lowest-to-highest Cd contents (mg kg-1) in soil sam-
ples were detected as 4.694±0.054 (St2)-
7.054±0.076 (St4) whereas in plant parts were 
ranged as 1.083±0.026 (St2/WL)-1.899±0.019 
(St4/B). The removal ratio of Cd was lowest 13.77% 
at St2 and highest 15.02% at St5. Figuring out that 
Cd levels in plant and soil samples at all stations 
were higher than the normal limits. In addition, a 
negative correlation was also present between Ca 
and Cd levels and this may be arising from a compe-
tition between them. Recently, Huang et al. [29] 
stated that due to chemical similarity between those 
elements, Ca could mediate Cd-triggered metabolic 
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alterations in plants. Colak et al., [61] reported that 
the nearly 40% of Cd comes from industrial facilities 
and dust sourced from traffic. Increase in population 
of Bishkek city have affected the pollution nega-
tively. For example increase in vehicles and traffic 
jams caused emission of more amount of pollutants 
in to ecosystem [28].  

Relevant studies reported that Cd content in F. 
excelsior leaves and dredged brackish sediment were 
0.3±0.3 and 5.7±0.8 mg kg-1 respectively [31]. Cd 
contents from different sites in Kayseri/Turkey were 
2.02-3.43 mg kg-1 in soil and 0.428-0.243 mg kg-1 in 
leaves, and removal ratio of Cd was 18.52-41.35% 
[20]. Cd content in leaves of Fraxinus spp. in 
Xinxiang/China were 0.090±0.001 mg kg-1 in clean 
area and 0.113±0.003 mg kg-1 in polluted area [32]. 
Cd content in F. manshurica leaves from road sides 
was 0.053 mg kg-1 [33]. Cd content in F. rotundifolia 
soil and leaves from roads with heavy traffics in Ka-
raj/Iran was 3.7±0.3 mg kg-1 and 2.4±0.2 mg kg-1 re-
spectively [34]. Cd content in soil and leaf samples 
of F. sogdiana from mining-influenced sites in Jin-
chang/China was 9.2 mg kg-1 and 2.08 mg kg-1 re-
spectively [35].  

Chromium (Cr) is a phytotoxic heavy metal and 
its toxicity gives damage to DNA and cell mem-
branes, decreases activity of enzymes related to ni-
trogen and starch metabolism, causes structural al-
terations and reductions in biomass and growth, and 
interferes with respiration, photosynthesis, water and 
minerals uptake [36 - 38]. In literature, soil Cr con-
tents showed great variability, nevertheless it is also 
stated as average 54 mg kg-1 [30]. In addition, maxi-
mum allowable limit for protection of human health 
and environment is reported as 64 mg kg-1 [39, 40]. 
In present work, lowest-to-highest soil Cr contents 
(mg kg-1) were 26.951±0.690 (St2)-40.172±0.433 
(St4). Thus, soil Cr levels at stations were below the 
world average and maximum allowable limits. The 
average plant Cr content was stated 0.1-0.5 mg kg-1 
and 5-30 mg kg-1 of Cr were defined as toxic [41]. In 
this study, lowest-to-highest Cr levels (mg kg-1) in 
plant parts were 1.411±0.027 (St2/B)-5.237±0.060 
(St4/UwL) and removal rate of air-borne Cr was 
7.36% (St6)-9.40% (St2). It appeared that soil Cr 
level was lower than the average but in plants it was 
higher than normal limits without demonstrating any 
toxicity symptoms. Li-qiang et al. [33] reported Cr 
content in leaves of F. manshurica as 6.04 mg kg-1 

[33]. Cr contents in F. excelsior soil and leaves were 
demonstrated as 124.42 mg kg-1 and 1.7-1.1 mg kg-1 
respectively and Cr removal ratio was 18.8-43.55% 
[20]. Cr content in F. pennsylvanica barks ranged as 
1.7-5.4 mg kg-1 [42]. Bing et al. [32] demonstrated 
Cr content in leaves of Fraxinus plants from road-
sides as 1.138±0.049 mg kg-1 in clean areas and 
1.787±0.017 mg kg-1 in polluted areas.  

Copper (Cu) is an essential micronutrient for 
plants and it involves in redox reactions, cellular res-
piration, photosynthesis and protection mechanisms 

related to oxidative damage [43, 44]. Natural Cu 
content in soil is reported as 25-75 mg kg-1 [30]. In 
the present work, lowest-to-highest Cu contents (mg 
kg-1) in soil were found as 36.773±0.714 (St2)-
55.264±0.596 (St4) and this was within the normal 
range. However, natural Cu levels in plants are re-
ported as 5-30 mg kg-1 and many plants show tox-
icity symptoms above 30 mg kg-1 [43]. In this study, 
lowest-to-highest Cu content (mg kg-1) in plant parts 
were noted as 6.605±0.09 (St2/WL)-12.241±0.14 
(St4/UwL) and removal rates of Cu were 16.89% 
(St3)-18.23% (St4). In a similar study, Mertens et al. 
[31] reported Cu content in F. excelsior soil and 
leaves as 54.2±6.3 mg kg-1 and 12.4±1.8 mg kg-1 re-
spectively. Aksoy and Demirezen [20] reported Cu 
levels as 21.06 mg kg-1 in soil and 16.21-6.62 mg kg-

1 in F. excelsior leaves. In the same study, Cu re-
moval ratio was calculated as 10.27-32.69% [20]. 
Faggi et al. [42] showed Cu content in F. pennsyl-
vanica barks as 36.9-94.4 mg kg-1.  

Iron (Fe) is an essential plant micronutrient. It 
participates in various metabolic processes including 
photosynthesis, respiration, DNA replication, chlo-
rophyll and hormone synthesis and nitrogen fixation 
[45 - 47]. Fe content is reported to range 5000-
50,000 mg kg-1 in soil [41] and 50-250 mg kg-1 in 
plants and above 500 mg kg-1 concentrations plants 
mainly show toxicity symptoms [43, 50]. In this 
study, lowest-to-highest soil Fe levels (mg kg-1) were 
measured as 4221.711±58.337 (St2)-
6359.542±68.531 (St4) and these values were 
close/under the sublimit whereas in plant parts they 
were 121.595±1.602 (St2/B)-205.572±2.349 
(St4/UwL). So, Fe levels in F. excelsior plants were 
within the normal range. The removal rates of Fe 
were estimated lowest 2.82% at St2 and 8, and high-
est 4.25% at St4. In earlier studies, Fe content in F. 
excelsior leaves was stated as 51-140 mg kg-1 [26]. 
Fe levels in F. pennsylvanica leaves was reported as 
82.8-75.1 mg kg-1 [27]. Faggi et al. [42] showed Fe 
content in ash tree barks as 111.3-1105.1 mg kg-1. 

[48] demonstrated Fe contents as 
11300-23700 mg kg-1 in soil, 100-200 mg kg-1 in 
leaves and 300-320 mg kg-1 in bark. 

Potassium (K) is an essential, highly mobile 
and most abundant cation in plant cytosol. It has cru-
cial roles in soil-water-plant interactions and it regu-
lates stomata guard cell activity and involves in os-
motic and membrane potential mechanisms. It also 
participates in photosynthesis, enzyme activation, 
protein synthesis, photonastic and seismonastic 
movements, phloem transport, carbohydrate produc-
tion and translocation, and fruit development and 
growth [24, 49]. The natural K content in soil is re-
ported to be about 12000 mg kg-1 [50] and in plants 
it ranges as 20000-50000 mg kg-1 in vegetative parts 
[24]. In present work, lowest-to-highest K content 
(mg kg-1) in soil was determined as 
2310.353±46.190 (St2)-3471.645±37.394 (St4) and 
in plant parts it ranged as 283.523±4.219 (St2/B)-
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2631.271±30.067 (St4/UwL). So, both in soil and 
plant parts potassium levels were quite below the ex-
pected range. Besides, removal rates of K were esti-
mated lowest 2.68% at St4 and 8, and highest 3.54% 
at St2. In relevant works, K content in F. excelsior 
leaves was reported in ranges 6000-27900 mg kg-1 
[26]. Jensen et al. [27] showed K content in F. penn-
sylvanica leaves as 18200-25600 mg kg-1. K contents 
were estimated 1100-2200 mg kg-1 in soil, 8300-
14400 mg kg-1 in leaves and 1500-6700 mg kg-1 in 
bark [48]. Reduced K levels could be the results of 
slightly higher accumulation of toxic metals [51].  

Magnesium (Mg) is an essential macronutrient 
and serves as an important divalent cation. It is re-
quired by various enzymes as cofactor and it is also 
a component of chlorophyll molecules, and involves 
in DNA replication and protein synthase mecha-
nisms [52]. The range of Mg levels is reported as 
300-8000 mg kg-1 in soil [53] and 15000-35000 mg 
kg-1 in plants [24]. Present work revealed that low-
est-to-highest Mg content (mg kg-1) in soil was 
2267.602±24.421 (St4)-3914.906±54.784 (St2) and 
in plant parts it was 506.359±5.115 (St4/B)-
2451.640±29.240 (St2/UwL). Based on above-liter-
ature, soil Mg levels were within normal range 
whereas they were below the normal limits in plant 
parts. In addition, removal rates of Mg were esti-
mated lowest 1.46% at St3 and highest 3.46% at St4. 
Similar studies reported that Mg content in F. excel-
sior leaves was 2200-6900 mg kg-1 [26]. Mg content 
in F. pennsylvanica leaves ranged as 3820-3050 mg 
kg-1 [27]. G [48] reported Mg contents 
as 1300-4900 mg kg-1 in soil, 1500-3500 mg kg-1 in 
leaves and 1100-2100 mg kg-1 in bark.  

Manganese (Mn) is an essential plant micronu-
trient and it involves in various metabolic processes 
such as photosynthesis, various enzymatic reactions, 
protein, lignin and carbohydrate synthesis, and cell 
division and extension [43, 54]. The range of Mn 
contents in soil is reported to be as 10-9000 mg kg-1 

with average 437 mg kg-1 [30] whereas in plant parts, 
it is demonstrated as 30-300 mg kg-1 [41]. In this 
study, lowest-to-highest detected Mn content (mg 
kg-1) in soil was 173.792±2.736 (St2)-259.41±2.796 
(St4) and in plant parts it ranged 7.372±0.102 
(St2/WL)-14.532±0.166 (St4/UwL). Inferring to 
above-literature, Mn in plant parts was indicated be-
low the normal range. In addition, Mn removal rates 
were estimated lowest 23.63% at St5 and highest 
24.80% at St2. This also revealed Mn has the highest 
proportion of air-emission. Studies also demon-
strated that Mn content in F. pennsylvanica leaves 
was 32.9-48.7 mg kg-1 [27]. Mn level in F. pennsyl-
vanica bark was 19.2-26.5 mg kg-1 [42]. 
al. [48] reported Mn contents as 342-1570 mg kg-1 in 
soil, 9-36 mg kg-1 in leaves and 16-75 mg kg-1 in 
bark.  

Sodium (Na) is classified as a beneficial ele-
ment due to its essentiality for some plants and to 
some extent it can take over K functions in case of 

K-deficiency [55, 56]. Soil and plant Na concentra-
tions are reported to show great variability, ranging 
as 1000-10000 mg kg-1 in soil and 100-100000 mg 
kg-1 in plants [50]. This study showed that lowest-to-
highest Na content (mg kg-1) in soil ranged as 
91.811±0.928 (St2)-136.899±1.475 (St4) and in 
plant parts it was 89.464±1.183 (St2/B)-
271.681±3.104 (St4/UwL). In addition, Na removal 
rates were noted lowest 1.62% at St5 and highest 
4.05% at St4. In earlier studies, Na content in F. 
pennsylvanica leaves was reported as 23.1-23.2 mg 
kg-1 [27]. [48] reported Na contents 
as 100-800 mg kg-1 in soil, 50-370 mg kg-1 in leaves 
and 140-1240 mg kg-1 in bark.  

Lead (Pb) is considered as second toxic sub-
stance after arsenic according to Agency for Toxic 
Substances and Disease Registry report [59, 60]. It 
adversely affects plants from biochemical, struc-
tural, metabolic, morphological and physiological 
aspects. Pb levels in soil are reported to range 10-40 
mg kg-1 with a grand average 25 mg kg-1 whereas in 
plants 5-10 mg kg-1 is accepted as normal but above 
30 mg kg-1 is considered toxic [41]. In this study de-
termined that lowest-to-highest Pb content (mg kg-1) 
in soil was 67.134±0.857 (St2)-99.73±1.075 (St4) 
and in plant parts it was 7.988±0.092 (St2/B)-
18.016±0.206 (St4/UwL). Referencing to Kabata-
Pendias and Pendias [41], Pb levels in soil and plants 
were above the normal range but it was not at toxic 
level for plants. In addition, Pb removal rates were 
measured lowest 20.12% at St2 and highest 20.90% 
at St7. Similar studies also reported that Pb contents 
in soil and F. excelsior leaves were 75.2 mg kg-1 and 
5.0 mg kg-1 respectively [31]. Aksoy and Demirezen 
[20] reported Pb content as 9.12-57.62 mg kg-1 in 
soil and 8.02-18.42 mg kg-1 in leaves and removal 
ratio of Pb was 9.57-46.11% [20]. Pb content in F. 
pennsylvanica bark was 0.7-43.0 mg kg-1 [42]. Pb 
content in F. pennsylvanica leaves was 0.129-0.130 
mg kg-1 [27]. Pb contents in soil and F. rotundifolia 
leaves were as 7.1±1.4 mg kg-1 and 9±1.4 mg kg-1 
respectively [34].  

Zinc (Zn) is an essential plant micronutrient. It 
has crucial role in enzyme structure and function. It 
also involves in tryptophan and indole acetic acid 
(IAA) synthesis, membrane integrity and lipid pe-
roxidation, carbohydrate metabolism and protein 
synthesis [43, 57]. The natural Zn contents in soil is 
reported as 3-770 mg kg-1 with a grand average of 65 
mg kg-1 [10, 43, 53, 58] whereas in plants it is ranged 
as 27-150 mg kg-1 [41]. Present study demonstrated 
that lowest-to-highest Zn content (mg kg-1) in soil 
was 172.874±2.863 (St2)-268.004±2.888 (St4) and 
in plant parts it was 34.583±3.283 (St2/WL)-
60.410±0.690 (St4/UwL). Inferring to above-refer-
ence, soil Zn levels were noted above average while 
in plant parts levels were within normal ranges. In 
addition, Zn removal rates were calculated lowest 
4.50% at St6 and highest 14.55% at St1. Studies 
showed that Zn contents in soil and F. excelsior 
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leaves were 358 mg kg-1 and 26 mg kg-1 respectively 
[31]. Aksoy and Demirezen [20] showed Zn levels 
as 92.64 mg kg-1 in soil and 13.22-29.41 mg kg-1 in 
leaves, and Zn removal ratio was reported as 9.92-
38.16% [20]. Zn content in F. pennsylvanica bark 
was demonstrated as 2.7-189.1 mg kg-1 [42]. Zn level 
in F. pennsylvanica leaves was determined as 23.9-
41.7 mg kg-1 [27].  

Overall estimations revealed that Cd, Cr, Cu, 
Fe, K, Mn, Na, Pb and Zn elements demonstrated 
their highest concentrations at St4 (Chuy Street) and 
their lowest values were at St2 (Shabdan Baatry 
Street). In contrary, Ca and Mg levels were highest 
at St2 (Shabdan Baatry Street) and lowest at St4 
(Chuy Street). Low element levels at St2 (Shabdan 
Baatry Street) were understandable because this 
street has been well exposed to breezes from moun-
tain site and it has also low traffic density. However, 
St4 (Chuy Street) has been the busiest road, as it is 
an international transit road passing through the city. 
The largest automotive industrial zone was 

also located on this road. Besides, air flow was low 
at this site because street was away from mountain 
and closed to the mountain breezes. 

Moreover, in this study work also analyzed the 
correlations between soil and washed leaf samples 
(Table 3). Results clearly demonstrated that there has 
been a definite positive (>0.86, >0.99) or negative (-
>0.86, ->0.96) correlation between the quantities of 
soil and plant elements. This significant correlation 
once more showed the suitability of using F. excel-
sior plants as biomonitor organism and also further 
corroborated the similar reports in this regard. 

In addition, self-correlations of all soil and 
plant elements showed that all test metals except Ca 
and Na demonstrated strong positive correlations 
(>0.61, >0.99) with each other (Table 4). 

Furthermore, paired-sample t-test results for 
unwashed and washed leaf samples demonstrated 
that atmospheric particles deposited on leaves could 
increase a significant amount of elemental concen-
trations in unwashed leaves (Table 5). 

 
 

TABLE 3 
Correlation matrix (R) data between quantities of soil and washed leaf elements. Matrix data are obtained 

by Pearson correlation method. 
Correlation matrix (R) 

Pearson 
correlation 

Soil 
Ca Cd Cr Cu Fe K Mg Mn Na Pb Zn 

W
as

he
d 

L
ea

f 
(W

L
) 

Ca .986** -.955** -.939** -.948** -.942** -.934** .988** -.943** -.960** -.952** -.957** 
Cd -.916** .975** .955** .965** .972** .966** -.911** .988** .971** .973** .966** 
Cr -.939** .992** .986** .991** .989** .980** -.942** .985** .997** .987** .988** 
Cu -.939** .989** .972** .979** .987** .985** -.930** .993** .987** .980** .986** 
Fe -.923** .993** .987** .993** .993** .985** -.922** .991** .991** .975** .986** 
K -.946** .983** .969** .979** .984** .978** -.945** .985** .988** .993** .984** 

Mg .995** -.942** -.914** -.926** -.926** -.918** .991** -.930** -.947** -.948** -.943** 
Mn -.941** .997** .979** .986** .988** .977** -.938** .994** .993** .983** .986** 
Na -.938** .986** .978** .983** .992** .990** -.929** .987** .987** .978** .988** 
Pb -.948** .982** .968** .977** .981** .976** -.947** .984** .987** .992** .981** 
Zn -.857** .889** .896** .896** .873** .856** -.886** .876** .901** .886** .885** 

**Correlation is significant at 0.01 levels (2-tailed) 
 

TABLE 4 
Self-correlation matrix (R) data of soil and plant elements. Matrix data are obtained by  

Pearson correlation method. 
Correlation matrix (R) 

Pearson  
correlation 

Cd Cr Cu Fe K Mg Mn Na Pb Zn 

Ca -.371** -.322** -.351** -.297** -.443** .122 -.300** -.299** -.336** -.367** 
Cd  .992** .999** .994** .614** .630** .995** -.472** .996** .997** 
Cr   .995** .997** .675** .712** .996** -.428** .998** .997** 
Cu    .997** .623** .650** .997** -.472** .997** .998** 
Fe     .618** .684** 1.000** -.493** .997** .996** 
K      .736** .618** .359** .656** .648** 

Mg       .683** -.104 .688** .659** 
Mn        -.492** .998** .996** 
Na         -.444** -.444** 
Pb          .998** 

**Correlation is significant at 0.01 levels (2-tailed) 
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TABLE 5 
Paired-sample t-test results for unwashed and washed leaf samples 

 

Paired Differences 

t df 
Sig. 
(2-

tailed) Mean 
Std.  

Deviation 
Std. Error 

Mean 

95% Confidence Interval of the Dif-
ference 

Lower Upper 

Pair 1 Ca UwL - 
Ca WL 245.426725 366.954833 58.020653 128.068876 362.784574 4.230 39 .000 

Pair 2 Cd UwL - 
Cd WL 

.225175 .035620 .005632 .213783 .236567 39.981 39 .000 

Pair 3 
Cr UwL - 
Cr WL .340400 .060668 .009592 .320997 .359803 35.486 39 .000 

Pair 4 Cu UwL - 
Cu WL 1.776475 .311402 .049237 1.676884 1.876066 36.080 39 .000 

Pair 5 Fe UwL   
Fe WL 

5.604650 2.495342 .394548 4.806601 6.402699 14.205 39 .000 

Pair 6 
K UwL   
K WL 66.152800 52.940551 8.370636 49.221590 83.084010 7.903 39 .000 

Pair 7 Mg UwL - 
Mg WL 45.051700 21.709391 3.432556 38.108700 51.994700 13.125 39 .000 

Pair 8 Mn UwL - 
Mn WL 

2.898225 .366023 .057873 2.781165 3.015285 50.079 39 .000 

Pair 9 
Na UwL - 
Na WL 5.951525 5.489910 .868031 4.195767 7.707283 6.856 39 .000 

Pair 10 Pb UwL - 
Pb WL 3.050725 .497776 .078705 2.891529 3.209921 38.761 39 .000 

Pair 11 Zn UwL - 
Zn WL 

3.724725 3.880366 .613540 2.483724 4.965726 6.071 39 .000 

Unwashed Leaf (UwL); Washed leaf (WL). 
 
CONCLUSION 
 

Findings showed that mineral element contents 
in F. excelsior plants are affected by heavy metal 
pollution. From stations, Chuy (St4) and Shabdan 
Baatry (St2) Streets were noted with highest and 
lowest pollution rates, respectively. Cd, Cr, Cu, Fe, 
K, Mg, Mn, Pb and Zn demonstrated strong positive 
correlations with each other. Heavy metals Cd and 
Pb in soil, and Cd, Cr and Pb in plants were above 
the acceptable limits. Removal rates of Cd, Cu, Mn 
and Pb were higher than other elements and demon-
strated similarities between all stations. Overall, F. 
excelsior plants compensate the characteristics that 
must be found in biomonitor organisms and they re-
flects the pollution levels at the test stations, appro-
priately. 
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A pilot scale experiment was conducted to an-

alyze the characteristics and factors of contaminant 
removal in the coupled bio-electrochemical AF-
BAF process treating dyeing wastewater. Results 
showed that the optimum conditions of coupled 
system were: HRT=7h, pH =6, and DO=4mg·L-1. 
And the influent COD and dye concentration con-
trolled at 300 mg·L-1and 100 mg·L-1 respectively 
were beneficial for pollutants removal. After treat-
ment under the optimum conditions, removal effi-
ciencies of COD, dye and chroma reached 92.2%
97.7% and 99.0% respectively. The system can 
remove highly concentrated azo dyes efficiently 
with low COD concentration through multiple 
mechanisms (e.g. biochemical and internal electrol-
ysis reactions), and simultaneously produce less 
intermediate products (aromatic amine). The con-
clusions can provide reference for practical engi-
neering and theoretical research.  

AF, azo dye, BAF, coupling system of electrochemistry 
and biochemistry, textile wastewater 

Dyeing wastewater is one of the most refracto-
ry industrial sewage because it has a complex com-
position, contains many refractory substances and 
produces carcinogenic intermediate products (ani-
line) during the treatment process. According to the 
"Textile Dyeing and Finishing Industry Water Pol-
lutant Discharge Standard" (GB4287-2012) imple-
mented in 2015, the effluent COD (chemical oxy-
gen demand) concentration must be less than 
50mg·L-1, chroma less than 50 times, and aniline 
must not be detected, which proposes a higher 
treatment requirement.  

Currently, approaches for treating dyeing 
wastewater are mainly divided into two types. The 
first type is physicochemical method, e.g. adsorp-
tion, membrane separation, chemical precipitation, 
chemical oxidation & reduction and electrochemi-
cal technology [1, 2]. Adsorption process has diffi-

culty regenerating adsorption materials and is easy 
to cause secondary pollution [3]. Membrane separa-
tion technology requires high operation and 
maintenance costs, and may cause membrane pollu-
tion. Chemical oxidation-reduction process has 
disadvantage of selective oxidation and incomplete 
processing [4]. For electrochemical oxidation 
method, the consumption of a huge amount of en-
ergy and electrode materials produces large quanti-
ties of sewage. The second type is biological meth-
od, and it is of high economic feasibility and widely 
used. The most common one utilized for the actual 
treatment is anaerobic-aerobic combination process; 
however, this process also has some shortcomings, 
such as the unstable removal effect of aniline com-
pounds and poor impact resistance. 

Aiming at these problems, an anaerobic filter 
(AF) – biological aerated filter (BAF) coupling 
process filled with internal electrolytic packings 
was introduced. The principle of catalytic internal 
electrolysis method is: wastewater serves as electro-
lyte solution, where numerous iron-carbon primary 
cell reactions [5] occur after adding inert substances 
(e.g. activated carbon and graphite) and high-
potential metals to cast iron scraps. The underlying 
mechanisms can be summarized as:  

The basic electrode re-
action is: 
anode (Fe):Fe→Fe2++2e E0(Fe2+/Fe) -0.44V (1) 
cathode (C):2H++2e→H2 E0 (H+/H2) =0V     (2)  

When O2 exists, the cathode reaction is:  
O2+4H++4e→2H2O (acidic solution) E0(O2)=1.23V             

(3)     
O2+2H2O+4e→4OH-(neutral or alkaline solution) 
E0(O2/OH-) =0.40   (4) 

During electrode reaction, unsaturated chro-
mophores of dye molecules acquire electrons easi-
ly, thereby changing the structure of chromophore 
and reducing chroma in wastewater[6]. Moreover, 
low oxidation-reduction potential gained by elec-
trochemical reaction develops an excellent reduc-
tive environment, helping to reduce azo dye mole-
cules to hydrogenated azo or aromatic amine com-
pounds.  

 

Under acidic condition, nascent hydrogen [H] the 
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electrode produces can destroy chromophore of dye 
molecules and strengthen decolorization and de-
composition performance. Moreover, H2 produced 
on filler surface can be used as electron donors for 
microbial degradation, energy sources for microbial 
growth, and reduction equivalents for dye degrada-
tion [7]. 

Iron, with strong elec-
tronegativity (E0(Fe2+/Fe) -0.44V), can degrade 
pollutants under certain conditions. 

Fe2+ and Fe3+ are produced during electrochemical 
reaction. Their hydrates have strong adsorption and 
flocculation activity which can make fine dispersed 
particles and flocculent colloidal organic com-
pounds precipitate. Moreover, iron elements con-
tribute to microbial growth and enzyme activity 
enhancement [8-10], thereby strengthening biodeg-
radation and improving shock resistance capacity 
[11].

Compared with ordinary biological or physi-
cochemical methods, this coupling process has 
great ability to strengthen biodegradability, main-
tain a stable acid-base environment and accelerate 
dye degradation [12]. It can remove pollutants at a 
low organic concentration in a short time and re-
duce microbial dependence on symbiotic metabo-
lism, with less intermediates (aromatic amines) 
produced. In this paper, we analyzed the factors of 
this coupling process and determined its optimum 
operating parameters. Also, comparative experi-
ments were conducted to study its unique ad-
vantages, and investigate the element migration in 
both the effluent and biofilm to discuss the pollu-
tant removal characteristics and underlying reaction 
mechanisms. The conclusions can provide reference 
for practical engineering and theoretical research, 
and they have both significant economic benefits 
and ecological efficiency toward dyeing industry. 

In this experiment, re-
active red X-3B (99% purity) azo dye wastewater 
was taken as the research object, which was ob-
tained from the Shanghai Jiaying Chemical Co. Ltd. 
C6H12O6, NH4Cl and KH2PO4 were added in pro-
portion (concentration ratio of C:N:P=200:5:1) as 
the carbon, nitrogen and phosphorus source of the 
influent respectively. And NaHCO3 and H2SO4 
were chosen as the acidity regulator to adjust the 
influent pH value. Moreover, 0.3ml nutrient solu-
tion was added to each liter of stimulated 
wastewater influent [13].  

The experimental apparatus used in this experi-
ment, a bench scale system consisted of an AF and 
a BAF, is shown in Figure 1. Considering factors 
such as hydraulic detention time (HRT) and height 
of filter layer, bioreactor parameters were designed: 
external diameter of 108mm, wall thickness 4mm 
and height 1600mm with working volume of 2.4 L 
for AF, and external diameter of 80mm, wall thick-
ness 4mm and height 1000mm with working vol-
ume of 1.2L for BAF. Both biofilters were made of 
plexiglass, filled with internal electrolysis compo-
site fillers which were prepared based on our pre-
liminary research results [14, 15] and engineering 
experiences. This fillers have spherical shape with 
diameter of 10 to 20mm, consisting of iron powder 
(mass ratio 85~90%), activated carbon powder 
(mass ratio 10~15%) and a small amount of binder 
and catalyst (rare earth metal powder). Before being 
used, fillers were activated by diluted (5%) hydro-
chloride acid for 1 h firstly, and then soaked in 
diluted (5%) sodium hydroxide for 1 h. 
 

The 
analytical methods used are shown in Table 1. 
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Parameters Analytical methods 
COD Potassium chromate method 
NH4+-N Nessler 's reagent spectrophotometric method 
dye concentration and removal rate UV - Vis spectrophotometric method 
chroma Dilution multiple method 
aniline compounds N- (1- naphthyl) ethylenediamine azo spectrophotometric method 
pH  Glass - electrodes method 
DO Portable dissolved oxygen meter 

 

  

 

To what degree the chemical 
reaction proceeds, whether complete or not, it is 
subject to length of HRT. In the experiment, effects 
of HRT on pollutants removal was studied when 
HRT was 6h, 7h, 8h and 9h respectively while the 
initial COD 275~300mg·L-1, initial pH 6.5~7.5 and 
DO 4.0±0.3 mg·L-1 all the time. 

 
Results in 

Figure 2(a) indicated that proper prolongation of 
HRT is beneficial for organics degradation. Be-
cause the highly concentrated non-biodegradable 

dyes exist in the influent, proper reduction of hy-
draulic load can create excellent growing conditions 
for microorganisms. Also, it can ensure sufficient 
contact between wastewater and biofilm through 
reducing the shearing force of influent. However, 
excessive HRT can be harmful to microorganisms 
too. Because toxic intermediates (aromatic amines) 
into which dyes are usually degraded in AF would 
remain in system for a long time. Moreover, results 
also demonstrated that COD removal mainly oc-
curred in AF, which helped to stabilize the system 
operation, reduce the impact of hydraulic load fluc-
tuation and relieve load pressure of the subsequent 
BAF process.  
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From 
Figure 2(b), it is obvious that AF played a dominant 
role in dye removal. When HRT was 9h, 8h, 7h and 
6h, the corresponding dye removal rate in AF were 
97%, 96.9%, 96.2% and 95.1% respectively. While 
dye removal rate in BAF did not change regularly 
with HRT, but hit the top when HRT was 7h. This 
was due to the promotion of driving force for dye 
degradation in BAF resulting from the rise of influ-
ent dye concentration when HRT was decreasing. 
Also, decreasing HRT brought about enhanced 
water shearing force and accelerated aging biofilm 
renewal, which is favorable for corrosion and redox 
action of iron on filler surface. However, dye re-
moval capacity in BAF decreased when HRT was 
6h, since wastewater and microorganisms were not 
able to contact fully and adequately.  

From Figure 2(c), it demonstrated that the av-
erage chroma removal efficiency in AF decreased 
with HRT decreasing, while that in BAF fluctuated 
between 45% and 63%. However, as for the whole 
system, there was no distinct difference in chroma 
removal when HRT varied. 

In summary, when HRT was decreasing, even 
though the contaminant (COD, dye and chroma) 
removal declined variably, the overall system still 

achieved a comparatively outstanding degradation 
effect. It is because the coupling effect of microor-
ganism and internal electrolysis reaction offer the 
system, especially AF, a strong resistance to HRT 
variation and hydraulic load fluctuation. Thus, the 
optimum HRT is 7h through synthetical considera-
tion. 

During treatment, 
pH can not only affect the performance of internal 
electrolysis fillers and corrosion rate of iron, but 
also influence the growth and activity of microor-
ganisms. The internal electrolysis reaction served a 
double purpose of degrading pollutants and keeping 
acid-base balance by producing OH- or consuming 
extra H+ under different pH condition, which was 
beneficial for microorganism growth. Meanwhile, 
in neutral and alkalescent environment, Fe2+ and 
Fe3+ of strong flocculating activity derived from 
internal electrolysis reaction contributed to pollu-
tant removal. It is also worth noticing that the loss 
of fillers was dramatically slow and almost negligi-
ble, because the internal electrolysis reaction, as an 
auxiliary coupling reaction strengthening biological 
metabolism, was relatively faint and weak. 
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In the experiment, the effects of initial influent 
pH on pollutants removal as well as the effluent pH 
value after each processing stage were studied. The 
initial influent pH was set at 5, 6, 7 and 8 respec-
tively while the initial COD 275~300mg·L-1, HRT 
7h and DO 4.0±0.3 mg·L-1 all the time.

Figure 3(a) showed that the total COD removal 
efficiency firstly increased and then decreased as 
pH decreasing, and reached a high level in slightly 
acid condition, because the corrosion on filler sur-
face and organics degradation through electrochem-
ical action were strengthened. Meanwhile, exsolved 
Fe2+ from filler surface, as an essential mineral 
element for microorganisms, favored the improve-
ment of microbial enzymes activity [8] and ability 
of microorganism to resist pH fluctuation.  

As shown in Figure 3(b), the total chroma re-
moval efficiency increased firstly and decreased 
after as pH decreased, and it peaked at 97.8% when 
pH was 6. 

When pH value was 6, a better organics deg-
radation in AF was achieved due to the improved 
internal electrolysis action, which resulted from 
accelerated corrosion on filler surface. Moreover, 
two substances released during process contributed 
to dye degradation, i.e. electron donor H2 which is 
essential for microbial metabolism, and Fe2+ which 
promotes microbial metabolic enzyme activity. 
With pH decreasing, biofilm attached to filler sur-
face suffered visible abscission, and part of the 
adsorption and degradation effect produced by 
microorganisms got inhibited. Nevertheless, dye 
degradation still remained at a high level due to the 
stable acid-base environment owing to internal 
electrolysis action. 

As shown in Figure 3(c), the total chroma re-
moval rate declined notably with initial pH value 
rising. It demonstrated that acid condition helps 
increase the internal electrolysis activity and thus 
enhances the chroma degradation [16].  

In summary, 6 is considered as the optimum 
initial pH value. 
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 Most recalci-
trant organics were reduced into intermediate prod-
ucts in AF, and oxygen was essential for complete 
oxidation decomposition in the following BAF. 
From Figure 4(a), the COD removal rate in BAF 
increased gradually as DO increased, and almost 
unchanged when DO rose from 4.3 mg·L-1 to 5.5 
mg·L-1. And high COD removal rate was achieved 
when DO was around 4 mg·L-1. Beyond a certain 
range, however, decreasing DO had little effect on 
organics removal.  

. Figure 
4(b) showed that the highest average dye removal 
rate in BAF was only 16.7%, suggesting that dye 
removal mainly occurred in AF and stabilized when 
DO was 1.2~4.3mg·L-1. DO has little effect on dye 
removal, because dye degradation relies heavily on 
reduction in AF. While DO in the subsequent BAF 
mainly helps to oxidize the intermediate metabo-
lites produced in AF.  

Under proper DO concentration, intermediate 
products generated in AF can be decomposed in 

BAF, thus achieving a deeper overall removal of 
chroma. From Figure 4(c), the chroma removal 
efficiency increased with DO increase within lower 
DO concentration range, under which condition 
microorganisms were stimulated to fully break 
down intermediate products. Besides, higher re-
moval efficiency in BAF was also due to the physi-
cal adsorption and interception action of fillers, as 
well as the flocculation action of biofilm and bio-
iron on filler surface [18]. 

In summary, 4mg·L-1 is considered as the op-
timum DO concentration. 

The 
anaerobic degradation of azo dyes belongs to come-
tabolism process, suggesting that organics are es-
sential as the primary electronic donors in dye deg-
radation process. In this study, internal electrolysis 
fillers were applied into bioreactors, and it was 
speculated that the electrochemical effect in cou-
pled system could keep the removal system more 
stable through reducing the dependence of bio-
chemical degradation of dye on organics. 
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The effects of different initial substrate con-
centration on pollutants removal were investigated 
in the experiments, carried out at four initial COD 
concentrations: 150 mg·L-1 300 mg·L-1 450 
mg·L-1 600 mg·L-1. And the influent dye concen-
tration was set at 100 mg·L-1, HRT 7h, initial pH 
6±0.3 and DO 4±0.3mg·L-1.  

Figure 5(a) suggested that the over-
all COD removal efficiency increased as initial 
substrate concentration increased. It is because with 
influent COD concentration increasing, the effluent 
COD concentration in AF increased accordingly, 
which greatly improved the microbial enzyme ac-
tivity and increased COD removal rate in BAF. 
However, when COD concentration exceeded 
300mg. L-1, increasing influent substrate no longer 
influenced COD removal greatly. It suggested that 
this coulped dye wastewater treatment had less 
dependence on organics due to its electrochemical 
action, compared to those traditional single bio-
chemical approaches.  

The effect of microorganisms 
degrading azo dyes can be strengthened by raising 
organic substrate concentration appropriately [19]. 
As shown in Figure 5(b), dye removal rate in BAF 
increased as influent organic substrate(glucose) 
concentration increased, owing to the cometabolism 
action produced by dye, glucose and anaerobic 
microorganisms. However, dye removal rate pre-
sented a slight decline when organic substrate con-
centration increased to 600mg·L-1. That is because 
microorganisms utilize degradable substrates (glu-
cose) preferentially rather than reactive red X-3B 
for growth energy when both substrates coexist [20]. 

From Figure 5(c), the change in chroma re-
moval is similar to that of dye, which revealed an 
increasing and subsequent slightly decreasing ten-
dency with the growth of organic substrate concen-
tration. 

In summary, efficient removal capacity of re-
fractory azo dyes in coupling system was achieved 
under lower organic substrate concentration, and 
the activity of microbial decolorization enzymes 
could be improved within a certain glucose concen-
tration range. It concluded that the optimum initial 
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COD concentration is 300mg·L-1, under which 
condition the decolorization efficiency of the sys-
tem has already reached a high and stable level. 

There 
usually appears a great fluctuation of dye loss in the 
actual dyeing process. In this paper, the effect of 
initial dye concentration on treatment performance 
was investigated. 

The experiments were conducted at four initial 
dye concentrations: 50mg·L-1, 100mg·L-1

200mg·L-1, 300mg·L-1, while the influent COD was 
kept at 270~300 mg·L-1, HRT 7h, initial pH 6±0.3 
and DO 4±0.3mg·L-1. 

 

. Figure 6(a) showed that the average final 
effluent COD concentration varied from 25mg·L-1 
to 68mg·L-1. COD removal rate decreased when 
initial dye concentration increased from 100 mg·L-1 
to 200mg·L-1, because microbial activity was inhib-
ited by toxic intermediates produced in dye degra-
dation process [21]. 

 

As shown in Figure 6(b), within ini-
tial dye concentration range of 50mg·L-1 to 
300mg·L-1, the overall removal efficiency experi-
enced an upward then downward trend, which is 
mainly caused by the changes occurred in AF. 
Firstly, the dye removal rate in AF increased slight-
ly when initial dye concentration rose from 
50mg·L-1 to 100mg·L-1, owing to the adaptation to 
influent dye through preceding experiment process-
es. Afterwards, the continuously increase of initial 
dye beyond a certain range had a negative impact 
on dye removal, because the activity of decoloriz-
ing anaerobic bacteria decomposing dye groups was 
inhibited. By contrast, dye removal in BAF was 
improved as initial dye concentration grew. That is 
because, on the one hand, when influent concentra-
tion of dye was low, the effluent dye concentration 
of BAF remained almost unchanged after dye being 
removed thoroughly in AF. On the other hand, 
biofilms on filler surface developed adsorption and 
degradation ability after being adapted to the envi-
ronment. Moreover, Fe(OH)3 with high flocculation 

activity produced on filler surface under aerobic 
alkaline conditions is conductive to dye removal. 

From Figure 6(c), weakened chroma removal 
performance was found as initial dye concentration 
increased from 50mg·L-1 to 300mg·L-1. Changes in 
chroma removal in either AF or the whole system 
followed a similar pattern. In BAF, chroma removal 
rate maintained approximately 55% and dropped to 
around 20% subsequently when initial dye concen-
tration rose from 50mg·L-1 to 200mg·L-1. This 
revealed that excess dye had a negative effect on 
chroma removal in BAF. 

In summary, strong resistance to dye concen-
tration fluctuation was shown in AF. When dye 
concentration varied from 50mg·L-1 to 300mg·L-1, 
an excellent COD and chroma removal perfor-
mance was achieved despite a modest decline re-
sulting from the inhibited microorganism activity 
caused by increasing dye and toxic intermediates 
[22]. Overall, the optimum influent dye concentra-
tion is 100mg·L-1. 

 

Based on the results above, the optimum pro-
cessing condition is: HRT=7h, initial pH=6, 
DO=4mg·L-1, influent COD=300 mg·L-1 and influ-
ent dye concentration=100 mg·L-1. In order to fur-
ther discuss the pollutant removal characteristics, a 
comparative experiment was conducted in the iden-
tical process using normal ceramsite as packing 
material instead. Both the experimental group (us-
ing coupling system) and contrast group (using 
normal ceramsite) were operated stably for 15 days 
under the optimum conditions, during which time 
no packing replacement was necessarily required. If 
in long-term daily operation, however, fillers 
should be renewed and sludge discharge and back-
washing cycle be set according to the actual situa-
tions. In the comparative experiments, changes of 
pollutant removal, pH, ORP and accumulation and 
degradation of aniline were studied.  

 

The COD, dye and chroma removal of both 
experimental group (Group-e) and contrast group 
(Group-c) were tested, and results were displayed in 
Table 2. 

Processing 
Unit 

COD dye chroma 

C-in 
(mg·L-1) 

C-e 
(mg·L-1) 

RR 
(%) 

TRR 
(%) 

C-in 
(mg·L-1) 

C-e 
(mg·L-1) 

RR 
(%) 

TRR 
(%) 

Inflow 
(times) 

Effluent 
(times) 

RR 
(%) 

TRR 
(%) 

Grou
p-e 

AF 290.2 88.5 69.5 92.2 101.5 2.7 97.3 97.7 600 12 98 99 
BAF 88.5 22.6 74.5 2.7 2.3 14.8 12 6 52.6 

Grou
p-c 

AF 290.2 165.1 43.1 
87.3 

101.5 7.1 93 
95.6 

600 28 95.3 
97 

BAF 165.1 37.0 77.6 7.1 4.5 36.6 28 18 35.7 
Note: C-in: inflow concentration. C-e: effluent concentration. RR: removal rate. TRR: total removal rate 
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Table 2 illustrated that under the same condi-
tions, both COD and chroma removal rate were 
higher in experimental group than that in contrast 
group. 

In terms of COD removal, coupling system 
has a superior removal capacity. When treating 
refractory toxic wastewater under low COD con-
centration, organics removal mainly occurs in BAF, 
while AF mostly play the role of degrading macro-
molecular refractory substances through hydrolysis 
and acidification simply, and that can be also prov-
en in experimental results of contrast group. Never-
theless, in coupling system, the degradation ability 
in either BAF or AF is quite similarly excellent. 
Massive refractory substances and organics can be 
degraded and removed within a short HRT, about 
4h, in AF. It can be revealed that the coupling sys-
tem contributes to shortening HRT, reducing power 
consumption and lightening organic load of the 
subsequent aerobic treatment. 

 

 
In terms of chroma removal, experimental re-

sults showed that the effluent dye concentration in 
AF of contrast group was 2.6 times that in experi-

mental group, and the final effluent concentration 
of the former was 2 times as much as that of the 
latter. It is obvious that the coupling system had a 
superior dye removal capacity which mainly oc-
curred in AF. Moreover, the chroma removal per-
formance in coupling system was better too. 

 

Dye is degraded by accepting electrons and 
subsequently breaking azo bonds down mainly in 
AF. Therefore, it is of great significance to maintain 
low redox potential for anaerobic degradation of 
dye. Under the same conditions, the changes of 
ORP (oxidation and reduction potential) and efflu-
ent pH of AF over operation time were tested. Re-
sults were shown in Figure 7 (a), (b). 

Figure 7 showed that AF in coupled system 
had a lower ORP and higher pH value, which were 
-218mv and 7.5 respectively. It suggested that AF 
filled with electrolytic packings was more favorable 
for electrons transmission during dye degradation 
and thus led to acceleration of reduction reaction. 
From Figure 7(b), pH value of AF in coupling sys-
tem was seldom affected by the influent pH, and the 
effluent always remained neutral and alkaline. This 
is because that iron corrosion on internal electroly-
sis filler surface produced OH- and thus maintained 
pH stability of the system. 

 

During dyeing wastewater treatment process, atten-
tion should not only be paid to contaminant remov-
al, but also carcinogenic aromatic amines com-
pounds generated in AF. Therefore, in the compara-
tive experiments, the optimum HRT range for dye 
removal in AF was selected to study the aniline 
accumulation in AF and aniline removal in the 
subsequent BAF. Results were shown in Figure 8.  

 

 
From Figure 8, the average aniline concentra-

tion in final effluent of experimental group was 
within the detection limit, less than 0.05mg/L, 
while that of contrast group was about 0.3mg/L, 
which failed to meet discharge standards.  
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  Fe S Si Ca 

Coupled system AF 70.8% 15.7% 5.2% 2.3% 
BAF 89.8% 0.6% 3.2% 2.8% 

Ordinary filter AF 10.8% 1.9% 24.9% 33.3% 
BAF 10.2% 1.2% 23.6% 41% 

  Fe C O S 
Coupled system AF 30.2% 32.0% 22.8% 8.2% 
 BAF 42.3% 21.6% 30.5% 0.3% 
Ordinary filter AF 2.9% 24.0% 35.1% 0.7% 
 BAF 2.5% 29.0% 33.6% 0.5% 

 
 
As for AF, firstly, sulfate reduction action and 

possible denitrification were produced by sulfonic 
acid groups and amino groups of reactive Brilliant 
Red X-3B Dye during dye reduction, both of which 
contributed to aniline degradation [23]. Secondly, a 
part of dyes were removed through flocculation and 
adsorption of Fe3 + and Fe2 + [24] or adsorption of 
internal electrolytic fillers surface [25], thus con-
trolling aniline compounds from the source. 

As for BAF, aniline removal rate of experi-
mental group (96.4%) was far higher than that of 
contrast group (82.1%) because of glucose effects, 
that is, aniline compounds were preferentially de-
graded when organics concentration was lower. 
Moreover, after thorough aniline degradation in AF 
of experimental group, the inhibition action against 
microorganisms caused by aniline in the subsequent 
BAF was alleviated, resulting in a better aniline 
removal. 

Biofilm in coupled system was more 
compact with better sedimentation property com-
pared with that in contrast group, because substan-
tial Fe3+, Fe2+ or Fe(OH)X existing in coupled sys-
tem stimulated microorganism growth. The biofilm 
element composition was analyzed by X-ray fluo-
rescence spectrometry (XRF), and results were 
displayed in Table 3 and Table 4.  

The adsorption of dyes or their metabolites in 
biofilm was evaluated by sulfur content, because 
sulfur existed exclusively in dye molecules in the 
influent. From Table 3, 1.9% of sulfur was ob-
served in biofilm in ordinary AF, while that in cou-
pled AF was 15.7%. Moreover, Fe of extremely 
high concentration was discovered in biofilm in 
coupled system. The newly dissolved Fe2+ or Fe3+ 
has strong flocculation activity that could remove 
dye directly. Also, FeS and Fe(OH)x, formed by 
reaction between Fe2+ or Fe3+ and S2- produced dur-
ing dye reduction, could remove metabolites 
through flocculation.  

From Table 4, massive Fe and O elements 

with a few S elements were observed in aerobic 
sludge, suggesting that a large number of iron oxide 
compounds were produced, and also proving that 
dye removal occurred mainly in AF.  

Through the analysis of element composition 
and effect comparison of pollutant removal, it con-
cluded that strong pollutant removal mainly oc-
curred in the internal electrolysis filler biofilm. Its 
underlying mechanisms included not only microbial 
redox, but also adsorption, coprecipitation and net 
capture of iron flocs in biofilm. In AF, more and 
more Fe3+ and Fe2+ were dissolved out through 
microorganism metabolism and biological corro-
sion on filler surface because of its high reducing 
capacity gained by internal electrolysis. In conclu-
sion, removal efficiency of organic compounds and 
dyes in AF of coupling system has obvious ad-
vantages over that of ordinary ceramsite filter sys-
tem. 

 
 

 
In this study, internal electrolysis fillers were 

applied innovatively to electrochemical and biolog-
ical coupled AF-BAF process to treat simulated 
dyeing wastewater. The optimum operation pa-
rameters were determined through processing effect 
study under different working conditions, and tech-
nology advantages were investigated through com-
parative experiments and dynamic analysis. Over-
all, conclusions are drawn as follows: 

1) When treating simulated dyeing wastewater 
by coupled process, the optimum processing pa-
rameters were: HRT=7h, initial pH =6, and 
DO=4mg·L-1. Under the optimum conditions, re-
moval efficiencies of COD, dye and chroma were 
as high as 92.2% 97.7% and 99.0% respectively. 
Influent COD and dye concentration of 300 mg·L-

1and 100 mg·L-1 respectively was beneficial to the 
treatment. Moreover, a strong ability to resist the 
influence of dye concentration fluctuation was 
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observed in AF. 
2) The comparative experiments suggest: a 

superior effect of COD removal and decoloration 
were obtained by the coupled process compared 
with traditional ceramsite methods; through multi-
ple enhanced biological actions, the high contami-
nant removal efficiency in a very short time and 
less aromatic intermediate products can be achieved 
simultaneously.  

3) The biofilm element composition analysis 
suggests: enhanced pollutant removal effect of the 
coupled process mainly occurred in the internal 
electrolysis filler biofilm; its underlying removal 
mechanisms includes not only microbial redox, but 
also adsorption, coprecipitation and net capture of 
iron flocs. 
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The aim of this study was to evaluate the anti-

oxidant and anti-proliferative activities of 
 Boiss. together with investigation of 

phenolic content. Antioxidant activity of water and 
methanol extracts were evaluated by four different 
methods namely, DPPH and ABTS radical scaveng-
ing activity, cupric ion reducing antioxidant capaci-
ty (CUPRAC), and Fe2+ chelating assay. Antiprolif-
erative activities of the extracts were assessed 
against various human cancer cell lines namely, 
breast adenocarcinoma (MCF-7), colorectal adeno-
carcinoma (HT-29) and hepatocellular carcinoma 
(HepG2) cells. HPLC analysis indicated the pres-
ence of eight phenolic compounds in eighteen phe-
nolic standards scanned. Antioxidant activity results 
showed the superiority of methanol extract to water 
extract according to DPPH, CUPRAC and Fe2+ 
chelating tests, while the water extract displayed 
more antioxidant activity by ABTS assay. Antipro-
liferative activity results demostrated that methanol 
extract displayed about 2.5-fold, 3.3-fold and 6-fold 
more activity against MCF-7 cells, HepG2 cells and 
HT-29 cells, respectively. However, both water and 
methanol extracts were observed to display moder-
ate biological activity compared to positive con-
trols. The obtained data suggest that 

may be evaluated as a promising source 
for food and nutraceutical industries due to its good 
antioxidant and moderate antiproliferative poten-
tials together with its rich phytochemical profile. 

 

RP-HPLC  antioxidant activity, 
anti-proliferative activity, cell culture 

 

 
Medicinal plants, including biologically active 

phytochemicals have been commonly used for 
many years in a diverse array of purposes such as 
medicine, nutrition, flavorings, beverages and cos-
metics [1]. The action modes of the phytochemicals 

in the plants and/or plant-derived products might be 
attributed to their antioxidant behaviors since they 
can stop or prevent the oxidation of many signifi-
cant macromolecules in the cell [2, 3]. In addition, 
phenolic compounds behaving as antioxidants have 
commonly been used in food and pharmaceutical 
industries for contribution to protection against 
oxidative degradation of foods [4]. Besides, phenol-
ic compounds from plants possess important bio-
logical activities such as anti-inflammatory, anti-
bacterial, anti-proliferative, anti-mutagenic, anti-
carcinogenic activities, [5]. However, many plants, 
which are used as food or traditional medicine may 
become mutagenic, cytotoxic or genotoxic for 
healthy cells, resulting from the long-term usage 
[6]. Therefore, cytotoxicity tests are very useful to 
determine the concentration range to be used, and 
also these tests may contribute to more detailed 
studies to provide meaningful information on pa-
rameters such as cytotoxicity, genotoxicity, induc-
tion of mutations or programmed cell death [7]. 
Many studies have been carried out on natural 
sources to unravel the phenolic components having 
high antioxidant potential and strong antiprolifera-
tive activity against cancerous cells [6]. Because of 
diverse biological roles, the identification and quan-
tification of phytochemicals in different plant spe-
cies are very essential [8].  

The genus Gypsophila L. having 126 species 
worldwide is mainly distributed in the Irano-
Turanian and Mediterranean regions, and it is the 
third biggest genus of Caryophyllaceae family in 
Turkey, possessing 55 species, represented by 58 
taxa, 33 of which are endemic [9]. 

 species have been widely used in folk medicine 
throughout the world due to its diverse medicinal 
purposes such as spermicidal, hypocholesterolae-
mic, anti-inflammatory and antiviral activities [10], 
antioxidant activity [11], cytotoxic activity [12]. 
They are also used to treat fever, consumptive dis-
ease, and infantile malnutrition syndrome [13]. 
Additionally, some  species are used in 
food industry to produce soaproot, ice-cream, liq-
uor, herby cheese [14], and also some species are 
added to halva in order to give crispness, [9]. 
Moreover; because of their good sparkling proper-
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ties and high saponin contents they are used in 
various industrial applications such as soap, deter-
gent and expectorant production [9]. Furthermore, 
the saponin sources of some Gypsophila species are 
used in gastronomy in Arabic countries [15].  

 is a local endemic 
plant to Erzincan, Turkey, and the living area of the 
plant continues along the gypsy soils between Ke-
mah and Ilic (Erzincan) [16]. It has a very nice 
appearance with the congested white flowers. The 
closest relative of the plant is eriocalyx and shows 
spread in the same area. However, seasonal differ-
ences are observed between the two species due to 
earlier flowering [17]. In the present study we 
aimed to investigate the  antioxidant and 
anti-proliferative activity potentials of methanol and 
water extracts of endemic plant 

 as well as its phenolic content.  

The endemic 
plant material  was collected from 
gypsy slopes of Kuruçay-İliç, Erzincan, Turkey, on 
25 June 2017, at an altitude of 990 m. The samples 
were taxonomically identified by Dr. Mustafa 
Korkmaz. The voucher specimens were prepared 
according to the herbarium techniques, enumerated 
(4355) and preserved at the Laboratory of Plant 
Systematic, Department of Biological Sciences, 
Erzincan University, Erzincan, Turkey.

DPPH (2,2-diphenyl-1-picrylhydrazyl) was 
purchased from Calbiochem Co. (San Diego, CA). 
Trolox (6-hydroxy-2,5,7,8 tetramethylchroman-2-
carboxylic acid), ABTS (2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid), potassium 
persulfate, foline-ciocalteu phenol reagent, sodium 
carbonate, sodium nitrite, aluminium chloride, 
sodium hydroxide, ethanol, and methanol were 
purchased from Sigma-Aldrich. All phenolic stand-
ard compounds and solvents being HPLC grade 
were also obtained from both Sigma-Aldrich and 

 (Darmstadt, Germany).  

 
was extracted and analyzed shortly after the collec-
tion step. Briefly, the aerial parts of 

 protected from direct sun light were 
dried at room temperature. Briefly, the aerial parts 
the samples were mixed with 250 mL of extraction 
solvents (methanol and water) in a ration of 1:5 
(w:v), and then left to shaken over night. This pro-
cess was applied three times. In order to get ultra-
dry powders, the extracts were fil-
tered through Whatman No. 4 filter paper, and then 
concentrated under vacuum with rotary evaporator 
(Heidolph, Germany) at 40 ◦C, and then lyophilised 
using a Scanvac Cool Safe™ freeze-dryer (Cool-
Safe 55, Lynge, Denmark). The extracted powder 

was weighed and stored at -20°C in a brown bottle 
until use. 

Total phenolic content of the ex-
tracts were determined according to the Folin-
Ciocalteu method [18] with some modifications 
[19]. Briefly, 20 µL of the extract was mixed with 
1N, 100 µL of 20 % Folin-Ciocalteu’s phenol rea-
gent and 80 µL of 10 % sodium carbonate solution 
in the 96 well plate and shaken vigorously. After 30 
minutes of incubation at room temperature, absorb-
ance values were recorded at 750 nm against blank 
that contain 20 µL ethanol without any sample 
using Elisa reader. Results were evaluated using 
gallic acid standart curve and recorded as milli-
grams of total phenolics (TP) per gram of extract, as 
the gallic acid equivalents (GAE). Analyses were 
run in three replicates and the results were ex-
pressed as mean ± standard deviation (SD). 

Total flavonoid content of the extracts were 
determined by Aluminium chloride colorimetric 
method [20], which some modifications [19]. Brief-
ly, 20 µL of extract or standart solution of catechin 
was added into 96 well plate containing 80 µL of 
distilled water. 6 µL of 5% sodium nitrite was add-
ed to the wells. After 5 minutes later, 6 µL of 10 % 
aluminium chloride solution was added. At 6th mi-
nute, 40 µL of 1 M sodium hydroxide was added 
and the total volume was completed up to 200 µL 
with distilled water. The solution was mixed well 
and the absorbance was measured against prepared 
blank at 510 nm using Elisa reader. Results were 
calculated by using the quercetin standart curve and 
recorded as milligrams of total flavonoids in gram 
of extract, as the quercetin equivalents (QE). Anal-
yses were run in three replicates and the results 
were expressed as mean ± standard deviation (SD). 

. The HPLC analysis was 
performed on a Dionex UltiMate 3000 HPLC sys-
tem equipped with UltiMate 3000 Pump, UltiMate 
3000 Autosampler Column Compartment, UltiMate 
3000 Photodiode Array Detector and Chromeleon 
software. Separation was carried out using an Ag-
ilent Zorbax SB-C18 (250mm x 4,6mm x 5µm) 
with a guard column packed with the same material. 
The column was maintained at 30 oC throughout the 
analysis, and 280 nm was selected as the wave-
length for UV detection.  

Gradient elution was carried out at a flow rate 
of 1.0 mL/min at 30°C. The mobile phase consisted 
of (A) methanol:water [50% (v/v)] and (B) wa-
ter:acetic acid [98:2 by volume]) using a gradient 
elution as follows: 0–3 min, 0% B; next 3-5 min, 
8% B; next 5-57 min, linear change from A-B 
(92:8) to A-B (28:72), then back to 100% A at 57-
60 min. All samples were filtered through a 0.45µm 
membrane filter (Millipore, Milford, MA). An ali-
quot of 20 μL of the filtrate was injected into HPLC 
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for analysis. Three HPLC replicate injections were 
performed for each standard phenolics and plant 
extracts. 

DPPH 
radical scavenging activity was determined accord-
ing to DPPH assay [21] with some modifications 
[19]. Briefly, 140 µL of 0.05 mg/mL DPPH solu-
tion in ethanol and 10 µL of extract were mixed in 
96 well plate and reaction mixture was shaken vig-
orously. Decrease of absorbance in the mixture was 
determined after 20 minute at 517 nm due to deple-
tion of DPPH radical by using Elisa reader. α- to-
copherol, trolox, BHA and BHT were employed as 
reference control. According to the results, RSA% 
vs final concentrations of the extracts (mg/mL) 
were plotted and IC50 (50% effective concentration) 
values were calculated. All measurements were 
performed three times.  

 ABTS 
radical scavenging activities of the extracts were 
performed according to ABTS cation radical assay 
[22] with some modifications [19]. Briefly, 2.5 µL 
of extract or standart solution was added to 96 well 
plate including 250 µL of ABTS radical solution. 
After that, the absorbance of reaction mixture was 
monitored at 734 nm using Elisa plate reader. After 
the initial mixing of the reactants, time was record-
ed every minute from 1st to 6th. The results were 
expressed as IC50 value. All measurements were 
performed three times.  

Cupric ions’ (Cu2+) reducing 
capacities of the extracts was performed according 
to the CUPRAC method of [23]. Briefly, different 
sample extract concentrations (10–30 µg/mL) were 
added to a premixed reaction mixture containing 
0.25 mL of CH3COONH4 buffer solution (1.0 M), 
0.25 mL of ethanolic neocuproine solution (7.5 × 
10−3 M), 0.25 mL of CuCl2 solution (0.01 M). 
After adjusting the final volumes to 2 mL with 
distilled water, absorbances were measured at 450 
nm after 30 min incubation in room temperature. 
Increased absorbance was considered as increased 
reducing capacity. 

Ferrious ions (Fe+2) chelating activity of the extracts 
was monitored according to Dinis method [24] with 
some modifications. Different concentrations of the 
investigated extracts (0.5 to 4 mg/mL) and EDTA 
(0,093 to 3.72 mg/mL) were prepared, respectively. 
50 μL of the working solutions of the extracts/ 
EDTA were placed to 96 well plate containing 185 
μL of dH2O, and 5 μL of 2 mM FeCl2 solution was 
added. After 5 min, the reaction was initiated by 
adding 10 μL of 5 mM ferrozine solution. Absorb-
ance at 562 nm was recorded after 10 min of incu-
bation at room temperature. A reaction mixture 

containing methanol (50 μL) instead of substance 
solution was used as a control. EDTA was used as 
the chelating standard.  

The cell 
lines; HT-29, HepG2, and MCF-7 were obtained 
from the ATCC (American Type Culture Collec-
tion, LGC Promochem, UK). MCF-7 and HepG2 
cells were grown in Eagle’s Minimum Essential 
Medium (EMEM) supplemented with 1% L- Glu-
tamine, 10% fetal bovine serum, 1% penicillin-
streptomycin (Pen Strep) solution and 1% Na-
pyruvate. HT-29 cells were grown in a medium 
McCoys’s 5A containing 10% fetal bovine serum, 
1% L- Glutamine and 1% penicillin-streptomycin 
solution. Cultures were incubated at 37°C with 5% 
carbon dioxide (CO2) and 95% humidity in incuba-
tor (NUVE, Turkey). Studies were performed in 
Metisafe Class II Safety Cabinet.

The cytotoxic potentials of the extracts on the 
cancer and healthy cells were evaluated by 2,3-bis-
(2-methoxy-4-nitro-5-sulfophenyl)-2H tetrazolium-
5-carboxanilide (XTT) assay, which is based on the 
extracellular reduction of tetrazolium salt XTT by 
NADH produced in the mitochondria  trans-
plasma membrane electron transport and an electron 
mediator [25]. The cells were seeded at a concentra-
tion of 1x105 cells/mL into 96-well culture plates 
and allowed to adhere overnight at 37 °C. After 24 
h, cells were treated with the test compounds at 
different concentrations, in triplicate, or with a 
solvent control (0.5 % DMSO) in complete medi-
um. After 48 h incubation, the plates were gently 
shaken for 1 min and absorbance was measured at 
415 nm by Epoch Microplate Reader (BioTek, 
USA). 5-Fluorouracil (5-FU) was used as a standard 
reference drug. 

Statistical analyses were 
performed for evaluation of antioxidant and cyto-
toxic activity results by unpaired Student's t test by 
using statistical program of GraphPad Prism 6 
(GraphPad, La Jolla, CA) Software 7.0). All results 
were expressed as means with their standard devia-
tion (SD). p<0.05 was taken as the minimum level 
of significance. 

 
 

Many herbs and 
formulations are still used today for their therapeu-
tic effects. Their diverse biological actions might be 
attributed to their rich phytochemical contents [26]. 
Therefore, it is very important to establish a correla-
tion between the biological activity potentials and 
phytochemical composition of the samples. In the 
present study, we tried to clarify the phytochemical 
composition of  extracts. The 
amounts of total phenolics and flavonoids in meth-
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anol extract were determined as 116.35 mg GAE/g 
extract and 39.75 mg QE/ g extract, respectively, 
while those of water extract were 90.86 mg GAE/g 
extract and 46.02 mg QE/ g extract, respectively. 
These results show that total phenolic content of 
methanol extract was higher than that of water 
extract while the flavonoid level was lower than 
water extract. Also, the results indicated that flavo-
noids constitute about half of the total phenolic 

content in both extracts. In the literature, it was 
reported that the total phenolic content of 

 as 6.5 μg GAE/mg extract [27]. In another 
study, total phenolic contents of 

 from Turkey were 
reported as 0.26, 0.54 and 15.15 μg GAE/mg ex-
tract, respectively [28]. Compared to the literature, 
the superiority of  in terms of phenol-
ic content comes to the forefront.  

1- Pyrogallol, 2- gallic acid, 3-3,4-Dihydroxybenzoic acid, 4-2,3-Dihydroxybenzoic acid, 5- p-Hydroxybenzoic acid, 6-(+)-
Catechin, 7- Caffeic acid, 8- Chlorogenic acid, 9- Vanillin, 10- Syringic acid, 11- (-)-Epicatechin, 12- p-Coumaric acid, 13- 
Taxifolin, 14- Sinapic acid, 15- Resveratrol, 16- Rutin, 17- Rosmarinic acid, 18- Naringenin. 

 

1 2.75 Pyrogallol 0.72±0.018     0.16±0.04 0.998                 0.003                  0.01 
2 2.97 Gallic acid 0.42±0.009        nd 0.999                 0.002                  0.007 
3 5.60 3,4-Dihydroxybenzoic acid 0.17±0.03        0.13±0.02 0.999                 0.0003                0.001 
4 8.92 2,3-Dihydroxybenzoic acid nd                       nd 0.997                 0.0003                0.001 
5 9.37 p-Hydroxybenzoic acid 0.026±0.008   0.009±0.002 0.999                 0.003                  0.001 
6 11.94 (+)-Catechin nd                        nd 0.997                 0.003                  0.009 
7 16.06 Caffeic acid nd                        nd 0.996                 0.002                  0.008 
8 16.88 Chlorogenic acid nd                        nd 0.998                 0.001                  0.004 
9 23.28 Vanillin 0.016±0.002   0.05±0.04  0.995                 0.002                  0.008 
10 23.97 Syringic acid nd                     1.45±0.05 0.996                 0.002                  0.009 
11 27.20 (-)-Epicatechin nd                        nd 0.999                 0.0001                0.0005 
12 28.17 p-Coumaric acid nd                    2.05±0.07 0.998                 0.004                  0.001 
13 35.04 Taxifolin nd                        nd 0.997                 0.002                  0.009 
14 41.19 Sinapic acid nd                        nd 0.998                 0.002                  0.009 
15 49.35 Resveratrol nd                        nd 0.996                 0.003                   0.01 
16 50.07 Rutin 0.36±0.04       0.42±0.03  0.997                 0.001                   0.005 
17 51.89 Rosmarinic acid nd                   0.96±0.07  0.998                 0.001                   0.005 
18 55.50 Naringenin nd                        nd 0.996                 0.001                   0.005 

xData marked with different superscripts (a and b) within the same row indicate significant difference statistically (  < 0.05). 
yLOD, limit of detection. 
zLOQ, limit of quantification. 
wnd, not detected 
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In parallel to the total phenolic and flavonoid 
contents, eighteen individual phenolic compounds 
were also screened by HPLC analysis (Figure 1), 
and the results of the analytical parameters were 
tabulated in Table 1. As seen from the Table 1, The 
most abundant compound in the methanol extract of 

 was pyrogallol which is followed by 
gallic acid, rutin, 3,4-dihydroxybenzoic acid, p-
hydroxybenzoic acid and vanillin, respectively. On 
the other hand, water extract of  was 
found to contain syringic acid at the highest level, 
which is followed by rosmarinic acid, pyrogallol, 
3,4-dihydroxybenzoic acid and p-hydroxybenzoic 
acid, respectively. Upon comparing both extracts 
considering Table 1, gallic acid, vanillin and rutin 
were found only in methanol extract, while syringic 
acid and rosmarinic acid were detected only in 
water extract. This is not unexpected phenomenon 
since the polarity of the extraction solution affects 
the phenolic content of the plant extracts [29–31].

In the literature, there are many studies report-
ing that saponarin (apigenin-6- C-glucosyl-7-O-
glucoside) is the main phenolic compound found in 

a species [11, 27, 28, 32]. Apart from the 
reports mentioned above, no further study is availa-
ble in the literature regarding their individual phy-
tochemical composition to compare that of 

 By this study, we reported the first detailed 
phenolic content of  

There are many ways 
for evaluating the antioxidant potential of a 
source to have complete understanding of the 
mechanism of action. In the present study, the 
antioxidant potential of the methanol and water 
extracts of  were evaluated by DPPH, 
ABTS, reducing CUPRAC and metal chelating 

assays. The results of radical scavenging and metal 
chelating assays were tabulated in Table 2, while 
the CUPRAC assay results were shown in Figure 2.

DPPH and ABTS free radicals have been 
widely used to evaluate the radical scavenging 
ability of antioxidants [33]. Therefore, radical scav-
enging power potential of the extracts was exam-
ined by using two different test systems, namely 
DPPH and ABTS. As can be seen from the results 
presented in Table 2, while methanol extract of 

 showed lower DPPH radical scavenging 
activity than water extract, it displayed higher 
ABTS radical scavenging activity with an IC50 val-
ue than water extract. On the other hand, both water 
and methanol extracts displayed moderate radical 
scavenging activity compared to all of the stand-
ard antioxidants tested (Table 2). The results ob-
tained show us that the phytochemicals, scavenging 
DPPH and ABTS radicals are distributed differently 
in water and methanol extracts. 

The findings are closely consistent with the 
literature. Serteser et al. (2009) reported a study, 
where five species were tested for 
their DPPH radical scavenging activities, showing 
the IC50 values of the species change between 3.1 
mg/mL to 3.6 mg/mL [34]. In another study, IC50 
values of different  extracts 
for DPPH radical scavenging activity were re-
ported as 446 μg/mL and 4.56 mg/mL, respective-
ly [27, 32]. Different antioxidant activities from 
different species can be expected due to differ-
ences in methodology and experimental conditions 
used in the different studies [35]. Moreover, the 
presence of potential antioxidant compounds, such 
as vitamins, flavonoids, phenolic acids and sulphur 
compounds present in plants, of cource, influence 
the antioxidant activity of the extract [36, 37].  

 

  
 

DPPH                                   ABTS 
IC50 (μg/mL)                        IC50 (μg/mL) 

 Fe2+ chelating 
 IC50 (μg/mL) 

 
methanol ext.         

802.6± 3.55a     118.2±2.35a 149.2±3.48 a 

  
water ext.         

696.4±0.042b 249.3±2.95 b 166.5±2.52 b 

qBHA 8.2±0.52 c 15.6±0.85 c nt 
yBHT 21.6±1.02 d 7.2±0.56 d nt 
Trolox 18.8±0.75 d 12.4±0.56 c nt 
α-Tocopherol 28.4±0.45 e 18.7±0.78 c nt 
zEDTA nt nt 3.47±0.27 

xData marked with different superscripts (a, b, c, d and e) within the same column indicate significant difference 
statistically (  < 0.05). 
qBHA, Butylated Hydroxyanisole.  
yBHT, Butylated hydroxytoluene. 
zEDTA, Ethylenediaminetetraacetic acid. 
  nt, not tested. 
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BHA; Butylated hydroxyanisole, BHT; Butylated hydroxytoluene, trolox and α-tocopherol. Each point repre-
sents the average of three independent measurements, each done in triplicate, with the standard deviation of the 
mean. 

Tested samples IC50 (mg/mL)x                            
 HepG2     HT-29                                  MCF-7  
water extract 3.19±0,032  3.85±0.47  2.66±0.55  
methanol extract 1.02±0,015  0.64±0.25  1.11±0.32  
z5-FU  0.047±0.002  0.023±0.006  0.018±0.004  

 Human tumor cell lines: HepG2, hepatocellular carcinoma; HT-29, colorectal adenocarcinoma; MCF7, breast carcinoma. 
IC50 (mg/mL): Data marked with different superscripts (a, b and c) within the same column indicate significant difference 

statistically (p < 0.05). 
5-FU: 5-Fluorouracil (positive control). 

 
Transition metals can stimulate lipid peroxida-

tion by generating hydroxyl radicals via Fenton 
reaction and also accelerate lipid peroxidation by 
decomposing lipid hydroperoxides into peroxyl and 
alkoxyl radicals, and thus leading to persistence of 
the chain reaction of lipid peroxidation. Therefore, 
the evaluation of antioxidant activities of the plant 
species on metal chelating capacities is indispensa-
ble. Antioxidant activity of the extracts, in this line, 
was screened by Fe2+ chelating assay. Metal chelat-
ing activity results showed the superiority of the 
methanol extract to the water extract extract. How-
ever, the metal chelating capacities of both extracts 
were below that of EDTA (Table 2). In the litera-
ture, Fe2+ chelating capacities of five gypsophila 
species was reported to vary between 17.2% and 
24.3% [34]. However, in this study,  
methanol and water extracts could be able to exhibit 
high chelating activity up to 51 %and 63%, respec-
tively.  

The CUPRAC assay is commonly used to 
screen the antioxidant capacity of plant extracts, 
because of the requirements of a small number of 
equipment, as well as fast and reproducible results 
[38]. In order to examine the reducing power of the 
extracts, the Cu2+ to Cu+ reduction in the presence 
of the extracts was investigated. As shown in Figure 
2, both extract of  displayed a good 
cupric ions (Cu2+) reducing capacity. Even, both 

extract of  showed higher reducing 
avtivity than standard antioxidants BHT and 
trolox at 5 μg/mL concentration. As the concentra-
tions increased, the methanol extract showed higher 
activity than the water extract. However, both ex-
tracts exhibited moderate reducing activity, com-
pared to all standard antioxidants at these high 
concentrations. Regarding reducing power of 

, there are limited number of studies in 
the literature. One of them was 

, possessing moderate reducing power compered 
to the standard antioxidants trolox and α-tocopherol 
[39]. 

All the antioxidant activity assays performed 
in this study indicate that a plant extract, exhibiting 
low antioxidant activity by a method could not be 
labelled as a poor source of antioxidant, because 
an extract is composed of chemicals with different 
functional groups and polarities and may behave 
differently depending on the reaction mixture 
[38]. Detected phenolic compounds in the plant 
extracts, of course, are not responsible alone for the 
antioxidant activity. Contribution of other phyto-
chemicals and their synergetic effects should also 
be taken into consideration.  

 To evaluate the an-
tiproliferative activities of the  water 
and methanol extracts against human-derived can-
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cer cell lines HT-29 (colorectal adenocarcinoma 
cell line), HepG2 (hepatocellular carcinoma cell 
line) and MCF-7 (breast adenocarcinoma cell line), 
cytotoxicity XTT assay was carried out. Growth 
inhibition percent was calculated by comparing to a 
negative control growth after 48h incubation time 
and IC50 values of the extracts and 5-Flourouracil 
(5-FU) used as a positive control were tabulated in 
Table 3.  

The experimental results showed that the pro-
liferation of three tested cell lines were significantly 
inhibited by  extracts in a dose-
dependent manner depending on the cell types. The 
results also indicated the superiority of cytotoxic 
activity of methanol extract to water extract against 
all the tested cancer cell lines with its lower IC50 
values. The water extract displayed the highest anti-
proliferative activity against MCF-7 cells with its 
lower IC50 value. Statistically, there were no differ-
ence between the activities of the water extract 
against HepG2 cells and HT-29 cells. On the other 
hand, the most susceptible cell line to methanol 
extract of  was HT-29 cells with its 
lower IC50 value. The cytotoxic activity of the 
methanolic extract against HepG2 cells and MCF-7 
cells was similar. As shown in Table 3, both metha-
nol and water extracts showed moderate cytotoxic 
activity against all tested cell lines compared to 
positive control 5-Fluorouracil.  

These  results are in accordance with 
the literature. For instance, the cytotoxic activities 
of methanolic extracts of three Gypsophila species 
against HepG2, HT-29, MCF-7 as well as A549 
lung cancer cell line) and MDBK (median- darby 

bovine kidney) were reported, and none of these 
extracts showed cytotoxic activity on the tested cell 
lines up to concentration of 0.1 mg/mL, while only 

had cytotoxicity on MDKB cells [40]. In 
another study, methanol extract of was 
reported to inhibit the cell proliferations of MCF-7, 
HCT-116, HepG2 and A-549 cells by 32.5%, 
10.3%, 24% and 10.8%, respectively at the concen-
tration of 0.1 mg/mL [41]. Furthermore, methanolic 
extract of  was reported to induce the 
inhibition of BV-173 leukemia cell proliferation by 
2.2% at the concentration of 0.1 mg/mL [42]. 
Against the moderate cytotoxicity of the family 
Caryophyllaceae extracts, the saponins they possess 
was reported to enhance the cytotoxic potentials of 
the extracts [43–45]. For instance, studies on sapo-
nins of Gypsophila species have illustrated their 
anti-carcinogenic properties, including cytotoxicity, 
immune-modulating effects and normalization of 
carcinogen induced cell proliferation [46]. The 
saponins in the extracts exploit their cytotoxic ef-
fects through either apoptosis inducement or non-
apoptotic cell death stimulation. In fact, there are 
some well-known process leading to cell death, but 
having different mechanisms of action such as 
stimulation of autophagic cell death, decrease in 

nitric oxide (NO) production and disassembly of 
cytoskeleton integrity [47]. 

 
 

 
The purpose of this study was to explore the 

phenolic content and biological activity potential of 
for functional food and medicinal 

uses. The obtained results showed that methanol 
extract of had higher antioxidant and 
anti-proliferative activity than the water extract 
because of its higher percentage of biologically 
active compounds determined by HPLC analysis. 
Accordingly, methanol extract of 
may have a potential for possible applications in 
food and pharmaceutical industries. Hovewer, fur-
ther studies should be performed for the discovery 
of new bioactive metabolites via biological activity 
guided chromatographic techniques. 
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Cherry fruits are abundantly grown in Gilgit 
Baltistan province of Pakistan. To investigate the 
impact of Calcium chloride (CaCl2) on cherries, two 
experiments were carried out, in first experiment 0.5 
and 1% CaCl2 solutions were sprayed on sweet 
cherry fruits as pre-harvest foliar within 10, 20 and 
30 days of intervals. Fruit were then harvested after 
optimum maturity and were analyzed for cracking 
index. Sound fruits were packed in foam trays and 
stored at room temperature. In second experiment 
fresh cherry fruits were harvested at commercial ma-
turity, graded and dipped in 0.5 and 1% CaCl2 solu-
tion for 5-10 minutes. The treated fruit were packed 
in foam trays and stored at room temperature for 20 
days. Both pre and post-harvest treated fruit samples 
were studied for selected physico-chemical and sen-
sory attributes within 4 days of interval. Pre-harvest 
application of CaCl2 had significantly reduced the 
cracking index and moisture loss, subsequently re-
ducing weight loss and decay index of the fruit. 
Moreover, these treatments maintained Total Solu-
ble Solids (TSS) and Vitamin-C content. Data re-
garding sensory characteristics revealed that CaCl2 
had significantly retained the color, flavor, texture 
and overall acceptability of the fruits. However, ex-
pectedly texture of the fruit was more positively in-
fluenced with CaCl2 application than rest of the sen-
sory attributes. Hence, concluded that application of 
1 % CaCl2 solution as pre and post-harvest treatment 
had overcome the issues related to cherry fruits es-
pecially cracking index and is recommended to the 
cherry growers for application. Further research is 
needed to explore the effect of CaCl2 treatment on 
the physiology of cherry fruit.

Sweet cherry fruit, Calcium chloride, Pre-harvest, Post-
harvest.

 
Sweet cherry (  L.) belongs to the 

genus is one of the most famous fleshy, 
stone, pulpy and temperate fruit. Cherry fruit is nor-
mally eaten in fresh and dried form but also pro-
cessed into jam, marmalade and pickle etc. There are 
several species of cherry grown in the world such as 
sweet cherry ( ), citrus, pie or tart cher-
ries ( ), black cherry (

), West Indian cherry  [1]. 
Sweet cherry is of considerable importance for 
maintenance of healthy life because it prevents cer-
tain diseases [2]. The health benefits are associated 
with strong antioxidant activities responsible for 
weight loss, neuro protective effects; prevent arthri-
tis pain and inflammation [3,4]. Gilgit Baltistan 
(GB) is located in extreme north of Pakistan where 
it borders the Xinjang province of China in north, 
Chitral in west and Kaghan valley in south. It lies in 
temperate regions and provides favorable atmos-
pheric conditions for the growth of and various high 
quality fruits including cherry, apricot, and mul-
berry. In GB cherries cultivated in an area of 1,302 
hectares with total production of 2,387 tones [5]. 

Calcium (Ca) plays very important role in the 
fruits regarding the cell wall structure, because of its 
ability to strengthen plasma membrane, structure ri-
gidity and improve cellular signaling responses [6, 
7]. Pre-harvest CaCl2 treatments retard the aging, 
softening and hence delay senescence in majority of 
thin skin fruits [8, 9] and reduce disintegration and 
disorders such as bitter pit [10, 11]. The Ca treatment 
before picking of fruits is the safest and most effec-
tive method to improve the quality and extend the 
shelf life of fresh fruit. For cherries Ca treatments 
were used many years ago to reduce cracking of the 
fruit [12]. Earlier the post-harvest application of 
CaCl2 delayed the senescence in fruit with no detri-
mental effect on consumer acceptance and it also sta-
bilized fruit cell wall from degradation. Further-
more, post-harvest CaCl2 treatments minimized fruit 
softening and enhanced the shelf life stability [13]. 
Post-harvest calcium dips efficiently increase the Ca 
content in pericarp as well as in mesocarrp of the 
fruit and stabilize the membrane by making cross 
linking which strengthens the cell wall [14]. The Ca 
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application improve fruit superiority by delaying the 
fruits ripening, slow down the respiration and en-
hance the fruits shelf life and marketability [15]. 

In GB heavy losses of cherry fruits may occur 
due to lack of knowledge about fresh fruits handling 
and preservation, improper pre-harvest farming 
practices, post-harvest processing, storage condi-
tions, transportation facilities and financial support. 
For improving the quality of fresh fruit, application 
of inexpensive pre and post-harvest CaCl2 treatments 
might be helpful in reducing cherry fruit losses fur-
ther it will improve the financial condition of cherry 
growers and will also save time to transport the pro-
duce to market. Keeping in view the above various 
aspects, this research was designed to study the in-
fluence of both pre and post-harvest application of 
CaCl2 on cracking issues subsequently storage sta-
bility and overall quality of cherry fruit grown in GB 
province of Pakistan.  

 
 

Sweet cherries (  L.) were divided 
into pre and post-harvest lots in the orchard. This re-
search work was carried out during (2016-17) in the 
analytical laboratory of PCSIR (Pakistan Council of 
Scientific and Industrial Research Center) in Skardu 
(GB). 

 
Two experi-

ments were conducted in which, cherry fruit were 
treated before and after harvesting with different so-
lutions of CaCl2. In first experiment, 0.5 and 1% 
CaCl2 solutions were sprayed as pre-harvest foliar at 
an interval of 10, 20 and 30 days. Cherries were har-
vested after obtaining optimum maturity and crack-
ing index was measured then the fruits were packed 
in foam trays and stored at room temperature. In sec-
ond experiment fresh sweet cherry fruits were har-
vested at commercial maturity from the local orchard 
and transferred to the PCSIR laboratories complex 
(GB). The fruit were graded and dipped in 0.5 and 
1% CaCl2 solution for 5-10 minutes in three replica-
tions each. The treated fruit were packed in foam 
trays and stored at room temperature. Fruit samples 
of both the experiment were studied for selected 
physico-chemical and sensory characteristics. 

 
Moisture content, ascor-

bic acid, total soluble solids and titratable acidity of 
the cherry fruit samples were determined by the ap-
proved standard method of AOAC [16] . 

 
Cracking indexes of cherries 

were calculated as per the recommended method of 

Bilgener et al. (1999) [17]. Cracking indexes were 
calculated according to the following formula. 

 

The decay index of cherry 
fruit was determined by using the recommended 
method of Wang et al. 2005 [18]. The percent decay 
index was calculated by using the following formula: 

 
Where N is the total number of fruits and N1, 

N2 and N3 is the number of decay fruits. 
 

Weight loss of the cherry 
fruit was determined by using the calibrated digital 
weight balance according to the standard method 
[18] (Wang et al., 2005). Fruits were weighed after 4 
days interval and percent weight loss calculated by 
using the given formula: 

 

Both pre and post treated 
fruits were subjected to sensory evaluation by panel 
of judges according to Larmond (1997) [19]. The 
judges were asked to rank the fruit samples from 
1(dislike extremely) to 9 (like extremely) as per he-
donic scale. Fruits were examined for color, flavor, 
texture, taste and overall acceptability. 

 
 Data regarding cracking 

index of the pre-harvest CaCl2 treated cherry fruits 
was analyzed statistically by using one way ANOVA 
and the rest of the data of both pre and post-harvest 
treated fruits were analyzed by using Complete Ran-
domized Design with two factors (CaCl2 treatment 
and storage interval) and the means were compared 
by LSD test [20]. 

 
 

The main purpose of this research was to study 
the effects of pre and post-harvest CaCl2 treatments 
on the shelf life of sweet cherries grown in Gilgit 
Baltistan - Pakistan. The fresh fruit contain moisture 
content (81%), pH (4.41), TSS (13.91oBrix), non-re-
ducing sugar (1.54 %), reducing sugar (9.86%), acid-
ity (1.54%) and ascorbic acid (9.51 mg/ 100g). The 
fruit were also studied for various selected physico-
chemical characteristics including, weight loss, de-
cay index and sensory characteristics.  
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The horizontal line shows standard error bar of the mean value. 

 Fruit cracking is the major problem that limits 
the successful production of cherries in most area of 
the GB attributed to extreme environmental factors. 
Cherry fruit were late sprayed three times with 0.5 
and 1 % calcium chloride solution before harvesting 
within 10 days of intervals. Previously it was noted 
that early CaCl2 pre-harvest spray was less effective 
in increasing calcium content of apple fruit than late 
spray [21]. This study showed that cracking index 
declined from 25 % (control) to 7.5 % (1 % CaCl2) 
(Fig 1). Similarly, it was demonstrated that pre-har-
vest application of CaCl2 decreased 11 to 33% crack-
ing index in sweet cherry fruit [22]. The pre-harvest 
application of CaCl2 can also improve the post-har-
vest shelf life of fruits because Ca delays moisture 
loss, respiration process and control weight loss dur-
ing post-harvest storage. It was noticed that pre-har-
vest application of CaCl2 significantly reduced 
cracking in cherries which lead to control fungal 
growth. In some cracked fruits, a visible green mould 
colonization mainly of  was ob-
served and similarly, cracked cherries are prone to 
different storage diseases and have shorter shelf-life 
[23]. Pre-harvest CaCl2 spray significantly reduced 
rain-induced cracking in sweet cherries [24]. CaCl2 

has the ability to retard the softening of sweet cher-
ries and control cracking index, it may be due to fact 
that Ca stabilized the membrane, increase integrity 
and maintain cell wall structure by interacting with 
pectic acid in cell wall to make calcium pectate [12]. 
Hence, concluded that the pre-harvest application of 
CaCl2 can strengthen the peel which subsequently 
improves the stability of the cherry fruit against the 
harsh environmental condition before picking. 

However, it is expected that CaCl2 application would 
significantly improve the shelf life of the cherry 
fruits.  

 
 As it is 

evident that pre-harvest treatment with calcium chlo-
ride minimized the indices of cracking in cherry 
fruit, therefore in second experiment fruit were 
dipped in CaCl2 solution because previous studies 
showed that post-harvest calcium treatment also ex-
tended the shelf life of fresh fruits by maintaining 
fruits cell turgor, tissues firmness and delayed its 
membrane lipid catabolism [25, 9]. Therefore, the 
comparative effect of both pre and post-harvest treat-
ments on the physico-chemical, physiological and 
sensory aspects of cherry fruits during certain time 
period of storage was studies. 

 

The moisture content of sweet cherry samples was 
analyzed at every 4 days interval during storage. In-
itially moisture content of all cherry fruit samples 
was in the range of 80.10 – 81.75 %, in control and 
C2pre, respectively, which reduced to 51.08 % (con-
trol) to 65.05 % (C4post) (Table 1). Study showed that 
CaCl2 had significantly (P≤0.05) reduced moisture 
loss of cherry fruits as compared to control samples 
while non-significant difference was observed 
among treated samples. This is also clear form mean 
values that cherry fruits with 1% CaCl2 (post treated) 
retained higher moisture (72.88%). Moisture loss in 
control samples might be due to its poor skin re-
sistance to water vapor movement, air current, warm 
temperature, low relative humidity and temperature 
gradient between the air and fruits [26] (Chen and 
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Hong, 1992). Conversion of pectin to calcium pec-
tate in pre and post- harvest cherry fruits might have 
resulted in minimum moisture loss, weight loss, res-
piration rate and fruits decay [27]. Earlier, it was ob-
served that moisture content might be affected due 
to the permeability of the fruit skin, which make it 
vulnerable to quick water loss during storage [28].  

  
 As it is evident from the data 

of moisture content that wilting of fruits due to re-
moval of 5-10% moisture content increases weight 
loss with the passage of time. The statistical data 
clarified that calcium chloride treatments and stor-
age had significantly (P≤0.05) influenced the weight 
loss of sweet cherry fruits in comparison with un-
treated sample, while both treatments had non-sig-
nificant effect on fruits in comparison with each 
other during storage at room temperature (Table 2). 
Weight loss in cherry fruit noticed on 4th day of stor-
age in all the treatments which is finally increased to 
8.21% C0 and 1.43% in C4post. Previously it was re-
ported that calcium treated samples had lower mean 
weight losses (2.63 %) as compared to untreated 
apricot (3.42%) during 70 days of storage [29]. Sim-
ilarly, fruit treated with 6% CaCl2 comparatively 
showed lowest weight loss [30]. Calcium salts delay 

the natural physiological process such as respiration, 
moisture loss and ripening of the cherry fruits so, cal-
cium treated samples retained higher fruits weight as 
compared to untreated cherries. Previously mini-
mum weight loss was noted in fruit samples treated 
with CaCl2 which might have retained tissue rigidity 
and fruit firmness by lowering the activity of en-
zymes responsible for breakdown of cellular struc-
ture [31, 32]. Further CaCl2 treatment may also con-
tribute in fruits cell functions including cell growth 
and its division which eventually retain moisture 
content and minimize weight loss in fruits [33].  

 Sweet cherry samples were 
analysed at every 4 days of intervals and according 
to expectations untreated cherry fruits significantly 
(P≤0.05) decayed up to (19.02%) in comparison with 
pre (8.65%) and post-harvest (5.10%) CaCl2 treated 
cherries (Table 3). Earlier calcium treated apple fruit 
showed had lower (1.42%) decay-index in compari-
son with untreated apple (9.80%) during storage 
[34]. Similarly, apple and potato dipped in CaCl2 so-
lution showed negligible post-harvest decay [35]. 
The results are also in line with the studies carried 
out on strawberries dipped in CaCl2 solution and 
stored at 18◦C [23]. Post-harvest 

 

 
Initial 4 8 12 16 20 

80.10±1.16 74.18±0.71 68.66±0.64 63.34±1.78 57.01±0.98 51.08±1.17 65.62b 
81.41±0.80 77.23±1.24 73.03±2.30 68.79±1.15 64.50±1.74 59.42±0.62 70.73a 
81.75±1.17 77.76±1.73 73.75±0.57 69.78±1.73 65.79±1.15 61.80±1.74 71.77a 
80.34±1.03 76.93±1.46 73.52±0.58 70.11±1.32 66.70±1.15 63.29±2.31 71.81a 
80.69±0.62 77.57±1.76 74.45±1.15 71.33±1.78 68.21±1.02 65.05±1.18 72.88a 

80.85a 76.73b 72.68c 68.67d 64.44e 60.12f  
C0 (untreated cherry fruit), C1pre (Cherry fruit 0.5% CaCl2 treatment), C2pre (Cherry fruit 1% CaCl2 treatment), C3post (Cherry fruit 0.5% CaCl2 
treatment) and C4post (Cherry fruit 1% CaCl2 treatment), values were expressed as ± standard deviation. Means with different letters are signif-
icantly different at P≤ 0.05.   
 

 
Initial 4 8 12 16 20 
0±0.00 0.61±0.05 1.43±0.28 2.98±0.58 3.43±0.61 8.21±0.58 2.77a 
0±0.00 0.37±0.02 0.55±0.04 0.73±0.05 1.19±0.06 2.41±0.11 0.87b 
0±0.00 0.31±0.03 0.49±0.04 0.58±0.04 0.83±0.02 1.89±0.10 0.68b 
0±0.00 0.27±0.04 0.35±0.03 0.43±0.05 0.71±0.04 1.60±0.11 0.56b 
0±0.00 0.21±0.04 0.31±0.02 0.38±0.03 0.65±0.03 1.43±0.11 0.49b 

0b 0.35b 0.62b 1.02b 1.36b 3.10a  
C0 (untreated cherry fruit), C1pre (Cherry fruit 0.5% CaCl2 treatment), C2pre (Cherry fruit 1% CaCl2 treatment), C3post (Cherry fruit 0.5% CaCl2 
treatment) and C4post (Cherry fruit 1% CaCl2 treatment) 
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Initial 4 8 12 16 20 
0±0.00 0.41±0.11 3.51±0.60 6.31±1.17 11.57±1.15 19.02±0.88 6.80a 
0±0.00 0±0.00 1.29±0.59 3.83±0.62 8.76±0.57 11.09±0.58 4.16b 
0±0.00 0±0.00 1.25±0.58 3.12±0.57 6.45±1.15 8.65±1.15 3.24c 
0±0.00 0±0.00 1.20±0.23 2.85±0.58 4.53±0.60 6.87±1.20 2.57d 
0±0.00 0±0.00 1.17±0.24 2.09±0.57 3.81±1.10 5.10±1.19 2.02d 

0d 0.08d 1.68cd 3.64c 7.02b 10.14a  
C0 (untreated cherry fruit), C1pre (Cherry fruit 0.5% CaCl2 treatment), C2pre (Cherry fruit 1% CaCl2 treatment), C3post (Cherry fruit 0.5% CaCl2 
treatment) and C4post (Cherry fruit 1% CaCl2 treatment) 

 
Initial 4 8 12 16 20 

13.90±0.60 14.81±0.58 15.72±1.15 16.63±1.18 17.54±0.57 18.45±1.15 16.17a 
13.91±0.60 14.62±1.15 15.32±1.15 16.02±0.58 16.72±1.15 17.42±0.57 15.66b 
13.92±1.15 14.60±0.58 15.29±0.62 15.97±1.15 16.65±1.16 17.33±0.58 15.62b 
13.94±0.57 14.51±1.22 15.08±0.57 15.65±0.57 16.22±0.61 16.79±1.15 15.36bc 
13.95±0.58 14.42±0.63 14.87±1.15 15.33±0.58 15.70±0.62 16.25±0.60 15.08c 

13.92f 14.59e 15.25d 15.92c 16.56b 17.24a  
C0 (untreated cherry fruit), C1pre (Cherry fruit 0.5% CaCl2 treatment), C2pre (Cherry fruit 1% CaCl2 treatment), C3post (Cherry fruit 0.5% CaCl2 
treatment) and C4post (Cherry fruit 1% CaCl2 treatment) 

treatment of fruits with calcium salts may slow down 
their respiration rate, maintains fruits tissues stabil-
ity, lowers the decay rate and microbial growth [36]. 
Mean values revealed that pre and post-harvest 
CaCl2 treatments are statistically different from each 
other. However, CaCl2 levels have significant effect 
when applied before harvesting although in post-har-
vest application the CaCl2 levels showed insignifi-
cant effect. Regardless the pre and post-harvest treat-
ments CaCl2 prominently reduced the cherry fruits 
decay. The greater efficacy of pre and post-harvest 
application of CaCl2 observed in this research work 
might have directly destroyed the pathogen, and also 
inhibited the polygalacturonase enzyme activity [37, 
38], and indirectly risen the calcium tissue concen-
trations, which in response stimulated endogenous 
resistance mechanisms, through the synthesis of phe-
nolic compounds and phytoalexins [39]. Previous 
studies further, verified that calcium has ability to in-
hibit fungal growth and infections in fruits by reduc-
ing pectinolytic activity of  and 

 while calcium application on apple fruit can 
stop the polygalacturonase activity caused by Glo-
merella cingulate which eventually reduces the apple 
decay [38, 40]. In another study it was concluded 
that calcium-dependent enzymes were directly acti-
vated by the influx of Ca2+ occurring concomitantly 
with leakage of cell constituents [39]. 

 
 This experiment 

shows influence of calcium chloride pre and post-

harvest treatments on TSS of cherry fruits. Statistical 
analysis indicated that CaCl2 treatment had signifi-
cantly (P ≤ 0.05) affected the TSS of the fruits during 
storage. It is observed that untreated cherry fruits 
showed higher increase in TSS 13.90 to 18.54 ºBrix, 
while minimum increase was recorded in C4post from 
13.95 to 16.25 ºBrix during storage of 20 days. Data 
regarding levels of CaCl2 applied before and after 
harvesting gave similar results (Table 4). Similarly 
minimum decrease was noted in TSS of berries 
dipped in 1 and 2% calcium chloride solution which 
might be due to the delay in polysaccharide degrada-
tion by the formation of CaCl2 protective thin layer 
on the outer surface of the fruit [41]. Previously it 
was explained that the enzymatic conversion of pol-
ysaccharides such as pectin and starch into simple 
sugars are responsible for increase in TSS content of 
fruits but calcium slow down the hydrolysis of poly-
saccharide into simple sugar so it may be the reason 
of lower increment in TSS of calcium treated cher-
ries during storage [42]. 

 The result showed that the 
percent acidity of all the samples decreased signifi-
cantly (P≤0.05) during storage (Table 5). According 
to the data initially percent acidity ranged from 1.12 
% (control) to 1.19 % (C4post). During 20 days of 
storage percent acidity of untreated and treated 
cherry fruits decreased to 0.51 % and 0.89 % (C4post). 
Similarly decreasing trend in acidity was observed in 
control and Ca treated strawberries during storage at 
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18ºC [23] Garcia et al., (1996). Furthermore, mean 
values showed that untreated samples had higher 
loss (0.83 %) and C4post showed minimum loss (1.04 
%) respectively. Here the data clarifies the role of 
CaCl2 which might have reduced the utilization of 
frutaric acids by restricting the respiration and ripen-
ing process of cherries [43]. Calcium has the ability 
to strengthen the fruit skin by forming calcium pec-
tate which might have reduced oxidation and meta-
bolic activities responsible for depletion of organic 
acids [44, 45, 46]. While CaCl2 treated apricot fruits 
also retained significantly higher acidity up to 0.74% 
in comparison with untreated sample 0.65% during 
ten days of storage [47].  

 The appli-
cation of calcium chloride retained the ascorbic acid 
content of sweet cherries during entire storage pe-
riod. The mean values showed that ascorbic acid sig-
nificantly (P≤0.05) declined from (9.82) to 
(3mg/100g) in C0, (5.32 mg/100gm) C3pre and 
(5.77mg/100gm) C4post during 20 days of storage at 
room temperature in all the samples (Table 6). 
Ascorbic acid is highly unstable during oxidation 
process and it is considered very important nutrient 
among other fruits quality parameters during storage 
[48]. However, comparatively pre and post-harvest 
treatment significantly retained the ascorbic acid 
content in sweet cherries. While post-harvest treat-
ments insignificantly affected the ascorbic acid con-
tent during storage. The higher retention of ascorbic 
acid in cherry fruits might be due to the application 
of calcium chloride which reduced internal break 
down of tissues, minimized the intra and extracellu-
lar processes responsible for retaining total acid con-
tent and fruit quality [49, 10]. Similarly, higher 
amount of ascorbic acid in fruits dipped in 9% CaCl2 
solution was observed in earlier studies [33], while 

some other studies also confirmed the existence of 
vitamin C in calcium treated fruit samples during 
storage [50, 51]. 

 
 Color is the 

main attribute of the fruits that attract the consumer 
and overall acceptability during storage. Sweet 
cherry fruit samples were observed for color at 4 
days interval during storage at room temperature as 
shown in Table 7. Initially color scores were noticed 
in range of 8.0 (C4post) to 8.40 (C2pre). The panelists 
observed degradation in colour of the stored samples 
in range of 3.70 (C0) to 7.40 (C4post). It has been ob-
served that untreated cherries suffered from greater 
moisture loss during storage which in response less-
ens the bright red color of cherries; while later on 
darkening occurred may be due to oxidative brown-
ing reactions [52]. Statistical analysis showed that 
treated samples got significantly (P≤0.05) higher 
color score than C0 (6.0). The control of moisture 
loss due to pre and post-harvest CaCl2 treatment 
should have minimized the changes in cherry fruit 
skin color in fully ripe cherries while higher and 
lower color scores allotted to untreated and treated 
samples might have been accentuated by the storage 
temperature. However, this is also indicated from the 
means values that levels of CaCl2 and their applica-
tion stage had non-significantly influenced the red 
color of the sweet cherries. Previously it was re-
ported that the application of 2% calcium chloride 
retained maximum scores (1.61 to 3.42) as compared 
to untreated peach fruits samples [53]. These results 
are also related to a study which showed that calcium 
treatments increase integrity of cell wall during pec-
tic polymers cross linking in fruits that is why it im-
parts the color of fruits rather than untreated fruit 
[13]. 

 
 

 

  
Initial 4 8 12 16 20 

1.12±0.05 1.08±0.04 0.88±0.02 0.75±0.04 0.64±0.05 0.51±0.03 0.83c 
1.14±0.03 1.04±0.02 0.94±0.04 0.85±0.02 0.76±0.04 0.66±0.02 0.89b 
1.15±0.03 1.06±0.01 0.97±0.03 0.88±0.04 0.79±0.02 0.70±0.04 0.92b 
1.17±0.04 1.10±0.03 1.03±0.02 0.96±0.01 0.89±0.05 0.82±0.03 0.99a 
1.19±0.02 1.13±0.04 1.07±0.03 1.01±0.02 0.95±0.03 0.89±0.05 1.04a 

1.15a 1.08b 0.97c 0.89d 0.80e 0.71f  
C0 (untreated cherry fruit), C1pre (Cherry fruit 0.5% CaCl2 treatment), C2pre (Cherry fruit 1% CaCl2 treatment), C3post (Cherry fruit 0.5% CaCl2 
treatment) and C4post (Cherry fruit 1% CaCl2 treatment) 
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Initial 4 8 12 16 20 

9.81±0.60 8.41±0.61 6.98±0.58 5.34±0.59 4.29±0.58 3.00±0.57 6.30c 
9.80±0.58 8.81±0.60 7.82±0.36 6.84±0.58 5.83±0.70 4.85±0.62 7.32b 
9.81±0.57 8.91±0.60 8.02±0.58 7.11±0.56 6.21±0.81 5.32±0.57 7.56ab 
9.82±0.61 8.95±0.58 8.08±0.59 7.21±0.57 6.34±0.60 5.47±0.62 7.64a 
9.81±0.57 9.01±0.61 8.20±0.58 7.39±0.60 6.58±0.57 5.77±0.61 7.79a 

9.81a 8.81b 7.82c 6.77d 5.85e 4.88f  
C0 (untreated cherry fruit), C1pre (Cherry fruit 0.5% CaCl2 treatment), C2pre (Cherry fruit 1% CaCl2 treatment), C3post (Cherry fruit 0.5% CaCl2 
treatment) and C4post (Cherry fruit 1% CaCl2 treatment) 

 

 
Initial 4 8 12 16 20 

8.20±0.34 7.50±0.57 6.80±0.58 5.30±1.10 4.60±0.58 3.70±0.60 6.01b 
8.30±0.28 8.10±0.51 7.70±0.57 7.40±0.62 7.10±0.58 6.80±0.58 7.55a 
8.40±0.34 8.20±0.51 7.80±0.62 7.50±0.62 7.30±0.62 7.00±0.57 7.71a 
8.20±0.46 8.00±0.54 7.80±0.61 7.60±1.15 7.40±0.60 7.30±0.61 7.72a 
8.00±0.40 8.10±0.52 7.90±0.58 7.70±0.59 7.60±0.61 7.40±0.57 7.78a 

8.22a 7.98ab 7.62abc 7.10bcd 6.80cd 6.42d  

C0 (untreated cherry fruit), C1pre (Cherry fruit 0.5% CaCl2 treatment), C2pre (Cherry fruit 1% CaCl2 treatment), C3post (Cherry fruit 0.5% CaCl2 
treatment) and C4post (Cherry fruit 1% CaCl2 treatment) 
 

 
 

Initial 4 8 12 16 20 
8.40±0.32 7.50±0.61 6.30±0.57 5.40±0.57 5.00±0.58 3.60±0.61 6.05c 
8.30±0.34 7.70±0.57 7.40±0.58 6.60±1.15 6.20±1.15 5.70±0.57 6.98b 
8.30±0.17 7.90±0.58 7.60±0.60 7.30±0.58 6.90±0.57 6.60±0.58 7.43ab 
8.10±0.40 8.00±0.43 7.80±0.58 7.60±0.62 7.40±0.60 7.20±0.13 7.68a 
8.20±0.28 8.10±0.42 7.90±0.59 7.70±0.57 7.60±0.37 7.50±0.62 7.83a 

8.26a 7.84ab 7.40bc 6.92cd 6.64d 6.12d  

C0 (untreated cherry fruit), C1pre (Cherry fruit 0.5% CaCl2 treatment), C2pre (Cherry fruit 1% CaCl2 treatment), C3post (Cherry fruit 0.5% CaCl2 
treatment) and C4post (Cherry fruit 1% CaCl2 treatment) 
 

 
Initial 4 8 12 16 20 

8.20±0.28 7.30±0.61 6.40±0.58 5.50±0.58 4.60±0.58 3.70±0.60 5.95c 
8.30±0.23 7.70±0.58 7.10±0.60 6.50±0.57 5.90±1.15 5.30±0.59 6.80b 
8.40±0.28 8.10±0.57 7.50±0.57 6.90±0.61 6.60±0.58 6.20±0.58 7.28ab 
8.10±0.24 7.80±0.62 7.50±0.61 7.10±0.57 6.80±1.15 6.40±0.60 7.29ab 
8.20±0.31 8.00±0.57 7.80±0.58 7.60±0.58 7.40±0.57 7.20±0.61 7.70a 

8.24a 7.78ab 7.26bc 6.72cd 6.26de 5.76e  
C0 (untreated cherry fruit), C1pre (Cherry fruit 0.5% CaCl2 treatment), C2pre (Cherry fruit 1% CaCl2 treatment), C3post (Cherry fruit 0.5% CaCl2 
treatment) and C4post (Cherry fruit 1% CaCl2 treatment) 

 
 

 Flavor is one of the most important 
sensory attributes which is responsible for the char-
acteristic aroma and taste of the fruits. Flavor of the 
sweet cherry samples significantly reduced from 
8.40 to 3.60 during 20 days of storage (Table 8). The 
highest mean value (7.83) was noted in C4post while 
lowest (6.05) recorded in untreated cherry sample. 

Mean-while it has been observed that CaCl2 treated 
samples have slight salty lip feel and bitter taste 
might be due to residual chlorine remaining on the 
surface of cherries during 20 days of storage. This 
hypothesis is confirmed from earlier studies that de-
velopment of bitterness and salts flavors in food sys-
tem is associated with the usage of CaCl2 [54, 55]. 
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Our results are in conformity with earlier research 
findings which clarifies that CaCl2 treatment re-
tained the natural flavor of apple, plum and cherries, 
may be by providing firmness to the outer skin of 
fruits which in response slow down the respiration 
rate and oxidation reaction finally responsible for 
browning of color and production of off- flavors [49, 
56, 57]. 

 
 Sound texture of fruits influence the 

consumer acceptability even the fruit is eye appeal-
ing due to its colour. This study showed significant 
effect of CaCl2 on cherry fruit from 8.40 to (6.20) pre 
and (7.20) post-harvest treated samples in compari-
son with untreated cherries (3.70) during 20 days of 
storage at room temperature. The mean values 
showed that both treatments impact are statistically 
in close comity with each other (Table 9). Higher 
sensory mean scores 6.32 and 3.42 for texture of cal-
cium treated and untreated apricot fruit samples was 
observed during 10 days of storage [46]. Fruits tex-
ture can be retained with calcium treatment because 
calcium salts maintain the cell membrane integrity 
and firmness or longer period of time [58]. The 
higher sensory scores obtained by CaCl2 treated 
samples clarifies that calcium application retained 
both external (texture) and internal (flavor) contents, 
dependent on soluble solids, titratable acidity and 
their ratio [59, 60, 61]. 
 

 

 
This research was conducted to study the effect 

of calcium chloride treatments before and after har-
vesting on sweet cherry fruits. In first experiment 
fruits were treated before harvesting with CaCl2 so-
lution and studied for cracking index. Results 
showed that calcium salt application significantly 
(P≤ 0.05) reduced the cracking index by improving 
the peel strength and integrity. In second experiment 
both pre and post-harvest CaCl2 treated fruits were 
examined for selected physico-chemical and sensory 
characteristics and comparatively post-harvest 
treated cherry fruits with 1 % CaCl2 showed superior 
quality.  
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The main purpose of this study is to generate a 

debris flow susceptibility zoning map for Jilin 
Province, which is in northeast China. An improved 
information value model (IVM) based on a com-
bined weighting method (IVM-CWM) was pro-
posed as the main susceptibility evaluation method. 
To begin, a debris flow inventory map of Jilin Prov-
ince was prepared using a total of 1407 investigated 
debris flow events that occurred before 2012. The 
debris flow events were randomly divided into two 
groups: 70% for model training and 30% for verify-
ing. Ten debris flow influencing factors were ini-
tially prepared, and the relativity between these 
factors and the occurrence of debris flow hazards 
was analysed by calculating the information value 
index of each layer using the 70% training data. 
The weight of each influencing factor was calculat-
ed based on a linear combined weighting method 
(CWM), which itself was based on an analytic 
hierarchy process (AHP) and entropy weighting 
method (EWM). Four debris flow susceptibility 
maps of Jilin Province were generated based on the 
IVM, IVM based on AHP (IVM-AHP), IVM based 
on EWM (IVM-EWM), and IVM-CWM. Accord-
ing to the receiver operating characteristic (ROC) 
curve, the new proposed IVM-CWM was deter-
mined to be ideal for this study. The percentage 
area of very low, low, moderate, high and very high 
in the optimal susceptibility map are 23.75%, 
28.39%, 21.16%, 17.38%, and 8.32%, respectively. 

  
Debris flow, susceptibility mapping, information value 
model, combined weighting method, Jilin Province 
 
 

  
 
Debris flow is one of the most frequent geo-

logical hazards in Jilin Province, which is an agri-
cultural province in Northeast China. With the 
development of local agriculture and urbanization, 
the demand for land has increased. Many wood-

lands have been developed into cultivated land, 
which has resulted in an increase in loose deposits 
on the surface. Every year, during the rainy season, 
large quantities of loose deposits are eroded under 
the action of rainwater, with some erosion ultimate-
ly generating debris flows. This means that the 
entire area is under a high susceptibility of debris 
flow hazards. Based on the geological hazards’ 
investigation data supported by the Department of 
Land & Resources of Jilin Province, there were 
1407 debris flow events that have been investigated 
throughout the entire province, which account for 
35.94% of the total geological hazard events in the 
area. In addition, debris flow hazards in this prov-
ince caused 48 deaths, destroyed 24968 houses, and 
led to direct economic losses of approximately 
137.6 million dollars. Therefore, a predictive study 
for debris flow hazards is critical for engineering 
construction and disaster prevention and reduction. 

Geological hazard susceptibility mapping is an 
efficient and feasible method for predictive disaster 
studies, which is also suited for debris flow predic-
tion. The occurrence of geological hazards are the 
outcomes of various internal and external factors. 
Based on previous studies, the internal factors 
mainly include the engineering geological condi-
tion, hydrogeological condition, geologic structure, 
vegetation coverage, land-use types and geo-
morphic types. The external factors mainly include 
precipitation, earthquake events and human activi-
ties [1-4]. All the above factors have different inter-
actions with the occurrence of geological hazards in 
various regions. The relationships and correlations 
between influencing factors and geological hazards 
are quite complicated. Geological hazard suscepti-
bility expresses the likelihood of a geological haz-
ards’ occurrence in an area based on the regional 
geological environment. The generation of suscep-
tibility maps based on field investigations and re-
gional geological data has become a popular ap-
proach for urbanization planning. 

Currently, geological hazard susceptibility as-
sessments have been widely and quantitatively 
studied due to the rapid development of mathemati-
cal theories and geographic information systems 
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(GIS) [5]. These evaluation models mainly include 
logistic regression models [6,7], decision tree algo-
rithms [8, 9], artificial neural network (ANN) mod-
els [10-12], the deterministic coefficients model 
[13, 14], a support vector machine (SVM) model 
[15-17], cellular automata methods [18-20], and the 
certainty factor (CF) method [21, 22]. All of the 
above models performed well in susceptibility 
modelling studies. However, different methods give 
different accuracy results for different conditions 
[23]. For example, the prediction accuracy of ANN 
is more reliable when the training data is sufficient-
ly large. Additionally, it is difficult to obtain the 
necessary geological environmental data for those 
mathematical analysis models. Finally, the accuracy 
of the methods was also influenced by the scale of a 
study area [4]. The information value model (IVM), 
as a statistical data-driven method, is widely ap-
plied and highly recommended by researchers for 
large scale geological hazard susceptibility zonation 
due to its easy operation [24]. Xu [4] studied the 
susceptibility of debris flow hazards in Sichuan 
Province, China, based on the information value 
model. Che [25] assessed landslide susceptibility in 
Limbe, SW Cameroon, based on a field calibrated 
seed cell and information value method. Chen [26] 
compared the information value model with a lo-
gistic regression model for landslide susceptibility 
mapping. The accuracy validation results showed 
that the information value model is the more effec-
tive method in this area. Zhu [27] made a compari-
son between the information value model and the 
weights-of-evidence method for landslide suscepti-
bility mapping. The results demonstrate that the 
information value model had a higher prediction 
accuracy. However, the common information value 
model did not consider factor weights and regards 
all factors as contributing equally to the develop-
ment of geological hazards. Hence, the geological 
hazard susceptibility maps generated based on the 
common information value model cannot reflect the 
differences between each influencing factor. To 
ensure the results are more reliable, some improved 
information value models based on weighting 
methods have been proposed. Jiang [28] assessed 
landslide susceptibility in a 10-degree slope region 
of the Wenchuan earthquake and used an improved 
information value model based on analytic hierar-
chy (AHP). Sharma [29] combined the information 
value model with an entropy weighting method to 
assess the susceptibility and zonation in the Sikkim 
Himalayas in India. However, each of these single 
weighting analysis methods has its drawbacks. For 
example, the results calculated using the AHP 
method were varied among studies. In addition, the 
entropy weighting method (EWM) is not applicable 
to studies with a small sample size. 

As Jilin Province is a large area, the infor-
mation value model (IVM) is applicable for its 
debris flow susceptibility mapping. Additionally, a 

combined weighting method (CWM) based on AHP 
and EWM was proposed to improve the IVM. The 
IVM, IVM based on AHP (IVM-AHP), IVM based 
on EWM (IVM-EWM) and IVM based on CWM 
(IVM-CWM) were all adopted for Jilin Province 
debris flow susceptibility mapping. The accuracy of 
the above four models were validated according to 
the receiver operating characteristic (ROC) curves. 

 
 
The study area is in the north-eastern part of 

China and is roughly bounded by longitudes of 
121°35′E and 131°25′E and latitudes of 40°51′N 
and 46°23′N. This area covers approximately 
187,400 km2.  

The overall topography of the study area de-
clined from southeast to northeast, with an altitude 
of 5.0 m~2691.0 m. The study area is bounded by 
the Huifahe-Gudonghe deep fault and spans two 
first-order geological structural units, namely, the 
Sino-Korean quasi-platform area and the Tianshan-
Xingan geosyncline area. The exposed strata are all 
from the Archaeozoic to Cenozoic Erathem. The 
lithologies mainly consist of granite, basalt, pyro-
clastic rocks, slate, phyllite, schist, various kinds of 
loose deposits, etc.  

There are thousands of rivers distributed in Ji-
lin Province, with a river net density of 0.19 
km/km2. All of these rivers belong to five basins, 
including the Second Songhua River Basin, the 
Liao River Basin, the Yalu River Basin, the Tumen 
River Basin, and the Suifenhe River Basin.  

The study area has a temperate continental 
climate: it is hot and rainy in the summer and cold 
and snowy in winter. The annual mean precipitation 
is approximately 500-600 mm. More than 60% of 
the annual precipitation is concentrated in the 
summer because of monsoons. The precipitation 
shows a decreasing trend from southeast to north-
west, and the area of the most abundant precipita-
tion is in the southeast mountainous area. 

Due to its unique geological environment and 
climatic characteristics, Jilin Province is highly 
susceptible to geological hazards, and debris flows 
are one of the most extensive and serious geological 
hazards. Every year, during the rainy season, which 
occurs between June and August, hundreds of de-
bris flows occur and threaten roads, farmlands, 
houses, lives, etc.  

 
 

In this study, a 
database with 1407 total debris flow locations oc-
curring prior to 2012 in Jilin Province was provided 
by the Department of Land and Resources of Jilin 
Province. All debris flow locations were represent 
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ed by point features with geographic coordinates 
(Figure 1). As shown in Figure 1, the debris flows 
were mostly distributed in the southeast mountain-
ous areas and some areas in the northwest.  

The 
occurrence of a debris flow hazard requires specific 
terrain conditions, material conditions and rainfall 
conditions [1-4]. According to this principle, ten 
influencing factors were chosen as debris flow 
susceptibility evaluation indexes, including slope 
gradient, slope aspect, topographic relief, annual 
precipitation, vegetation coverage, population den-
sity, land types, lithology group, distance from 
faults and distance from the hydrographic net. The 
original data used for this study is shown in Table 
1. 

The slope gradient has a direct effect on debris 
flow formation. According to previous studies, 
debris flows have different susceptibilities on dif-
ferent gradient slopes [30-32]. The ability of the 
slope to accumulate solid, loose mass and initiate a 
debris flows varies based on gradient. The slope 

gradient in this study was divided into 5 classes, 
including 0°-7°, 7°-14°, 14°-21°, 21°-28°, and 
28° (Figure 2). 

Slope aspect is another important influencing 
factor for debris flows [33]. Different slope aspects 
lead to different water distributions, sunshine, heat, 
human activities, etc. [34]. In this study, the slope 
aspect was classified as north (0-22.5° and 337.5°-
360°), northeast (22.5°-67.5°), east (67.5°-112.5°), 
southeast (112.5°-157.5°), south (157.5°-202.5°), 
southwest (202.5°-247.5°), west (247.5°-292.5°), 
and northwest (292.5°-337.5°) (Figure 2). 

Topographic relief reflects the micro-
geomorphology characteristics of the study area. It 
determines whether the loose deposits can migrate 
smoothly and form destructive disasters [35,36]. 
The value of the topography in the study area varies 
from 0-206 m per 30 m×30 m area. In addition, 
topography was divided into five classes, including 
0-10 m, 10-26 m, 26-44 m, 44-68 m and >68 m 
(Figure 2). 

 

 
 

slope gradient Generated from Digital Elevation Model (30 m×30 m) based on GIS platform 
slope aspect 
topographic relief 
annual precipitation Annual precipitation distribution map in a scale of 1:500,000 
vegetation coverage Raster data (50 m×50 m) of China Vegetation Coverage 
population density Raster data (50 m×50 m) of China Population Density Distribution 
land types GlobeLand 30-2010 
lithology group Extract from the Geological map of Jilin province on a scale of 1:500,000. 
distance from faults 
distance from hydrographic net Raster data (50 m×50 m) of hydrographic net in Jilin Province 
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Rainfall is one of the major initiating factors 
of debris flows [37, 38]. Most of the debris flow 
hazards in the study area occurred during the rainy 
seasons. Therefore, rain is of great significance for 
debris flow susceptibility analysis. The historical 
debris flow hazards in this study resulted from 
multiple occurrences of rainfall, so it is better to use 
the annual precipitation as the rainfall factor. The 
annual precipitation was classified into six classes: 
0-400 mm, 400-500 mm, 500-600 mm, 600-700 
mm, 700-800 mm, and >800 mm (Figure 2). 

Vegetation coverage plays an important role in 
controlling the development and occurrence of 

debris flows [39]. Plant roots can consolidate soil 
and rocks, which increases the external forces for 
the initiation of debris flows. The vegetation cover-
age was classified into four classes: very high, high, 
moderate and low (Figure 2). 

Population density reflects the intensity of 
human activities, including plant destruction, mine 
exploitation, and unreasonable stacking of waste 
stones and soil. These activities make an area more 
prone debris flow hazard, either directly or indirect-
ly [40, 41]. The population density was grouped 
into five classes in this study: very high, high, mod-
erate, low, and very low (Figure 2).  
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The susceptibility of an area to experience a 
debris flow is also based on land types [42]. Differ-
ent types of land provide different types and vol-
umes of loose deposits, and these areas can vary 
dramatically in their initial conditions. There are 
seven types of land in Jilin Province, including 
hydrographic land, forest land, wet land, artificial 
land, grass land, bare land and farmland (Figure 2). 

The lithology determines the main material 
sources for debris flows. Debris flow hazards are 
more likely to occur where the lithology is easily 
weathered, which is because the weathering crust 
on the rock surface is easily eroded under the action 
of external forces. This leads to an increased pres-
ence of loose deposits [43]. The lithology in this 
study was divided into four groups according to the 
engineering geology dividing principle: extra-hard 
rock, hard rock, soft rock and extra-soft rock (Fig-
ure 2). 

The geological structure is an important factor 
controlling the regional stability. In the fault devel-
oped areas, the rocks were always broken, and the 
bottom of the valley had accumulated massive 
amounts of loose deposits. Therefore, it is neces-
sary to consider faults as an influencing factor in 
debris flow susceptibility [39,44]. This influencing 
factor was divided into five classes according to the 
distance from faults: 0-500 m, 500-1000 m, 1000-
1500 m, 1500-2000 m, and >2000 m (Figure 2). 

Distance to the hydrographic net is also im-
portant for the development of debris flows [45]. 
Erosion occurs due to water fluctuations, and loose 
deposits closer to the river or lake have lower con-
solidation degrees. In this paper, the distance to the 
hydrographic net was classified as follows: 0-500 
m, 500-1000 m, 1000-1500 m, 1500-2000 m, and 
>2000 m (Figure 2). 

 
 

 
In this study, a grid cell of 30 m×30 m was set 

as the study unit. Approximately 70% of the total 
debris flow points were randomly selected for mod-
el training. The remaining 30% were used for mod-
el validation. The four models, i.e., the IVM, IVM-
AHP, IVM-EWM, and IVM-CWM were used to 
assess the susceptibility of debris flows in Jilin 
Province. Finally, the calculated results were divid-
ed into five classes, very low, low, moderate, high, 
and very high, based on the principle of Jenks natu-
ral breaks optimization. 

The in-
formation value model is a widely used assessment 
method based on the theory of statistics [4]. In this 
model, the information value for each influencing 
factor was calculated based on historical debris 
flow hazards. Finally, the possibility of a debris 
flow hazard occurrence can be obtained from the 

total information value. The information value ( , 
) for each influencing factor  ( =1,2,…, ) can be 

calculated by the following formula: 

  (1) 
where  is the total amount of pixels in for the 
study area,  is the total number of debris flows 
used for model training,  is the pixels’ amount of 
influence on factor  in the study area, and  is the 
number of debris flows under the condition of fac-
tor .

The total information value of the study area 
can be obtained by a weighted sum of each influ-
encing factor. 

  (2) 
where  ( =1,2,…,n) is the weight of each influ-
encing factor. In the common information value 
model, 1= 2=… .  

 To find the reliable 
weight values ( ) in Equation (2), a combined 
weighting analysis method based on an analytic 
hierarchy process (AHP) and entropy weighting 
method (EWM) was proposed. The AHP is a multi-
ple criteria decision-making method based on ex-
pert experience [46], while the EWM is based on 
objective reality [47]. A combined weight method 
can balance expert experience and objective laws. 

In this paper, the combined weights were de-
termined by the linear combination rule, which can 
be expressed as follows: 

 
= + (3) 

where the weight distribution coefficients  and  
are satisfied by + =1. 

To ensure that the differences between  and 
 are consistent with the difference between  and 

, the exact values of α and β can be obtained by 
constructing the distance function equation: 

 

 (4) 
Differences between the distribution coeffi-

cients can be expressed as follows:  
 
D=| - |    (5) 
Hence, the value of α and β can obtained by 

solving the following equations: 
 

  (6) 
For the methodology of AHP and EWM, refer 

to reference [28, 29]. 
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Based on the evaluation index of the debris 

flow disaster in Jilin Province and the methodology 
proposed in this paper, this study mainly includes 
the following four steps: 

(1) Calculation of the information value for 
each influencing factor layer; 

(2) Weight analysis for each debris flow influ-
encing factor;  

(3) Debris flow susceptibility mapping; 
(4) Results validation. 

Using the 
randomly selected 70% debris flow points, the 
information value of each class of debris flow in-
fluencing factors were calculated based on the IVM 
theory introduced in the METHODOLOGY chapter, 
as well as the spatial analysis function of ArcGIS. 
The results are shown in Table 2.

Slope Gradient 

0-7° 70.87% 70.25% -0.008786 
7°-14° 17.48% 21.02% 0.184282 
14°-21° 8.65% 7.01% -0.210667 
21°-28° 2.41% 0.91% -0.971636 
>28° 0.59% 0.81% 0.326804 

Slope Aspect 

N 19.38% 16.14% -0.182588 
NE 11.66% 13.71% 0.162058 
E 9.98% 11.07% 0.103282 
SE 11.82% 15.03% 0.239939 
S 13.87% 17.97% 0.258787 
SW 10.79% 9.14% -0.165823 
W 9.83% 8.12% -0.190875 
NW 12.68% 8.83% -0.361724 

Topographic Relief 

0-10 m 57.63% 26.96% -0.759891 
10 m-26 m 17.72% 26.32% 0.395387 
26 m-44 m 14.41% 11.45% -0.229870 
44 m-68 m 8.16% 4.20% -0.664886 
>68 m 2.08% 1.14% -0.601461 

Annual Precipitation 

0-400 mm 29.35% 6.40% -1.522764 
400 mm-500 mm 20.53% 9.67% -0.752701 
500 mm-600 mm 22.25% 12.30% -0.592464 
600 mm-700 mm 18.75% 32.43% 0.547952 
700 mm-800 mm 7.35% 9.17% 0.221501 
>800 mm 1.76% 0.07% -3.211337 

Vegetation Coverage 

Very High 8.62% 0.92% -2.232760 
High 4.00% 0.43% -2.238074 
Moderate 31.09% 22.19% -0.337152 
Low 56.29% 46.51% -0.190720 

Population Density 

Very High 10.39% 1.00% -2.344840 
High 24.73% 14.44% -0.538261 
Moderate 32.98% 33.07% 0.002822 
Low 22.48% 15.15% -0.394853 
Very Low 9.42% 6.40% -0.385988 

Land Types 

Hydrographic land 1.20% 0.57% -0.743263 
Forest Land 38.54% 10.24% -1.325193 
Wet Land 1.00% 1.00% -0.009029 
Artificial Land 3.47% 5.41% 0.442048 
Grass Land 8.85% 2.99% -1.086241 
Bare Land 4.70% 3.77% -0.220912 
Farmland 42.23% 46.09% 0.087362 

Lithology Group 

Extra-hard Rock 45.97% 43.95% 0.317698 
Hard Rock 9.09% 14.51% 0.856514 
Soft Rock 1.86% 8.75% 1.857930 
Extra-Soft Rock 43.08% 2.84% -2.514515 

Distance to Faults 

0-500 m 5.64% 10.31% 0.604218 
500 m-1000 m 5.10% 7.61% 0.400324 
1000 m-1500 m 4.59% 6.83% 0.397386 
1500 m-2000 m 4.21% 5.26% 0.224325 
>2000 m 80.47% 40.04% -0.697938 

Distance to Hydrograph-
ic Net 

0-500 m 13.56% 18.71% 0.321338 
500 m-1000 m 10.00% 12.45% 0.218981 
1000 m-1500 m 9.23% 8.04% -0.138580 
1500 m-2000 m 8.34% 7.04% -0.169703 
>2000 m 58.86% 53.77% -0.090473 
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The weights of 
each influencing factor are calculated based on 
AHP and EWM, shown in Table 5. Therefore, the 
coefficients and were calculated according to 
Equation (6) whose results are =0.402 and 
=0.598. Therefore, the combined weights can be 

obtained according to Equation (3); the results are 
shown in Table 3. 

Ac-
cording to the result of IV and the weights analysed 
above, four debris flow susceptibility maps were 
generated based on IVM, IVM-AHP, IVM-EWM 
and IVM-CWM. Each was divided into five classes, 
very low, low, moderate, high, and very high, based 
on the principle of Jenks natural breaks optimiza-
tion (Figure 3).

Accord-
ing to IV shown in Table 4, the following combina-
tion of debris flow influencing factors had the larg-
est total IV and contributed the most to the occur-
rence of debris flows: the south slope aspect, >28° 

slope gradient, 10-26 m topographic relief, 600-700 
mm mean annual precipitation, low vegetation 
coverage, moderate population density, artificial 
land, soft rock group, <500 m distance from the 
faults, and <500 m distance from the hydrographic 
net. The general distributions of susceptibility val-
ues were similar, which is shown in the four result-
ing maps. In addition, the statistical results of the 
areas of each class in the four maps are demonstrat-
ed in Figure 4. As shown in Figure 4, the low-class 
areas account for the largest percentage in all four 
maps, which is followed by the moderate classes, 
except for the map generated by IVM, in which the 
high areas are slightly larger than the moderate 
areas. The areas of very high class were almost the 
smallest, except for IVM, which was slightly larger 
than the very low areas. The percentage of high-
class areas for IVM’s was 24.95%, which was sig-
nificantly different from the other methods’ results. 
The percentage of very low class in each of the 
debris flow susceptibility maps were quite different. 
Most areas in Jilin Province were in classes of low-
moderate debris flow susceptibility.

AHP 0.020 0.056 0.073 0.168 0.226 0.030 0.073 0.097 0.229 0.029 
EWM 0.172 0.119 0.128 0.071 0.139 0.047 0.017 0.067 0.108 0.113 
CWM 0.111 0.094 0.106 0.110 0.174 0.040 0.039 0.079 0.156 0.091 

Notes: X1: slope aspect; X2: slope gradient; X3: topographic relief; X4: annual precipitation; X5: lithology group; X6: popula-
tion density; X7: vegetation coverage; X8: land types; X9: distance from faults; X10: distance from hydrographic net.  
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To validate the accuracy of the four above-
mentioned models and to determine the most relia-
ble debris flow susceptibility map of Jilin Province, 
the receiver operating characteristic (ROC) curve 
was selected, which was widely used for assessing 
model validation. The accuracy of above maps and 
prediction ability of the four models could be as-
sessed by comparing their prediction rates [25]. 

In this study, the remaining 30% (422) of the 
total debris flow hazards points were used for gen-
erating the ROC curves (Figure 5). The prediction 
rate value was obtained by calculating the area 
under the ROC curve (AUC). As shown in Figure 
5, the prediction rates of IVM, IVM-AHP, IVM-
EWM and IVM-CWM were 0.823, 0.840, 0.849 
and 0.894, respectively. Therefore, the IVM im-
proved by the CWM (IVM-CWM) has the optimal 

effect for Jilin Province debris flow susceptibility 
map among these methods. Its corresponding map 
is the most reliable for debris flow hazard preven-
tion and mitigation of Jilin Province.  

 
 
In this paper, an improved information value 

model for Jilin Province was proposed, which is 
based on the AHP and entropy combined weighting 
method for debris flow susceptibility analysis. Tak-
ing the slope aspect, slope gradient, topographic 
relief, mean annual precipitation, vegetation cover-
age, population density, land types, lithology group, 
distance from faults and distance from the hydro-
graphic net as debris flow influencing factors, the 
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debris flow susceptibility maps of the study area 
were generated based on four models, i.e., IVM, 
IVM-AHP, IVM-EM, and IVM-CWM. 

The four resulting susceptibility maps illus-
trated that the high susceptibility areas were mainly 
distributed in the southeast mountainous area of 
Jilin Province, whereas the low susceptibility areas 
were concentrated in the north-western plain areas. 
According to the prediction rate obtained from the 
AUC, all four models had high accuracy in the 
susceptibility analysis of debris flows in Jilin Prov-
ince. In addition, the proposed IVM-CWM had the 
best effect for debris flow susceptibility mapping in 
this area. The percentage area of very low, low, 
moderate, high and very high in the optimal suscep-
tibility map were 23.75%, 28.39%, 21.16%, 
17.38%, and 8.32%, respectively. IVM-CWM ob-
tained the weights of each of the influencing factors 
through a combination of AHP and entropy 
weighting methods. This method well-balanced the 
advantages and disadvantages of the subjective and 
objective factors.  

However, in the newly improved IVM-CWM, 
the classification of each influencing factor was 
based on the principle of equal division, and the 
experience of researchers may not be the most rea-
sonable. Therefore, an objective and reasonable 
factor classification method should be studied in the 
future. The seismic belt should be considered an 
influencing factor if there are sufficient relative 
data. The debris flow susceptibility based on the 
basin unit in this case is worth studying in the fu-
ture. Furthermore, the safety area should be taken 
into consideration for model training to ensure the 
results are more reliable. 
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This study was to determine indoor air pollu-

tion and to assess the health impact of factors on 
workers in the furniture markets. Formaldehyde is 
the major indoor air pollutants and the concentra-
tion of formaldehyde was significantly higher in 
summer than it in winter. The exceeding ratios were 
76.19% and 92.47%. In the furniture market, the 
mean values of employees’ awareness of occupa-
tional health, attitude towards occupational health 
and occupational health behavior were 44.9 ± SD 
12.87, 69.5 ± SD 12.24 and 34.1 ± SD 11.15 re-
spectively. There were significant differences in 
age, education, residential location, economic con-
dition and working years. Our results showed fac-
tors influencing on occupational health in the furni-
ture markets through using a KAP survey, which 
revealed the importance of creating awareness 
about the health of employees in the furniture mar-
kets and taking effective measures to protect those 
employees against indoor air pollution. 
 
 

Occupational health, furniture market, indoor air pollu-
tion 
 
 

 
According to statistics, nearly half of the 

world's population suffers from indoor pollution, 
which has become one of risk factors endangering 
public health. Most recently, with the improvement 
of people’s living standard, novel and fashion room 
furnishing has being expected, resulting in the 
change of furniture. In addition, numerous artifi-
cially synthesized materials have been widely used 
for furniture. Therefore, furniture pollution, con-
struction pollution and indoor air after decoration 
are the most common sources of indoor pollution. 

Indoor air pollution caused by furniture has 
been attached great importance [1-3], but its influ-
ence on employees in furniture market has not been 
received enough attention [4]. Nevertheless, diverse 
furniture is stored in the furniture markets leading 
to poor air quality, few researches on air pollution 

air pollution have been conducted in furniture mar-
ket. The existing articles have substantiated that the 
concentration of formaldehyde in the furniture 
market exceed the standard. Especially, its concen-
tration is much higher in summer than in winter [5-
7]. 

In order to determine the air quality and health 
status of employees in the furniture market, we 
carried out an investigation on indoor air pollution 
and health status of staff in the furniture markets in 
the summer and the winter. We also made field test 
for harmful substances in indoor air, which is refer-
ential for ameliorating air pollution in the furniture 
market, preventing the occupational diseases, 
strengthening the professionally occupational health 
education, and establishing effective measures [8, 
9]. 

 
 

Several aspects 
of indoor air were tested including temperature, 
humidity, wind speed, and concentration of the 
most important substances (formaldehyde, benzene 
series, carbon monoxide (CO), and carbon dioxide 
(CO2)). Hygienic Standard for Shopping Centre and 
Book Store (GB9670-1996) was used to assess 
microclimate, CO, CO2 and formaldehyde. Indoor 
Air Quality Standard (GB/T 18883-2002) was used 
to evaluate benzene, toluene, and 2, 2'-p-
phenylenebis (5-phenyloxazol) (POPOP).  

This cross-sectional and oblique-
sectional study was conducted every week. Sam-
pling method is suitable for measuring the micro-
climate and air quality in the chosen furniture mar-
ket. In accordance with the standard of Health 
Monitoring Technique Specifications in Public 
Places, sampling was carried out between the time 
of 09:00-11:00 a.m. and 02:00-04:00 p.m. 

A total of 196 employees 
who worked in eight large-scale furniture markets 
were selected as respondents, using a clustered 
random-sampling procedure and the on-site investi-
gation. They were completed questionnaires con-
sisting of the basic information (name, gender, age, 
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educational degree, economic condition, working 
years, and working hours), 7 questions about 
knowledge of indoor air pollution, 8 questions 
about attitudes of indoor air pollution in furniture 
market, 8 questions about the occupational health 
behaviors, and 12 questions about the personal 
health status. Questionnaires referred to the domes-
tic and international references correlated with this 
research, as well as the advices of experts. In order 
to make comprehensive estimate for respondents, 
we designed different scoring methods. All the data 
were recorded and transferred to centesimal system. 
The actual data were used to assess employees’ 
knowledge, attitude, behavior and health status. 

Data were expressed as 
mean ± SD. All the data were analyzed using SPSS 
13.0 statistical analysis software package. Chi-
square (χ2) tests were used to identify differences in 
categorical data. A -value of < 0.05 was consid-
ered significant. The multiple linear stepwise re-
gression was applied to analyze the influential fac-
tors of the health status. Polychotomous variables in 
the independent variables were analyzed by dummy 
variables.  

 
 

On average, the temperature, humidity, 
and wind speed in furniture market in summer were 
26.8 °C, 53.6 % and 0.26 m/s respectively, which 
were higher than those in winters. In winter, they 

were 16.7 °C, 31.9% and 0.07m/s respectively. All 
the data were consistent with the national ambient 
air quality standards. 

During heating period, the exceeding ratios of 
formaldehyde, benzene, toluene, and POPOP were 
77.8%, 36.72%, 6.47% and 5.00% respectively. 
During non-heating period, the exceeding ratios of 
formaldehyde and benzene were 80.82% and 
24.22% respectively. The concentrations of toluene 
and POPOP were not over the standard of indoor 
air quality. The concentration of formaldehyde was 
not only higher in winter than it in summer (χ2 = 
13.99  = 0.00018), but also it exceeded this 
standard. The concentration of benzene in summer 
almost kept the same with that in winter (χ2 = 
2.314  = 0.128), yet the mean value was higher 
than it prescribed by the national ambient air quali-
ty standards. The concentrations of toluene and 
POPOP were below the standard of indoor air 
quality. There were no statistically significant dif-
ferences between groups.  

While a to-
tal of 196 individuals responded to the survey, the 
questionnaires of 185 employees which constituted 
94.4% of all the respondents were collected for 
analysis. Among participants, 43 (21.9%) were 
male, and 142 (78.1%) were female; 97 (52.4%) 
were migrant workers. A large majority of partici-
pants had low levels of education. Of these, 77.7% 
graduated from junior high and senior high school; 
76.4% had worked in the same occupation over 2 
years. 
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Existing poisonous and 
hazardous materials  126 68.1 20 47.6 58 69.9 48 80.0 22 47.8 48 75.0 56 74.7 

Self -protection 99 53.5 14 33.3 44 53.0 41 68.3 15 32.6 36 56.3 48 64.0 
Major indoor pollu-
tants               

formaldehyde 88 47.6 10 23.8 35 42.2 43 71.7 18 39.1 31 48.4 39 52.0 
benzene series 86 46.5 13 31.0 37 44.6 36 60.0 16 34.8 29 45.3 41 54.7 
Ammonia, CO2, CO 34 18.4 6 14.3 14 16.7 14 23.3 7 15.2 12 18.8 15 20.0 
Cognition on health 
hazard               

Irritating to eyes 148 80.0 32 76.2 67 80.7 49 81.7 30 65.2 54 81.3 62 82.7 
Irritating to respira-
tory system 162 87.6 36 85.7 74 89.2 52 86.7 36 78.3 62 96.9 64 85.3 

Dizziness, head-
ache, chest distress 135 73.0 25 59.5 59 71.1 51 85.0 27 58.7 50 78.1 58 77.3 

Skin allergy 83 44.9 18 42.9 37 44.6 28 46.7 14 30.4 31 48.4 38 50.7 
Lower immunity 59 31.9 12 28.6 23 27.7 24 40.0 13 28.3 20 31.3 26 34.7 
carcinogenicity 32 17.3 8 19.0 23 27.7 21 35.0 10 21.7 17 26.6 25 33.3 
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The study showed that 68.1% of 
participants expressed awareness of poisonous and 
hazardous materials existing in the furniture market 
(Table 1). The awareness rate was related to educa-
tional degree and working years (χ2educational degree = 
8.25 <0.05; χ2working years = 8.13,  < 0.05). 53.5% 
of participants had the consciousness of self-
protection, which was also associated with educa-
tion and working years (χ2educational degree = 7.62 < 
0.05; χ2working years = 6.81 <0.05). The mean value 
of employees’ awareness of occupational health 
was 44.9 ± SD 12.87. 

Table 2 revealed that the majority of em-
ployees dealt with occupational health in a positive 
way. Over 60% of participants approved the indi-
vidual viewpoint about occupational health. Espe-
cially, above 90% accepted the items, including 
having the better working environment (96.2%) and 
receiving periodic health examination (94.1%). 
However, 26% of the employees hold the negative 
attitudes. The mean value of employees’ attitude 
towards occupational health was 69.5 ± SD 12.24. 

As seen in Table 3, participants had no good behav-
iors to ensure occupational health and safety in the 
furniture markets. In other words, few participants 
took effective measures to keep healthy and safety. 
55.1% of participants ventilated the rooms, which 
was the most common measure. Besides, 67.6% of 
participants did not take self-protection; 64.3% of 
participants never initiatively learned the occupa-
tional health; 60% of participants never learned 
occupational health and reported pollution. The 
mean value of occupational health behavior of 
employees in the furniture markets was 34.1 ± SD 

11.15. 

Table 4 repre-
sented that the morbidity of employees who worked 
in the furniture markets was higher than that in the 
shopping centers. There were statistically signifi-
cant differences in the occurrence rates of several 
symptoms between these two groups (  < 0.01), 
including suffocation, dizziness, coldness, respira-
tory tract irritation, and skin diseases. The signifi-
cant differences between the groups were also 
found in the occurrence rates of irregular menstrua-
tion, epistaxis, bleeding gums, and getting the same 
diseases with colleagues (  < 0.05). For employees 
who worked in the furniture markets, the occur-
rence rate of neurological problems (suffocation 
and dizziness) was the highest among all the symp-
toms. It accounted for 44.3%, which was higher 
than that of the upper respiratory tract (38.4%). By 
contrast, the occurrence rates of reduction in blood 
cells and frequent hemorrhage were lowest, ac-
counting for 9.2%. 

In 
this study, Gender, age, marital status, educational 
degree, residential location, economic condition, 
working years, and working hours per day were 
used as independent variable. The score of health 
knowledge, health attitude, and health behavior are 
used as dependent variable. By analysis of multiple 
linear stepwise regression, the results presented in 
Table 5 showed that factors influenced employees’ 
health including age, educational degree, residential 
location, economic condition, working years, health 
knowledge, health attitude, and health behavior (
was 0.169, 0.144, 0.067, 0.097, 0.068, 0.185, 0.171, 
0.291, and 0.494 respectively; the mean value of  
< 0.05). 

Items Number of approvers Approval ratio (%) 
It’s important to know occupation health knowledge 125 67.6 
Taking protective measures 116 62.7 
Having the better working environment 178 96.2 
Receiving occupational health education 123 66.5 
Receiving periodic health examination 174 94.1 
Selling environmentally-friendly furniture 112 60.5 
Strengthen supervision and inspection  129 69.7 

Items 
Often Sometimes None 

Number Rate 
(%) Number Rate 

(%) Number Rate 
(%) 

Utility of protective equipment 21 11.4 39 21.1 125 67.6 
Learning occupational health knowledge 24 13.0 42 22.7 119 64.3 
Keeping ventilated 102 55.1 46 24.9 37 20.0 
Interruption of work once having any signs of illness 52 28.1 63 34.1 70 37.9 
Timely inspection and treatment 54 29.2 74 40.0 57 30.8 
Requiring the better working environment 35 18.9 62 33.5 88 47.6 
Reporting indoor pollution to authorities 21 11.4 43 23.2 121 65.4 
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Symptoms or feeling 

Employees in furniture market Employees in shopping centers 
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Suffocation, sickness when 
working, even dizziness, symp-
toms are alleviated after work 

185 82 44.3 106 25 23.6 12.47 0.0004 

Easy to get cold 185 67 36.2 106 18 17.0 12.06 0.0005 
Do not smoke, seldom contact 
smoking environment, but often 
have a sore throat, foreign body 
sensation, disturbance in respira-
tion 

185 76 41.1 106 23 21.7 11.28 0.0008 

Often cough, sneeze, low  
immunity, easy to get sick 185 71 38.4 106 15 14.2 18.99 0.0001 

Frequent skin itch, skin allergy 185 53 28.6 106 11 10.4 13.11 0.0003 
Get same disease with col-
league, symptoms are alleviated 
after leaving the environment 

185 28 15.1 106 6 6.7 5.86 0.0155 

Long time infertility after mar-
riage; can not find the reason 79 8 10.1 38 3 7.9 0.0024 0.9608 

Fetal malformation or easy to 
miscarry 62 7 11.3 27 2 7.4 0.31 0.8602 

irregular menstruation 142 41 28.9 91 13 14.3 6.63 0.0100 
Frequent epistaxis, bleeding 
gums after taking up the occupa-
tion 

185 17 9.2 106 2 1.9 4.75 0.0293 

Contact trachitis, bronchitis or 
pulmonary disease after taking 
up the occupation 

185 19 10.3 106 8 7.5 0.59 0.4410 

Blood cells reduces after taking 
up the occupation 65 6 9.2 36 2 5.6 1.31 0.2517 

 

Basic variables No. t statistic  value 
Gender X1 2.858 1.867 0.047 1.531 0.216 
Age X2 4.394 0.692 0.169 6.353 0.0001 
Marital status X3 0.699 0.987 0.027 0.708 0.479 
Educational degree X4 4.196 0.841 0.144 4.986 0.0001 
Residential location X5 1.779 0.761 0.067 2.336 0.020 
Economic condition X6 7.539 3.115 0.068 2.420 0.016 
Working years X7 5.520 0.820 0.185 6.735 0.0001 
Working hours per day X8 1.429 0.837 0.046 1.707 0.088 
Health knowledge X9 8.462 1.496 0.171 5.655 0.0001 
Health attitude X10 0.388 0.134 0.291 2.903 0.004 
Health behavior X11 0.456 0.092 0.494 4.943 0.0001 

 
In the furniture production, chemical materials 

have been widely used contributing to indoor air 
pollution [10]. Among these, formaldehyde and 
benzene, as the major pollutants, are hazardous 
substances from the application of board tackifier, 
paints and adhesives, which are extensively used in 
the latest furniture. Indeed, present investigations 
have reported a large amount of adhesives are ap-
plied in extrusion forming of wooden boards [11-
13]. The adhesives are formed by polymerization 
from formaldehyde and urea, especially in winter, 
which are easy to release gaseous formaldehyde. 
Therefore, the pollution of formaldehyde and ben-

zene is correlated with the quality of wooden, pro-
portions of boards, storage time after board produc-
tion, and storage environment [14]. 

Due to fund shortage, the actual number of 
samples was only for 4% of the total workers who 
employed in the furniture markets of Nanyang. 
Nonetheless, the submitted quantity was adequate 
for the present study. In this study of workers em-
ployed in the furniture markets, the symptoms 
about nerve system, the upper respiratory tract and 
skin were hypothesized to be associated with the 
high concentration of formaldehyde. Moreover, the 
high incidences of irregular menstruation and ab-
normal pregnancy can be related with benzene. 
There was no significant difference in the reduction 
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of blood cells among employees engaged in the 
furniture markets compared to those who worked in 
the shopping center, which was probably caused by 
changing the concentration of benzene at the same 
time [15]. The cause of changes on blood cells was 
not known for certain, whereas the problem could 
be solved satisfactorily by testing the individual and 
increasing the sampling amount. Furthermore, there 
are other personal factors influencing the results, 
such as aperiodic health examination, unawareness 
of health and self-protection, and the lack of health 
management from industry.  

A Knowledge, Attitude and Practices (KAP) 
survey, as a quantitative method, was applied to 
determine factors influencing on the occupation 
health in the furniture markets. This study pinpoint-
ed that most employees lacked the awareness of 
occupation health. 31.9% of employees were una-
ware that they were being exposed to poisonous and 
hazardous gases at work, and 46.5% of employees 
lacked a consciousness of self-protection. The 
awareness rate was significantly connected to edu-
cational degree and working years (χ2educational degree = 
8.25  < 0.05 χ2working years = 8.13  < 0.05). 
Employees with high educational background not 
only easily obtain knowledge of occupational health 
from many sources, but also have strong abilities to 
fully understand new information. Additionally, 
due to the long working years, senior workers paid 
much more attention to occupation health by learn-
ing from experience compared to newcomers. Be-
cause occupational health was poorly publicized, 
only 30.2% of employees obtained it from the relat-
ed health and safety departments, which empha-
sized the importance of providing occupational 
health education in furniture enterprises [16]. 

Despite the fact that employees with low-level 
cognition still hold positive attitude toward occupa-
tional health, the approval rate of taking protective 
measures were low (62.7%). It reveals that safety 
and health education should be popularized in 
workplace, which is the crucial for employees to 
have a strong demand for occupational health.  

It has been proven that health behavior of em-
ployees depends largely on their health knowledge 
and positive attitude. On the other hand, culture, 
custom, public opinion, morality, law and regula-
tions could both have an impact on behavior. 
Therefore, it is hard to define exactly the change of 
occupational behavior. The present study showed 
that few employees keep on using the facilities for 
self-protection. 64.3% of employees hardly learned 
the knowledge of occupational health, which was 
relevant to low educational background, causing 
difficulty in reading and lack of time. Thereby, the 
health and safety departments should adopt com-
mon and lively methods to make occupational 
health accessible. 30.8% of employees kept on 
working in spite of illness, which was associated 
with misconception and low income. 65.4% of 

employees never reported indoor pollution to au-
thorities [17]. These results were found to be relat-
ed to lack of legal education and social security. In 
order to figure out these problems, the departments 
for the administration of industry are supposed to 
attach importance to vulnerable groups, strengthen-
ing management, and safeguarding employees’ 
legitimate rights. 

In our study, occupational health of employees 
was significantly influenced by age, educational 
degree, residential location, economic condition, 
working years, health knowledge, attitude, and 
behavior. Older employees had more experience 
and knowledge of occupational health than did 
young employees. Likewise, employees with long 
working years did good in maintaining safety and 
health in workplace. Similar results were found in 
the study preformed by Jinling Liu et al [1]. Em-
ployees with higher educational degree have strong 
abilities in their acquirement of new knowledge and 
greatly concerned about occupational health. Resi-
dential location provides a circumstance of general 
education for people, leading to fostering correct 
views on life and values [18], which may indirectly 
affect occupational health.  

Establishing the rules and regulations could be 
helpful to supervise indoor air quality of furniture 
market and to provide effective measures to reduce 
indoor air pollution from hazardous materials, such 
as limiting the application amount of formaldehyde 
and ammonia in adhesive, keeping ventilated, and 
utilizing biological technology. Our data empha-
sized the need to develop health education pro-
grams that enhance occupational health knowledge 
among employees in the furniture markets. For 
instance, furniture enterprise should enforce occu-
pational health education and check employees’ 
health behavior in workplace by examination. Be-
sides, employees who work in the furniture markets 
should receive a regular health checkup every year. 

 
 

 
We investigated indoor air condition in the 

furniture markets and the health status of employ-
ees. campus. The high risks of formaldehyde and 
benzene were demonstrated to be a concern to the 
employees. Besides, occupational health of em-
ployees was significantly influenced by age, educa-
tional degree, residential location, economic condi-
tion, working years, health knowledge, attitude, and 
behavior, which emphasized occupational health in 
the furniture markets and contributed to take effec-
tive measures to protect employees against indoor 
air pollution. 
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The study was carried out during the period 

2015-2016 based on 24 physicochemical and 5 mi-
crobiological wastewater (WW) parameters. WW 
samples were collected twice per month from both 
monitoring points (MPs) of the Municipal 
Wastewater Treatment Plant (MWWTP) - MP-1 (in-
let) and MP-2 (outlet) and screened parameters were 
analyzed according to Bulgarian standards complied 
with ISO standards. For the estimation of total and 
specific microbial load, selective chromogenic cul-
ture medium sheets were used. Multivariate statisti-
cal technique was applied to analyze the data for dif-
ferent parameters. It was found the ranges of varia-
bility and trends of inlet-outlet WW values changes. 
The MWWTP demonstrated different removal effi-
ciency (8.31-97.8%) referring to different WW pa-
rameters. 127 strong positive and negative correla-
tions exist between controlled WW parameters. The 
parameters involved in the most numerous statisti-
cally significant correlations were ToC and Cl. EC at 
inlet/outlet affected at a great extent Factor 1 of Ro-
tated factor loading matrix. The factor analysis de-
termined MP as a factor influencing the largest num-
ber of parameters (14), followed by factors Month 
(7) and Year (2). PCA revealed different WW pa-
rameters at inlet-outlet that were affected by F1 and 
F2. The treated WW did not meet the requirements 
for discharge in the receiving water body (with re-
spect to the total P content) and for irrigation (as fats 
content and the number of total Coliforms, ,

 and  spp. was con-
cerned).  

Wastewater Treatment Plant, wastewater, physicochemi-
cal and microbiological parameters, heavy metals, multi-
variate analysis 

 
 
 
 
 
 

 

Urbanization, progressive population growth, 
industrial and agricultural development are global 
processes related to constant increase in the gener-
ated wastewater amount. Wastewater from settle-
ments, both within a country and between the differ-
ent countries in the world are characterized with ex-
tremely diverse physicochemical composition, mi-
croorganisms’ content and invasive forms of para-
sites [1-3]. The level of wastewater purification de-
termines whether they will pose an ecological risk to 
the receiving water bodies where they discharged [4-
6] or to the soil [7-10] and the crops grown when 
used for irrigation (11-16].  

Wastewater discharges can deteriorate the 
physicochemical and biological properties of water 
of the receiving water bodies when discharge quality 
does not comply with the norms [17-19]. Achieving 
the required quality of treated wastewater depends to 
a large extent on the purification methods and equip-
ment used in the MWWTPs [20-26]. In order to 
solve the wastewater problems, Bulgaria strictly fol-
lows the EU Directives concerning urban 
wastewater treatment - for the construction of 
WWTPs in all settlements with a population equiva-
lent of more than 10 000 [27] and emission-based 
regulation for effluent quality in terms of COD, 
BOD, total N and total P [28]. Currently, 174 
MWWTPs (7 with primary, 97 with secondary and 
109 with tertiary treatment, respectively) are operat-
ing in the country. They purify about 75% of the gen-
erated wastewater, which in the period 2010-2017 
consisted of 786.6-811.2 mill.m3/y [29]. The most 
modern MWWTP in Bulgaria was put into operation 
in April 2011. The final treated effluent is discharged 
into Bedechka River, left tributary of Maritsa River 
(main transborder source of irrigation in the Trakia 
valley [19]) that flows into the Aegean Sea. There-
fore, the WWTPs effluent quality is of great ecolog-
ical (protection of the water purity of the receiving 
water bodies) and agronomic (when used for irriga-
tion) importance. Based on the above mentioned, the 
purpose of this study was to make inlet-outlet 
wastewater quality characterization and ecological 
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assessment from the most modern Municipal 
Wastewater Treatment Plant in Bulgaria, using key 
physicochemical and microbiological parameters. 

The study was conducted from 
January 2015 to December 2016 into the most mod-
ern MWWTP in Bulgaria (capacity 3 174 m3 
wastewater per hour), town of Stara Zagora (136000 
inhabitants), situated in Central-South part of the 
country (N42.425777о; E25.634484о). It treats urban 
wastewater (WW), including domestic (about 85%) 
and industrial (about 15%) wastewater (from house-
holds, brewery, vegetable oil refinery, industrial en-
terprises, other human activities) and surface rainfall 
water. 

MWWTP includes three stages 
of wastewater treatment: Ist stage - mechanical treat-
ment (gratings and filters); IInd stage - biological 
treatment (aeration tanks, secondary settling tanks 
and methane tank); IIIrd stage - additional treatment 
to limit the amounts of phosphorus and nitrogen by 
physico-chemical and biological methods. Treated 
WW and dehydrated sludge are obtained at the outlet 
of the plant station. Treated WW are discharged into 
Bedechka River (water receiver), which is defined as 
semi-mountainous type of water body - type R5 [30]. 
Its location is in a sensitive area with high anthropo-
genic impact, according to Order of Minister of En-
vironment and Water [31].  

For the purpose of the 
study, two monitoring points (MPs) of MWWTP 
were identified: 

• Inlet (MP-1) - raw municipal wastewater 
(RMW); 

• Outlet (MP-2) - treated municipal 
wastewater (TMW). 

During 
the experimental period (January 2015 - December 
2016), wastewater samples were collected every two 
months from both MPs (a total of 24 samples). For 
wastewater sampling and sample preparation for 
analyses, international references (ISO 5667-1; ISO 
5667-3; ISO 5667-10) were used. The samples for 
physicochemical analysis were collected in dark (to 
eliminate photo-oxidation processes) chemically 
clean glass containers (3L) and for the microbiolog-
ical analysis - in sterile glass containers (0.25L). The 
collected wastewater samples were transported to 
the chemical and microbiological laboratories at 
Faculty of Agriculture, Trakia University in a cool 
bag (at 4-6oC), and processed for analysis up to 2 h 
after the collection. 

The 
following 24 physicochemical and 5 microbiological 
parameters charactaraizing wastewater quality were 
determined. 

 All analyses 
were performed in triplicate, as followed: tempera-
ture (T oC) and pH – ISO 10523, by pH-meter Lab 
850 with built-in temperature sensor; electrical con-
ductivity (EC) – EN 27 888, by Multi 340i/SET; to-
tal hardness (TH) – Bulgarian State Standard (BSS) 
– 3775, titrimetric method with complexon III; sus-
pended solids (SS) – BSS 17.1.4.04, by determining 
the mass of SS in a certain volume of wastewater 
captured on a filter paper, after its drying at 105ºC; 
COD – ISO 6060; BOD5 – EN 1899-1, 2 by BOD-
System OxiDirect; total nitrogen (TN), (N-NH4, N-
NO2, N-NO3, Norg.) – EN 25663, by the method of 
Kjeldahl and using a steam distiller UDK 146; total 
phosphorus (TP) – EN 6878-1 and sulfate (SO42-) – 
BSS 3588 by UV-VIS Spectrophotometer JENWAY 
6705; chlorides (Cl-) – ISO 9297; fats – EPA Method 
1664; iron (Fe), manganese (Mn), chromium (Cr), 
copper (Cu), zinc (Zn), cadmium (Cd), lead (Pb) and 
nickel (Ni) by ISO 15586, respectively; potassium 
(K) and sodium (Na) by ISO 9964; calcium (Ca) and 
magnesium (Mg) by ISO 7980 with an AAS 
(AAnalyst 800 Perkin-Elmer), with graphite furnace 
HGA or on flame.  

 
 Number of cul-

tivable microorganisms in wastewater samples was 
enumerated by performing serial dilutions (from 
1:10 to 1:1000000) in phosphate-buffered saline 
which was vortexed for 1 min prior to plating. For 
the quantitative determination of the aerobic meso-
philic microorganisms (AMO), sanitary-indicator 
microorganisms (coliforms

) and pathogens ( spp.) in the 
wastewater, medium sheets (Rida®Count Total; 
Rida®Count ; Rida®Count

, R-Biopharm AG, Ger-
many) coated with selective, chromogenic culture 
medium were used. Transparent cover film was 
opened and 1 mL of the sample solutions with ap-
propriate dilutions was applied onto the nonwoven 
fabric of the medium sheet with a pipette. The sheets 
were inoculated in duplicate, incubated at 35оC for 
24-48 h and the colonies were counted. Specific mi-
croorganisms formed colonies with different colors 
on the specific test cards. The results are expressed 
in colony forming units (CFU/mL).  

 It was determined on the basis of differ-
ences between respective inlet and outlet values of 
the investigated WW parameters expressed as mg/L 
for physicochemical parameters, CFU/ml for micro-
bial indices and in percentage (%) for both groups of 
parameters.  
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 It was made by the method of com-
parative analysis in which the results obtained for 
different parameters were compared with the respec-
tive stipulated norms in two aspects as followed: 

• TMW quality status assessment from an en-
vironmental point of view: It was carried out by 5 
parameters (COD, BOD, SS, total N and total P) ac-
cording to emission norms for permissible levels of 
harmful and hazardous substances in the wastewater 
discharged into the receiving water bodies [32].  

• TMW quality status assessment as a source 
for irrigation in agriculture: It was made on the basis 
of 16 physicochemical parameters, 8 trace elements 
and 5 microbiological parameters according to re-
quirements of the irrigation water quality [33]. 

All data ware analyzed by 
Statistical software and data analysis tool XLSTAT, 
Version 2016.02, Addinsoft.  
 

  
WW temperature corresponded the temperature 
changes during the different seasons and varied from 
10.3 to 23.0oC in 2015 and from 10.2 to 26.6oC in 
2016 (Table 1). WW average annual temperatures at 
both MPs changed differently during the survey pe-
riod - in 2015 the inlet WW temperature was higher 
as compared to that of outlet WW (on the average by 
0.5oC), and in 2016 the opposite tendency was ob-
served - higher temperature at outlet than at inlet (by 
0.6oC on the average). These differences were not 
statistically significant and showed that plant treat-
ment processes did not affect WW temperature. 
Comparable temperatures to the measured maximum 
were reported by Zema et al. [34] for TMW from San 
Lorenzo WWTP, Calabria, Italy – 23.0±4.32oC for 
the period April-September, a fact that confirms the 
seasonal influence on the WW temperature. 

Para-
meters  Unit MP*                             2015                          2016   SL  

 [32] 
       SL  
      [33] 

   Cx±SD Cmin Cmax Cx±SD Cmin Cmax   

T oС Inlet 
Outlet 

16.6±4.62 
16.1±4.81 

10.3 
9.50 

22.9 
23.0 

16.1±6.03 
16.7±5.94 

10.2 
11.4 

25.3 
26.5 

- 
- 

- 
28 

рН Units Inlet 
Outlet 

7.68±0.39 

7.28±0.36 
7.30 
7.06 

8.41 
8.00 

7.57±0.13 

7.49±0.15 
7.35 
7.29 

7.75 
7.72 

- 
- 

- 
6-9 

EC μS/cm Inlet 
Outlet 

734.0±73.3 
727.0±178.7 

649.0 
601.0 

851.0 
1081.0 

697.0±52.8 
638.0±51.4 

630.0 
569.0 

759.0 
699.0 

- 
- 

- 
2000 

TH mgeq
v/L 

Inlet 
Outlet 

4.22±0.35 

4.08±0.33 
3.44 
2.92 

5.73 
5.55 

4.47±0.41 

4.86±0.29 
3.87 
4.44 

4.88 
5.30 

- 
- 

- 
14 

Ca mg/L Inlet 
Outlet 

70.4±6.32 

66.4±4.35 
64.8 
60.2 

77.8 
72.3 

67.4±5.28 

68.3±4.20 
59.1 
61.6 

73.7 
74.1 

- 
- 

- 
400 

Mg mg/L Inlet 
Outlet 

20.8±2.04 

19.3±3.45 
18.2 
15.8 

21.8 
20.2 

17.8±1.97 

17.7±3.45 
15.0 
13.7 

20.4 
22.3 

- 
- 

- 
300 

SS mg/L Inlet 
Outlet 

60.6±19.5a 
6.31±4.88a 

29.8 
3.46 

84.8 
16.1 

59.9±20.0a 

5.62±4.12a 
36.0 
3.15 

81.6 
15.3 

- 
35 

- 
50 

COD mg/L Inlet 
Outlet 

200.7±41.4b 
20.7±7.66b 

157.2 
13.2 

280.1 
32.4 

196.1±56.0b 

20.2±9.15b 
145.0 
9.00 

279.2 
34.3 

- 
125 

- 
100 

BOD5 mg/L Inlet 
Outlet 

88.8±33.8b 
5.17±2.64b 

33.6 
2.03 

130.2 
8.01 

79.5±26.2a 
3.33±1.21a 

52.2 
2.00 

121.0 
5.04 

- 
25 

- 
25 

Total N mg/L Inlet 
Outlet 

24.6±7.56a 
5.56±2.18a 

15.5 
2.54 

35.0 
8.50 

65.7±46.7a 
5.84±1.58a 

28.6 
4.29 

153.0 
8.58 

- 
10 

- 
5 /20  

Total P  mg/L Inlet 
Outlet 

49.7±20.6a 
0.98±0.10a 

27.8 
0.83 

80.3 
1.09 

38.6±11.0b 

1.08±0.24b 
26.4 
0.65 

58.0 
1.29 

- 
1 

- 
3 

Total K mg/L Inlet 
Outlet 

7.03±3.02 

7.12±2.41 
4.29 
4.86 

11.6 
10.1 

7.59±3.20 

7.42±2.39 
4.79 
5.07 

13.6 
11.8 

- 
- 

- 
350 

Total Na mg/L Inlet 
Outlet 

43.1±8.58 

36.3±8.24 
29.5 
27.3 

46.1 
42.4 

39.4±8.32 

34.9±7.99 
25.8 
25.1 

49.3 
46.8 

- 
- 

- 
300 

Cl- mg/L Inlet 
Outlet 

- 
- 

- 
- 

- 
- 

36.3±5.25 
34.1±3.79 

29.3 
29.0 

49.3 
39.9 

- 
- 

- 
300 

SO4
2- mg/L Inlet 

Outlet 
3.88±0.96 

2.92±0.74 
2.66 
2.20 

5.38 
3.55 

3.36±0.71 

2.79±0.62 
2.38 
2.01 

4.47 
3.39 

- 
- 

- 
300 

Fats mg/L Inlet 
Outlet 

14.8±3.23b 

3.43±1.08b 
10.4 
2.06 

22.1 
5.43 

16.1±3.08b 

3.93±1.14b 
11.3 
2.24 

19.1 
5.21 

- 
- 

- 
5.0 

*MP - Monitoring point; **Standard Limit for N-NH4; 
***Standard Limit for N-NO3; ****Differences between values by columns are significant at P<0.05 – aa, P < 0.01 – bb. 
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 Inlet/outlet pH values varied within a rela-
tively narrow range, 7.06-8.41 in 2015 and 7.29-7.75 
in 2016 (Table 1). A similar trend of change was ob-
served over the monitored period – pH outlet values 
were averagely 1.05 and 1.01 times lower than those 
at inlet, in 2015 and 2016, respectively. These small 
differences in pH values between the two MPs give 
grounds to conclude that WW treatment processes 
had almost no influence on this indicator. A contrary 
trend is reported by Kushwah et al. [2] for Badwai 
sewage treatment plant (Bhopal, India), where influ-
ent pH values were 1.12 to 1.23 times lower than en-
fluent pH values during different seasons.  

It is noteworthy that the data from other inves-
tigations all over the world are very diverse. Some of 
them [9, 26, 35-39] are in the range of the measured 
pH values (7.3-8.0). Others authors [16, 40-44] re-
ported slightly higher values (8.1-8.4) or slightly 
lower ones (5.53-7.28) [5, 45, 46]. Data analysis 
showed that untreated and treated WW had a neutral 
to slightly alkaline reaction regardless of the country 
and the plant treatment technology used. The only 
exceptions of that rule are the treated WW from 
some cities in Bangladesh, which are slightly acidic 
[45]. Probably, in those cases there are some specific 
conditions (WW composition, WW treatment, etc.) 
affecting WW pH.  

 Values obtained varied from 601.0 to 
1081.0 µS/cm in 2015 and from 569.0 to 759.0 
µS/cm in 2016 (Table 1). In both MPs EC was 
slightly higher in 2015 than in 2016, averagely 1.05 
times at inlet and 1.13 times at outlet, showing that 
the factors influencing WW ions concentrations can 
vary from year to year. Regardless of the year of 
measurement, EC was slightly lower in outlet com-
pared to inlet, 1.01 times (2015) and 1.09 times 
(2016) on the average. A similar trend is found out 
by Kushwah et al. [2] for Badwai sewage treatment 
plant, Bhopal, India.  

The small and inconsistent differences between 
the input and output EC values do not imply any in-
fluence of plant treatment processes on this parame-
ter. Data similar to our results (955.0-1063 μS/cm) 
were reported by Zavadil [47] and Pereira et al. [43]. 
Other authors established higher (1200-2300 μS/cm) 
[16, 26, 41, 46] or lower (450-630 μS/cm) [38, 42] 
values than ours. Obviously, WW EC in different 
countries demonstrates a wide range of fluctuation, 
probably due to the different conditions for WW salt 
concentration formation and the methods of treat-
ment. 

These parameters are interre-
lated and thus analyzed together. In both MPs, TH 
varied between 2.92 and 5.73 mgeqv/L, values char-
acterizing WW hardness as medium (8-12odH) to 
moderate (12-18odH) (Table 1). In the scientific lit-
erature, more attention is devoted to Ca and Mg con-
tent than to TH. Ca and Mg concentrations fluctuated 

at different levels, higher for Ca 59.1-77.8 mg/L and 
lower for Mg 13.7-22.3 mg/L (Ca content was 3.38 
to 3.85 times higher compared to Mg content). In-
let/outlet Ca and Mg concentrations were very close, 
which gave reason to assume that plant treatment 
processes did not affect these minerals. Similar Ca 

and Mg concentrations were reported by: for Ca 

(51.4-64.0 mg/L) - Ahmed and Al-Hajri [41], Pereira 
et al. [43] and Heidarpour et al. [48]; for Mg (15 
mg/L) - Zavadil [47]. Lower values for Mg (10.3-
11.1 mg/L) were found by Gatta et al. [39] and Pe-
reira et al. [43]. Significantly higher concentrations 
for both elements (Ca: 78-168 mg/L; Mg: 41.2-94 
mg/L) were established by Shakir et al. [16], Zema 
et al. [34], Bedbabis et al. [38] and Petousi et al. [44]. 
Obviously, the calcium and magnesium content in 
urban wastewater from different parts of the world is 
determined by specific and diverse factors. 

The established concentrations fluctuated 
within a relatively wide range - between 29.8 and 
84.8 mg/L in untreated and between 3.15 and 16.1 
mg/L in treated WW (Table 1). Outlet SS content 
was drastically reduced compared to inlet (P<0.05), 
9.60 times in 2015 and 10.7 times in 2016 on the av-
erage. Comparable results for TMW (referring to 
maximum values 16.2-17.5 mg/L) were obtained by 
Gatta et al. [39] and Pereira et al. [43]; much lower 
(<1 mg/L) – by Zavadil [47] and much higher (22.0-
56.4 mg/L) – by Shakir et al. [16], Zema et al. [34], 
Panoras et al. [49], Petousi et al. [44] and Heidarpour 
et al. [48]. These data characterized SS as a very 
changeable inlet/outlet WW parameter.  

 The parameter values varied from 145.0 
to 280.1 mg/L at inlet and from 9.00 to 34.3 mg/L at 
outlet (Table 1). The average COD concentration in 
the treated WW was 9.7 times lower than in un-
treated WW for both monitored years and the differ-
ence was statistically significant (P<0.01). Similar 
COD values for treated WW (7.6-26.5 mg/L) were 
established by Rojas-Valencia et al. [12], Shakir et 
al. [16], Alikhasi et al. [37] and Aiello et al. [40], 
while the majority of other authors [34, 38, 39, 43, 
44, 46-49] reported higher COD levels (39.7-438 
mg/L). Apparently, with respect to COD, MWWTPs 
in many countries cannot provide effective WW 
treatment. 

 The fluctuations observed in BOD5 
were similar to those observed for COD and varied 
between 33.6 and 130.2 mg/L at MP-1 and between 
2.00 and 8.01 mg/L at MP-2 (Table 1). BOD5 values 
were drastically lower in outlet compared to inlet 
WW, 17.2 times in 2015 and with 23.9 times in 2016 
(P<0.01). Data reported by Rojas-Valencia et al. 
[12], by Alikhasi et al. [37], by Aiello et al. [40] and 
by Petousi et al. [44] (4.0-7.8 mg/L) were compara-
ble to obtained TMW results. Other authors [16, 38, 
39, 43, 46, 48, 49] found much higher levels (13.9-
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128 mg/L). Therefore, data about this key parameter 
of WW quality are quite heterogeneous and contra-
dictory. This requires taking account of specific con-
ditions on a case-by-case basis. 

 The values of the indica-
tor varied significantly both by study year and by 
MPs. Average TN inlet content in 2016 was 2.7 
times higher than in 2015. Probably the reason was 
the larger amount of nitrogen substances occurring 
in WW in 2016 compared to 2015. Nevertheless, it 
is noteworthy that nitrogen content in the treated 
WW was almost the same in both monitored years. 
The TN values differences between inlet and outlet 
were statistically significant (P<0.05). The TN re-
sults obtained for TMW are the same as those re-
ported by Aiello et al. [40], by Pereira et al. [43] and 
by Zavadil [47] - 6.3-8.6 mg/L; higher than the data 
of Gatta et al. [39] - 1.66 mg/L, and lower than the 
concentrations found out by Rojas-Valencia et al. 
[12], by Zema et al. [34], by Bedbabis et al. [38] and 
by Petousi et al. [44] - 23.6-575.0 mg/L. 

 The TP quantity was 
higher in untreated WW in 2015 compared to 2016 
(1.29 times on the average), but at the same time its 
concentration was almost equal in treated WW for 
both years of study (Table 1). The differences of ave-
rage TP values between the two MPs for both years 
were statistically significant (P<0.05). A number of 
other authors [12, 16, 34, 37, 38, 40, 42, 44, 47, 48] 
reported higher TP levels in TMW (3.47-13.5 mg/L) 
than ours. Lower than our values are published by 
Gatta et al. [39] - 0.29 mg/L, while Mojid et al. [45] 
established a very wide range of parameter fluctua-
tion in TMW from 10 cities in Bangladesh (0.2-17.9 
mg/L). This heterogeneous picture is a result of the 
specific conditions under which each of the above 
mentioned studies were conducted, the most im-
portant of which are the generated WW composition, 
the adopted technology of their treatment, climatic 
and other factors. 

 TK content, in contrast 
to that of TN and TP, did not change between inlet 
and outlet, and varied between 4.29 and 13.6 mg/L 
and between 4.86 and 11.8 mg/L, respectively (Tab-
le 1). The results show that the WW treatment pro-
cesses had no impact on this indicator. At this stage, 
we have no acceptable explanation for this fact. Fu-
ture research would help to clarify this phenomenon. 
Our TK ranges agreed with those reported by Pereira 
et al. [43], by Mojid et al. [45] and by Heidarpour et 
al. [48] - 3.85-7.71 mg/L, and partly with the results 
published by Shakir et al. [16] - 12.1-19.4 mg/L. 
Much higher values (17.1-47.6 mg/L) than our data 
were established by Zema et al. [34], Alikhasi et al. 
[37], Bedbabis et al. [38], Gatta et al. [39], Galavi et 
al. [42], Pereira et al. [43], Petousi et al. [44] and 

Zavadil [47], while much lower – by Singh et al. [9] 
- 0.31±0.07 mg/L. 

 
 The measured concentrations 

were close by years of measurement for both MPs – 
inlet 25.8-49.3 mg/L and outlet 25.1-46.8 mg/L (Ta-
ble 1). Slightly lower TNa content was observed in 
TMW in comparison to RMW, 1.10 times in 2015 
and 1.13 times in 2016 on the average. These results 
partly match the data reported by Mojid et al. [45] – 
44-60 mg/L; they are much higher than the results 
published by Singh et al. [9] – 1.42±0.2 mg/L and 
significantly lower than maximum values (90.0-
470.0 mg/L) established by many other authors [16, 
34, 38, 39, 42, 43, 47, 48]. Obviously, WW TNa con-
centrations from urban territories all over the world 
depend on specific conditions, which are of different 
type and degree of influence.  

 RMW and TMW chlorides content was re-
latively low (29.0-49.3 mg/L) with small differences 
between inlet-outlet. The values of the parameter 
were slightly higher at MP-1 compared to MP-2, by 
1.06 times on the average. Higher concentrations 
(61.0-1999.0 mg/L) than ours are presented by 
Shakir et al. [16], Bedbabis et al. [38], Ahmed and 
Al-Hajri [41], Galavi et al. [42] and Pereira et al. 
[43], and lower - by Singh et al. [9] - 5.10±2.0 mg/L.   

 The established concentrations were neg-
ligibly low (2.01-5.38 mg/L). Notwithstanding this, 
the sulfate content was lower in treated than in un-
treated WW, 1.33 times in 2015 and 1.20 times in 
2016 on the average. This indicates that plant treat-
ment processes affect the amount of sulfate, as they 
reduce it. The reviewed literature sources [38, 39, 
41-43, 46] show significantly higher sulfate levels in 
urban wastewater (24.5-915.4 mg/L) than those in 
our results. 

 Fat content varied within different ranges 
in RMW and in TMW: 10.4-22.1 mg/L and 2.06-
5.43, respectively (Table 1). Fat quantity decreased 
significantly (>4.0 times) in outlet compared to inlet, 
a fact that shows the high effectiveness of plant treat-
ment processes. A comparative assessment of the ob-
tained results with data from other authors was not 
made due to a lack of information in the reviewed 
literature sources. In our opinion, this parameter de-
serves attention, as fats are a typical organic pollu-
tant of urban wastewater. 

 

Inlet/outlet heavy metals concentrations of the 
investigated elements were negligibly low and vari-
ed between <0.01 mg/L for Pb and 0.1 mg/L for Ni 
(Table 2). In contrast with Cr, Cu, Cd, Pb and Ni le-
vels, which are without fluctuations in both MPs, a 
significant difference between the maximum and the 
minimum values is observed at Fe (3.7-5.0 times), 
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Zn (2.75-4.0 times) and Mn (1.33-1.50 times). The 
established heavy metal concentrations are: similar 
to these reported by Panoras et al. [49] for Fe, Cu, 
Pb, Mn, Ni and Zn content (from <0.1 mg/L for Fe 
to <0.05 mg/L for Mn), by Surdyk et al. [50] for Fe, 
Cu, Cd and Pb (0.015-0.02 mg/L), by Petousi et al. 
[44] for Cu and Ni (not detected), and for Zn – 
0.0072 mg/L; higher than the data published by Mo-
jid et al. [45] for Fe (0.12-0.98 mg/L) and for Mn 
(0.3-1.1 mg/L), and lower than the results found by 
Zavadil [47] - from 0.009 mg/L for Cr to 0.0026 
mg/L for Ni and by Pereira et al. [43] - for Cd/Cr (not 
detected) to 0.02 mg/L for Ni.  

The heavy metal concentrations ranking in both 
MPs was as followed: inlet - Ni>Zn>Fe>Cr/Cu> 
Mn>Cd>Pb; outlet - Ni>Cr/Cu>Zn>Fe/Mn>Cd>Pb. 
The inlet-outlet concentrations of three of the ele-
ments (Ni, Cd and Pb) remained equal. The outlet 
heavy metal ranking partly coincided with the rank-
ing of TMW heavy metal content in the study of Pe-

reira et al. [43] - Ni>Pb>Zn>Fe/Cu>Mn>Cd/Cr. An-
other order was reported by Zavadil [47] – 
Fe>Mn>Cr>Ni>Cd>Cu>Pb/Zn. The wide variety of 
heavy metals content in urban WW, as well as their 
ranking in descending order by elements, suggests 
that many different factors have an influence on their 
level. Further research is warranted to clarify all 
these aspects. 

 All monitored 
parameter values were time-dependent and varied 
within a very wide range between both MPs 
(P>0.05) (Table 3). The microbial load reducing 
property of the treatment plant has been clearly 
demonstrated by the fact that at the outlet, the aver-
age concentration of all studied microbial groups had 
significantly decreased compared to inlet values in 
the following order: AMO – 69.7 times; Coliforms – 
41.1 times;  –75.4 times; 

 – 61.5 times and  spp. – 48.3 
times.  

 
 

 

Parameters MP* Cx±SD 
mg/L 

Cmin 
mg/L 

Cmax  
mg/L Standard Limit [33] 

Fe /total/ Inlet 
Outlet 

0.06±0.04 
0.03±0.02 

0.03 
0.01 

0.11 
0.05 

- 
5.0 

Mn Inlet 
Outlet 

0.03±0.01 
0.023±0.005 

0.03 
0.02 

0.04 
0.03 

- 
0.2 

Cr /total/ Inlet 
Outlet 

<0.05 
<0.05 

- 
- 

- 
- 

- 
0.05 (Cr6+)/0.5 (Cr3+) 

Cu Inlet 
Outlet 

<0.05 
<0.05 

- 
- 

- 
- 

- 
0.2 

Zn Inlet 
Outlet 

0.07±0.04 

0.04±0.03 
0.04 
0.02 

0.11 
0.08 

- 
2.0 

Cd Inlet 
Outlet 

<0.02 
<0.02 

 
- 

 
- 

- 
0.01 

Pb Inlet 
Outlet 

<0.01 
<0.01 

 
- 

 
- 

- 
0.05 

Ni Inlet 
Outlet 

<0.1 
<0.1 

 
- 

 
- 

- 
0.2 

*MP – Monitoring points - inlet (1) and outlet (2) of MWWTP  

Parameters Unit MP* Cx±SD Cmin Cmax Standard Limit     

[33] 
Aerobic mesophilic  
microorganisms 

CFU/mL 
(х103) 

Inlet 
Outlet 

308.7±172.2 

4.43±3.13 
124.0 
0.98 

600.0 
9.40 

- 
- 

Total Coliforms CFU/mL 
(х102) 

Inlet 
Outlet 

174.5±187.3 
4.25±3.02 

60.0 
0.11 

540.0 
7.60 

- 
1–10 CFU/mL 

 CFU/mL 
(х102) 

Inlet 
Outlet 

118.3±82.3 

1.57±1.10 
20.0 
0.10 

240.0 
3.00 

- 
Up to 1 CFU/mL 

CFU/mL 
(х102) 

Inlet 
Outlet 

460.0±312.7 

7.48±2.7 
150.0 
3.00 

1000.0 
10.0 

- 
Not allowed 

spp. CFU/mL 
(х102) 

Inlet 
Outlet 

100.0±68.7 

2.07±1.08 
40.0 
1.00 

210.0 
4.00 

- 
Not allowed 

*MP – Monitoring points - inlet (1) and outlet (2) of MWWTP  
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The ranking of microbiological parameters by 
absolute count of microorganisms was similar for 
both MPs: AMO>Coliforms> 

> spp. The positions of the last two 
groups at MP-2 (outlet) were interchanged. 

The RMW values for found in the pre-
sent study were lower than the values (91–
140.103 MPN/mL) and higher than the 

 values (190–340.102 MPN/mL), established 
by Lukas et al. [3] in two MWWTPs, located along 
the Seine River in the Parisian area, France. In this 
connection, Manania et al. [51] argues that the quan-
tity of enterobacteria (CFU/100 mL) is significantly 
higher in WWTPs receiving industrial influents as 
compared to WWTPs receiving only domestic influ-
ents. Considering that the study station receives 
mixed wastewater (about 85% domestic and 15% in-
dustrial), perhaps this is one of the reasons for the 
greater number of enterobacteria in RMW of our 
plant than in French WWTPs.  

The TMW results obtained for total coliforms 
were comparable to those reported by Alikhasi et al. 
[37] - 81.2 CFU/ml,  Heidarpour et al. [48] - 
577.5±17.5 CFU/mL, Petousi et al. [44] – 40.9±13.8 
MPN/mL and Panoras et al. [49] – 1.5-40 CFU/mL; 
much lower than the data published by Rojas-Valen-
cia et al. [12] – 1200 CFU/mL, Al-Jaboobi et al. [46] 
– 160 000-310 000 CFU/mL and Zavadil [47] – 
32 694 CFU/mL, and higher than the results found 
by Aiello et al. [40] – 1.32 CFU/mL and Galavi et al. 
[42] – 0.85 CFU/mL. Similar data for  were 
published by Aiello et al. [40] – 1.32 CFU/mL, while 

lower values – by Pereira et al. [43] and Petousi et 
al. [44] - 0.23±0.18 MPN/mL. With regard to 

 spp. the established values coincided with 
those of Al-Jaboobi et al. [46] – 210 CFU/mL, while 
other authors (Aiello ey al. [40]) have not detected 

 in treated urban wastewater (cited au-
thors’ values were recalculated in CFU/mL). 

The above-mentioned data from our and other 
studies revealed a large quantitative variation in the 
monitored microbiological parameters. This is logi-
cal because the factors affecting WW microorgan-
isms species diversity and their counts are different 
by type and by degree of impact.  

Treatment 
plant removal efficiency was calculated on the basis 
of the difference between respective inlet and outlet 
concentrations of the monitored WW parameters 
(Table 4). Parameters whose concentrations did not 
change or changed insignificantly in both MPs (T oC, 
pH, EC, Ca, Mg, Cr, Cu, Cd, Pb and Ni) are not pre-
sented in the table. MWWTP demonstrated different 
removal efficiency with respect to different moni-
tored parameters. According to the level of concen-
trations reduction, they can be divided in four 
groups: Ist group – with very high removal efficiency 
(94.1-97.8%): BOD5, TP and all microbiological pa-
rameters; IInd group – with high removal efficiency 
(74.9-89.8%): SS, COD, total N and fats; IIIrd group 
- with moderate removal efficiency (40.4-53.9%): 
Fe/total/ and Zn, and IVth group – with low removal 
efficiency (8.31-27.9%): total Na, Cl, SO4 and Mn.  

 
 

Parameters 
2015 2016 

Reduction Reduction 
mg/L % mg/L % 

SS 54.3±23.4 85.4±19.4 53.6±17.7 89.8±5.14 
COD 180.0±43.9 89.3±4.47 176±51.3 89.6±4.10 
BOD5 83.7±32.5 94.1±2.52 76.2±26.0 95.5±2.46 
Total N 19.7±7.85 76.7±8.82 59.9±47.5 87.1±9.36 
Total P 48.7±20.5 97.8±0.75 37.5±11.0 97.0±1.00 
Total Na 6.55±6.00 15.0±12.7 4.53±4.06 11.2±10.1 
Cl- - - 3.08±2.67 8.31±6.63 
SO42- 0.61±0.76 15.1±13.3 0.57±0.40 16.8±10.2 
Fats 
Fe /total/ 
Zn 
Mn 

11.4±2.81 
- 
- 
- 

76.8±4.65 
- 
- 
- 

12.1±3.08 
0.03±0.02 
0.02±0.01 
0.01±0.01 

74.9±9.08 
53.9±17.1 
40.4±13.5 
27.9±7.10 

 CFU/mL % CFU/mL % 
AMO* - - 304.3 (x103) 97.7±2.30 
Coliforms - - 170.3 (x102) 96.3±4.23 

 - - 116.7 (x102) 97.8±1.96 
 - - 452.5 (x102) 97.5±2.25 

spp. - - 97.9 (x102) 97.1±2.59 
*AMO- Aerobic mesophilic microorganisms
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* Marked correlations are significant at p < .05000 N=12 (Casewise deletion of missing data)

 
 
Rupali et al. [5] reported similar COD (90.1-

93.1%) and BOD5 (85.6-91.6%) removal efficiency, 
and a slightly higher one - for SS (93.8-96.4%) for 
Vithalwadi MWWTP, Pune region, India. The effi-
ciency of carbonaceous (TH) and nitrogenous mat-
ters removal in studied MWWTP is confirmed by the 
TMW COD and total N values, which were less than 
100 mgO2/L and 10 mgN/L, respectively, according 
to effluent standard. The effectiveness of suspended 
matter removal was less than 90% (on average 
85.4%-89.8% for 2015 and 2016), i.e. below the 
lower limit value by the standard [52]. BOD5 re-
moval efficiency reached the planned levels (80-
95%) for a WW treatment plant with aerations tanks 
and biofilters [1]. Removal of all groups of moni-
tored microorganisms was slightly lower than 99%, 
a level of decontamination that can be achieved at 
primary and secondary treatment of urban WW [53].  

Despite the high treatment plant removal effi-
ciency with regard to microorganisms content, it was 
not possible to achieve complete decontamination of 
treated wastewater. About 2.2-3.7% of AMO, total 
coliforms, ,  and 

spp. remained in the effluents, posing a poten-
tial risk for water pollution of Bedechka River (re-
ceiver), where TMW are discharged or for soil and 
cultivated plants if wastewater is used as a source for 
irrigation.   

Plant treatment processes did not affect Cr, Cu, 
Cd, Pb and Ni concentrations and their levels were 
identical at the input and output. The most likely 
cause were the very low concentrations of the ele-
ments, below the sensitivity threshold of the plant 
treatment facilities. At the same time, Fe and Mn 
contents, which were of the same magnitude as the 
elements mentioned above, decreased significantly 
(P>0.05). Total Fe concentration in TMW at the out-
let decreased, irrespective of the addition of coagu-
lant (FeCl3.6H2O) in bio-basins, because in the 
wastewater treatment processes, most of the Fe, to-
gether with the WW phosphorus compounds, pass 

into the activated sludge. We assume that a similar 
mechanism was involved in Mn content reduction, 
albeit to a lesser extent compared to Fe. Future re-
search and the accumulation of more data would 
contribute to find a convincing explanation of the ob-
served trends. 

The 
correlation matrices revealed 127 strong positive and 
negative relationships (P<0.05-0.001) between mon-
itored WW parameters on inlet and on outlet of 
MWWTP as followed: 

 Physicochemical parameters (Table 5): 
pH – TH and Ca, EC – BOD5, TK, SO4 and fats, 
BOD5 – COD and TH, Ca – Mg and SO4, TK – SO4 
and fats, Cl – TNa, SO4 – fats (r = 0.441 – 0.878), T 
oC – pH, EC, TH, TK, SO4 and fats, pH – TNa, Cl – 
BOD5, TH and Mg, Mg – fats (r = -0.456 – -0.741); 
heavy metals (Table 7): Zn – Mn, Fe and Cu, Mn – 
Fe and Cu, Fe – Cu (r = 0.822 – 0.999); microbial 
parameters (Table 8): AMO – , 

 – spp. and Coliforms, 
spp. – Coliforms (r = 0.684 – 0.835), AMO –  
and spp. (r = -0.665 – -0.715); all param-
eters: T oC – , spp. and Coliforms, 
TH – AMO and Zn, Mg – Zn,  – 
Cl and TNa (r = 0.509 – 0.844), T oC – AMO, pH – 

 and spp., TH – , 
spp. and Coliforms, Ca/Mg – 
and Coliforms, Cl – Zn, Mn and Fe, 

– Zn, Mn and Fe (r = -0.523 – -0.986). 
  

 Physicochemical parameters (Table 6): 
T oC – TP, COD and Cl, EC – SS, TK and fats, SS – 
TK and fats, BOD5 – TH, TN – Cl and TNa, TP – Cl, 
TH – Ca, Mg and SO4, Ca – Mg and SO4, Mg – SO4 
and Cl – TNa (r = 0.479 – 0.877), T oC – pH, EC, SS, 
SO4 and fats,  pH – COD, TK, Cl and TNa, SO4 – 
TN, TP, Cl and TNa, EC – TN and TNa, BOD5 – TP, 
Mg – Cl and fats – TNa (r = -0.487 – -0.788); heavy 
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metals (Table 7): Cu – Zn, Mn and Fe, and Zn – Fe 
(r = 0.813 – 0.999); microbial parameters (Table 8): 
AMO –  and Coliforms,  –

 and spp. – Coliforms  (r = 0.474 
– 0.632); all parameters: T oC – AMO,
spp. – TN, Cl and TNa, Mn – TNa, – TK and 
Coliforms – Cl (r = 0.584 – 0.944), Coliforms – SO4, 
Ca, Mg, Zn and Fe, – Zn and Fe,
spp. – Mn and SO4, Cl – Zn, Mn and Fe, and TH – 

Mn (r = -0.576 – -0.854). Unlike our results, 
Iordache and Dunea [4] reported different and 
mostly positive correlations between physicochemi-
cal parameters (ToC, pH, COD, BOD, nitrites, ni-
trates, ammonium, phosphates, sulfates, chlorides 
and detergents) of municipal treated wastewater. Ex-
ceptions are the associations T oC – pH, COD and 
Cl, pH – SO4, COD – Cl and phosphates – Cl, which 
coincide with ours. 

 
* Marked correlations are significant at p < .05000 N=12 (Casewise deletion of missing data)

Parameters Zn Mn Fe Cu 
Inlet 

Zn 1.000    
Mn     0.955* 1.000   
Fe    0.944*   0.999* 1.000  
Cu    0.991*   0.822*    0.963* 1.000 

Outlet 
Zn 1.000    
Mn  0.487 1.000   
Fe   0.999* 0.442 1.000  
Cu   0.933* 0.799   0.853* 1.000 

*Marked correlations are significant at p < .05000 N=6 (Casewise deletion of missing data) 

Parameters AMO 
spp. 

 
Coliforms

Inlet 
AMO 1.000     

  -0.665*  1.000    
   0.684* -0.110 1.000   

spp.  -0.715*    0.835* 0.018 1.000  
Coliforms      -0.377    0.805* 0.199    0.743* 1.000 

Outlet
AMO 1.000     

    0.535* 1.000    
 -0.013    0.632*  1.000   

spp. -0.225 -0.170 -0.200 1.000  
Coliforms     0.474*  0.331  0.208    0.568* 1.000 

AMO- Aerobic mesophilic microorganisms 
*Marked correlations are significant at p < .05000 N=6 (Casewise deletion of missing data) 
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Data analysis shows a slightly higher number 
of correlations at outlet than those at inlet – 61 (32 
positive and 29 negative) and 66 (35 positive and 31 
negative), respectively. The majority of the estab-
lished correlations at inlet (21 positive and 21 nega-
tive) differed from those at outlet (24 positive and 23 
negative). This greater diversity with increase of out-
let correlations compared to inlet ones is due to the 
different character of the change in parameters’ val-
ues during wastewater treatment. This way, condi-
tions are created for the emergence of new relation-
ships between the WW parameters. Another part of 
the inlet correlations were retained also at outlet – 11 
positive (EC –TK and fats, Ca – Mg and SO4, Cl – 
TNa, BOD – TH, Cu – Fe, Zn and Mn, Zn – Fe, 

 spp. – coliforms) and 8 negative (ToC – pH, 
EC and fats, pH – TNa, Cl – Mg, Zn, Mn, Fe). These 
correlations can be differentiated into three groups. 
The first group includes associations between pa-
rameters that did not change or changed insignifi-
cantly their inlet-outlet values (ToC – pH and EC, pH 
– TNa, EC –TK, Cl – Mg and TNa, Ca – Mg), which 
explains their preservation. The second group refers 
to relationships between pairs of parameters that re-
duce their values in a similar way between both MPs 
(Zn – Fe,  spp. – coliforms), so they are 
also logical and understandable. The third group of 
correlations addresses parameters that changed sig-
nificantly their outlet values compared to inlet values 
(BOD – TH, EC – fats, Cu – Fe, Zn and Mn) – a fact 
that is difficult to be explained at this stage.  

Parameters involved in the most numerous cor-
relations were ToC and Cl (each of them with 19 cor-
relations, 7/7 positive and 12/12 negative), followed 
by TH, coliforms and Zn (14, 7/6/7 and 7/8/7, re-
spectively), pH (11, 2 and 9), EC and  
spp. (10, 6/6 and 4/4), SO4, , 

, Mg, Mn and Fe (9, 5/5/4/4/4/4 and 
4/4/5/5/5/5), AMO (8, 5 and 3), Fats and Ca (7, 4/3 
and 3/4), BOD5 (6, 4 and 2), COD (3, 2 and 1), etc. 
This progression largely reveals the role and im-
portance of the cited parameters for the occurrence 
of associations between all WW parameters groups - 
physicochemical, heavy metals, microbiological. 
The key importance of WW temperature, EC and pH 
is logical and understandable, as these factors form 
the substrate environment and thus affect positively 
or negatively the relationships between the rest of 
WW parameters. The leading position of TH, coli-
forms and Zn as well as the comparatively more 
backward positions of the BOD5 and COD still re-
main unexplained.  

Multivariate analysis 
reduced the number of factors that explained the var-
iability in the data set of the 21 WW physicochemi-
cal and microbiological parameters to 11 at inlet and 
outlet (Figures 1 and 2). Eight factors (F1-F8) for 
each of the two MPs met the Kaisser criteration (>1) 

which accounted for 98.2% (inlet) and 99.2% (out-
let) of the data set variability, respectively. Accord-
ing to Nagaraju et al. [54] when factors variance ex-
ceeds 70%, they are sufficient to explain the mecha-
nisms of water composition formation. Therefore, it 
can be argued that the factors with the most signifi-
cant influence were limited to two at inlet (F1 – ei-
genvalue 44.770, 62.0% and F2 eigenvalue 10.391, 
14.4%, total 76.4%) (Figure 1) and one at outlet (F1 
– eigenvalue 85.450, 72.3%) (Figure 2). 

WW quality parameters affected differently the 
specific inlet-outlet factors. Inlet EC was the most 
significantly loaded on Factor 1 of the Rotated factor 
loading matrix (Table 9). A group of 12 parameters 
also influenced Factor 1, but 1.34 to 3.29 times less 
than EC did (SO4>TN>TK>TH>Fats>Ca> BOD5> 
COD>TP>Mg>Cl>SS). The last 8 parameters (

,  spp., coliforms, AMO, ToC, TNa, 
pH and ) had negligible impact 
on F1 (<0.976). Factor 2 was the most considerably 
affected by AMO, , coliforms and  
spp. 
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Parameters Inlet Parameters Outlet 
Factor 1 Factor 2 Factor 1 Factor 2 

EC 3.341 -0.155 EC 5.726  0.491 
SO4 2.487 -0.635 spp. 2.797 -0.696 
Total N 1.941 -0.359 Total P 2.786  2.241 
Total K 1.751 -0.326  2.763 -0.621 
TH 1.673 -0.431 Coloforms 1.989 -0.508 
Fats 1.596 -0.106 SO4 1.849 -0.476 
Ca 1.428 -0.044 SS 1.668  1.577 
BOD5 1.410  0.014 Fats 1.598 -0.427 
COD 1.409  0.091 Total N 1.562  0.663 
Total P 1.372 -0.372 Ca 1.438 -1.764 
Mg 1.151 -0.177 Chlorides 1.276 -0.820 
Chlorides 1.039 -0.067 Total K 1.254 -0.469 
SS 1.015 -0.032 AMO 1.215 -0.548 

 0.976  1.420 TH 1.163  0.071 
spp. 0.825  1.067 BOD5 1.155  0.273 

Coloforms 0.784  1.385  1.024 -0.412 
AMO* 0.692  1.842 COD 0.979 -0.533 
Temperature 0.680 -0.141 Mg 0.979 -0.808 
Total Na 0.650  0.231 Temperature 0.964  0.133 
pH 0.407 -0.062 Total Na 0.761 -0.662 

 0.364  0.894 pH 0.618  0.095 
*AMO- Aerobic mesophilic microorganisms

 
Outlet Factor 1 as inlet Factor 1 was also the 

most influenced by EC, even to a greater extent. The 
other parameters that loaded on F1 (>1.000) were 15 
and were arranged as followed:  spp. > 
TP > > coliforms > SO4 > SS > Fats > TN >Ca 
> Cl > TK > AMO > TH > BOD5 > 

. Total phosphorus and SS kept their influence 
and on Factor 2 and were the only parameters with 
such an impact. Parameters influencing Factor 2 dif-
fered also between inlet and outlet, 4 microbiologi-
cal parameters with loading 1.067-1.842 compared 
to 2 chemical parameters with loading 1.577-2.241, 
respectively. 

Factorial analysis for the physicochemical pa-
rameters based on the factors MP, Month and Year, 
and for microbiological parameters based on the fac-
tors MP and Month showed that the factor MP had 
the greatest influence on pH, SS, COD, BOD5, TN, 
TP, TK, TNa and fats (46.0-89.1% in all variations)  
(P<0.001); a moderate one - on SO4 (40.6% in all 
variations)  (P<0.01); low – on Cl, AMO,  and 

a spp. (16.7-54.9% in all variations) 
(P<0.05), and insignificant - on ToC, EC, total coli-
forms and  (0.26-36.6% in all 
variations) (P>0.05). The greatest impact of the fac-
tor Month was on ToC, EC, TK and TNa (42.0-
98.6% in all variations) (P<0.001); moderate - on Cl- 
(57.8% in all variations) (P<0.01); low - on pH and 
SO4 (7.82-34.1% in all variations) (P<0.05) and in-
significant - on SS, COD, BOD5, TN, TP, fats and 
all microbial parameters (1.15-34.1% in all varia-

tions) (P>0.05). Year was a factor significantly in-
fluencing EC (12.9% in all variations) (P<0.01) and 
TP (6.15% in all variations) (P<0.05), while the in-
fluence on the rest of the parameters was not statis-
tically significant. 

Data analysis shows that the factor MP had the 
most statistically significant influence on the studied 
parameters (14) followed by factor Month (7) and 
factor Year (2). The strength of the factor MP was 
determined by the fact that the process of WW treat-
ment from inlet to outlet of the treatment plant sig-
nificantly reduced the levels of a large part of the 
controlled parameters. The factor Month influenced 
mainly ToC and some physicochemical parameters 
as the WW temperature and salt content, changed 
during the different months of the year (alternation 
of working days and weekends, summer and winter 
holidays, etc.). The factor Year had the least impact 
on WW parameters, giving reason to believe that the 
municipal wastewater composition had not changed 
significantly over the years.  

 The contribution of Factors 1 and 2 (fac-
tor scores) on WW physicochemical and microbio-
logical variability at inlet-outlet are presented on 
Figures 3 and 4. Inlet scatter plot (Figure 3) showed 
that TNa, COD, BOD5 and all microbiological pa-
rameters were positively affected by the two factors 
(F1 and F2), e.g. these factors had an active role on 
RMW quality. Temperature, pH, SS, Cl, Ca, Mg, 
fats, TH, TP, TK, TN, SO4 and EC were positive by 
F1, describing 61.04% of variations and negative by 
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F2. Consequently, F1, which significantly domi-
nated F2 (14.4%), had a positive impact on these pa-
rameters. It should be noted that the two factors’ 
strong influence was well emphasized on TNa and 

. The effect of F1 on pH and ToC 
was considerable, while at the other parameters the 
factors effect decreased.
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Outlet scatter plot (Figure 4) presents the same 
picture, but with a different distribution of the TMW 
parameters. PCA showed that the pH, ToC, TH, 
BOD5, TN and SS were the parameters influenced 
positively by the two factors, while the rest of the 
parameters were positively affected by F1, describ-
ing 72.30% of the variations and negatively by F2 
(13.27%). The positive influence of both factors was 
most pronounced on pH and ToC, and less on TH, 
BOD5, TN and SS. The positive influence of F1 was 
the strongest on TNa and gradually decreases with 
regard to , COD, Mg, AMO, TK, 
Cl, fats, SO4, coliforms, , and a spp.  

This assessment, carried 
out by 5 chemical parameters (SS, COD, BOD, total 
N and total P) included in Bulgarian legislation [32] 
showed that SS, COD, BOD and total N maximum 
concentrations were 2.17, 3.64, 3.12 and 1.17 times 
lower, respectively than the relevant standard limit 
(Table 1). Exceptions were the maximum total phos-
phorus concentrations, which exceeded the standard 
limit 1.09-1.29 times during January-July in 2015 
and March-December (without May) in 2016. For 
that reason, the treatment plant can not guarantee the 
removal of excess phosphate amounts from 
wastewater for most of the year. Therefore, during 
the months with total phosphorus levels over the 
standard limit, treated wastewater did not meet the 
requirements for discharge in Bedechka River. It is 
important to note that the treatment plant is designed 
and constructed to remove excess nitrogen and phos-
phorus levels in the third stage of wastewater treat-
ment. Obviously, for phosphates, this was not the 
case. The reasons may be both constructive and tech-
nological (inappropriate coagulant or deviations in 
the mode of its application) flaws. Whatever the rea-
son, the problem needs to find an appropriate solu-
tion.  

Assessment of TMW quality 
as a source for irrigation was carried out by five 
groups of parameters [33]: Group A – salinity (EC), 
Group B - water infiltration rate (total Na, Ca, Mg, 
total K), Group C  - toxicity (Fe, Mn, Cr, Cu, Zn, Cd, 
Pb, Ni), Group D – sanitary quality indices (total col-
iforms, ,  and  
spp.), Group E – miscellaneous (ToC, pH, TH, SS, 
COD, BOD5, total N, total P, chloride, sulphates, 
fats). Parameters, which values were lower than the 
limit values stipulated in the standard were as fol-
lowed: EC from 1.84 to 3.51 times, total Na from 
6.41 to 11.9 times, Ca from 5.40 to 6.64 times, Mg 
from 13.4 to 21.9 times, total K from 29.7 to 72.0 
times, Fe from 100 to 500 times, Mn from 6.67 to 
10.0 times, Cu 4.0 times, Zn from 25 to 100 times, 
Pb 5.0 times, Ni 2.0 times, ToC from 1.05 to 2.94 

times, TH from 2.52 to 4.79 times, SS from 3.10 to 
15.9 times, COD from 2.91 to 11.1 times, BOD5 
from 3.12 to 12.5 times, total N from 2.33 to 7.87 
times, total P from 2.32 to 4.61 times, chloride from 
7.51 to 10.3 times and sulphates from 84.5 to 149.2 
times.  pH values were in the optimum range from 6 
to 9 (Tables 1, 2 and 3). In terms of cadmium, it can 
be assumed that the total Cr content was also below 
the permissible limit since it did not exceed the Cr6+ 
and Cr3+ limit levels specified in the standard.  

Above the permissible standard limits were the 
maximum values for fats (1.04-1.08 times), all val-
ues for total coliforms (from 1.1 to 7.6 times), 
(from 10 to 300 times) as well as for 

 and  spp., which are not allowed in 
water for irrigation (Tables 2 and 3). Bulgarian leg-
islation [33] allows such waters to be used for irriga-
tion only after decontamination. Given that global 
drought-related climate change affects also Bulgaria, 
providing opportunities for using treated wastewater 
for irrigation will improve soil fertility and protect 
water quality in the receiving water body and other 
associated water bodies.  

Results obtained for inlet-outlet wastewater 
quality of the most modern MWWTP in Bulgaria 
showed:  

(1) Different ranges of variability and trends of 
inlet-outlet values changes of the monitored 
wastewater parameters: ToC, pH, EC, TH, Ca, Mg, 
SS, COD, BOD5, total N, total P, total K, total Na, 
Cl, SO4, fats, Fe, Mn, Cr, Cu, Zn, Cd, Pb, Ni, aerobic 
mesophilic microorganisms, total coliforms, , 

 and spp.;  
(2) The treatment plant demonstrated different 

removal efficiency with respect to different 
wastewater parameters: very high for BOD5, total P 
and all microbiological parameters; high for SS, 
COD, total N and fats; moderate for Fe/total/ and Zn, 
and low for total Na, Cl, SO4 and Mn;  

(3) 127 strong positive and negative correla-
tions (P<0.05-0.001) between controlled wastewater 
parameters – 61 correlations (32 positive and 29 neg-
ative) at inlet and 66 correlations (35 positive and 31 
negative) at outlet;  

(4) The parameters involved in the most numer-
ous correlations were ToC and Cl (each of them in 19 
correlations), TH, coliforms and Zn (14), pH (11), 
EC and  spp. (10), SO4, , 

, Mg, Mn and Fe (9), AMO (8), fats and 
Ca (7) and BOD5 (6); 

(5) EC was the most significantly loaded on 
Factor 1 of Rotated factor loading matrix both at the 
influents and the effluents, the other parameters in-
fluencing Factor 1 (>1.000) were 12 (SO4, TN, TK, 
TH, fats, Ca, BOD5, COD, TP, Mg, Cl, SS) at inlet 
and 15 ( spp., TP, , coliforms, SO4, 
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SS, fats, TN, Ca, Cl, TK, AMO, TH, BOD5, 
) at outlet;  

(6) Factor analysis determined Monitoring 
point as a factor with significant influence on pH, 
SS, COD, BOD5, TN, TP, TK, TNa, fats SO4, Cl, 
AMO,  and a spp.; factor Month - on 
ToC, EC, TK, TNa, Cl and SO4, and factor Year - on 
EC and TP;  

(7) PCA at inlet wastewater determined TNa, 
COD, BOD5 and all microbiological parameters as 
positively affected by two factors (F1 and F2), while 
ToC, pH, SS, Cl, Ca, Mg, fats, TH, TP, TK, TN, SO4 

and EC were positive by F1, and negative by F2; at 
outlet - pH, ToC, TH, BOD5, TN and SS were the 
parameters influenced positively by two factors, 
while the rest of the parameters were positively af-
fected by F1 and negatively by F2; 

(8) Treated wastewater did not meet the re-
quirements for discharge in receiving water body (as 
total P content was concerned) and for irrigation 
(with respect to fats content and the number of total 
coliforms, ,  and 

 spp.).  

 
[1] Taraschenko, S. (2009) Wastewater treatment in 

Antarctica. (Supervisor N. Gilbert). GCAS, 18-
31. 

[2] Kushwah, R.K., Bajpaia, A., Malik, S., Singh, 
A. (2011) Seasonal variation of physicochemi-
cal parameters of wastewater from a sewage 
treatment plant, Bhopal (India). Int. J. Chem. 
Sci. 9(3), 1545-1552. 

[3] Lukas, F.S., Therial, C., Gonçalves, A., Servais, 
P., Rocher, V., Mouchel, J.-M. (2014) Variation 
of raw wastewater microbiological quality in 
dry and wet weather conditions. Environ. Sci. 
Pollut. Res. 21, 5318-5328. 

[4] Iordache, S., Dunea, D. (2013) Multivariate 
analysis applied to physicochemical parameters 
of treated wastewater effluents discharged in 
Teleajen River. Rev. Roum. Chim. 58(7-8), 
717-723. 

[5] Rupali, A.J., Soumya, B.S., Thanedar, R.P. 
(2015) Statistical evaluation of wastewater char-
acteristics at the inlet - outlet of an activated 
sludge process. Int. Journal of Engineering Re-
search and Applications. 5(1), 82-96. 

[6] Velichkova, K.N., Sirakov, I.N., Beev, G.G., 
Denev, S.A., Pavlov, D.H. (2016) Treatment of 
wastewater originated from aquaculture and bi-
omass production in laboratory algae bioreactor 
using different carbon sources. Sains Malaysi-
ana. 45(4), 601-608.  

 
 
 

[7] Heidarpour, M., Mostafazadeh-Fard, B., Abedi 
Koupai, J., Malekian R. (2007) The effects of 
treated wastewater on soil chemical properties 
using subsurface and surface irrigation methods. 
Agricultural Water Management. 90, 87-94. 

[8] Jalali, M., Merikhpour, H., Kaledhonkar, M.J., 
Van Der Zee, S.E.A.T.M. (2008) Effects of 
wastewater irrigation on soil sodicity and nutri-
ent leaching in calcareous soils. Agricultural 
Water Management. 95, 143-153. 

[9] Singh, P.K., Deshbhratar, P.B., Ramteke, D.S. 
(2012) Effects of sewage wastewater irrigation 
on soil properties, crop yield and environment. 
Agricultural Water Management. 103, 100-104. 

[10]Najafi, P., Tabatabaei, S.H., Taheri-Sodejani, H. 
(2015) Long-term effects of different irrigation 
methods with treated wastewater on soil chemi-
cal properties. Journal of Water and Soil. 29(1), 
12-22. 

[11]Westcot, D.W. (1997) Quality control of 
wastewater for irrigated crop production. Water 
reports -10. FAO, Rome, 6-16. 

[12]Rojas-Valencia, M.N., Orta de Velásquez, M.T., 
Franco, V. (2011) Urban agriculture, using sus-
tainable practices that involve the reuse of 
wastewater and solid waste. Agricultural Water 
Management. 98, 1388-1394. 

[13]Amerasinghe, P., Bhardwaj, R.M., Scott, Ch., 
Jella, K., Marshall, F. (2013) Urban wastewater 
and agricultural reuse challenges in India. Inter-
national Water Management Institute (IWMI) 
Research Report 147. PO Box 2075, Colombo, 
Sri Lanka, 3-24. 

[14]Salama, Y., Chennaoui, M., Sylla, A., Moun-
tadar, M., Rihani, M., Assobhei, O. (2014) Re-
view of wastewater treatment and reuse in the 
Morocco: Aspects and perspectives. Interna-
tional Journal of Environment and Pollution Re-
search. 2(1), 9-25. 

[15]Myszograj, S., Qteishat, O., Sadecka, Z., Jędr-
czak, A., Suchowska-Kisielewicz, M. (2014) 
Possibilities of reuse of treated wastewater for 
irrigation purposes in the northern Jordan val-
ley. Environment Protection Engineering. 
40(2), 17-31. 

[16]Shakir, E., Zahraw, Z., Hameed, A., Al-Obaidy, 
M.J. (2017) Environmental and health risks as-
sociated with reuse of wastewater for irrigation. 
Egyptian Journal of Petroleum. 26(1), 95-102. 

[17]Templeton, M., Butler, D. (2011) An Introduc-
tion to wastewater treatment. Ventus Publishing 
ApS. UK, 8-16. 

[18]Kostadinova, G., Georgieva, N., Yaneva, Z., 
Petkov, G., Todorova, M., Miteva, Ch. (2013) 
Tundzha River water quality as a source for ir-
rigation in agriculture. Bulg. J. of Agr. Sci. 
19(4), 635-643. 

 
 



9737 

[19]Kostadinova G., Dermendjieva, D., Beev, G., 
Petkov, G., Pavlov, D., Valkova, E. (2017) 
Quality assessment of Maritsa River water as a 
main source for irrigation in Thracian valley. 
Fresen. Environ. Bull. 26, 4320-4324. 

[20]Sotirakou, E., Kladitis, G., Diamantis, N., 
Grigoropoulou, H. (1999) Ammonia and phos-
phorus removal in municipal wastewater treat-
ment plant with extended aeration. Global Nest: 
The international Journal. 1(1), 47-53. 

[21]Oleszkiewicz, J.A., Barnard, J.L. (2006) Nutri-
ent removal technology in North America and 
the European Union: A Review. Water Qual. 
Res. J. of Canada. 4, 449-462. 

[22]Manav-Demir, N., Demir, S. (2017) An MS Ex-
cel tool for wastewater treatment modeling in 
undergraduate education: Activated sludge 
model No. 1. Fresen. Environ. Bull. 26, 7008-
7017.   

[23]Tas, D.S., Tas, O., Tascioglu, S. (2017) Deter-
mination of Pb2+ ions in wastewater by differen-
tial pulse polarography combined with surfac-
tants and membrane filtration process. Fresen. 
Environ. Bull. 26, 7128-7136. 

[24]Chen, P., Zheng, X., Ren, T., Cheng, W., Sun, J. 
(2017) Vertical flow artificial wetland system of 
waste bricks removes phosphorus in rural do-
mestic wastewater and phosphorus transport 
characteristics. Fresen. Environ. Bull. 26, 7411-
7418. 

[25]Ozturk, E. (2018) Determination of best treat-
ment alternatives for di-(ethylhxexyl) phthalate 
in drinking water and wastewater employing 
multiple criteria decision making methods. 
Fresen. Environ. Bull. 27, 2456-2467. 

[26]Wang, H., An, X., Zhang, Z. (2018) Effect of 
advanced treatment on ammonia nitrogen con-
tained in secondary effluent from wastewater 
treatment plant. Fresen. Environ. Bull. 26, 2043-
2050.   

[27]Council Directive 91/271/EEC of 21 May 1991 
concerning urban wastewater treatment. Official 
Journal of the European Communities. 34, 30 
May 1991. 

[28]Commission Directive 98/15/EC of 27 February 
1998 amending Council Directive 91/271/EEC 
with respect to certain requirements. Official 
Journal L 067, 07 March 1998.  

[29]SYRB (2017) Statistical Yearbook. Republic of 
Bulgaria, National Statistical Institute. Sofia. 

[30]Regulation No. H-4 (2012) On characterization 
of surface water. State Gazette. No. 22, 
14.09.2012. 

[31]Order of Minister of Environment and Water. 
No. RD-970, 28.07.2003. 

[32]Regulation No. 6 (2000) On emission limits for 
the permissible content of harmful and danger-
ous substances in the wastewater discharged 
into water bodies. State Gazette. No. 97, 
09.11.2000. 

[33]Regulation No. 18 (2009) On water quality for 
irrigation of agricultural crops. State Gazette. 
No. 43, 09.06.2009. 

[34]Zema, D.A., Bombino, G., Andiloro S., Zim-
bone, S.M. (2012) Irrigation of energy crops 
with urban wastewater: Effects on biomass 
yields, soils and heating values. Agricultural 
Water Management. 115, 55-65. 

[35]Pescod, M.B. (1992) Wastewater treatment and 
use in agriculture-FAO irrigation and drainage. 
Paper 47, Rome, 18-36. 

[36]Zavadil, J. (2009) The effect of municipal 
wastewater irrigation on the yield and quality of 
vegetables and crops. Soil and Water Res. 4(3), 
91–103. 

[37]Alikhasi, M., Kouchakzadeh, M., Baniani, E. 
(2012) The effect of treated municipal waste-
water irrigation in non-agricultural soil on cot-
ton plant. J. Agr. Sci. Tech. 14, 1357-1364. 

[38]Bedbabis, S., Trigui, D., Ben Ahmed, Ch., Clod-
oveo, M.L., Camposeo, S., Vivaldi, G.A., Ben 
Rouina, B. (2015) Long-terms effects of irriga-
tion with treated municipal wastewater on soil, 
yield and olive oil quality. Agricultural Water 
Management. 160, 14-21. 

[39]Gatta, G., Libutti, A., Gagliardi, A., Beneduce, 
L., Brusetti, L., Borruso, L., Disciglio, G., Tar-
antino, E. (2015) Treated agro-industrial waste-
water irrigation of tomato crop: Effectson qual-
itative/quantitative characteristics of production 
and microbiological properties of the soil. Agri-
cultural Water Management. 149, 33-43. 

[40]Aiello, R., Cirelli, G.L., Consoli, S. (2007) Ef-
fects of reclaimed wastewater irrigation on soil 
and tomato fruits: A case study in Sicily (Italy). 
Agricultural Water Management. 93, 65-72. 

[41]Ahmed, T.A., Al-Hajri, H.H. (2009) Effects of 
treated municipal wastewater and sea water irri-
gation on soil and plant characteristics. Interna-
tional Journal of Environmental Research. 3(4), 
503-510. 

[42]Galavi, M., Jalali, A., Ramroodi, M., Mousavi, 
S.R., Galavi, H. (2010) Effects of treated munic-
ipal wastewater on soil chemical properties and 
heavy metal uptake by sorghum (

 L.). J. of Agricultural Science. 2(3), 235-
241. 

[43]Pereira, B.F.F., He, Z.L., Stoffella P.J., Melfi, 
A.J. (2011) Reclaimed wastewater: Effects on 
citrus nutrition. Agricultural Water Manage-
ment. 98, 1828-1833. 

[44]Petousi, I., Fountoulakis, M.S., Saru, M.L., Ni-
kolaidis, N., Fletcher, L., Stentiford, E.I., 
Manios, T. (2015) Effects of reclaimed waste-
water irrigation on olive ( . cv. 
‘Koroneiki’) trees. Agricultural Water Manage-
ment. 160, 33-40. 

 
 



9738 

[45]Mojid, M.A., Wyseure, G.C.L., Biswas, S.K., 
Hossain, A.B.M.Z. (2010) Hossaina Farmers’ 
perceptions and knowledge in using wastewater 
for irrigation at twelve peri-urban areas and two 
sugar mill areas in Bangladesh. Agricultural 
Water Management. 98, 79-86. 

[46]Al-Jaboobi, M., Bouksaim, M., Tijane, M., El-
Arigi, S. (2013) Agricultural quality evaluation 
of wastewater, used in Yemen vegetables pro-
duction. Middle-East J. of Scientific Research. 
16(5), 667-677.  

[47]Zavadil, J. (2009) The effect of municipal 
wastewater irrigation on the yield and quality of 
vegetables and crops. Soil and Water Res. 4(3), 
91-103. 

[48]Heidarpour, M., Mostafazadeh-Fard, B., Abedi 
Koupai, J., Malekian R. (2007) The effects of 
treated wastewater on soil chemical properties 
using subsurface and surface irrigation methods. 
Agricultural Water Management. 90, 87-94. 

[49]Panoras, A., Evgenidis, G., Bladenopoulou, S., 
Melidis, V., Doitsinis A., Samaras, I., Zdragkas 
A., Matsi, Th. (2003) Corn irrigation with re-
claimed municipal wastewater. Global Nest: 
The Int. J. 5(1), 39-45. 

[50]Surdyk N., Cary, L., Blagojevic, S., Jovanovic, 
Z., Stikic, R., Vucelic-Radovic, B., Zarkovic, 
B., Sandei, L., Pettenati, M., Kloppmann, W., 
(2010) Impact of irrigation with treated low 
quality water on the heavy metal contents of a 
soil-crop system in Serbia. Agricultural Water 
Management. 98, 451-457. 

[51]Manaia, C.M., Novo, A., Coelho, B., Nunes, 
O.C. (2010) Ciprofloxacin resistance in domes-
tic wastewater treatment plants. Water Air. Soil. 
Pollut. 208, 335-343. 

[52]Fulazzaky, M. (2009) Carbonaceous, nitroge-
nous and phosphorus matters removal from do-
mestic wastewater by an activated sludge reac-
tor of nitrification-denitrification type. Journal 
of Engineering Science and Technology. 1, 69-
80. 

[53]Servais, P., Garcia-Armisen, T., George, I., Bil-
len, G. (2007) Fecal bacteria in the rivers of the 
Seine drainage network: source, fate and mod-
eling. Sci. Total. Environ. 375, 52-167. 

[54]Nagaraju, A.K., Nagaraju, A., Sunil-Kumar, K., 
Thejaswi, A., Sharifi, Z. (2014) Statistical anal-
ysis of the hydrogeochemical evolution of 
groundwater in the Rangampeta area, Chittoor 
District, Andhra Pradesh, South India. Ameri-
can Journal of Water Resources. 3, 63-70. 

 
 
 
 
 
 

 
 

Trakia University,  
Faculty of Agriculture,  
Department of Applied Ecology and  
Animal Hygiene,  
6000 Stara Zagora – Bulgaria 

e-mail: gpetkov@af.uni-sz.bg 



© by PSP  Volume 27  No. 12B/2018 pages 9739-9746        Fresenius Environmental Bulletin 

9739

 

 
FLUORIDE ADSORPTION ON ARTIFICIAL  

ZEOLITE IN WATER 
 

Xun Fang, Shibiao Wu*, Yejun Ge, Yaqin Wang, Jie Yang, Xi Li, Haiyan Xu 
 

School of Materials and Chemical Engineering, Anhui Jianzhu University, Hefei, Anhui, 230601, China 
 
 

ABSTRACT 
 
Artificial zeolite was synthesized by hydro-

thermal method and activated by soaking in saturat-
ed aluminum sulfate aqueous solution. The activat-
ed zeolite was characterized by Scanning Electron 
Microscope (SEM) and Fourier Transform Infrared 
Spectroscopy(FT-IR); the fluoride adsorption on 
the zeolite from water was investigated; the effects 
of pH, temperature on F- ions adsorption was also 
discussed. Results showed that the zeolite had ex-
cellent fluoride adsorption capacity and rapid re-
generation speed; the maximum fluoride adsorption 
capacity was 65.36mg/g and the time needed for the 
used adsorbent to be regenerated in saturated alu-
minum sulfate aqueous solution was only one mi-
nute. The adsorption mechanics were ascribed to 
hydrogen bonds attraction between hydroxyl groups 
and the fluoride ions in water. 
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INTRODUCTION 
 
Fluoride is one of the essential trace elements 

of humans and animals. It is the main component of 
teeth and bones and plays an important role in the 
formation of bone tissue and enamel [1] .When the 
human body takes a moderate amount of fluoride, it 
has a positive effect on preventing cavities, espe-
cially during the calcification of the teeth. Howev-
er, excessive fluoride can damage the normal calci-
um and phosphorus metabolism of the human body. 
Absorbing excessive inorganic fluoride for a long 
time can cause dental fluorosis, periosteum hyper-
plasia [2]. According to WHO (World Health Or-
ganization), the permissible upper limit of F- ions in 
drinking water is 1.0 mg/L, and the excessive F- in 
the water must be removed [3]. 

Adsorption is an convenient and energy-
saving method which is especially suitable to treat a 
small amount of drinking water containing low 
concentration pollutant [4]. In recent years, a varie-
ty of adsorbents like activated alumina [5], ion 
exchange resin [6-8], chitosan beads [9, 10], acti-
vated carbon [11], oxides containing rare earth 

metals [12], hydrotalcite [13-15] etc., have been 
identified as the promising defluoridating agents. 
However, there is still a great demand for more 
simple, low-cost and effective adsorbents for fluo-
ride removal from water [16, 17]. 

Zeolite is a kind of aluminum silicate mineral 
with water or alkaline earth metals, and the ion 
exchange and adsorption characteristics of zeolite 
are derive from their unique structural characteris-
tics [18, 19]. In this paper, artificial zeolite was 
synthesized by hydrothermal method and activated 
by soaking in saturated aluminum sulfate aqueous 
solution. The fluoride adsorption isotherm, kinetics 
and regeneration of the zeolite were examined; the 
effects of pH, temperature on F- ions adsorption 
was also discussed. The results showed that the 
zeolite had excellent fluoride absorption capacity 
and regeneration performance. The adsorption me-
chanics were ascribed to hydrogen bonds attraction 
between hydroxyl groups and the fluoride ions in 
water. 

 
 

MATERIALS AND METHODS 
 
Materials. Nano silicon dioxide (SiO2, 99.5% 

metals basis, 15 nm, Aladdin), sodium Aluminate 
(NaAlO2, AR, Macklin), aluminum sulfate octa-
decahydrate (Al2 (SO4 2O, 99.5%, AR), sodi-
um hydroxide (NaOH, AR), nitric acid (HNO3, 
65%, AR) and sodium fluoride (NaF, AR) were 
purchased from China National Pharmaceutical 
Group Corporation. Ultra-pure water 
was produced using a PSDK System (ZI-
HANSHIJI, Beijing, China). 

 
Preparation of zeolite. Synthesis:1.335g 

NaOH, 0.3899g NaAlO2 ,0.8575g SiO2 and 12.5mL 
ultra-pure water were mixed and stirred at 800 rpm 
by a magnetic stirrer for 12h until uniform white 
colloid was obtained. Then the white colloid was 
transferred to an autoclave, heated at 105 ºC or 
120ºC for 24h. White precipitate was obtained and 
washed by deionized water and centrifuged for 
several times until the pH value was between 7 and 
8.  

Activation: saturated aluminum sulfate solu-
tion, which volume was ten times that of precipita-
tion, was uniformly mixed with the precipitate for 
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1-2 minutes, and the supernatant was abandoned 
after centrifugation. Then, the precipitate was 
washed by deionized water and centrifuged for 
several times until the pH value was between 6 and 
7.  

Drying: the clean precipitate was dried in oven 
at 65 ºC for 24 hours and the powder of zeolite was 
obtained. 

 
Characterization. X ray diffraction was 

was investigated through scanning electron micros-
copy on a field-emission SEM (Sirion 200, FEI 
Company, USA) operated at 5 kV voltage value. 
The molecular structure of the products was detect-
ed with Fourier transform infrared (FT-IR) spectra 
(Nexus-870). A Rex pH meter (PHB-4, Shanghai, 
China) was used for pH value detection.  

 
Batch adsorption experiments. NaF was dis-

solved in ultra-pure water to prepare fluoride aque-
ous solution as simulated water polluted by fluo-
ride. Initial fluoride solutions in batch adsorption 
were all adjusted to desired pH values by adding 
HNO3 or NaOH aqueous solution and the default 
initial pH value of the solutions were 6.5 unless 
otherwise specified.   

 
Adsorption kinetics experiments. 100 mL 

3ppm(mg/L) fluoride solution was mixed with an 
appropriate amount of adsorbent was stirred by an 
electromagnetic agitator (800 rounds per minute) in 
a 250 mL sealed plastic conical flask at 298 K for 
24h. The ratio of adsorbent mass (m) vs. solution 
volume (v) was m/v=1 or 2 g/L. The mixture was 
sampled on schedule and the sample was separated 
by syringe- The concentra-
tion of fluoride in the initial solution and filtered 
clear liquid were determined by a fluorine ion se-
lective electrode. 

 
Adsorption isotherms experiments. A speci-

fied volume of fluoride aqueous solution with dif-
ferent fluoride concentration mixed with an appro-
priate amount of adsorbent was shaken in sealed 
plastic test tubes at 170 rpm by an oscillator at 298, 
313 and 338 K for 24h. The ratio of m/v=1g/L. The 
initial and final concentrations of fluoride were 
detected as above. The adsorption percentage and 
the distribution coefficient (Kd) were calculated 
from the following equations: 

 

 (1) 

     (2) 

                    (3) 

 

where,  is the initial concentration (mg/L),  is 

the equilibrium concentration (mg/L), m (g) is the 
mass of the adsorbent, and  (mL) is the volume of 

the suspension,  (mg/g) is the equilibrium ad-

sorption capacity.  
 
pH influence experiments. The effect of pH 

on the fluoride adsorption was studied using 14ppm 
fluoride solution with 1g/L of adsorbent at different 
pH value, and the experiment temperature was 
298K. The equipment of experiment and testing the 
adsorption capability of the adsorbent was the same 
as the experiments above. 

 
Adsorbent regeneration experiments. Ex-

perimental steps were as followings: 200mg fresh 
adsorbent and 20ppm fluoride ion solution were 
mixed in a sealed plastic conical flask in which the 
ratio m/v=1g/L; the flask was shaken at 170 rpm at 
25  for 12 hours. The sample method and fluoride 
concentration measurement were same as above. 
After sampling, remained mixture was centrifugal 
washed one time by deionized water which volume 
was 10 times of the precipitation. Then, the precipi-
tation was mixed uniformly with regeneration agent 
i.e. saturated aluminum sulfate solution which vol-
ume was also 10 times of the precipitation for 1 
minute and centrifugal washed by deionized water 
until pH was between 6-7. The drying of regenerat-
ed adsorbent was same as the drying process in 
section 2.2. After drying, next round fluoride ad-
sorption and regeneration repeated until the end of 
the fifth round. 

 

 
FIGURE 1 

XRD pattern of zeolite products and standard 
PDF 

 
 

RESULTS AND DISCUSSION 
 
Adsorbent characterization. Figure 1 shows 

the XRD patterns of the zeolite powder samples 
prepared at 105 ºC,120 ºC and standard PDF card 
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(NO.76-0108, Zeolite Y, Na3.325H3.675Al7Si17O48). 
According to the figures, the sample prepared at 
105 ºC are more accordant with NO.76-0108 stand-
ard card and the composition of Si-Al ratio is close 
to 3. The XRD pattern proved that zeolite was syn-
thesized successfully in this paper. The main dif-
fraction peaks of zeolite prepared at 105 °C are 
more sharp and stronger than 120 °C, indicating the 
former product was more well-crystallized than the 
latter; the temperature of 105 °C was more reasona-
ble process temperature. Therefore, the zeolite 
characterization samples and adsorbent mentioned 
in the sections below were all prepared at 105°C. 

The morphology of the as-prepared zeolite 
product was observed by SEM. In Figure 2(A), the 
zeolite grains showed coil shapes in different sizes. 
According to Figure 2 (B), the size of zeolite crystal 
grains was in the micrometer range, about 5 
diameter. The adsorbent grain had a rough surface, 
which was full of nano scale prismatic structure. 
This surface state was favorable for the fast adsorp-
tion of adsorbent on fluorine. 

The FT-IR spectra of the sample before and 
after adsorbing fluoride were showed in Figure 3. 
The red and black curves show the FT-IR of sample 
before and after fluoride adsorption, respectively. 
Comparing to red curve, there is an obvious blue 
shift of hydroxyl group  stretching vibration peak at 
3500 cm-1 in the black curve, implying inductive 
effect [20] induced by adsorbed fluoride which 
combined with hydroxyl groups on the surface of 
the zeolite by hydrogen bonds.  

Adsorption kinetics. The initial fluoride con-
centration([F-]initial), pH and temperature were 
3ppm, 6.5 and 298K, respectively. The ratio of 
adsorbent mass (m) vs. solution volume (v) was 
m/v=1 or 2 g/L. The experiment results were 
showed in Figure 4. Horizontal axis represents the 
reaction time t (min), and vertical axis represents 
the F- adsorption capacities Q (mg/g). According to 
Figure 4(A), it can be seen that the adsorption ca-
pacity measured at m/v=1g/L is better than that m/v 
= 2g/L. 

 

 
FIGURE 2 

SEM image of zeolite. (A) full view, (B) enlarged zeolite grains. 
 

 
FIGURE 3 

FT-IR spectra of the zeolite before and after absorbing fluoride. 
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FIGURE 4 

Adsorption kinetic curve(A) and quasi-second-order kinetic model(B). [F-]initial=3ppm, Initial pH=6.5, 
298K. 

 
The adsorption kinetic data were analyzed us-

ing a pseudo-second-order kinetics model which is 
based on the assumption that chemisorptions are the 
rate determining step. The pseudo-second-order 
kinetic model can be described by equation (4)  

              (4) 

Here, k2 (g mg-1 min-1) is the pseudo-
second-order rate constant. Qe and Q are the F-

adsorption capacity at equilibrium and time (t), 
respectively. A plot of t/Q versus yields the val-
ues of Qe and k2. The initial adsorption rate r0 
(mg g-1 min-1) can be calculated by using equa-
tion (5) : 

 
=         (5) 

 
Figure 4(B) shows the relation between t/Q 

and t. The rate constants and correlation coeffi-
cients of the pseudo second-order kinetic models 
are listed in Table 1. Two coefficients of determina-
tion (R2) are all very close to 1, which implies that 
F- captured by the adsorbent follows the pseudo-
second order kinetics model very well. 

TABLE 1 
Rate constants and correlation coefficients 
of the pseudo second-order kinetic models 

m/V(g/
L) 

Qe(mg/g) 
k2(g/(mg·
min)) 

r0 
(mg/(g·m
in)) 

R2 

1 1.084 0.589 0.692 0.999 

2 0.712 0.200 0.102 1.000 

 
Adsorption isotherms. Adsorption isotherms 

are usually used to determine the capacities of ad-
sorbents. Figure 5 shows the isotherm of F- adsorp-
tion on the adsorbent. 

 
FIGURE 5 

Fluoride adsorption isotherms on zeolite. Initial 
pH=6.5, m/v=1g/L, 298K. 

 
In order to explain the results of the adsorption 

isotherms experiments, the adsorption isotherms are 
divided into various types. The common adsorption 
isotherms models include Langmuir, Freundlich
etc.[21, 22]. The parameters of the models can be 
obtained by the treatment of adsorption isotherm 
data. 

Langmuir adsorption isotherm. The Lang-
muir isotherm model is suitable for single layer 
adsorption onto a surface with a finite number of 
identical sites and uniform energies of adsorption 
with no transmigration of adsorbate in the plane of 
the surface[23]. The Langmuir isotherm model can 
be described by equation (6)  

 

        (6) 

 
Ce is the equilibrium concentration of F- in 

aqueous solution (mg L-1). Qe is the amount of F- 
adsorbed on adsorbents (mg g-1). Qm is the maxi-
mum amount of F- adsorbed per unit weight of 
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adsorbents to form a complete monolayer coverage 
on the surface. KL represents the ratio of the rate 
constants of adsorption and desorption and should 
vary with temperature. Langmuir model fitting [24] 
curve was plotted by solid line in Figure 5. 

Freundlich adsorption isotherm. The Freun-
dlich type model is used when the adsorption pro-
cess is assumed to take place on a heterogeneous 
surface that varies with surface coverage. The 
Freundlich isotherm model can be described by 
equation (7)  

 

        (7) 

 
KF and n are the Freundlich constants related 

to the adsorption capacity and adsorption intensity, 
respectively. Freundlich model fitting curve was 
also plotted by dash line in Figure 5.  

The parameters of Langmuir and Freundlich 
models were listed in Table 2.  

Two coefficients of determination (R2) are all 
very close to 1, which implies that the isotherms 
were fitted to the Langmuir and Freundlich models, 
respectively. According to the coefficients of de-
termination (R2), it is shown that the Langmuir 
model describes F- adsorption on the zeolite better 
than Freundlich model, suggesting that F- adsorp-
tion on the zeolite was monolayer coverage. In 
Langmuir model, the max value Qm of fluoride 
adsorption on the zeolite was 65.36 mg g-1, which 
was a very good performance. 

Adsorption thermodynamics. The effects of 
temperature on fluoride ion adsorption on the zeo-
lite in water was investigated. The effects of tem-
perature on fluoride ion adsorption are shown in 
Figure 6. Figure 6(A) shows three adsorption iso-
therms which experiments were carried out at 

293K, 313K and 333K, respectively. The experi-
mental data show that the temperature increase is 
beneficial to fluoride adsorption on the zeolite in 
water. 

The standard free energy change ( ) can 

be calculated according to equation (8). 

       (8) 

 
where R is the universal gas constant (8.314 J 

mol-1 K-1), T is the temperature in Kelvin. K0 is the 
adsorption equilibrium constant. lnK0 can be ob-
tained by plotting lnKd (distribution coefficient) 
versus Ce and extrapolating Ce to zero. Figure 6(B) 
describes the linear plot of  versus Ce for the 
adsorption of F- on the zeolite at 293, 313, and 333 
K. Figure 6(C) demonstrates the linear plot of  

0) 
0) are then figure out 

from the linear plot of lnK0 versus 1/T in the fol-
lowing relationship equation (9): 
 

          (9) 

 
The obtained thermodynamic parameters of F- 

adsorption on the zeolite are listed in Table 3. From 
Table 3, it can be found that the entropy change 

0=66.60 J mol-1K-1, the enthalpy change 
0=4.48kJ mol-1, and the standard free energy 

change =    -15.04kJ mol-1 at 293 K, -16.37kJ 
mol-1 at 313 K, and -17.70 kJ mol-1 at 333 K, re-
spectively. The positive value suggests that F- 
adsorption on the surface of the zeolite is an endo-
thermic process. Negative  value indicates that 
F- adsorption is a spontaneous process. 

 
TABLE 2 

Parameters for Langmuir and Freundlich models of F- adsorption on adsorbent 

Adsorbent 

Langmuir Freundlich 

 
 

Qm(mg/g) KL(L/mg) R2 KF(mg1 nLn/g) n R2 
Zeolite 65.36 0.006835 0.9936 0.5677 1.156 0.9843 

 

 
FIGURE 6 

The effects of temperature on fluoride ion adsorption. (A) F- adsorption isotherms on the zeolite at 293K, 
313K and 333K; (B) Linear fitting of lnKd vs. Ce; (C) Linear plot of lnKo vs. 1/T. Initial pH=6.5, m/v=1g/L. 
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TABLE 3 
The obtained thermodynamic parameters of F- adsorption on the zeolite. 

T(K) 0 (kJ/mol) 0 (J/(mol·K)) 0 (kJ/mol) 
293 

4.4745 66.60 
-15.0405 

313 -16.3726 
333 -17.7047 

 

 
FIGURE 7 

The effect of initial pH on the amount of F-  
absorbed on zeolite. 

[F-]initial=14ppm, m/v=1g/L, 298K. 
 
Influence of pH value on F- adsorption. Ini-

tial solution pH is one of the important parameters 
to determine the adsorption property of an adsor-
bent due to its effect not only on surface charge of 
the adsorbent but also on the degree of ionization 
and speciation of adsorbate [25]. Figure 7 shows 
the variation of adsorption capacity of fluoride 
adsorbed by the zeolite at various initial pH values. 
The F- adsorption capacity (Q) shows a decreasing 
trend when pH rises in Figure 7, which indicates 
that the acid condition is obvious beneficial to the 
zeolite defluorination performance. When pH is 2 
and 12, the adsorption capacity is the maximum and 
minimum; the adsorption capacity sharply decreas-
es from pH=2 to 4, slightly drops from4 to 10 and 
obviously decline from 10 to 12. The decrease of 
the adsorption capacity in alkaline solution may be 
attributed to the competition for surface adsorption 
sites between the negative hydroxyl and F- anions 
[26]. 

 
Regeneration experiments. 5 rounds regen-

eration experiments were made. According to the 
experimental data, the capacity column chart of 
fluoride ions adsorption on the zeolite is shown in 
Figure 8. 

Regenerative agent was aluminum sulfate, 
which was neutral and friendlier for water envi-
ronment than strong basic or acid agents [27, 28]. 
Initial adsorption capacity was 4.17mg/g; the dete-
rioration of the zeolite adsorbent was slight and the 
adsorption capacity retained 81% after 5 rounds 
regeneration which indicated that the adsorbent was 

reusable. Moreover, in this paper, the regeneration 
process was very convenient and time-saving, be-
cause regeneration time was only one minute in 
every round.  

 
FIGURE 8 

Adsorption column chart of regenerative  
experiments. m/v=1g/L, initial pH=6.5,  

[F-]initial=20ppm, 298K; regeneration agent was 
saturated aluminum sulfate solution. 

 

 
FIGURE 9 

Mechanism of fluoride adsorption on the zeolite 
 
Adsorption mechanism. According to the 

characterization and experimental results, the ad-
sorption mechanism is proposed here. There are 
abundant surface hydroxyl groups on the surface of 
the zeolite [29] which provide highly dispersed 
electroactive sites. The adsorption mechanics is 
electroactive attraction i.e. hydrogen bonds between 
hydroxyl groups and the fluoride ions (Figure 9). 
When the pH value is lower, the more hydroxyl 
content on the surface of the zeolite, the higher 
fluoride adsorption capacity achieved (Figure 7). In 
the FT-IR spectrum (Figure 3), after fluoride ad-
sorption, the sample was blue-shifted at the peak of 
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3500 cm-1, which proved that the hydroxyl group on 
the surface of the zeolite combined with fluoride by 
hydrogen bond during the adsorption process. 

 
 

CONCLUSIONS 
 
Artificial zeolite was synthesized by hydro-

thermal process and activated by soaking in saturat-
ed aluminum sulfate aqueous solution. The activat-
ed zeolite was characterized and investigated its 
adsorption performance for fluoride from water. 
The maximum adsorption capability for fluoride 
approached 65.36mg/g, indicating that the zeolite 
was one of the very suitable materials in environ-
mental pollution management. The used zeolite 
could also be regenerated in aluminum sulfate 
aqueous solution in one minute, and the adsorption 
capacity deterioration was slight. The adsorption 
mechanics was hydrogen bond attraction between 
hydroxyl groups on the surface of zeolite and the 
fluoride ions. 
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High-resolution satellite precipitation products 

are considered as potential sources of precipitation 
information for studying the hydrologic processes in 
mountainous areas with sparse gauging networks. 
Three high-resolution products including Tropical 
Rainfall Measuring Mission (TRMM), and Inte-
grated Multi-satellite Retrievals for Global precipi-
tation measurement (IMERG) products (i.e. IMERG 
Late run (hereafter IM-L) and IMERG Final run 
(hereafter IM-F) are evaluated based on point to 
pixel analysis using gauged observations of diverse 
topography of Pakistan. On an average, the IM-F 
with an average correlation coefficient (CC) of 0.23 
dominated, followed by IM-L with an average CC of 
0.16 and finally TRMM with an average CC of 0.14. 
However, inconsistent performances in diverse cli-
matic and topographic regions were observed for all 
products. Hence, a new framework for the estimation 
of integrated satellite precipitation estimates (IFP) 
was introduced, aimed at consistent performance 
throughout the study area. The IFP was based on the 
merging algorithm, which includes the satellite prod-
uct estimates, CC and performance connection 
weights. The comprehensive analyses showed that 
IFP provided a consistent, improved efficiency and 
better agreement with the gauged datasets over the 
entire study area, as compared to TRMM, IM-L and 
IM-F.  
 

 
IMERG, Integrated Framework, Satellite precipitation, 
TRMM 

 
 

 
 
During last few years, like others countries, Pa-

kistan is also gradually affected by climate change 
influences in terms of increased temperatures and 

spatiotemporal variability in precipitation patterns 
[1, 2], which is providing a base for numbers of 
emerging challenges and inter-related issues. Relia-
ble information on these notable factors (e.g., precip-
itation) is vital for accurate assessment and predic-
tion of natural disasters, food security and sustaina-
ble agriculture. Typically, a rain gauge or meteoro-
logical radar are used to provide reliable precipita-
tion data. However, in developing countries like Pa-
kistan, hydrometric networking is sparse and spatial 
distribution is inconvenient. Hence, high-resolution 
satellite precipitation products could be considered 
as an alternative source for precipitation estimates. 
Several high-resolution satellite precipitation prod-
ucts have been widely applied and evaluated glob-
ally [3-9]. Examples include NOAA’s Climate Pre-
diction Center Morphing technique (CMORPH), the 
Tropical Rainfall Measuring Mission (TRMM), 
Multi-satellite Precipitation Analysis products 
(TMPA) and the Integrated Multi-satellite Retrievals 
for Global precipitation measurement (IMERG). 

High-resolution satellite precipitation products 
have high spatial resolutions of ≤ 0.10 and temporal 
resolutions of ≤ 30 minutes over nearly quasi-global 
scales. These satellites have been comprehensively 
used for numerous hydrological applications, includ-
ing drought projection, flood forecasting, early 
warning and hydrological simulation at ungauged 
basins [10]. High-resolution satellite precipitation 
products contain uncertainties that ensued from indi-
rect observations measurement inaccuracies, re-
gional and seasonal systematic biases, random mis-
calculations, retrieval algorithms and sampling pro-
cesses of bias corrections [11-15]. These errors can 
proliferate into hydrological prediction [16]. Subse-
quently, a statistical, quantitative, and hydrological 
modeling-based evaluation is crucial to substantiate 
the quality and applicability of the satellite precipi-
tation estimates [17-19]. If proven, the expedient 
tools would further enhance the retrieval algorithms 
of a satellite [20] and influence the selection of the 
hydrological application product [21]. 
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Numerous individual and group-based (i.e., a 
pilot program launched by the International Precipi-
tation Working Group) evaluations of these products 
have been conducted at regional and global scales, 
and at various spatial and temporal resolutions [10]. 
Based on inclusive evaluations, the preceding stud-
ies reported variable accuracy and applicability of 
these products in different physical, climatic, geo-
graphic regions and seasons [22]. 

Tang et al. [7]  and Yuan et al. [23] resulted that 
though the satellite product may possibly capture the 
spatiotemporal variability of precipitation, neverthe-
less, contains substantial errors (e.g., regional 
biasness) and there is still room for ancillary en-
hancement of capturing capability in a dry climate 
and high-altitude regions. According to Maggioni et 
al. [10], rain detection efficacy of most satellite prod-
ucts showed weak performance in complex terrain 
and regions with rapid precipitation gradients. This 
may be due to the poor ability to distinguish between 
raining and non-raining clouds. Hence, over precip-
itous regions, further validation research could pro-
vide a better understanding of the limitations of us-
ing satellite products for flash flood applications. 
Moreover, topographic diversity, climatological fea-
tures, and seasonality also play a vital role in the per-
formance of these products, specifically in terms of 
mean errors and the probability of detection [6]. In 
addition, the summer (warm) season is associated 
with the convective structure and the cold season 
with light precipitation, which could affect the per-
formance of these products [6]. More specifically, 
the product performance predominantly depends on 
the variability of climatic and topographic diversity, 
timescales and precipitation intensities [10, 24]. Ir-
respective of significant improvements in most 
satellite precipitation products, a region-specific as-
sessment is of utmost importance before any hydro-
logical simulation, assessment, projection or outlook 
can be conducted [24]. 

Therefore, the primary objective of the current 
study is to introduce a framework for quantification 
of integrated satellite precipitation estimates based 
on the relative performances and final estimates of 
different well-known satellite products (i.e., IMERG 
Late run (IM-L), IMERG Final run (IM-F) and 
TRMM). The primary objective was to provide 
blended regional precipitations estimates - targeting 
better performance irrespective of climatic and topo-
graphic diversity in Pakistan.  

 
 

Pakistan is a developing country, 
covering 79.6 million ha, 61o–77o East longitude and 
23.5o–37o North latitude, with assorted climatic con-
ditions. Pakistan contains significant landscape di-
versity, ranging from coastlines along the Arabian 
Sea in the south, to plains, deserts and plateaus in the 

center, to the snow-covered mountainous region in 
the north. The geographical and water resources in-
clude the Indus riverine covering a major area of 
Punjab, Khyber Pakhtunkhwa, and Sindh province, 
the Himalayan mountainous region (northeast), 
Northern Highland and drought-prone arid climatic 
regions (southwest). The majority Pakistan is arid to 
the semi-arid with comparatively higher rainfalls in 
the northern regions and lesser in the center and the 
south. Monsoon and western disturbances are two 
major sources of rainfall from June to September and 
in the winter, respectively. Nonetheless, significant 
seasonal and annual variability in precipitation has 
been observed, as alternation between drought and 
flooding. 

Weather station network has been established 
across the country by the Pakistan Metrological De-
partment (PMD). Based on the PMD rainfall and 
temperature trend database, Pakistan was divided 
into five different climatic zones (hereafter referred 
to as Zones 1 through 5). Zone 1 comprises a region 
featuring cold climate and high mountain range in 
the north. Zone 2 contains mild cold climate and par-
tially sub-mountainous range, located between 31o N 
and 34o N. Zone 3 includes cold climate in the winter 
and hot in summer covering an area between 27 o N 
to 32o N and 64o E to 70o E.  Zone 4 is the hottest 
plain and the driest zone of the country with the high-
est maximum temperature. Zone 5 is a region cover-
ing a coastal area as depicted in Fig. 1. For the cur-
rent study, 72 stations across all the regions were 
chosen for evaluation of the satellite precipitation 
products and development of the proposed frame-
work. 

  

 

 
 

The Tropical Rainfall 
Measuring Mission (TRMM) (https://pmm.nasa. 
gov/data-access/downloads/trmm) is a combined 
space mission of Japan's National Space Develop-
ment Agency and NASA, aimed at monitoring and 
studying tropical and subtropical precipitation and 
the associated energy release. The TRMM consists 
of five different instruments, including CERES-
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Cloud and Earth Radiant Energy System, MI-Micro-
wave Imager, PR-Precipitation Radar, VIRS-Visible 
Infrared Scanner and LSI-Lightning Imaging Sen-
sor. PR and TMI are the key instruments involved in 
precipitation quantification algorithms. The most 
commonly used TRMM products include TCI-
TRMM Combined Calibration database (TRMM 
2B31) and Multi-Satellite Precipitation Analysis 
(TMPA) products, i.e., 3B43 and 3B42. The 3B43 
and 3B42 are generally available as monthly, daily 
and sub-daily averages at a spatial resolution of 
0.25° with coverage at a quasi-global scale (50°N to 
50°S). The TRMM-TMPA 3B42 v7 (hereafter re-
ferred to as TRMM) was used to evaluate its perfor-
mance for quantification of regional precipitation es-
timates in Pakistan. 

 

The evolution of the 
TRMM mission products to the Global Precipitation 
Measurement (GPM) products (i.e., IMERG) began 
in mid-March 2014. The IMERG V.03, level 3 is a 
quasi-global (60° N to 60° S) multi-satellite precipi-
tation product (https://pmm.nasa.gov/GPM), provid-
ing different datasets, including IMERG-real-time. 
This contains the IMERG-Early real-time database 
(6 h after minimal observation time) for warnings of 
probable floods or landslides, and the IMERG-Late 
real-time (IM-L) observation with 18 hours’ latency 
for drought monitoring or agricultural forecasting. 
The latter is based on the combined use of passive 
microwave (PMW) sensors, infrared (IR) satellites 
and ground-based precipitation data. After receiving 
gauge observation and calibration by the Global Pre-
cipitation Climatology Centre (GPCC)’s gauge anal-
ysis, the IMERG-Final (IM-F) cycle is run to gener-
ate the database three-months later using the obser-
vation month. The level 3 products are comprised of 
a precipitation and snowfall catalog, with a 0.1° × 
0.1° spatial resolution and a temporal resolution of 
30-minutes [23, 25]. 

The selected satellite products 
have different spatial resolutions; 0.1° × 0.1° in the 
case of IMERG and 0.25° × 0.25°   in the case of 
TRMM. To produce consistency, the aggregating 
technique was used, where areal weights of 0.16, 
0.08 and 0.04 were assigned to four IMERG grid 
cells of 0.1° resolution, laying completely inside a 
TRMM grid cell, four falling halfway on the cell and 
nine cells coving one-fourth, respectively [23]. The 
IMERG and TRMM V7 precipitation observations 
at the grid cell (box) where at least one weather sta-
tion falls were compared with the corresponding 
gauged observations from 7 March 2015 to 31 De-
cember 2016. To further ensure the data quality for 
comparison, the amount of satellite precipitation in 
the pixel against the exact location of each rain 
gauge was extracted using the latitude/longitude of 

the respective rain stations. After preliminary anal-
yses, the accuracy, applicability and performance of 
the selected satellite products were estimated, based 
on different statistical indices including: (i) the cor-
relation coefficient, 

, (ii) 

Mean Square Error,  , (iii) 

the probability of detection, , (iv) false 

alarm ratio,  and (v) the critical success 

index, . 

where,  and  represent satellite precipita-
tion product, and gauge-based observation for the th 
time step.  and  are average values,  indicates 
the sample size of the selected time series, H is hit, 
M is miss and FA is a False Alarm.  
 

The projected integrated framework-based 
precipitation (IFP) estimates were conceptualized to 
produce blended precipitation estimators using a 
performance weighting algorithm for the best two 
estimators in proportion to performance. The perfor-
mances were evaluated based on the correlation co-
efficient (CC), the weighting algorithm used for the 
proportional ratio ( ) and the Langmuir equation as 
described below. 

Let a specific gauge 
 be the donor based 

on an observed time series of size  
 is the th ( = 1, 2, 

3….n)) satellite product (i.e., TRMM, IM-L and IM-
F) in the observation time series obtained from the 
product source.  By using  and  time series of 
a selected gauge, the correlation coefficient for each 
selected satellite product was estimated. 

Based on the CC outcome, the three satellite 
products were individually ranked, i.e., high 
( ), medium ( ) and low ( ). The 

product with the  value was eliminated by re-
taining the k (where k=1, 2, 3….m) products (here 
two out of three) having  and  value for 
further quantification. 

To get achieve consistency in the results, IFP 
was conceptualized using Eq. (1). 
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                      (1)

where, , are the precipitation esti-

mates from the products having and , re-

spectively. is the connection weight assigned to a 
respective product based on its performance. 

The weights ( ) were assigned to retained  
products using Eqs. (2) and (3) to favor the more sig-
nificant product, resulting in a better performance 
score at an individual gauge station.  

         (2) 

         (3) 

Lastly, the developed
 time series 

was evaluated by  of 
assumed ungauged stations, using Eqs. (1-5) to vali-
date the efficacy and projected improvement com-
pared to selected  satellite products.   

It is worth mentioning that the proposed re-
gional IFP framework was based on the leave-one-
out cross-validation (LOOCV). In LOOCV, the data 
record of one station (assumed ungauged station) 
was held out from the calibration database. The 
weights associated with the performance of the best 
two products were then estimated using the calibra-
tion results of the remaining stations (assumed do-
nors). The LOOCV was repeated for all stations con-
sidered in this study.  

 
 

 
 
By using the aforementioned statistical tests, 

the efficacy of the three selected products (i.e., 
TRMM, IM-L, IM-F) and the projected regional 
product (IFP) were evaluated based on individual 
points/stations and described the zones.  

 
 The 

inter-comparison of selected TRMM, IM-L, and IM-
F determined that the IM-F produced a significant 
correlation between the gauged database and 
satellite-based estimates. On average, the IM-F (av-
erage CC: 0.23; P: 0.46; F: 0.36; C: 0.26 and E: 
90.23) product dominated, followed by IM-L (aver-
age CC: 0.16; P: 0.40; F: 0.37; C: 0.23 and E: 92.23), 
and TRMM (average CC: 0.14; P: 0.33; F: 0.40; C: 
0.21 and E: 94.23).  Based on all statistical assess-
ment measures, TRMM, IM-L, and IM-F dominated 
in 11, 17 and 46 stations, respectively, out of the se-
lected 74 stations. However, when compared with 
the proposed IFP (average CC: 0.31; P: 0.60; F: 0.36; 
C: 0.29 and E: 68.57), better performance over the 

entire study area was seen for IFP, except for a few 
stations. The resulting spatial variation of respective 
statistical measures is depicted in Fig. 2. 
 
 

(where P: IFP; F: IM-F; L: IM-L; T: TRMM are repre-
sented by rose, gray, blue and red colors respectively) 
based on measures CC: correlation coefficient; P: Proba-
bility of detection; E: Mean square error 
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Figure 3 describes the overall statistical sum-
mary of findings for the evaluation of TRMM, IM-
L, IM-F and IFP based on CC, P, F, C, and E. The 
box-plot in Fig. 3 indicates the minimum (lower line) 
value, the 1st and 3rd quartile (represented by a 
central rectangle), the whisker (section in the rectan-
gle) and the maximum (top line) value, by consider-
ing 72 stations. The overall summary clearly shows 
the significant improvement using IFP and the agree-
ment with gauge data compared to the TRMM, IM-
L and IM-F. 

In or-
der to probe the aptitude of capturing the precipita-
tion spatial patterns of TRMM, IM-L and IM-F, the 
assessment was also carried out at a zonal scale. It 
was noted that the efficacy of these products varied 
over different regions of Pakistan. It was anticipated, 
as the nature of the topography would have a 
significant influence on the quality of satellite-based 
estimates. Figure 4 indicates that on average, the per-
formance of IM-F and TRMM dominate in zone 1 
and zone 2, IM-L and IM-F in zone 3, a mix in zone 
4 and TRMM and IM-F in zone 5. However, when 
IFP was considered, its performance dominated irre-
spective of the zone, and measurable quality en-
hancement resulted. 

  
 
Precipitation is a most important component of 

the global hydrological cycle and plays a vital role in 
the interaction of the atmosphere, hydrosphere and 
biosphere. Precipitation measurement accuracy is 
critical in water resource management, drought as-
sessment and projection, flood forecasting and warn-
ing systems. However, obtaining an accurate obser-
vation is a challenging task. The mainstream meth-
ods used are gauge observation, weather radar and 
satellite-based observation. Recently, satellite prod-
ucts with different temporal and spatial resolution 
have been released. Among others, the Global Pre-
cipitation Measurement (GPM) mission was widely 
used for precipitation observation. As the successor 
of TRMM and in the transition era from TRMM to 
GPM, GPM developed a new calibration algorithm 
(IMERG) to improve efficacy at a finer scale. How-
ever, the inconsistency in performance was observed 
over varied climatic and topographic regions, time-
scales and precipitation intensities.  

In this study, an integrated framework for quan-
tification of unified satellite precipitation estimates, 
based on the relative performances and final esti-
mates of well-known satellite products was intro-
duced. It was hypothesized that could maximize the  
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advantages and minimize the disadvantages of con-
sidered satellite products. The proposed IFP frame-
work is mainly based on automatic ensemble algo-
rithm to aggregate the product observations, based 
on the performance (i.e., the value of ρ) of the se-
lected products, connection weights. 

The results indicated that the TRMM, IM-L and 
IM-F have significant capability to capture the 
gauge’s observation, but efficiency was inconsistent 
in different climatic regions of Pakistan. The 

TRMM, IM-L and IM-F resulted in significant out-
comes in terms of CC, F, P, C, and E - the perfor-
mance evaluation metrics in low altitude regions. 
However, in the case of high-altitudes, dry areas and 
regions with fewer rainfall events, performance de-
creased. There could be numerous reasons; e.g., un-
certainty in verification of results in a developing 
country like Pakistan (e.g., station density, the im-
pact of wind, random static errors), complex topog-
raphy and climate, scarce use of the gauge in the pro-
duction of GPM gauge observation estimation).  
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In spite of the low performance (average CC: 
0.31; P: 0.60; F: 0.36; C: 0.29 and E: 68.57), the pro-
jected IFP framework provided comparatively better 
agreement with the gauged data through the entire 
study area. This was expected, as the projected 
framework has the advantage of choosing the set of 
suitable products based on performance. Hence, IFP 
is a step forward in the applicability of satellite-
based estimates in the data-sparse region like Paki-
stan. 
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ABSTRACT 
 
This study was conducted to investigate the ef-

fectiveness of the fan-pad cooling system and the 
temperature and relative humidity changes 
throughout the horizontal distance in the green-
house. For this purpose, a total of 6 temperature and 
relative humidity sensors are installed inside and 
outside of the greenhouse. In the study, it was de-
termined that the system efficiency was the highest 
when the external relative humidity is the lowest. 
When the highest outside temperature measured 
during the day is considered, the outside tempera-
ture at 14:00 was 34.98 °C, while the average inter-
nal temperature values in the greenhouse cooled by 
fan-pad reached to 26.37 °C. The internal tempera-
ture in the greenhouse at that hour was found to be 
8.61 °C lower than the outside temperature. When 
the sensor positions are considered, the inside-
outside temperature difference measured in front of 
the pad was 12.27 °C and the cooling effect meas-
ured in front of the pad at that hour was 84.60%, 
while these values in front of the fan were meas-
ured as 8.10 °C - 55.85%, respectively. The average 
temperature increase from the pad to the fan was 
5.90 °C and the relative humidity difference was by 
16% between the cooling hours of 08:00-19:00. In 
the statistical analyses performed, it was deter-
mined that the temperature-dependent relative hu-
midity difference along the horizontal distance is 
significantly different from the pad to fan (p<0.01). 
 
 
KEYWORDS:  
Greenhouse, fan-pad, temperature, relative humidity 

 
 

INTRODUCTION 
 
In temperate climate regions, the internal tem-

perature values can exceed the optimum tempera-
ture values required for the plant due to the exces-
sive amount of heat energy obtained from solar 
radiation in the greenhouse environment in open 
and sunny days. This increase affects the produc-
tion and marketable fruit quality of the plant [1]. 

The higher air temperature negatively influence the 
normal growth and development of crops, including 
damaging the chloroplast, decreasing photosynthe-
sis rate and closing the leaf stoma. The excessive 
transpiration cause by high air temperature result in 
water deficiency [2]. When developing irrigation 
scheduling for greenhouse crops, environmental 
factors are important [3]. Moreover, the high tem-
perature increase the consumption of respiration, 
thus reduce the nutrient uptake of crop plant [2]. In 
order to reduce the plant stress and provide high 
quality products for the market, greenhouses need 
to be cooled. One of the most effective ways of 
cooling inside a greenhouse is the fan-pad cooling 
system, which is one of the evaporative cooling 
methods that allows the sensible heat to turn into a 
latent heat at the basis of its operation principle. 
This method was used by different researchers to 
cool the greenhouses and it was proved that suc-
cessful results are obtained. In their study that the 
fan-pad system was used, [4] found that the internal 
temperature value was 10 °C lower than the outside 
temperature value and the system efficiency was by 
80%. [5] stated that the internal temperature of the 
greenhouse was cooled to 15 ºC compared to the 
outdoor temperature using the fan-pad system and 
that this system has a better cooling efficiency than 
the other conventional cooling systems by as much 
as 5 ºC. In their study, in which fans and pads were 
used, [6] determined a 2 ºC decrease in plant tem-
perature and they accomplished to reduce the tem-
perature inside the greenhouse by 15 ºC compared 
to the outside temperature. [7] stated that natural 
ventilation in the greenhouse provides a tempera-
ture difference of 2 ºC and that the internal tem-
perature could be lowered to the outside tempera-
ture if the shading+ventilation measures were taken 
together. In addition, they reported that the outside 
temperature can be reduced to below 8 ºC by con-
ducting evaporative cooling (fan-pad) depending on 
the external relative humidity and the number of 
ventilators. The advantage of this method is that the 
system provides ease of operation and control, and 
at the same time, it does not lead to the wetting of 
leaves. On the other hand, the disadvantages of this 
method are high cost, no uniform cooling in the 
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greenhouse, and a lower cooling effect compared to 
the fogging method [8].  

This study was carried out to determine the 
performance of the fan-pad cooling system used to 
cool the interior of the greenhouse during periods 
when temperatures rise in the commonly used plas-
tic greenhouses in our country and to determine the 
temperature and relative humidity changes that 
occur depending on the distance along the long axis 
of the greenhouse. 

 
 

MATERIALS AND METHODS 
 
General characteristics of the studied 

greenhouse. In the study, 350 m-thick and 36 
months-old UV+IR reinforced PE plastic covering 
material was used in the greenhouse, in which the 
floor area is 150 m2 (7.5 m x 20 m), the under-
groove height is 3 m, and the ridge height is 5 m.  

A pad material made of cardboard, which is 
7.5 m2 in total (50-m-height and 100x60x10 cm) 
and dispenser honeycombs ensuring the distribution 
of the water coming on the pad were placed in the 
greenhouse floor in the air inlet openings on the 
short side facing the northern part of the green-
house. The pads were kept constantly wet by 
providing water flow at intervals of 10 cm by 
means of a pipe with 2 mm diameter holes on the 
dispenser honeycombs. Water was sent to the 
dampening pads by means of a centrifugal pump 
that moves from the electric motor to a water tank 
located outside the greenhouse. A water flow with a 
flow rate of 10 lt/min per 1 meter pad towards the 
pads was provided by a water pump [9]. The water 
that accumulates at the bottom of the pad unit re-
turns to the tank again. A fan at the height of 3 m 
above the basin was placed opposite to the dampen-
ing pads in the greenhouse compartment. The fea-
tures of the fan used to absorb air through the pad 

unit were HP: 1.5, KW: 1.1, Volt: 380, HZ:50, and 
the air velocity in the pads was 1.40 m/s. 

 
Determination of effectiveness of cooling 

systems. The efficiency of the cooling systems used 
in the greenhouses is calculated by Equation 1 sug-
gested by [10, 11, 12]. 
 

  [1] 

 
Where; CE: Cooling efficiency (%); Tout: Out-

side dry-bulb temperature of entering air to Pad 
(°C); Tin: The dry-bulb temperature of leaving air 
from Pad (°C); Twb: Outside wet-bulb temperature 
of entering air to Pad (°C). 

The temperature and relative humidity chang-
es along the greenhouse horizontal axis were meas-
ured along the horizontal axis between the fan and 
the pad for 24 hours. When the sensor positions 
inside and outside the greenhouse are considered, 
the placement was carried out as follows: the dis-
tances of the outer sensor (Tout, RHout) and the inner 
sensors from the pad (T1, RH1) in front of the pad, 
(T2, RH2) 2.5 m, (T3, RH3) 7.5 m, (T4, RH4) 12.5 m, 
and (T5, RH5) 17.5 m (2.5 m away from the fan). 
The sensor positions in the study are shown in Fig-
ure 1. 
 

Instruments and statistical analyzes used in 
meteorological data measurement. The tempera-
ture and relative humidity values in the greenhouse 
were measured by HOBOs every 30 minutes and 
the values were recorded. Then these values were 
transferred to the Microsoft Excel program with 
BoxCar Pro 4.3 program and graphics were created 
and the differences between the sensors were ana-
lyzed by the SPSS statistical package program, and 
the differences between the sensors were deter-
mined. 

 
 

.  
FIGURE 1 

Sensor positions inside and outside the greenhouse 
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FIGURE 2 

The temperature and relative humidity measured in and out of the greenhouse 
 

 
FIGURE 3 

The external and internal temperature difference reached due to external relative humidity 
 
 
RESULTS 

 
In the study, the measured temperature and 

relative humidity values inside and outside of the 
greenhouse are given in Figure 2. During the day, 
the cooling application started to operate between 
08:00-19:00. The measured outside temperature 
values between the hours of cooling varied from 
28.02 °C to 34.98 °C and the average temperature 
value was found to be 31.87 ºC. The internal tem-
perature values were varied between 20.79 °C and 
30.47 °C in the FP applied greenhouse and the 
average temperature values were measured as 26.39 
°C. When the external relative humidity values 
measured during the cooling hours are considered, 
these values ranged from 26% to 56%. The average 
external relative humidity value was measured as 
38%. The internal relative humidity values ranged 
from 57% to 76% in the FP. The average relative 
humidity values were measured as 66%. When the 
highest outside temperature measured during the 
day is considered, the outside temperature value at 
14:00 was found 34.98 °C, while the mean internal 
temperature values in the greenhouse in which the 
FP applied reached to the value of 26.37 °C. At this 

hour, the internal temperatures in the greenhouse 
were found to be 8.61 °C lower than the outdoor 
temperature.  

In the study, the values of the inside-outside 
temperature differences reached in the greenhouses 
are shown on the graph depending on the external 
relative humidity, while the theoretical line given 
shows the external relative humidity-dependent 
change of the theoretically calculated temperature 
difference based on the psychrometric diagram 
(Figure 3). Accordingly, a relationship of R2 =80 
was found between the external relative humidity 
and inside-outside temperature difference. Accord-
ingly, when the external relative humidity was 
26%, the mean internal temperature value was 
found to be 9.61 °C less than the outside tempera-
ture value. With the increase of the external relative 
humidity, the difference of the inside-outside tem-
perature started to decrease. Therefore, it was seen 
that the cooling application works more efficiently 
with the decreasing external relative humidity 
during the day. Accordingly, the average cooling 
efficiency during the day was calculated as 47.00%. 
Increasing the temperature along the horizontal axis 
from the pad to the fan in the greenhouse caused the 
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system efficiency to decrease.  
The temperature and relative humidity values 

measured depending on the sensor positions in the 
greenhouse are given in Figure 4 and Figure 5. 
With the start of the cooling application between 
08:00-19:00, when the temperature inside the 
greenhouse starts to rise, the FP internal tempera-
ture values start to decrease below the outside tem-
perature values at all sensor positions. Accordingly, 
the measured temperature and relative humidity 
values in front of the pad in the greenhouse (T1-
RH1) had the lowest temperature and the highest 
relative humidity. It was seen that the temperature 
values increased as the distance from the pad in-
creases, while the relative humidity decreases. The 
average outside temperature measured at the time 
of cooling was measured as 31.87 °C and the rela-
tive humidity was measured as 38%, while the 

average temperature and relative humidity from in 
the front pad to the fan were measured depending 
on the sensor positions were measured as 
T1 2 3 4=28.14 

5 1=74%, RH2=69%, 
RH3=66%, RH4=61%, RH5=62%, respectively.  

Accordingly, the average internal and exter-
nainside-outside temperature difference reached 
was measured depending on the sensor positions as 

1 2 3 4=3.74 
5

measured inside and outside temperature difference 
reached to the maximum value when the outside 
relative humidity value was 26%. Accordingly, the 
inside-outside temperature difference reached was 
measured depending on the sensor positions as 

1 - 2 - 3 - 
4 - 5  

 

 
FIGURE 4 

The temperature values measured at different distances in the greenhouse 
 

 
FIGURE 5 

The relative humidity values measured at different distances in the greenhouse 
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FIGURE 6 

Temperature and relative humidity change depending on the horizontal distance 
 
 

The change in temperature and relative humid-
ity values in the greenhouse, depending on the 
horizontal distance is given in Figure 6. According-
ly, temperature and relative humidity are found as a 
second-degree polynomial along the horizontal 
axis. 

 
 

DISCUSSION 
 
In the study area having a Mediterranean cli-

mate, the internal temperature of the greenhouse 
started to rise after 8:00 am and it remains above 
the outdoor temperature until sunset in the evening. 
Considering that tomato, pepper, cucumber etc. 
grown in the greenhouses adapted to 17-27 ºC, the 
average daily temperature in the greenhouse should 
be 12-22 ºC. 

In case that the daily average temperature falls 
below 12 ºC, the greenhouses should be heated at 
night, when it rises above 22 ºC, they should be 
cooled or the greenhouses should be kept empty. 
The relative humidity values should be between 60-
70% [13, 14]. The plant growth continues, and 
blooming occurs at temperatures above 30 °C how-
ever, the pollen germination worsens, the pollen 
tube does not grow well enough and because there 
is no fertilization, flowers shed, parthenocarpic 
small fruit grows and yield decreases [15, 16]. In 
the study, the measured temperature values outside 
the greenhouse varied between 28.02 °C and 34.98 
°C and the average temperature value was found to 
be 31.87 ºC. In this case, it is necessary to cool the 
greenhouse as suggested by the researchers. Other-
wise, it does not seem possible to obtain a yield by 
carrying out cultivation.  

In the study conducted by [4], they obtained a 
decrease of 10 ºC compared to the outdoor tempera-
ture in the greenhouse temperature in the fan-pad 
cooling system and the system efficiency was cal-
culated as about 80%, while [17] calculated the 
cooling efficiency in his study as 53.3%, between 
32.4% and 76.6%. [5] reported that the fan-pad 
system cooled the internal temperature of the 
greenhouse by 15 °C compared to the outdoor tem-
perature and that this system has a better cooling 
efficiency than the other conventional cooling sys-
tems by as much as 5 °C. [6] managed to reduce the 
internal temperature by 15 ºC compared to the out-
door temperature, while [18] reduced the internal 
temperature by 10-12 ºC. In the study, the maxi-
mum inside-outside temperature difference was 
found 12.27 °C, while the cooling efficiency was 
found 84.60%. The average inside-outside tempera-
ture difference was found 5.48 °C, while the cool-
ing efficiency was found 47.00%. 

Although the results obtained show similar 
characteristics to those of these researchers, the 
cooling effect in the greenhouse is reduced due to 
the increase in temperature because of the distance 
of moist cool air between the pad and the fan in the 
greenhouse. [8] and [17] stated that one of the nega-
tive aspects of the fan-pad system is that there is no 
uniform cooling in the greenhouse (the amount of 
humidity decreases in the airflow direction along 
the building height as the temperature increases) 
due to the temperature difference between the fan 
and the pad. [19] stated that there was a difference 
of 6 ° C between pad and fan, while [20], stated that 
there was a difference of 7 °C in their study. It was 
determined that there was a difference of 5.90 °C 
from the pad to the fan, which is similar to the 
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study conducted by these researchers. 
As a result, it was determined that the effec-

tiveness of the system depends on the external rela-
tive humidity value, and the system efficiency is 
increased when the external relative humidity value 
is low. In addition, it is very important in terms of 
system efficiency and a uniform distribution of 
temperature and relative humidity to use circulation 
fans inside the greenhouse in order to reduce the 
increasing temperatures along the path between the 
pad and the fan along the horizontal axis, to select 
the fan in the appropriate capacity to provide suffi-
cient air exchange, to place fan and pads on long 
axis instead of greenhouse short axis and to control 
unwanted openings in the greenhouse. 
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The plate heat exchanger has become a very 
important heat exchanger due to its high heat transfer 
performance and compact structure. In recent years, 
the research and structural improvement of the plate 
heat exchanger have made the application range of 
the plate heat exchanger more and more extensive. 

Based on water type heat transfer, this paper 
studies the performance of water type heat transfer 
and resistance properties of plate heat exchanger of 
R410A. The method and model for the simulation 
calculation of refrigeration system are given. 

Based on the experiment, the relationship be-
tween the heat transfer area, corrugation depth, the 
thickness of the plate and the relative error of the 
heat balance (η) is found through the change of the 
operating parameters. 

R410A, Plate heat exchanger, Heat transfer, Exergetic ef-
ficiency 

On account of their compactness and high heat 
transfer coefficient (HTC), plate heat exchanger 
(PHE) has been increasingly used in various indus-
tries in the past decades. There is a large amount of 
research activities concerning heat transfer of plate 
heat exchanger in recent years. Among these studies, 
a few literatures of experimental investigation on 
condensation heat transfer in PHE can be found. For 
steam condensation, Wang and Zhao [1] carried out 
watersteam test of complete and partial condensation 
at counterflow and at concurrent flow in a PHE, the 
steam inlet pressure of the PHE was maintained at 
0.13 MPa, 0.16 MPa and 0.2 MPa. The experimental 
result indicated that the main factors affecting the 
condensation HTC in PHE were total mass velocity, 
condensation pressure, and Prandtl number of the 

liquid. Wang et al. [2] set up a test rig for investiga-
tion of steam condensation in PHEs, seven different 
PHEs had been tested. Based on the experimental 
data, although they did not take any local measure-
ment, they proposed a modified equation to predict 
the local HTC of steam condensation in PHEs. 

Condensation in PHE is a very complicated 
process, involve various parameters such as quality 
[3-6], fluid property, mass flux, local flow regimes, 
and oil effect [7-12]. Furthermore, the attention al-
most is focused on refrigeration industry [13-15]. 

Based on the experiment, the relationship be-
tween the heat transfer area (A), corrugation depth 
(B), the thickness of the plate (C) and the relative er-
ror of the heat balance (η) is found through the 
change of the operating parameters, which is an ex-
periment of the circulating cooling water fouling in 
the R410A plate heat exchanger. Research provides 
reference. 

 
 

An experimental apparatus was designed incor-
porating corrugated PHE to probe into the heat trans-
fer phenomenon under different operating conditions. 
The M3–FG model of corrugated PHE, used in this 
experiment, was purchased from USA. The opera-
tional data were as follows: design pressure was 1 
MPa, test pressure and design temperatures were 1.3 
MPa and 100°C respectively. The material of plate 
was SA 240 GR.316 with 0.5 mm thickness. The 
shape of corrugation in plates was of chevron type. 
The area of heat exchanger was 1.2 m2.  

The experiment setup mainly consists of two 
fluid loops. The cold fluid loop and hot fluid loop. 
The cold fluid loop comprised four components i.e. 
nanofluid tank (25 liter volume), gear pump, gate 
valve and Coriollis flow meter. Here, the nanofluid 
was working as cold fluid/coolant. Similarly, the hot 
fluid loop incorporated a DM water tank (25 liter 
volume) with 4 kW heater, a hot fluid pump, a gate 
valve and a flow meter. Water was the working fluid 
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in this loop. There was provision for insulation to 
minimize the heat loss. 

In this experimentation, first of all, the 
nanofluid solution of requisite concentration was 
prepared and nanofluid tank was filled with it. After-
ward hot water was filled in DM water tank. The in-
let temperature of nanofluid and hot DM water was 
set by human machine interface (HMI). The desired 
inlet temperatures were 20°C and 50°C for nanofluid 
and hot DM water respectively. The volume flow 
rates were set by Coriollis flow meter. The experi-
mentation unit was run till the set temperature of DM 
water and nanofluid was achieved. In this experi-
ment, the four port temperatures for PHE were auto-
matically displayed on the screen of HMI under 
steady state condition. Pressure between the entrance 
and exit port of the PHE for hot DM water and 
nanofluid was recorded manually by Pressure indi-
cators. The volume flow rate of nanofluid varied 
from 0.5 to 2.0 lpm while the volume flow rate of hot 
DM water was kept constant at 3 lpm. The experi-
ment setup mainly consisted of two fluid loops. The 
cold fluid loop and hot fluid loop. The cold fluid loop 
comprises four components i.e. nanofluid tank (25 
liter volume), gear pump, gate valve and coriollis 
flow meter. Here, the nanofluid was working as cold 
fluid/coolant. Similarly, the hot fluid loop incorpo-
rated the DM water tank (25 liter volume) with 4 kW 
heater, hot fluid pump, gate valve and flow meter. 
Water was the working fluid in this loop. There was 
proper insulation to minimize heat loss. 

Relative error of heat balance = 1.7533 
+0.1488A +0.0988B +0.1675C -0.2679A*A -
0.3329B*B -0.1354C*C +0.0775A*B -0.0950A*C 
+0.0700B*C 

High heat transfer coefficient, small footprint, 
light weight, low fouling factor, flexible assembly, 
easy maintenance and other advantages, compared 
with the conventional shell and tube heat exchanger, 
under the same flow resistance and pump power con-
sumption, heat transfer coefficient should be about 
twice higher. 

For Fig.1, contour plot of relative error of heat 
balance vs C, B is present. the relative error of the 
heat balance (η) is between 1.65-1.80 and its abso-
lute value is < 5%, which means experimental data 
is reasonable. 

For Fig.2, contour plot of relative error of heat 
balance vs B, A is present. the relative error of the 
heat balance (η) is between 1.4-1.6 and its absolute 
value is < 5%, which means experimental data is rea-
sonable. 

For Fig.3, contour plot of relative error of heat 
balance vs C, A is present. the relative error of the 
heat balance (η) is between 1.6-1.8 and its absolute 
value is < 5%, which means experimental data is rea-
sonable. 
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For Fig.4, it is seen that the relative error of heat 

balance increased when thickness of the plate in-
creased. The relative error of heat balance is maxi-
mum when thickness of the plate is 0.6 mm. 

Therefore, in the selection of heat exchangers, 
according to actual needs, comprehensive factors 

should be integrated to select the appropriate model, 
so that the fluid reaches the best flow state, and the 
heat exchanger performance and economy are opti-
mized. 

For Fig.5, it is seen that the relative error of heat 
balance increased when thickness of the plate 
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increased. The relative error of heat balance is max-
imum when thickness of the plate is 0.6 mm. 

It is seen that the relative error of heat balance 
increased when heat transfer area increased. The rel-
ative error of heat balance is maximum when heat 
transfer area is 0.3 m2. 

Water type heat transfer has high heat transfer 
efficiency, using herringbone corrugated sheet in 

water. The heat exchange coefficient under water ex-
change can reach 6000W/(m2K), and it can reach 
2000-3000W/(m2K) under normal circumstances. 

It is seen that the relative error of heat balance 
increased when corrugation depth increased. The rel-
ative error of heat balance is maximum when corru-
gation depth is 2 mm. 
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For Fig.7, the relative error of heat balance is 
0.5571 and its absolute value is < 5%, which means 
experimental data is reasonable.  

The relative error of heat balance is 0.5571 
when heat transfer area (A) is 0.1 m2, corrugation 
depth (B) is 2 mm, thickness of the plate (C) is 0.4 
mm. 
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Based on water type heat transfer, this paper 

studies the performance of water type heat transfer 
and resistance properties of plate heat exchanger of 
R410A. The method and model for the simulation 
calculation of refrigeration system are given. Based 
on the experiment, the relationship between the heat 
transfer area, corrugation depth, the thickness of the 
plate and the relative error of the heat balance (η) is 
found through the change of the operating parame-
ters. 

In this paper, heat transfer experiments were 
performed on water plate heat exchangers, and the 
experimental errors were all within the allowable 
range of the project. The response surface method is 
used to provide a reference for the design calculation 
of the plate heat exchanger. 
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Particulate matter (PM), especially PM10 and 

PM2.5, are hazardous to animal, plant, and human 
health. With the further opening and development of 
Urumqi City, environmental problems, especially 
the pollution of PM2.5 in the atmosphere, have re-
ceived more attention. The road forest belt, an im-
portant part of the urban forest, reduces wind and 
noise, and has a noticeable effect on particulate mat-
ter such as PM2.5.  

In this paper, the main expressway, Waihuan 
road and Hetan road forest belt in Urumqi are taken 
as research objects. The variation law of PM2.5 and 
PM10 from the road to the forest belt is studied by 
setting monitoring points at different widths of road 
shelter forest. PM2.5 and PM10 concentrations were 
measured by an air quality detector, and air parame-
ters were measured by an automatic weather instru-
ment. The data were analysed by using Statistical 
Product and Service Solutions software.  

PM2.5 and PM10 concentrations were the high-
est at the People's Park observation points, and the 
PM2.5 and PM10 were lowest at the observation points 
in the Martyrs' Cemetery. The concentrations at the 
observation points on the Kashi Road overpass were 
second. There were two peaks in PM2.5 and PM10 
concentrations at the Kashi Road overpass due to di-
urnal variation, while there were no notable peaks at 
the Martyrs’ Cemetery. At the three study sites, 
PM2.5 and PM10 concentrations first decreased with 
increasing distance from the expressway, and then 
plateaued. 

There was a negative correlation between PM2.5 
and PM10 concentrations and forest width. PM con-
centrations were more stable when the forest width 
exceeded 10 m. The PM concentration in the forest 
are influenced by expressway traffic and its internal 
environmental situation; high-traffic pavements or 
dense buildings will affect the spread of PM. 

 
 

Particulate matter, fast road forest belt, pollution charac-
teristics, Urumqi 
 
 

 
As the main type of air pollutants, particulate 

pollutants cause serious damage to animals, plants 
and human health, especially the fine particles such 
as PM10 and PM2.5 are the most serious. The main 
sources of atmospheric PM include industrial and 
motor vehicle emissions, coal and biomass combus-
tion, dust, secondary particles produced by oxidation 
of NOX, SO2, VOCS ,  .PM emissions from motor 
vehicles account for approximately 20% of atmos-
pheric PM pollution [1][2]. However, since NOX and 
VOCS emitted by motor vehicles are important pre-
cursors of atmospheric photochemical reactions, and 
also precursors of major secondary constituents of 
urban particulate matter and secondary organic aer-
osol SOA, their substantial contribution to particu-
late matter concentration will be even larger 
[3][4][5]. With the gradual implementation of na-
tional western development policy and the rapid de-
velopment of the national economy, the living stand-
ards of the people in the western region have gradu-
ally increased. At the end of 2016, the number of mo-
tor vehicle in Urumqi, Xinjiang, was 943,100 [6]. 
Pollution from motor vehicle emissions has become 
an important component of air pollution in Urumqi 
[7][8]. 

According to the communication of the state of 
the environment in Xinjiang, the capital city, 
Urumqi, 12.0% and 3.6% of days experience poor 
environmental air quality and severe pollution, re-
spectively. The annual average concentrations of in-
halable PM, fine PM, and NO2 exceed the national 
secondary standard [9]. It has been demonstrated that 
PM pollutants in Urumqi are mainly composed of 
fine particles with a particle size of less than 2.5μm 
[10]. With the further opening and development of 
Urumqi, environmental problems, especially the pol-
lution of PM2.5 in the atmospheric environment, have 
received more attention. Accurate selection of green-
ing tree species with strong ability to absorb particu-
late pollutants and rational allocation of urban ex-
pressways Greening is of great significance in im-
proving the living environment of oasis cities in arid 
regions. 
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As tree species in the city, green tree species 
play an important role in purifying the urban envi-
ronment by reducing the concentration of particulate 
pollutants in the atmosphere and purging sand and 
dust [11]. Green plants retain and absorb PM2.5 and 
other particulate pollutants owing to their foliar char-
acteristics and canopy structure. Road shelterbelts 
are an important part of urban forests, and not only 
reduce wind and noise, but also block PM2.5 and 
other PM. Research indicates that the roadside belt 
can optimize road air quality and reduce the concen-
tration of PM after forest belts [12][13]. 

Currently, studies on PM pollution have fo-
cused on variations in particle concentration, size 
characteristics, sources, and influencing factors 
[14][15]. Research on reducing airborne PM pollu-
tion in forests has focused on large particle dust, such 
as total suspended particulate matter (TSP) and 
PM10, and few studies have been conducted on re-
ducing PM2.5. The existing studies are mostly limited 
to research on green tree species in humid areas and 
their resistance to industrial dust, and some have 
studied the physiological and ecological responses of 
urban forests in humid areas [16][17][18]. Little is 
known about the relationship between landscaping 
tree species and PM2.5 in oasis cities with more wind 
and sand, less precipitation, and severe air pollution. 
There have been almost no studies on the impact of 
PM in the expressway belts of Urumqi City.

In this paper, the main expressway, Waihuan 
road, and river beach roadway in Urumqi were taken 
as research objects. Variations in PM2.5 and PM10 
from road diffusion to forest belt were studied by set-
ting monitoring points at different locations within 
the road shelterbelts. The minimum width required 
to block particles was determined to provide a theo-
retical basis for optimization in the Urumqi greening 
program for management. 

 
 

 
The observation points were lo-

cated in southern (Martyrs’ Cemetery), central (Peo-
ple's Park), and northern Urumqi City (Kashi Road 
overpass) along the forest expressway belt, with an 
average width of 45m. Urumqi endures a typical 
moderate temperate arid continental climate, with a 
dry climate and an annual average temperature of 6.4 

, average annual rainfall of 236 mm, and annual 
evaporation of 2266 mm. The four seasons are not 
very distinct; spring and autumn are segmented, 
while summer and winter continue for a longer time 
period. In Urumqi City, the southern cement and fer-
tilizer plants, and the northern cement and steel 
plants are key sources of pollution, and vegetation 
coverage is not high; the per-capita green area is only 
5.36 m2 [19]. The three observation points in the for-
ested expressway belt included 

., and 

common herbs. The stand density was 625 plants 
hm-2, the average trunk diameter at breast height was 
14.6 cm, the average tree height was 11.3 m, and the 
canopy density was approximately 50%. 

In August 2017, the weather conditions in 
Urumqi were good during the observation period, 
and there was no strong precipitation greater than 
15mm/h. The highest precipitation was 1.7mm/s on 
August 17, and the monthly average wind speed was 
2.08m/s. The highest wind speed is 5.6m/s on Au-
gust 10th, the monthly average temperature is 
22.31°C, and the monthly average humidity is 
42.51%. 

 
To determine particle con-

centrations, a BR-HOl-1210 air quality detector was 
used to measure PM1, PM2.5, and PM10, with a con-
centration range of 0-600μg m-3. Particle concentra-
tion included the concentrations of several particle 
types and their masses. In this study, mass concen-
tration was used with a unit of μg m-3. The average 
particle concentration in Urumqi during the survey 
was obtained from the Xinjiang Environmental 
Quality Information Release Platform of the Envi-
ronmental Protection Agency of Xinjiang Uygur Au-
tonomous Region at http://www.xjepb.gov.cn/. Air 
temperature and humidity were measured by a Kes-
trel 4500 automatic weather monitor. The measure-
ment range is 29.0–70.0 °C, and the relative humid-
ity measurement range is 5.0% -95.0%. 

In this study, we identified , 
., and  willow at the three 

observation sites from 1 to 15 August 2017, a total 
of 15 days. According to the morning and evening 
rush hour of Urumqi City and the habits of residents 
in the observation points of the People’s Park, the 
daily observation time is 9:00-20:00, and 6 points 
(0m, 3m, 10m, 15m, 25m, 30m), each observation 
point is equipped with a BR-HOl-1210 air detector 
for observation, once every 1h. The concentration of 
PM10 and PM2.5 and their mass concentrations were 
recorded at a height of approximately 1.5 m, simul-
taneous temperature and relative humidity monitor-
ing was conducted with a meteorological instrument. 

Statistical Product and Ser-
vice Solutions (SPSS) software was used to compare 
the average particle concentrations and conduct lin-
ear regression and Pearson rank correlation coeffi-
cient analysis. 

 

Between the Martyrs’ Cem-
etery, People's Park, and Kashi Road interchange, 
the average concentrations of PM2.5 and PM10 in the 
forest belts varied (Figures 1 and 2). The daily vari-
ation of PM2.5 concentration also varied between the 
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different observation points. There were diurnal two 
peaks in PM2.5 at the observation points of the Kashi 
Road overpass, ranging from 37μg m-3 at 10:00-
11:00 and 30μg m-3 at 16:00-17:00. There was only 
one peak at the People's Park observation point; 
60μg m-3 at 14:00-15:00. There was no notable peak 
at the Martyrs’ Cemetery observation point. The 
highest concentration and the time of the peak PM2.5 

concentration also differed between observation 
sites. The lowest concentration recorded in People's 
Park was 18μg m-3 at 10:00, that recorded at the Mar-
tyrs’ Cemetery was10 μg m-3 at 16:00, and that at 
Kashi overpass was 19μg m-3 at 20:00. 

The variation of PM10 concentration at the three 
observation sites followed a similar trend to that of 
PM2.5. There were two peaks at the Kashi overpass; 
68μg m-3 at 11:00 and 57μg m-3 at 17:00, and only 
one at People's Park; 92μg m-3 at 14:00. There was 
no notable peak in the Martyrs’ Cemetery. The peak 
recorded in the People's Park was the highest among 
the three observation points. The lowest PM10 con-
centration at the People's Park was 42μg m-3 at 
10:00, that at the Martyrs' Cemetery was 31μg m-3 at 
16:00, and that at the overpass was 39μg m-3 at 13:00. 
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There was a relation-
ship between the concentration of PM in the urban 
expressway and the distance between expressways. 
The changes in the concentration of PM in the forest 
zone at different distances from the three observation 
points are shown in Figures 3 and 4. The concentra-
tions of PM2.5 at the three observation sites decreased 
initially with increasing distance from the road, and 
then plateaued. The average PM2.5 concentration at 

the Martyrs’ Cemetery was the lowest, and the high-
est was recorded at the People's Park. Changes in 
PM10 concentration with distance from the road were 
similar to those of PM2.5. 

During the same time period, the PM2.5 and 
PM10 concentrations were the highest at the observa-
tion points of the People's Park, and the lowest at the 
observation sites of the Martyrs’ Cemetery. The con-
centrations at the Kashi Road overpass were between 
these. Each sample of PM2.5 and PM10 outdoor con-
centrations contained 6 observation points, and 
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measurements were captured 11 times, giving a total 
of 198 measurements according to the distance from 
the freeway (0 to 30 m). The average concentrations 
of PM2.5 at 0, 3, 10, 15, 25, and 30 m from the free-
way were 28, 26, 24, 25, 25, and 23μg m-3, respec-
tively, and the average concentrations of PM10 at 
these points were 54, 52, 50, 50, 50, and 48μg m-3, 
respectively. The correlations and regressions be-
tween PM2.5 and PM10 concentrations and forest 
width are shown in Table 1. There was a negative 
correlation between PM2.5 and PM10 concentrations 
at different observation sites and the width of forest 
belts, and they could be returned to their correspond-
ing linear equations. The distance coefficients were 
all approximately 1, and the constant items all ex-
ceeded 30, indicating that the forest belt width af-
fected the PM concentration. The magnitude is 
smaller. 

The table also shows that there is a difference 
between the PM2.5 and PM10 concentrations at 0, 3, 

and 10 m from the expressway, especially at differ-
ent times, and between PM2.5 and PM10 concentra-
tions at 0 and 3 m at different observation points. 

From the contents of Figures 3 and 4 and Tables 
1 and 2, we can determine that the smallest forest 
width to reduce PM is approximately 3 m and the 
optimal width is 10 m. This is because the particle 
concentration decreases most rapidly within the first 
0-3 m of the forest belt. Beyond 10 m, there is no 
notable change in PM concentration. At the three 
times selected by all the observation points, the PM 
concentrations at 0 and 3 m were significantly differ-
ent. According to the letters in the table, there is no 
significant difference in PM between 10 and 30 m. 
The regression equation of the x coefficient indicates 
that, the smaller the distance coefficient, the smaller 
the impact of distance on PM. The effect of broad 
forest belts on the reduction of expressway PM 
reaches a certain value and does not change after 
that. The concentration of PM 30 m from the road is 
not affected by vehicle exhaust emissions. 

 

  Formula R2 Pearson 

Kashi road PM2.5 Y=-0.910x+39.229 0.757 -0.787** 
PM10 Y=-0.963x+61.327 0.640 -0.700** 

The people s park PM2.5 Y=-0.967x+41.097 0.750 -0.766** 
PM10 Y=-1.045x+62.623 0.616 -0.768** 

Martyr cemetery PM2.5 Y=-1.028x+43.798 0.747 -0.876** 
PM10 Y=-1.145x+64.759 0.626 -0.691** 

      **Bilateral correlation was significant at the 0.01 level 
 

   a, b, c, d, and e indicate the difference between particulate concentrations <0.05 
 

 
 
 

Sampling 
sites Pollutants Time 

The distance from city expressway  
0m 3m 10m 15m 25m 30m Remarks 

The peo-
ple's park 

PM2.5 
10:00 32.667±2.52a 28.0±1.73b 24.667±2.31bc 22.334±3.21bc 26.334±5.03bc 23.667±3.51c  
14:00 48.667±4.26 46.667±5.67 48.0±3.28 47.667±4.72 50.0±3.62 49.667±2.28 F<1 
20:00 29.0±1.0a 26.667±1.15b 25.333±0.57b 25.333±0.58b 25.433±1.53b 24.667±2.08b  

PM10 
10:00 58.667±1.53a 55.0±1.0b 47.667±1.54c 48.667±1.54c 47.667±3.05c 42.667±2.61d  
14:00 72.667±2.52 73.0±2.64 71.0±2.0 71.0±4.58 72.333±2.51 71.444±2.77 F<1 
20:00 55.333±0.57a 52.333±1.53b 50.667±0.57bc 51.667±0.58bc 50.333±2.31bc 49.667±2.08c  

Martyr 
cemetery 

PM2.5 
10:00 23.0±3.61 35.333±2.08 21.333±3.05 22.667±5.03 21.0±2.35 22.389±2.31 F<1 
14:00 21.333±1.53a 19.333±0.58b 18.667±1.53bc 19.0±2.0b 16.333±1.15c 17.0±1.0b  
20:00 23.0±3.0a 18.667±2.05b 18.333±1.15b 19.0±3.61b 16.667±0.58b 18.667±1.52b  

PM10 
10:00 49.333±4.73 52.333±3.056 46.667±3.13 46.333±2.08 51.333±3.71 49.0±3.54 F<1 
14:00 46.0±1.73a 42.667±2.08b 41.0±2.0b 42.333±2.05b 40.333±1.15b 42.333±1.05b  
20:00 53.667±1.15a 46.667±2.51b 45.0±1.58b 52.333±2.97a 44.0±3.61b 41.333±1.30b  

Kashi 
road 

PM2.5 
10:00 37.333±1.52 31.333±1.08 30.0±1.73 27.0±1.64 26.0±1.81 26.667±1.16 F<1 
14:00 25.334±1.08a 22.667±1.06b 21.333±1.93b 21.0±0.89b 19.667±1.15bc 18.0±1.23c  
20:00 25.667±1.02a 21.333±0.57b 19.667±1.51b 19.0±1.0b 19.0±0.10b 18.333±1.05b  

PM10 
10:00 73.667±1.59a 63.667±1.78b 56.667±2.21bc 54.333±1.51c 51.667±1.52c 48.667±1.08c  
14:00 72.667±1.08a 66.0±1.0b 60.33±1.52c 56.0±1.0d 53.667±1.64de 53.0±0.57e  
20:00 73.0±1.46a 56.33±1.05b 57.33±1.52c 54.33±1.53c 54.33±1.05c 55.55±1.61c  
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During 
the same time period, the PM2.5 and PM10 concentra-
tions were highest at the People's Park observation 
points, the lowest concentrations were recorded at 
the Martyrs’ Cemetery observation points, and val-
ues between these were recorded at the Kashi Road 
overpass. These three observation points are located 
at the southern, northern, and central parts of the 
river bank in Urumqi. These areas experience differ-
ent average daily traffic volumes. During the obser-
vation period, the average hourly traffic volume at 
these three locations was 5940 at the People’s Park, 
4800 at the Martyr’s Cemetery, and 5700 at the 
Kashi Road overpass. A greater traffic volume in-
creases exhaust emissions. Within the same forest 
belt and the car flow, areas with more forest will 
have improved PM concentrations. The greening sit-
uation near the three observation sites may be the key 
factor affecting the concentration of PM in the forest 
belt. The forest near the Martyrs’ Cemetery, sur-
rounding the Hetan Expressway, is in good condi-
tion. Both sides of the road are afforested, with a 
combination of different trees, shrubs, and herba-
ceous plants and the tree species are in good growth 
condition. The characteristics of the fast lane at the 
area where only one side of the road has a green belt 
and the other side contains the business district and 
high-rise buildings are not conducive to the prolifer-
ation of particulate matter. 

There was a certain negative correlation be-
tween the concentration of PM2.5 and PM10in the for-
est belt and the width of the forest belt. There was a 
significant difference between the PM2.5 and PM10 
concentrations at 0 and 3 m from the road, while the 
PM2.5 values did not change significantly between 10 
and 30 m. It can be said that the width of the fast 
forest belt should be at least 3m, 10m is the best, and 
the concentration of the particles is more stable than 
10m. Particle concentration in the forest belts is not 
only affected by the expressway’s traffic flow, but 
also the internal environment. If the inside of the for-
est belt contains a large sidewalk or forest annexe, 
the buildings will prevent the diffusion and dilution 
of PM. Another important factor affecting PM is me-
teorological conditions, especially air movement, 
which has a relatively large influence [20][21]. In 
this paper, the effect of air flow on the concentration 
of PM2.5 and other particles will not be considered. 

 

According to the di-
urnal PM2.5 and PM10 concentration variations, there 
is a peak in PM in the People's Park and two peaks 
at the Kashi Road overpass, however, there is no no-
table peak in the Martyrs’ Cemetery. This may be 
due to people's travel habits; traffic flow may be 

larger at rush hour, resulting in higher PM concen-
trations. During this study, the highest PM2.5 value 
was recorded at the People's Park monitoring station, 
which was 60μg m-3. Kelei et al. concluded that the 
average concentration of PM2.5 in Urumqi was be-
tween 48.36 and 200.00μg m-3, and the PM concen-
tration was lower in the summer and autumn than it 
was in the spring and winter. The differences in 
PM2.5 concentrations at different times are related to 
its major chemical components, which were deter-
mined at different time periods so that the types of 
vegetation that could easily absorb the correspond-
ing chemical substances can be selected [22].

 
1) There is a negative correlation between 

PM2.5 and PM10 concentrations and forest belt width 
at the same observation point. 

2) The forest belt width should be at least 3 m. 
A width of 10 m is optimal, and a width exceeding 
10 m would reduce PM concentrations in a more sta-
ble manner. 

3) The concentration of particulate matter in the 
forest belt is not only affected by the expressway 
traffic flow, but also the environmental conditions 
inside the forest belt. 
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ABSTRACT 
 
This investigation was conducted to evaluate 

the persistent organochlorine pesticides residues in 
foodstuff of animal origin in southern governorates 
of Jordan in 2016 and 2017. Ministry of environment 
of Jordan asked the Royal Scientific Society to mon-
itor pesticides in samples of animal products under 
the supervision of an official scientific committee. 
Results of milk products showed that there were 
three samples out of 35 contaminated with pesticides 
residues but less than the Maximum Residue Limits 
(MRL). Results of table egg samples showed that 
there were five out of 40 samples contaminated with 
residues but less than the MRL. Results of meat and 
poultry analysis showed that there were fourteen 
samples out of 65 contaminated with residues but 
less than the MRL except one imported meat sample 
was more than the MRL. However, the contaminated 
samples were contained dieldrin, endrin, heptachlor, 

-DDE, -DDT and -DDE. Conclusions 
and recommendations were stated to minimize the 
misuse of pesticides and residues in animal products 
to protect human beings. 
 
 
KEYWORDS:  
Persistent, organochlorines, residues, monitoring, animal 
products, Jordan 
 
 
INTRODUCTION 

 
These days, pesticides are commonly used in 

Jordan and globally for the purpose of reducing pests 
number or plants, livestock and public health aims, 
by spraying different types of pesticides to control 
fungi, weeds, and insects of agricultural crops, vic-
tors of human and animal diseases as malaria, den-
gue fever, elephant disease etc. [1  3]. The misuse 
of pesticides on agricultural pests, and vectors of an-
imal and human diseases cause pesticides residues 
particularly organochlorines which are able to accu-
mulate in the fat tissues when transporting through 
various food chains [1, 3, 4]. Due to their unpolarity 

and persistency, they degrade slowly in the environ-
ment components and have wide spread accumula-
tion in food chain [1, 3, 5, 6]. These previous reasons 
push Ministry of Environment to ask Royal Scien-
tific Society to carry out regular studies, aiming to 
monitor organochlorine residues in animal product 
samples under the supervision of Technical Scien-
tific Committee.  

However, Ministry of Agriculture of Jordan has 
banned the use of organochlorines since early eight-
ies of the last century, but unfortunately, previous 
studies showed residues of these pesticides in differ-
ent components of the environment [7  13]. The 
contaminated components reported in animal prod-
ucts [7, 14] were previously studied in Jordan [9] and 
in other countries [14  15]. 

It is the aim of this study to monitor persistent 
organochlorine pesticides in local and imported 
foodstuff of animal origin from the southern gover-
norates of Jordan in 2016 and 2017. In addition, oc-
curred residues of these persistent organic pollutants 
(POPs) will be subjected to the Maximum Residue 
Limits (MRL) to find out which sample containing 
more or less to protect citizens and human beings.  

 
 

MATERIALS AND METHODS 
 
The (AOAC) international analytical method 

[12, 16] was adopted for extracting the residues of 
chlorinated pesticides from the animal products. 

  
Glassware and tools. A Soxhlet extractor, sep-

arating funnels with Teflon stopcocks, chromatog-
raphy columns (I.d. = 20 mm, L = 40  50 cm) with 
Teflon-stopcocks, round bottom flasks and volumet-
ric flasks were used. All parts of glassware were 
washed thoroughly with water, soap, water, distilled 
water, acetone and finally hexane, dried in a drying 
oven at 120ºC, and kept tightly closed after cooling 
to room temperature. Each glassware piece was 
washed several times with acetone prior to use [13]. 

 
Standards, solvents, chemicals and gases. A 

certified standard mixture containing all the targeted 
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chlorinated pesticides (purity 99.5 99.9%, 1000 
ppm) purchased from Ehrenstorfer (Augusburg, Ger-
many) was diluted to 0.1 ppm with n-hexane contain-
ing 0.1 ppm isodrin as internal standard [13]. Petro-
leum ether (40 60 ºC), dichloromethane, acetone, n-
hexane, methanol, acetonitrile and diethyl ether of 
pesticide residue grade were purchased from Riedel-

without further purification. Double-distilled water 
was prepared for use. Anhydrous sodium sulfate 

 residue  
for 2 h and kept in a closed container. Florisil of 

100 mesh) was also 
heated at 550 ºC for 12 h, kept in a closed container 
and heated once again at 130 ºC for 1 h prior to use. 
Quartz wool was extracted with petroleum ether. He-
lium used as carrier gas was of 99.999% purity 
(grade 5). Argon/methane (95:5% v/v) was used as 
make-up gas purity of 99.9% [13]. 

 
Gas chromatography. A Bruker GC-456 gas 

chromatograph, equipped with two capillary col-
umns and a 63Ni-electron capture detector (ECD), 
was used. The first column was a DB-1701 (30 m x 
0.32 mm, film thickness 0.25 μm, moderately polar). 
The second column was a HP-5 (30 m x 0.25 mm, 
film thickness 0.25 μm, non-polar). Carrier gas (He) 
of 99.999% purity was used at a flow rate of 1.1 
ml/min. The make-up gas (Ar CH4) was used at a 
flow-rate of 25 ml/min. Injector temperature was 280 
ºC, while detector temperature was 300 ºC. The col-
umn temperature program was as follows: initial 
temperature 150 ºC (5 min), 150 220 ºC (13 C/min), 
220ºC (20 min), 220 250 ºC (20 ºC /min) and 250 ºC 
(10 min). HP-3395 integrator operated at a chart 
speed of 5 mm/min was used. Injection volume was 
1 μl and split ratio was 1:10 [13]. 

 
Extraction methods. Extraction of fat from 

meat products and eggs. A meat sample of 2 3 kg 
was cleaned from the bones and then minced with a 
meat mixer. For eggs, the yolks of 30 eggs were 
mixed well. A 30-g aliquot of the homogenous meat 
sample (15 g of the homogenized egg yolks) were 
weighed and mixed with 50 g anhydrous sodium sul-
fate [13]. The sample was placed in a thimble and 
extracted for 6 h in a Soxhlet apparatus using 250 ml 
petroleum ether. The extract was rotary-evaporated 
in a pre-weighed round bottom flask (12 mbar) 
nearly to dryness at 30 ºC. The residue was left in 
desiccator for half an hour and then the fat residue 
was weighed to obtain % fat in the sample [13]. 

 
Extraction and determination of fat content 

from milk products. Milk sample with less than 3 g 
fat was placed in a 250-ml separating funnel with 15 
ml petroleum ether and 30 ml of acetonitrile satu-
rated with petroleum ether and then mixed thor-
oughly for 3 min. The organic layer was separated 
and gathered in a 1-L separating funnel [13]. Two 

portions each of 30 ml of acetonitrile saturated with 
petroleum were added to the aqueous layer in the 
250-ml funnel, shaken well and then added to the 1L 
funnel. Then, 600 ml distilled water, 40 ml saturated 
sodium chloride solution and 100 ml petroleum ether 
were added and mixed thoroughly. The aqueous 
layer was separately placed in another separating 
funnel with 100 ml petroleum ether, mixed thor-
oughly and then, the aqueous layer was discarded. 
The remained organic layer was added to the 1-L 
separating funnel. The pooled organic extracts were 
passed through anhydrous sodium sulfate and then 
evaporated using the rotary evaporator. At this stage, 
the % fat can be calculated [13]. 

 
Clean-up. The fat residues (meat, eggs and 

milk) were dissolved in petroleum ether and passed 
through an activated Florisil column for clean-up us-
ing petroleum ether/dichloromethane (80/20, v/v) as 
an eluent [13]. The eluate was collected in a 500-ml 
round bottom flask and evaporated to dryness at 30 
ºC and 12 mbar. The residues were dissolved in 2 ml 
n-hexane containing 0.1 μg isodrin/ml (internal 
standard). This final solution was ready for GC in-
jection [13].  

 
Recoveries and quality control. For the eval-

uation of the extraction efficiency, blank samples 
were spiked with standard solution mixture of the 
studied pesticides, and the spiked samples were ana-
lyzed using the above-mentioned procedure. Table 1 
shows the calculated percent recoveries and the de-
tection limits. 
 

TABLE 1 
Limits of detection (DL) and % recoveries of the 

studied OCP compounds 
OCP compound DL (ppm) % Recovery 
Aldrin 0.005 99.0 
Dieldrin 0.005 87.8 
Endrin 0.005 79.9 

-Endosulfan 0.005 94.5 
-Endosulfan 0.005 99.2 

HCB 0.005 79.3 
-HCH 0.005 94.8 
-HCH 0.005 91.9 
-HCH 0.005 94.1 

Heptachlor 0.005 99.0 
-DDE 0.005 94.8 
-DDD 0.005 86.9 
-DDT 0.005 94.7 
-DDE 0.005 98.7 
-DDD 0.005 90.3 
-DDT 0.005 90.3 

 
Quality control on samples was done through 

the cooperation with the pesticides analytical labor-
atory in the Environment Research Center of the 
Royal Scientific Society and with the Ministry of 
Agriculture, to ensure the accuracy of the analysis. 

 
Sampling. In this study, a total number of 140 

samples of foodstuff of animal origin were gathered 
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in the time between September 2016 and September 
 Karak, Tafila, Aqaba 

and Ghor Al-Safi. The foodstuff samples were di-
vided into three groups. Group 1 contained fresh 

milk products, group 2 contained chicken meat and 
eggs, and group 3 contained red meat. Table 2 shows 
the details and Figure 1 shows the sampling location 
map. 

 
TABLE 2 

Number of animal products samples gathered between 05.09.2016 and 05.09.2017 distributed  
on the middle governorates 

Food Type Governorate 
  Karak Tafila Aqaba Ghor Al-Safi 

Eggs Baladi 3 3 5 3 3 
Farms 5 5 4 4 5 

Milk 
Products 

Yoghurt 2 2 2 2 3 
Labaneh 2 2 3 3 2 

White Chees 2 2 2 3 2 
Red Meat Local 4 2 4 3 4 

Imported/ 
Cooled 

3 3 3 2 3 

Imported/ 
Frozen 

5 5 4 4 5 

Poultry Local 1 1 2 1 1 
Imported 1 1 1 1 2 

Sum 28 26 30 26 30 

 

 
FIGURE 1 

Jordan map with sampling locations (colored districts) 
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RESULTS 
 
Milk product samples. Thirty four samples 

from the milk products were analysed. The results in 
Tables 3 and 7 showed that there were three samples 
contained pesticide residues, but less than the MRL 
(Table 3). There were no samples contained residues 
more than the MRL (Table 3). 

 
Table egg samples. Forty samples from the ta-

ble eggs (23 farmers eggs and 17 Balady eggs) were 

analysed. The results in Tables 5 and 8 showed that 
there were five samples from the table eggs con-
tained pesticide residues, but less than the MRL (Ta-
ble 5). 

 
Meat and Poultry samples. Sixty six samples 

of meat and poultry products were analyses. 65.2% 
of the samples were imported. The results in Tables 
6 and 9 showed that there were 14 samples contained 
pesticides residues, but less than the MRL (Table 6). 
There were one sample contained residues more than 
the MRL (Tables 6 and 9). 

 
TABLE 3 

Number of milk products samples contained OCPs residues collected from September 2016 to  
September 2017 

Milk product Total analysed  
samples 

No. of samples contained residues 
< MRL > MRL 

Youghurt 11 1 0 
Labaneh 12 1 0 
White Chees 12 1 0 

 
TABLE 4 

Maximum residue limits in foodstuff of animal origin according to Codex alimentarius (Pesticide Residues 
in Food, http://www.codexalimentarius.net/mrl 

Pesticide Animal products 
Eggs* Red meat* Milk products* Poultry* 

   F**  
Aldrin + dieldrin 0.1 0.2 0.006 - 
DDT*** 0.1 5 0.02 - 
Endrin 0.2 0.1 0.0008 1.0 
Heptachlor 0.05 0.2 0.006 0 .2 
-HCH = Lindane 0.01 0.1 0.01 0.7 

-HCH 0.1 - - - 
*Pesticide concentration as mg/kg fat  
** Determination of MRL for milk and milk products according to Codex Alimentarius depends on the amount soluble in fat 
and expressed on the whole sample. If fat content is less than 2%, the MRL is multiplied with a constant of 0.5, but if fat content 
is more than 2%, the MRL is multiplied with a constant of 25. 
***DDT is the sum of -, and - of DDT + DDE + DDD 

 
TABLE 5 

Number of table eggs samples contained OCPs residues collected between September 2016  
and September 2017. 

Type of table 
eggs 

Total analysed 
samples 

Number of samples contained residues 
< MRL > MRL 

Farmer eggs 23 4 0 
Balady eggs 17 1 0 

 
TABLE 6 

Number of meat samples and poultry samples contained OCPs residues collected between Sep. 2016  
and Sep. 2017 

Animal product Total samples 
analysed 

No. of samples contained residues 
< MRL > MRL 

Local red meat 17 6 0 
Cooled imported 
Red meat 

14 5 0 

Frozen imported 
Red meat 

23 3 1 

Local poultry 6 0 0 
Imported poultry 6 0 0 
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TABLE 7 
Concentration (mg/kg fat) of found OCPs in milk product samples collected between Sep. 2016 / Sep. 2017. 

Milk 
 

Diel- 
drin 

Hepta- 
chlor 

-HCH -HCH -HCH -
DDE 

-
DDD 

-
DDE 

-
DDT 

Youghurt - 0.01 - - - - - - - 
Labaneh - - - - - - - 0.01 - 
Imported 
White 
chees 

- - - - - - - 0.01 - 

 
TABLE 8 

Concentration (mg/kg fat) of OCPs in table egg samples collected between Sep. 2016 and Sep. 2017. 
Sample  
type  

Diel- 
drin 

Hepta- 
chlor 

-HCH -HCH -HCH -
DDE 

-
DDD 

-
DDE 

-
DDT 

Farm egg/ 
Aqaba 

-* 0.01 - - - 0.02 - - - 

Farm egg/ 
South Ghore 

- - - - - 0.03 - - - 

Farm egg/ 
Karak 

- - - - - - - 0.02 - 

Farm egg/ 
Tafila 

- - - - - - - 0.01 - 

Balady egg/ 
Tafila 

- - - - - - - 0.01 - 

      * (-) means under detection limit 
 

TABLE 9 
Concentration (mg/kg fat) of OCPs in local and imported red meat samples collected between Sep. 2016 

and Sep. 2017. 
Sample 

 
Diel- 
drin 

Hepta- 
chlor 

Endrin -HCH -HCH -HCH -
DDE 

-
DDD 

-
DDE 

-
DDT 

 Fresh local 
 

-* 0.01 - - - - - - - - 

Imported 
cooled 
veal/Aqaba 

- - - - - - - - 0.03 - 

Balady 
lamb/Aqaba 

- 0.01 - - - - - - - - 

Imported fro-
zen lamb/Aq-
aba 

0.25 - - - - - - - - - 

Imported, 
cooled veal/ 
S. Ghore 

- - - - - - - - 0.08 - 

Imported fro-
zen veal/Aq-
aba 

- - 0.02 - - - - - 0.06 - 

Local fresh 
veal/Aqaba 

 0.02 - - - - - - - - 

Fresh local 
veal/Aqaba 

- - 0.02 - - - - - - - 

Imported 
cooled veal/ 

 

0.05 - 0.03 - - - - - - - 

Fresh local 
 

0.06 - - - - - - - - - 

Fresh local 
 

- - 0.03 - - - - - - - 

Imported 
cooled 
veal/Tafila 

- - - - - - - - 0.02 - 

Imported fro-
zen veal/  
Tafila 

- - - - - - - - 0.09 - 

*(-) means under detection limit 
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DISCUSSION 
 
140 local and imported foodstuff samples of an-

imal origin were analyzed. Twenty samples 
(14.29%) contained persistent organochlorine pesti-
cides residues, but less than the FAO/WHO MRL 
which adopted by Jordan [18]. The contaminated 
samples were contained dieldrin, endrin, heptachlor, 

-DDE, and -DDE. There were one sample 
out of the 140 (0.7%) contained residues more than 
the Codex Alimentarius MRL (Table 4). However, 
1.43% of the samples contained -DDE, 7.14% 
contained -DDE, 2.86% contained heptachlor, 
2.86% contained endrin, and 2.14% contained diel-
drin. Those samples contained more than one orga-
nochlorine pesticide represented 0.71% of the total 
analyzed samples. 

The monitoring study in Jordan in 2013 and 
2014 (13) showed that DDT group (DDT, DDE and 
DDD) was present in higher percentage of 74.7% in-
dicating that concentration for the same group in the 
current study has been declined. The HCH and DDT 
groups were also reported in previous studies in Jor-
dan by Al-Antary et al. [7, 9]. 

The percentage of local samples containing 
persistent organochlorine compounds was 14.44%; 
luckily all samples were not with residues more than 
the MRL (13 out of 90). On the contrary, 8 imported 
samples contained residues, but less than the MRL 
except one sample contained residues more than the 
MRL. In the 2013/2014 study in Jordan [13] local 
samples contained residues more than the imported 
one indicating the continuous decline of the residues 
in the local study in Jordan [9], 6.7% of the analyzed 
milk product samples contained organochlorine pes-
ticides less than the MRL. 

Cummings et al. [19] reported pesticide resi-
dues in poultry meat more than the MRL. Decker 
[20] -HCH in his monitoring of 
meat and milk samples. Several authors [21] re-
ported that endrin residues from the persistent cy-
clodien group of insecticides were found in eggs and 
poultry tissues. Cummings et al., [19] stated that the 
bodies of many persons contaminated with residues 
of organochloroine compounds due taking them 
through meat and poultry. 

 
 

CONCLUSION 
 
The results of milk products showed that there 

were three samples out of 35 contaminated with or-
ganochlorines, but less than the MRL. Results of ta-
ble eggs showed 5 samples out of 40 were contami-
nated with residues, but less than the MRL. Results 
of meat and poultry analysis showed that14 samples 
out of 65 were contaminated, but less than the MRL. 
There was one imported frozen lamb sample col-
lected from Aqaba contained pesticide residues more 
than the MRL. However, the contaminated samples 

were contaminated with dieldrin, endrin, heptachlor, 
-DDE, -DDT and -DDE. Relying on the 

present study, it is recommended to continue moni-
toring residues of organochlorines in local and im-
ported commodities of foodstuff of animal origin to 
protect citizens. In addition, extension programs 
should be carried out to public about misuse of pes-
ticides and hazards of pesticide residues in human, 
animal and other components of the environment. 
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Automobile traffic, which is considered one of 

the permanent major sources of various types of 
pollution in the urban environment, gives a special 
contribution to urban ecological problems. The 
establishment of roadside green spaces can greatly 
reduce the negative ecological consequences that 
urban traffic produces. In the process of planning 
and management of urban green spaces, infor-
mation on the types of biophysical structures of the 
green spaces and their characteristics in relation to 
the degree of modification of unfavorable ecologi-
cal factors are of great importance. This paper in-
vestigates the impact of the type of biophysical 
structure of green roadside spaces in the area of 
Belgrade on the ecological factors with the highest 
impact on people's quality of life in the city, includ-
ing air temperature, air humidity, the urban noise 
level and wind speed. The results and conclusions 
of this paper are part of a research of the adaptive 
design, which provides guidelines for the planning 
of urban landscape development in the conditions 
of unpredictable climate change. 

  
ecological impact, аdaptive design, biophysical structure, 
urban green spaces, green infrastructure.  

 
 

Automobile traffic, which is one of the perma-
nent and major sources of various types of pollution 
of the urban environment, largely contributes to 
urban ecological problems. Large areas under as-
phalt, occupied by urban roads cause overheating of 
the city, an increase in the urban heat island effect 
and a decrease in humidity in the immediate vicini-
ty [1, 2]. Intensive car traffic causes an increase in 
pollutants and urban noise levels, while changes in 
the configuration of the terrain caused by the rout-
ing of urban roads can also affect wind speed [3]. 

Green spaces are elements of the city structure 

that directly affect the ecological quality of the city 
and contribute to the mitigation of ecological prob-
lems. The presence roadside greenery in cities has 
an impact on the reduction of the negative effects of 
heating, positively affecting the microclimate con-
ditions of the environment, by creating the effect of 
cooling and increasing the overall urban comfort [4-
15]. Green spaces, as well as different forms of 
greenery influence the movement of the air with 
their presence, producing the effect of wind intensi-
ty reduction, not only within their structure, but also 
at a certain distance from them [16-18]. The ar-
rangement of green spaces, as well as other ele-
ments of the urban landscape structure, is of key 
importance in the protection against urban noise 
[19-27].  

Therefore, green spaces serve as necessary el-
ements along road corridors, since it has been prov-
en that trees reduce pollutants from the air by ab-
sorbing pollutant particles from the atmosphere 
[28]. 

In the conditions of climate change, which are 
unpredictable, scientific research within the frame-
work of adaptive planning (design) of urban land-
scapes and the application of landscape – environ-
mental principles in the form of green infrastructure 
are very important [29]. Adaptive design provides 
an alternative scientific and professional strategic 
approach in which plans and policies are developed 
in a context of uncertainty and incomplete 
knowledge [30]. In this respect, it is important to 
investigate which elements of green infrastructure, 
i.e. which types of biophysical structure of green 
spaces that differ in the spatial arrangement and 
artificial elements, are the most effective in modify-
ing unfavorable ecological factors [31, 12, 32, 33]. 

This paper presents a study of the impact of 
urban roadside green spaces along the main roads in 
the area of Belgrade classified according to the type 
of biophysical structure to those ecological factors 
that affect the quality of people's lives in the city 
the most, including air temperature, air humidity, 
the urban noise level and wind speed. The starting 
assumption is that the environmental impact of 
roadside green spaces on the investigated ecological 
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factors depends on the type of biophysical structure 
to which the green spaces belong. The results of this 
research can serve as the basis for the creation of 
guidelines and recommendations for the esatblish-
ment and landscaping of urban roadside green spac-
es as part of road belt landscaping, in order to im-
prove their ecological functions. In a wider sense, 
the results of this paper represent a contribution to 
the research of adaptive planning and design of 
urban landscapes in the conditions of climate 
change. 

 
 

This study of the impact of the type of bio-
physical structure of roadside green spaces is based 
on the monitoring and measurement of the ecologi-

cal factors of air temperature, air humidity, the 
urban noise level and wind speed in the sample 
roadside green spaces along the main roads in the 
city of Belgrade. 

A total of 15 major roads were registered in 
the area of the city of Belgrade (according to the 
boundaries of the Master Plan of Belgrade 2021) 
including, Zrenjaninski road, Višnjička Street, Juri-
ja Gagarina Street, Partizanski road, Bulevar kralja 
Aleksandra, Rakovički road, Patrijarha Dimitrija, 
Bulevar JNA , Ibarska magistral road, Bulevar 
Nikola Tesla, Bulevar Mihajla Pupina, Tošin bunar, 
Pančevački road, Savska magistral road, Highway 
E–75, Batajnički road and Cara Dušana Street). A 
total of 37 sample green spaces that were subjected 
to research were identified along these roads (Fig-
ure 1). 
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Тype 1 – Mosaic arrangement Тype 2 – Dense canopy Type 3 – Linear arrangement 
   

   
 
 
The sample green spaces are distinguished on 

the basis of the following criteria: (1) spatial – each 
green space with its position relative to the road is a 
kind of a protective belt, which extends along the 
road and is located between the road and the nearby 
residential buildings, (2) accessibility and availabil-
ity in the field – green spaces where the required 
measurements of ecological factors could have been 
measured over a long period of time were selected. 

The biophysical structure of a green space rep-
resents the spatial arrangement of its structural 
elements (biotope of the group of trees and shrubs). 
Three spatially different types of arrangement of the 
elements are defined (Table 1), including the 

(the elements of the green space are 
mosaically arranged), the  type (the 
green space is 90–100% covered by tree and shrub 
crowns) and the biophysical structure (when 
the elements of the biophysical structure of the 
green space are linearly distributed). 

The research of the impact of the type of bio-
physical structure in the sample green spaces on the 
investigated environmental factors was carried out 
over a two–year period. In each of the 37 sample 
green spaces, measurements were carried out during 
the vegetation period (in spring, summer and au-
tumn), every year in three series of two consecutive 
measurements, and the control measurements were 
performed in a single series of three consecutive 
measurements. The digital meteorological station 
DT–8820–CEM, UK was used to measure air tem-
perature, air humidity and the urban noise level 
(operating range for measurement: for air tempera-
ture – from –20°C to 750°C, with a resolution of 
0.1°C; for air humidity – from 25% to 95% RH, 
with a resolution of 0.1% RH, for noise intensity 
levels – from 35 to 130dB, with a resolution of 
0.1dB). Wind speed was measured with a digital 
wind speed meter AM 4220 – LUTRON, Taiwan 
(operating range from 0.9 to 35m/s, with a resolu-
tion of 0.1m/s). The reading of the measured values 
was performed in two positions: in front of a green 
space (side towards the road) and behind it. All 

measurements were performed in the afternoon 
hours, on workdays, at each measuring point at an 
operational height of 130cm. In order to determine 
the impact of the type of biophysical structure of 
green spaces on ecological factors, a series of con-
trol measurements of air temperature and air humid-
ity were made at the same distance in the direction 
of the measuring points, in close proximity, but in 
an open space without established plantings. When 
measuring air temperature and humidity, the in-
struments were placed under a shield. The impact of 
wind on the urban noise level was neutralized with 
a microphone shield. 

The impact of the type of biophysical structure 
of an investigated green space was obtained as the 
difference between the mean values measured in 
front of and behind the investigated green space and 
the mean values of the difference in comparison to 
the control measurement. For the ecological factors 
urban noise level and wind speed, the impact of a 
green space represents the mean value of the differ-
ence in the values of these factors measured in front 
of and behind the investigated green spaces. 

The research was carried out in order to: 1) de-
termine the level of impact of roadside green spaces 
classified according to the type of biophysical struc-
ture on ecological conditions in the urban environ-
ment and 2) to determine the significance of the 
difference in the level of impact of different types 
of biophysical structures to which these roadside 
green spaces belong on the ecological factors. 

IBM SPSS Statistics 21 and Microsoft Excel 
2010 were used for data analysis and graphical 
presentation of the research results. Parameter sta-
tistics was applied. By means of a single–factor 
analysis of variance (ANOVA), the determined 
mean differences in the impact of green spaces 
depending on the type of biophysical structure of 
the investigated green spaces were tested. The 

 test was used to test the homogeneity of 
variance. The  test was used to obtain 
statically significant differences in the values of 
ecological factors. 
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Ecological factor Type of bio-
physical factor Mean Std. Devia-

tion 
Std.  
Error 

95% Confidence 
Interval for Mean Min. Max. 

Lower Bound Upper Bound 

Air temperature 
(°С) 

Тype 1 1.1327 0.57060 0.02542 1.0828 1.1827 0.10 3.20 
Тype 2 1.1157 0.62089 0.02987 1.0570 1.1745 0.10 3.40 
Тype 3 1.2667 0.69132 0.03474 1.1984 1.3350 0.10 4.70 
Σ 1.1670 0.62766 0.01720 1.1333 1.2008 0.10 4.70 

Air humidity 
(%) 

Тype 1 1.7262 0.84483 0.03763 1.6523 1.8001 0.20 4.80 
Тype 2 1.8813 0.95810 0.04610 1.7906 1.9719 0.10 5.10 
Тype 3 2.1687 1.05851 0.05319 2.0641 2.2733 0.40 6.20 
Σ 1.9080 0.96564 0.02646 1.8561 1.9599 0.10 6.20 

Urban noise level 
(dB) 

Тype 1 15.6883 4.22856 0.18836 15.3182 16.0584 5.40 29.80 
Тype 2 15.2130 4.57912 0.22031 14.7799 15.6460 4.20 27.80 
Тype 3 16.6288 5.42792 0.27276 16.0925 17.1650 4.00 29.90 
Σ 15.8137 4.75516 0.13029 15.5581 16.0693 4.00 29.90 

Wind speed (m/s) 

Тype 1 0.8871 0.77814 0.03466 0.8190 0.9552 0.10 4.90 
Тype 2 0.8838 0.80582 0.03877 0.8076 0.9600 0.10 6.20 
Тype 3 0.7985 0.60109 0.03021 0.7391 0.8579 0.10 4.00 
Σ 0.8597 0.74021 0.02028 0.8199 0.8995 0.10 6.20 

Тype 1 – mosaic arrangement of structures; Тype 2 – dense canopy; Тype 3 – linear arrangement of structures 
 
The research of the impact of the type of bio-

physical structure of the investigated green spaces 
on air temperature, air humidity, the urban noise 
level and the wind speed were performed by a com-
parative analysis of the independent variable: the 
type of biophysical structure (three types): mosaic 
biophysical structure, dense canopy and linear bio-
physical structure) and the dependent variable: the 
impact of the green space, i.e. the difference in the 
values of the investigated ecological factors in front 
and behind the green spaces in the case of the urban 
noise level and wind speed, and the differences in 
air temperature and air humidity values in front of 
and behind the green spaces reduced by the mean 
value obtained in the control measurement. 

 
 

 
The sample green spaces that are the subject of 

this research (37 of them) are classified into three 
categories according to the type of biophysical 
structure: the mosaic structure (type 1), the dense 
canopy structure (type 2) and the linear structure 
(type 3). A total of 14 sample spaces belong to the 
group with a mosaic structure, 12 of them are in the 
group of spaces with a dense canopy structure and 
11 of them belong to the group with a linear bio-
physical structure.  

Table 2. shows the statistical parameters for 
the mean values of the investigated ecological fac-
tors depending on the arrangement of the elements 
of the biophysical structure in the investigated 
green spaces. 

When the ecological factor air temperature is 

concerned, the mean difference in air temperature 
values is pretty uniform among the different types 
of biophysical structures arrangement. The largest 
mean difference was observed in the green spaces 
with a linear type of biophysical structures ar-
rangement (1.27 ± 0.69°C), a slightly lower mean 
difference was recorded in the green spaces with a 
mosaic type of arrangement (1.13 ± 0.57°C), while 
in the green spaces with a dense canopy, it amount-
ed to 1.11 ± 0.62°C. 

The largest mean difference in air humidity 
was recorded in the green spaces belonging to the 
group with a linear arrangement of biophysical 
structures (2.17 ± 1.06%), a somewhat smaller 
difference in the green spaces with a dense canopy 
(1.88 ± 0.96%), while the smallest mean difference 
in air humidity characterized the green spaces with 
a mosaic arrangement of biophysical structures 
(1.73 ± 0.84%). 

Through an analysis of the recorded urban 
noise level values, the largest mean difference was 
recorded in the green spaces with a linear type of 
biophysical structures and it amounted to 16.63 ± 
5.43dB. A somewhat lower value was found in the 
green spaces with a a mosaic arrangement (15.69 ± 
4.23dB), and the lowest mean difference character-
ized the green spaces a with a dense canopy (15.21 
± 4.58dB). 

Unlike in the case of the ecological factors of 
air temperature, air humidity and urban noise level, 
in the case of the ecological factor wind speed, the 
highest impact of the green spaces with a mosaic 
arrangement of biophysical structures was found, 
and it amounted to 0.89 ± 0.78m/s. A slightly lower 
reduction of wind speeds was achieved by the green 
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spaces with a dense canopy (0.88 ± 0.81m/s), while 
the smallest modification of the environmental 
factor of wind speed was recorded in the green 
spaces with a linear arrangement of biophysical 
structures (0.80 ± 0.74m/s). 

An analysis of the impact of the type of ar-
rangement of biophysical structures on the size and 
intensity of ecological factors has shown that green 
spaces that have a linear arrangement of biophysical 
structures modify the ecological factors the most, 
and these factors are air temperature, air humidity 
and urban noise levels. The green spaces that have a 
mosaic arrangement of biophysical structures affect 
wind speed modification the most. 

On the one hand, linearly distributed biophysi-
cal structures in green spaces behave as obstacles 
for modifying the explored ecological factors, while 
on the other, due to the linear arrangement, they 
provide easier movement of air, which facilitates 
their cooling. Hagler et al. (2012) [34] also empha-
size that live barriers containing trees and shrubs 
are defined as efficient mechanisms for modifying 
ecological factors, and their effect is particularly 
evident in the reduction of the urban noise level. A 
dense canopy of structures blocks free air move-
ment, which to a certain extent reduces the process 
of ecological factors modification. 

The effect of obstacles that basically have lin-
early arranged biophysical structures in the modifi-
cation of air temperature and humidity values is 

particularly increased when the obstacles (linear 
structures) consist of densely arranged trees and 
shrubs (or plants of the second storey). In the case 
of air temperature modification, that was recorded 
in the following green spaces: , where the 
mean difference in the value of this ecological fac-
tor is 1.5°C, as well as in green surface  
(1.3°C). In addition, in the case of air humidity, 
higher values of the modification of this ecological 
factor were obtained in the green spaces where the 
linearly arranged structures consist of trees and 
shrubs. 

The positive effect of linear biophysical struc-
tures is particularly manifested in the reduction of 
the urban noise level. In the green spaces with a 
linear biophysical structure, higher values of noise 
reduction were recorded. In green space the 
mean reduction in urban noise was by 19.7dB, in 
green space , the amount of urban noise 
reduction amounted to 18.2dB, in  (18.5dB), 
in  (17.7dB) etc. Baldauf et al. (2008) [35] 
also emphasize that live obstacles from trees and 
shrubs (linear structures) greatly reduce city noise 
levels, especially those that come from traffic, by 
blocking sound waves with their specific structure. 

The statistical significance of the established 
differences in the reduction of the investigated 
ecological factors was confirmed by a single–factor 
analysis of variance (Table 3). 

 

 Sum of Squares df Mean Square F Sig. 

Air temperature 
Between Groups 7.445 2 3.723 9.571 0.000 
Within Groups 516.918 1329 0.389   
Total 524.363 1331    

Air humidity 

Between Groups 27.326 2 13.663 14.960 0.000 
Within Groups 1213.778 1329 0.913   

Total 1241.104 1331    

Urban noise level 
Between Groups 324.108 2 162.054 7.234 0.001 
Within Groups 29771.810 1329 22.402   
Total 30095.919 1331    

Wind speed 

Between Groups 3.793 2 1.897 3.475 0.031 
Within Groups 725.472 1329 0.546   

Total 729.265 1331    

Robust Tests of Equality of Means 
 Statistica df1 df2 Sig. 

Air temperature 15.730 2 98.695 0.000 
12.739 2 303.822 0.000 

Air humidity 49.276 2 105.676 0.000 
23.093 2 458.429 0.000 

Urban noise level 
 

14.186 2 97.841 0.000 
8.938 2 318.207 0.000 

a. asymptopic F distribution
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Ecological factor 

Arrangement of 
biophysical 
structures 

(I) 

Arrangement of 
biophysical 
structures 

(J) 

Mean Differ-
ence (I–J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Air temperature 

Тype 1 Type 2 0.01700 0.04096 0.909 –0.0791 0.1131 
Type 3 –0.13393* 0.04195 0.004 –0.2324 –0.0355 

Тype 2 Type 1 –0.01700 0.04096 0.909 –0.1131 0.0791 
Type 3 –0.15093* 0.04346 0.002 –0.2529 –0.0489 

Тype 3 Type 1 0.13393* 0.04195 0.004 0.0355 0.2324 
Type 2 0.15093* 0.04346 0.002 0.0489 0.2529 

Air humidity 

Тype 1 Type 2 0.15506* 0.06223 0.034 –0.3011 –0.0090 
Type 3 –0.44250* 0.06374 0.000 –0.5920 –0.2930 

Тype 2 Type 1 0.15506* 0.06223 0.034 0.0090 0.3011 
Type 3 –0.28744* 0.06603 0.000 –0.4424 –0.1325 

Тype 3 Type 1 0.44250* 0.06374 0.000 0.2930 0.5920 
Type 2 0.28744* 0.06603 0.000 0.1325 0.4424 

Urban noise level 
 

Тype 1 Type 2 0.47533 0.30979 0.275 –0.2515 1.2022 
Type 3 –0.94049* 0.31728 0.009 –1.6849 –0.1960 

Тype 2 
Type 1 –0.47533 0.30979 0.275 –1.2022 0.2515 
Type 3 –1.41582* 0.32871 0.000 –2.1871 –0.6446 

Тype 3 
Type 1 0.94049* 0.31728 0.009 0.1960 1.6849 
Type 2 1.41582* 0.32871 0.000 0.6446 2.1871 

*. The mean difference is significant at the 0.05 level. 
Тype 1 – mosaic arrangement of structures; Тype 2 – dense canopy; Тype 3 – linear arrangement of structures 

 
The single–factor analysis of variance (Table 

3) revealed the F–value of the ecological factor air 
temperature of 6.380 ( ), with a statistical 
significance of 0.02 and 7.087 ( ), 
and it can be concluded that there are statistically 
significant differences in the values of air tempera-
ture in the three different types of green spaces 
depending on the arrangement of biophysical struc-
tures in them, at the level of statistical significance 
of 0.01. Using  (Table 4), it was 
established that the differences in air temperature 
are significant at the level of 0.01 between the green 
spaces with a mosaic arrangement of biophysical 
structures and the green spaces with linearly ar-
ranged biophysical structures (Sig. = 0.004; p 
<0.01), as well as between the green spaces with a 
dense canopy of biophysical structures and those 
with a linear arrangement (Sig. = 0.002; p <0.01). 
The analysis confirmed that there are no statistically 
significant differences in the reduction of the eco-
logical factor of air temperature between the green 
spaces with mosaically arranged biophysical struc-
tures and the green spaces with a dense canopy 
(Sig. = 0.909; p> 0.05). 

The results of the single–factor variance anal-
ysis showed that for the ecological factor of air 
humidity  amounted to 23.051 (

) and 23.703 ( ). Therefore, 
it can be concluded that there are statistically signif-
icant differences in values of air humidity in differ-
ent the types of green spaces depending on the 
biophysical structure at the level of 0.01. By apply-
ing the  test statistically significant dif-
ferences were found between all types of green 

spaces. In the case of green spaces with a mosaic 
and linear arrangement of biophysical structures 
(Sig.=0.000; p<0.01) and between the green spaces 
with a dense canopy biophysical structure and 
structures with a linear arrangement the statistical 
significance is at the level of 0.01(Sig.=0.000; 
p<0.01), while in the case of green spaces with 
mosaically arranged biophysical structures and the 
green spaces with a dense canopy statistical signifi-
cance is at the level of 0.05, i.e. (Sig.=0.034; p 
<0.05). 

By analyzing the results of a single–factor 
analysis of variance for the ecological factor of 
urban noise level, it was established that the statis-
tics value ( ) amounted to 8.200 ( ) 
and 9.284 ( ), and it can be 
concluded that there are statistically significant 
differences in the values of the difference in the 
urban noise level between different types of green 
spaces depending on their biophysical structure. 
The  test confirmed that there are statis-
tically significant differences between different 
types of green spaces depending on their biophysi-
cal structure arrangement at the level of 0.01. Statis-
tically significant differences in the reduction of the 
ecological factor of urban noise are recorded be-
tween the green spaces with mosaically and linearly 
arranged biophysical structures (Sig.=0.009; 
p<0.01), as well as between the green spaces with a 
dense canopy and the ones with linearly arranged 
biophysical structures (Sig.=0.000; p<0.01), while 
there are no statistically significant differences 
between the green spaces a mosaic arrangement and 
the green spaces with a dense canopy (Sig.=0.275; 
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p> 0.05). 
When the wind speed factor is concerned, the 

 value is 2.403 ( ) and 1.977 
( ), with the significance level 
of 0.091 ( ) and 0.139 (

), and it can be concluded that for this ecological 
factor, there are no statistically significant differ-
ences between the three different types of green 
spaces depending on their biophysical structure. 

Wind is a highly variable ecological factor 
compared to air temperature, air humidity or the 
urban noise level [36, 37]. The investigated green 
spaces were established as green spaces for protec-
tion against the negative impacts of roads rather 
than as typical windbreaks. Therefore, the situation 
in the field, which often occurs, is that wind blows 
at different angles relative to the investigated green 
spaces. Renterghem et al. 2012 [27] also emphasize 
that the reduction of wind intensity is the most 
pronounced when green spaces are perpendicular to 
the direction of the wind, and that wind speed re-
duction by green structures is lower if the wind 
does not blow perpendicularly to the obstacle. 
These facts can also serve as an explanation for the 
absence of statistically significant differences in the 
wind speed reduction between the explored green 
spaces. 

The recommendation of this research is that 
biophysical structures in green spaces should be 
placed linearly in order to reduce air temperature 
and humidity, as well as the urban noise level. The 
best effects are obtained when linear biophysical 
structures (barriers) consist of densely distributed 
trees and shrubs. This recommendation is con-
firmed by the study Cook (1980) [38], which 
showed that the best reduction effects, especially of 
urban noise, are obtained by planting trees and 
bushes in the form of dense linear belts. In the case 
of the ecological factor wind speed, the arrange-
ment of biophysical structures does not significant-
ly affect its reduction. 

  
 

 
The uncertain future as a result of climate 

change requires specific research in the field of 
urban landscape planning. Temperature reduction, 
an increase in air humidity and a decrease in the 
urban noise level, whose major source is traffic, are 
some of the imperatives of improving the environ-
mental quality in modern cities. Urban landscape 
planning and design are based on the experimental 
knowledge that is monitored and checked in differ-
ent conditions. The adaptive design of green spaces 
along urban roads as one of the major existing 
sources of pollution in the city requires familiarity 
with the most optimal spatial arrangement of bio-
physical structures, as well as with the environmen-
tal form of plant material that can reduce negative 

impacts. In this research, 37 roadside green spaces 
in the territory of the city of Belgrade, along 15 
main roads, were classified into three types of bio-
physical structures (mosaic, dense canopy and line-
ar structure). The research investigated the impact 
of those types of biophysical structure on four eco-
logical factors (air temperature, air humidity, urban 
noise level and wind speed). The results of the 
research are the following findings: 

− During the growing season, green spaces 
with a linear arrangement of biophysical structures 
modify air temperature, air humidity and the urban 
noise level the most, while green spaces with a 
mosaic arrangement of biophysical structures affect 
wind speed modification the most. 

− It was established that during the growing 
season the modification of air temperature and 
humidity values is significantly increased in green 
spaces with a linear arrangement of biophysical 
structures consisting of densely distributed trees and 
shrubs (or, in general, plants of the second storey). 

− The positive effect of linear biophysical 
structures is especially manifested in the reduction 
of the city noise level. In green spaces with a linear 
biophysical structure, which have an obstacle func-
tion, higher noise reduction values were recorded. 

− This research has shown that there are sta-
tistically significant differences in the investigated 
ecological factors of air temperature, air humidity 
and the factor of urban noise level, while in the case 
of the ecological factor of wind speed, statistically 
significant differences were not found between the 
three different types of biophysical structure, i.e. the 
arrangement of biophysical structures did not sig-
nificantly influence wind speed modification. 

− In the case of the ecological factor of air 
temperature, statistically significant difference at 
the 0.01 level was found between the green spaces 
with a mosaic arrangement of biophysical structures 
and the green spaces with linearly arranged bio-
physical structures, as well as between the green 
spaces with a dense canopy of biophysical struc-
tures and those with a linear arrangement. There are 
no statistically significant differences in the reduc-
tion of this ecological factor between the green 
spaces with mosaically arranged biophysical struc-
tures and the green spaces with a dense canopy. 

− The differences in the values of reduction 
of the ecological factor air humidity are statistically 
significant between the green spaces with a mosaic 
and linear arrangement of biophysical structures 
and the green spaces with a dense canopy of bio-
physical structures and linearly arranged biophysi-
cal structures, at the level of 0.01, while the differ-
ence between the green spaces with a mosaic ar-
rangement of biophysical structures and the ones 
with a dense canopy reached the level of statistical 
significance of 0.05. 

− The differences in the urban noise level are 
statistically significant at the level of 0.01 between 
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the green spaces with mosaically and linearly ar-
ranged biophysical structures, as well as between 
the green spaces with a dense canopy and the ones 
with linearly arranged biophysical structures. How-
ever, between the green spaces with a mosaically 
arranged structure and the green spaces with a 
dense canopy, there are no statistically significant 
differences. 

The search for optimal models of urban land-
scape development in the conditions of climate 
change is an imperative of future scientific and 
practical research. Green infrastructure, as a coher-
ent network of open green spaces in the city, is one 
of the most optimal models for the development of 
resilient cities. Adaptive design of urban roadside 
green spaces, as elements of green infrastructure, 
requires constant experimenting and monitoring. In 
the uncertain conditions of climate change, such 
research is a necessary prerequisite as the basis for 
formulating the guidelines for sustainable urban 
landscape planning. 

 
 

 
This paper was realized as a part of the project 

"Studying climate change and its influence on the 
environment: impacts, adaptation and mitigation" 
(43007) financed by the Ministry of Education and 
Science of the Republic of Serbia within the 
framework of integrated and interdisciplinary re-
search for the period 2011–2018. 
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Biochar with a porous structure, obtained from 
plant residues, is widely used for waste water treat-
ment. In this work, the removal of Reactive Brilliant 
Red X-3B from aqueous solutions by using peanut 
hull biochar (400°C and 600°C) was investigated in 
a batch experiment. The effects of various parame-
ters such as temperature, adsorption time, dose of bi-
ochar and initial concentration of Red X-3B were in-
vestigated. Then, the response surface methodology 
(RSM), based on Box–Behnken design, was em-
ployed to obtain the optimum adsorption conditions. 
The results showed that a maximum red X-3b re-
moval of 85.9% was achieved at optimum condi-
tions: a pH of 3.0, an initial red X-3b concentration 
of 29.99 mg/L, a temperature of 317.63 K and an ad-
sorbent dosage of 9.0 g/L. The results indicate that 
peanut hull biochar could be used as an effective and 
economical adsorbent in the removal of Reactive 
Brilliant Red X-3B from aqueous solutions. 
 
 

Peanut hull biochar, Adsorption, Reactive Brilliant Red X-
3B, Response surface methodology, Endothermic 

 
 

High surface area biochar generated from agri-
cultural residue, a cost-effective substitute for acti-
vated carbon, was recently identified as a super-
sorbent for neutral pollutants [1-3]. Synthetic dye 
wastewater cannot be efficiently treated by tradi-
tional methods such as photocatalytic degradation, 
Fenton degradation, electrochemical degradation, 
biodegradation and persulfate oxidation [4-6]. Ad-
sorption is an economical yet effective technology 
for removing dyes from water [7]. Activated carbon 
(AC) is the most widely used adsorbent for dye re-
moval because of its high degree of porosity and 
high surface area [8-9]. However, the process of AC 
production requires carbonization of biomass and 
subsequent activation which makes the use of AC in 

wastewater treatment rather expensive [10-12]. Bio-
char (BC), the carbonaceous product of pyrolyzing 
biomass without activation has been identified as a 
good and less expensive substitute for AC [13-14]. 
The dye adsorption performance of BCs produced 
from agricultural residues has been summarized by 
many researchers [15-18]. Over the past few years, 
Elkady, M. F et al. reported that immobilized egg-
shell with a polymer mixture of alginate and polyvi-
nyl alcohol was used as a biocomposite adsorbent 
(ESC) for the adsorption of C.I. Remazol Reactive 
Red 198 in aqueous solution [19]. Jianhua Huang et 
al. studied the removal of water-soluble Reactive 
Red MF-3B from aqueous media by sonication-sur-
factant-modified attapulgite clay in a batch system. 
These results show that surfactant-modified clay 
could be a good adsorbent for treating Reactive Red 
MF-3B-contaminated waters [20]. 

In this paper, the effectiveness of a modified 
peanut hull biochar on removal of Reactive Brilliant 
Red X-3B was evaluated at various solution pH and 
salt concentrations. The Box-Behnken experimental 
design and response surface methodology, which in-
cludes four factors (temperature, initial reactive bril-
liant red X-3B concentration, contact time, and ad-
sorbent dosage), was used to optimize the adsorption 
conditions. Our objective was to test modified pea-
nut hull biochar as a cost effective substitute for AC 
for dye removal from wastewaters. 

 

Modified peanut hull biochar 
(MPB) was prepared according to Han et al. method 
Gao et al. [21]. Ten g of dried peanut hulls were 
soaked briefly in 80 ml of a 2-M solution of ZnCl2. 
After 0.5 h mixing by magnetic stirring, hydrolysis 
and Zn2+ precipitation were accelerated by ‘ageing’ 
at 70 °C for 0.5 h. The pre-treated biomass was then 
separated from the solution and subjected to pyroly-
sis in an oxygen-free furnace under 200 ml min−1 N2 
atmosphere. The temperatures used were 400 °C and 
600 °C at a heating rate of 5 °C min−1. Then, the sam-
ples were held at peak temperature for 1 h. After 
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cooling, biochar particles were rinsed several times 
with deionized water and then dried at 70 °C for 1 h. 
The resulting powder was sieved through a 100-
mesh stainless steel sieve. Reactive Brilliant Red X-
3B dye (2,7-Naphthalenedisulfonic acid, 5-[(4,6-di-
chloro-1, 3,5-triazin -2-yl) amino] -4-hydroxy -3 -
(phenylazo), disodium salt) was purchased from 
Jiangsu Zhenyang Dyestuff Technology Co., Ltd. 
All other reagents used for experimental studies 
were of analytical grade. A stock solution was pre-
pared by dissolving 1.0 g of Red X-3B dye in 1 L 
deionized water. The experimental solution was then 
diluted with deionized water to obtain desired con-
centrations.  

 
 The 0.1 g and 0.3 g MPB 

(400 °C and 600 °C) were placed respectively in 100 
ml of dye solution in 250-ml capped glass flasks and 
agitated at 150 rpm. The samples were taken from 
the flasks at fixed time intervals and analysed for dye 
concentrations. Every sample was measured in trip-
licate and averaged. All sorption isotherm experi-
ments were conducted in 50-mL polypropylene con-
ical tubes (FALCON, Japan), each of which con-
tained 40.0 mg MPB (400°C and 600°C) and 50 mL 
of a solution of dye at a concentration ranging from 
50 mg/L to 500 mg/L (pH = 7.0, adjusted by 0.01 M 
HCl and NaOH solutions without a pH buffer). All 
tubes were incubated in a shaker incubator at 25 °C 
and 150 rpm for 24 h to reach sorption equilibrium. 
Then, 4 mL of the supernatant was sampled and 
passed through a GF/B glass membrane (0.45 μm, 
Whatman, Inc., United States) for subsequent analy-
sis of the dye concentration remaining in the liquid 
phase. The concentrations of dye in filtrates were de-
termined using a UV–Vis spectrometer (UV-
2401PC, Shi-madzu Co., Japan) at a kmax of 534 nm. 

 
 A re-

sponse surface methodology (RSM) is a statistical 
and mathematical technique useful for improving 
and optimizing processes. In this study, the percent 
Red X-3B removal was statistically modeled and de-
signed by RSM, and the four factors at 3 levels (– 1, 
0, + 1) Box-Behnken design as shown in Table 1 was 
used for the optimization experiments. RSM optimi-
zation experiments were repeated three times, each 
time with a run of 27 sets, because a total of 27 ex-
periments were necessary to estimate the model co-
efficients of the polynomial equation. The experi-
mental Box-Behnken design, analysis of variance 

(ANOVA) and 3D response surface were calculated 
by using the software-Design Expert 7.1.2-(Stat-
Ease, Inc., Minneapolis, USA).  

 
 The 

specific surface area and pore size distribution of the 
materials were evaluated from the nitrogen adsorp-
tion–desorption isotherm collected at 77 K in an Au-
tosorb-IQ3 porosimeter. The Brunauer–Emmett–
Teller (BET) theory were used to determine specific 
surface area and pore size distribution. 

 
 The amount of 

dye adsorbed, qt (mg/ g), was calculated using the 
following equation: 

                            (1) 
where C0 and Ct (in mg/ L) denote initial con-

centration and concentration of the dye after time t, 
respectively; W is the mass of the adsorbent used (g); 
and V is the volume of the adsorbate solution (L). 
The percentage removal of the dye was calculated 
using the following equation: 

                               (2) 
To determine the rate controlling step in the ad-

sorption of dyes by the biochars, the experimental 
data of Red X-3B adsorption on 400°C and 600°C 
biochar for different dye concentrations were exam-
ined using pseudo first order kinetic, pseudo second 
order kinetic and intra-particle diffusion models. The 
basic rate equations of these models are given as fol-
lows 

 

                                       (3) 
where qt and qe are the amount adsorbed at time t and 
at equilibrium, respectively, and K1 is the rate con-
stant of the pseudo-first order sorption process. The 
integrated rate law, after applying the initial condi-
tions of qt= 0 at t= 0 is: 

 

 
                                                                                         

                                            (4) 
where qt and qe are the amount of Red X-3B 

adsorbed onto the adsorbents at equilibrium at time t 
(mg g-1), K2 is the sorption rate constant (g mg-1 h-1). 

 

Factors and its codes 
levels 

-1 0 +1 
pH(A)/- 3 6.5 10 
Initial concentration of red X-3B (B)/(mg/L) 4 17 30 
Temperature(C)/°C 298 308 318 
Biochar 600 °C dosage D /(g/L) 1.0 5 9.0 
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BET surface area(m2/g) 577.83 801.03 
T-Plot External surface area(m2/g) 60.09 51.22 
T-Plot Micropore surface area(m2/g) 517.75 749.81 
Pore volume (mL/g) 0.46 0.48 
T-Plot Micropore volume (mL/g) 0.26 0.38 
Average pore diameter (4V/A by BET, nm) 3.19 2.39 
Surface carboxyls (mmol g-1) 0.22 0.12 
Surface lactones (mmol g-1) 0.14 0.06 
Surface phenolic hydroxyls (mmol g-1) 0.06 0.02 

 

1 3.75 3.89 0.203 0.905 4.55 0.056 0.960 0.16 0.839 0.900 
3 1.69 1.60 0.292 0.894 1.90 0.181 0.987 0.22 0.343 0.930 
1 4.82 4.86 0.178 0.904 5.64 0.043 0.966 0.21 1.042 0.943 
3 1.96 1.87 0.286 0.947 2.22 0.149 0.996 0.22 0.409 0.935 

 
 

An empir-
ically found functional relationship, common to 
most adsorption processes, is that the uptake varies 
almost proportionally with t 1/2, the Weber–Morris 
plot, rather than with the contact time t

                                                 (5) 
where kid is the intra-particle diffusion rate con-

stant. According to Eq. (5), a plot of qt versus t1/2 
should be a straight line with a slope kid and intercept 
C when adsorption mechanism follows the intra-par-
ticle diffusion process. Values of the intercept give 
an idea about the thickness of boundary layer, i.e., 
larger the intercept the greater is the boundary layer 
effect. The curve fitting was conducted by OriginPro 
9.0 software. 

 
 

 Table 2 shows the BET specific surface 
area, external surface area, pore area, average pore 
size and pore volume of biochars prepared under dif-
ferent active temperatures. There is a clear improve-
ment in BET surface area with a high temperature 
treatment. Moreover, the large pore volume (0.48 
mL/g) and small average pore diameter (2.39 nm) for 
the sample treated at 600 °C suggest that narrow and 
deep pores are formed. The Boehm titration indicates 
that the amount of acidic groups on BC treated at 400 
°C was about two times that on BC treated at 600 °C. 
This difference is likely an indication of the lower 
degree of carbonization of BC. 

 

To determine the rate controlling step in the adsorp-
tion of dyes by the biochars, the experimental data of 
red X-3B adsorption on biochar treated at 400 °C and 
600 °C for different dye concentrations were exam-
ined using pseudo first order kinetic, pseudo second 
order kinetic and intra-particle diffusion models. The 
basic rate equations of these models are given in sec-
tion 2. Table 3 indicates that the pseudo first order 
model does not provide a good description of the ki-
netics of adsorption owing to the very low regression 
coefficient (R2) values. Moreover, it is evident that 
the intraparticle diffusion model is better than 
pseudo first order kinetic model, yet the R2 values 
for a majority of the data are less than 0.95. The pa-
rameters kid and C are listed in Table 3. An increase 
in parameter C is observed with an increase in initial 
adsorbent dosage, which signifies the increase in 
thickness and effect of the boundary layer. This find-
ing shows that although intra-particle diffusion may 
play a role, it may not be the rate-determining step. 
This is also validated by the fact that adsorption 
equilibrium is reached within 120 min, while the dif-
fusion mechanism is usually significant only in the 
initial few minutes [22]. Table 3 shows that the 
pseudo second order model fits the experimental 
data very well (R2 > 0.95). 

These findings indicate that red X-3B adsorp-
tion on the activated biochar follows the chemisorp-
tion mechanism. It is clear from Table 3 that the rate 
constant, k2, increases with increases in the initial ad-
sorbent dosage, signifying the shift in rate limiting 
step from kinetics to mass transfer at high initial con-
centrations of the dye (>100 mg/ L). The best analy-
sis of kinetic data by the pseudo-second order model 
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suggests that the rate-controlling step is chemisorp-
tion involving valence forces through the exchange 
or sharing of electrons between the adsorbate mole-
cules and the surface functional groups of adsorbent. 
Pseudo second-order kinetics are shown to be valid 
for adsorption of a number of dyes on bio sorbents 
such as biochar, active carbon, corn residues and so 
on [23-24]. 

 
The 

results of the RSM optimization are depicted in Ta-
ble 1. Moreover, statistical analysis about the model 
of removal of red X-3B by peanut hull waste can be 
seen in Tables 4 and 5. As the results in Table 4 
show, the model F-value of 57.97 shows that the 
model is significant. There was only a 0.01% chance 
that the F-value was out of design due to noise. 
Moreover, the values of “Prob > F” less than 0.0001 
and “lack of fit” of 0.0527 indicate that the model 
terms are significant. In this case, B, D, D2 are sig-
nificant model terms. Further statistical analyses 
with standard deviation and mean are shown in Ta-
ble 5. The “Predicted R-Squared” of 0.9830 is in rea-
sonable agreement with the “Adjusted R-Squared” 
of 0.9661. In addition, “Adequate Precision” 
measures the signal to noise ratio with a desirable ra-
tio of greater than 4. In this study, the ratio of 26.426 
indicates an adequate signal. Therefore, the model 
could be used to navigate the design space. 

Finally, the three-dimensional (3D) response 
surface plots (Figure 1) show the effects of parame-
ter’s interaction when removing red X-3B with 

peanut hull biochar as the sorbent. The three-dimen-
sional response surface plot in Fig. 1(a) shows the 
removal mass of red X-3B versus pH with initial bi-
ochar dosage. When the contact time is kept con-
stant, the removal of red X-3B from the solution in-
creases along with increase in the pH. In the range of 
red X-3B concentrations in the experiment, the red 
X-3B adsorption capacity initially rose from 1.21 to 
3.57 mg/g. Thereafter, under the same temperature, 
it can be seen from Fig. 1(b) that the adsorption ca-
pacity increases as the initial pH value is increased 
from 1 to 9. Overall, for the removal of red X-3B, 
the effect of contact time is weaker, whereas the ef-
fect of the initial red X-3B concentration is larger. 
Similarly, the 3D surface plot in Fig. 1(c) shows the 
effect of the interaction of initial red X-3B concen-
tration and temperature on red X-3B removal. When 
the initial red X-3B concentration was 4 mg/ L with 
the temperature increasing, the adsorption capacity 
red X-3B increased from 48.1% to 51.0%. On the 
whole, the variation trend of initial red X-3B re-
moval with the initial red X-3B concentration and 
temperature increases and then decreased slightly. 
Finally, the 3D response surface plot in Fig. 1(d) re-
veals the influence of the interaction between tem-
perature and pH on red X-3B removal. The plot 
clearly shows that in the lower temperature range, 
the adsorption rate increases with an increase in the 
adsorbent amount, and then, it gradually decreases. 
Our data reveals interactions between temperature 
and adsorbent dose. 

 

123.8 14 8.84 57.97 < 0.0001 significant 
0.24 1 0.24 1.60 0.2269  
7.73 1 7.33 50.66 < 0.0001  
0.10 1 0.10 0.67 0.4257  

101.56 1 101.56 665.71 < 0.0001  
0.027 1 0.027 0.18 0.6791  
0.070 1 0.070 0.47 0.5085  
0.065 1 0.065 0.46 0.5244  
0.060 1 0.060 0.39 0.5406  
0.87 1 0.87 5.73 0.0312  

0.034 1 0.034 0.22 0.6431  
0.44 1 0.44 2.85 0.1133  
0.38 1 0.38 2.47 0.1385  

2.811E-005 1 2.811E-005 1.843E-004 0.9664  
11.16 1 11.16 73.14 < 0.0001  
2.14 14 0.15    
2.00 10 0.20 5.79 0.0527 Not significant 
0.14 4 0.035    

125.94 28     
 

0.39 R-Squared 0.9830 
3.30 Adj R-Squared 0.9661 
11.84 Pred R-Squared 0.9069 
11.72 Adeq Precision 26.426 
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 To determine the ac-
curacy of the model and to verify the optimization 
results, validation experiments were carried out us-
ing the optimized conditions, i.e., a pH value of 3.0, 
an initial red X-3b concentration of 29.99 mg/L, a 
temperature of 317.63 K and an adsorbent dosage of 
9.0 g/L. The experimental red X-3b adsorption ca-
pacity under optimal conditions was found to be 
85.9%, which was well matched with the predicted 
values of 8.71 mg/g, with a deviation of only 1.39%. 
Therefore, the correctness and practicability of the 
model were further supported by our experimental 
results. 

 
 

In conclusion, the feasibility of red X-3b re-
moval from an aqueous solution with peanut hull bi-
ochar as a sorbent is confirmed. In particular, the op-
timization of red X-3b removal was carried out by 
employing the response surface methodology with 
Box-Behnken experimental design. The results show 
that a maximum red X-3b removal of 85.9% is 
achieved at optimum conditions: a pH value of 3.0, 
an initial red X-3b concentration of 29.99 mg/L, a 

temperature of 317.63 K and an adsorbent dosage of 
9.0 g/L. The close agreement of the experimental 
value with the predicted value confirmed the applica-
bility of the RSM to optimize the above process pa-
rameters involved in biosorption using peanut hull 
biochar. All of the results support the practical appli-
cation of peanut hull waste in the treatment of dye 
wastewater. 
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In this article, the copula based bivariate 
drought severity and duration frequence analysis is 
employed in order to calculate recurrence intervals. 
Drought duration and severity is acquired by using 
the runs analysis. for each threshold level (q= 0.5 
m3/s; q =0.3 m3/s; q= 0.1 m3/s), Drought severity 
and duration are presumed to be univariate gamma 
and exponential distributions, respectively. The 
Drought return period varies depending on the se-
lected marginal distributions and copula functions. 
So that the best copula class should be determined. 
Among probable copulas, Gumbel copula has been 
found most suitable for drought analysis. The best 
copula class is determined thereby comparing 
Bayesian Information Criterion and Akaike Infor-
mation Criterion of duration and severity of 
drought. Recurrence intervals for the dry terms 
lengths of historic and synthetic series are calculat-
ed using the selected copula class for each threshold 
level (q= 0.5, q =0.3, q= 0.1 (m3/s)). Using these 
recurrence intervals, drought risks are obtained. 
Drought frequency analysis provides a detailed 
view point by considering duration and severity 
when managing water resource, assessing drought 
occurrence risks. 

 
  

Drought, Runs analysis, Copula, Return period, Frequen-
cy analysis, Risk management. 

 
 

 
Water requirement is an indisputable fact for 

all living creatures. Drought is a recurring climate 
phenomenon which is stated as a lack of prolonged 
precipitation according to the specific reference 
level. It can last a long time, affect an extensive 
area, and have destructive effects on agricultural 
crops, water resources, environment and human 
being. Because of these effects, drought disaster 
also damages national and world economy [1, 2]. In 
order to avoid and manage this disaster, probabilis-
tic theories, stochastic process methods and drought 
analyses should be applied. Drought frequency 
analysis plays a key role in the estimation of 

drought threats, the drought preparation phase, and 
the drought risk management [3-5]. 

Modelling dependence structure of hydrologic 
variables is attracting notice in hydrology and water 
resources management, where uncertainty and risk 
analysis has importance in making a decision. An 
unsuitable model can give rise to an incorrect eval-
uation of risks [6]. To estimate drought risks, copu-
la-based frequency analysis is used. Copulas are 
functions that link univariate distribution functions 
to construct multivariate distribution functions. 
Copulas can model the dependence structure among 
random variables, independent of the marginal 
distributions. They are used for modelling of such 
random variables stated above and they have been 
used mostly in various fields of science. Recently, 
copulas have been used in water resources. For 
instance, De Michele and Salvadori [7] reviewed 
modelling of rainfall depth and duration by copulas. 
De Michele, Salvadori [8] pointed out that flood 
peak and flood volume may be modelled by copula 
function. Szolgay, Gaál [9] analysed the bivariate 
relationship between flood peaks. Shiau and 
Modarres [10] applied copulas to construct a 
drought duration-severity-frequency relationship. 
Lee, Modarres [11] employed copula functions to 
determine bivariate drought duration and severity 
frequency analysis. Examining the dependence of 
two variables, they decided Frank and Gumbel 
copula functions are more suitable than Clayton 
function for drought frequency analysis. Fernández 
and Salas [12] described recurrence intervals and 
risks related to droughts. Zhang, Xiao [13] analysed 
return periods to evaluate drought risks. Chung and 
Salas [14] highlighted the description of return 
period and estimated the risks of destruction of 
hydraulic structures.  

Hazards of flood and drought can be the most 
destructive natural disasters that have had a great 
impact on all living creatures Earth [15]. To over-
come this issue, this study suggested copula based 
bivariate frequency analysis of dry term lengths. In 
order to dry term lengths, runs analysis is applied. 
Each drought phenomenon is characterised by 
drought duration and severity that are fitted first 
employing probability distributions separately. In 
order to model the joint distribution of drought 
duration and severity, copulas are then combined 
with univariate marginal distributions [16, 17]
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Frequency analysis methods are used to estimate 
return periods. Frequency analysis is defined as a 
method expressing occurrence probability of ex-
pected potential events in future by a series of ob-
servation and matching. Frequency analysis outputs 
should be evaluated in accordance with various 
acceptances. The verification of frequency analysis 
results depends on conventional independence ac-
ceptances and stability of observations. These ac-
ceptances are essential to use distribution fitting 
techniques. In order to quantify severity and fre-
quency of hydrologic events such as floods and 
droughts, the return periods should be determined. 
Risk identification and risk assessment can be ex-
amined by using the return periods. 

Crisis management is an approach including 
precautions, before and after droughts. If prevention 
is insufficient, droughts may give rise to disasters. 
In order to avoid this situation, occurrence risks of 
droughts should be timely estimated. Risk man-
agement contains precautions before droughts oc-
cur. Also, it contains methods which are long-term 
drought preparation, building drought monitoring 
centres, risk identification, risk classification, risk 
assessment, risk mitigation and water utilisation in 
an effective way [18]. 

The main objectives of this study are,  to 
determine risk of hydrological droughts by copula 
based bivariate frequency analysis of dry term 
lengths of the the Karasu River of Euphrates River 
valley, in Turkey; (2) to model dependence struc-
tures of drought characteristics by using copula-
based bivariate frequency analysis; (3) to select the 
best copula classes by comparing (AIC) and (FPE) 
of duration and severity of droughts; (4) to calculate 
return periods of probable droughts of historic and 

synthetic series may occur in future ; (5) to estimate 
risks of probable droughts of historical and synthet-
ic series by using streamflow data from the Karasu 
River; (6) assessment and mitigation of drought 
risks. 

 
 

The Karasu 
River is located in the Upper Euphrates River Basin 
in Eastern Turkey. The location of the Karasu River 
is shown in Fig. 1. The Karasu River, with a drain-
age basin area of 2886km2, is elevated at 1675m 
above sea level. When the Karasu River is reviewed 
as climatological, it is snowy between November 
and March, and rainy in other months. A low-flow 
regime occurs in winter term because of the effect 
of this climate and high flows arise in spring term 
due to melting snow. Upper Euphrates River Basin 
is occurred by combining the Karasu River and the 
Murat River. Readers are referred to Ünal et al. 
(2003) for the climatic features of the basin. 

 
For this study, stream-

flow data recorded at gauging station No. 2154 for 
the period 1969 to 2009 was obtained from the 
General Directorate of Electrical Power Resources 
Survey and Development Administration (shortened 
as EIE). It contains 480 monthly observations cov-
ering 40 years. The streamflow data were available 
in water years, referring to the period between 1 
October of one year and 30 September of the next 
year. Table 1 indicates basic statistics and infor-
mation about stations. 
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Months  Oct. Nov. Dec. Jan. Fab. Mar. Apr. May June July Aug. 
Sept. 
Sep. 

Meanflow 
(m3/ s) 7.069 9.025 7.757 7.130 7.711 17.746 58.908 71.355 26.536 

7.90
2 

5.30
8 5.586 

Standard 
deviation 
(m3/ s) 

2.574 3.211 1.963 1.686 1.918 10.512 19.948 27.229 15.109 3.90
5 

2.66
7 3.196 

Coefficient 
of skewness 
(Cs) 

1.647 1.209 1.909 0.964 0.698 1.965 0.334 0.818 0.645 1.25
3 

1.08
4 1.892 

Median of 
flows (m3/ s) 6.211 7.992 7.617 6.638 7.328 15.160 56.640 69.300 25.150 7.08

8 
4.48
0 4.397 

 

 

Through the flow dura-
tion curves, flow rates above the exceedance proba-
bilities of 5%, 25%, 50%, 75%, 95% can be select-
ed as the critical section level. While the flows rates 
above the exceedance probability of 5% play an 
important role in studying high flows, those below 
the exceedance probability of 95% are important for 
characterizing low flows. Other exceedance proba-
bilities are the percentage values that can be consid-
ered important in water resources planning and 
operation policies. Under the seasonal analyses, the 
examination of all these percentages have made it 
possible to obtain more meaningful results in terms 
of comparison. Determining the dates of the flow 
values is important in terms of observing the distri-
butions of flows throughout the year [19]. This 
study used the average annual flows, and threshold 
levels are obtained by using the flow duration 
curve. 

 
Runs Analysis is a statistical 

method for specific threshold level is used to de-
termine drought and watery terms by evaluating 
observed historical values. This method for various 

periods determines run lengths, run sums and run 
magnitudes by using monthly and annual flows 
[20]. 

Yevjevich [20] proposed the runs analysis to 
determine the drought parameters and to examine 
their statistical properties (duration, severity, and 
intensity). The most basic element for deriving 
these parameters is the truncation or the threshold 
level; which may be a constant or function of time. 
A run is defined as a portion of time series of the 
drought variable Xj, in which all values are either 
below or above the selected threshold value X0. 
Accordingly, it is called either a negative run or a 
positive run (see Fig. 2). 

Dj, is defined as the sum of the jth drought 
while X0 is defined as the sum of the severity under 
the threshold level. 
   (1) 

The drought intensity (Ij) is the average flow 
deficit per adopted unit of time. = Number of 
drought readings. 

    (2) 

In the runs analysis, the frequency distribu-
tions and parameters of random variables such as 

=
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run length, run sum and run intensity are examined. 
The results obtained are used in the planning of 
water supply, irrigation, hydropower generation, 
waste dilution, ecology regulation studies in dry 
periods. The run length is especially used in irriga-
tion projects in which the duration of drought is 
important and the run sum is used in projects of 
water supply, hydropower and waste water. The 
maximum run length at the time of observation 
(longest dry period) is important in the Run analy-
sis. The longest (or with the greatest total deficit) 
dry period is when water resources systems will 
operate on the most demanding conditions. The 
values corresponding to the various return intervals 
can be determined by frequency analysis for the 
maximum run length (run sum, run intensity) within 
a certain period of time [21]. 

Maximum dry term lengths of historic series 
are given in Table 2. Maximum drought durations 
of historic series for q= 0.5 threshold level occurred 
in 1975 and lasted for 18 months, as well as a 
drought in 1982 and severity of drought was 102.72 

(m3 month / s). Maximum drought durations of 
historic series for q= 0.3 threshold level occurred in 
1983 and lasted for 7 months. Maximum drought 
durations of historic series for q= 0.1 threshold 
level occurred in 1989 and lasted for 5 months, as 
well as a drought in 1983 and severity of drought 
was 20.45 (m3 month / s). 

As a result, the longest droughts may not be 
the severest ones and the severest droughts may not 
be the longest ones when comparing drought dura-
tions and severities. 

 
As Sklar’s theorem 

needs the continuity of marginal distributions, the 
continuous distribution is required in this study. 
Two continuous distributions employed largely in 
drought analysis are exponential and gamma distri-
butions. For instance, the exponential distribution is 
chosen for fitting drought duration [22]. The gam-
ma distribution has usually been employed to define 
drought severity [23, 24]. 

For q= 0.5 threshold level 

Year Time interval Duration 
(Month) 

Severity 
(m3 month / s) 

1975 October -March  18* 48.758 
1982 August - October 15  102.72* 
For q= 0.3 threshold level 

Year Time interval Duration 
(Month) 

Severity 
 (m3 month / s) 

1983 November - May 7* 55.833* 
For q= 0.1 threshold level 

Year Time interval Duration 
(Month) 

Severity 
 (m3 month / s) 

1989 June- October  5* 13.149 
1983 April - May 2  20.455* 

Note : ‘*’ symbol indicates maximum droughts  
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According to copula theorem, bivariate distri-
bution functions are functions of univariate margin-
al distributions. Therefore, firstly univariate cumu-
lative distribution functions are fitted to drought 
severity and duration. Commonly, it is known that 
drought severity and duration fitted gamma and 
exponential distributions for hydro-geometric data 
respectively [24, 25]. Gamma and exponential dis-
tributions, for each threshold level (q= 0.5 m3/s; q 
=0.3 m3/s; q= 0.1 m3/s), are assumed to represent 
drought severity and duration, respectively [26]. 

  (3) 

 (4) 

where α and β are gamma distribution parame-
ters (α denotes shape of distribution, β denotes scale 
of distribution ) and λ is the parameter of the expo-
nential distribution, which is acquired from the 
observed data. 

 

 Parameters %95 confidence intervals 

Duration  λ =3.478 
α=0.608 
β =27.113 

[2.784 - 4.470] * 
[0.459 - 0.805] * 
[17.946 - 40.965] * 

Severity 

 
These parameters of drought characteristics 

are estimated by the maximum likelihood method 
and are illustrated in Table 3. These fitted distribu-
tions are illustrated in Fig. 3.a. and Fig. 3.b. which 
indicate sufficient accordance with the observed 
drought data. The Kolmogorov-Smirnov (K-S) 
goodness-of-fit test is employed to determine 
whether the supposed models can be used to repre-
sent the observed data. The results show that the 
hypothesis of supposed gamma and exponential 
distributions to model drought severity and duration 
for each threshold level (q= 0.5 m3/s ; q =0.3 m3/s; 
q= 0.1 m3/s), respectively, cannot be rejected [10]. 

 
The copula 

functions are useful tools for modeling the depend-
ency structure between random variables and creat-
ing the common distribution function. Copula is a 
function that associates marginal distributions to 
form a joint distribution [27]. Determining the de-
pendency structure, that is, the joint distribution 
using copula functions, can be done independently 
of the choice of the marginal distributions. For this 
reason, the copula is a realistic and less restrictive 
tool for modeling dependence [28]. 

Copulas are used in many areas, primarily 
modeling financial data. These areas where the 
copulas are used; 

• Investigation of multivariate dependence 
mechanisms, 

• Obtaining new multivariate distributions, 
• Stochastic modeling, 
• Developing new nonparametric dependen-

cy measures, 
• Representation of multivariate distribution 

families. 
 

A copula is a multivariate 
distribution function that is uniform over a range of 
variably marginal distributions [0, 1]. X1, X2, ..., Xn 
indicate the random variables of F (x1, x2, ..., xn) are 
the combined cumulative distribution function. The 
marginal distribution functions of these variables 
are defined as F1 (x1), F2 (x2), ..., Fn (xn). In this 
case; the capula function can be written as in Eqs. 5. 

 
C(F1(x1), F2(x2), … , Fn(xn)) = F(x1, x2, … , xn)
     (5) 

 
Archimedean 

copula family has a very important place in litera-
ture due to some mathematical properties that facili-
tate the rendering of multidimensional distributions 
in one dimension [29]. For example, while the 
Gaussian copula tail dependence modeling and 
Student t asymmetric tail dependency modeling is 
insufficient, the Archimedean copula class contains 
quite useful models for modeling upper and lower 
tail dependencies. 

Archimedean copulas are named as the Ar-
chimedean because of its axiomatic characteristic, 
and in the Ling [30] study, Archimedean copula 
were first used for these copula functions. Archi-
medean copula class consists of Gumbel, Ali-
Mikhail-Haq, Clayton, Frank and Hougaard copula 
functions [31-33].

Some families of the Archimedean class are 
very useful in revealing dependencies in different 
structures. Archimedean copulas are preferred in 
practice because these can be associated with 
Spearman rho and Kendall's tau correlation coeffi-
cients in practice. An example of these families is 
the Gumbel, Clayton and Frank copulas. In the 
study, these copulas were used because of the prop-
erties mentioned above. 

The authors 
should know characterization of the copula, before 
selection of copula. For example, tail dependance is 
a significant characterisation. Tail dependance is 
defined as dependance relation of extreme-values in 
case of bivariate existence. This dependance im-
pacts on the behaviour of extreme-values of joint 
distribution. Univariate and bivariate frequency 
analyses mainly purpose to analyse frequencies of 
extreme events. We can put forward that upper tail 
of copula is dependent, when variables of marginal 
distributions in upper tail are dependent with one 
another. On the contrary, we can put forward that 
upper tail of copula is independent, when variables 
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of marginal distributions in upper tail aren’t de-
pendent with one another [34]. 

The Akaike Information Criterion (AIC) and 
The Bayesian Information Criterion [35] were used 
for determining the appropriate probability distribu-
tion [36]. 

 
The return period 

can be denoted as the average passed time or aver-
age interarrival time between critical cases [21, 37, 
38]. Drought is bivariable events and is expressed 
by the duration and severity of drought, so while 
determining the frequency of drought, the joint and 
conditional characteristics of the period have a great 
deal of involvement in the account. The return peri-
od is formulated for two cases of drought risk cor-
responding to drought events with [D ≥ d and S ≥ s] 
and drought events with [D ≥ d or S ≥ s]. The copu-
la-based joint return period of drought can be writ-
ten as follows [24]: 

 

 
     (6) 

 
     (7) 

 
where Tand indicates the joint return period for 

the probability of exceeding both of drought dura-
tion and severity [D ≥ d and S ≥ s], Tor indicates the 
joint return period for the probability of exceeding 
either one of the drought duration and severity [D ≥ 
d or S ≥ s] and E(L) is the expected drought interar-
rival time. The interarrival time is defined as the 
time between consecutive arrivals [11]

Drought is 
a great disaster that causes many environmental and 
social damages. The consequences such as hunger, 
collective deaths, serious health problems, in-
creased unemployment, reduced income in agricul-
ture and desertification, which will cause drought in 
social and economic terms, show that drought is a 
very damaging natural disaster. Efforts to determine 
the risk of drought are needed to prevent drought 
damages. Temporarily arid climate conditions, even 
though some years may not appear in our region, 
adverse climate changes in the face of drought in 
the world and our country, and increased water 
demands, require risk management on the ground to 
take into account the drought risk [39]. 

The risk in a specific field and time interval is 
potential losses such as human life and financial 
damage which are occurrences by hazardous situa-
tions as well as it may express as hazard and dam-
age occurrence in consequence of mathematical 
computings. Risks formula, related to return period, 

is presented below. 
R=     (8)  
R: Risk 
T: Return period, yearly 
N: Year 
A number of management and planning pro-

cesses are needed to solve drought problems and 
prevent the effects of drought. All of these process-
es are considered within the concept of drought 
planning. Risk management concept in drought 
management and planning is essential. Information 
obtained using risk assessments contribute to risk 
management reveal naturel hazards occurrence and 
guide for precaution [40]. 

 
 

Ken-
dall’s τ is applied in order to measure relationship 
between variables and detect the dependence struc-
ture [41]. 

The simplest (non-parametric) method, For 
Archimedean copulas, to estimate the parameter θ is 
by the way a concordance measurement – Kendall’s 
τ – which is a rank correlation coefficient, ex-
pressed to measure the orderings of two measured 
quantities. According to the research by [27], the 
association between parameter θ and Kendall’s τ 
contains the three Archimedean classes. Especially, 
a closed-form definition can be obtained from Clay-
ton and Gumbel families (look at [42] ). 

 

  θ parameters of copula classes 
Threshold 
levels τ Clayton Gumbel Frank 

0.5 0.902 18.472 10.236 39.226 
0.3 0.868 13.196 7.598 28.647 
0.1 0.677 4.189 3.094 10.425 

Mann Kendall τ values and θ parameters of 
each of Archimedean copula classes of drought 
duration and severity are calculated given in table 4. 
Drought characteristics in each threshold level 
indicate a vital dependance according to Mann 
Kendall τ values. 

AIC and 
BIC reveal goodness-of-fit measures between fitted 
copula and empirical joint distribution. [6, 43]
Empirical copula defines empirical distributions of 
transformed data and employs to determine the best 
accurate value of BIC. 

Monthly flows of historic series, for each 
threshold level, are subjected to runs analysis. 
Drought severity and duration are obtained by this 
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analysis. AIC and BIC values of droughts, for all 
Archimedean Copula classes, are determined and 
represented in table 5. 

 

q=0.5 threshold 
level Frank Clayton 

AIC -26.642 -17.402 
BIC -193.869 -134.484 
q=0.3 threshold 
level Gumbel Clayton 

AIC -7.884 -6.726 
BIC -103.99 -98.997 
q=0.1 threshold 
level Frank Clayton 

AIC -2.202 0.682 
BIC -41.766 -35.037 

 
 

Drought severity and duration values of histor-
ic series, for q= 0.5 threshold level (median), and 
produced 10 000 random drought pairs are repre-
sented in Fig. 4. The most appropriate copula for 
historic series is shown Gumbel copula with regards 
to matching the dependence structure of drought 
variables. The random drought pairs are produced 
by Gumbel copula (exhibited using grey ‘*’ mark-
er) are correspond with the drought characteristics 
of historic series (exhibited using blue ‘o’ marker). 
Furthermore, the upper tail of random drought pairs 
in Clayton and Frank copula does not perform simi-
lar trends with the drought characteristics of historic 
series. Table 5 also shows most appropriate, had 
minimum AIC and BIC value, by comparing AIC 
and BIC values of three potential copula. The most 
appropriate copula for q= 0.3 and q= 0.1 threshold 
is shown respectively Frank and Gumbel copula in 
Fig 5. and Fig. 6. 
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Threshold levels q=0.5 q=0.3 q=0.1 
E(L) values (Year) 0.660 0.738 1.349 

 

q= 0.5 threshold level 

 
 Maximum duration 

          (Month) 
                  Maximum severity 
                      (m3 month / s) 

        Tand 
       (Year) 

Tor 
(Year) 

Historic series               18*                            102.72*        116.97 78.44 
Synthetic series               27*                            195.8*        3030.6 1551.4 

 
   Average duration 

   (Month) 
              Average severity 
               (m3 month / s) 

         Tand 
         (Year) 

     Tor 
      (Year) 

Historic series   3.478                16.479          2.026       1.761 
Synthetic series   3.582                 18.916          2.255       1.836 

                 q= 0.3 threshold level 

 
Maximum duration 

(Month) 
    Maximum severity 

   (m3 month / s) 
Tand 

(Year) 
Tor 

(Year) 
Historic series 7*     55.83* 453.03 14.47 

Synthetic series 18*     91.49* 791 000  1385.3 

 
Average duration 

(Month) 
 Average severity 
   (m3 month / s) 

Tand 
(Year) 

Tor 
(Year) 

Historic series 2.344  6.748 2.289 1.947 
Synthetic series 2.88   10.355 3.444 2.488 

                    q= 0.1 threshold level 

 
    Maximum duration 
             (Month) 

              Maximum severity 
                  (m3 month / s) 

           Tand 
         (Year) 

Tor 
(Year) 

Historic series                   5*                       20.455*          1272.3 46.573 
Synthetic series                   8*                       39.376*          328 090   389.955 

 
Average duration 

              (Month) 
              Average severity 
                  (m3 month / s) 

           Tand 
         (Year) 

Tor 
(Year) 

Historic series                 1.412                        2.203           4.768 3.217 
Synthetic series                 1.92                        4.285           9.181 5.007 

Note : ‘*’ symbol indicates maximum droughts  
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Concept of return period defines as number 
of trials occurred between a certain critical event 
and firstly encountered extreme event [44, 45]. 
Return period can be applied when measuring the 
risk of failure R of a hydraulic structure designed to 
withstand a given T-year drought phenomenon 
during a design life of L years. Such risk of failure 
is mostly mentioned as the probability that one or 
more droughts larger than the T-year drought take 
place during the life of the project [12]. 

Table 6 presents, for various threshold levels, 
interarrival time between consecutive droughts of 
monthly flows. Fig 7, 8, 9 explains return period 
using Archimedean copulas for each threshold 
level. The contour lines of Tor return period which 
occurs in case either certain drought severity or 
duration are exceeded and Tor return period which 
occurs in case both certain drought severity and 
duration are simultaneously exceeded. The iso-line 
of joint return periods, calculated using eqs. 5, are 
formed by overlapping of same return periods of 
various durations and severities. 

Table 7 presents the return periods of histori-
cal and synthetic series of maximum and average 
droughts for all threshold levels by obtaining copu-
la-based bivariate frequency analysis. Tor bivariate 
return period can be calculated in case of exceeding 
of maximum drought duration or of historical series 
and Tand bivariate return period can be calculated in 
case of exceeding of maximum drought duration 
and severity of historical series. The bivariate return 
periods of historical and synthetic series can simi-
larly be calculated. These calculated return periods 
of drought duration and severity may be beneficial 
to plan and manage water resources systems in 
terms of risk assessment [6]. Maximum values and 
occurrence risks of synthetic series and historic 
series droughts are calculated using eqs. 8 and indi-
cated in Appendix. 

 
 

In this study, the droughts are characterized by 
duration and severity defined by the threshold level 
method. Best fitting marginal distributions are se-
lected for drought duration and severity. The joint 
Cumulative Distribution Function of the two varia-
bles is established using the best fitting copula. The 
Bayesian information criterion and Akaike infor-
mation criterion is used to select the best copula 
from among probable copulas to compute the joint 
probabilities. Recurrence intervals are calculated 
using the selected copula classes. The drought risk 
prediction is based on joint probabilities and return 

periods, which give significant knowledge for water 
resources appraisal and the primary conclusions are 
as follows: 

(1)  The most appropriate copula for historic 
series is shown Gumbel copula in terms of match-
ing the dependence structure of drought variables. 
The random drought pairs are produced by Gumbel 
copula are correspond with the drought characteris-
tics of historic series. Furthermore, the upper tail of 
random drought pairs in Clayton and Frank copula 
does not perform similar trends with the drought 
characteristics of historic series. However, Gumbel 
copula is the most appropriate copula, had mini-
mum AIC and BIC value, by comparing AIC and 
BIC values of three potential copula. 

(2) The return periods of synthetic series of 
maximum droughts by obtaining copula-based 
bivariate frequency analysis. Tor bivariate return 
period (78.44 years) can be calculated in case of 
exceeding of maximum drought duration or severity 
of synthetic series and Tand bivariate return period 
(116.97 years) can be calculated in case of exceed-
ing of maximum drought duration and severity of 
synthetic series. The risks corresponding to these 
bivariate return period for 50 years are Rand 

(%34.90) and Ror (%47.35). 
(3) The drought frequency analysis method 

proposed in this study is the teaching tool for 
drought risk management for practical purposes. 

(4) Determination of the risk of drought is 
necessary for reducing the negative effects of 
drought, tending to alternative water resources and 
management of water resources. 

The results of this study will contribute to pre-
dictions of probable droughts, drought disaster 
mitigation, water resources management and opera-
tions, strategy planning, risk management and fur-
ther studies aiming to decrease the effect of 
droughts on community and environment. Estima-
tion of droughts will also enable determining the 
risks and taking precaution for possible drought 
disasters. So that damage can be minimized. Oth-
erwise, drought might turn into crisis. 

 
 

 
The authors would like to thank the anony-

mous referees for their detailed reviews of the first 
submission which have led to a significantly im-
proved paper. In this research, MATLAB 2014 was 
used for data analysis, downloaded from the official 
webpage of Ataturk University. This article has 
been obtained from the postgraduate thesis advocat-
ed on 28.08.2015. 

 



9809 

q=0.5 

18* 102.72* 5 116.97 78.44 4.20 6.21 
18* 102.72* 10 116.97 78.44 8.23 12.04 
18* 102.72* 20 116.97 78.44 15.78 22.63 
18* 102.72* 50 116.97 78.44 34.90 47.35 

q=0.3 

7* 55.83* 5 453.03 14.47 1.10 30.10 
7* 55.83* 10 453.03 14.47 2.17 51.14 
7* 55.83* 20 453.03 14.47 4.32 76.12 
7* 55.83* 50 453.03 14.47 10.46 97.21 

q=0.1 

5* 20.45* 5 1272.3 46.57 0.39 10.28 
5* 20.45* 10 1272.3 46.57 0.78 19.51 
5* 20.45* 20 1272.3 46.57 1.56 35.22 
5* 20.45* 50 1272.3 46.57 3.86 66.22 

 Note: * indicates maximum drought values 
 

q=0.5 

27* 195.83* 5 3030.6 1551.4 0.16 0.32 
27* 195.83* 10 3030.6 1551.4 0.33 0.64 
27* 195.83* 20 3030.6 1551.4 0.66 1.28 
27* 195.83* 50 3030.6 1551.4 1.64 3.17 

q=0.3 

18* 91.49* 5 791000 1385.3 0.001 0.36 
18* 91.49* 10 791000 1385.3 0.001 0.72 
18* 91.49* 20 791000 1385.3 0.003 1.43 
18* 91.49* 50 791000 1385.3 0.006 3.55 

q=0.1 

8* 39.37* 5 328090 389.95 0.002 1.28 
8* 39.37* 10 328090 389.95 0.003 2.54 
8* 39.37* 20 328090 389.95 0.006 5.01 
8* 39.37* 50 328090 389.95 0.015 12.05 

Note: * indicates maximum drought values 
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The aim of this study was to investigate the 

Cr, Mn, Cu, Zn, Cd, and Pb concentrations in sam-
ples of the sap from the Turkish pine,  
Ten., and the honeydew from the insect, 

 (Gennadius), both of which 
are components of the food chain in the production 
of pine honey, that were collected at different loca-
tions in western Anatolia, Muğla province, Turkey. 
Heavy metal concentrations in the samples were 
determined using microwave-induced wet combus-
tion and mineralization, followed by inductively 
coupled plasma mass spectroscopy. The results 
showed that the Cr, Mn, Cu, Zn, Cd, and Pb con-
centrations were low in both the sap and honeydew 
samples. This study represents the first reference on 
heavy metal concentrations in the sap from 

 and the honeydew from  within the 
region. 

Honeydew Turkish pine xylem sap
Ten., Heavy metals. 

 

 
The effects of human activities, such as agri-

culture, urbanization, industrialization, and trans-
portation, as well as the effects of climate change 
on vegetation can rapidly manifest. Heavy metals, 
which can be found in different concentrations in 
soil, water resources, and air, cause pollution when 
they exceed certain concentrations [1-4]. Because 
of high accumulations of heavy metals, there is a 
possibility of contamination in the soil-to-plant 
continuum [5]; therefore, it is important to regularly 
monitor and determine how and to what extent 
plants and the animals in contact with these plants 
are affected by these factors. Fifty-four percent of 
the forested areas in Turkey comprise coniferous 
forests and, within this proportion, Turkish pine 

(  Ten.) forests are the most widely 
distributed with 5.9 Mha or 27% of the total forest-
ed areas [6]. In Turkey, the insect 

 Gennadius (Hemiptera: Marchalinidae), 
which feeds on pine sap, is distributed in the south 
Marmara, Aegean, and west Mediterranean regions, 
which are affected by the Mediterranean climate 
[7]. Seventy-five percent of the pine honey produc-
tion areas in Turkey are in Muğla Province in 
southwestern Turkey, and only a very low percent-
age is in the Marmara region [6]. The data used in 
this study were obtained from Muğla Province, 
which represents a total forested area of 830854.7 
ha, 66.41% (538494 ha) of which is Turkish pine 
forests. Of the Turkish pine forests, 66305.1 ha 
(12.31%) host , and this is where the 
pine honey is produced [8]. Ninety percent of all 
pine honey consumed worldwide is produced in 
Turkey, with the remaining 10% being produced in 
Greece. To a great extent, the honey exported from 
Turkey is produced from the pines growing in 
Muğla Province, but thousands of beekeepers who 
settled in various regions of Turkey also produce 
pine honey, which emphasizes the economic im-
portance of beekeeping in Muğla. Thus, the region 
is of particular importance in terms of both Turkish 
pine and the pest insect that produces the honey-
dew; however, the potential tourism industry in the 
area is intense. This potential industry could threat-
ened the continued existence of all forested areas, 
and the impacts from the contaminants that result 
can affect the environment. Plant sap actively 
transports elements from soils contaminated with 
heavy metals. Gennadius 
(Hemiptera: Marchalinidae) is a common scale 
insect species in Turkish pine forests, mainly in the 
Aegean region, that feeds on pine sap. The insect 
has been recorded in Turkey, Greece, Italy, and 
islands in the eastern Mediterranean [9]. The hon-
eydew produced by  is collected by 
honeybees to produce pine honey [10]. When 

 feeds on the xylem sap of the Turkish 
pine, there is a high probability that some elements, 
such as Cr, Mn, Cu, Zn, Cd, and Pb that are present 
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in the sap could be transported into the insect’s
secretions. Because the honeybee makes its honey 
using the secretions, there is also a 
potential risk that these elements could reach the 
final consumer. In general, several studies have 
focused on honey production but not enough infor-
mation is available on the other stages of the food 
chain. The aim of this study was to fill this gap in 
the literature by focusing on determining Cr, Mn, 
Cu, Zn, Cd, and Pb concentrations in different 
components of the pine honey production process, 
from the xylem sap to the last step of production 
using the honeydew. 

 
 

 
The materials examined in this study comprise 

the xylem sap from the Turkish pine and the hon-
eydew secreted by the insect that feeds on it. The 
samples were collected from different stations near 
the road and in the Turkish pine forests that host the 
insect throughout Muğla province. After collecting 
the sap and honeydew into sterile eppendorf tubes, 
the samples were taken to the laboratory and kept at 
4oC until analyses. The microwave wet digestion 
technique was used to dissolve the honeydew and 
xylem sap samples. A 200-mg sample was placed 
into a polytetraflouroethylene (PTFE) microwave 
container, after which 10 mL nitric acid (65%, 
suprapur, Merck, Germany) was added to the con-
tainer, and the container was placed into the mi-
crowave (200°C, 15 min ramp time, 20 min waiting 
time, 20 min cooling time). The volume of the 
dissolved sample was increased to 50 mL using 
ultrapure water. These liquid samples were then 
placed into the Agilent 7700x Inductively Coupled 
Plasma-Mass Spectrometer (ICP-MS) (Agilent 
Technologies, Inc., Santa Clara, CA, USA) under 
the conditions given in Table 1. To draw a calibra-
tion curve, 1000 µL AccuTrace Mes-21-1 multi-
element calibration solution was mixed for the Cr, 
Mn, Cu, Zn, Cd, and Pb elements in the tubes. Cal-
ibration solutions were prepared from the mixed 
stock solution at five different concentrations (5, 
10, 50, 100, and 200 µg L-1), were inserted into the 
ICP-MS instrument, and the calibration curve was 

drawn. The results of the analyses are given as mg 
kg-1 wet weight. To determine the correlations be-
tween the metal concentrations in honeydew and 
Turkish pine sap, the Mann-Whitney U Test was 
conducted using SPSS v 20 (IBM Corp., Armonk, 
NY, USA). Statistical significance was determined 
through the 0.05 alpha level. P < 0.05 was deter-
mined to be a statistically significant difference 
between the groups. 

 

Radiofrequency power 1550 W 
RF matching 2.1 V 
Sample depth 8 mm 
Carrier gas 0.95 l/min 
Dilution gas 0 l/min 
S/C temperature 2°C 
Nebulizer type MicroMist 

 
No previous studies on the presence of heavy 

metals in the  honeydew have been 
conducted in the region; therefore, this study repre-
sents the first reference. Plants carry heavy metals 
from the roots to the shoots by transporting them in 
the xylem and phloem. Primary transport in the 
xylem, retranslocation in the phloem, and transfer 
from the xylem into the phloem are important pro-
cesses for the distribution of an element within a 
plant [11]. Plants accumulate heavy metals in their 
roots and shoots in concentrations higher than those 
in the soil [12]. Because high concentrations of 
heavy metals can be found in the various honeys 
obtained from bee hives, particularly those next to 
highways and near steel plants [13], honey can be 
used as an environmental marker [14]. The levels of 
Cr, Mn, Cu, Zn Cd, and Pb concentration found in 
our results from Turkish pine xylem sap and hon-
eydew are summarized in Table 2. According to the 
results, no statistically significant differences in 
heavy metal concentrations were found between 
honeydew and pine sap (p > 0.05). 

0.022 ± 0.005 0.039 ± 0.032 0.047 ± 
0.019 

0.334 ±  
0.02 0.001 ± 0.000 0.012 ± 0.002 

0.048 ± 0.031 0.069 ± 0.053 0.042 ± 
0.034 0.317 ± 0.081 0.001 ± 0.000 0.015 ± 0.006 

 Note: s.d.= standard deviation. 
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Turkish pine bark can also be used to monitor 
heavy metal contamination [15]. In a previous study 
conducted in Izmir on Turkish pine bark, 5.0–20.0 
mg kg-1 Cr, 75–375 mg kg-1 Mn, 2.25–15.63 mg  
kg-1 Cd, and 50–375 mg kg-1 Pb were detected [16]. 
In another study, it was reported that the bark of the 
Turkish pine effectively accumulates Pb [17]. 
Sawidis et al. [18] detected 2.2–8.1 mg kg-1 Cu, 
13.1–29.7 mg kg-1 Zn, and <1.5–7.3 mg kg-1 Pb in 
Turkish pine leaves. No previous studies on Turkish 
pine sap were found in the literature. In our study, 
0.048 mg kg-1 Cr, 0.069 mg kg-1 Mn, 0.042 mg kg-1 
Cu, 0.317 mg kg-1 Zn, 0.001 mg kg-1 Cd, and 0.015 
mg kg-1 Pb were detected in Turkish pine sap.  

Although there have been no studies on hon-
eydew, there are studies on honeydew honey. In a 
study conducted in Poland on honeydew honey (n = 
2), 4.31 mg kg-1 Zn, 0.027 mg kg-1 Cd, and 0.037 
mg kg-1 Pb were detected [13]. In the honeydew 
honey from Italy, 1.70 mg kg-1 Mn, 1.87 mg kg-1 

Zn, 4.40 mg kg-1 Cu, 0.0027 mg kg-1 Cd, and 0.09 
mg kg-1 Pb were detected [19]. In a study by Uren et 
al. [20] on honeydew honey in Turkey, the results 
showed 0.752 mg kg-1 Mn, 1.05 mg kg-1 Cu, and 
0.011 mg kg-1 Cd. In current study, 0.33 mg kg-1 
Zn, 0.001 mg kg-1 Cd, and 0.012 mg kg-1 Pb was 
found in the honeydew.  

The tolerable upper intake levels of heavy 
metals specified by the World Health Organization 
and Institute of Medicine, Food and Nutrition 
Board are as follows: Cr: 250 µg day-1, Mn: 11 mg 
day-1, Cu: 10 mg day-1, Zinc: 40 mg day-1,-and Pb: 
25 µg kg-1 week-1 [21, 22]. According to these val-
ues, the heavy metal concentrations found in the 
samples of plant sap and honeydew in our study do 
not pose a significant risk for human health. 

 
 

 
The heavy metal concentrations determined in 

the Turkish pine sap and honeydew samples were 
found to be lower than the tolerable upper intake 
levels. No statistically significant differences were 
found in heavy metal concentrations between the 
Turkish pine sap and honeydew samples. This study 
reports the first reference on the evaluation of Cr, 
Mn, Cu, Zn, Cd, and Pb concentrations in Turkish 
pine sap and honeydew. 
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Water is not only a limiting factor, but also one 
of the most important mediators of grape berry com-
positions in semi-arid land. Differences in superox-
ide dismutase (SOD), catalase (CAT), proline (Pro), 
malondialdehyde (MDA), and wine grape berry 
composition were investigated under water stress 
with drip irrigation. Merlot vines were proposed to 
the three levels of irrigation threshold (70-75%, 60-
65% and 50-55% of field capacity (FC)) at the stage 
of germination, flowering and enlargement. The 
sweet taste and the favorable aromatic flavor were 
improved significantly from the germination to the 
enlargement stage to which slight water stress (60-
65% of FC) was applied, wherein an optimal berry 
composition was achieved at the flowering stage 
which was mostly responsible for a positive relation-
ship with high SOD activity. Such as, sugar-acid ra-
tio, total sugar, tannins, total phenols, and anthocya-
nins of berries increased by 183.85%, 
47.79%,66.67%, 100%, 57.52% in comparison to 
normal irrigation threshold (70-75% of FC), respec-
tively. When Merlot vines were stressed at 50-55% 
of FC from germination to flowering stage, berry 
composition, diameter and cluster mass were higher 
than in normal irrigation (70-75% of FC), resulted 
from the linear positively correlations between berry 
diameter, dry matter and Pro content, activities of 
SOD, CAT observed. 

 
 

Water stress, Merlot, Antioxidant enzyme activities, Berry 
composition and appearance. 

 
 

Drought stress, being defined as the absence of 
adequate soil moisture, is a major limiting factor for 
plants to grow normally, and seed germination, 
seedling, vegetative and flowering of the plant all are 
sensitive to water stress [1], therefore, the efficiency 
of applied water use of plants is of vital importance. 

The by-products accumulation of normal cell 
metabolism, viz. reactive oxygen species (ROS), 
resulting in lipid peroxidation (in terms of MDA 
content), membrane injury, and enzyme inactivation 
through oxidative damage, such as superoxide 
radical (O2-), hydrogen peroxide (H2O2), hydroxyl 
radical (OH-), and singlet oxygen (O-), is a 
biochemical change of plants subjected to water 
stress [2, 3]. ROS is scavenged by the principal 
antioxidant system of plants, including antioxidant 
enzymes, such as, SOD, CAT [4], which were 
broadly used for characterizing drought resistance, 
wherein, SOD is a primary defense line because it 
detoxify O2- into H2O2 [5]. Drought increased 
osmotic solutes, such as the soluble sugars and the 
Pro, have been observed previously [6-8]. The Pro 
could be affected by leaf age and position, as well as 
maintained the membrane integrity through reducing 
oxidation of membrane lipids [7]. Thereby, the 
maintenance of turgor via osmotic adjustment is 
used as a mechanism of drought tolerance.  

Grapevine ( ) is regarded as the 
most vital fruit crop worldwide. Wines with high 
concentration, intense color, soft tannins, fruitiness, 
and low acidity are produced numerously. Grape 
berry contains abundant secondary metabolites 
which affect wine quality through determining its 
color, aroma, and flavor [9], such as, organic acids 
favorably affecting human metabolism, sugars, and 
flavonoids [10]. Generally, at veraison, grape leaf 
growth has practically ended and sugar starts to 
accumulate quickly in berries, and is time for 
treating berries with auxin prior to veraison [11]. 
Anthocyanins, as the predominant plant pigments 
and a class of flavonoids, are responsible for grape 
colors ranging from red to violet [12], wine color, 
mouthfeel and astringency, as does tannin content 
and composition. Besides, phenolic compounds are 
vital in red wine color and taste, as well as are rich 
in grape juice [13, 14]. 

Water is the main challenge to grape ripening 
in dry lands with irregular rainfall distributions, and 
remarkably affects grape berry compositions [15, 
16], determines berry size, increasing with berry so-
lute content [17]. Though grapevine is a greatly 
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drought-tolerant species, with the capability of sur-
viving even under severe water stress [18], it is vital 
to define the effect of regulatory irrigation on antiox-
idant enzyme activities, berry composition [15]. 
There have been several studies in identifying the re-
sponse of grape berry compositions to water stress 
[19, 20], but the best stage to which applying water 
stress and the optimal irrigation threshold for modi-
fying berry compositions were no general consensus.  

The various physiological and biochemical 
changes are the indispensable factors of plants to re-
spond to water stress [21]. Present investigation was 
to visualize the response of plants to water stress im-
posed at specific phenological phase in physiologi-
cal and biochemical indicators for establishing the 
sensitive phenological phase and the drought re-
sistance indices. Accordingly, it is greatly impera-
tive to analyze the physiological and biochemical 
variations. Understanding the effect of applying dif-
ferent irrigations to grapevines on antioxidant en-
zyme activities and berry composition is of great sig-
nificance to the growers of vine grapes. Only with 
such knowledge can the irrigation strategy most 
likely to guarantee the berry quality be chosen. The 
main objective of the present research was to reveal 
the response mechanism of grapevines in terms of 
enzymatic activities of grape berry, berry composi-
tions and appearances to controlled drip irrigation. 
Ultimately, providing scientific irrigation regulation 
on the optimal phenological phase for water re-
strictions, and potentially benefiting the quality of 
wine grapes. 

 
 

Field tests was conducted at the ex-
perimental station in Wuwei (38°34'N, 104°05'E, 
1600 m above mean sea level), northwestern China 
(Figure 1), with a mean annual average rainfall of 
158.6mm, an average annual temperature of 7.9 , 
an evaporating capacity of 2130 mm, and is de-
scribed as a continental arid climate, with annual 
sunshine of 2860 h, and mean annual frost-free pe-
riod of 154 d. The soil is of loam texture, has 36% 

FC, and 1.35g cm-1 of soil volume weight within 0-
100 cm soil layer. The chemical properties were as 
follows: pH, 8.01; organic matter, 1.38%; available 
nitrogen, 98.86 mg kg-1; rapidly available phospho-
rus,53.41mg kg-1; rapidly available potassium, 
298.09 mg kg-1.  
 

Our field trial was con-
ducted in 2016, lasted from April to October. The 
growth stages were designated as the following, 
based on the development characteristics of Merlot 
vines, including the budding stage (May 6th-May 
18th), the germination stage (May 19th-June 6th), 
the flowering stage (June 7th-June 18th), the en-
largement stage (June 19th-August 18th), and the 
ripening stage (August 19th-September 27th). Mer-
lot, as a variety of wine grapes, which was 4 years 
old, with cold and alkaline resistance, which was 
suitable for growing in various loamy soils. The ex-
periment had an east-west orientation and grape-
vines were aligned north-south. The grapevine frame 
was composed of concrete columns with height of 
1.5 m and three wire ropes, of which spacing was 0.5 
m, 0.55 m and 0.45 m from top to bottom. The region 
between every two concrete columns was regarded 
as a plot, with size of 4.0 m by 0.8 m, row space of 
2 m and spacing of 0.6 m between plants. A buffer 
channel of 1.0 m width was provided on the neigh-
borhood of experimental fields to avoid effects of 
other soils. 

Seven treatments were conducted in a com-
pletely randomized design with four replications 
every treatment, with a total of 28 plots. Each plot 
was consisted of 1 row of 10 vines, of which 6 trees 
in centre row were regarded as the observation trees, 
and the others as buffers. Two irrigation water levels 
were applied to the stage of germination, flowering, 
and enlargement separately, viz. 60-65 % of FC was 
regarded as the moderate water stress and 50-55% 
FC was regarded as the severe water stress. In addi-
tion, 70-75% of FC was served as control (well wa-
tered) throughout the growing season. A tube was 
proposed to conduct irrigation. It was composed of a 
built-in drip irrigation line of 20mm diameter by 
which each row was laid, with a drop spacing of 
15cm and a drop flow of 0.6 L h-1. Water was applied  
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T1 60-65 70-75 70-75 70-75 
T2 70-75 60-65 70-75 70-75 
T3 70-75 70-75 60-65 70-75 
T4 50-55 70-75 70-75 70-75 
T5 70-75 50-55 70-75 70-75 
T6 70-75 70-75 50-55 70-75 
CK 70-75 70-75 70-75 70-75 

SWC: soil water content. FC: field capacity. 

with one pressure-compensated emitter per plant in 
one drip line per row. Groundwater for irrigation was 
measured continuously by the flowmeters, with a 
water-supplied pressure of 0.2MPa. In this experi-
mental year, grapevines were drip-irrigated using 
groundwater throughout the growing season (early 
May-end September). To avoid the unnecessary 
evaporation, all drip irrigation lines were shallowly 
buried beneath the soils, and drip holes were exam-
ined at 10d intervals to prevent dripping from impu-
rity. Irrigation was started once soil water content 
was below the water level determined as above in 
each treatment, the irrigation quota was 270m3 ha-1. 
Details were shown in Table 1. 

 
The soil water content 

(SWC) in 0-20cm, 20-40cm, 40-60cm, 60-80cm, 80-
100cm depth was measured using weighing method 
from the germination to the maturity stage. The soil 
was sampled at 7d intervals with three repetitions 
each treatment, soil samples were weighed and then 
dried in an oven at 105 for constant weight. The 
weight of the dry sample was determined gravimet-
rically, and the soil water content was calculated and 
expressed as mass percentages. Three grapevines 
were selected every plot when berries generated, the 
longitudinal diameter and the transverse diameter of 
three grapes from each grapevine were recorded on 
the 5th, 10th, 30th, 50th, 70th day since the enlarge-
ment stage, ultimately, all longitudinal and trans-
verse diameters were averaged as the berry size. The 
ten leaves and three stems were selected randomly 
every plot on the10th, 20th, 30th, 40th, 50th, 70th, 
and 100th day since the germination stage, and were 
oven-dried at 80  immediately for constant weight, 
then dry leaf and stem was averaged as the leaf and 
stem mass. Weighing fresh nine grapes (FW) with 
normal appearance and no external defects each plot, 
and were selected randomly and picked into alumi-
num box on the10th, 20th, 30th, 40th, 50th, 70th, and 
100th day of the enlargement stage, dry weight 
(DW) of grapes was obtained by oven dry at 85 , 
and the dry matter were attained finally by averaging 
dry matter each plot, which can be calculated as fol-
lowing:

Dry matter (%) = DW /FW·100                       (1) 
When grapes were harvested, it could be re-

garded as the cluster mass via weighing three clus-
ters of berries, selected randomly every plot, with 
full berries, fewer pests and diseases, as well as av-
eraging clusters of three plots in each treatment.  

 
 They were measured on 

the 10th, 30th, 50th, 70th, 90th day of the enlarge-
ment stage, based on the mixture of nine fresh leaves 
expanded entirely put into liquid nitrogen tank for 
freeze. SOD activity was measured according to the 
methods of Beauchamp and Fridovich [22]; CAT ac-
tivity was determined in accordance with the method 
of Beers and Sizer [23]; Pro content was determined 
in accordance with the method of Bates et al [6].
MDA content was determined according to the meth-
ods of Heath [24]. 

Nine berries each 
treatment with normal appearance were selected 
randomly and stored when grapes were harvested. 
Total sugar (g L-1), was measured by the Fibonacci 
reagent titration method (GB/T15038-2006 method), 
Titratable acid (g L-1) by acid base titration method 
(GB/T15038-2006 method), and tannins (g kg-1), 
Phenols (g kg-1), as well as Anthocyanins (mg kg-1) 
by the method of spectrophotometer. 

 
Except the irrigation 

scheduling, other agronomic measures, including 
pruning, pest and weed control, as well as harrowing, 
were executed uniformly following the local 
practices.

Statistically significant 
differences among the various treatments with 
regard to soil water content, physiological indexes, 
growth, and fruit quality were calculated by one-way 
analysis of variance (ANOVA) using SPSS 18.0 
software, and Duncan’s multiple range test was 
selected to determine the differences between means 
(P<0.05 or 0.01). The graphs were drawn by 
Sigmaplot 12.5 software. 

 
 

The SWC of T2 at 0-100 cm was 
invariably lower than that of other treatments at the 
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enlargement stage, and decreased by 31.25% 
( <0.05) on average compared with that of the 
flowering stage, finally recovered at the ripening 
stage.

The SWC of T5, at 20cm, 40cm, 60cm, 80cm 
and 100cm of soil layer, increased respectively by 
22.25%, 24.73%, 72.52%, 37.32%, 28.29% in 

comparison with T2 at the enlargement stage, with 
statistically significant differences ( <0.01). At the 
ripening stage, SWC in T5 observably reduced and 
was significantly lower than that in T2. SWC of T4 
continued to reduce throughout the growing season 
(Figure 2).  

 

T1: slight water stress (60-65% of FC) was imposed to grapevines at the germination stage, the normal irrigation threshold (70-
75% of FC) was determined to other growth stages. T2: slight water stress (60-65% of FC) was imposed to grapevines at the 
flowering stage, the normal irrigation threshold (70-75% of FC) was determined to other growth stages. T3: slight water stress 
(60-65% of FC) was imposed to grapevines at the enlargement stage, the normal irrigation threshold (70-75% of FC) was 
determined to other growth stages. T4: severe water stress (50-55% of FC) was imposed to grapevines at the germination stage, 
the normal irrigation threshold (70-75% of FC) was determined to other growth stages. T5: severe water stress (50-55% of FC) 
was imposed to grapevines at the flowering stage, the normal irrigation threshold (70-75% of FC) was determined to other 
growth stages. T6: severe water stress (50-55% of FC) was imposed to grapevines at the enlargement stage, the normal 
irrigation threshold (70-75% of FC) was determined to other growth stages. CK: the normal irrigation threshold (70-75% of 
FC) was imposed to grapevines across the growing season. FC: field capacity.The bar represents the standard errors among 
treatments on the same day (the same below). 
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 In terms of T2, MDA content be-
gan to decline slowly from the 50th day, while the 
Pro content increased sharply from 1.203µmol (g fr 
wt)-1 to 8.112 µmol (g fr wt)-1 at the 90th day. The 
average activity of SOD was at a stable high level of 
303.75 unit (g fr wt h)-1 from the10th to 70th day, 
and was higher than that in other treatments. 

The Pro content in T4 increased continuously 
since the 50th day, and was higher than that in CK 
by 142.25 % on the 90th day, with extremely 
significant differences ( <0.01). SOD activity was 
high and stable from the 50th to the 70th day, and 
CAT activity reached maximum at the 70th day 
among all treatments. 

In T5, the MDA content increased significantly 
from the 50th day, reaching a peak of 4.12 μmol (g 
fr wt)-1 on the 70th day, which increased by 56.06% 

compared with CK ( <0.01). The SOD activity was 
at a high level of 278.99-296.08 unit (g fr wt h)-1 
since the 50th day (Figure 3.). 

The leaf mass and the stem mass in T4 were 
significantly greater than in CK prior to the 50th day. 
The leaf mass and the stem mass in T5 grew rapidly 
since the 50th day, and were significantly larger than 
that of other treatments from the 70th to the 100th 
day. In addition, the leaf mass and the stem mass of 
T5 were higher than that in CK by 25.42% ( <0.01) 
and 6.78% at average from the 70th to the 100th day 
(Figure 4). 

The longitudinal diameter and the transverse 
diameter in T5 were greater than CK from the 5th to 
70th day. On the 70th day, the longitudinal diameter 
of T4, T5 was higher than in CK by 2.74%, 4.48%, 
respectively, but significant difference was not 
found (Table 2). 

 

 
 

 
 

T1 4.96±0.18a 6.54±0.11a 10.10±0.24a 10.58±0.70a 11.13±0.54a 
T2 4.96±0.48a 6.45±0.62a 10.07±0.81a 10.47±0.67a 11.11±0.51a 
T3 4.79±0.73a 6.17±0.96b 9.64±0.24a 10.61±0.38a 11.29±0.43a 
T4 5.32±0.43a 7.24±0.22a 9.87±0.74a 10.44±0.90a 11.23±0.53a 
T5 5.18±0.55a 6.95±0.91a 10.03±0.48a 10.92±0.25a 11.42±0.64a 
T6 5.14±0.37a 6.70±0.29a 9.50±0.27a 10.49±0.18a 11.50±0.63a 
CK 5.08±0.28a 6.79±0.30a 10.11±0.76a 10.59±0.48a 10.93±0.25a 

 

T1 4.73±0.21a 6.07±0.05a 9.67±0.89a 10.30±0.53a 11.06±0.80a 
T2 4.64±0.43a 6.02±0.56a 9.52±0.85a 10.10±0.59a 10.95±0.68a 
T3 4.44±0.55a 5.72±0.63a 9.47±0.42a 10.26±0.11a 11.01±0.89a 
T4 4.45±0.87a 5.88±0.01a 9.82±0.41a 10.38±0.67a 11.12±0.34a 
T5 5.04±0.54a 6.61±0.76a 9.80±0.39a 10.66±0.38a 11.25±0.81a 
T6 4.76±0.24a 6.24±0.36a 9.23±0.28a 10.26±0.23a 11.44±0.51a 
CK 4.85±0.22a 6.33±0.26a 9.94±0.45a 10.26±0.39a 11.01±0.19a 

Values are presented as mean (±S.E.) of three replicates and different letters within lines indicate significant differences ( < 
0.05). 
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T1 1.28±0.011c 37.45±0.003a 0.03±0.012a 0.04±0.012a 71.34±1.017c 
T2 1.89±0.023c 35.81±0.944a 0.05±0.015a 0.06±0.016a 165.79±1.016b 
T3 2.93±0.106b 34.14±1.643a 0.02±0.004a 0.04±0.005a 296.51±1.199a 
T4 1.77±0.452c 28.14±0.750b 0.02±0.009a 0.03±0.010a 144.66±2.195b 
T5 1.36±0.233c 35.28±0.506a 0.03±0.007a 0.04±0.007a 126.82±2.752b 
T6 4.19±0.125a 34.25±1.932a 0.04±0.001a 0.05±0.002a 243.81±1.985a 
CK 3.63±0.106ab 24.23±1.199b 0.03±0.006a 0.03±0.007a 105.25±1.980b 

T1 9.14±0.46a 8.78±0.41a 14.89±0.50a 167.93±1.58a 
T2 8.95±0.65a 8.54±0.56a 15.15±0.73a 136.71±0.49a 
T3 8.96±0.56a 8.61±0.46a 14.57±0.25a 137.00±3.97a 
T4 9.42±0.19a 8.73±0.67a 15.64±0.65a 145.49±0.70a 
T5 9.35±0.52a 9.06±0.54a 15.65±0.46a 127.44±1.41a 
T6 9.14±0.29a 8.74±0.29a 16.30±0.96a 106.96±1.89b 
CK 9.21±0.42a 8.87±0.30a 15.34±0.35a 140.22±2.69a 

 

 
 

The transverse diameter was higher in T4 than 
in CK since the 50th day, the highest berry incre-
ment of T4, T5 on the 50th day was found, and in-
creased by 1.17%, 3.90% respectively in compari-
son to CK. 

Since the 50th day, dry matter in T4, T5 and 
T6 significantly increased, and from the 50th to 
100th day, the differences were significant 
( <0.01) between T4, T5, T6 and CK, because dry 
matter in T4, T5 and T6 increased averagely by 
10.76%, 7.10% and 20.02% compared with CK 
(Figure 5). 

 

 Sugar-acid ra-
tio of T6 was 8.17, which increased by 22.49% com-
pared with CK, but was inferior to that in other treat-

ments, led to acidity accumulations in berries. Tan-
nins, phenols, and anthocyanins increased by 
33.33%, 66.67% and 131.65% respectively in com-
parison with CK, and a remarkable difference was 
found ( <0.01), which was beneficial to the accumu-
lation of aromatic flavor in berries. Berry appear-
ances (berry size, dry matter, ear mass), were not 
higher than that of CK. 

The phenols and anthocyanins in T4, T5 were 
higher, and the berry size and dry matter of T4, T5 
were higher than that of CK ( <0.05). The sugar-
acid ratio of T1, T2, T3 was up to 29.26, 18.95 and 
11.65 respectively, sweet taste of fruit was im-
proved. Wherein, tannins, total phenols and anthocy-
anins were also higher in T2 than in T6, resulting in 
a favorable fruit flavor. Berry appearances of T1, T2, 
T3 was lower than that of CK, but there was not sig-
nificant difference ( >0.05) (Table 3).  
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T2 
Total sugar 0.291 -0.896* -0.440 -0.697 

Tannins 0.313 -0.906** -0.419 -0.714 
Anthocyanins 0.294 -0.897* -0.437 -0.700 

T4 
Total sugar -0.942** -0.101 0.204 0.447 

Tannins 0.953** 0.134 -0.171 -0.416 
Anthocyanins 0.942** 0.101 -0.204 -0.447 

T5 
Total sugar 0.943** 0.170 0.920** -0.688 

Tannins -0.547 -0.734 -0.492 0.987** 
Anthocyanins 0.649 -0.858* 0.697 0.429 

SOD: superoxide dismutase. CAT: catalase. Pro: proline. MDA: malondialdehyde (the same below). *, **Significant at the 5 
and 1% levels of probability, respectively. 
 
 

Water stress is a vital environmental factor af-
fecting plants growth [25]. The accumulation of 
ROS is one of the biochemical responses of plants to 
water stress [26, 27], the antioxidant enzymes and 
osmoregulation were exhibited to be a defense 
mechanism for protecting plants and improving 
growth through scavenging ROS [28, 29]. 

 

The physiological and biochemical 
adaptations depended on severity of stress and the 
stage at which stress occurring [30, 31]. After slight 
water stress applied at the flowering stage, soil water 
content of 0-100 cm significantly reduced (Figure 2). 
Pro, was considered to be positively correlated with 
osmotic stress tolerance [32], and SOD activity be-
came higher and stable in grape berries, which pre-
vented the cell membrane peroxidation timely. 
Therefore, there was a decline in MDA content. The 
berry compositions (sugar, tannins, anthocyanins) 
was positively related with SOD activity, and was 
negatively related with MDA content (Table 4), in 
consequence, leading to sugar, tannins and anthocy-
anins content in grape berries increased along with 
the increasing activity of SOD and the decline of 
MDA content. Consistent with above findings, it was 
confirmed in previous studies that anthocyanins con-
centration was increasing effectively under water 
stress of early season [33], and higher total phenols 
appeared in berries under water stress at pre-veraison 
[34], with a strong correlation with antioxidant ac-
tivity (R2=0.98) [35]. Sweet taste and fragrant flavor 
of berries were achieved by balancing of the total 
soluble sugar, titratable acidity, and total phenols 
[36], as well as berry composition were enhanced 
[37]. 

SWC decreased continuously when severe wa-
ter stress occurred at the germination stage (Figure 
2). Since the 50th day of the enlargement stage, Pro 
content increased significantly, with a capacity of 
timely adjusting the osmotic potential, enhancing 

water retention in cells; in the light of CAT activity 
fluctuated greatly and stabilized SOD activity, which 
weakened the protection of cell membranes, MDA 
gradually increased to restrain the synthesis of anti-
oxidant enzymes scavenging sufficient ROS, this 
was not conducive to the integrity of cells (Figure 3) 
[38, 39]. At the ripening stage, the negative linear 
correlations between SOD and sugar affected the 
sugar accumulation in grape berries. Whereas, tan-
nins and anthocyanins were positively related to 
SOD, CAT, and were negatively related to the Pro, 
MDA, hence, the aromatic flavor of grape berries 
would be weakened by the rise of Pro and MDA con-
tents. 

SWC of the enlargement stage after severe wa-
ter stress of the flowering stage was strikingly higher 
than that of slight water stress, then decreased signif-
icantly at the ripening stage (Figure 2), it was shown 
that a transient “re-watering compensation” effect 
occurred after severe water stress of the flowering 
stage. The contents of Pro, MDA and SOD activity 
in grape berries after applying severe water stress in 
the flowering stage was lower than that of slight wa-
ter stress, resulted from the high SWC of the enlarge-
ment stage after severe water stress of the flowering 
stage (Figure 3). Such an observation was in parallel 
to earlier study that the antioxidant activities in-
creased under water stress [40]. Though anthocya-
nins synthesis pathway was affected by water stress 
at pre-veraison [41], the anthocyanins accumulation 
in grape berries commenced at veraison and contin-
ued throughout berry ripening [42, 43]. The sugar 
with regulatory function because of metabolic effect 
and osmotic stress [44, 45], and anthocyanins accu-
mulations along with the increase of SOD activity in 
grape berries, due to being closer to the positive cor-
relations with the activity of SOD (Table 4), there-
fore, the preferable berry composition was obtained. 
Certainly, there was another perspective that water 
stress at post-veraison inducing conveniently the de-
gree of water stress in terms of berry phenolic com-
positions and improving slightly berry anthocyanin 
concentrations [19, 34], and sugars existed in almost 
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whole stage of the plant, involved in seeding germi-
nation, photosynthesis, berry development and se-
nescence [46], the combination of soluble sugars, or-
ganic acids and their ratios largely determined the 
taste of plants [47], because lower sugar contents 
would translate into a higher acid content [48].   

 

The phenological stages of veg-
etative and reproductive growth at which water 
stress is applied obviously influenced grape berry 
growth and quality [49], plant responses of morpho-
logical, physiological, biochemical indicators to wa-
ter stress were reflected in all plant organs, including 
stems, leaves, and fruits [50]. In our study, the in-
creased tendency of high activity of SOD and high 
Pro content from the 10th to the 90th day of the en-
largement stage after severe water stress occurred at 
the germination stage (Figure 3), as well as the linear 
rising tendencies between the berry size and dry mat-
ter (Figure 6), led to the berry appearance enhanced 
with the increase of SOD activity and Pro content. 
Hence, Pro was regarded as a key signal of osmoreg-
ulation defenses though reducing cell osmotic poten-
tial and maintaining leaf cell turgor, resulting in 
growth improvement [51, 52]. When severe water 
stress was applied at the flowering stage, a high level 
of SOD and CAT activity, as well as the linear posi-
tively correlations between berry size and dry matter 

were in favor of the berry appearance (Figure 6) [53]. 
However, there was no consensus concerning the re-
lationships between berry size and wine quality. It 
has been demonstrated that the wine with deeper 
color was produced by smaller grapes [54], and the 
higher phenolic contents in smaller berries skin [55, 
17], encouraging vegetative development and attain-
ing larger berries [56]. Conversely, the indistinctive 
differences occurred between wines and smaller ber-
ries [57]. Our findings were not in agreement with 
earlier conclusions that severe water stress would be 
detrimental to berry quality due to a poor canopy de-
velopment and reduced leaf assimilation rate, ulti-
mately, leading to an inadequate vines capacity to 
ripen the berries [58], this may be related mostly to 
the variety of plants and the variance of water stress. 

The berry compositions with sweet taste and fa-
vorable aromatic flavor could be achieved when 
grapevines were subjected to slight water stress (60-
65% of FC) at the stage of germination, flowering, 
and enlargement, respectively. Nevertheless, berry 
appearance was not enhanced. Berry compositions 
and appearances were improved, including higher 
sugar acid ratio, total phenols, anthocyanins, as well 
as the increment of berry diameter, dry matter, and 
ear mass, after applying severe water stress (50-55% 
of FC) to the stage of germination, flowering, respec-
tively. 

 

 

The solid lines represent the best-fit linear regression for the grape berries. The P-values are denoted as * , ** , 
*** . 
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The solid lines represent the best-fit linear regression for grape berries. The -values are denoted as * , ** , 
*** . 

As a consequence, it was suggested that in re-
gions where water availability was limited, Merlot 
vines would be irrigated at the germination, flower-
ing, and enlargement stage with 60-65% of FC to 
maximize the berry compositions, and irrigated at 
50-55% of FC to enhance simultaneously berry com-
positions and appearances. 
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In regions with sandy soil texture and water 
scarcity, it is little to know the coupling effect of def-
icit irrigation with fertilization on soybean growth. 
The three combined effects of deficit irrigation (DI) 
and nitrogen fertilization (NF) on the leaf-level 
physiological and morphological parameters were 
identified. Irrigation was started once soil water con-
tent (SWC) was below 60% (T1), 50% (T2), 40% 
(T3), or 70% (CK) of field capacity (FC), respec-
tively; meanwhile, 54 kg N ha-1 (T1), 67.5 kg N ha-1 

(T2), or 81 kg N ha-1 (T3) was assigned at the begin-
ning of the blooming stage. The results showed that 
the net photosynthetic rate ( N) and leaf water use 
efficiency (LWUE) was highest in T3. The leaf area 
(LA), plant height (SH), and leaf fresh mass (LFM) 
of T1, T3 increased by 32.69%, 16.05%, 29.10%, 
14.93%, 62.49%, 71.43%, respectively, in compari-
son to CK. Relative water content (RWC, including 
leaf and pod) was lower in T1, T3 than in CK signif-
icantly, which was negative linear relationship with 
leaf water potential (ψw), and decreased continu-
ously across growth stage. Ultimately, the average 
pod dry mass (PDM) in T3, T1 was up to 1.93g, 
1.85g, CK just was 0.26g. Our results suggested that 
combination of 324mm irrigation and 54 kg N ha-1 
optimally elevated VG, and 81mm water combining 
with 81 kg N ha-1 coupling most favoured RG and 
dry matter accumulation (DM) in comparison to sin-
gle 405mm irrigation, maximizing the use efficiency 
of water, nitrogen and increasing vegetative growth 
(VG) and reproductive growth (RG). 
 
 

 
Gas exchange, Leaf morphology, Leaf water status, 
Nitrogen, Water stress. 
 
 
 
 

Due to its high protein, numerous mineral ele-
ments, and physiologically active substances that are 
beneficial to human health, soybean (  L. 
Merr.) is used as a vital source of quality protein and 
edible oil [1]. Soybean is popularly cultivated in the 
Horqin Sandy Land, located in the semiarid area of 
southeast Inner Mongolia, which was once severely 
desertified [2]. In this region, the frequency and 
amount of rainfall is considered to be a primary lim-
itation to plants growth, owing to its volatility. As a 
result, irrigation is greatly dependent on groundwa-
ter. But, excessive irrigation depletes groundwater 
reserve. The measurement of photosynthesis can be 
used as an index of metabolic response to water 
stress [3], when leaf gas exchange activity is limited 
due to stomatal or nonstomatal limitations [4]. An-
other response is manifested in growth development 
limitations  inhibition of cellular expansion 
needed for, leaf area development and main stem 
elongation [5], as well as in reduction in yield poten-
tial [6]. An effective irrigation regime conserving 
limited water could be achieved via a DI strategy, 
i.e., one that applies less water than required by 
plants for increasing growth and ensuring stability in 
yields [7]. Reducing irrigation during drought toler-
ance periods to stabilize growth and yield is the pri-
mary objective of DI [8]. Therefore, it was an urgent 
necessity to confirm the effect of DI on plant physi-
ological parameters. In previous studies, resistance 
to abiotic conditions was mainly expressed in sto-
matal morphology and dynamics [9]. Although the 
reduction in stomatal conductance occurred at 90 
days after the plants were subjected to WS with 50% 
FC, the plants remained alive [10]. Taking into ac-
count the intensity and duration of WS, a remarkable 
decrease was also observed in ψw and LRWC [11]. 
Furthermore, the decrease in photosynthetic effi-
ciency, stomatal and nonstomatal limitations, and in-
hibition of photochemical processes were strongly 
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induced by abiotic stress [12]. The decrease in pho-
tosynthesis was proportionally higher than the de-
creases in transpiration. Mycorrhizal plants had 
higher stomatal conductance and lower i than non-
mycorrhizal plants under low temperature stress, and 
the endogenous mycorrhizal was found widely in 
soybean [13]. 

Although the existence of water-soluble ferti-
lizer accounted for promotion of plant growth, high-
lighting the indispensable effects of fertilization on 
drought tolerance in beans [14], the response of soy-
bean to nitrogen fertilization remains controversial. 
Although biological N2 fixation is sufficient to gen-
erally meet the requirement of soybean, frequent ad-
ditions of NF show a remarkable yield response [15]. 
The N was strongly influenced by various rates of 
the supplemental NF application [16], and was in-
creased on average by 14-70% on NF application 
with 90-150 kg N ha-1 [17]. Additionally, application 
of high NF led to dramatically (24%) higher N than 
under low NF application [18], but the damage to 
photosynthesis of soybean generated by high NF ap-
plication was similar to nitrogen deficiency through 
reduced biosynthesis and functioning in the major 
photosynthetic components [19]. Limitation of nitro-
gen generated lower CO2 assimilation and reduction 
in photosynthesis [20], which was responsible for 
DM [21]. Meanwhile, leaf senescence, which affects 
the seed yield of soybean, has not been economically 
acceptable [22, 23], was mostly attributed to NF ac-
cumulated in the vegetative organs and redistributed 
to the seeds from the seeding to grain-filling stages 
of soybean [24], because its use efficiency was lower 
in China (30%) than in the rest of the world (40-
50%) [25]. NF application in China has exceeded 30 
million tonnes since 2013, and the input has sur-
passed 200 kg ha–1 for farming regions. Even if enor-
mous amounts of NF were required to obtain high 
protein seed in soybean for high yield, the balance 
between VG and RG growth against excessive veg-
etative development would be shifted by excess NF, 
ultimately delaying plant maturity [26]. Thus, appli-
cation of reasonable amounts of NF in agricultural 
fields is suggested strongly [27]. 

The stages from branching to grain-filling in 
soybean require more water, while the blooming 
stage is determined as the peak phase for assimilat-
ing nitrogen. Although the response of soybean 
growth and physiological processes to either NF or 
DI have received considerable coverage in the scien-
tific literature, few studies have examined whether 
three given extreme coupling of DI and NF, includ-
ing the slight deficit irrigation(LDI) plus the lowest 
nitrogen fertilization(LNF); the moderate deficit ir-
rigation (MDI) plus the moderate nitrogen fertiliza-
tion (MNF); the severe deficit irrigation (SDI) plus 
the highest nitrogen fertilization (HNF)), in compar-
ison to normal irrigation, would be in favour of VG 
and RG of soybean. Therefore, the objectives of our 
study were to: (1) explore whether VG and RG of 

soybean could be promoted for maximizing the use 
efficiency of water and nitrogen by the physiologi-
cal-morphological (leaf-level) responses; and (2) de-
termine the optimal regime of DI and NF coupling to 
achieve the goal of saving water and increasing pro-
duction in the Horqin Sandy Land. 
 
 

 This study was carried out 
at the Naiman Desertification Research Station of 
the Chinese Academy of Sciences (42°58′N, 
120°43′E; 360 m a.s.l.) in May-October 2017, lo-
cated in the eastern part of Inner Mongolia, China. 
Naiman, as a remarkable desertification-threatened 
area with gently undulating dunes in the southwest 
of Horqin Sandy Land, has a continental semiarid 
monsoon climate. The experimental site, with sandy 
soil texture sensitive to wind erosion, has a mean an-
nual precipitation of approximately 360 mm, an an-
nual mean evaporation of around 1,950 mm, and an 
annual mean temperature of 6.4°C, of which mini-
mum monthly average temperature of -13.5°C oc-
curred in January and the maximum of 23.8°C in 
July. In addition, there was a northwest orientation 
of wind in winter and a southwest to south direction 
in summer and autumn, with an average annual wind 
velocity ranging from 3.2 to 4.1 m s-1. Soil organic 
carbon content, pH (1:2.5 water), and electrical con-
ductivity (1:5 water) at 0-30cm depth before planting 
were 2.48g kg-1, 9.23, 62.73 μS cm-1, respectively. 
The field capacity was 12.77%. The geographical lo-
cation of experimental site was shown in Figure 1. 

 
 The experiment was ar-

ranged as a randomized split-plot design with four 
treatments, each treatment accommodated three 
plots, which were T1, T2, T3 and CK respectively 
(Figure 2a). Combinative application of DI and NF 
was performed. 70% of FC was regarded as an irri-
gation threshold maintaining plants normal growth, 
and plants were in regulated deficit irrigation once 
irrigation threshold was below 70% of FC. There-
fore, four treatments with three replications were 
used for the trial, T1 was the combination of LDI 
(the highest irrigation amount) and LNF, T2 was the 
combination of MDI and MNF, and T3 was the com-
bination of SDI (the lowest irrigation amount) and 
HNF. In addition, CK was designed as normal irri-
gation with no NF application. The specific schemes 
concerning DI and NF application were in following: 
T1, irrigated when SRWC (soil relative water con-
tent, similarly hereinafter) was below 60% of FC, 
and 54 kg N ha-1 was applied at the beginning of the 
blooming stage. T2, irrigated when SRWC was be-
low 50% of FC, and 67.5 kg N ha-1 was applied at 
the beginning of the blooming stage. T3, irrigated 
when SRWC was below 40% of FC, and 81 kg N    
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ha-1 was applied at the beginning of the blooming 
stage. CK, irrigated when SRWC was below 70% of 
FC, and no NF was applied.  

The irrigation system was composed of well, 
filter, water meter, water pipe and the valves. Water 
was applied with one pressure-compensated emitter, 
Groundwater for irrigation was measured continu-
ously by the flowmeters, with a water-supplied pres-
sure of 0.2MPa. All treatments received fully uni-
form irrigation at the seeding phase. DI started from 
the branching stage and the irrigation quota was 270 
m3 ha-1, so each plot (4m2) was irrigated by 27mm, 
and each treatment (three plots) was irrigated by 
81mm totally when SRWC of every treatment was 
below each deficit irrigation threshold. Urea (con-
taining 46% of N) was used as the NF and was ap-
plied in spade slits to avoid loss over the surface, and 
was sprinkled near the roots of soybean to assure it 
was fully absorbed by plants. FC and soil bulk den-
sity were measured before seeding, where FC was 
12.77% and soil bulk density was 1.66 g cm-3. Irri-
gation date, amount, and accumulation were pre-
sented in Table 1, in other growth periods of soy-
bean, SRWC of all treatments were above the irriga-
tion threshold, and need not to be irrigated.  

The size of every plot was 
2m×2m, and the total experimental area was 130m2 
(13m×10m). Soybean (  L. Merr.) cv 
'Mengdou 33' was chosen as the tested cultivar and 
is widely planted in the experimental area. The ex-
perimental site had an east-west orientation and 
grapes were aligned north-south. Soybean density 
was 30 seeds m−2, and seedlings were thinned to the 
final density of 21 seeds m−2. Each plot consisted of 
seven rows of planted soybeans and six plants every 
row, the with row space of 2 m and spacing of 2.5 m 
between soybeans of each row (Figure 2b). The bor-
der rows of a plot were avoided in the sampling, to 
maximise accuracy. The spacing of 1m between each 
plot was provided for minimizing water movement 
among treatments, and a buffer channel of 1.0 m 
width was provided on the neighborhood of experi-
mental fields to avoid edge effects. The field was 
plowed, harrowed in preparation for 6 days before 
sowing. Seeds were hand-planted on 27 April and 
harvested on 5 September in 2016, and weeds were 
removed manually from the inter-row spaces. Except 
the DI and NF, other agronomic measures, including 
pest control, potassium and phosphorous fertiliza-
tion, were applied uniformly for each treatment as 
the local experiences. 
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T1 60% of 
FC − 81 − 81 − 81 − 81  × 324 

T2 50% of 
FC  ×  × − 81 − 81  × 162 

T3 40% of 
FC  ×  ×  × − 81  × 81 

CK 70% of 
FC − 81 − 81 − 81 − 81 − 81 405 

Note: refers to SRWC was above the irrigation threshold, and need not to be irrigated. − refers to SRWC was below the irrigation threshold, 
and need to be irrigated. × refers to no irrigation. 

The SWC at 10, 20, 40, 60, and 80 cm depths of each 
plot were measured manually by the oven-dry 
method from branching to podding stages, and at 
added observation intervals for 7 days before and af-
ter irrigation. The specific sampling method was as 
follows: two points were selected randomly in each 
plot, soil in each point was sampled at 0-20 cm, 20-
40 cm, 40-60 cm, and 60-80 cm. The soil layers were 
packed into aluminium specimen boxes, and put into 
the oven at 105°C for 12 h until constant weight was 
reached, and then the aluminium specimen box and 
dry soil weight were weighed. The SWC was calcu-
lated ultimately using the following formula: 

SWC = (wet soil weight - dry soil weight) / dry 
soil weight ×100% 

SRWC= SWC/FC×100% 

The gas exchange-related parameters 
of leaves ( N; s; i; ) were measured simultane-
ously in the blooming to grain-filling stages at seven-
day intervals for six random leaves per plot. On a 
sunny morning from 09:00 to 10:00 h, the fully ex-
panded youngest leaves, totally exposed to sun, were 
selected and a portable photosynthesis system (LI-
6400, Li-COR Inc., USA) was used for measure-
ments. Instantaneous water use efficiency (LWUE) 
was calculated as N/ .

The rate at which the chamber pressure in-
creased, for measurement of ψw, was too high, 
thereby influencing data accuracy. Therefore, meas-
urement of increasing repetition times for each treat-
ment (in the present study, each treatment was meas-
ured 18 times) minimized the error. The six youngest 
fully-expanded leaves (fourth to fifth node from the 
top of main stem) per plot were taken every two days 
during the grain-filling stage, wrapped immediately 
with aluminium foil, and placed in small polyeth-
ylene bags during cutting. The bags were then sealed 
and placed in dark containers with ice. using a pres-
sure chamber at a pressurization rate of 0.05 MPa s-

1 to determine ψw, the leaf petiole was sealed in the 

pressure chamber, the pressure reading was immedi-
ately recorded when the xylem sap appeared on the 
cut surface when the chamber was gradually pressur-
ized.  

Three soybeans growing well were tagged ran-
domly in each plot for measuring LA of nine ex-
panded fresh leaves and measuring SH from the 
ground surface. Leaf length and width were meas-
ured on the same day using a tape, at an interval of 
seven days. The regression of LA was following: 

LA = k × leaf length × leaf width 
Where, k is the shape coefficient, determined as 

0.75.  
Ultimately, the mean LA and SH from three re-

peated plots of every treatment was regarded as the 
LA and SH of four treatments, separately. 

During the podding stage, every two days ten 
fully expanded fresh leaves and ten fresh pods from 
each plot were randomly chosen and were removed 
carefully from the petioles (pods were removed from 
stems) to minimize solute leakage on the cut surface, 
the entire leaf and pod had to be packed respectively 
into the valve bag immediately and weighed as the 
total leaf fresh mass (LFM) and pod fresh mass 
(PFM) of each plot. Thereafter, a water-containing 
plastic tube was used to place the fresh leaf and pod 
in a closed container, in which the air was saturated 
by keeping wet tissue paper around the inner wall to 
maintain high relative humidity. The turgid weight 
was measured after 24 h and dry weight were 
recorded as the total leaf dry mass (LDM) and pod 
dry mass (PDM) each plot after drying for 24 h in an 
oven at 80°C until constant weight. LRWC and 
PRWC were calculated by the following equation:  

RWC (%) = (FM–DM) / (Turgid weight–DM) 
× 100. 

Meanwhile, five fully expanded fresh leaves 
from each plot were taken from petioles (reserved 
petioles length 4-6 cm) at random, packed into the 
dark containers with ice for measuring ψw. 

Data were expressed as 
means of the three replicates with standard errors, 
using SPSS software. The statistical differences 
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among treatments were evaluated by a one-way 
ANOVA and by the least significant difference 
(LSD) at the 5% probability level. The standard de-
viation (SD) among gas exchange-related parame-
ters of treatments were analysed by Tukey's test ( < 
0.05).

SWC lowered a minimum 
in the blooming stage, and increased rapidly from 
blooming to podding stages in the 0 to 40 cm and 0 
to 80 cm soil layers (Figure 3 , 3 ). The recovery 
timing of T3 lagged behind other treatments by ap-
proximately one week. SWC peaked at podding 
stage, in the subsequent stage, the indistinctive dif-
ference was confirmed between T3 and T1, T2. The 
average fluctuation levels of T1, T2, T3, and CK in 
the 0 to 40 cm soil layer were greater than those of 
the 0 to 80 cm soil layer (Figure 1 1 ). SWC of 
CK realized the largest in the podding stage, and was 
significantly different compared to T3 ( <0.05).  

In 
stages from blooming to grain-filling, N and LWUE 
obviously increased in all treatments, while i and  
fell significantly. The variation in N with T3 > T1 > 
T2 > CK was explored, and significant differences 
existed between T3 and T1, T2, as well as CK, re-
spectively. The s of T1, T2 increased firstly from 

blooming to podding stage, then decreased obvi-
ously, which was the opposite of T3. However, the 

s in CK showed a successive decline. From bloom-
ing to grain-filling stage, all gas exchange-related 
parameters were greater in T1, T2, and T3 than in 
CK, which revealed a significant difference ( <0.05) 
compared to CK (Table 2).

During the blooming and podding stage, a re-
markable difference ( <0.05) in N, s, and  was 
observed between T1, T2, T3 and CK, respectively. 
At the podding stage, the difference in s between T1 
and T3 was significant ( <0.05). N, s and  in T3 
were maximal at the grain-filling stage, and exhib-
ited a significant extremely difference ( <0.01) in 
comparison to other treatments (Table 2).  

RWC were smaller in T1, T2, and T3 than in 
CK, and had an extremely remarkable difference 
( <0.01) compared to CK in LRWC (Figure 4 ). A 
decrease was demonstrated in RWC of T1, T2, and 
T3, but there was no significant difference among 
them in the grain-filling stage (Figure 4). However, 
the extent of the decrease in LRWC was significantly 
higher than that of PRWC. The LRWC of CK signif-
icantly increased across the grain-filling stage, but 
PRWC decreased steadily (Figure 4 ). 

The ψw increased continuously at the grain-fill-
ing stage, yet the differences were not significant 
( >0.05) among treatments (Figure 5). The decline 
in LRWC and PRWC of T1, T2, and T3 presented as 
above. Meanwhile, ψw and LRWC exhibited a posi-
tive closely linear correlation in T1, T2, and T3 (Fig-
ure 6), but the inversely proportional relationships 
was found between ψw and LRWC in CK. 

 

 
 

The error bar represents the standard error.  
T1: soybean was stressed at 60% of FC throughout the growing season, and 54 kg N ha-1 was applied at the beginning of the blooming stage. 
T2: soybean was stressed at 50% of FC throughout the growing season, and 67.5 kg N ha-1 was applied at the beginning of the blooming stage. 
T3: soybean was stressed at 40% of FC throughout the growing season, and 81 kg N ha-1 was applied at the beginning of the blooming stage. 
CK: soybean was irrigated at 70% of FC throughout the growing season, and without NF application. DI: deficit irrigation. NF: nitrogen 
fertilization (the same below). SWC: soil water content. 
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T1 10.46 ± 3.79b 0.71 ± 0.09a 317.59 ± 13.31a 12.96 ± 0.69a 0.81 ± 0.26a 
T2 9.23 ± 3.73b 0.73 ± 0.12a 322.25 ± 15.80a 12.97 ± 0.53a 0.71 ± 0.29b 
T3 11.68 ± 3.15a 0.77 ± 0.07a 314.92 ± 9.60ab 13.14 ± 0.81a 0.89 ± 0.23a 
CK 6.24 ± 3.01c 0.48 ± 0.17b 325.14 ± 8.42a 10.63 ± 3.16b 0.59 ± 0.11c 
T1 16.31 ± 5.65b 1.56 ± 0.69a 297.48 ± 35.91a 9.51 ± 1.20a 1.69 ± 4.67b 
T2 15.11 ± 6.08b 1.06 ±1.99a 294.41 ± 34.79a 9.03 ± 2.53a 1.66 ± 4.69b 
T3 17.49 ± 4.12a 0.53 ± 0.10b 279.35 ± 12.26b 9.67 ± 1.54a 1.80 ± 4.55a 
CK 11.48 ± 6.43c 0.32 ± 0.22c 276.55 ± 29.76c 6.97 ± 3.40b 1.61 ± 4.91b 
T1 20.06 ± 4.35b 0.45 ± 0.27b 290.15 ± 51.98b 7.96 ± 1.98b 2.51 ± 0.61b 
T2 18.84 ± 5.03c 0.45 ± 0.33b 274.26 ± 60.71c 7.55 ± 2.85b 2.50 ± 0.66b 
T3 22.40 ± 4.22a 0.66 ± 0.36a 306.46 ± 51.38a 9.96 ± 1.44a 2.29 ±0.65bc 
CK 16.95 ± 8.04d 0.26 ± 0.25c 220.21 ± 40.74d 5.25 ± 2.80c 3.18 ±0.53a 

i: intercellular CO2 concentration. DI: deficit irrigation. : the transpiration rate. s: stomatal conductance. LWUE: leaf water use efficiency. 
N: net photosynthetic rate (the same below).  

Data are means ± SD (n=9) based on tukey's test ( <0.05). Difference between data of each column is denoted by the letter. 
 

 
 

Error bars represent the standard error of means. 
LRWC: leaf relative water content. 
PRWC: pod relative water content. 

Error bars represents the standard error of means.  
ψw: leaf water potential. 

 

 

The ( ), ( ), ( )and ( ) represents respectively the T1, T2, T3, and CK.  
The P-values are denoted as **  < 0.01.  

Ψ

Ψ
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Error bars represent the standard error of means.  
The ( 1) and ( 1) represents separately the LA and SH variation in stage of branching to podding.  
The bar represents the standard error.  
LA: leaf area. SH: plant height. 

 
 

Error bars represent the standard error of means.  
LDM: leaf dry mass. LFM: leaf fresh mass.  
PDM: pod dry mass. PFM: pod fresh mass.  
 

 Taken together, 
average SH and LA increased continuously by high 
growth rate until the podding stage (Figure 7). From 
branching to podding stages, the average SH and LA 
was in line with T1>T3>T2>CK (Figure 7 1,7 1). 
Differences among T1, T2, and T3 were unremarka-
ble. In contrast, the extremely significant differences 
( <0.01) appeared between T1, T2, T3 and CK, 

which continued to increase across growth phase. 
Although the LA and the SH of T3 were lower than 
that of T1, they increased rapidly by 58.37% and 
56.90%, respectively, and were ultimately higher 
than that in other treatments after the flowering 
stage. On average, the LA and the SH of T1, T3 in-
creased by 32.69%, 16.05%, 29.10%, 14.93%, re-
spectively in comparison to CK. 
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LFM, PFM, LDM, and PDM at the grain-filling 
stage increased steadily, corresponding with T3 > T1 
> T2 > CK (Figure 8). Highly significant differences 
( <0.01) were found between T1, T2, T3 and CK, 
while T3 and T2 were significantly different 
( <0.05). The average LFM of T3 was higher than 
that of CK, T1, and T2, by 71.43% ( <0.01), 7.01%, 
and 13.16% ( <0.05), respectively (Figure 6 ). 
Meanwhile, average PFM in T3, T1 increased by 
95.24%, 82.65%, respectively, compared to CK 
(Figure 8 ). 
 
 

 
Water stress is regarded as one of most vital 

abiotic indices limiting photosynthesis, thereby af-
fecting plant distribution and yield [28], and soybean 
is considered to be highly susceptible to water short-
age. In addition, plant physiological, morphological 
parameters and growth are remarkably affected by 
either the application or efficiency associated with 
mineral nutrients, wherein nitrogen requirements re-
main the highest for plants [29], primarily soybean.  

Compared with NI (70% of FC) without NF, 
photosynthesis was improved in the DI and NF cou-
pling, which was attributed to both stomatal and non-
stomatal limitations (Table 2). When HNF (81 kg N 
ha-1) was applied at the blooming stage in SDI (40% 
of FC), photosynthesis in soybean improved signifi-
cantly [30] and reached a maximal peak, compared 
to MDI and LDI. However, during the stage from 
flowering to grain-filling, photosynthesis and 
LWUE increased, i and  continuously declined.

Nitrogen primarily exists in leaves. There is 
generally a close relationship between nitrogen and 
photosynthesis [31]. The N decreased with the re-
duction in NF amount applied [32], which was di-
rectly associated with stomatal opening and closure 
[33]. NF supply in WS would enhance drought re-
sistance in plants by reducing stomatal density and 
[34]. Based on SDI (40% of FC) with HNF level (81 
kg N ha-1), photosynthetic capacity was influenced 
by non-stomatal factors, because reduction in sto-
matal conductance, i, and  were contrary to N 
(Table 2). The decrease in internal CO2 availability 
and photosynthesis in WS with no NF was responsi-
ble for the reduction in stomatal conductance [35]. 
Hence, NF was determined as a non-stomatal factor 
improving N, resulting from the lowest SWC and 
maximal NF application in the current phase. This 
conclusion was expressed as the strongest photosyn-
thetic capacity at the SDI level (40% of FC) with 
HNF (81 kg N ha-1) application, and was in accord-
ance with the study that photosynthesis can be max-
imised by optimal distribution of nitrogen [36]. 
However, elevated CO2 was also found to enhance 

leaf photosynthesis in soybean [37], and the reason 
for the reduction in N under WS was the decreased 
CO2 supply through the stomata to the mesophyll 
cells [38]. Moreover, under LDI (60% of FC), MDI 
(50% of FC) from blooming to grain-filling stage, 
the invariable decline in i, , and the non-signifi-
cant differences in SWC between the two conditions, 
resulted in the increase in photosynthesis, which was 
caused by the nonstomatal factor, e.g. NF (Figure 3, 
Table 2), and previous studies showed that nitrogen 
deficiency decreases photosynthesis [39]. As shown 
above, optimal availability of fertilization is highly 
correlated with the specific stage that demands nu-
trients [40].  

Previous research 
has suggested that abiotic or biotic constraints 
strongly determine the growth response to nitrogen 
in soybean, wherein high N and abundant accumu-
lation of nitrogen in seeds are necessary to maximize 
VG. WS, as a vital abiotic element, critically af-
fected growth and DM [41] by earlier blooming [42], 
flower or pod abortion, and reduction in seed number 
and mass [43]. What’s more, leaf area index and bi-
omass of plants are affected significantly by tempo-
rary water and nitrogen shortage [44]. In our study, 
the DI and NF coupling was observably beneficial to 
morphological parameters, VG, RG, and DM in soy-
bean. SH, LA, LM, and PM were prominently higher 
than that of NI (70% of FC) (Figure 7, 8). VG of soy-
bean was maximal under LDI (60% of FC) with LNF 
(54 kg N ha-1) application, which appeared to be an 
insignificant difference compared with that of MDI 
and SDI. Under SDI (40% of FC) with HNF (81 kg 
N ha-1) application, RG and DM were maximal (Fig-
ure 3). Hence, in contrast with the conventional wa-
ter management methods in fields, the present study 
achieved growth and development of soybean and 
higher use efficiency of water and nitrogen, corre-
sponding with the result that much lower amounts of 
water and nitrogen were required for VG and RG 
[45]. Mycorrhizal plants often show significantly 
higher LRWC in NI than in DI (Figure 2). On one 
hand, soybean growth required adequate water after 
NI; on the other hand, loss of water in leaves reduced 
because s decreased, leading to a decrease in  from 
blooming to grain filling stage. Due to the water con-
sumption in VG and RG stages, LRWC reduced 
gradually under DI, resulting in a decrease of leaf 
transpiration. The magnitude of the decrease in 
LRWC was significantly higher than that in PRWC. 
In addition, the RWC and ψw were used as the direct 
measures of the plant water status [46], wherein ψw 
was a well-established variable measuring produc-
tivity and the plant water content for irrigation 
scheduling [47]. This was consistent with our study 
that there were significant linear correlations be-
tween LRWC and ψw, indicating that LRWC was 
closely associated with ψw, and ψw increased with the 
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decrease in LRWC (Figure 6) under DI. The increase 
of ψw across the growth stages was mainly attributed 
to SWC increasing from blooming stage (Figure 3), 
but the decline of LRWC was responsible for NF ap-
plication, which enhanced N and  (Table 2), as 
well as VG and RG (Figure 7, 8), which consumed 
large quantities of water, eventually leading to a 
great improvement in WUE. This was inconsistent 
with a previous conclusion that ψw was decreased by 
NF supply and was sensitive to stomatal change [48]. 
The ψw represented an increasing characteristic in NI 
level (70% of FC) and was proportional to changes 
in LRWC. This could likely due to lower water con-
sumption with high LRWC, resulting from low N, 

 (Table 2) and slow VG, RG (Figure 7,8). Under 
DI, the roots produced chemical signals, such as in-
creased abscisic acid concentration and pH of xylem 
sap, which transported to the leaf through the tran-
spiration stream, regulating stomatal opening and 
leaf growth [49]. Although VG and RG mainly de-
pend on the photosynthetic capacity, there have been 
numerous correlations between photosynthesis, VG 
and RG [50]. In present study, enhancement of leaf 
photosynthetic capacity led to higher DM of soy-
bean, owing to improvement in N and new branch 
contributed to nitrogen [51], and LWUE increased 
observably, which was advantageous to the VG and 
RG of soybean. The SH and LA were increasingly 
higher in the DI and NF combination than in NI 
(70% of FC), because growth-promoted efficiency 
increased across the growth stages.

Photosynthesis is an essential physiological 
process for DM [52]. Noteworthy interaction effects 
of water and fertilization on photosynthesis have 
been demonstrated [53]. LA is associated with leaf 
growth, which would increase by improved photo-
synthesis, resulting from the application of NF [54]. 
Averagely, LA increased linearly across the growth 
stages, and presented maximal growth rate from 
blooming to podding stage (Figure 7 1), but LA re-
duced from the podding stage (Figure 7 ), which 
was likely due to the transformation from VG to RG. 
Average SH and LA were less in SDI (40% of FC) 
than in LDI (60% of FC), which may be mainly at-
tributed to the postponement of SWC recovery at the 
blooming stage, but they increased rapidly beginning 
from the late blooming stage, resulting from the ni-
trogen maximum in SDI (40% of FC) from blooming 
to podding stages, confirming the crucial role of NF 
for VG (Figure 7). The LM and PM also significantly 
increased after combined application of DI and NF. 
However, they decreased when soybean was ex-
posed to DI alone at the blooming stage [55]. During 
the entire growth cycle after irrigation on 17 July, no 
remarkable differences in SWC were observed 
among the three levels of DI, but NF and photosyn-
thesis under SDI (40% of FC) were greater than that 
in LDI (60% of FC), which provided nutrients for 
VG and RG of soybean. Ultimately, LFM, LDM, 
PFM, and PDM of soybean under SDI (40% of FC) 

were higher than that under LDI (60% of FC) at the 
grain-filling stage, and at the beginning stage of ma-
turity. The percentage of DM in soybean reached 
higher than 30% [56]. Certainly, senescence, insect 
damage, and freeze injury can also influence LDM, 
as well as the nitrogen mobilization and water avail-
ability. However, the percentage of DM during dif-
ferent growth stages was beyond the scope of this 
study. This needs to be elucidated in future studies.

In summary, improvement in gas exchange-re-
lated parameters ( N, s, i, and ) of soybean could 
be achieved, induced by the DI and NF coupling. 
The maximal N occurred when HNF (81 kg N ha-1) 
was applied during the blooming stage in SDI (40% 
of FC). Emergence of higher VG and RG were also 
attributed to the interactive effects of DI and NF, in 
comparison to single NI. Among those, the greatest 
VG could be responsible to LDI (60% of FC) with 
LNF (54 kg N ha-1). When soybean was exposed to 
SDI (40% of FC), and adding the highest NF amount 
(81 kg N ha-1) at the beginning of the blooming stage 
in the scope of deficit irrigation (SRWC was below 
70% of FC), maximal RG and DM were attained, 
whereas LRWC and PRWC were lower in DI than in 
NI (70% of FC). These results suggested that from 
the perspective of water-saving, highest reproduc-
tive growth of soybean could be also attained by in-
creasing deficit level and adding more nitrogen fer-
tilizer in the blooming stage. Certainly, maximizing 
the use efficiency of nitrogen fertilizer via irrigating 
highest water is capable of attaining the peak of veg-
etative growth. 
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In this study, a new method (Artificial Neural 

Networks) to estimating some population parameters 
of Tigris loach (  (Heckel, 
1843)) collected between 2014 and 2015 in 14 dif-
ferent stations from Karasu River (East Anatolia, 
Turkey). The total length and weight of the species 
ranged from 62 to105 mm and from 1.7 to 10.9 g for 
females and 65 to 100 mm and from 2.4 to 9.8 g for 
males, respectively. The new maximum length for 

 was found to be 105 mm in this study. The 
length-weight relation of  was carried out 
with artificial neural networks (ANNs) and length-
weight relationships (LWRs). The results obtained 
were compared. Length-weight relationships of 

 were found as W=0.0049*L3.29, R2=0.95 for all 
individuals. According to these values, the growth 
type of this species was positive allometric (b>3) for 
all individuals. Regression analysis showed that fish 
length has high significant correlation with weight 
(R=0.97, R2=0.95, F1,185=31930.3, P<0.001). Ac-
cording to the comparison of the results obtained 
with MAPE (%), ANNs provide better results than 
the LWRs. The results of this study could give useful 
insight that ANNs can be evaluated as an alternative 
for length-weight relation estimation. The condition 
factor values (min-max) were observed as 0.680-
1.239 for females and 0.699-1.074 for males. No 
studies have been done before on this species popu-
lation parameters. 
 
 

Artificial neural networks, , an al-
ternative method, length-weight relation, Karasu River 

Nemacheilid loaches of the genus 
 are common fishes all over the Middle 

East. There are 58 available species-group names 
and 41 species are recognized here as valid [1]. 

, the Tigris loach, is a species of 
stone loach from the genus  [2]. 
This critically endangered species is endemic to the 
Queiq River in Turkey where it occurs ins a short 
stretch of stream between two reservoirs. It formerly 
occurred in Syria but it has been local extinction 
from the Syrian portion of the Queiq. This species is 
threatened by water abstraction and the increased 
frequency of droughts caused by climate change, 
most of the Queiq has already been desiccated. It is, 
however, abundant in the area it is known from 
where it can be found in reaches of gravel or mud 
substrate with moderately fast flowing to near stand-
ing water [3]. Also  was rec-
orded from Kapozik Kadur Hakkari, upper Tigris 
drainage [4]. 

ANNs have been used in differ branches of 
aquatic science and biology more than other sciences 
[5]. ANNs models estimate the distributions of de-
mersal fish species [6], estimating the water quality 
and monthly biologicial oxygen demand [7], fore-
casting streamflow data [8], determining some mor-
phologicial characterictics of crayfish [9], estimating 
the existences of small fish in a river [10], estimating 
aquatic macro-invertebrate varieties [11], predicting 
population dynamics of aquatic insects [12], estimat-
ing and spatially mapping freshwater fish and assem-
blies of decapods [13] and forecasting population 
dynamics of fish species [14, 15]. Many authors re-
ported that ANNs gave better results than other 
methods [5, 15-18]. LWRs methods used in many 
scientific studies may be insufficient for scientific 
work [6]. ANNs is an alternative method for other 
methods in non-linear situations for predict model-
ing [13].  

This study is the first record ANNs as a new 
and alternative approach to predicting basic biologi-
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cal characteristics for  in Karasu River. Pre-
dicted and observed values are compared by Mean 
Absolute Percent Error (%). 

The study area, which is in the 
tributary of Karasu River (Yeşildağ stream 
(40º08'13''N 41º25'49''E), Yeşildere stream 
(40º08'21''N 41º24'25''E), Köşk stream (40º05'45''N 
41º24'48''E), Ağasuyu stream (39º59'35'N 41º08' 
56''E), Sincan stream (39º59'40''N 41º07'21''E), 
Çiğdemli stream (39º58'18''N 41º01'23''E), Han 
stream (39º56'53''N 40º46'08''E), Taşağıl stream 
(39º57'44''N 40º34'40''E), Karataş stream (39º56' 
13''N 40º07'51''E), Büyükgözenin stream (39º56' 
39''N 40º15'03''E), Deliçay stream (39º38'08''N 
39º20'18''E), Karnı stream (39º40'24''N 39º13'34''E), 
Eriç stream (39º30'36''N 38º53'14''E) and Kırık 
stream (39º29'23''N 38º44'37''E)) (Figure 1).  

 
Fish samples were 

transported to the laboratory and fixed with 5% for-
maldehyde. Fish samples were measured for total 
length, (TL, in mm) fork length (FL, in mm) and 
standard length (SL, mm) and total weight (W, in g) 
and sexes determined by macroscopic observation of 
gonads; sex ratios were checked with a chi-square 
test as to whether the ratio differed from 1:1.  

 
The total 

length-weight relationship was calculated using the 
equation: W = a*Lb, where W is weight (W), L is 
total length (TL), a is the intercept, and b is the slope. 
The degree of association between the variables was 
computed by the determination coefficient, R2 [19]. 

 

Length-length 
relationships were calculated using linear regression 
analysis. LLRs were measured as FL=a+bSL, 
SL=a+bTL and TL=a+bFL equations in all individ-
uals [20].

 
The condition factor 

values of fish are obtained with this formula: 
CF = (W / TLb).100 
Where W is total weight; TL is total length and b is 
the coefficient of allometric of relationship [21].  

All data were formed with statistic analyses us-
ing the Excel 2013 and IBM SPSS package version 
24 for Windows.

Artifi-
cial neural networks (ANNs) are biologically in-
spired computer programs designed to adapt the way 
the human brain processes information. ANNs add 
their information by determining the patterns and re-
lationships in data and learn (or are trained) through 
experiment, not from coding. An ANN is consist of 
hundreds of single units, artificial neurons or pro-
cessing elements (PE), related to factors (weights), 
which create the neural structure and are organized 
in layers. The power of neural computations turns up 
linking neurons in a network. The behavior of a neu-
ral network is designated by the transfer process of 
its neurons, by the learning rule, and by the architec-
ture itself. The weights are the regulatable parame-
ters and, in that sense, a neural network is a parame-
terized system. The sum of the weights of inputs 
composes the activation of neurons. The activation 
signal is taken place transfer function to generate a 
single output of the neuron. Transmission process in-
troduces non-linearity to the network. Throughout 
the course of the training, the connections are opti-
mized until you reach the minimum and the best ac-
curacy of the error. After the network is trained and 
tested, new data for output can be displayed [22].
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This model is an interrelatedness group of arti-
ficial neurons that process information in parallel. 
Usually, an ANN is an adaptive system that changes 
its structure based on external or internal information 
that flows through the network during the learning 
phase. Briefly summarized, neural networks are non-
linear, statistical, data-modeling tools used for mod-
eling complex relationships between inputs and out-
puts, or to find patterns in data [23]. Basically, there 
are 3 different layers in a neural network: 

1. Input Layer (All the inputs are fed in the 
model through this layer) 

2. Hidden Layers (There can be more than one 
hidden layers which are used for processing the in-
puts received from the input layers) 

3. Output Layer (The data after processing is 
made available at the output layer) [24]. 

The mathematical equation of the neuron 
model is seen in equation.  

 

• i( ) is output value in discrete time  
• is a transfer function,  
• i( ) is weight value in discrete time 

where goes from 0 to ,  
• i( ) is input value in discrete time where 

goes from 0 to  
•  is bias 
MAPE was used to compare ANNs and other 

methods. The smaller the MAPE values, the closer 
are the predicted values to the actual values [17]. 
MAPE is as follows equality: 

=the actual observation value, =the differ-
ence between the actual value and the prediction 
value, =the number of total observations. 

Neural Network Toolbox of MATLAB (Ver 
R2016a) was used for ANNs calculations. Samples 
(187 ) were caught between 2014 and 2015 
by electroshocker from Karasu River. Processes in 
MATLAB are made up of three parts. These are 
“training”, “testing”, and “validation”. They were 
used randomly: 70% in training, 15% in testing, and 
15% in the validation [18].  

 
 

 
A total of 187 individuals of  (86 fe-

male, 82 male and 19 undetermined) were collected 
during the study. The female/male ratio was found to 
be 1 to 1.049. Females ranged from 62 to 105 mm in 
total length (TL) and 1.7 to 10.9 g in weight (W). 
Males ranged from 65 to 100 mm in TL and 2.4 to 
9.8 g in W. The difference in the lengths of females 
and males were not statistically important (Student t-
test, p>0.05). The total length–frequency distribu-
tion by sex is given in Figure 2.  

The length and weight measurements, number 
of individuals (n), regression parameters a and b of 
the LWRs, 95% confidence intervals of b coeffi-
cients of determination (R2) and condition factor 
(CF) of the were given in Table 1. Length-
weight relationships of  were found as 
W=0.00007*L3.03, R2=0.93, SE of b=0.0125 and 95 
% confidence intervals of b=3.019-3.363, t-test 
P<0.05 for undetermined; W=0.0069*L3.13, R2=0.92, 
SE of b=0.0057 and 95 % confidence intervals of 
b=2.934-3.195, t-test P<0.05 for females; 
W=0.0077*L3.09, R2=0.91 SE of b=0.0055 and 95 % 
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confidence intervals of b=2.881-3.104, t-test P<0.05 
for males and W=0.0049*L3.29, R2=0.95 SE of 
b=0.0040 and 95 % confidence intervals of b=3.166-
3.504, t-test P<0.05 for all individuals (Figure 3). 
According to these values, the growth type of this 
species was positive allometric (b>3) for all individ-
uals and isometric growth (b=3) for undetermined, 
females and males. Regression analysis showed that 
fish length has high significant correlation with 
weight (R=0.97, R2=0.95, F1,185 = 31930.3, P <0.001) 
and it is possible to say that 95% increase in weight 

was due to length increase. When the t-test results 
were used for the significance condition of the re-
gression coefficients t= 56.510, P <0.01, it was iden-
tified that fish-length data could be used in highly 
reliable to estimate fish-weight. 

The length-length relationships between total 
length, fork length, and standard length and also the 
estimated parameters of the length-length relation-
ship and the coefficient of determination R2 of 

 are presented in Figure 4 and Table 2. All LLRs 
were highly significant with R2>0.94. 

19 41-60 0.5-1.8 0.00007 3.03 3.019-3.363 0.93 0.773 
86 62-105 1.7-10.9 0.00690 3.13 2.934-3.195 0.92 0.901 
82 65-100 2.4-9.8 0.00770 3.09 2.881-3.104 0.91 0.916 
187 41-105 0.5-10.9 0.00490 3.29 3.166-3.504 0.95 0.895 

(N: number of individuals, a: intercept, b: slope, CI: confidence limits, R2: coefficient of determination, CF: Condition factor) 
 

 

A B

C D
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TL= a + bFL 3.978 0.9915 0.93 
FL= a + bSL 3.433 1.0983 0.97 
SL= a + bTL -0.589 0.8383 0.93 
TL= a + bFL 6.613 0.9610 0.91 
FL= a + bSL 5.242 1.0647 0.96 
SL= a + bTL -2.149 0.8559 0.90 
TL= a + bFL 3.018 1.0061 0.95 
FL= a + bSL 2.523 1.1099 0.98 
SL= a + bTL -0.798 0.8396 0.95 

 

 

 
 

A multilayer feed-forward neural network was 
used during ANN calculations. A simple drawing of 
an ANN formed of 2 input layers (length/weight, 
sex), a hidden layer and an output layer 
(weight/length) is seen in Figure 5.  

According to ANNs, the fit of the actual and 
predicted values of  are given in the graphs 

(Figure 6). The values obtained by training, valida-
tion and testing are more compatible than in LWRs. 

Actual values, ANNs and LWRs data of 
 are shown in Table 3. All values were classified 

by sex and length groups.  Table 3 obtained by com-
parison with ANNs and LWRs of . The  
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40-49 Undeterm. 45.03 0.75 46.10 0.79 2.376 5.333 44.92 0.64 0.244 14.66 
50-59 Undeterm. 53.56 1.23 53.63 1.21 0.131 1.626 52.56 1.09 1.867 11.38 

60-69 

Undeterm. 60.03 1.76 60.55 1.85 1.032 5.114 59.20 1.53 1.382 13.06 
Female 66.67 2.69 67.84 2.65 1.754 1.486 67.31 2.43 0.959 9.665 
Male 67.52 2.90 69.46 2.76 2.873 4.827 69.22 2.20 2.517 24.13 
All 66.02 2.63 67.43 2.58 2.135 1.901 66.89 2.47 1.317 6.083 

70-79 
Female 73.91 3.62 73.37 3.63 0.730 0.276 74.12 2.92 0.284 19.33 
Male 73.76 3.66 73.58 3.58 0.244 2.185 74.39 3.10 0.854 15.30 
All 73.82 3.67 73.48 3.61 0.460 1.634 74.26 3.21 0.596 12.53 

80-89 
Female 82.21 5.38 82.24 5.22 0.036 2.973 83.26 4.96 1.277 7.806 
Male 81.90 5.20 81.84 5.14 0.073 1.153 82.97 5.02 1.306 3.461 
All 82.03 5.22 82.05 5.18 0.024 0.766 83.11 5.04 1.316 3.448 

90-99 
Female 92.34 6.74 90.77 6.67 1.700 0.451 89.61 6.19 2.956 8.160 
Male 91.88 6.63 90.29 6.57 1.730 0.905 89.28 6.49 2.839 2.112 
All 92.11 6.65 90.61 6.64 1.628 0.150 89.50 6.76 2.833 1.654 

100-105 
Female 102.36 10.51 101.36 10.47 0.977 0.381 103.02 9.98 0.684 5.042 
Male 100.06 9.74 100.28 9.74 0.200 0.000 100.49 8.42 0.400 13.55 
All 101.45 10.22 100.93 10.17 0.493 0.489 102.01 9.75 0.592 4.598 

 1.345 9.776 
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values we obtained with ANNs and LWRs were cal-
culated one by one. It was determined that the ANNs 
MAPE (%) values were better than MAPE values 
calculated in length-weight relation for . In 
particular, the values obtained with ANNs in the 
later length groups are much closer to the actual data 
than LWRs (Table 3). 

Best validation performance and validation 
checks of artificial neural networks were given for 
length-weight of in Figure 7 and Figure 8.  
The optimum epoch is 9 for  there is no ben-
efit to the system of increasing epoch after that.

 



 9847 

 (Heckel, 
1843) 84 84 0.0061 3.119 0.94 Birecikligil and Cicek [26] 

(Euphrates and Orontes rivers) 
(Krupp and 

Schneider, 1991) 28 88 0.0021 3.520 0.95 Ozcan and Altun [31]  
(Gölbaşı Lake, Hatay) 

(Kessler, 1877) 325 78 0.009 2.970 0.96 Golzarianpour et al. [32] 
(Iran) 

(Banarescu and Nalbant, 
1966)

38 84 0.015 2.890 0.97 Golzarianpour et al. [32]  
(Iran) 

 (Nalbant and 
Bianco, 1998) 35 71 0.012 2.880 0.94 Golzarianpour et al. [32] 

 (Iran) 
  

(Steindachner, 1897) 21 76 0.008 3.010 0.98 Golzarianpour et al. [32] 
 (Iran) 

  
(Steindachner, 1897) 127 86 0.008 3.102 0.94  Birecikligil et al. [33] 

 (Kızılırmak River Basin) 
  

(Steindachner, 1897) 30 73 0.006 3.237 0.88 Gaygusuz et al. [34] 
 (Balıklı Stream) 

  
(Steindachner, 1897) 24 83 0.0062 3.228 0.99 Erk'akan et al. [35] 

 (Söğütözü Creek) 
(Banarescu 

and Nalbant 1978) 40 86 0.0085 2.919 0.92 Erk'akan et al. [35] 
 (Karabogaz Creek) 

(Erk’akan, 2012) 14 89 0.0161 2.628 0.95 Erk'akan et al. [35] 
 (Küfü Creek, Çivril) 

 (Erk’akan 
., 2007) 27 94 0.0128 2.788 0.92 Erk'akan et al. [35] 

 (Çayir Creek, Andirin) 
(Balik and Ba-

narescu, 1978) 17 71 0.0044 3.261 0.95 Erk'akan et al. [35] 
 (Karacalti Creek. Kepsut) 

(Steindachner, 
1897) 44 8 0.011 2.810 0.96 Hasankhani et al. [36] 

 (Sirwan River) 
 (Golzarianpour, 

Abdoli and Freyhof, 2011) 205 71 0.0149 2.900 0.89 Jamali et al. [37] 
 (Iran) 

(Stoumboudi, Kottelat and 
Barbieri, 2006)

17 105 0.007 3.070 0.96 Innal et al. [38] 
 (Cüneyt Creek) 

  
(Steindachner, 1897) 103 9.8 0.0099 2.929 0.96 Yazıcıoğlu and Yazıcı [39] 

 (Kılıçözü Stream, Kızılırmak) 
 
 

 
The present study provides the first information 

on length–weight, length-length relationships and 
condition factor for  from Karasu River. Nal-
bant and Bianco [4] examined 4 samples between 
56-73 mm from Kapozik Kadur Hakkari, upper Ti-
gris drainage. In their study of Birecikligil and Cicek 
[26], they found 84 samples and maximum length of 
84 mm for in tributaries of Euphra-
tes and Orontes rivers in Gaziantep (southeastern 
Anatolia, Turkey). In our study, the maximum length 
was 105 mm for  from Karasu River.

The LWRs were highly significant; all species
were determined between the length and weight very 
strong positive relationship in Karasu River 
(R2>0.95). The b values of all individuals were de-
termined as 3.29 and 95 % confidence intervals of 
b=3.166-3.504 for  The growth of this spe-

cies was positive allometric. Length–weight rela-
tionships may show temporal or spatial variations 
due to their size range, reproductive activities and 
stage or environmental factors such as water temper-
ature, food quality and availability, diseases, and 
competition [27]. A few studies are available in the 
literature on the biological characteristics of 

. Birecikligil and Cicek [26] 
were determined descriptive statistics and length-
weight relationship parameters for  caught in 
tributaries of Euphrates and Orontes rivers in Gazi-
antep (Table 4). Koyun et al. [28] were found the 
seasonal prevalence of in 

from Murat River, Eastern 
Anatolia. Kılıc et al. [29] were determined karyotype 
analysis in , living in the Kura-Aras 
river basin and Yılmaz et al. [30] an electrophoretic 
taxonomic study on sarcoplasmic proteins of 

 habitated in Kars stream. 
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There have been previous studies on the length-
weight relationships of other species of the Nema-
chelidae family are shown in Table 4 and these val-
ues were compatible with our work. These high val-
ues of R2 show that the length of relationships is a 
linear observed range of values. Regression analyses 
are shown that fish length has a highly significant 
correlation with weight (P<0.001) for . Fur-
thermore, when the t-test results were used for the 
importance of regression coefficients (P<0.01), it 
was identified that total length data could be used in 
highly reliable to estimate weight. 

Length-length relationships are generally used 
for population parameters of fish species [40-43]. 
LLRs were significant (p<0.001) for  with 
all R2 values greater than 0.94. Birecikligil and Cicek 
[26] were found R2 value as 0.993 for TL-FL and 
0.974 for TL-SL of  caught in tributaries of 
Euphrates and Orontes rivers in Gaziantep. The pre-
sent study provides length-length relationship pa-
rameters for the first time for  from Karasu 
River. 

Condition factor of  was determined as 
average 0.901 for females, 0.916 for males and 0.895 
for all individuals. There are no data available on the 
condition factor of . Birecikligil et al. [33] 
and Yazıcıoğlu and Yazıcı [39] stated that average 
condition factors of  were 0.940 and 
0.863. These results are compatible with our work. 

ANNs are an important model for predict in 
fisheries. Especially in recent years, ANNs has been 
used more in physical and chemical sciences in biol-
ogy and water ecology. ANNs is required for future 
predictions along with other methods. However, in 
the majority of these studies it is seen that the ANNs 
results are better than the results of other conven-
tional methods [44]. 

In this study, the results obtained with LWRs 
were compared with results of ANNs using MAPE 
(%), the initial information on the length-weight re-
lation of  in the Karasu River, (14 different 
stations) Turkey. According to this comparison, 
ANNs provided very good results compared to other 
methods. Thus, ANNs can be used as an alternative 
and reliable method in fisheries for length-weight re-
lation. The results obtained from this work are very 
important. Because assessed as Critically 
Endangered in the IUCN Red List of Threatened 
Species [3]. Fisheries managers should consider the 
creation of freshwater protected areas with regional 
fisheries organizations. This work will be guided in 
the future to management and conservation current 
population of . 
 

 
The results of this study indicated high proxim-

ity between the measured and predicted data. The 
values obtained with Artificial Neural Networks are 

much closer to their real values. For this reason, in 
this study it can be concluded that ANNs model ap-
plied made a more effective and reliable than LWR. 
 

 
Author thank Prof. Dr. Ahmet Bedri OZER for 

helping Artificial Neural Networks (ANNs); 
(MATLAB; Ver R2016a) calculations. A part of this 
study has been accepted for oral presentation at the 
International Multidisciplinary Congress of Eurasia 
in 2017 (IV. IMCOFE 2017, Rome, Italy). 

The author has proclaimed that no competing 
interests present. 
 
 

 
[1] Freyhof, J., Erk’akan, F., Ozeren, C. and Perd-

ices, A. (2011) An overview of the western Pal-
aearctic loach genus (Tele-
ostei: Nemacheilidae). Ichthyology Explore 
Freshwaters. 22(4), 301-312. 

[2] Kottelat, M. (2012) Conspectus Cobitidum: an 
inventory of the loaches of the world (Teleostei: 
Cypriniformes: Cobitoidei). The Raffles Bulle-
tin of Zoology. Supplement. 26, 1–199.

[3] Freyhof, J. (2014) . The 
IUCN Red List of Threatened Species 
2014:e.T19431830A19849456.http://dx.doi.org
/10.2305/IUCN.UK.1.RLTS.T19431830A1984
9456.en. Downloaded on 09 June 2018. 

[4] Nalbant, T.T. and Bianco, P.G. (1998) The 
loaches of Iran and adjacent regions with de-
scription of six new species (Cobitoidea). Italia 
Journal of Zoology. 65, 109-123.  

[5] Tureli Bilen, C., Kokcu, P. and Ibrikci, T. 
(2011) Application of artificial neural networks 
(ANNs) for weight predictions of blue crabs 
(  Rathbun, 1896) using pre-
dictor variables. Mediterranean Marine Science. 
12(2), 439–446.  

[6] Maravelias, C.D., Haralabous, J. and Papacon-
stantinou, C. (2003) Predicting demersal fish 
species distributions in the Mediterranean Sea 
using artificial neural networks. Marine Ecol-
ogy. 255, 249- 258.  

[7] Ucun Ozel, H., Gemici, B.T., Ozel, H.B. and 
Gemici, E. (2017) Determination of water qual-
ity and estimation of monthly biological oxygen 
demand (bod) using by different artificial neural 
networks models in the Bartın river. Fresen. En-
viron. Bull. 26, 5465-5476. 

[8] Yarar, A., Onucyildiz, M. and Copty, N.K. 
(2017) A combined wavelet and neural network 
model for forecasting streamflow data. Fresen. 
Environ. Bull. 25, 5217-5225. 

 
 



 9849 

[9] Benzer, S. and Benzer, R. (2015) Determine 
some morphological characteristics of crayfish 
(  Eschscholtz, 1823) with 
tradional methods and artificial neural networks 
in Dikilitas pond, Ankara, Turkey. Fresen. En-
viron. Bull. 24, 3727 – 3735. 

[10]Mastrorillo, S., Lek, S., Dauba, F. and Belaud, 
A. (1997) The use of artificial neural networks 
to predict the presence of small-bodied fish in 
river. Freshwater Biology. 38, 237-246.  

[11]Park, Y.S., Verdonschot, P.F.M., Chon, T.S. 
and Lek, S. (2003) Patterning and predicting 
aquatic macro invertabrate diversities using ar-
tificial neural network. Water Research. 37, 
1749-1758.  

[12]Obach, M., Wagner, R., Werner, H. and 
Schmidt, H.H. (2001) Modelling population dy-
namics of aquatic insects ith artificial neural net-
works. Ecology Modelling. 146, 207-217.  

[13]Joy, K.M. and Death, R.G. (2004) Predictive 
modelling and spatial mapping of freshwater 
fish and decapod assemblages using GIS and 
neural Networks. Freshwater Biology 49, 1306-
1052.  

[14]Benzer, R. (2015) Population dynamics fore-
casting using artificial neural networks. Fresen. 
Environ. Bull. 24, 460-466.  

[15]Benzer, S. and Benzer, R. (2016) Evaluation of 
growth in pike (  L., 1758) using tra-
ditional methods and artificial neural networks. 
Applied Ecology Environment Research. 14(2), 
543–554.  

[16]Benzer, S., Karasu Benli, C. and Benzer, R. 
(2015) The comparison of growth with length–
weight relation and artificial neural networks of 
crayfish, , in Mogan Lake. 
Journal of Black Sea Mediterranean Environ-
ment. 21(2), 208–223. 

[17]Benzer, S., Benzer, R., and Günal, A.Ç. (2017) 
Artificial neural networks approach in length-
weight relation of crayfish (

Eschscholtz, 1823) in Eğirdir Lake, Isparta, 
Turkey. Journal of Coastal Life Medicine. 5(8), 
330-335. 

[18]Benzer, S. and Benzer, R. (2018) New Perspec-
tives for Predicting Growth Properties of Cray-
fish ( Eschscholtz, 1823) 
in Uluabat Lake. Pakistan Journal of Zoology. 
50(1), 35-45.  

[19]King, M. (1995) Fisheries biology, assessment 
and management. Fishing News Books, Black-
well Science, Oxford, UK. 

[20]Zar, J.H. (1999) Biostatistical Analysis. 4th ed. 
Prentice-Hall, New Jersey. 

[21]Le Cren, C.D. (1951) The length-weight rela-
tionship and seasonal cycle in gonad weight and 
condition in the Perch ( ). Jour-
nal of Animal Ecology. 20, 201-219. 

[22]Agatonovic-Kustrin, S. and Beresford, R. 
(2000) Basic concepts of artificial neural net-
work (ANN) modeling and its application in 
pharmaceutical research. Journal of Pharmaceu-
tical and Biomedical Analysis. 22(5), 717-727. 

[23]Cabreira, A.G., Tripode, M. and Madirolas, A. 
(2009) Artificial neural networks for fish-spe-
cies identification. – ICES Journal of Marine 
Science. 66, 1119–1129 

[24]URL, 1. (2018) https://becoming human. ai/arti-
ficial-neuron-networks-basics-introduction-to-
neural-networks-3082f1dcca8c. 

[25]Krenker, A., Bešter, J. and Kos, A. (2011) Intro-
duction to the Artificial Neural Networks. In: 
Suzuki, K. (ed.) Artificial Neural Networks – 
Methodological Advances and Biomedical Ap-
plications. IntechOpen.. 

[26]Birecikligil, S. and Cicek, E. (2011) Length-
weight relationships for 16 freshwater fishes 
caught in tributaries of Euphrates and Orontes 
rivers in Gaziantep (southeastern Anatolia, Tur-
key). Journal of Applied Ichthyology. 27, 1131–
1132. 

[27]Wootton, R.J. (1990) Ecology of Teleost Fishes. 
Chapman and Hall, London.  

[28]Koyun, M., Ulupınar, M., Mart, A. and Tepe, Y. 
(2016) Seasonal prevalence of Allocreadium 
isoporum (Loos, 1894) (Digenea: Allec-
readiidae) in  (Osteich-
thyes: Balitoridae) (Steindachner, 1897) from 
Murat River, Eastern Anatolia, Turkey. Bi-
harean Biologist. 10(1), 1-3. 

[29]Kılıc, B., Gül, S., Ozkan, O., Kaya, T. O., Nur, 
G. and Aksu, P. (2011) Karyotype Analysis in 

 (Heckel, 1843), Living in the Ku-
raAras River Basin. AKU J. Sci. 11, 43-49. 

[30]Yılmaz, M., Ildes, E., Alaş, A. and Koc, E. 
(2008) An Electrophoretic Taxonomic Study on 
Sarcoplasmic Proteins of Some Balithorid and 
Cobitid Fishes Habitated in Kars Stream, Tur-
key. Kafkas Üniversitesi Fen Bilimleri Dergisi. 
1(2), 69-73. 

[31]Ozcan, G. and Altun, A. (2016) Length–weight 
and length-length relationships for four fresh-
water fish species from Gölbaşı Lake (Hatay), 
Turkey. Journal of Applied Ichthyology. 32, 
1350–1352. 

[32]Golzarianpour, K., Abdoli, A., Kiabi, B.H. 
(2011) Length-weight relationships for nine 
nemacheilian loaches (Teleostei: Nemachei-
lidae) from Iran. Journal of Applied Ichthyol-
ogy. 27, 1411-1412. 

[33]Birecikligil, S., Cicek, E., Oztürk, S., Secer, B., 
Celepoğlu, Y. (2016) Length-length, length-
weight relationship and condition factor of 
fishes in Nevşehir Province, Kızılırmak River 
Basin (Turkey). Acta Biologica Turcica. 29(3), 
72-77. 



 9850 

[34]Gaygusuz, O., Aydın, H., Emiroğlu, O., Top, N., 
Dorak, Z., Gürsoy Gaygusuz, Ç., Başkurt, S. 
and Tarkan, A.S. (2013) Length–weight rela-
tionships of freshwater fishes from the western 
part of Anatolia, Turkey. Journal of Applied 
Ichthyology. 29, 285– 287. 

[35]Erk'akan, F., Innal, D. and Ozdemir, F. (2014) 
Length–weight relationships for some endemic 
stone and spine loach species in Anatolia. Jour-
nal of Applied Ichthyology. 30(1), 244-245. 

[36]Hasankhani, M., Keivany, Y., Daliri, M., Pou-
ladi, M. and Soofiani, N.M. (2014) Length–
weight and length–length relationships of four 
species ( Heckel, 1843), 

(Steindachner, 1897), 
(Heckel, 1843) and 

(Temminck & Schlegel, 1846) 
from the Sirwan River (western Iran). Journal of 
Applied Ichthyology. 30(1), 206-207. 

[37]Jamali, H., Patimar, R., Farhadi, M., Doost, A. 
and Daraei, V. (2014) Length-weight relation-
ships for five nemacheilian loaches (Teleostei: 
Nemacheilidae) from Iran. Journal of Applied 
Ichthyology. 31(1), 244-245. 

[38]Innal, D., Ozdemir, F. and Doğangil, B. (2015) 
Length-weight relationships of 

(Teleostei: Nemacheilidae) from 
Turkey. International Journal of Fisheries and 
Aquatic Studies. 2(4), 249-250. 

[39]Yazıcıoğlu, O. and Yazıcı, R. (2016) The 
length-weight, length-length relationship and 
condition factor of angora loach, 

(Steindachner, 1897) inhab-
iting Kılıçözü Stream in Kızılırmak River Basin 
(Central Anatolia-Turkey). Turkish Journal of 
Agriculture - Food Science and Technology. 
4(12), 1165-1168.  

[40]Ozpicak, M., Saygın, S. and Polat, N. (2017) 
The length-weight and length-length relation-
ships of bluefish, (Lin-
naeus, 1766) from Samsun, middle Black Sea 
region. NESciences. 2(3), 28-36. 

[41]Serdar, O., Ozcan, E.I. and Aydın, R. (2017) 
Length-weight and length-length relationships 
of and 

(Heckel, 1843) in the Karasu River 
(Turkey). Yunus Research Bulletin. 2, 171-176. 

[42]Ozcan, E.I. and Serdar, O. (2018) Length-
weight and length-length relationships of red-
spotted trout (  
(Dumeril, 1858)) in Karasu River (East Anato-
lia, Turkey). Ecolojical Life Sciences. 13(1), 27-
31.  

[43]Basusta, A., Basusta, N., Ozer, E.I., Girgin, H. 
and Aslan, E. (2013) Some population parame-
ters of the lessepsian suez puffer (

) from Iskenderun Bay, Northeastern 
Mediterranean, Turkey. Pakistan Journal of Zo-
ology. 45(6), 1779-1782. 

[44]Brosse, S., Guegan, J., Tourenq, J. and Lek, S. 
(1999) The use of artificial neural networks to 
assess fish abundance and spatial occupancy in 
the littoral zone of a Mesotrophic lake. Ecology 
Modelling. 120, 299-311. 

 
 
 
 
 

 

 

Munzur University,  
Faculty of Fisheries,  
Tunceli – Turkey  
 
e-mail: ebruozer@munzur.edu.tr 
 



© by PSP              Volume 27  No. 12B/2018 pages 9851-9858                                     Fresenius Environmental Bulletin 

 

 

9851 

 
THE HEAVY METAL ASSESSMENT OF HARSIT STREAM 

(GIRESUN, TURKEY) USING MULTIVARIATE  
STATISTICAL TECHNIQUES 

 
Cengiz Mutlu1,*, Buse Eraslan-Akkan1, Bulent Verep2 

 
1Giresun University, Department of Biology, Faculty of Science and Arts, Giresun, Turkey 

2Recep Tayyip Erdogan University, Faculty of Fisheries, Rize, Turkey 
 
 
ABSTRACT 
 

The aim of this research was to determine the 

Stream in northeastern Turkey. Heavy metals such 
as Al, Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd and Pb in water 
were analyzed using ICP-MS and the result com-
pared with national and international Standard for 
Drinking Water Quality. The water samples were 
collected from 7 different sites between June 2014 
and May 2015. Statistical analysis of data was car-
ried out using SPSS statistical package programs. 
Descriptive statistical analysis including One-way 
ANOVA, significance (0.01 and 0.05) was done. Im-
portant differences in the mean values were tested 

 Moreover, the 
multivariate statistical techniques (hierarchical clus-
ter analysis (HCA), principal component analysis 
(PCA)), the Pearson correlation were applied to the 
heavy metal variables. 

In water samples, according to analysis results, 
the following findings were obtained for the concen-
tration ranges of the metals: Al: 4.922-1078.906, Cr: 
7.141-74.900, Mn: 0.525-18.102, Fe: 4.188-7.855, 
Co: 3.262-7.878, Ni: 5.832-44.923, Cu: 0.873-
20.649, Zn: 10.367-362.901, Cd: 1.724-19.427 and 
Pb: 2.570-6.259 μg/L were found. The pollution load 
index between the heavy metals in the stream pro-
duced the following output: Zn > Al > Cr > Cu> Fe 
> Mn > Co > Pb > Cd > Ni for summer, Al > Zn > 
Cr > Ni> Cu > Mn > Fe > Co > Pb > Cd for autumn, 
Al > Zn > Cr > Ni> Fe > Co > Pb > Cu > Mn > Cd 
for winter, Al > Zn > Cr > Ni> Fe > Co > Mn > Cu 
> Pb > Cd for spring. Moreover, the distribution of 
heavy metals between stations was not statistically 
significant (p<0.05, p<0.01). Consequently, it can be 
concluded that the concentrations of some heavy 

the WHO, EPA and Canada standards. 
 
 
KEYWORDS: 

Stream, Giresun, Heavy Metal, Water Quality 
 
 
 

INTRODUCTION 
 
Today, the threat of pollution from freshwa-

ter resources with very large reserves has led to 
increased work on water quality and pollution due 
to increased water demand. Physical, chemical 
and biological factors are used to determine pollu-
tion in rivers. The most important purpose of mon-
itoring water quality from physical and chemical 
factors; determine the factors affecting water 
quality by detecting changes in pollution sources 
and hence pollution levels [1-3]. Heavy metals oc-
cur as natural constituents of the earth crust and 
are persistent environmental contaminants since 
they cannot be degraded or destroyed. They are 
very important and dangerous toxic environmental 
pollutants for environment. Sources of metal con-
tamination affecting aquatic ecosystems can be 
expressed as industries, waste water plants, farm-
ing, mining, anthropic accidents, urban and rural 
areas, navigation traffic and electronic wastes 
very generally [4-6]. 

Most important issue for these metals can be 
incorporated into food chains and concentrated in 
aquatic organisms to a level that affects their 
physiological state. Of the effective pollutants are 
the heavy metals which have drastic environmen-
tal impact on all organisms. For a long time and 
today, heavy metal contamination has become a 
serious environmental problem. Major sources of 
toxic metals arising from human activities are do-
mestic and industrial wastewaters and their asso-
ciated solid wastes. Heavy metals is an important 
environmental pollutant that is known to have sys-
temic effects on biota in the aquatic environment 
that surrounds it by the development of technol-
ogy, and which is also known to have carcinogenic 
effects to life [7]. 

Stream, the 
longest fresh water source in Giresun province, 
which has the highest level of surface water vol-
ume in Black Sea Water Basin, aims to monitor 
the heavy metal pollution status of the water mass 
for one year by physicochemical methods and to 
determine the changes on the stations basis. In ad-
dition, proposals will be made in order to ensure 
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that the stream basin risks and carry the risk of 
public health in terms of heavy metal pollution, so 
that necessary legal restrictions and regulations 
can be made immediately. 

 
 

MATERIALS AND METHODS 
 
Study area and stations. Giresun province, 

which is located in the Eastern Black Sea Region of 
the Black Sea Region, is between 37º 50 'and 39º 12' 
E longitudes and 40º 07 'and 41º 08' N latitudes. It 
has been surrounded by 
the east, Ordu in the west, Sivas and Erzincan in the 
south, and the Black Sea in the north. The province 
covers an area of 6.934 km² with 8.5% of the coun-
try's land and 8.5% of the country's population. It has 
a sea coast length of 121 km and has a large volume 
of river discharge from its 6 different points in the 
Black Sea. It is known that the chemical substances 
originating from the agricultural activities that lasted 
in the settlement area where the agricultural activi-
ties are very important in the economy are transmit-
ted to the rivers in various ways [8]. In addition, the 
trout operations above the production capacity estab-
lished on stream basins pollute the aquatic environ-
ment directly or indirectly. 

In this study, it was aimed to reveal the existing 

which is discharged from the province of Giresun 

V
enters the provincial lands near Günyüzü and dis-
charges into the sea to the east of Tirebolu. The 
length within the provincial borders is 50 km and it 
is the longest river with a total length of 160 km. 

plants on H
stream Stream has 178 hm³ 
annual fresh water potential and is the most im-
portant fresh water source for the province. In this 
study, the collection of water and sediment samples 
from 7 different points was carried out from the 

Stream had entered 
the province border to the point where it was dis-
charged to the Black Sea (Figure 1). Some infor-
mation about stations is given below including the 
environmental risk factors: 

1st station: The place that Günyüzü region of 

2nd station: It represents the region under intensive 

This station points the region has agricultural efforts, 

station: It represents the region has low level water 
generally and transfering water to the storage before 

ts the loca-

HPP those were sand and gravel production area.6th 
station: the location that contains many sand-gravel-
production areas and domestic waste and gurbage 
dumping ground. 7th station: It covers the point of 

the waste of domestic, industrial and agricultural ac-
tivity, intensively. The approximate coordinates and 
elevation values of the operation points are as shown 
in Table 1. 

 
Methods of water sample analysis. The water 

samples collected from 7 different stations for 12 

GF/C type membrane filters and placed in polyeth-
ylene bottles. Both Nansen and polyethylene bottles  

 
 

 
FIGURE 1 
Study area 
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TABLE 1 
The location of operation points 

Station No Longitude and Latitude Altitudes (m) 

1 
40°45'46.95"K 
38°57'37.49"D 

369 

2 
40°49'30.48"K 
38°54'29.77"D 

166 

3 
40°50'29.18"K 
38°54'5.39"D 

145 

4 
40°51'35.07"K 
38°51'35.89"D 

93 

5 
40°55'15.48"K 
38°50'56.39"D 

52 

6 
40°59'16.56"K 
38°51'36.08"D 

36 

7 
41°00'30.37"K 
38°50'46.91"D 

6 

 
 
were rinsed at least three times with media water [9]. 
Each liter of water was brought to the laboratory in 
ice-protected containers after 10 mL of 0.1 N HNO3 
was added to reduce the pH to below 2, and stored at 
+ 4 ° C until analysis in ICP-MS system [10]. At the 
time of the analysis, at least 3 repetitive readings of 
each sample were performed in compliance with the 
standards, resulting in ppb level results [11]. 

The aim of this research which was done in 

heavy metals (Al, Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd 
and Pb) in water. The water samples were col-
lected from 7 different sites between June 2014 
and May 2015. The samples were collected in 0.5 
liter pre-cleaned (with 50% HNO3 and then thrice 
with deionized water) polyethylene bottles and 
acidified with 5 ml concentration HNO3 per liter 
of wastewater for the analysis of heavy metals. Af-
ter collection the samples were placed in coolers 
with ice bags while being transported to the labor-
atory and kept at about 4°C until being analyzed. 
The metal concentrations in the water samples 
were analyzed using the ICP-MS. The results of 
the metal contaminant values were evaluated ac-
cording to the national and international guide-
lines [11-14]. Statistical analysis of data was car-
ried out using SPSS statistical package programs. 
Descriptive statistical analysis including One-way 
ANOVA, significance (0.01 and 0.05) was done.  
Important differences in the mean values were 

 Also, 
multivariate statistical analysis of the overall wa-
ter quality variables was performed through prin-
cipal component and hierarchical cluster analysis 
(PCA-HCA) techniques [15]. 

 
 
RESULTS AND DISCUSSIONS 

 
In water samples, according to analysis re-

sults, the following findings were obtained for the 
concentration ranges of the metals: Al: 4.922-
1078.906, Cr: 7.141-74.900, Mn: 0.525-18.102, 
Fe: 4.188-7.855, Co: 3.262-7.878, Ni: 5.832-

44.923, Cu: 0.873-20.649, Zn: 10.367-362.901, 
Cd: 1.724-19.427 and Pb: 2.570-6.259 ppb were 
found (Table 2). Moreover, the distribution of 
heavy metals between stations was not statistically 
significant (Table 2). Also, the metal variables had 
indicated the absence of positive and good corre-
lation (Table 3). Consequently, it can be con-
cluded that the concentrations of some heavy met-
als in water fr
WHO, EPA and Canada standards (Table 4).  

Seasonal variation of the average heavy 

terms of Al content; autumn> winter> summer> 
spring, in terms of Cr concentration; autumn> 
summer> spring> winter, in terms of Mn concen-
tration; autumn> summer> spring> winter, in 
terms of Fe content; autumn> winter> winter, in 
terms of Co concentration, autumn> summer> 
spring> winter, Ni concentration; autumn> 
spring> winter> summer, in terms of Cu contents; 
autumn> summer> spring> winter, Zn concentra-
tion; autumn> summer> spring> winter, Cd value; 
autumn> winter> spring, Pb concentration; au-
tumn> summer> spring> winter have been deter-
mined (Table 2). It has also been determined that 
seasonal differences between heavy metal 
concentrations are important for all metals except Cd 
(Table 2). 

The Al values of the samples are in the range of 
4.922-1078.906 ppb and mean values according to 
the seasons have been found as 76.339 (± 8.250) in 
the summer, 299.162 (± 65.637) in the autumn, 
98.663 (± 25.833) in the winter and 70.793 (± 8.064) 
ppb in the spring, respectively.The Cr values vary 
between 7.141-74.900 ppb and mean values 
according to the seasons have been determined as 
46.650 (± 2.609) in the summer, 59.346 (± 2.137) in 
the autumn, 13.647 (± 0.837) in the winter and 
22.139 (± 1.657) ppb in the spring, respectively.In 
terms of Mn content, the water samples vary in the 
range of 0.525-18.102 ppb and these mean values 
according to the seasons have been recorded as 5.267 
(± 0.720) in the summer, 7.909 (± 0.701) in the 
autumn, 1.823 (± 0.279) in winter and 3.173 (± 



© by PSP              Volume 27  No. 12B/2018 pages 9851-9858                                     Fresenius Environmental Bulletin 

 

 

9854 

0.581) ppb in the spring, respectively.While the Fe 
values were in the range of 4.188-7.855 ppb, the 
mean values according to the seasons have been 
calculated as 5.565 (± 0.158) in the summer, 5.664 
(± 0.097) in the autumn, 4.460 (± 0.065) in the winter 
and 4.514 (± 0.049) in the spring, respectively. Co 
values are in the range of 3.262-7.878 ppb and the 
mean values according to the seasons have been 
found to be 4.528 (± 0.185) in the summer, 4.814 (± 
0.057) in the autumn, 3.475 (± 0.058) in winter and 
3.601 (± 0.042) ppb in the spring, respectively 
(Table 2). 

The Ni contents vary between 5.832-44.923 
ppb and the mean values according to the seasons 
have been found to be 27.213 (± 1.666) in the 
summer, 31.677 (± 0.670) in the autumn, 7.355 (± 
0.253) in winter and 9.427 (± 0.597) ppb in the 
spring, respectively.Cu values ranged from 0.873 to 
20.649 ppb and the mean values according to the 

seasons have been calculated as 14.383 (± 0.970) in 
the summer, 15.460 (± 0.481) in the autumn, 2.099 
(± 0.244) in winter and 2.766 (± 0.199) in the spring, 
respectively. Zn contents vary between 10.367-
362.901 ppb and the mean values according to the 
seasons have been determined as 204.369 (± 19.475) 
in the summer, 245.299 (± 8.861) in the autumn, 
41.877 (± 3.930) in the winter and 60.646 (± 6.813) 
ppb in the spring, respectively. The contents of Cd 
vary between 1.724-19.427 ppb and mean values 
according to the seasons have been determined as 
1.982 (± 0.030) in the summer, 2.807 (± 0.831) in the 
autumn, 1.802 (± 0.054) in winter and 1.743 (± 
0.004) ppb in the spring, respectively. Pb values are 
in the range of 2.570-6.259 ppb and mean values 
according to the seasons have been found to be 3.946 
(± 1.158) in the summer, 4.080 (± 0.110) in the 
autumn, 2.836 (± 0.066) in the winter and 2.893 (± 
0.049) ppb in the spring, respectively (Table 2). 

 
 

TABLE 2 
Heavy metal analysis of water samples (ppb) 

Heavy 
Metal Season 

Stations 
Mean 

1 2 3 4 5 6 7 

Al 

Summer 55.907 110.752 87.284 73.661 69.653 77.162 59.954 76.339a 

Autumn 148.904 432.487 433.784 233.296 456.212 258.248 131.205 299.162ab 
Winter 49.747 69.347 90.642 98.983 89.697 137.655 154.571 98.663a 
Spring 24.643 72.157 91.434 82.407 60.451 105.061 59.401 70.793a 

Cr 

Summer 38.196 40.191 43.750 46.446 54.145 52.454 51.368 46.650c 

Autumn 68.042 53.916 50.807 51.640 59.538 62.939 68.537 59.346d 

Winter 16.746 15.461 10.798 9.530 12.708 16.023 14.265 13.647a 

Spring 21.313 21.925 17.667 17.554 18.757 29.095 28.662 22.139b 

Mn 

Summer 2.464 4.294 4.692 5.521 6.114 8.173 5.612 5.267b 
Autumn 6.414 6.858 6.990 6.208 7.877 9.166 11.850 7.909c 
Winter 1.959 1.832 1.390 1.027 1.507 1.686 3.359 1.823a 
Spring 2.376 1.930 2.196 1.462 1.930 7.161 5.158 3.173ab 

Fe 

Summer 5.336 5.478 5.502 5.938 5.309 5.201 6.189 5.565b 
Autumn 5.267 5.460 6.353 5.511 5.821 5.833 5.400 5.664b 
Winter 4.674 4.268 4.346 4.431 4.382 4.526 4.586 4.459a 
Spring 4.367 4.512 4.531 4.476 4.488 4.762 4.464 4.514a 

Co 

Summer 3.993 4.136 4.341 4.474 4.636 4.359 5.759 4.528b 
Autumn 4.976 4.617 4.690 4.670 4.869 4.915 4.960 4.814b 
Winter 3.913 3.438 3.367 3.320 3.444 3.452 3.389 3.475a 
Spring 3.572 3.581 3.505 3.497 3.554 3.801 3.695 3.601a 

Ni 

Summer 20.915 28.317 26.122 26.498 28.496 26.782 33.360 1.666b 
Autumn 32.939 31.328 31.948 30.179 31.238 31.928 32.182 31.677c 
Winter 8.959 7.440 6.413 6.147 7.933 7.735 6.858 7.355a 
Spring 8.836 8.864 8.079 8.258 8.807 12.190 10.959 9.427a 

Cu 

Summer 10.434 12.679 16.228 14.730 14.671 15.907 16.030 14.383b 
Autumn 15.378 14.651 15.234 12.300 15.784 17.012 17.863 15.460b 
Winter 2.902 1.315 1.191 1.257 1.659 2.989 3.381 2.099a 
Spring 2.751 2.564 2.193 2.319 2.439 3.685 3.408 2.765a 

Zn 

Summer 173.337 157.228 137.182 170.353 206.309 258.181 327.994 204.369b 
Autumn 219.863 238.004 210.671 239.284 269.498 248.779 290.993 245.299b 
Winter 41.136 32.283 29.296 29.170 45.346 53.432 62.479 41.877a 
Spring 51.461 41.743 44.389 47.462 55.864 90.177 93.426 60.646a 

Cd 

Summer 1.892 1.929 1.957 1.975 1.980 1.981 2.159 1.982 
Autumn 1.979 1.969 7.800 1.969 1.966 1.995 1.966 2.806 
Winter 2.142 1.738 1.734 1.735 1.737 1.748 1.781 1.802 
Spring 1.744 1.739 1.734 1.731 1.734 1.762 1.758 1.743 

Pb 

Summer 3.709 3.862 3.921 4.338 3.696 3.510 4.584 3.946b 
Autumn 3.656 3.831 4.708 3.899 4.235 4.477 3.758 4.080b 
Winter 3.052 2.632 2.723 2.811 2.762 2.903 2.969 2.836a 
Spring 2.754 2.881 2.899 2.879 2.868 3.142 2.825 2.893a 

The similarity between the different letters in the same column is statistically significant (p<0.05). 
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TABLE 3 
The correlation coefficient matrix of heavy metals 

  Al Cr Mn Fe Co Ni Cu Zn Cd Pb 

W
at

er
 

Al 1          
Cr 0.210 1         
Mn 0.425** 0.704** 1       
Fe 0.316** 0.723** 0.498** 1       
Co 0.176 0.808** 0.573** 0.863** 1      
Ni 0.260* 0.952** 0.641** 0.820** 0.847** 1     
Cu 0.316** 0.912** 0.672** 0.825** 0.834** 0.945** 1 

 
  

Zn 0.255* 0.881** 0.601** 0.752** 0.814** 0.897** 0.867** 1   
Cd 0.467** 0.090 0.194 0.236* 0.117 0.144 0.159 0.128 1 

 

Pb 0.311** 0.724** 0.504** 0.993** 0.864** 0.817** 0.822** 0.741** 0.224* 1 
**: p<0.01, *: p<0.05 

 
TABLE 4 

The comparison of international standards for drinking water quality 
Parameter WHO USEPA USA China Canada 

Cd 3      
Cr    6)  
Hg      
Ni      
Cu      
Pb      
Mn 400      
Na 200mg/L 200mg/L    
Zn      

 
 

Heavy metal pollution is more common in 
aquatic environments than in air and soil environ-
ments. In particular, it may be in the form of accu-
mulation in the water, dissolution in water, or direct 
sediment accumulation. Toxic metal compounds can 
reach the surface waters (sea, lake, pond, dam, etc.) 
with river, rain and snow waters and can also pene-
trate into ground water as well as trace amounts. For 
this reason, in case of metal pollution, the groundwa-
ter, which is not only surface waters but also as 
drinking water sources, has a pollution parameter 
feature that should not be ignored as it may contain 
toxic metals [16]. 

The highest metal concentrations in heavy 
metal monitoring in 32 different surface water areas 
of Konya closed water basin are at ppb level; (Al, 
23.798, Cr: 75.563, Mn: 184.63, Fe: 108.773, Co: 
1.738, Ni: 24.430, Cu: 12.143, Zn: 153.017, Cd: 
0.185 and Pb: under limit, have been reported [17]. 
In a study carried out in the Lower Gediz Basin, 
metal concentrations are at ppb level; Pb: 27.0 ± 
0.8% Nif Brook, Cr: 48.9 ± 0.9% Muradiye Bridge, 
Cd: 12.1 ± 0.6% Istanbul Bridge, Cu: 90.2 ± 0.4% 
Muradiye Bridge, Ni, Fe and Zn respectively were 
309.8 ± 0.7%, 914.1 ± 0.3%, 208.3 ± 0.5% L in Ka-
racay station as the highest values. In addition, the 
investigators have determined that the study area has 
fourth class water quality characteristics [18]. In a 
study carried out at Gürleyik Brook Source, metal 
concentrations were reported as ppb; Cr, 0.056, Mn: 
0.03, Ni: 0.004, Cu: 0.04, Pb: 0.012 and Al, Fe, Zn 

and Cd were found to be below the limit [19]. 
The metal level in the Dicle River; Cr: 48.58, 

Ni: 17.32, As: 12.32, Pb: 22.03, Cu: 4.52, Zn: 3.62, 
Cd and Mn were determined under the limit [20]. 
Concentrations in international metal monitoring 
studies are at ppm level in Nakkavagu River (India); 
Cr: 46.8, Pb: 13.8 and As: 116 [21], Guadalquivir 
River (Spain) at ppb level; Zn: 1.58, Cu: 2.64, Pb: 
178.23, Cd: 14.82 and Ni: 2.31 [22], Elqui River 
(Chile) ppm; Cu: 6082, Cr: 26, Pb: 147, Cd: 28, As: 
1705 and Hg: 3 [23], Tiiaozi River (China) at ppb 
level; Zn: 80.58, Cu: 44.33, Pb: 9.56, Cd: 0.15, Mn: 
177.21 and Ni: 34.23 [24]. As the ppb of the metal 
levels in the Ganga River (India); It is determined 
that the composition is in the range of Cr: 41.8-
70.16, Mn: 40.62-68.83, Fe: 83.17-117.7, Ni: 31.28-
61.11, Cu: 19.42-43.72, Zn: 31.73-71.37, Cd: 11.41-
39.24, Pb: 80.55-134.8 [25]. 

The metal concentrations in the Serbia River 
network, including the 14 most important surface 
water sources, such as the Danube River in Europe, 
have been determined at ppb level; Zn: 1-122.70, Cu: 
1-93, Cr: 0.9-8.60, Pb: 0.045-10.20, Cd: 0.04-2.10, 
Ni: 1-163.90, As: 0.2-14.4 and Hg: 0.1-2.1 [26]. In 
our work, the concentration of the metal in the total 
84 water samples collected from the surface of the 

change interval; Al: 4.922-1078.906, Cr: 7.141-
74.900, Mn: 0.525-18.102, Fe: 4.188-7.855, Co: 
3.262-7.878, Ni: 5.832-44.923, Cu: 0.873-20.649, 
Zn: 10.367-362.901, 1.724-19.427 and Pb: 2.570-
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6.259. 
When we compare the literature with our 

present findings, it is concluded that the 
concentration of heavy metal in surface water of 

that the international standards for the values 
obtained during the study have exceed sometimes 
and the reference ranges of Cr content for WHO, 
EPA, China and Canada and Cd contents for WHO, 
EPA, USA, China and Canada have been exceeded 
throughout the year (Table 2 and 3). According to 
SWQR [12], Pb and Cu values are; Class I Quality, 
Ni and Zn values; Class II Quality in summer and 
autumn seasons, Class I Quality in other seasons, Cr 
values; in St.1 and St.7 were found to be in Class II 
quality in winter and summer, respectively, and 
Class I Quality in other seasons, but very close to 
Class II Quality in winter and summer seasons. 

In addition to all these results, two main 
sources of pollution were determined according to 
the findings obtained by applying multivariate sta-

 (Table 5, Fig-
ure 2). The first PC, explaining 66.73 % of the to-
tal variance has strong positive loadings on Cr, Fe, 
Co, Ni, Cu, Zn and Pb and moderate positive load-
ing on Mn. This factor 

-gravel en-
terprises wastes, soil erosion and seasonal 
changes. The second factor, accounting for 13.91 

agricultural runoff and precipitation are the natu-
ral source of these variables in this area [27]. 
Moreover, the HCA classifies the seven sampling 
stations into two major clusters (Figure 3). The 
first cluster corresponds to station 6 and 7. This 
station is located at the estuarine area, and re-

ceives its pollution mainly from sand-gravel en-
terprises, garbage disposal wastes, and extensive 
agricultural run-off, domestic and industrial 
waste. The second cluster corresponds to Stations 
2, 5, 4, 1, and 3. These sampling stations are situ-

eam. 
Consequently, all of our analysis indicate 

that the heavy metals concentrations need to be 
monitored regularly. Otherwise, these pollutants 
can be hazardous for aquatic organisms in the 

 
 

TABLE 5 
Varimax rotated factor matrix for the whole 

data set 
Variable PC 1 PC 2 

Eigenvalues  6,673 1,391 

Percentage of  
variance 

66,730 13,913 

Accumulative % 66,730 80,643 

 Factor loadings (varimax normalized) 

Al 0,184 0,843 

Cr 0,936 0,048 

Mn 0,659 0,340 

Fe 0,880 0,211 

Co 0,924 0,043 

Ni 0,961 0,099 

Cu 0,945 0,153 

Zn 0,912 0,087 

Cd 0,040 0,845 

Pb 0,880 0,203 

Extraction Method: Principal Component Analysis. 
Rotation Method: Varimax with Kaiser Normalization 
a. Rotation converged in 3 iterations. 
The factor loadings were classified according to loading values 

- -
 

 

 
FIGURE 2  

Scree-plot for the principal component model of the monitoring data 
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FIGURE 3  

Dendogram (using Ward Method) shows clusters of variables 
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ABSTRACT 

 
The present study aimed to investigate the ef-

fects of potassium sulphate on certain bean geno-
types after K2SO4 application based on the analysis 
of plant growth parameters and macro-micro nutri-
ent element content. The study material included 1 

cultivars (Ak-
man-98, Sugar and Önceler) obtained in Lake Van 
Basin of Turkey. The plants were grown under 
controlled conditions at 23 ± 2 ºC temperature and 
8000 lux light intensity 12 hours light and 12 hours 
dark photoperiods, with 4 replicates and 8 plants 
per replicate and randomized lots design. The plants 
were grown under stress-free conditions until they 
reached the 3-leaf stage, after which they were 
exposed to a constant 20 mM salt stress. 500, 1000 
and 2000 mg kg-1 K2SO4 was mixed to the growth 
medium before seeding except the control plants.
Study findings demonstrated the statistical signifi-
cance of potassium sulphate application especially 
that of the 1000 mg kg-1 and 2000 mg/kg-1 potassi-
um sulphate doses, based on several parameters and 
its effects on the reduction of salt stress were ob-
served. The variations between the genotypes were 
observed and it was determined that the genotype 

cv. Önceler exhibited higher tolerance. 
Despite the other parameters, the nutrient element 
parameters such as K/Na and Ca/Na content and 
plant development parameters such as shoot dry 
matter and root dry matter content were effective in 
determination of the positive effects of potassium 
sulphate. 

 
 

KEYWORDS:  
Bean, NaCl, Stress, Nutrition, K2SO4

 
 

INTRODUCTION 
 
All plants are exposed to various stress factors 

during their life cycles. One of the most important 
environmental stress factors that adversely affects 
plant yield is salinity [1-3]. Similar to most other 

environmental stress factors, salt stress effects pho-
tosynthesis, leading to water deficiency (stomatal 
closure), ion toxicity and K deficiency, resulting in 
oxidative stress [4, 5]. Salinity may be more acute 
in arid and semi-arid regions with low precipitation, 
high evapotranspiration and poor water and soil 
management conditions [6-9]. The accumulation of 
soluble salts in the root medium leads to osmotic 
stress, revealing the problems related to the intake 
and consumption of essential nutrients, which in 
turn adversely affect various enzyme activities and 
plant metabolism [10, 11]. Interactions between 
salts and mineral nutrients could also result in sig-
nificant food imbalances and deficiencies [12]. 
Ionic imbalance is caused by excessive Na+ buildup 
in cells and decreases the intake of other mineral 
nutrients such as K+, Ca2+ and Mn2+. High sodium 
potassium content induced by high sodium ion 
accumulation inactivates the enzymes and affects 
metabolic processes in plants [13, 14]. Increased 
intracellular Na+ levels by preventing excessive Na, 
Cl- and K+ intake and altering enzyme activity and 
leading to cellular metabolic alteration through 
deteriorating and dividing the cellular K+ intake 
affects the stomatal opening, and thus reduces the 
growth ability of the plant. Both K+ and Ca2+ are 
nutrients that are required to maintain the integrity 
and operation of cell membranes. [8]. 

Common bean (Phaseolus vulgaris L.) is one 
of the most important legumes cultivated for human 
consumption, with 23 million ha of global cultiva-
tion area [15, 16]. Turkey, despite the absence of 
the gene centers bean has a rich genetic diversity 
[17, 18]. Many previous studies have revealed that 
bean genotypes show a wide variation in their con-
sumption characteristics and morphologically [19]. 
Common Bean (Phaseolus vulgaris L.) is known as 
a salt sensitive plant species [20] with being one of 
the most important Fabaceae vegetables produced 
in the developing countries in the Middle East, 
especially for human nutrition. [21]. In salt-tolerant 
species, Na + and Cl- ions are stored in vacuole, so 
that physiological reactions in the cytoplasm can 
continue without being affected. In susceptible 
plants such as beans, however, these ions are pre-
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vented from being stored in vacuoles, and elevated 
Na + and Cl- levels in the cytoplasm halt the en-
zyme activity [22]. In the present study, conducted 
with the premise that common bean is a globally 
important vegetable species and to overcome the 
obstacles to its cultivation in marginal areas, two 
salt tolerant and two salt sensitive bean genotypes 
as determined in previous studies were analyzed 
and assessed after application of different K doses 
using morphological and in physiological parame-
ters. 

 
 

MATERIALS AND METHODS 
 
Plant material. In the present study, two salt 

tolerant cv. Önceler) and two salt sensitive 
(cv. Akman-98, cv. bean genotypes as de-
termined in previous studies were used. 

 
NaCl and K2SO4 Applications. During the 

set up phase of the experiment, the seeds were sown 
in 3 liter pots filled with 2:1 peat-perlite soil mix-
ture and the seeds were covered with vermiculite. 
The study was conducted under controlled condi-
tions at 23 ± 2 ºC temperature and 8000 lux light 
intensity 12 hours light and 12 hours dark photoper-
iods, with 4 replicates and 8 plants per replicate and 
randomized lots design. All plants until the salt 
stress formation stage and the control plants after 
the application of salt were irrigated with Hoagland 
nutrient solution [23]. The plants were grown under 
stress-free conditions until reaching the 3-leaf 
stage, after which they were exposed to a constant 
20 mM salt stress. 500, 1000 and 2000 mg kg-1 
K2SO4 was applied to the growth medium before 
seeding except the control plants. 

 
Determination of Shoot Nutrient Contents. 

Plant samples were dried at 65 ºC for 48 hours and 
fired at 550 ºC. The obtained ash was dissolved in 
3.3% HCl and N, P, K, Ca, Mg, Na, Fe, Mn, Zn, Cu 
content were read with atomic absorption device at 

a-
boratory (ICE-3000 SERIES) [24]. Phosphor read-
ings were conducted with a spectrophotometer 
(Thermo G10S Uv-Vis) [25]. 

 
Growth analysis. The morphological parame-

ters of shoot and root length, shoot diameter, leaf 
number, shoot-root fresh and dry weights, shoot-
root dry matter ratio were determined at the end of 
the experiment. 

 
Statistical Analysis. The study data were as-

sessed with analysis of variance based on complete-
ly randomized experimental design and P <0.05 
significance level. The statistically significant 
means were grouped with Duncan Multiple Com-

parison Test [26] in data analysis. Data analysis 
was conducted using SAS software. 

 
 

RESULTS AND DISCUSSION 
 
Effect of potassium on nutrition content. 

The percentage changes, in addition to the macro-
nutrient element data obtained to determine the 
effects of K2SO4 application on genotypes that were 
exposed to constant salt application were also cal-
culated (Table 1). As a result of K2SO4 application 
to the genotypes exposed to constant 20 mM salt 
application, it was determined that the values ob-
tained for N element were statistically significant 
among genotypes and K2SO4 applications. Based on 
N content, the highest impact of potassium was 
observed with 1000 mg kg-1 dose and with the gen-
otype 
phosphorus element, it was found that the differ-
ences between applications were statistically signif-
icant; however the differences between genotypes 
were not significant. For P content, the highest 
effect of potassium was obtained with the 2000 mg 
kg-1 dose, and only cv. Akman and cv. Önceler 
exhibited the highest rate of change and the highest 
positive rate of change, respectively when com-
pared to the control. The K element content of 
plants demonstrated that there were statistically 
significant differences between applications and 
genotypes, and the highest positive change was 
observed with 1000 mg kg-1 potassium sulphate 
dose. In general, it was observed that there were 
increases in K element content when compared to 
the control.  

There is a continuous race between the Na+ 
and K+ intake in the plant [27, 28]. In several stud-
ies, it was reported that high K+ content increases 

the lack of potassium element [29, 30]. It was sug-
gested that the increase in K2SO4 dose led to an 
increase in potassium content, which in turn mini-
mized the impact of salt stress on the genotypes. Na 
increase in soil solution content lead to Ca+, K+ and 
Mg+ deficiency in plants. Furthermore, Na+ ion 
accumulates in the apoplast in cellular wall, de-
stroys the functional structure of the cell wall and 
adversely affects the cellular Ca+ balance [31]. 
Several researchers reported that when Ca+ content 
is sufficient, Na+ ion toxicity is reduced [32, 33]. K 
and some other macro elements, especially Ca, are 
known for their alleviating effects on the adverse 
effects of salinity in plants. In particular, Ca has a 
positive effect due to its regulatory effects on Na 
ions that enter the same membrane binding sites in 
the plant and protects the cell membrane against the 
toxic effects of salinity [34-36]. Examination of the 
genotypes Ca content in the present study revealed 
no statistical significance between the applications. 
Increases in Ca accumulation were observed at 
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1000 and 2000 mg kg-1 K2SO4 doses. On the con-
trary, negative changes were observed mostly in 
2000 mg kg-1 dose application. No statistically 
significant differences were found between the 
genotypes and the highest positive rate of change 
(21.85%) was observed with 1000 mg kg-1 K2SO4 
dose application to cv. Akman. In several studies, it 
was reported that the Na content increased with the 
increased Na concentration in root sections of 
plants under salt stress, while cation content such as 
Ca, K and Mg decreased [37-39]. Thus, salt toler-
ance could be achieved by reducing the Na+ and Cl- 
ion intake and by increasing the K+ ion intake in the 
green sections [40]. In the present study, it was 

observed that in potassium treated plants; there 
were significant reductions in Na concentrations 
and positive increases in Ca, K and Mg content. 
Although there were no statistically significant 
differences between applications or genotypes 
based on Mg content, the highest mean value in-
crease, albeit very slight, was observed with of 
2000 mg kg-1 K2SO4. Although there was no statis-
tically significant difference between genotypes, 
analysis of the percentage changes compared to the 
control demonstrated that there were positive 
changes in the genotype cv. Akman 
(App.3), and -3). 

 
TABLE 1 

Macro nutrition contents of bean genoytypes with/without potassium sulphate (K2SO4) application  
according to 20 mM NaCl 

Applications                                                                                         N (%) 

Geno-
types 

Control App.1 
Change 

(%) 
App.2 

Change 
(%) 

App.3 
Chan

ge 
(%) 

Mean 

cv. 
Akman 

4.30±0.40 4.06±0.10 -5.58 3.97±0.16 -7.67 4.52±0.07 5.12 4.17B±0.29 

 5.16±0.30 4.60±0.08 -10.85 5.64±1.00 9.30 4.99±0.45 -3.29 5.13A±0.67 
cv. 
Önceler 

4.62±0.21 4.19±0.40 -9.31 4.44±0.24 -3.90 4.24±0.62 -8.23 4.38B±0.40 

cv. 
 

4.55±0.20 4.01±0.27 -11.87 4.40±0.33 -3.30 4.36±0.35 -4.18 4.33B±0.33 

Mean 4.62A±0.40 4.19B±0.31  4.61A±0.81  4.53A±0.51  
                                 P (mg kg-1)  

cv. 
Akman 

5118.67±495.50 5862.00±744.57 14.52 5436.25±502.07 6.20 
6054.25±563.1

8 
18.28 5651.07A±639.48 

 6247.00±825.51 5687.67±701.33 -8.95 5339.00±326.93 -14.53 
6178.25±845.8

4 
-1.10 5874.67A±740.22 

Önceler 5903.25±613.62 5105.00±491.05 -13.52 5724.00±155.56 -3.04 
6099.50±919.8

3 
3.32 5707.94A±667.58 

 5985.75±1053.54 5187.50±1015.43 -13.34 5751.75±702.57 -3.91 5926.00±520.2
3 

-1.00 5698.53A±844.58 

Mean 5860.00AB±815.62 5445.40B±758.92  
5562.75AB±457.6

4 
 

6073.73A±670.
33 

 
 

K (%) 
cv.  
Akman 

8.03±0.81 7.61±0.58 -5.23 8.72±0.49 8.59 8.71±0.31 8.47 8.24A±0.72 

 6.93±0.61 8.43±1.40 21.65 8.47±0.45 22.22 8.18±0.36 18.04 8.00A±0.98 
cv.  
Önceler 

6.54±1.39 7.15±0.58 9.33 8.00±0.30 22.32 7.61±1.05 16.36 7.33B±1.00 

cv. 
 

7.22±0.21 7.76±0.63 7.48 8.94±0.85 23.82 8.82±0.51 22.16 8.18A±0.92 

Mean 7.18C±0.96 7.74B±0.91  8.53A±0.62  8.31A±0.77  
Ca (%) 

cv.  
Akman 

5.72±0.84 6.24±0.89 9.09 6.97±1.76 21.85 6.19±1.16 8.22 6.28A±1.18 

 6.19±0.83 6.48±1.32 4.68 5.80±0.48 -6.30 5.60±0.86 -9.53 6.02A±0.90 
cv.  
Önceler 

6.23±1.19 5.99±0.86 -3.85 6.55±1.06 5.14 5.90±0.81 -5.30 6.17A±0.92 

cv. 
 

6.27±1.03 6.16±1.14 -1.75 5.92±0.58 -5.58 6.20±1.01 -1.12 6.14A±0.87 

Mean 6.10A±0.91 6.22A±0.97  6.31A±1.09  5.97A±0.90  
Mg (%) 

cv.  
Akman 

2.22±0.08 2.16±0.30 -2.70 2.21±0.37 -0.45 2.34±0.71 5.41 2.23A±0.39 

 2.30±0.39 2.71±0.56 17.83 2.00±0.18 -13.04 2.09±0.34 -9.13 2.27A±0.45 
cv.  
Önceler 

2.43±0.57 1.82±0.13 -25.10 2.42±0.55 -0.41 2.32±0.43 -4.53 2.24A±0.48 

cv. 
 

2.02±0.40 2.27±0.50 12.38 2.18±0.41 7.92 2.38±0.59 17.82 2.21A±0.45 

Mean 2.24A±0.39 2.24A±0.49  2.20A±0.39  2.28A±0.49  

Mean values with different lower-case letters among columns are significantly different at p< 0.05. 
Mean values with different capital letters among rows are significantly different at p< 0.05 level. 
Control: 0 mg kg-1

 K2SO4 , 20 Mm NaCl, App. 1: 500 mg kg-1
 K2SO4, 20 Mm NaCl, App. 2: 1000 mg kg-1

 K2SO4, 20 Mm NaCl, App.3: 2000 
mg kg-1

 K2SO4, 20 Mm NaCl 
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Micro-nutrient element data and their changes 
compared to the control are presented in Table 2. 
Although there were no significant statistical differ-
ences between the data obtained with various appli-
cations based on Fe content, there were significant 
differences between the genotypes. In the Fe con-
tent, there were positive increases in all cultivars 
except for the genotype 
change when compared to the control group. There 
were no statistically significant differences between 
the applications based on Mn content and signifi-
cant differences were determined between geno-
types. Although there was no statistical significance 
between potassium sulphate applications based on 
Na content and genotypes, it was observed that 20 
mM salt application had positive effects in plants in 
potassium sulphate application mean values and 
decreases in Na content, and the highest decrease 
was observed with App. 3. Consistent with the 
present study findings, Kaya and Higgs [41] found 
that Na content increased significantly in plant 
leaves and roots in the control group due to the 
impact of NaCl and that the adverse effect of the 
salt on the KNO3 administered plants demonstrated 

significant decreases when compared to the control 
group in a study where KNO3 was administered 
against salt stress in pepper and explained this with 
a partial dilution effect due to the increase in dry 
matter accumulation. When compared to the con-
trol, cv. Akman exhibited a positive percentage 
increase in App. 2 and App. 3, and cv. Önceler 
exhibited positive increase in App. 2. In other geno-
types, percentage changes were negative, and it was 
determined that the highest decrease was in the 
genotype i-
cant differences between the applications in Zn and 
Cu elements; however differences between geno-
types were statistically significant. The highest 
positive percentage change was determined in cv. 
Önceler (41.78%) based on the Zn content data 
when compared to the control and the highest posi-
tive increase between K2SO4 applications was ob-
served with the 2000 mg kg-1 dose. The sole posi-
tive change was observed in cv. Önceler based on 
the Cu content, and the highest percentage change 
(27.21%) was determined in App. 2, where 2000 
mg kg-1 K2SO4 was administered. 

 
 

TABLE 2 
Micro nutrition contents of bean genotypes with/without potassium sulphate (K2SO4) application  

according to 20 mM NaCl 
Applications                                                                               Fe (mg kg-1)                                                                  

Genotypes Control App.1 
Change 

(%) 
App.2 

Change 
(%) 

App.3 
Change 

(%) 
Mean 

cv. Akman 130.17±16.22 143.74±24.06 10.42 132.86±10.27 2.07 149.32±24.32 14.71 139.61B±19.36 
 183.41±29.46 167.89±38.89 -8.46 170.50±33.37 -7.04 154.94±49.97 -15.52 169.27AB±35.95 

cv. Önceler 159.42±86.53 181.93±36.15 14.12 186.02±29.43 16.69 169.42±42.34 6.27 174.19A±48.07 
 177.77±60.42 205.45±48.99 15.57 182.86±30.57 2.86 178.99±42.93 0.69 186.27A±43.59 

Mean 164.86A±54.98 175.21A±41.27  168.06A±32.87  163.16A±38.62  
Mn (mg kg-1) 

cv. Akman 79.23±19.11 71.22±16.93 -10.11 77.89±12.60 -1.69 79.48±10.28 0.32 76.96A±13.98 
 57.27±14.01 75.82±35.84 32.39 71.64±13.09 25.09 58.28±7.39 1.76 65.75B±20.29 

cv. Önceler 49.75±2.73 50.95±6.40 2.41 50.42±6.87 1.35 51.52±6.90 3.56 50.66C±5.39 
 72.81±10.48 76.25±13.02 4.72 70.36±9.53 -3.36 72.19±16.42 -0.85 72.90AB±11.52 

Mean 64.76A±16.85 68.56A±21.70  67.58A±14.39  65.37A±15.02  
Na (%) 

cv. Akman 2.57±0.81 2.46±0.33 -4.28 3.03±1.35 17.90 2.70±1.97 5.06 2.70A±1.20 
 3.25±1.30 3.00±0.87 -7.69 1.88±0.57 -42.15 2.40±0.83 -26.15 2.63A±1.00 

cv. Önceler 3.15±1.58 3.06±0.73 -2.86 3.41±1.58 8.25 2.10±1.24 -33.33 2.93A±1.30 
ker 2.64±1.19 2.40±1.12 -9.09 2.35±1.33 -10.98 2.26±2.05 -14.39 2.42A±1.32 

Mean 2.90A±1.16 2.75A±0.81  2.69A±1.28  2.36A±1.45  
Zn (mg kg-1) 

cv. Akman 22.30±4.66 22.72±3.58 1.88 21.18±2.42 -5.02 18.77±5.47 -15.83 21.24A±4.07 
 24.79±6.40 27.11±9.53 9.36 20.31±2.55 -18.07 23.04±2.96 -7.06 24.05A±6.10 

cv. Önceler 14.17±4.21 18.82±0.53 32.82 17.94±2.06 26.61 20.09±3.50 41.78 17.75B±3.48 
 22.03±3.44 20.86±4.05 -5.31 20.14±6.20 -8.58 21.36±1.52 -3.04 21.11A±3.76 

Mean 20.82A±5.95 22.48A±5.93  19.86A±3.60  20.81A±3.65  
Cu (mg kg-1) 

cv. Akman 16.14±4.37 15.68±2.58 -2.85 14.59±2.73 -9.60 15.30±1.59 -5.20 15.43B±2.74 
 21.36±6.34 17.42±4.17 -18.45 18.01±0.74 -15.68 17.86±2.56 -16.39 18.66A±3.95 

cv. Önceler 12.90±2.84 13.69±1.82 6.12 13.79±1.74 6.90 16.41±1.84 27.21 14.20B±2.33 
 16.41±2.79 14.58±3.23 -11.15 15.37±4.20 -6.34 15.30±2.23 -6.76 15.41B±2.94 

Mean 16.70A±4.98 15.34A±3.10  15.44A±2.90  16.22A±2.16  

Mean values with different lower-case letters among columns are significantly different at p< 0.05. 
Mean values with different capital letters among rows are significantly different at p< 0.05 level. 
App. 0:: 0 mg kg-1

 K2SO4, 20 Mm NaCl, App. 1: 500 mg kg-1
 K2SO4, 20 Mm NaCl, App. 2: 1000 mg kg-1

 K2SO4, 20 Mm 
NaCl, App.3: 2000 mg kg-1

 K2SO4, 20 Mm NaCl 
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TABLE 3 
K/Na and Ca/Na contents of bean genotypes with/without potassium sulphate (K2SO4) application  

according to 20 mM NaCl 
Applications                                                                       K/Na ratio                                                                      

Genotypes Control App.1 
Change 

(%) 
App.2 

Change 
(%) 

App.3 
Change 

(%) 
Mean 

cv. Ak-
man 

3.43±1.42 3.21±0.72 -6.41 3.29±1.25 -4.08 5.55±3.33 61.81 3.80A±1.88 

 2.42±0.99 3.20±1.81 32.23 4.92±1.86 103.31 3.67±1.05 51.65 3.55A±1.63 
cv. Öncel-
er 

3.07±2.62 2.41±0.42 -21.50 2.81±1.42 -8.47 4.57±2.39 48.86 3.21A±1.92 

cv.  3.09±1.09 3.75±1.50 21.36 4.48±2.28 44.98 6.01±3.31 94.50 4.32A±2.28 
Mean 3.00B±1.53 3.14B±1.25  3.83AB±1.75  4.91A±2.51  

Ca/Na ratio 
cv. Ak-
man 

2.43±0.89 2.52±0.40 3.70 2.47±0.51 1.65 3.19±1.77 31.28 2.66A±1.02 

 2.13±0.78 2.24±0.43 5.16 3.35±1.22 57.28 2.45±0.50 15.02 2.54A±0.87 
cv. Öncel-
er 

2.87±2.36 1.99±0.17 -30.66 2.21±0.94 -23.00 3.39±1.31 18.12 2.61A±1.40 

eker 2.62±0.86 3.17±2.04 20.99 2.98±1.42 13.74 3.97±1.98 51.53 3.20A±1.57 
Mean 2.51A±1.27 2.47A±1.09  2.74A±1.04  3.25A±1.46  
Mean values with different lower-case letters among columns are significantly different at p< 0.05. 
Mean values with different capital letters among rows are significantly different at p< 0.05 level. 
App. 0:: 0 mg kg-1

 K2SO4, 20 Mm NaCl, App. 1: 500 mg kg-1
 K2SO4, 20 Mm NaCl, App. 2: 1000 mg kg-1

 K2SO4, 20 Mm 
NaCl, App.3: 2000 mg kg-1

 K2SO4, 20 Mm NaCl 
 
 

Na accumulation and lack of element K are 
essential features in plant salt stress. Thus, although 
K/Na ratio is considered as an accurate parameter to 
evaluate salt tolerance in plants, selection of geno-
types with high K/Na ratio is an important strategy 
to minimize growth problems in saline soil [42-44]. 
The K/Na and Ca/Na ratios obtained in the present 
study are presented in Table 3. It was determined 
that the differences between applications were 
statistically significant based on the K/Na ratio, and 
application mean K/Na ratios increased with the 
increase in K dose in each application. There was 
no statistically significant difference between the 
genotypes, while the highest positive change 
(103.31%) was obtained with 1000 mg kg-1 K2SO4 

The reduction in 
Ca/Na ratio under saline conditions leads to deterio-
ration of membrane permeability, which in turn 
increases the severity of toxicity through further 
intake of other salts, primarily the Na [45-47]. In 
the present study, although there were no signifi-
cant differences between the applications and geno-
types based on the Ca/Na ratio, it was observed that 
mean Ca/Na ratios were higher in App. 2 and App. 
3. The highest positive change (57.28%) in Ca/Na 
ratio percentage change when compared to the 
control w
positive changes were observed in all cultivars 
except the 500 and 1000 mg/kg-1 K2SO4 applica-
tions to cv. Önceler. The study findings emphasized 
the significance of preservative effect of K element 
in alleviation of the adverse effects of salt stress on 
plants. 

 

Plant growth. Plant growth parameter data 
and percentage changes are presented in Tables 4 
and 5. Previous studies reported that ground and 
underground biomass production decreased parallel 
with the increase in salinity in the irrigation water 
in bean plants [22, 48]. Thus, root and shoot growth 
is used as selection criteria in saline media [22, 49]. 
In the present study, the differences between the 
applications were statistically significant based on 
the plant shoot length data; however it was not 
possible to determine the effect of potassium on the 
averages obtained with the applications. It was 
determined that Genotypes x Potassium interaction 
was significant and the differences among the geno-
types were statistically significant, the highest value 
(17.89 cm) was observed in the genotype 
2000 mg kg-1 potassium application among the 
genotypes based on Genotypes x Potassium interac-
tion. The lowest interaction was observed in cv. 

-1 potassium 
sulphate dose (7.75 cm). The differences between 
the plant shoot diameters were statistically signifi-
cant between genotypes and K2SO4 applications; 
however, the analysis of percentage changes in 
genotypes compared to the control demonstrated 
that the overall impact of potassium was not posi-
tive. Only cv. Önceler exhibited a positive change 
with 2000 mg kg-1 potassium sulphate dose. There 
were no statistically significant differences were 
obtained between plant fresh weight values, posi-
tive changes were observed in cv. Akman and the 
genotype for 1000 and 2000 mg kg-1 potassi-
um sulphate doses, in the genotype cv. 

for 2000 mg kg-1 potassium sulphate 
dose, and the highest change was observed in the 



© by PSP  Volume 27  No. 12B/2018 pages 9859-9867        Fresenius Environmental Bulletin 

 

 

9864 

genotype for 2000 mg kg-1 potassium sul-
phate dose with 22.43%. Statistically significant 
differences were found between genotypes based on 
shoot dry weight and the highest positive change 
was determined in cv. Akman exposed to 1000 mg 
kg-1 K2SO4. Several studies indicated that as the 
amount of salt applied to the soil increases, the 
growth of the plants, and hence the amount of dry 
matter (root and stem) decreases [50, 51]. In the 
present study, positive changes were observed in 
percentage changes in dry matter content when 
compared to the control, and in particular, increases 
were observed more clearly in 1000 mg kg-1 potas-
sium sulphate application. It was determined that 
cv. Önceler exhibited an increase in all potassium 
sulphate doses and the highest increase was ob-
served with 1000 mg kg-1 K2SO4. 

The highest increases in genotypes leaf num-
ber were observed with 1000 and 2000 mg kg-1 
K2SO4 applications. It was found that the values 

obtained with K2SO4 applications were statistically 
significant, and the highest leaf number was ob-
tained with 1000 mg kg-1 K2SO4, the cultivars with 
the highest leaf number were cv. Akman (31.89%) 
and cv. 
study that there were statistically significant differ-
ences between genotypes and K2SO4 applications 
based on the plant root length values. The highest 
positive percentage change was determined in the 
genotype -1 
K2SO4 (30.48% and 19.39%, respectively). Based 
on root fresh weight, there was a statistical signifi-
cance as well. The most positive effect on plant root 
fresh weight was observed with 1000 mg kg-1 
K2SO4 application. Although root dry weight data 
were not statistically significant, there were in-
creases in several genotypes when compared to the 
control. It was determined that there were statisti-
cally significant differences between genotypes and 
Genotypes x Potassium interactions based on the  

 
 

TABLE 4 
Growth characteristics of bean genotypes with/without potassium sulphate (K2SO4) application according 

to 20 mM NaCl 
Applications                                                                        Shoot length (cm)                                                              

Genotypes Control App.1 
Change 

(%) 
App.2 

Change 
(%) 

App.3 
Change 

(%) 
Mean 

cv.Akman 12.87±0.61bc 9.88±2.66cd -23.23 12.44±1.00cd -3.34 10.56±1.88cd -17.95 11.44B±2.01 
 16.81±3.36ab 9.92±2.20cd -40.99 12.00±5.35cd -28.61 17.89±2.67a 6.42 14.15A±4.69 

cv.Önceler 11.88±2.17cd 10.75±0.96cd -9.51 9.50±3.54cd -20.03 10.46±0.85cd -11.95 10.81B±1.76 
cv.  11.81±2.19cd 7.75±0.96d -34.38 10.50±1.91cd -11.09 10.10±3.55cd -14.48 10.04B±2.59 
Mean 13.34A±2.95 9.57C±2.01  11.34BC±3.15  12.25AB±4.02  

Shoot diameter (mm) 
cv.Akman 4.17±0.31 3.74±0.56 -10.31 3.75±0.63 -10.07 3.93±0.56 -5.76 3.90B±0.51 

 5.10±0.29 4.46±0.09 -12.55 4.55±0.95 -10.78 4.42±0.37 -13.33 4.63A±0.55 
cv.Önceler 4.73±0.54 4.55±0.64 -3.81 4.26±0.23 -9.94 4.89±0.68 3.38 4.65A±0.57 

 5.06±0.39 3.89±0.45 -23.12 4.37±0.78 -13.64 4.28±0.28 -15.42 4.40A±0.63 
Mean 4.76A±0.52 4.16B±0.56  4.23B±0.74  4.38AB±0.57  

Shoot fresh weight (g) 
cv.Akman 3.46±0.92 3.39±0.80 -2.02 3.47±0.44 0.29 2.78±0.41 -19.65 3.27A±0.68 

 3.21±0.36 2.44±0.37 -23.99 3.38±1.49 5.30 3.93±0.60 22.43 3.24A±0.94 
cv.Önceler 3.75±0.48 3.19±0.57 -14.93 2.65±0.07 -29.33 3.44±0.75 -8.27 3.34A±0.63 

 3.83±0.97 2.43±0.69 -36.55 2.85±0.99 -25.59 3.96±2.56 3.39 3.27A±1.49 
Mean 3.56A±0.70 2.86A±0.72  3.15A±0.95  3.53A±1.33  

Shoot dry weight (g) 
cv.Akman 0.37±0.09 0.36±0.10 -2.70 0.45±0.07 21.62 0.31±0.08 -16.22 0.38B±0.09 

 0.40±0.03 0.35±0.09 -12.50 0.45±0.22 12.50 0.41±0.15 2.50 0.40B±0.13 
cv.Önceler 0.52±0.07 0.55±0.13 5.77  -3.85 0.56±0.20 7.69 0.54A±0.13 

 0.39±0.10 0.28±0.07 -28.21 0.33±0.05 -15.38 0.31±0.08 -20.51 0.33B±0.08 
Mean 0.42A±0.09 0.39A±0.14  0.41A±0.13  0.40A±0.17  

Shoot dry matter (%) 
cv.Akman 10.80±0.41 10.61±0.73 -1.76 12.94±1.76 19.81 10.49±1.83 -2.87 11.26B±1.55 

 12.45±1.24 14.05±1.81 12.85 13.35±5.12 7.23 10.12±3.16 -18.71 12.49B±3.25 
cv.Önceler 14.14±2.91 17.48±4.33 23.62  30.98 16.63±5.91 17.61 16.27A±4.24 
cv.  10.29±1.13 8.71±0.69 -15.35 12.34±3.85 19.92 9.29±3.52 -9.72 10.36B±2.93 
Mean 11.92A±2.17 13.28A±4.03  13.31A±3.70  11.71A±4.73  

Leaf number 
cv.Akman 7.40±1.12 7.38±1.11 -0.27 9.76±2.22 31.89 7.19±1.11 -2.84 7.93A±1.71 

 7.76±0.76 5.50±1.23 -29.12 7.75±3.40 -0.13 9.07±1.02 16.88 7.52A±2.17 
cv.Önceler 6.38±2.21 6.75±2.06 5.80 7.00±1.41 9.72 6.88±0.16 7.84 6.71A±1.53 

 6.50±1.91 5.33±1.89 -18.00 8.00±0.82 23.08 7.38±2.50 13.54 6.80A±1.97 
Mean 7.01AB±1.56 6.24B±1.70  8.29A±2.27  7.63A±1.57  
Mean values with different lower-case letters among columns are significantly different at p< 0.05. 
Mean values with different capital letters among rows are significantly different at p< 0.05 level. 
App. 0:: 0 mg kg-1

 K2SO4, 20 Mm NaCl, App. 1: 500 mg kg-1
 K2SO4, 20 Mm NaCl, App. 2: 1000 mg kg-1

 K2SO4, 20 Mm NaCl, App.3: 2000 
mg kg-1

 K2SO4, 20 Mm NaCl 
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TABLE 5 
Root growth characteristics of bean genotypes with/without potassium sulphate (K2SO4 ) application  

according to 20 mM NaCl 
Applications                                                                       Root length (cm)                                                            

Genotypes Control App.1 
Change 

(%) 
App.2 

Change 
(%) 

App.3 
Change 

(%) 
Mean 

cv. Akman 15.11±1.10 14.50±1.48 -4.04 16.13±2.78 6.75 14.06±2.20 -6.95 14.95AB±1.96 
 15.52±3.66 11.75±1.52 -24.29 20.25±2.87 30.48 18.53±2.85 19.39 16.51A±4.19 

cv. Önceler 14.00±2.16 14.13±2.78 0.93 15.00±0.00 7.14 14.17±1.60 1.21 14.23B±1.89 
cv.  15.17±4.75 15.21±0.63 0.26 16.50±2.38 8.77 14.75±5.87 -2.77 15.41AB±3.61 
Mean 14.95B±2.95 13.90B±2.08  17.25A±3.02  15.38AB±3.69  

Root fresh weight (g) 
cv. Akman 1.46±0.27 2.06±0.60 41.10 2.07±0.19 41.78 1.53±0.29 4.79 1.78AB±0.45 

 1.46±0.52 1.76±0.30 20.55 1.73±0.97 18.49 1.62±0.20 10.96 1.64B±0.53 
cv. Önceler 1.43±0.54 1.89±0.23 32.17 1.75±0.21 22.38 1.21±0.09 -15.38 1.54B±0.41 

 1.98±0.59 2.15±0.55 8.59 2.33±0.74 17.68 1.63±0.40 -17.68 2.02A±0.59 
Mean 1.58B±0.50 1.96A±0.43  2.00A±0.65  1.50B±0.30  

Root dry weight (g) 
cv. Akman 0.18±0.02 0.26±0.09 44.44 0.22±0.02 22.22 0.13±0.06 -27.78 0.20A±0.07 

 0.19±0.07 0.20±0.05 5.26 0.16±0.06 -15.79 0.19±0.03 0.00 0.19A±0.05 
cv. Önceler 0.14±0.03 0.19±0.04 35.71  35.71 0.22±0.11 57.14 0.18A±0.07 

 0.18±0.06 0.17±0.04 -5.56 0.21±0.07 16.67 0.17±0.10 -5.56 0.18A±0.07 
Mean 0.17A±0.05 0.21A±0.06  0.20A±0.05  0.18A±0.08  

Root dry matter (%) 
cv. Akman 12.49±1.04b 12.48±2.25b -0.08 10.80±1.05b -13.53 8.35±4.49b -33.15 11.21AB±2.68 

 13.34±1.48ab 11.39±1.60b -14.62 10.39±2.52b -22.11 11.74±1.09b -11.99 11.72AB±1.91 
cv. Önceler 10.19±2.01b 10.23±0.82b 0.39 10.00±0.00b -1.86 18.06±8.17a 77.23 12.61A±5.68 

 9.23±2.19b 9.79±1.43b 6.07 9.20±1.08b -0.33 10.21±3.39b 10.62 9.59B±2.06 
Mean 11.31A±2.32 11.05A±1.80  10.12A±1.62  12.34A±5.84  

Mean values with different lower-case letters among columns are significantly different at p< 0.05. 
Mean values with different capital letters among rows are significantly different at p< 0.05 level. 
App. 0:: 0 mg kg-1

 K2SO4, 20 Mm NaCl, App. 1: 500 mg kg-1
 K2SO4, 20 Mm NaCl, App. 2: 1000 mg kg-1

 K2SO4, 20 Mm NaCl, App.3: 2000 
mg kg-1

 K2SO4, 20 Mm NaCl 
 
 
root dry matter ratio, and the highest root dry matter 
ration was observed in 2000 mg kg-1 doses. The cv. 
Önceler (18.06%). Similar to the current study 
findings, Hemida et al. [21] demonstrated that both 
Potassium humite (KH) and alpha-tocopherol 
(TOC) applications significantly increased the 
shoot length, leaf number and plant dry weight 
parameters in bean plants grown in saline soil when 
compared to the control. 
 
 
CONCLUSION 
 

- K2SO4 applications had positive impact on 
stress conditions in plants exposed to constant 20 
mM salt. 

- It was determined that there were increases 
in nutritional element content, especially in K/Na 
and Ca/Na ratios, in potassium administered plants 
when compared to the control group. There were 
clear decreases in plant Na content as the adminis-
tered potassium dose increased. In these parameters 
that are determined as significant indicators of salt 
stress, it was observed that the highest impact was 
observed with 2000 mg kg-1 potassium sulphate 
dose. 

- There were variations in plant growth pa-
rameters and it was determined that potassium 
sulphate application had a positive impact on shoot 
dry matter and root dry matter content, which are 

considered as the most effective indicators of salt 
stress. 

- Although there were differences based on 
K2SO4 doses, it was determined that 1000 and 2000 
mg kg-1 potassium sulphate doses were the most 
effective. 

- Positive effects of potassium on parame-
ters such as leaf number, root length, root fresh 
weight and root dry weight were determined. 

- The most prominent genotypes based on 
all parameters were cv. Önceler and the genotype 

which is native to in the region. 
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The influence of museums on the image and 
prestige of the city, the region or the country they 
are located is significant. This study aimed to ex-
amine the physical characteristics of the museum 
gardens in Trabzon, Turkey and to determine the 
views of users about these gardens. Five museums 
were included in the study: Haghia Sophia Muse-
um, Atatürk Pavilion Museum, Turkish Education 
History and Technology Museum, Trabzon Metro-
politan Municipality City Museum, Ministry of 
Culture and Tourism Trabzon Museum. In the first 
stage of the present study, the museums were clas-
sified based on their urban location, relationships 
with their immediate environment, accessibility, 
area plastics, activity spaces, climatic factors, furni-
ture, water elements, plant and wildlife assets, 
scenery, presence of a garden, safety status, comfort 
and convenience. At the end of the phase, the gar-
dens were compared based on the scores they re-
ceived, and thus the positive and negative aspects 
of each museum garden were identified. In the sec-
ond and final stage, a survey was conducted with 
275 domestic and foreign visitors that utilized mu-
seum gardens to determine the satisfaction with the 
gardens and preference levels, in other words per-
ceptual properties were determined. At this stage, 
visitors were asked whether they were satisfied 
with the museum garden, their purpose for using 
the garden, the garden features that caused them to 
prefer the garden, and which elements were effec-
tive in using the garden. The deficiencies identified 
in the study were the lack of open green spaces, 
comfort, furniture, water elements, plant material, 
in other words, ignorance of landscaping criteria. 

 
 

Museum gardens, scorecard, landscape features, user 
satisfaction, Trabzon 

 
 

Museums are significant building blocks of 
the social and cultural urban life and could be de-
fined as the most basic centers of cultural-national 
identity policies [1,2]. Although museums have a 

wide area of activities, they are especially important 
for the global cultural and artistic market. Museums 
have an impact on several fields such as exhibi-
tions, auctions, art history, education, collection 
management, art organizations, etc. The types of 
museums include general museums, which contain 
various collections such as natural history, science 
and technology, artistic products and antique relics, 
and dedicated museums specialized in only one 
subject. Art museums and art galleries usually ex-
hibit paintings, sculptures, graphics and decorative 
art works [3].  

Museums play a leading role in transforming 
the traces of different ages in history into the cul-
tural education of the future generations [4-9].Thus, 
the past is valued in the present and becomes more 
meaningful. Because historical marks are only val-
uable when blended with experience. While the 
museums offer works about the history of a society, 
the cities they are located in becomes a center of 
attraction. Both domestic and foreign audience who 
are curious about and want to get to know the prod-
ucts of a different culture are informed through mu-
seums and the experiences the museums provide 
[10-13].  

The abovementioned functions of the muse-
ums are very important. However, these functions 
alone are not sufficient to attract visitors to the mu-
seums, or attract the visitors only once for histori-
cal, artistic, etc. purposes. On the other hand, gar-
dens are one of the most significant elements that 
support the identity and integrity of the museums. 
As in other environments, a physical and social 
environment should be created in the museums that 
includes several tools which guide the land, loca-
tion of the building, its form, comfort features and 
the visitors and that includes the methods of pro-
moting the interest and participation [14]. Thus, 
museum gardens could meet the needs for open 
space and become meaningful spaces where indi-
viduals could visit several times. Therefore, muse-
ums should be designed with their surroundings 
with a visitor-oriented planning [15-19]. To provide 
user satisfaction, the deficiencies of these institu-
tions that would support the image and prestige 
should be identified and removed. 

Several settlements with historical wealth 
have several museums where artworks are pre-
served and exhibited. In countries with historical 
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wealth, the estates that served several purposes in 
the past are usually restored and utilized since they 
could not serve the same purpose today. It is only 
possible for these estates to survive only when they 
acquire a new function. The best examples of old 
estates with new functions where outdoor spaces 
are also used extensively in Turkey are Topkapı 
Palace Museum, Dolmabahçe Palace Museum, and 
Haghia Sophia Museum. Many historical buildings 
like the abovementioned have been transformed 
into museums. The main examples are Atatürk Pa-
vilion Museum and the Haghia Sophia museum in 
Trabzon. 

Thus, the museums are a nostalgic connection 
with the past for each nation, while they could also 
be utilized as spaces where individuals’ needs for 
an open space could be satisfied. Therefore, in the 
present study, gardens of certain museums in the 
Trabzon province were analyzed based on land-
scaping criteria (urban location, relationships with 
immediate environment, accessibility, exhibition 
systems, indoor and outdoor presentation panels, 
area plastics, activity spaces, furniture, water ele-
ments, vegetal landscape elements, scenery, garden 
planning and design, safety, comfort and conven-
ience). After the current status was identified, a 
survey study was conducted with domestic and in-
ternational visitors to determine their satisfaction 
and preference levels about the museum gardens. 

 
A total of 5 museums were included in the 

study. These are Haghia Sophia Museum, Atatürk 
Pavilion Museum, Turkish Education History and 
Technology Museum, Trabzon Metropolitan Mu-
nicipality City Museum, Ministry of Culture and 
Tourism Trabzon Museum (Table 1, Figure 1). 

 
Many methods could be used for 

evaluation of outdoor spaces. These methods are 
often based on observations and personal assess-
ments, which results in criticism and poor reliability 
of the findings. The reliability could be established 
by arriving at conclusions through concrete evi-
dence. One of the approaches that could accomplish 
reliability is to provide a numerical basis for all 
values and criteria that contribute to the space by 
scoring field observations and measurements [20]. 
The scoring and evaluation method was applied for 
the gardens of 5 museums located in the city of 
Trabzon. In the evaluation of museum gardens, 62 
design criteria (urban location, relations with im-
mediate environment, accessibility, area plastics, 
activity spaces, climatic factors, furniture, water 
elements, presence of plants and wildlife, scenery, 
presence of a garden, its design, safety status, com-
fort and convenience) were established with a liter-
ature review and utilized. As is the case for all out-

door spaces, it has become a necessity to conduct 
assessment studies on museum outdoors.

The attention paid to the design of museum 
buildings should also be paid to the design of the 
exterior spaces in the museums. Thus, the evalua-
tion of museum gardens, similar to all spaces, is 
important for determination of how the gardens 
meet the required conditions, and their shortcom-
ing. Thus, both the values of the gardens in their 
own design concept and, in comparison, the com-
parative values between the institutions could be 
presented. Therefore, the determined evaluation 
method was constructed as a multi-parameter tabu-
lation system which was based on the museum out-
door characteristics and design principles. Each 
criterion was evaluated with the observations con-
ducted by the author in every area within the muse-
um site plan and both the staff and visitors were 
interviewed. For each feature included in the score-
card, the researchers assigned values between 0 and 
3 based on the conducted examinations, observa-
tions and interviews. The features included in the 
scorecard are assigned “0” points if the related fea-
ture is not present in the museum garden, '1' point if 
itş presence is little, '2,' if its presence is intermedi-
ary and '3' points were assigned if its presence is 
plenty and a total success score was determined for 
each museum garden based on the determined three 
most significant design features for this museum 
garden and the museum gardens were compared 
based on these success scores. For a total of 62 de-
sign criteria, success rates were calculated by divid-
ing the total scores of each museum garden by the 
maximum score (62x3 = 186) available. Success 
rates were determined as follows: 0-30% failed, 30-
45% inadequate, 45-60% partially successful, 60-
85% successful and 85-100% very successful. 
 

 

When the users have no benefit or if they 
could not achieve expected benefits, then no matter 
how successful the garden design, it could be ar-
gued that the garden has failed. Thus, in the second 
stage, views of users about museum gardens were 
inquired. A questionnaire that included 5 questions 
was applied to a total of 275 users, 55 in each mu-
seum. The questionnaires were made on a one-to-
one basis with the visitors wishing to participate in 
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each museum. In the first question the participants 
were asked whether they were satisfied with the 
museum garden on a 5-point scale(5 = yes, 1 = no), 
in other questions, they were asked their purposes 
in using the garden (taking the air, walking, sitting-
waiting, chatting, acquiring information, resting, 
other), the reasons behind their preference for the 
garden (view, comfort, safety, transportation, none), 
and which elements were effective in the use of the 
garden (plants, water, furniture, none). With this 
method, it would be possible to evaluate the percep-
tion of users about the museum gardens. 

 
 

Find-
ings related to the general features of the museums 
are presented in Tables 2 and 3 and then the data 
were entered in the scorecard based on these find-
ings.  

Percentages that were calculated based on the 
results of the scoring method used in the evaluation 
of museum gardens are given in Table 3. 0-30% 
success rate was considered as failure, 30-45% as 
inadequate, 45-60% as partially successful, 60-85% 
as successful and 85-100% was considered as very 
successful. 

 

Study Field 
 

Trabzon Hagia 
Sophia Museum 

 

 
Trabzon Atatürk Pavil-

ion Museum 

 

 
TEH and Technolo-

gy Museum 

 

 
Trabzon Municipal 

City Museum 
 

 
Ministry of Culture and 

Tourism Trabzon  
Museum 

 

 
The name of Hagia 
Sophia, which is a mon-
astery-church built be-
tween 1250 and 1260 by 
Emperor Manuel I. 
Komnenos (1238-1263) 
of the Eastern Rome and 
Trebizond Empire in 
1204. Hagia Sophia 
refers to "Sacred Wis-
dom," the second ele-
ment of holy trinity. The 
original monastery 
church building was 
used as a church after 
the Ottoman occupation 
in 1461 led by Fatih 
Sultan Mehmed and then 
transformed into a 
mosque in 1584 with the 
addition of a minbar and 
a muezzin lodge by an 
order by the Sultan and 
by anotable named Kürd 
Ali Bey. It has served as 
a museum and a hospital 
until recent times. To-
day, it serves the wor-
shippers as a mosque 
and a museum. 

 
Trabzon Atatürk Man-
sion is located in a 
small cedar forest in 
Soğuksu district. It was 
built in the beginning of 
the 20th century and 
became government 
property after 1923. 
During his visit to 
Trabzon in 1934 and 
1937, Ataturk stayed in 
this mansion. After his 
death, the mansion was 
decorated by Trabzon 
Municipality with the 
artifacts of the time and 
established as the "Ata-
türk Pavilion Museum" 
 

 
The Turkish Educa-
tion History and 
Technology Muse-
um is located on 
Yavuz Selim 
Boulevard in Trab-
zon Center Orta-
hisar Neighborhood. 
This museum was 
established with the 
approval of the 
governor on Febru-
ary 17, 2006, to 
include all available 
exhibits that demon-
strate the historical 
development of the 
education system 
and the educational 
process in the Turk-
ish education sys-
tem under one roof. 
The museum build-
ing was donated by 
Sevinç Baykal in 
2005. 
 

 
Trabzon Metropolitan 
Municipality City 
Museum opened to 
public on February 24, 
2017. The city muse-
um is located on Uz-
unsokak in Trabzon 
city center. Before 
serving as a city mu-
seum, the building 
served as the Mahmut 
Goloğlu Cultural Cen-
ter and as the central 
bank between 1963-
1994. This three-floor 
building features his-
torical artifacts, geo-
graphical signs as well 
as images related to 
the history of the city 
of Trabzon. 
 

 
The historical mansion, 
which was organized as 
Trabzon Museum, was 
built as the residence of 
banker Kostaki Teo-
phylaktos in Trabzon 
center on Zeytinlik 
Street in early 1900s 
(1898-1913). It is 
known that the archi-
tects of the mansion 
were Italian and several 
material used for the 
construction of the 
mansion were imported 
from Italy. In 1917, the 
mansion was purchased 
by Namıkoğlu family 
when Kostaki Teophy-
laktos bankrupted. It 
served as military 
headquarters, govern-
ment building, inspec-
tors buildings and girls’ 
vocational school. 
Since 1987, it started 
serving as a museum, 
and since 1988 it was 
established as Trabzon 
museum. The museum 
features archaeological 
artifacts, mausoleums 
and ethnographic arti-
facts. 
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• It is located 4.5 km 
from the city square. 
• A stadium, hospitals 
and fairgrounds are 
located in the imme-
diate environment of 
the museum. 
• It was built on an 
approximately 1 ha 
land, it has a large 
garden. 
• Mass-space analysis 
demonstrated that it 
constituted mostly 
open spaces. On the 
open space, an en-
trance and security 
unit, circulation ele-
ments, furniture, plant 
landscaping elements 
are present. Further-
more, there is a tea 
saloon and a café run 
by the museum. 
• It was observed that 
there were gravel, dirt 
and natural stone 
paved walking paths 
in the garden. There 
are long and short 
lighting elements. 
Circultaion elements 
include stairs. There 
are no facilities for 
disabled or special 
users. 
• There are sitting 
units and garbage 
bins. 
• There is a cascade 
pool, however there 
was no water in the 
pool. 
• The museum is 
surrounded by walls 
and the south garden 
wall is covered with 
red clinker. 
• Certain historical 
artifacts are on display 
in the garden. 
• There are informa-
tive billboards about 
the museum. 
• The museum faces 
north. Seaview is 
prominent in the loca-
tion. 
• Recently conducted 
urban transformation 
project highlighted the 
museum, demolishing 
the surrounding build-
ings which were un-
suitable for the plan. 

 
• It is located 6 km 
travel distance from the 
Trabzon city square. 
• Government hall, 
hospital, school and a 
park are located in the 
immediate vicinity of 
the museum.  
• Atatürk Pavilion 
Museum is built on an 
approximately 7 ha 
forest land with a large 
garden. 
• There are an entrance 
and security unit, a 
formal garden, furniture, 
plants in the museum 
garden and there is as 
tea saloon in the back 
garden. 
• The museum has a 
vista view of the city of 
Trabzon. 
 

 
• It is located 3 km travel 
distance from the Trabzon city 
square. 
• A mosque, a recreation area, 
school and a theatre are located 
in the immediate vicinity of the 
museum. 
• It consists of a small build-
ing and a garden.  
• There is no security unit in 
the entrance. It is accessed 
only through a door. It is nec-
essary to make an appointment 
to visit the museum.  
• The garden is not suitable 
for users with disabilities be-
cause the garden paths are too 
narrow and include steep 
stairs. No ramps are available. 
• In the garden sitting units 
and walls in different heights 
are available. 
• It was determined that there 
were significant elevation 
differences in the garden topo-
graphically in different areas. 
• The museum is located by 
Yavuz Selim Boulevard that 
was constructed as asecond 
alternative route in the city 
within the context of the urban 
transformation project, howev-
er the elevation difference 
between the boulevard and the 
museum is 6 m. In other 
words, building-garden-road 
connection is established by 
steep stairs. 

 
• It is located 1.5 km 
travel distance from 
the Trabzon city 
square. 
• Businesses, public 
offices, banks, a 
square, school and a 
hospital are located in 
the immediate vicinity 
of the museum. 
• The museum does 
not have a garden with 
boundaries. The mu-
seum is located on the 
most active transpor-
tation axis in Trabzon 
center and it is sepa-
rated from the road 
only by a 4 m wide 
sidewalk.  
• When the area 
between the building 
front and the road is 
examined with respect 
to landscape planning, 
a name panel for the 
museum, a high light-
ing unit, a garbage bin 
and two woody plants 
were observed. 
• There are no other 
landscaping compo-
nents, elements or 
planning. 
• Security staff are 
employed, however 
there is no security 
unit. 

 
• It is located 
500 m travel distance 
from the Trabzon city 
square. 
• Businesses, 
public offices, banks, 
a square, school and a 
hospital are located in 
the immediate vicinity 
of the museum. 
• It was built 
on an approximately 
2000 m2 land. 
• Landscap-
ing is under the influ-
ence of neoclassism 
movement. 
• In the 
garden, right at the 
entrance of the man-
sion, a Tyke (custodi-
an goddess of cities) 
sculpture is visible. 
• Further-
more, there are several 
lighting units, walls, 
stairs, sitting units, 
garbage bins, entrance 
doors, garage, cascade 
pool (without water), 
column footings, plant 
elements are present 
in the garden. 
• An analy-
sis of the furniture 
would demonstrate 
that the garbage bins, 
lighting and sitting 
unites were made of 
plastic material and 
are not suitable for the 
historical building. 
• The garden 
has three entrance 
doors. The first is the 
main entrance which 
is utilized for con-
trolled entrance to the 
museum. Another is 
reserved for the park-
ing lot. The final 
entrance is for pedes-
trians but is not cur-
rently used. 
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• It is located 4.5 km 
from the city square. 
• A stadium, hospitals 
and fairgrounds are locat-
ed in the immediate envi-
ronment of the museum. 
• It was built on an ap-
proximately 1 ha land, it 
has a large garden. 
• Mass-space analysis 
demonstrated that it con-
stituted mostly open 
spaces. On the open 
space, an entrance and 
security unit, circulation 
elements, furniture, plant 
landscaping elements are 
present. Furthermore, 
there is a tea saloon and a 
café run by the museum. 
• It was observed that 
there were gravel, dirt 
and natural stone paved 
walking paths in the 
garden. There are long 
and short lighting ele-
ments. Circultaion ele-
ments include stairs. 
There are no facilities for 
disabled or special users. 
• There are sitting units 
and garbage bins. 
• There is a cascade pool, 
however there was no 
water in the pool. 
• The museum is sur-
rounded by walls and the 
south garden wall is 
covered with red clinker. 
• Certain historical arti-
facts are on display in the 
garden. 
• There are informative 
billboards about the mu-
seum. 
• The museum faces 
north. Seaview is promi-
nent in the location. 
• Recently conducted 
urban transformation 
project highlighted the 
museum, demolishing the 
surrounding buildings 
which were unsuitable for 
the plan. 

 
• It is located 6 km 
travel distance from the 
Trabzon city square. 
• Government hall, 
hospital, school and a 
park are located in the 
immediate vicinity of 
the museum.  
• Atatürk Pavilion 
Museum is built on an 
approximately 7 ha 
forest land with a large 
garden. 
• There are an entrance 
and security unit, a 
formal garden, furni-
ture, plants in the muse-
um garden and there is 
as tea saloon in the back 
garden. 
• The museum has a 
vista view of the city of 
Trabzon. 
 

 
• It is located 3 km 
travel distance from 
the Trabzon city 
square. 
• A mosque, a recre-
ation area, school and 
a theatre are located 
in the immediate 
vicinity of the muse-
um. 
• It consists of a 
small building and a 
garden.  
• There is no securi-
ty unit in the entrance. 
It is accessed only 
through a door. It is 
necessary to make an 
appointment to visit 
the museum.  
• The garden is not 
suitable for users with 
disabilities because 
the garden paths are 
too narrow and in-
clude steep stairs. No 
ramps are available. 
• In the garden sit-
ting units and walls in 
different heights are 
available. 
• It was determined 
that there were signif-
icant elevation differ-
ences in the garden 
topographically in 
different areas. 
• The museum is 
located by Yavuz 
Selim Boulevard that 
was constructed as 
asecond alternative 
route in the city with-
in the context of the 
urban transformation 
project, however the 
elevation difference 
between the boule-
vard and the museum 
is 6 m. In other 
words, building-
garden-road connec-
tion is established by 
steep stairs. 

 
• It is located 1.5 km 
travel distance from 
the Trabzon city 
square. 
• Businesses, public 
offices, banks, a 
square, school and a 
hospital are located in 
the immediate vicini-
ty of the museum. 
• The museum does 
not have a garden 
with boundaries. The 
museum is located on 
the most active trans-
portation axis in 
Trabzon center and it 
is separated from the 
road only by a 4 m 
wide sidewalk.  
• When the area 
between the building 
front and the road is 
examined with re-
spect to landscape 
planning, a name 
panel for the museum, 
a high lighting unit, a 
garbage bin and two 
woody plants were 
observed. 
• There are no other 
landscaping compo-
nents, elements or 
planning. 
• Security staff are 
employed, however 
there is no security 
unit. 

 
• It is located 500 
m travel distance from the 
Trabzon city square. 
• Businesses, pub-
lic offices, banks, a square, 
school and a hospital are 
located in the immediate 
vicinity of the museum. 
• It was built on an 
approximately 2000 m2 
land. 
• Landscaping is 
under the influence of neo-
classism movement. 
• In the garden, 
right at the entrance of the 
mansion, a Tyke (custodian 
goddess of cities) sculpture 
is visible. 
• Furthermore, 
there are several lighting 
units, walls, stairs, sitting 
units, garbage bins, entrance 
doors, garage, cascade pool 
(without water), column 
footings, plant elements are 
present in the garden. 
• An analysis of 
the furniture would demon-
strate that the garbage bins, 
lighting and sitting unites 
were made of plastic materi-
al and are not suitable for 
the historical building. 
• The garden has 
three entrance doors. The 
first is the main entrance 
which is utilized for con-
trolled entrance to the mu-
seum. Another is reserved 
for the parking lot. The final 
entrance is for pedestrians 
but is not currently used. 

 
 

Based on the scoring table and all criteria, the 
Hagia Sophia Museum received the highest score 
with 130 points and the success rate for this muse-
um was calculated as 71%. Accordingly, it was 
considered as successful. If Ataturk is a mansion, it 
has a total score of 125 and the success rate is 67%. 
Atatürk Pavilion scored 125 points and the success 
rate for this museum was 67%. Atatürk Pavillion 

was also considered successful. Turkish Education 
History and Technology and Trabzon Metropolitan 
Municipality City Museums failed because they had 
a success rate of 0-30% based on the final classifi-
cation. The Ministry of Tourism and Culture Trab-
zon Museum received 103 points and 55% success 
rate. It was considered partially successful (Figure 
2, Table 4). 
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SCORECARD FOR  
TRABZON MUSEUM GARDENS TASM TAPM TEHTM TCM TCMM 

Location  

1. Is the museum located outside the city limits and 
is the location is easy to? visit 2 1 1 3 3 

2. Is the museum close to the urban center? 2 1 1 3 3 
3. When its urban location and immediate vicinity is 
examined, is there any negative aspects? 2 2 1 1 2 

Transportation 
Accessibility  

4. Can all user groups (disabled, children, elderly) 
access the museum easily? 2 1 0 2 2 

5. Does the garden have vehicle access? 3 3 1 1 3 
6. Is the museum located on a dense transportation 
network? 2 1 0 1 3 

7. Are other public spaces easily accessible from the 
museum? 2 1 1 2 3 

8. Is there an entrance unit in the museum garden? 3 3 1 3 1 
9. Is there a parking lot in the museum garden? 3 0 0 2 0 
10. Is there a clear transportation axis that connects 
the garden to the museum building? 3 3 1 2 0 

11. Are the activity areas in the garden easily acces-
sible? 1 1 0 1 0 

12. Are there promenade paths in the garden? 3 2 0 1 0 
13. Are the promenade paths in the garden suitable 
for all user groups? 1 1 0 1 0 

Scenery   14. Does the museum garden have a prominent view?  3 3 0 1 0 
15. Is the museum scenery active all day long? 3 3 0 1 0 

Garden  16. Is there a garden in the museum? 3 3 3 2 0 
17. Is the garden size adequate? 3 3 1 2 0 

Design  

18. Is the museum garden design elaborate? 2 2 0 1 0 
19. Can museum garden design encourage visits by 
all individuals? 1 1 0 1 0 

20. Are furniture designs in the garden adequate for 
the historical texture of the museum? 1 1 0 1 0 

21. Do the plant species in the garden promote the 
prestige of the garden? 2 2 1 2 0 

22. Are the furniture aesthetic?  1 1 0 1 0 

Area plastics  

23. Are the museum and the garden located on a land 
with lower slopes topographically? 2 1 0 2 1 

24. Are there fewer or more stairs and ramps in the 
museum garden? 2 1 0 1 3 

Border  
elements  

25. Is there a structural landscape element that bor-
ders the museum garden? 3 3 3 3 0 

26. Is there a vegetal landscape element that borders 
the museum garden? 1 2 0 0 0 
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Activity Spaces 

27. Are there activity areas in the museum garden?  1 1 1 1 0 
28. Are there visitor admittance areas in the museum 
garden?  1 1 0 1 0 

29. Are there sitting spaces in the museum garden?  2 2 1 2 0 
30. Are there food-beverage facilities in the museum 
garden?  1 1 0 0 0 

31. Are there leisure areas in the museum garden?  2 2 1 1 0 
32. Is it suitable for crowded groups? 3 2 0 1 0 

Climatic  
Factors  

33. Are garden spaces suitable for seasonal use? 1 1 0 1 0 
34. Were the activity areas in the garden designed 
based on climatic factors? 1 1 0 1 0 

35. Do snow and ice accumulate in the garden during 
winter? 1 1 1 1 1 

Furniture  

36. Is there a garden entrance? 2 2 1 2 0 
37. Is there a garden wall?  3 3 1 2 0 
38. Are there sitting units in the garden? 3 3 1 2 0 
39. Is there a pergola or cover element in the garden? 3 3 0 0 0 
40. Is there a lighting unit in the garden? 3 3 1 3 1 
41. Are there shade elements in the garden? 3 2 0 0 0 
42. Is the garden paved? 3 3 1 3 1 
43. Are there grass areas in the garden? 3 3 2 3 0 
44. Is there a plastic object in the garden? 3 3 0 3 0 
45. Are there introductory and directional boards in 
the area?  2 2 0 1 0 

46. Are these exhibition systems in the garden? 0 0 0 0 0 

Water Element 
47. Is there a water element in the garden? 2 3 0 2 0 
48. Is there a moving water element (artifical fall, 
fountain, etc.) in the garden? 1 2 0 1 0 

Plants and 
Wildlife  

49. Are there plants in the garden? 3 3 3 3 1 
50. Are there wildlife in the garden (birds, butterflies, 
etc.)? 3 3 3 3 0 

51. Are the plants maintained well? 3 3 2 3 0 
52. Are the plants in harmony with the nature?  3 3 2 3 0 
53. Are there colorful and fragrant plans?  3 3 3 3 0 
54. Do the plants demonstrate textural and formal 
diversity?  3 3 3 3 0 

55. Are there plants with beautiful fruits and flowers?  3 3 3 3 0 

Security,  
Comfort and 
Convenience  

56. Is there a security unit at the entrance? 1 3 0 3 0 
57. Is the pavement adequate for walking comforta-
bly without falling? 2 3 0 1 0 

58. Are garden pathways, stairs and ramps suitable 
for all users?  0 0 0 0 0 

59. Are there spaces suitable for collective use? 3 3 0 1 0 
60. Furniture sizes are adequate for all user groups? 1 1 0 1 0 
61. Are the furniture comfortable to use? 1 1 0 1 0 
62.Is unauthorized entrance to the garden prevented?  1 3 3 3 0 

 

Abbreviations: TASM (Trabzon Hagia Sophia Museum), TAPM (Trabzon Atatürk Pavilion Museum), TEHTM (Turkish Education His-
tory and Technology Museum), TCM (Trabzon City Museum), TCMM (Ministry of Tourism and Culture Museum), 

The survey 
was conducted with a total of 275 users, 55 in each 
museum garden, 138 subjects were male and 137 
were female. 143 respondents were locals and 132 
were visitors to the city. The vast majority of re-
spondents were between the ages of 18-29 (98) and 
30-39 (102) (Table 5). The χ2 tests conducted for 
the distribution of demographic characteristics 
yielded significant results, the findings are present-
ed in Table 5 (p <0.01). 

Re-
sponses to the question "Are you generally satisfied 
with the museum garden?" demonstrated that users 
were most satisfied with Atatürk Pavilion Museum 
garden (mean 4.25) and Hagia Sophia Museum 
garden (mean 4.21). Trabzon city museum (mean 

3.40) was the third and Trabzon Education History 
and Technology Museum (mean 1.92) and Ministry 
of Tourism and Culture Trabzon Museum garden 
(mean 1.00) were the last in satisfaction ranking. In 
the graph, distribution of the answers (5 = yes, 1 = 
no) is presented, and it was clear that the satisfac-
tion with the Atatürk Pavilion Museum and Hagia 
Sophia Museum gardens was high (Figure 3). This 
finding was also consistent with the museum gar-
dens scorecard determined in the first study phase. 
Atatürk Pavilion Museum and Hagia Sophia Muse-
um Gardens, which received the highest rates in all 
criteria (location, comfort, security, furniture, vege-
tal elements, water, transportation), scored the 
highest points in user satisfaction, while Trabzon 
Education History and Technology Museum and 
Ministry of Tourism and Culture Trabzon Museum 
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gardens with the lowest rates in other criteria re-
ceived the lowest mean scores in user satisfaction. 
Accordingly, it could be argued that user satisfac-
tion was correlated with to the level of the presence 
of landscaping criteria in gardens. Correlations be-
tween the variables related to the museum satisfac-
tion levels were analyzed with one-way analysis of 
variance (ANOVA). As a result, it was found that 
satisfaction level scores for each museum differed 
within itself and differed within the overall total 
that included the five museums gardens (p <0.01, N 
= 275). ANOVA results are presented in Table 6. 

 
Responses to the 

question "For which purposes you use the museum 
garden?" were assessed with crosstab analysis (Ta-
ble 7), and it was observed that the museum gar-
dens were used to take fresh air the most by users 
(mean 85). When the differences in use between the 
museums were examined, it was observed that the 
Trabzon Education History and Technology Muse-
um and Ministry of Tourism and Culture Trabzon 
Museum gardens that received low scores in land-
scaping criteria received the response “none” fre-
quently, thus these gardens were not utilized. How-
ever, it was determined that three museum gardens 
with high and somewhat high criteria scores were 
used for taking the air, chatting, and collecting in-
formation. 

Based on these findings, it could be argued 
that when the museum gardens are organized with 
adequate landscaping criteria, the users would use 
the gardens for useful activities such as taking the 
air, chatting, collecting information, etc. Active 

activities in the space provide positive psychologi-
cal effects by enhancing the pleasure and joy [21], 
while passive activities provide the same by in-
creasing positive [22]. Thus, museum gardens 
should include spaces that provide beneficial activi-
ties. 
 

 
 

 

Responses to the question "Which features 
influenced your preference for a garden positive-
ly?" were assessed with crosstab analysis (Table 8), 
and it was observed that the most important reason 
for user preference was "transportation" (mean 
100). However, the highest reason for preference of 
the TCMM and TEHTM gardens, which received 
negative landscaping criteria scores, was "none", 
meaning that the users did not revisit the site again 
because there was no activity available in these 

 
 

 

Demographic Structure 

Museums 

Total χ2 df 
Trabzon 
Hagia 
Sophia 

Museum 

Trabzon 
Atatürk 
Pavilion 
Museum 

Trabzon 
Education 

History 
and 

Technology 
Museum 

Trabzon 
City 

Museum 

Ministry 
of Tour-
ism and 
Culture 
Trabzon 
Museum 

Gender Man 27 28 28 28 27 
Woman 27 27 27 28 28 

Age 

18-29 20 19 20 20 19 
30-39 21 20 21 17 23 
40-49 11 13 11 9 9 53 
50 and over 2 3 2 3 2 12 

User 
Type 

City users 28 29 29 28 29 
Users out  
of city 27 26 26 27 26 132 

 

 Sum of Squares df Mean Square F Sig. 
Between Groups 459,833 4 114,958 244,925 ,000 
Within Groups 126,727 270 ,469   
Total 586,560 274    
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Purposes of Use  Museums 
TAM TAPM TEHTM TCM TCMM Total 

Taking the air 23 22 
Sitting-Waiting 8 3 0 10 0 21 
Chatting 15 18 10 13 0 56 
Collecting information 8 10 0 27 
Walking 0 0 0 0 0 
None 0 0 23 8 55 86 
Total 55 55 55 55 55 275 

 

Preferred features Museums Total TAM TAPM TEHTM TCM TCMM 
View 14 0 66 
Comfort 9 12 0 11 0 32 
Security 0 8 0 11 1 20 
Transportation 
None 0 0 0 57 
Total 55 55 55 55 55 275 

 

Elements effective 
on use 

 Museums 
TAM TAPM TEHTM TCM TCMM Total 

Plants 20 17 1 89 
Water element 14 0 0 0 0 14 
Furniture 19 15 5 0 0 39 
None 0 11 
Total 55 55 55 55 55 275 

 
 

 t df Sd Mean Difference 95% Confidence Interval of the Difference 
Lower Upper 

Purpose of use 27,290 274 2,031 3,342 3,10 3,58 
Preference  
features 35,222 274 1,498 3,182 3,00 3,36 

Effective  
elements 34,658 275 1,337 2,790 2,63 2,95 

 
 
museum gardens, which were not actually gardens, 
and these museum gardens were used only to pass 
through when visiting the museum itself. As a re-
sult, it could be observed that museum garden pref-
erence declined as landscape criterion scores 
dropped, users could not find a feature to prefer 
these gardens. The museum gardens with favorable 
landscaping criteria scores were preferred for the 
views as well as for the transportation facilities. 
Because visitor needs to feel well oriented to enjoy 
the experience. In museums, this feeling begins 
with the view from the entrance to the garden [23-
24].  

Responses to the question "Which elements were 
effective on your use of the garden?" were assessed 
with crosstab analysis (Table 9), and none of the 
elements was found to be effective in making the 
users to use the garden (mean 133). However, it 
was determined that the presence of plants and fur-
niture in Trabzon Hagia Sophia Museum and Trab-
zon Atatürk Pavilion Museum gardens with high 
landscaping criteria scores positively affected the 
usage. In other words, it could be stated that the 
landscaping elements that would positively affect 
the usage were quite insufficient in these gardens in 
general. However, the presence of natural elements 
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such as water and plants improves satisfaction and 
use [25-29]. Thus, landscaping elements such as 
plants, water elements, etc. should be improved in 
museum gardens. 

Finally, to determine whether the differences 
between purposes of use, preferred features and 
effective elements on the use of museum gardens 
were significant, One-Sample T test was conducted 
with SPSS (v. 23.0) software. The test results 
demonstrated that museum gardens had a statistical-
ly significant effect on the purposes of use, prefer-
ence features and elements effective on use (p 
<0.01) (Table 10).  

 
 

  
 
Preserving the vitality of historical buildings 

as museums for social and cultural sustainability 
depends on the suitability of these spaces to criteria 
for contemporary use [30]. Museums and their gar-
dens can be used to the extent that they could meet 
user requirements and desires that differentiate with 
their lifestyles. The extent to which museum gar-
dens could meet current requirements can be as-
sessed either during the use or before the preserva-
tion efforts. The museum environment could be 
used only when they communicate with its visitors 
[31-34]. 

To preserve the cultural heritage, to pass it on 
to future generations and to maintain social and 
cultural sustainability, studies that would reveal and 
vitalize such values with cultural, social and touris-
tic uses along with their immediate environment 
should be conducted. To restitute historical build-
ings and their gardens as museums and to preserve 
their unique fabric, relief, restitution, restoration 
and renovation studies should be conducted using 
scientific and current techniques [35]. Utilization 
and refunctioning of the museums and gardens that 
aim to exhibit our cultural values that needs protec-
tion with a social awareness and responsibility are 
important to maintain social and cultural sustaina-
bility. It is quite important to increase the prefer-
ence for museums and gardens to raise a social 
awareness in the preservation and development 
processes by local governments [36, 37]. The mu-
seums are cultural and educational environments 
that increase creativity [38]. Museums and their 
gardens should be designed as pieces of history that 
enhance the imagination of visitors. 

In the past, spaces that were shaped by the cul-
tural structure and natural environment develop 
parallel to technological and economic advances 
today. The museums designed in historical build-
ings should be transformed into spaces that could 
meet user needs through a series of transformations 
in urban culture and spaces. 

In short, the historical buildings and artifacts, 
which constitute our cultural heritage, are inherent-

ly important in transferring the cultural heritage to 
future generations and to ensure social and cultural 
sustainability. However, it was determined by the 
findings of the present study that the museum gar-
dens in Trabzon scrutinized in the study were not 
suitable for use by all user groups, the selected fur-
niture were incompatible with the historical struc-
ture, there were deficiencies in open green spaces, 
and in addition, due to the lack of comfort, furni-
ture, and water elements, these spaces do not enable 
the transfer the cultural form and lifestyles to future 
generations, and it was further determined that 
these spaces could not provide user satisfaction. 

Especially, the relationships between museum 
gardens or outdoor spaces and the immediate sur-
roundings and landscaping plans should be revised 
based on the conservation/use balance. These spac-
es should be transferred to future generations with 
landscaping plans that cater domestic and interna-
tional users. Thus, museum gardens that include 
adequate furniture-plant-water elements, and that 
are natural, informative, legible, comfortable, and 
with comfortable access and transportation should 
be constructed. The museum authorities should take 
these issues into consideration and should revise 
and expand the gardens, or should consider muse-
um gardens as a part of the museum based on the 
abovementioned criteria. 
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This study provides to identify the purchase in-
tentions, preferences and effects of demographic 
characteristics of the individuals on seafood. Data 
used in the research was obtained from the face-to-
face questionnaire which was applied to randomly 
selected 407 individuals during May-June 2016 pe-
riod in the city of Adana, Turkey. For this purpose, 
logistic regression method and chi-square test were 
applied on the obtained data and statistically signifi-
cant differences (p<0.05, p<0.01) were found be-
tween the responses. The results show that factors as 
age, income, education and structure of the profes-
sion effects consumers on the place of purchase and 
determine the preference of traditional markets (lo-
cal market or fish market) or supermarkets for sea-
food products. It is also found that consumers who 
prefers supermarkets mainly prefer wild fish in fresh 
form and dominant factors influencing purchasing 
behavior of seafood are freshness and accessibility 
for this consumer group (p< 0.01). Besides, accessi-
bility, reliability and freshness are the main factors 
on consumers’ preference of supermarkets on sea-
food purchasing (p< 0.01).  

 
 

Consumer behavior, logistic regression, purchase inten-
tion, supermarkets, seafood, environmental awareness. 

 
 

Depend on the global welfare increases, and 
health concerns consumers became more selective 
on food choices and shift to well-qualified healthy 
ecological food products like seafood. Today con-
sumers prefer more animal based products than be-
fore such as meat and fish instead of cereals and 
pulses [1]. Moreover, consumers desire to use less 
effort and time for purchase and consumption activ-
ities thus they are demanding more service applica-
tions than before at retail side. Accordingly, there is 
a need to determine consumer needs and desires to 
understand the importance of product specific char-
acteristics and economic factors in developing and 

executing marketing strategies especially for ecolog-
ical products [2]. Hence, supermarkets as organized 
food retailers became more important on many food 
purchase activities like ecological products includ-
ing seafood in recent years [3].   

Today, economic growth, market integrations, ur-
banization, and changing lifestyles are associated 
with transformations in the food systems of coun-
tries. Consequently, supermarkets have an increased 
role on food purchase activities in modern societies 
with many advantages such as food safety and qual-
ity standards, vertical market integration, and inter-
national trade in high-value products [4].  Supermar-
kets also have the potential to affect dietary choices 
for better or worse, and it is important to understand 
how the presence of these stores influences con-
sumer decisions [5]. In Turkey, investments in food 
retailing sector which has started early 1990’s en-
couraged sales of fresh seafood within these organi-
zations. It is estimated that in domestic seafood mar-
ket 70% of the products reach to the costumers 
through traditional market (fish markets, local mar-
ket places and wholesalers serving hotels and restau-
rants) and 30% by modern supermarkets in Turkey 
[6]. 

Seafood is an essential 
component of human diet due to its precious nutri-
tional content and outstanding health benefits. It is 
an important source of high quality protein, iodine, 
micronutrients and fatty acids, which provide vari-
ous health benefits such as reducing cardiovascular 
diseases and boosting the immune system efficiency 
and seafood consumption can contribute to the feed-
ing of a growing world population [7, 8, 9, 10]. 

Average world per capita fish consumption in-
creased from 9.9 kg to 19.2 kg from 1960 to 2012. 
World fish and aquaculture production reached to 
158 million tons and in terms of utilization, 136.2 
million tons was for human consumption and 21.7 
tons for non-food uses. World fishery market has a 
dynamic structure, especially on demand side and it 
is becoming much more complex and stratified, with 
greater diversification among species and product 
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forms [11]. Demand increase for seafood over the 
past years is associated with some factor like, popu-
lation growth, increased incomes, urbanization, and 
awareness on healthy food consumption and the 
strong expansion and diversity of seafood produc-
tion. It is accepted that, behavior of food and seafood 
consumption is influenced by many interrelating fac-
tors like product attributes (quality, convenience, 
odor, flavor), personal factors (preference, attitudes, 
knowledge, perception), and cultural and social en-
vironment [12]. Supermarkets as seafood suppliers 
and distribution channel also has affected the market 
especially for recent years. While seafood is con-
sumed worldwide, consumption has also always 
been higher in the developed countries than the de-
veloping or least developed countries [3, 5, 11, 13, 
14, 15]. 

Since 1950’s fish stocks are decreasing depend 
on increases on the global fish consumption trend 
and unfair fishing practices [16, 17]. This situation 
causes problems on food security and long-term so-
cial welfare and effects biodiversity [18, 19].  

However, improvement of environmental 
awareness or misinformation about seafood con-
sumption is also effective. Environmental pollution 
and pollution of the water world directly affect aq-
uaculture and fisheries production and consumption 
[20].  

In this study, it is aimed to reveal preferences 
on purchase location as traditional markets or super-
markets due to differences on the demographic fea-
tures and the situation of supermarkets on seafood 
purchase behavior of households. In this context, de-
mographic structures and the factors determining 
consumers’ seafood consumptions and purchase pat-
terns were analysed and interpreted.  

The survey was applied 
randomly to the individuals around the shopping 
malls and supermarkets in Adana province, Turkey 
on May and June 2016. To investigate seafood con-
sumption patterns and the effects of supermarkets on 
consumer’s attitudes, a face-to-face questionnaire 
was designed by the authors. The fallowing formula 
was calculated to determine sample size of the re-
search [21].  

                   (1)  

 
n= Sample size; N= Population size; p= Fre-

quency of occurrence of the event to be investigated 
(%50); q= Unrecognized frequency of events to be 
investigated (1-p) (%50); t= t value (1.96); d= Abso-
lute error or precision as mentioned in previous sec-
tion (Usually 0.05 or 0.10) [22, 23].  

The questionnaire was applied to 407 individu-
als and 347 of them are detected as consuming sea-
food. Within seafood consumers, 165 are found as 
making seafood purchase frequently from supermar-
kets and the analyses. Rest of the consumers are fre-
quently shopping from the other traditional markets 
like fish markets or local markets. 

Data used for analys-
ing purchasing behavior and patterns consist from 
two parts. First part of the consumer survey was fo-
cused on determining the factors associated with 
purchasing behavior and patterns for seafood in the 
markets. Effective attributes on seafood consump-
tion can qualified as, sensory properties, nutritional 
value, health related aspects, price, convenience, 
availability, seasonality, country of origin, obtaining 
method (wild or farmed) and some product forms 
[14]. In relation to this, second part was covered by 
the socio-demographic characteristics of the con-
sumers.

The demographic characteristics of consumers 
who are in purchasing behavior from supermarkets 
are evaluated by the percentage-frequency method. 
In addition, Binary Logistic Regression analysis was 
applied to determine the effect of these demographic 
characteristics on purchasing behavior. Logistic re-
gression function is given below; 

Y1,…,Yn values are statistically independent. 
Independent variables (Xk) are independent of each 
other. 

 
Y (0,1),                      = 1,2,……,n           (2)  
P(Y =1/Xi)=P ,                   = 1,2,……,n               (3)  

                                     (4)  

 
In equation 4,  coefficient represents the 

slope and  coefficient represents the independent 
variable of the sample [24]. When conversion is 
made,  

 
                                          (5)  

 is obtained.                           (6)  

 
In equation 6, P  expresses the probability that 

the desired event belongs to the categorical variable. 
P  takes value between 0 and 1and Z  takes values 
between - ∞ and + ∞. [25, 26].  

: Individuals so-
cio-demographic differences have no impact on the 
seafood purchase location.

: Individuals socio-demographic differences 
have an impact on the seafood purchase location.
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Logistic regression analysis 
was used to test the relationship between the depend-
ent and the independent variables. Dependent varia-
ble in study is analysed as 0: supermarket buyers and 
1: buyers from traditional markets. The independent 
variables in the analyse are composed of gender (1: 
male, 2: female), age (1: 25<, 2:25-34, 3: 35-44, 4: 
45-54, 5: 54> ), education (1: only literate; 2: pri-
mary-secondary school graduate; 3: high school; 4: 
graduate; 5: postgraduate), occupation (1: worker; 2: 
officer; 3: artisan; 4: self-employed; 5: private sector 
employee; 6: student; 7: house wife; 8: unemployed) 
and income (1: no income; 2: 1000 TL<; 3: 1001 TL-
2000 TL; 3: 2001 TL-3000 TL; 4: 3001 TL-4000 TL; 
5: 4000 TL>). 

The categorical data obtained from the re-
spondents for the attitudes were tested with chi 
square test. The results were interpreted according to 
the significance level of 0.05 and 0.01. The data 
analyses were performed using SPSS 20.0. 

 
 

Results of the consumers who uses supermar-
kets frequently for seafood purchase shows that, 
monthly seafood consumption of the consumers is 3 
kg per household in average and there is no differ-
ence in consumption quantity among supermarket 
users and traditional market users. Frequency and 
percentage distributions according to the demo-
graphic structure of the respondents is mainly consist 
of men (60.6%) and 80% of them has the degree of 

high school or higher education, the size of house-
holds is usually 4-5 individuals. The important point 
is 72.1% of the individuals who purchase from su-
permarkets are under 35 who are consist of young. 
Supermarket is a prime location on seafood procure-
ment especially among the young consumers [27].  

The results of univariate lo-
gistic regression analysis for the demographic char-
acteristics and place of purchase preference are 
given in Table 1.  

Probability ratio test results indicated that the 
variables with probability level (p) below 0.25 (p> 
0.25) given in Table 1 were selected as candidate 
variables for the multivariate model [28]. In this 
case, all variables except gender were taken into 
multivariate models and the results are given in Ta-
ble 2. 

As it seen in Table 2, when the Exp (odds) val-
ues are examined the probability of purchasing sea-
food from the supermarket than traditional markets 
increase by 24.2% [(1-0.758) * 100)] as the average 
age of the consumer’s decreases. In addition, the in-
crease in income also increases supermarket usage 
by 11% [(1-0.889) * 100] compared to traditional 
markets and as education level increases the likeli-
hood of using supermarkets increases by 27.5% [(1-
0.725) * 100]. Research results also shows that com-
paring with the other professions, low-skilled work-
ers and non-workforce individuals are 1.047 times 
more likely to use traditional markets than supermar-
kets in the purchase of seafood products. Depend on 
the analyses results we reject the H0 hypothesis of the 
research.  

 
 

 
 

Variable B S.E. Wald df P Exp(B) 95% C.I.for Exp(B) 
Lower       Upper 

Gender -.062 .221 .080 1 .777 .939 .609 1.448 
Age -.318 .104 9.324 1 .002 .727 .593 .892 
Education -.282 .154 3.325 1 .068 .755 .558 1.021 
Profession .097 .050 3.694 1 .055 1.102 .998 1.216 
Income -.253 .084 9.122 1 .003 .776 .659 .915 
Constant   .832      

 

Variable B S.E. Wald df P Exp(B) 95% C.I.for Exp(B) 
Lower       Upper 

Age -.277 .116 5.715 1 .017* .758 .604 .951 
Education -.322 .162 3.946 1 .047* .725 .527 .996 
Profession .046 .056 .672 1 .412 1.047 .938 1.170 
Income -.118 .101 1.376 1 .241 .889 .730 1.082 
Constant 1.675 .664 6.356 1 .012* 5.336   

*: p<0.05 
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Seafood con-
sumption frequency basis on variety of the respond-
ents was investigated with the research. The Chi-
Square test and percentage frequency values for the 
variety-based consumption among the individuals 
who purchase seafood from supermarkets are given 
in Table 3. 

When Table 3 is examined, it is found that there 
is a statistically significant difference between the 
frequency of consumption of all type of seafood (p < 
0.01). Within seafood varieties. 86.1% of consumers 
reported that they always purchase wild fish from the 
supermarkets (p< 0.01). Freshwater fish has second-
ary preference and the purchase status of other spe-
cies from the supermarkets (shrimp, crab, mussel, 
squid, octopus, lobster and clam) is very low. This 
result show that there is a low demand position and 
availability problem for shellfish and mollusc spe-
cies in Turkey.   

Purchase behavior of the consumers for differ-
ent product forms were also investigated with the 
survey. Table 4 gives Chi-square test results for the 
frequency of purchasing preferences according to 
consumption patterns for different product forms. 
According to this, it was found that there was a sta-
tistically difference between consumption of all 
product forms (p <0.01). 

According to Table 4, it is found that there is a 
statistically difference between consumption of all 
product forms (p< 0.01). When the consumption fre-
quencies are examined, it has been determined that 
the vast majority of consumers (91.5%) are showing 

seafood buying behavior as fresh form. Quick dete-
rioration situation and short storage life of the sea-
food products effects consumers and consumers 
have to minimize their procurement process and this 
situation effects the purchase frequency and form of 
the seafood. In this context, supermarkets located in 
the neighbourhood of the consumers are very im-
portant on purchasing activities [1]. 

Other product forms that are relatively less pre-
ferred are frozen and canned products. Purchase 
preference for other product forms (marinated, 
smoked, salted, canned, dried and pre-cooked) are 
quite low according to the results.  

It is very important to identify which factors are 
effective on seafood consumers who purchase sea-
food from supermarkets to achieve the objective of 
the study. Chi-Square test for factors influencing the 
purchase behavior on seafood was given in Table 5. 

The results in Table 5 show that, there is a sig-
nificant effect for all factors (p <0.01). The most im-
portant factors affecting the purchasing behavior of 
supermarket customers on seafood are determined as 
freshness and accessibility. Secondary important 
factors are seasonality and price of the product. 
Other factors affecting seafood purchase o are pack-
aging, type of the seafood, size, fishing technique, 
presentation, origin and wild or aquaculture. [13, 
29], also found price and availability as important 
factors for seafood consumption [12].  Within the 
scope of the research supermarket customers were 
asked why they prefer to purchase from supermar-
kets seafood. The results were given in Table 6.   

 
 

 

Variable Never 
f (%f) 

Rarely 
f (%f) 

Sometimes 
f (%f) 

Always 
f (%f) df Chi-Square 

Marine Fish 4(2.4) 4(2.4) 15(9.1) 142(86.1) 3 330.055** 
Freshwater Fish 69(41.8) 18(10.9) 56(33.9) 22(13.3) 3 46.030** 
Shrimp 137(83.0) 13(7.9) 15(9.1) - 2 183.418** 
Crab 151(91.5) 8(4.8) 5(3.0) 1(0.6) 3 389.933** 
Mussel 106(64.2) 9(5.5) 37(22.4) 13(7.9) 3 146.636** 
Squid 129(78.2) 11(6.7) 17(10.3) 8(4.8) 3 249.909** 
Octopus 155(93.9) 5(3.0) 5(3.0) - 2 272.727** 
Lobster 153(92.7) 6(3.6) 5(3.0) 1(0.6) 3 403.994** 
Clam 159(96.4) 5(3.0) 1(0.6) - 2 295.127** 

**: p<0.01 
 

 

Variable Never 
f (%f) 

Rarely 
f (%f) 

Sometimes 
f (%f) 

Always 
f (%f) df Chi-Square 

Fresh 1(0.6) 1(0.6) 12(7.3) 151(91.5) 3 391.291** 
Frozen 120(72.7) 7(4.2) 29(17.6) 9(5.5) 3 207.630** 
Marinated 144(87.3) 17(10.3) 4(2.4) - 2 217.564** 
Smoked 154(93.3) 7(4.2) 4(2.4) - 2 267.382** 
Salted 146(88.5) 9(5.5) 9(5.5) 1(0.6) 3 355.703** 
Canned 127(77.0) 10(6.1) 25(15.2) 3(1.8) 3 243.800** 
Dried 157(95.2) 5(3.0) 2(1.2) 1(0.6) 3 433.279** 
Pre-cooked 150(90.9) 9(5.5) 4(2.4) 2(1.2) 3 382.903** 

**: p<0.01 
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Variable 1 
f (%f) 

2 
f (%f) 

3 
f (%f) 

4 
f (%f) 

5 
f (%f) df Chi-

Square 
Freshness - 1(0.6) 3(1.8) 12(7.3) 149(90.3) 3 376.939** 
Accessibility 6(3.6) 3(1.8) 12(7.3) 32(19.4) 112(67.9) 4 251.879** 
Price 9(5.5) 3(1.8) 21(12.7) 49(29.7) 83(50.3) 4 132.606** 
Season 10(6.1) 5(3.0) 16(9.7) 49(29.7) 85(51.5) 4 138.242** 
Packaging 7(4.2) 7(4.2) 11(6.7) 77(46.7) 63(38.2) 4 141.576** 
Fishing Technique 10(6.1) 9(5.5) 50(30.3) 58(35.2) 38(23.0) 4 61.939** 
Seafood Type 8(4.8) 3(1.8) 67(40.6) 47(28.5) 40(24.2) 4 88.667** 
Presentation 12(7.3) 10(6.1) 42(25.5) 43(26.1) 58(35.2) 4 53.818** 
Origin 15(9.1) 6(3.6) 36(21.8) 52(31.5) 56(33.9) 4 59.152** 
Size 11(6.7) 23(13.9) 51(30.9) 36(21.8) 44(26.7) 4 31.455** 
Wild or Aquaculture 6(3.6) 6(3.6) 11(6.7) 45(27.3) 97(58.8) 4 187.333** 

**: p<0.01 
 

 
 

Variable 1 
f (%f) 

2 
f (%f) 

3 
f (%f) 

4 
f (%f) 

5 
f (%f) df Chi-

Square 
Easy to Access 4(2.5) 3(1.9) 11(6.9) 39(24.4) 103(64.4) 4 223.625** 
Reliability - 2(1.3) 8(5.1) 51(32.3) 97(61.4) 3 147.772** 
Access to information 14(8.8) 9(5.7) 11(6.9) 54(34.0) 71(44.7) 4 100.750** 
Variety 7(4.4) 9(5.6) 19(11.9) 58(35.2) 67(41.9) 4 63.250** 
Freshness 2(1.3) - 18(11.3) 47(29.4) 93(58.1) 3 119.650** 
Price Promotions 18(11.3) 6(3.8) 30(18.8) 53(33.1) 53(33.1) 4 54.938** 
Possibility of cooking 13(8.2) 5(3.1) 40(25.2) 51(32.1) 50(31.4) 4 57.824** 

**: p<0.01 
 
 

The results in Table 6 show that, although there 
is a significant effect for all factors (p <0.01). It is 
especially important that consumers prefer to shop 
seafood at supermarkets because they can access 
easily, have high reliability and can reach fresh sea-
food. Other important factors which effect the pref-
erence of the supermarket customers are facility to 
access to the information on seafood, large variety 
opportunities, price promotions and possibility of 
cooking facilities.  

Seafood costumers which are more associated 
with large and organized food retailers can benefit 
from many facilities served by supermarkets like 
convenience, variety, quality, safety and low prices 
[3].  

Supermarket activities on seafood marketing 
can cope with many factors which averse consuming 
seafood as perceived difficulty in purchasing. pre-
paring and cooking and some physical properties 
like the smell [1, 29].  

Seafood has an essential role due to its valuable 
nutrient content on nutrition need of the individuals 
and is a very important component of healthy food 
consumption. Consumption of seafood is increasing 
globally and developments in distribution channels 

and retailing activities have also significant impact 
on this increase. While the consumption of seafood 
in Turkey is following a fluctuating trend, it is ob-
served that supermarkets have increased their activ-
ities in the area of seafood marketing in recent years. 
This could affect Turkey's floating structure in the 
consumption of seafood.  

Supermarkets offer a larger variety of all types 
of products. regardless of the consumer’s dietary 
needs with offering more types of goods, brands, fla-
vour, functionalities and levels of processing. This is 
expected to increase the dietary diversity of consum-
ers which effects seafood amount and diversity of 
consumption positively [5, 30, 31]. While traditional 
markets like fish market is still active on merchan-
dise, supermarkets have taken the market share grad-
ually in selling seafood products due to life pattern 
change [32].  

As a result of the analysis, it is determined that 
about 45% of seafood consumers make purchases 
from supermarkets and that these consumers are 
mainly composed of young people (%71). Logistic 
regression model also shows that decreasing con-
sumers' age increases the use of supermarkets 
(24.2%). In terms of seafood purchase. the increase 
in income and the increase in the level of education 
are also increasing the tendency towards using su-
permarkets. [33] also found in their studies about 
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dairy consumption purchase intention that the edu-
cation level of the individuals who purchase dairy 
products from supermarkets is significantly higher 
than the ones who purchase from the traditional mar-
kets (local market or fish market). As a conclusion, 
on preference of purchase location of seafood some 
socio-demographic features have impacts and thus 
we reject H0 hypothesis.   

In addition, it has been determined that those 
who prefer supermarkets in the purchase of seafood 
are composed of individuals with skilled occupa-
tions. 

The results also show that, most of the super-
market customers have fresh sea fish consumption 
preference in case of seafood from. The most im-
portant factors affecting their buying behavior are 
freshness and accessibility. The consumption of fro-
zen food in Turkey is quite low (150 gr. per capita) 
and increases in this area will be reflected in the con-
sumption and purchase of seafood. Consumers' pref-
erences for supermarkets on seafood purchase is 
easy accessibility, reliability and access to fresh 
products. As well as the availability of price promo-
tions and access to information are other important 
factors. 

From the results of the research it can be con-
cluded that consumers’ demographic characteristics 
as age, education, income and profession has influ-
ence on place of purchase for seafood products. In 
addition, fresh sea fish is the most preferred seafood 
product of the consumers who uses supermarkets 
and the factors that affect the seafood purchasing of 
this consumer group are freshness, accessibility, 
price and seasonality. Accessibility is the most im-
portant factor on preferring supermarkets to pur-
chase seafood products. 

 
 

This study was derived from the FBA-2017-
8176 project, which was supported by the Scientific 
Research Projects Unit of the University of Çuku-
rova, Turkey.
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This study was conducted to determine the ef-

fects of different gamma irradiation doses yield, 
yield components and fiber technological properties 
on cotton varieties of Acalpi-1952 and Sayar-314. 
The seeds of each cultivar were irradiated by 100, 
200, 300 and 400 gray doses at The Foundation of 
Türkiye Atomic Energy. M1, M2, M3 and M4 genera-
tions were grown between 2000-2004 cotton grow-
ing period and 11 lines coming from Sayar-314 
variety selected from M4 generation and 6 lines 
selected from Acalpi-1952 variety selected from M4 

generation. Selected all mutant lines and Sayar-314 
and Acalpi-1952 were sown as parent varieties. 
Stoneville-453 and Sayar-314 varieties were grow-
ing as check varieties of region. Important agricul-
tural and technological characters such as plant 
height, number of monopodial branches, number of 
sympodial branches, number of bolls, boll weight, 
boll seed cotton weight, 100 seed weight, first pick-
ing hand ratio, seed cotton yield, ginning outturn, 
fiber length, fiber strength and fiber fineness were 
investigated in M5 generation. According to results; 
Positive and negative variations were observed with 
respect to the control cultivars depending on the 
irradiation doses.  

Cotton breeding, mutation, Cobald-60, yield, yield com-
ponents

It is an important source of natural fibre for 
textile industry and edible oil in tropical and sub-
tropical regions of the world. Nowadays the quality 
criteria such as fiber yield, fiber strength, fiber 
length, fiber fineness, ginning outturn and uniformi-
ty are all important properties of the textile manu-
facturer, and so they are also important criteria that 
a cotton breeder must take into consideration. Vari-

ety improvement by the conventional methods 
generally require a long time, too much work and 
too much money. For this reason, in order to make 
the improvement in a shorter time, to work with a 
plan and to acquire new cultivars, the mutation 
breeding method has started to be used [1, 2].  

It was reported that mutagens affected the 
number of monopodial and sympodial branches in 
cotton, and that cultivars with higher or lower num-
ber of monopodial branches and sympodial branch-
es were obtained as compared to check variety [3].  

 Some researchers were reported that the co-
efficients of variations number of bolls, ginning 
outturn, seed index, number of sympodial branches 
and plant height increased compared with the cont-
rol group [4, 5]. 

 According to some researchers determination 
of gamma irradiation doses effects on cotton, seeds 
were irradiated different dose of Cobalt-60 and it is 
recorded that superior plants were selected than 
control at M5 progeny for ginning outturn, fiber 
fineness, fiber length and fiber strength [6, 7]. 

Some researchers were reported that higher 
means and variance for boll weight in cotton under 
mutation. Among the different mutagens employed 
in cotton mutation population were observed to 
induce highest mean and significantly superior 
mutants than control in terms of number of boll per 
plant [8, 9, 10, 11]. 

Seed cotton yield was highest recorded in mu-
tation generations. These observations are reasona-
bly in full conformity with those reported some 
researchers [5, 9, 16] who stated that some lower 
doses of both chemical and physical mutagen in-
duce positive mutation for increasing seed cotton 
yield plant.  

Muhammed et al. [12] noted that the effect of 
radiation applications on cotton seeds were obtained 
positive and negative values on number of branches 
plant, number of bolls is an important factor for 
cotton seed yield, cotton mutant lines showed sig-
nificant different in terms of number of bolls plant.  

This study was planned and conducted to in-
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vestigate the variations in the resulting M5 mutant 
generations of different irradiation doses from Co-
balt-60 source applied to seeds of two cotton culti-
var seeds. 

11 lines coming from Sayar-314 
(  L.) variety selected from M4 
generation and 6 lines selected from Acalpi-1952 
(  L.) variety, Sayar-314, 
Stoneville-453 and Acalpi-952 cotton cultivars all 
constitute the plant material. Sayar-314, Stoneville-
453 and Acalpi-952 cultivars were used as check 
varieites at the study. Additionally, base fertilizer, 
surface fertilizer, herbicides, insecticides, and trac-
tor tools and equipments constitute the material of 
the present study. 

The research field is plane and nearly plane 
with heavy texture; and in general it is deep, too 
much calcareous with clayey texture, and it has 
such a characteristic that it cracks in summer in dry 
conditions. The whole profile is calcareous with a 
pH of 7.4-7.6 and with an organic matter of 0.4-
0.009 %, and it has a low salinity, high cation 
change capacity and it has a clayey texture and low 
Na content [13]. 

It is reported that in Sanliurfa Province where 
the test is carried out between April and November 
when cotton vegetation prevails and measured in a 
long period of time, the maximum temperature 
varies from 30.8 oC to 46.5 oC, minimum tempera-
ture varies from -6 oC to 16 oC, average temperature 
varies from 12.9 oC to 31.5 oC, relative humidity 
varies form 27 % to 58 %, and total precipitation 
varies from 0.3 mm to 50.9 mm [14].  

 
The seeds of Acalpi-1952 and Sayar 

314 varieties had counted 4x1000 and then put 
plastic baggies separately. The baggies that content 
seeds were irradiated 100, 200, 300 and 400 gray 
doses with cobalt 60 mutagen in Atom Energy 
Foundation of Turkey, at 17.04.2000.  

The seeds belong every irradiated doses (100, 
200, 300 and 400 gray) were sown at separately 
plots in Harran University Agricultural Faculty 
experiment fields at 19.04.2000. Each plots consist 
of 25 rows with 10 m length was established at a 
0.7 m row spacing and plants were placed 25 cm 
apart on beds. The edge rows of every plot were 
sown control cv. (no radiation). Necessary cultiva-
tion process (irrigation, cultivation and fertilization) 
were apply to experiment.  

A total of 17 lines extracted from Sayar-314 
and Acalpi-1952 M4 mutant lines which were se-
lected for the test and as the standard cultivars of 
the region Sayar-314 and Stoneville-453 cotton 
cultivars. Acalpi-1952 cotton cultivars obtained 
from  L. and L  by 

crossbreeding were all sown by hand into the test 
fields at Harran University, Faculty of Agriculture 
experiment fields on 2 May 2004. The experiment 
was a randomized block design with three replica-
tions. Plots were four rows, 12 m in length and 
spaced 0.70 m. In this study to make M5, the neces-
sary maintenance like irrigation, hoeying, weeds 
and pests was carried out according to convenient. 
In study, the following observations were made for 
the yield of randomly selected 20 plants in each 
plot or for the plots yield. In addition, randomly 
selected cotton fibers from plots were analysed by 
SANKO Pure Cotton Company Fiber Laboratory in 
Gaziantep. 

Plant height, number of monopodial branches, 
number of sympodial branches, number of bolls, 
boll weight, boll seed weight, 100 seed weight, first 
picking hand ratio, seed cotton yield, ginning out-
turn, fiber length, fiber strength and fiber fineness 
were investigated. 

Data were analyzed using analysis of variance 
statistical programes MSTAT-C [15]. Means were 
grouped Duncan test at the 0.05 signifance level of 
probability.  

 
 

 
Irradiating M1, M2, M3 and M4 generations of 

Sayar-314 and Acalpi-1952 cotton cultivars, 11 
lines created from Sayar-314 cultivar and 6 lines 
created from Acalpi-1952 cultivar and control vari-
eties were tested for yield at M5 generations and 
findings obtained were summarized as follows.  

 It is observed from Table 
1 that plant height varies between 84.93 and 108.31 
cm, the shortest plant height is from Acalpi-1952 
Line-5 (84.93 cm), the longest plant heights are 
from Acalpi-1952 Line-1, Line-6 and Acalpi-1952 
cultivar (108.31, 106.32 and 107.89 cm) respective-
ly, and most of the lines have heights higher than 
Sayar-314 and Stoneville-453 cultivars which are 
the standard cultivars of the region. In M5 genera-
tions by Cobalt 60 applications, plant heights in 
some lines increased, but in some others decreased 
with respect to control plant. This result is in con-
formity with the findings of some researchers relat-
ed with the effect of mutagens on plant height [2, 3, 
4, 5]. 

 It is observed from Table 1, related to the 
cultivars and lines tested that the number of mono-
podial branches varies from 1.17 to 2.76 per plant, 
minimum number of monopodial branches is from 
Acalpi L5 (1.17 per plant), maximum number of 
monopodial branches is from Acalpi-1952 (2.76 per 
plant), most of the lines have greater number of 
monopodial branches than Sayar-314 and Stone-
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ville-453 cultivars which are the standard cultivars 
of the region, but still the number of monopodial 
branches of the standard cultivars and lines remains 
within normal limits. In general the number of 
monopodial branches of the lines is greater than 
that of their control cultivar. This result is in paral-
lel to the findings of some researchers related to 
this matter [3, 5, 12]. 

 
It is observed from Table 1, related to the cultivars 
and lines tested that the number of sympodial 
branches varies from 13.66 to 20.63 per plant, min-
imum number of sympodial branches is from 
Sayar-314 L11 (13.66 per plant), maximum number 
of sympodial branches is from Acalpi-1952 L6 
(20.63 per plant), most of the lines have greater 
number of sympodial branches than Sayar-314 and 
Stoneville-453 cultivars which are the standard 
cultivars of the region. This result is in parallel to 
the findings of some researchers related to this 
matter [3, 4, 5, 12].  

 It is observed 
from Table 1, related to the cultivars and lines test-
ed, that the number of bolls varies from 15.99 to 
21.66 per plant, minimum number of bolls is from 
Sayar-314 L4 (15.99 per plant), maximum number 
of bolls is from Acalpi-1952 L3 (21.66 per plant), 

most of the lines originated from Sayar-314 have 
less number of bolls per plant than Sayar-314 ve 
Stoneville-453 cultivars which are the standard 
cultivars of the region, but some of the lines origi-
nated from Acalpi have greater number of bolls per 
plant. Results related to the number of bolls ob-
tained by some researchers working in mutation 
improvement support our findings [3, 4, 5, 9, 10, 
11,12, 16, 17]. 

). Boll weight is one of the 
most important character which is affecting yield 
directly, and it is desirable to have greater boll 
weight. It is observed from Table 1, related to the 
cultivars and lines tested, that the boll weight varies 
from 5.15 to 7.05 g, minimum boll weight is from 
Sayar-1952 L3 (5.15 g), maximum boll weight is 
from Acalpi-1952 L3 (7.05 g), most of the lines 
form higher boll weight than Sayar-314 ve Stone-
ville-453 cultivars which are the standard cultivars 
of the region. In terms of boll weight, lines forming 
the highest values were obtained from 200 gray 
irradiations, and lines forming the lowest values 
were obtained from 400 gray irradiation. In general, 
most of the lines formed higher boll weight values 
than those of the control cultivars. This result is in 
conformity with the findings of some researchers 
related to boll weight [3, 8]. 

Sayar-314  L1 98.71 b 2.03 a-g 15.44 f-j 16.98 de 5.53 d-f 4.21 c-f 
Sayar-314  L2 92.31 b-d 2.01 d-h 15.82 e-j 17.04 c-e 6.26 a-d 4.52 de 
Sayar-314  L3 106.59 a 2.69 ab 17.43 b-f 17.73 b-e 5.15 f 3.67 f 
Sayar-314  L4 95.19 b-c 1.53 e-h 15.77 e-j 15.99 e 6.43 a-c 4.20 c-f 
Sayar-314  L5 87.51 de 1.25 gh 16.34 c-ı 16.04 e 6.45 a-c 4.55 de 
Sayar-314  L6 87. 89 de 1.66 d-h 16.70 c-ı 18.53 a-e 6.91 a-b 4.78 a-c 
Sayar-314  L7 88.59 c-e 1.76 c-h 14.59 ı-j 16.83 d-e 6.50 a-c 4.51 a-e 
Sayar-314  L8 88.67 c-e 1.38 f-h 16.04 d-ı 17.60 b-e 6.60 a-c 4.68 a-d 
Sayar-314  L9 90.13 c-e 1.20 gh 14. 70 h-j 18.42 a-e 6.78 a-c 4.92 ab 
Sayar-314  L10 93.79 b-d 1.35 f-h 16.85 c-h 16.03 e 6.36 a-d 4.65 a-d 
Sayar-314  L11 92.11 b-d 1.55 e-h 13.66 j 16.30 de 6.51 a-c 4.62 a-e 
Acalpi-1952 L1 108.31 a 2.29 a-e 19.75 ab 20.81 ab 5.26 e-f 3.68 f 
Acalpi-1952 L2 87.56 de 1.85 b-h 18.19 a-d 19.79 a-d 6.45 a-c 4.34 b-e 
Acalpi-1952 L3 90.14 c-e 1.74 c-h 15.85 e-j 21.66 a 7.05 a 4.98 a 
Acalpi-1952 L4 90.99 c-e 2.14 d-f 15. 01 g-j 18.24 de 6.44 a-c 4.53 a-e 
Acalpi-1952 L5 84.93 e 1.17 h 16.90 c-g 20.73 a-c 5.99 c-f 4.08 d-f 
Acalpi-1952 L6 106.32 a 2.46 a-d 20.63 a 17.16 b-e 6.11 b-e 4.33 b-e 
Acalpi-1952 107.89 a 2.76 a 18.51 a-c 19.38 a-e 5.95 c-f 4.02 e-f 
Sayar-314 102.73 b 2.57 a-c 17.68 b-e 19.68 a-e 5.54 d-f 4.25 c-f 
Stoneville-453 88.61 c-e 1.54 e-h 16.46 c-ı 17.61 b-e 6.35 a-d 4.33 b-e 
EMS 12.195 0.180 1.196 3.435 0.187 0.093 

   EMS: Error Means Square 
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 Seed cot-
ton weight per boll is one of the characteristics 
affecting yield directly, and it is desirable to have 
greater boll seed cotton weight. It is observed from 
Table 1, related to the cultivars and lines tested, that 
the boll seed cotton weight varies from 3.67 to 4.98 
g, minimum boll seed cotton weight is from Sayar 
L3 and Acalpi-1952 L1 lines (3.67 and 3.68 g) re-
spectively, maximum boll seed cotton weight is 
from Acalpi-1952 H3 (4.98 g), and this value is 
followed by Acalpi-1952 L4, Sayar-314 L6, Sayar-
314 L7, Sayar-314 L8, Sayar-314 L9, Sayar-314 L10 
and Acalpi-1952 L4 lines, and most of the lines 
formed higher boll seed cotton weight than Sayar-
314 ve Stoneville-453 cultivars which are the 
standard cultivars of the region. The highest boll 
seed cotton weight values were obtained from 200 
and 300 gray irradiation doses, and in general, most 
of the lines formed higher boll seed cotton weight 
values than those of the control cultivars. These 
results can be said to be in the same direction as 
those of some researchers [3]. 

 It is observed from Ta-
ble 2, related to the cultivars and lines tested, that 
100 seed weight varies from 9.39 to 11.43 g, mini-
mum 100 seed weight is from Sayar-314 cultivar 
(9.39 g), maximum 100 seed weight is from Acalpi-
1952 L4 (11.43 g), and this value is followed by 
Sayar-314 L7. Most of the lines exceeded the con-

trol cultivars in terms of 100 seed weight. The 
highest value in terms of 100 seed weight is from 
200 gray irradiation doses, and the lowest value is 
from 400 gray irradiation doses. On the other hand, 
the cultivars and lines tested formed normal values 
in terms of 100 seed weight. While the results such 
that mutagens formed mutations as obtained by 
some researchers investigating the effect of muta-
gen applications upon 100 seed weight [2] support 
our findings, unlike some researchers [3] Kuşdemir, 
1999 expressing that mutagen applications did not 
affect the 100 seed weight in cotton contradicts our 
findings. This may arise from the fact that the vege-
table materials used by Kuşdemir, 1999 [3], had 
different genetic structure and the mutagens used 
had different chemical structure and the environ-
mental conditions were different from ours.  

 Since first 
picking hand ratio is important from the earlinnes 
point of view, it is desirable to be high as a percent-
age. It is observed from Table 2, related to the cul-
tivars and lines tested, that first picking hand ratio 
varies from 63.70 to 87.82 %, the lowest first pick-
ing hand ratio is from Sayar-314 L3 line (63.70 %), 
the highest first picking hand ratio is from Sayar-
314 L8 (87.82 %), and this value is followed by 
Sayar-314 L7, Sayar-314 L2 and Acalpi-314 L3 
lines. Some of the lines exceeded the control culti-
vars in terms of first picking hand ratio (Table 2). 

 
Sayar-314  L1 10.60 b-d 84.18ab 3566 h 40.03 a-b 29.77 c-g 28.78 d-f 3.91 d-g 
Sayar-314  L2 10.19 d-g 86.72 a 4226 e-g 39.62 ab 29.48 e-g 28.32 ef 4.06 b-d 
Sayar-314  L3 11.15 ab 63.70 d 2403 ı 30.91 e 31.95 ab 31.23 a-c 3.42 j 
Sayar-314  L4 10.26 c-f 83.52 ac 4281 d-g 39.23 ab 29.17 fg 29.12 c-f 4.32 ab 
Sayar-314  L5  9.62 f-h 85.27 ab 4404 b-f 39.91 ab 28.67 g 29.25 c-e 4.27 a-c 
Sayar-314  L6  9.70 e-h 85.95 ab 4865 ab 38.53 a-c  31.02 a-f 32.73 a 3.64 h-j 
Sayar-314  L7 11.41 a 87.73 a 4246 e-g 37.85 a-d 31.55 a-d 32.82 a 3.70 f-ı 
Sayar-314  L8 10.24 c-g 87.82 a 4148 e-g 37.10 a-d 29.05 g 30.93 a-d 3.41 j 
Sayar-314  L9  9.54 gh 85.27 ab 4783 a-c 39.38 ab 29.67 d-g 28.67 e-f 3.93 d-f 
Sayar-314  L10 10.24 c-g 82.10 ab 4301 d-g 40.92 a 30.13 b-g 31.00 a-d 4.28 ab 
Sayar-314  L11 10.52 b-d 81.97 ac 4163 e-g 38.47 a-c 28.47 g 28.08 e-f 4.49 a 
Acalpi-1952 L1 10.51 b-d 76.10 c 4028 fg 31.97 e 32.08 ab 33.22 a 3.63 h-j 
Acalpi-1952 L2  9.52 gh 85.85 ab 4712 a-d 40.50 ab 30.17 b-g 31.35 a-c 4.01 c-e 
Acalpi-1952 L3 10.29 c-f 87.12 a 4901 a 39.58 ab 29.77 c-g 29.48 c-e 3.94 d-f 
Acalpi-1952 L4 11.43 a 85.03 ab 4490 a-e 41.05 a 29.10 fg 33.02 a 4.25 a-c 
Acalpi-1952 L5 10.38 c-e 78.32 bc 4034 fg 34.07 de 29.87 c-g 30.10 b-e 3.67 g-ı 
Acalpi-1952 L6 10.09 d-h 64.12 d 3888 gh 36.40 b-d 31.65 a-c 29.73 c-e 3.78 e-h 
Acalpi-1952 10.95 a-c 76.12 c 4057 e-g 35.05 c-e 32.48 a 32.07 ab 3.63 h-j 
Sayar-314  9.39 g 67.68 d 4346 c-f 39.53 ab 31.40 a-e 26.93 f 3.51 ıj 
Stoneville-453  9.53 gh 85.77 ab 4502 a-e 39.68 ab 29.17 fg 29.42 c-e 3.42 j 
EMS 0.131 14.915 509.2 42 4.273 0.944 1.279 0.015 

EMS: Error Means Square  
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kg ha-1  It is observed 
from Table 2, related to the cultivars and lines test-
ed, that seed cotton yield over decare varies from 
2403 to 4901 kg ha-1 the lowest total yield over 
decare is from Sayar-L3 line (2403 kg ha-1), the 
highest second hand seed cotton yield is from 
Acalpi L3 (4901 kg ha-1), and this value is followed 
by Sayar L6 line (4865 kg ha-1). Some of the lines 
were found to be higher than the control cultivars in 
terms of yield (Table 2). This result is in parallel to 
the findings of some researchers [3, 5, 9, 18, 19]. 

 Since cotton is raised 
mainly for its fiber and the harvested seed cotton is 
evaluated according to its ginning outturn, having 
high ginning outturn is one of the most important 
quality characteristics of a cotton cultivar. It is 
observed from Table 2, related to the cultivars and 
lines tested, that ginning outturn varies from 30.91 
% to 41.05 %, the lowest ginning outturn is from 
Sayar-314 L3 line (30.91 %), and the highest gin-
ning outturn is from Acalpi-1952 L4 line (41.05 %). 
In some of the lines, ginning outturn was found to 
be higher than the control cultivars. This result is in 
parallel to the findings of some researchers [3, 4, 5, 
6, 7].  

 Having high fiber 
length, which is one of the most important fiber 
qualities, is necessary for a strong high quality 
thread manufacturing. It is observed from Table 2, 
related to the cultivars and lines tested, that fiber 
length varies from 28.47 mm to 32.48 mm, the 
longest fiber length is from Acalpi-1952 cultivar 
line (32.48 mm), and the shortest fiber length is 
from Sayar-L11 line (28.47 mm). In some lines 
(Sayar-314 L3, Sayar-314 L6, Sayar-314 L7, Sayar-
314 L10, Acalpi-1952 L1, Acalpi-1952 L2, Acalpi-
1952 L6), fiber length is over 30 mm, and this value 
is equivalent to or higher than that of the control 
cultivars. Thus some researchers [3, 6, 7] reported 
that mutagens changed the fiber quality characteris-
tics, and that they obtained some new lines of supe-
rior quality by selecting the ones which developed 
in positive direction.  

 It is observed from 
Table 2, related to the cultivars and lines tested, that 
fiber strength varies between 26.93 g/tex and 33.22 
g/tex, the strongest fibers are from Acalpi-1952 L4 

line; and Sayar-314 L6, Sayar-314 L7 and Acalpi-
1952 L1 lines are inside the same statistical group. 
However Sayar-314 L3, Sayar-314 L8, Sayar-314 
L10, Acalpi-1952 L2, Acalpi-1952 L5 lines and 
Acalpi-1952 cultivar all have strong fibers over 30 
g/tex (Table 2). The weakest fibers were encoun-
tered in Sayar-314 cultivar (26.93 g/tex). In some 
lines (Acalpi-1952 L4, Sayar-314 L6, Sayar-314 L7, 
Acalpi-314 L1, Sayar-314 L3, Sayar-314 L8, Sayar-
314 L10, Acalpi-314 L2 and Acalpi-314 L5) fiber 

strength was found to be superior to the control 
cultivars. Findings related to fiber strength in our 
study are confirmed by some researchers [3, 19, 
20].  

 It is observed 
from Table 2, related to the cultivars and lines test-
ed, that fiber fineness varies from 4.49 micronaire 
to 3.41 micronaire, the thicknest fibers are from 
Sayar-314 L11 line (4.49 micronaire), and the thin-
nest fibers are from Stoneville-453, Sayar-314 L8, 
Sayar-314 L3 lines, and these values are followed 
by Acalpi-1952 L5, Acalpi-1952 L1 ve Sayar-314 L6 
lines. In some lines (Sayar-314 L8, Sayar-314 L3, 
Acalpi-1952 L5, Acalpi-1952 L1 and Sayar-314 L6), 
the fineness quality of fibers was found to be as 
high as the control cultivars (Table 2). This result is 
in parallel to the findings of some researchers [3, 6, 
7, 19, 20].

Sayar-314 and Stoneville-453 (  
L.), which are the standard cultivars of the South 
Eastern Anatolian Region (GAP), have fibres of 
medium length. These cultivars are not resistant to 
heat and drought. Acalpi-1952 ( X 

 L.), which is of  group, has 
long fibers and is resistant to Verticillium, but it is a 
transient cultivar. According to the results of M5 
generations carried out to obtain a cultivar which 
has superior characteristics to those cultivars men-
tioned above; In terms of seed cotton yield, from 
the lines tested in this study, Acalpi-1952 L3, Sayar-
314 L6, Sayar-314 L9, Acalpi-1952 L2 lines gave as 
much as or more seed cotton yield than the control 
cultivars. These lines were also in high ranks in 
terms of characteristics such as number of sympo-
dial branches, number of bolls, boll weight and boll 
seed cotton weight, which are related to yield di-
rectly or indirectly (Tables 1 and 2). While some 
lines showed better characteristics in terms of gin-
ning outturn, fiber fineness, fiber strength and fiber 
length; but not a single line had better characteris-
tics in terms of all yield and quality characteristics 
in total.  
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ABSTRACT 

 
The purpose of this study is to investigate the 

anticancer activity of [(4-substituted-5-pyridin-4yl-
4H-1,2,4-triazol-3-yl)thio]acetic acid derivatives 
and to determine their pharmacological potential. In 
this study, the effects of test compounds on human 
breast cancer (MCF-7) and murine leukemia cells 
(L1210) were investigated in vitro. In this in vitro 
study, it was determined that test compounds inhib-
ited the proliferation of cancerous cells in different 
cancer cell lines significantly higher compared to 
the control group. Test compounds were found to 
reduce the ratio of live cancer cells in the control 
group, depending on the dose and time interval in 
the administration group. As a result, it can be stat-
ed that test compounds have anticancer activity in 
different cancer series in in vitro conditions. 
 
 
KEYWORDS:  
Triazole, anticancer, breast cancer, leukemia 

  
 

INTRODUCTION 
 
Triazoles represent a class of five-membered 

heterocyclic compounds that are of highly im-
portant in the preparation of new triazole derivative 
drugs due to the same number of carbon and nitro-
gen atoms and at the same time exhibiting different 
biological activities in terms of variable structural 
variations. Synthesis and biological activity studies 
for 1,2,4-triazole derivatives towards pharmacolog-
ical targets have been increasing [1, 2]. Finding 
more efficient new preparation methods for triazole 
derivatives is important in terms of pharmacologi-
cal, green chemistry, sustainability and economy. 
There is a constant need of identifying prototype 
effective chemicals against new diseases, viruses 
and bacteria or microorganisms that have resistance 
to specific agents targeting these microorganisms. 
The highly variable structural derivatives of triazole 
group compounds are pharmaceutical agents that 
are pharmacologically viable and have a high po-
tential in the market since they can exhibit different 

pharma-cological properties. Cancer is the second 
most common life-threatening disease that has 
reached pandemic dimensions and causes most of 
the deaths in the world [3]. Cancer occurs as a re-
sult of abnormal cell growth and spreading to other 
organs and tissues due to deoxyribonucleic acid 
(DNA) damage. Malignant tumors and neoplasms 
are commonly used terms instead of cancer. Cancer 
cases have been increasing day by day. According 
to the data of World Health Organization, cancer 
related deaths accounted to 8.2 million people in 
2012 and 8.8 million people in 2015. It is estimated 
that in 2030 there will be 21 million cancer patients 
in the world [4-7]. Although cancer treatments vary 
widely today, re-activation of apoptosis (pro-
grammed cell death) in cancerous cells is a com-
monly used treatment strategy in traditional therapy 
methods. Accordingly, having apoptotic activity is 
one of the key molecular properties sought in stud-
ies designing new anti-cancer molecules. The goal 
in cancer treatment is to develop compounds with 
reduced duration of treatment or no adverse effects 
that provide more effective treatment by increasing 
selective toxicity. For this reason, there is a need to 
search for new alternative agents in cancer treat-
ment and prevention. Investigation of new active 
pharmaceutical agents will provide new approaches 
for the development of potential cancer drugs in 
cancer treatment. 

In this study, anticancer activity of four differ-
ent compounds (4a-d) derived from synthesized [(4-
substituted-5-pyridin-4yl-4H-1,2,4-triazol-3-
yl)thio]acetic acid was investigated using MCF-7 
human breast cancer and L1210 murine leukemia 
cells obtained from a cell culture bank (ATCC, 
USA). 
 
 
EXPERIMENTAL  

 
Chemistry. [(4-substituted-5-pyridin-4yl-4H-

1,2,4-triazol-3-yl)thio]acetic acid derivative com-
pounds used in this study have been synthesized 
previously by Cetin et al. [8]. 

Synthesis of the test compounds obtained in 
three presses is briefly summarized; Starting mate-
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rials was obtained from fluka or aldrich; i) The 
treatment of isonicotinohydrazide with isothiocya-
nates gave thiosemicarbazides (2a-d), respectively, 
in nearly quantitative yields; ii)On the treatment of 
thiosemicarbazides (2a-d) with aqueous sodium 
hydroxide, 1,2,4-triazole derivatives were obtained 
in 75-85% yields (3a-d); a solution of the 0.01mole 
triazole (3a-d) and sodium hydroxide (0.01m, 0.4g) 
in 30mL ethanol was refluxed for 0.5h. To this 
solution, ethylbromoacetate (0.01m, 1.65g) was 
added, and the resulting mixture refluxed for 4 
hour. After cooling, the solution was poured on ice 
and the solid mass thus separated recrystallized 
from suitable solvent (4a-d). In addition, the struc-
tures of the synthesized test compounds (4a-d) were 
confirmed by elemental analyses; IR (Mattson 1000 
FTIR spectrometer), 1H-NMR (Varian Mercury 400 
MHz FT-NMR spectrometer), 13C-NMR spectra 
(100MHz 13CNMR spectrometer in DMSO-d6 with 
TMS as an internal standard) and elemental analy-
sis data (LECO-CHNS-938). These four test com-
pounds are given in table 1 and synthesis and 
mechanism of test compounds given in figure 1.  
 
 
BIOLOGICAL METHODS  

 
Anticancer Activity. In determining anti-

cancer activity, MCF-7 human breast cancer and 
L1210 leukemia cells obtained from a cell culture 
bank (ATCC, USA) were used. 

Cell Culture Treatment. Frozen cells ob-
tained from a cell culture bank (ATCC, USA) were 
thawed at room temperature and transferred into a 
75 ml flask. Previously prepared DC5 (25 mL) was 
added to the flask and the flasks were placed in a 
Nuaire 5% CO2 - 95% O2 incubator (Playmouth, 
MN, USA). On a daily basis, the state of the cells 
was checked using a Soif brand inverted micro-
scope (Soif Optical Inc., China), and at the end of 
the third day the DC5 in the flasks was withdrawn 
and replaced with fresh DC5. This process was 
repeated every three days. 

Increasing cells began to form layers on top of 
each other by covering the base of the flask com-
pletely. At the end of the 15th day, the medium in 
the flasks was withdrawn and replaced with 3 ml of 
trypsin and placed in an incubator. The flasks were 
gently shaken every 2-3 minutes to allow the cells 
to detach from the adhered surface. After all cells 
were detached from the surface of the flask, 12 mL 
of DC5 was added to the flasks and trituration (dis-
sociation by drawing the suspension in and out of 
the pipette) was carefully carried out so that the 
cells were homogeneously dispersed into the solu-
tion.Cells were counted using a hemocytometer. 
Cell suspensions were placed in each flask with 5 × 
106 cells per flask and DC5 was added (up to a total 
volume 25 ml), and all flasks were placed in the 
incubator. Cell culture and experiments were per-
formed in a sterile Class II Laminair Flow. [9, 10] 

 
 

TABLE 1 
Physical and analytical data of test compound 4a-d. 

 Code of Compounds Nomenclature of compounds Description 

4a Ethyl[(5-pyridin-4-yl-4H-1,2,4-triazol-3-yl)thio]acetate 

Yield: 1.85g, (70%); m.p. >375°C; IR(KBr) 
max/cm-1: 3490-3233, 3120-3000, 2970-2867, 

1742, 1610; 1HNMR(D2 07(t, J=7.33, 
3H), 3.42(q,J=6.96, 2H), 3.78(s, 2H), 7.78(d, 
J=6.23, 2H), 8.22 (d, J=5.83, 2H); Anal.calcd. for 
C11H12N4O2S:C 49.99, H 4.58, N 21.20%; 
found:C 49.97, H 4.59, N 21.22%. 

4b 
[(4-Ethyl-5-pyridin-4-yl-4H-1,2,4-triazol-3-
yl)thio]acetic acid 

Yield: 2.03g, (77%); m.p. >375°C; IR(KBr) 
max/cm-1: 3558-3100, 3120-2887,1716,1615; 

1HNMR(D2

J=7.33, 2H),3.83(s, 2H), 7.58(dd, J=6.23, 1.47, 
2H),8.64(d,J=5.87,2H);13CNMR(D2O) 

135.01, 
123.50, 40.70, 38.25, 14.58;Anal.calcd. for 
C11H12N4O2S: C 49.99, H 4.58, N 21.20%; 
found:C 50.02, H 5.01, N 21.20%. 

4c 
[(4-Phenyl-5-pyridin-4-yl-4H-1,2,4-triazol-3-
yl)thio]acetic acid 

Yield: 2.59g, (83%); m.p. >375°C; IR(KBr) 
max/cm-1: 3452, 3100-2896, 1728, 

1615;1

7.58(dd, J=6.23, 1.47, 2H),7.40-7.44(m, 2H ), 
7.58-7.60(m, 3H), 8.64(dd,J=5.86, 1.47, 2H); 
Anal.calcd. for C15H12N4O2S:C57.68, H 3.87, N 
17.94%; found: C 57.69, H 3.90, N 17.92%. 

4d 
[4-(4-Methylphenyl)-5-pyridin-4-yl-4H-1,2,4-triazol-3-
yl]thio}acetic acid 

Yield: 2.18g, (67%); m.p. >375°C; IR(KBr) 
max/cm-1 3497-3120, 3100-2966, 1730, 1628; 

1HNMR(D2

6.18-6.20(m, 2H),6.70(d, J=8.05, 2H), 7.72(d, 
J=5.86, 1.47, 2H), 8.68(dd, J=6.23, 1.47, 2H); 
Anal.calcd. for C16H14N4O2S:C 58.88, H 4.32, N 
17.17%; found: C 58.90, H 4.35, N 17.17%. 
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FIGURE 1 

Synthesis scheme of test compounds 
 

TABLE 2 
The anticancer activity (% cell viability) of test compounds (4a-d) on the L1210 cells. 

Groups  24 hour  
 

24 hour 
  

24 hour  
 

48 hour  
 

48 hour 
  

48 hour  
 

Control 73,33±3,06 73,33±3,06 73,33±3,06 68,31±4,42  68,31±4,42 68,31±4,42  
4a 72,24±2,08 70,67±2,07 67,38±3,13 a 38,17±2,93 c 35,33±7,3 c 34,83±1,72 c 
4b 71,50±3,45 67,44±5,72 a 54,50±3,02 b 38,67±4,32 c 28,1±2,42 c 25,50±2,43 c 
4c 65,00±4,12 a 48,66±2,16 b 47,76±2,5 b 44,67±3,0 b 23,33±3,7 c 17,84±1,5 c 
4d 49,24±4,02 b 40,33±2,50 b 38,99±0,79 b 44,00±7,67 b 19,3±5,49 c 4,34±1,72 c 

a-c The difference between the groups with different letters on the same line is statistically significant. The data are presented as mean and 
standard error. a : p < 0.05; b : p < 0.01; c : p < 0.001 

 
Cell Viability. The cells to be studied were 

detached from the flasks by adding trypsin and the 
cell suspension was centrifuged for 5 min at 2000 
rpm. The trypsin-medium mixture in the tubes was 
replaced with DC5, and the cells were allowed to 
become single cell suspensions by trituration. Using 
a hemocytometer, the cells were counted and the 
number of cells was adjusted to 1x106/ml for MCF-
7 and 1x104/ml for L1210 cells required for the 
experiments. Preliminary experiments were per-
formed to determine the doses and the up-and-down 
method was used [9]. It was decided that doses 

pension was transferred to each test tubes and the 
agents to be tested were added on the suspension at 
various concentrations. Same amount of compound 
solvents was also added to the vehicle tubes and all 
tubes were placed in the incubator. The amount of 
solvent in the cell suspensions was not more than 
1%. Twenty-four hours later, tubes were removed 
from the incubator and trituration was performed; 
the cell suspension was mixed with 0.4% tryphan 
blue at a ratio of 1:1 (v/v) and 100 cells randomly 
selected on the hemocytometer were counted. Cell 
viability rate was expressed as a percentage. The 
same procedure was repeated after 48 hours and the 
experiment was concluded [11, 12]. 

 

STATISTICS 
 
All statistical analyses were performed using 

the SPSS/PC package program. The data were ex-
pressed as mean ± standard error. One - way Anova 
analysis and Tukey test were performed for anti-
cancer property at the end of experimental studies. 

 
 
RESULTS AND DISCUSSION 

 
The goal in cancer treatment is to improve ex-

isting compounds or to develop new compounds 
with reduced or no adverse effects that occur during 
or after treatment, to reduce the duration of the 
treatment and to provide more effective treatment 
by increasing selective toxicity. For this reason, 
there is a need for rapid search for new alternative 
agents in cancer treatment and prevention. Investi-
gation of new active pharmaceutical agents and 
improving existing active substances will provide 
new and unique approaches to potential cancer 
drugs in preventing breast cancer or treating breast 
cancer cases and in the complete destruction of 
cancerous cells. 

In recent years, drugs containing an active 
substance with a triazole ring such as anastrozole, 
letrozole, vorozole have been used in the treatment 
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of patients with breast cancer caused by breast and 
estrogen. Anastrozole, which contains a triazole 
ring, is also used in the treatment of patients with 
breast cancer. Recent studies have also noted that 
these compounds are important in the prevention 
and treatment of breast cancer [13]. 

Leukemia is a malignant blood disorder char-
acterized by uncontrolled and abnormal prolifera-
tion of white blood cells and is a type of cancer that 
affects the blood production system (lymphatic 
system and bone marrow) in the body [14]. Anti-
tumor drug studies for leukemia began with the 
discovery of L. Brockman et al. concluding that 2-
formylpyridine thiosemicarbazone was active 
against leukemia in L1210, L4946 murine cells 
[15]. 

In light of the abovementioned information, 
we planned to investigate the anti-tumor effects of 
the investigated compounds on breast cancer and 
leukemia cell series. Obtained findings were pre-
sented in tables where experimental group was 

compared to the control group for each of the pa-
rameters. The viable cell count results of the L1210 
cells and MCF-7 cells treated with the compounds 
are given in Tables 2 and Table 3, respectively. 

When the results were examined, it was de-
termined that all of our test compounds resulted in 
significantly higher cell death in cancerous cells in 
MCF-7 (breast cancer) cells compared to the con-
trol. In this study, three different concentrations 

and 48 hours. According to the results obtained, it 
can be noted that higher concentrations of triazole 
compounds were more effective in destroying can-
cerous cells. Particularly at 48 hours with 30 μM 
concentration, very few live cells were counted in 
the MCF cell line. As a matter of fact, no cells were 
seen in the tubes treated with 4c and 4d test com-
pounds. A 6-hour experiment was conducted for 

tion and it was found that cell structure was intact at 
this time point but all cells were dead (Figure 2). 

 
FIGURE 2 

Comparison of anticancer activity of test compounds against MCF-7 cell lines at the different  
concentrations (7,5 15-30 μM) at 24 and 48 hour. 

 

 
FIGURE 3 

Comparison of anticancer activity of test compounds against L1210 cell lines at the different  
concentrations (7,5 15-30 μM) at 24 and 48 hour. 
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TABLE 3 
The anticancer activity (% cell viability) of test compounds (4a-d) on the MCF-7 cells. 

Groups  24 hour  
 

24 hour 
 

24 hour 
 

48 hour 7,5 
 

48 hour  
 

48 hour  
 

Control 97,17±2,14 97,17±2,14 97,17±2,14 97,17±2,14 96,67±1,03 97,67±1,03 
4a 62,83±7,93 a 53,13±4,99 b 42,17±3,22 b 39,6±9,54 b 36,33±2,73 b 18,33±2,5 c  
4b 59,00±1,16 b 56,64±4,05 b 50,00±4,89 b 33,13±2,89 c 31,83±5,12 c 13,27±3,9 c 
4c 50,67±1,13 b 37,48±3,26 c 25,66±3,66 c 30,83±5,42 c 27,67±3,05 c *ND 
4d 53,50±6,75 b 31,17±4,83 c 14,13±5,47 c 30,00±5,02 c 25,66±5,16 c *ND 

a-c; The difference between the groups with different letters on the same line is statistically significant. The data are present-
ed as mean and standard error. a : p < 0.05; b : p < 0.01; c : p < 0.001, * (Not Determined) 

 

 
FIGURE 4 

Comparison of anticancer activity of test compounds against MCF-7 and L1210 cell lines at the different 
concentrations (7,5 15-30 μM) at 24 hour. 

 

 
FIGURE 5 

Comparison of anticancer activity of test compounds against MCF-7 and L1210 cell lines at the different 
concentrations (7,5 15-30 μM) at 48 hour. 

 
Similar results were obtained in L1210 (mu-

rine leukemia) cells. In this cell line, it was also 
found that all test compounds resulted in signifi-
cantly higher cell death in cancerous cells in MCF-
7 (breast cancer) cell line compared to the control. 
Looking at the results, it can be seen that the anti-

cancer activity of the test compounds changed with 
time and dose. It was determined that as the time 
and concentration increased, the anticancer effects 
increased. Highest effect was seen at 48 hours and 
at the highest concentration (Figure 3). 
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Test compounds were effective in both cancer 
cell lines, but it can be said that they were slightly 
more effective in MCF-7 cells compared to L1210 
cancer cells (Figure 4 and 5). As a matter of fact, 
the lack of cells that could be counted in MCF-7 
cell line at 48 hours treated with test compounds 4c 
and 4d is an indication thereof. Another remarkable 
result is that apoptotic activity at 48 hours and 
highest concentration in both cell lines was ranked 
as 4d > 4c > 4b > 4a. When a general evaluation in 
terms of structural activity is made, it may be con-
ceivable that this is due to the presence of a biolog-
ically active group, such as pridine, in addition to 
the methylphenyl (p-tolyl), phenyl, ethyl and H 
group bound to the triazole ring. It is also interest-
ing that although all the test compounds have very 
similar structures, they exhibit different levels of 
anticancer effects. It is believed that the compounds 
having the same structural skeleton but different 
substituents may have resulted in the occurrence of 
these different levels of anticancer activity. In par-
ticular, the results suggest that our 4c and 4d coded 
test compounds increase the electron enrichment of 
the ring, and that the ring with increased electron 
density has higher activity, which in turn increases 
anticancer activity. This can be further supported by 
the fact that the anticancer activities of 4b and 4c, 
which contain electron donating substituents such 
as methylphenyl and phenyl, are much higher than 
other compounds. The effects of test compounds 
against both cancer cell lines are shown in Figure 4 
and 5. 

Literature review revealed studies investigat-
ing anticancer activities of triazoles with results 
supporting our study. For example, in one study, 
some of the synthesized compounds were evaluated 
in terms of in vitro activity against colon cancer 
(HT-29) and reported to have higher activity than 
the standard [16]. When other similar studies were 
investigated, it was found that similar types of het-
erocyclic compounds with 4,5-dihydro-1H-1,2,4-
triazol-5-on ring demonstrated antioxidant and 
antitumor activity in addition to biological activity 
studies, which support our findings [17-20]. In 
another study, triazole derivative compounds were 
reported to be potent anti-cancer agents using the 
MTT method, one of the enzymatic test techniques 
used in cytotoxicity examination of MCF-7, U-87-
MG and HCT-116 human cancer cells. Compounds 
containing a 1,2,4-triazole pyridine ring have been 
reported to be potent anti-cancer agents as a result 
of in vitro activities [21]. In another study conduct-
ed, it has been reported that some 4-
arylmethyleneamine-4H-1,2,4-triazoles have signif-
icant anti-cancer activity against human cancer cells 
[22]. In another study, anti-cancer activity of some 
compounds with 1,2,4 triazole structure was evalu-
ated. These compounds have been reported to ex-
hibit activity against kidney, leukemia, colon, and 
breast cancer [23]. When results of another study 

are examined, it can be seen that there are scientific 
studies including histopathological evaluations in 
some cancer cells and showing that compounds 
containing 1,2,4-triazole ring affect the cytotoxicity 
and proliferation properties against cancer cells, 
which are consistent with our study. For example, 
in one study, the clinical administration of 1,2,4-
triazole and its derivatives is an important issue, 
especially in terms of anti-breast cancer. Triazole 
compounds have been reported to exhibit broad 
spectrum anticancer effects on MCF-7 breast cancer 
lines [24]. In another study, 1(-4-methoxyphenyl) -
5- (3,4,5-trimethoxyphenyl) -1H-1,2,4-triazole-3-
carboxamide compounds showed remarkable anti-
inflammatory activity, and histopathological exam-
ination revealed a low incidence of gastric ulcera-
tion compared with indomethacin [25]. In a differ-
ent study, some new compounds containing the 
1,2,4-triazole and 1,3,4-thiadiazole moiety were 
evaluated in terms of cytotoxic effect on human 
colorectal cancer cell line HT-29, breast cancer 
cells MDA-MB-231, cervical cancer cells and hu-
man liver cancer cell line. Some of the triazoles and 
derivatives used in this study showed high cytotox-
icity against HT-29 cells. Biological data reported 
so far has revealed that the nature and position of 
the substituents affect the cytotoxicity against can-
cer cells as well as the proliferative properties of 
the tested compounds to Lep3 [26]. 

 
 

CONCLUSION  
 
Cancer is the most common disease of our 

age, and it is very difficult to treat and it results in 
death. For this reason, new compounds and meth-
ods are being developed using different methods, 
techniques and analyses every day to prevent and 
treat cancer. The most common tumor type that 
affects women both in the world and in our country 
is breast cancer. Leukemia is among the cancer 
types that cause the most fatalities. Today, radio-
therapy and chemotherapy methods used in cancer 
treatment have serious side effects in patients. 
Therefore, investigation of new chemotherapeutics 
with fewer side effects in terms of the methods and 
agents used in treatment is an important issue in 
cancer studies [27]. The use of anti-cancer agents 
that induce apoptosis (programmed cell death), a 
natural way of killing cells in the physiological 
process, is a valuable method in the development of 
specific new chemotherapeutic drugs. With this 
mechanism, the cancerous cells are killed, and they 
do not harm the healthy cells in the tissue they are 
in, and the side effects of the drug are lessened [28]. 

In our study, in vitro anticancer activities of 
originally synthesized compounds were investigat-
ed and compared. In order to evaluate the anti-
cancer capacity of a substance in a more healthy 
and effective manner, several different cancer cell 
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lines should be studied. Our study aimed to reveal 
the anticancer capacities of the compounds more 
clearly by using 2 different cancer cell lines. As a 
result of the study, the anticancer effect of the test 
compounds was demonstrated and we believe that 
our findings contribute to the studies in this field. 
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In 2015-2017, yellow patches emerged on rice 

in ten counties. Root knots were observed in the rice 
roots, and numerous second-stage juveniles (J2) be-
longing to the genus  were isolated 
from soils around the rice roots. The root-knot nem-
atodes were identified by using mtDNA-SCAR-se-
quence. The results indicated that the root- knot 
nematode was . Agricultural and 
chemical control measures are proposed. 

, rice, identification, prevention 
 
 

 
The root-knot nematode 

 is widely distributed in every rice-producing 
country in South and Southeast Asia and is consid-
ered one of the most important pests affecting Asian 
rice [1-4]. After second-stage juveniles (J2) hatch 
from eggs, they invade at the root tips and inject 
pharyngeal secretions into vascular cells to induce a 
specialized nematode feeding site called a giant cell 
[5]. 

Root-knot nematodes keep these giant cells, 
which are embedded in galls after J2 root penetration 
[6], live as a food resource throughout their life cy-
cle. These root galls are typically direct reflection of 
infection level of nematode and always correlate 
with susceptibility of plants to nematode [7]. 

 infection causes substantial 
damage to rice root systems in nurseries and signifi-
cant yield loss in the field [8-10]. In Bangladesh and 
Thailand, nematicide application in -
infested rice fields resulted in yield increases of 16 
to 33% [11]. In the Philippines, rice yields following 
two crops of cowpea and treatment with carbofuran 
resulted in a 34% increase, and nematicide applica-
tion in upland rice fields in Indonesia resulted in 
yield increases of 28 to 87% [12]. Although 

 has been identified in most rice-grow-
ing areas in southern China, systematic investigation 
of rice yield loss after nematode infection is lacking. 

Many economical practices have been used 
alone or in combination to manage  
population densities below the damage threshold. 

For example, crop rotation with non-host plants, 
flooding and fallowing for several months can effec-
tively decrease populations of  and 
reduce yield losses [13]. 

However, these management practices have a 
number of drawbacks. The wide host range of 

 limits the use of crop rotation, and 
flooding cannot be applied in water-limited areas. 
Furthermore, areas left fallow for several months or 
a crop season can significantly reduce overall output. 
Popular in many rice planting areas, soil sterilization 
with chemical nematicides is the most effective man-
agement method. Nonetheless, chemical nemati-
cides are expensive, environmentally harmful and 
pose potential risks to beneficial organisms. Accord-
ingly, searching for resistant or tolerant rice varieties 
may be an eco-friendly management strategy to 
manage this nematode. 

 
 The populations were randomly se-

lected in ten different counties to cover rice agro-
ecosystems diversity. All rice plants sampled were 
25 to 50-days old at the vegetative stage (before pan-
icle initiation). Plants sampled around Sanya were 
usually direct-seeded while most other plants sam-
pled had been transplanted. At each survey site, the 
rice root systems of 50 randomly collected plants 
were carefully scanned for the presence of character-
istic galls (with terminal hooks) indicating infection 
by . A representative composite in-
fected root sample was collected, immediately 
placed in a plastic bag and transported to the labora-
tory. For each survey site, the number of crop cycles 
per year, the rice varieties and the plant protection 
practices were recorded. Samples were labelled and 
kept at 4°C in a refrigerator. In the laboratory, galls 
were dissected using a stereomicroscope and were 
either transferred to a 0.4 M NaCl solution at 4°C 
until nematode extraction was performed or used to 
confirm the presence of  by acid 
fuchsin staining. 

 Statistical analyses were 
done using the statistical software R. The stylet 
lengths were transformed by 1/(stylet length) to ob-
tain a normal distribution. All other requirements 
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were answered. ANOVAs were performed on the 
body length, the stylet length and the reproductive 
factor (Rf). Differences among populations (or loca-
tions) for body length, stylet length and Rf were an-
alysed by multiple comparisons using the test of 
Tukey’s Honest Significant Differences (Tukey 
HSD). A non-parametric Spearman’s rank correla-
tion test was performed between the body lengths 
and stylet lengths. The significance level was con-
sidered at 0.05 indicating that the observed result 
would be highly unlikely under the null hypothesis. 

 To develop a Sequence Character-
ised Amplified Region marker (SCAR), ten popula-
tions of  originating from Hainan was 
used for details on the SCAR marker development: 
Specific primers were designed (SCAR-MgFW: 5̓-
GGGGAAGACATTTAATTGATGATCAAC-3 ̓
and SCAR-MgRev: 5̓-GGTAC-
CGAAACTTAGGGAAAG-3 ̓). Amplifications 
were performed using the following conditions: 1 
min at 95°C, 30 cycles of 30 s at 95°C, 30 s at 60°C 
and 1 min at 68°C followed by a final extension step 
of 10 min at 68°C. For each nematode population, 
genomic DNA was purified from aliquots of 1000 
eggs by a phenol–chloroform method. Total ge-
nomic DNAs (gDNA) from , 

 and  were kindly provided by Kan 
Zhuo (SCAU, China) . DNA extraction and PCR 
from single J2 was performed according to the pro-
tocol described for ‘‘ITS amplification and sequenc-
ing’’ with the ‘‘Phusion High-Fidelity DNA Poly-
merase’’ (Thermo Fisher Scientific Inc.) and the fol-
lowing conditions: 98°C for 30 s; 35× (98°C, 10 s; 
60°C, 30 s; 72°C, 40 s); 72°C for 10 min. 

 

Rice root-knot nematode disease can infect the entire 
rice growth period, and it is mainly at the seedling 
stage of direct seeding rice. The site of the disease 
was mainly in the roots of rice, and the above-ground 
parts showed symptoms such as dwarfness, yellow-
ing, and poor growth. 

In rice root-knot nematode disease, the  second-
stage juveniles(J2) of root-knot nematodes invade 
the rice roots from above the root cap, searching for 
parasitic sites in the roots and establishing a parasitic 
relationship with rice, and further develop into 
adults.  

Giant cells formed at the parasitic site under the 
action of the effector secreted by the esophageal 
glands of the root-knot nematode, causing the roots 
of the rice to expand to form nodules and it affects 
the formation of rice fibrous roots (Fig.1), thereby 
affecting the water and nutrient absorption of the 
seedlings. Part of the symptoms are short stature, 

yellowing, poor growth, decreased tillering and other 
symptoms (Fig.2). 

 

The frequency of occurrence of  
was higher on the bounds of the surveyed fields, near 
the paths, than in the middle of the fields. The nem-
atodes were most abundant in younger plants AQ 
(one month after transplantation) than in older ones. 
In addition,  was often found in roots 
of several weed species (e.g., Cyperus iria L.) at the 
edges of the rice fields as previously described. Dur-
ing the first month after transplantation, infested 
fields showed symptomatic patches with lower plant 
density and a delay in rice development. In these 
patches, the rice root systems showed the typical 
hook-like root galls caused by . 
These typical galls were detected on all rice devel-
opmental stages and in all rice agro-ecosystems sur-
veyed. 

 
SCAR amplifi-

cation of the DNA sequence of the root-knot nema-
tode of  was performed. Analysis by 
12 g/L agarose gel electrophoresis showed that each 
individual  sample produced a DNA 
strip with a specificity of approximately 500 bp. 
(Fig.3). 
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 The SCAR 
product was sequenced and the sequencing result 
showed that the fragment was 531 bp. The alignment 
of this fragment in the Gen Bank database showed 
that the homology was 100% with the known gene 
in the database (GU187309). The nematode can be 
identified as . 

In this study, the specific DNA sequence was 
used to identify the rice root-knot nematode that oc-
curred in all infected rice in Hainan. The pathogenic 
nematode has caused serious economic losses to 
some direct-seeded rice growing areas in Hainan 
Province. This study is also the first report on the di-
rect seeding of the root-knot nematode in Hainan 
Province. 

In 1963, it was first discovered on the 
 L. in Louisiana, USA. The study 

showed that the nematode could parasitize the roots 
of rice, onion and many monocotyledonous weeds. 
After infecting rice, it will cause serious production 
cuts and even destroy the field. Hainan is located in 
a tropical warm and humid monsoon climate with a 
large amount of rainfall and an average annual tem-
perature of 22 to 27°C. Crops are often planted con-
tinuously for many years, causing serious diseases 
and particularly suitable for root-knot nematode in 
the rice growing season. Once the root-knot nema-
tode colonizes the rice growing area, it is difficult to 
eradicate it. 

 
 The pathogenic 

nematodes are the potential quarantine subject in 
China and the phytosanitary work should be 
strengthened. It is forbidden that diseased seedlings 
are introduced into the disease-free zone. 

 
 (1) Planting with paddy-

upland crops; (2) Planting non-host plants after har-
vesting rice; (3) Influencing farmland into water and 
soaking in water for ploughing; (4) Disease-free ma-
trix is used to cultivate disease-free seedlings; (5) In-
creasing in sick fields Lime application can only pro-
tect the new roots and reduce the infection. 

 
 

 Mainly suitable for 
application in Hainan, fosthiazate, abamectin, 
fluopyram and dazomet can be used to cultivate dis-
ease-free seedlings. 

 
We have studied the diversity of 

 populations using the data obtained from some 
selected morphometric traits, host range, reproduc-
tion and virulence experiments and developed a 
DNA marker. We demonstrated here that 

 is spread in fact all around Hainan. Character-
istic  inducing-terminal root galls 
with hook-like shape were found in all rice fields sur-
veyed. Agricultural and chemical control measures 
are proposed. 
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ABSTRACT 

 
Many Gram-negative bacteria use N-acyl ho-

moserine lactone (AHL) signal molecules to monitor 
their own population density and coordinate gene 
regulation in a process called quorum sensing (QS). 
Pseudomonas aeruginosa controls production of vir-
ulence factors (elastase, pyocyanin or swarming mo-
tility) via QS. The discovery that QS system regu-
lates bacterial virulence has afforded a novel oppor-
tunity to control infections without interfering with 
growth. The aim of this study was to investigate anti-
quorum sensing effect of synthesized benzimidazole 
derivatives which are N-acyl homoserine lactone an-
alogs. All chemicals synthesized as quorum sensing 
inhibitors were tested against virulence factors -elas-
tase, pyocyanin, swarming motility- in Pseudomo-
nas aeruginosa PA01. Firstly 1,3-dihydro-2H-ben-
zimidazol-2-one (U65), 5-methyl-1,3-dihydro-2H-
benzimidazol-2-one (U77) and 1,3-diacetyl-1,3-di-
hydro-2H-benzimidazol-2-one (U92) were screened 
for anti-quorum sensing activity using a biomonitor 
strain, Quorum Sensing Selector Strain 1 and Chro-
mobacterium violaceum CV026, Chromobacterium 
violaceum VIR07. All of the synthesized compounds 
showed anti-QS activity and exhibited significant in-
hibitory effect on production of elastase, pyocyanin 
and swarming motility. In conclusion, our results 
demonstrated that synthesized benzimidazole deriv-
atives inhibited bacterial communication in Pseudo-
monas aeruginosa which is crucial for the infections 
and further studies of these molecules should be in-
vestigated on other bacteria. 

 
 
KEYWORDS:  
Quorum-sensing inhibitors, virulence, benzimidazole, P.ae-
ruginosa PA01 

 
 

INTRODUCTION 
 
Bacteria were thought to be living cells sepa-

rately for years and sought primarily to find nutrients 
and multiply. 
of bacteria has changed with the discovery that bac-
teria are able to communicate with each other 

through a mechanism called quorum sensing (QS) 
system [1]. QS system relies on two major compo-
nents, a small diffusible signaling molecule which 
accumulates in a population density-dependent man-
ner and a transcriptional activator protein which in 
concert with signalling molecule activates the ex-
pression of target genes [2]. Pseudomonas aeru-
ginosa is a Gram-negative opportunistic pathogen 
that commonly responsible for severe nosocomial 
infections in immunosuppressed patients, and also 
causes some chronic diseases such as cystic fibrosis 
[3]. Besides high incidence and infection severity, 
the resistance of P. aeruginosa to conventional anti-
microbial treatment has increased in recent years [4]. 
A major contribution to this resistance is provided by 
beta-lactamase production, efflux systems and mod-
ifications of specific target sites or the outer mem-
brane [5].  

From the pathogenesis of these infections, QS 
system is held responsible. QS system regulates pro-
duction of various virulence factors such as elastase, 
alkaline protease, piyocyanin, phospholipase and ex-
otoxinA in P. aeruginosa. Besides these factors, bio-
film formation and swarming motility have also been 
controlled by this system. Mainly two QS systems in 
P. aeruginosa have been characterized, las and rhl. 
The las system composes of a transcriptional regula-
tor LasR, and N-(3-oxododecanoyl-homoserine lac-
tone (3OC12-HSL) signaling molecule that is synthe-
tized by lasI gene. Second system rhl is controlled 
by regulator RhlR and this system components are 
N-butyryl-homoserine lactone (C4-HSL) and autoin-
ducer synthetize gene rhlI. A third signal, Pseudo-
monas quinolone signal (PQS), is also intricately in-
volved in the las and rhl quorum-sensing systems 
[6]. 

Treatment of infectious diseases with current 
antibiotics is becoming increasingly difficult due to 
resistant microorganisms. It is known that QS plays 
major role in compose of biofilm formation and it is 

fectious diseases [7, 8]. Therefore, this is a crucial 
problem for treatment with antibiotics because of ap-
proximately more than a thousand times resistant ac-
cording to planktonic cells. Besides biofilm, pyoci-
yanin is also critical for virulence especially in cystic 
fibrosis patients because of cell damage in lungs [9]. 
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Pyocyaninis a blue pigment involved in pathogene-
sis by inducing apoptosis in neutrophils and sup-
pressing cell respiration [10]. Another factor in 
Pseudomonas infections is elastase which causes lo-
cal tissue damage and, as a result, inflammatory re-
actions help to spread the infection [11]. Hereby af-
ter the discovery that quorum sensing is responsible 
for the virulence in some bacteria, new researches 
have focused on blockage of this system [12]. For 
this aim, besides some plant extract also chemical 
compounds have been tried in lots of researches. In 
present study, Some benzimidazole derivatives were 
synthesized and examined their inhibition activity on 
some virulence factors such as elastase, pyocyanin, 
and swarming motility in P. aeruginosa PA01 (Fig-
ure 1). 
 
 
MATERIALS AND METHODS 
 

Chemistry. All chemicals which were synthe-
sized as quorum sensing inhibitors (QSIs) and sol-
vents were purchased locally from Merck AG and 
Aldrich Chemicals. Microwave reactions were car-
ried out at atmospheric pressure in MicroSYNTH 
Microwave Labstation. Melting points were deter-
mined with an SMP-II Digital Melting Point Appa-
ratus and are uncorrected. Fourier Transform Infra-
red-Attenuated Total Reflectance (FTIR-ATR) spec-
tra were recorded on a Perkin-Elmer Spectrum 400 
FT-IR and FT-NIR spectrometer with a Universal 
ATR sampling accessory. 1H-NMR spectra were 
recorded in CDCl3 on a Varian Mercury 400, 400 
MHz High Performance Digital FT-NMR spectrom-
eter using tetramethylsilane as the internal standard 
at the NMR facility of Faculty of Pharmacy, Ankara 
University. All chemical shifts were recorded as 
(ppm). 

 
1,3-Dihydro-2H-benzimidazol-2-one (U65) 

[13]. The mixture of o-phenylenediamine (1.08 g, 
0.01 mol) and urea (0.9 g, 0.015 mol) was heated to 
140oC and stirred for 6 min under microwave 

irradiation (MWI). Reaction mixture was poured 
onto crushed ice. The precipitated solid product was 
removed by filtration and dissolved in 10% NaOH 
and converted to the benzimidazole by acidification 
with concentrated HCl to give a solid precipitate. 
The product was collected by suction filtration, 
washed with water and dried. Yield 1.14 g (85%). 
mp: 315oC (305oC [18], 304 305oC [14]).  

 
5-Methyl-1,3-dihydro-2H-benzimidazol-2-

one (U77) [15, 16]. The mixture of 4-methyl-o-phe-
nylenediamine (1.22g, 0.01 mol) and urea (0.9 g, 
0.015 mol) was heated to 140oC and stirred for 6 min 
under MWI. Reaction mixture was poured onto 
crushed ice. The precipitated solid product was re-
moved by filtration and dissolved in 10% NaOH and 
converted to the benzimidazole by acidification with 
concentrated HCl to give a solid precipitate. The 
product was collected by suction filtration, washed 
with water and dried. Yield 0.74 g (50%). mp: 298 o 

C (292 o C [20]).  
 
1,3-Diacetyl-1,3-dihydro-2H-benzimidazol-

2-one (U92) [17, 18]. The acetyl chloride (0.02 mol) 
and TEA (0.022 mol) were added to a solution of 
1,3-dihydro-2H-benzimidazol-2-one (0.01 mol) in 
40 mL of dry THF cooled at 4°C. The reaction mix-
ture was heated to 70 o C for 20 min under MWI, 
added to 200 mL of ice water and stirred for 1 h. The 
resulting precipitate was filtered, washed with water, 
dried, and recrystallized from ethanol. Yield 64%. 
mp: 151oC (149-151oC [12]). FTIR-ATR, cm 1: 
1764, 1750, 1714 (C=O), 1H-NMR (CDCl3) : 8.23 
(2H, dd, benzimidazole H4, H7), 7.27 (2H, benzim-
idazole H5, H6), 2.77 (6H, s, CH3). 

 
Bacterial strains and growth conditions. For 

testing anti quorum sensing effects of U65, U77, 
U92, QSIS1, Chromobacterium violaceum CV026 
and Chromobacterium violaceum VIR07 strains 
were used. Inhibition effect of benzimidazole deriv-
atives on QS regulated virulence factor production 
was tested in P. aeruginosa PA01 strain. PAO-JP2 
was used as negative control.  

 
FIGURE 1 

Chemical structure of AHL and the synthesized compounds 
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Anti-quorum sensing activity screening by 
quorum sensing inhibitor assay. Quorum sensing 
inhibitor selector 1 (QSIS1) strain was constructed 
by cloning the luxR QS system from Vibrio fischeri 
in an E. coli lac+ strain [19]. This gene encoding the 
protein phospholiphase A and causing cell death, if 
it transcribed, is inserted under control of the luxI 
promotor. In presence of non-toxic QSI, phlA will 
not be expressed, and bacteria go on normal growth 
[20]. For in vitro screening quorum sensing inhibitor 
(QSI) compounds, developed a system based on re-
combinant bacteria background giving rise to a blue 
circle of growth in X-Gal supplemented medium 
[19]. 

QSIS1 strain was inoculated to 10 ml BT me-
dia. BT media contain 0, 1 mM CaCl2, 1 mM MgCl2, 
0, 01 mM FeCl3, 10% 10XA, 0,025% thiamine, 0,5% 
glucose, 0,5% casoamino acid. And incubated 14-16 
min a shaker (180 rpm) at 30 °C. Another day BT 
agar which was containing 0,1 mM CaCl2, 1 mM 
MgCl2, 0,01 mM FeCl3 and 2% bacto agar was pre-
pared. Temperature of BT agar medium was de-
creased to 45°C. Then added X-gal (40 mg/ml), 

-D-1-thiogalactopyranoside) (100 
mM), 10XA (100 mg/ml), thiamine (25 μg/ml), am-
picillin (100 mg/ml), 0,5% glucose, 0,5% casamino-
acid, 3-oxo-C6 HSL (100 nM) and 800 μl QSIS1 
strain were added overnight culture. Glass pastor pi-
pette was used to make small wells on the medium. 
QSIs (U65, U77 and U92) was dissolved dimethyl-
sulphoxide (DMSO; Merck) and added these wells 
50μl. Each petri dishes contained extra well for a 
known QSI as a positive control. After one hour on 
the room temperature, plates put incubator at 30°C 
for overnight. Blue circular ring around small well 
showed us QSI presences [20].  

 
Chromobacterium violaceum 026-Chromo-

bacterium violaceum VIR07 pigment production 
assay. To detection of QS inhibition Chromobacte-
rium violaceum can be used also. Chromobacterium 
violaceum a Gram-negative bacterium and produces 
the characteristic purple pigment violacein. In C. vi-
olaceum 026, violacein is inducible by adding AHL 
which have N-acyl side chains from C4 to C8 in 
length and C. violaceum VIR07 is inducible by with 
N-acyl side chains from C10 to C14 in length [21].  

C. violaceum 026 and C. violaceum VIR07 
strains were cultured in Luria-Bertani (LB) medium 
at 30 °C for 16-18 h. 5 ml soft agar (0,5 % agar) con-
taining 5 μl OHHL (3-oxo-C6 HSL) and OdDHL)- 
(3-oxo-C12-HSL) was prepared for C. violaceum 
026 and C. violaceum VIR07 respectively. After 
adding 100μl bacterial culture, this mixture was 
poured onto the agar medium. Small wells were 
made on the medium by using glass pastor pipette. 
Finally 50 μl of QSIs added each well and incubated 
37°C about 16-18 h. 

 

Elastase experiment. Elastase activity was 
measured using the Elastin Congo Red (ECR; 
Sigma) assay [22]. Cells were grown in LB broth 
supplemented with test compounds (final concentra-
tion 3 mM, 1,5 mM, 0,75mM) at 37ºC for 16 h, cen-
trifugation at 15000 rpm at 4ºC for 10 min.  Then 0.5 
mL supernatant was added to 1 mL of assay buffer 
(30 mM Tris buffer, pH 7.2) containing 10 mg of 
ECR. The mixture was incubated at 37 ºC for 6 h. 
Insoluble ECR was removed by centrifugation and 
the absorption of the supernatant was measured at 
495 nm. LB medium was used as a negative control.  

 
Pyocyanin experiment. Pyocyanin assay was 

performed to detect the inhibitory effect of U65, U77 
and U92 on pyocyanin production. P. aeruginosa 
PA01 and clinical isolates were grown in 10 ml LB 
broth medium with test compounds (final concentra-
tion 3 mM, 1,5 mM, 0,75mM) and incubated 37°C 
for 16-18 h. To maximize production, pyocyanin 
was extracted with 5 ml of chloroform and shaken 
for 30 seconds. After adding chloroform two phases 
were formed and 2 ml of bottom phase were taken 
another test tubes. Then 1 ml HCl water was added 
and shaking for about 30 seconds. A pink phase 
which was formed at the top of the tubes was meas-
ured at 520 nm [23]. 

 
Swarming motility assay. Swarming medium 

which was contained 8g nutrient broth 1-1, 5 g bacto 
agar l-1 and 0,5% glucose and 1,5 mM concentration 
of QSIs were prepared. After poured swarm medium 
5 μl each supernatant of bacterial cultures were 
added middle of the medium. Let plates air dry about 
15 min at the room temperature and all plates incu-
bated overnight at 37°C. The ability to swarm was 
assessed by the distance of swarming from the cen-
tral inoculation site [24]. 

 
Statistically Evaluation. In order to determine 

the differences, ANOVA (analyses of variance) was 
performed. JMP 8.0 statistical package program was 
used in the statistical analyses. 
 
 
RESULTS 
 

QSIS1 and CV026, VIR07 assay. All of three 
derivatives (U65, U77, U92) showed anti quorum 
sensing activity according to QSIS1 assay (compose 
of blue circle showed antiQS activity Figure 2). Pat-
ulin was used for positive control which is reported 
before as QSI [25]. And also chromobacterium assay 
indicated same results (inhibition of purple pigment 
production Figure 3). 

-quorum sensing 
effect of synthesized derivatives U65, U77, U92; we 
investigated inhibition effect of these derivatives on 
some virulence factors (pyocyanin, elastase, swarm-
ing motility) which are regulated by QS system. For  



© by PSP  Volume 27  No. 12B/2018 pages 9906-9912        Fresenius Environmental Bulletin 

 

 

9909 

  
FIGURE 2 

QSI activity of derivatives on QSIS1 strain C: 
(patulin-control) 

FIGURE 3 
QSI activity of derivatives on C. violaceum 026, C: 

(PeA-control) 
 

 
FIGURE 4 

Inhibition effects of U65, U77, U92 derivatives on swarming motility on P. aeruginosa PA01. 
 
 

this purpose, we used references strain P. aeruginosa 
PA01. The synthetic molecules which were used in 
this study are similar to natural homoserine lactone 
molecule and bioisoster of 2(3H)-benzoxazole and 5-
Chloro-2(3H)-benzoxazole [26]. To determine the in-
hibitory effect of synthetic AHL analogs all tests were 
carried out presence and absence of benzimidazole de-
rivatives. And benzimidazole derivatives were used at 
three different (3 mM, 1,5 mM and 0,75 mM) concen-
trations which have no antibacterial effect on P. aeru-
ginosa PA01 growth. The inhibition effect of benzim-
idazole derivatives on the production of pyocyanin 
pigment was tested and three derivatives showed sig-
nificant reductions on production of pyocyanin pig-
ment on P. aeruginosa PA01 at 3mM concentration. 
Inhibition rates were close and the most inhibitory ef-
fect was observed in U65 (69%). Other results for 
U77, U92 respectively 61% and 50% have seen. Sim-
ilar inhibition effect in lower dose of U65 and U77 
were detected and we found that inhibition on produc-
tion of pyocyanin at 0,75 mM concentration and these 
results were statistically significant. Another virulence 
factor we examined was elastase and results showed 
that U65, U77, U92 inhibited production of elastase 
(from 19% to ~44%) at all tested concentrations. And 

the lowest concentration (0,75 mM) of derivatives re-
sulted in significant reduction. As a result of our 
swarming motility experiments, the greatest inhibi-
tions have observed at 1, 5 mM concentration on P. 
aeruginosa PA01 (Figure 4). The highest inhibitory 
effect was seen in U77 with 80 %. Other derivatives 
U65 and U92 showed same inhibition rate (74%) on 
swarming motility. 
 
 
DISCUSSION 
 

Different strategies are developed to interfere 
with QS system. This is achieved by inhibition of syn-
thesis of autoinducers, degrading autoinducers, inhibi-
tion of AHL signal dissemination or inhibition of AHL 
signals reception [3]. Some of the natural or synthetic 
QS inhibitors show excellent activity to inhibit bacte-
rial pathogenicity and in the literature many researches 
can be obtained for this subject. Varieties of studies 
have focused on blocking the receptor protein with the 
natural or synthetic AHL analogs [27]. So far; many 
synthetic molecules which have inhibited quorum 
sensing system have been reported. It was previously 
reported that synthetic homoserine lactone derived 
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sulfonylureas and N-phenylacetanoyl-Lhomoserine 
lactones could respectively inhibit Lux quorum sens-
ing system [28]. And also N-acyl cyclopentylamides 
which were synthesized as AHL analogs inhibit 
quorum sensing system not only lux system but also 
las system in P. aeruginosa. In previous study 2(3H)-
benzoxazole and its derivatives were synthesized and 
had anti quorum sensing activity [26]. Subsequently, 
in this study we synthesized acyl homoserine lacton 
analogs and anti-quorum sensing effect of these mole-
cules was examined. Non-antibacterial concentrations 
were used for anti-quorum sensing experiment. And 
we found that synthesized three molecules (1,3-Diac-
etyl-1,3-dihydro-2H-benzimidazol-2-one (U65), 5-
Methyl-1,3-dihydro-2H-benzimidazol-2-one (U77), 
1,3-Dihydro-2H-benzimidazol-2-one (U92) showed 
inhibitory effect on the production of virulence factors 
(pyocyanin, elastase, and swarming motility) in P. ae-
ruginosa PA01 with different rate. In this study, syn-
thesized benzimidazole derivatives which have inhib-
itory effect on the quorum sensing system have not 
been reported previously. 

P. aeruginosa infection is multifactorial and con-
tains a large number of virulence factors. Pyocyanin 

and elastase are crucial virulence factors in P. aeru-
ginosa infections. We therefore examined the effect of 
molecules on elastase and pyocyanin production. 
Many studies have been carried out on the inhibition 
of pyocyanin with synthetic molecules and synthe-
sized molecules which was as an autoinducer analog 
3-oxo-C12- (2aminocyclohexanone) inhibited lasl and 
rhll reporters as a result production of pyocyanin and 
elastase on PA01 [29]. Our molecules U65, U77 also 
showed inhibition effect on production of elastase and 
pyocyanin by 45%- 37% and 69%, 61% respectively. 
While U92 had no significant inhibition on elastase, 
but it showed significant inhibitory effect on pyocya-
nin production. 

The variance analysis of the data detected from 
the effects of the synthesized molecules on PA01 was 
made and the results were obtained in Figure 5. Ac-
cording to results, all derivatives (U65, U77, U92) 
showed inhibition effect on virulence factors and the 
results were statistically significant (p<0.01). When all 
these results were evaluated, it was interpreted that the 
U65 showed the most effective inhibition on all viru-
lence factors. 

 

 
FIGURE 5 

The inhibition effects of derivatives on virulence factors in P. aeruginosa PA01.  
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In conclusion this study focuses on design and 
synthesis of new anti-quorum sensing agents. In ac-
cordance with this purpose acyl homoserine lacton 
analogs were synthesized with various ring struc-
tures (1,3-Diacetyl-1,3-dihydro-2H-benzimidazol-
2-one (U65), 5-Methyl-1,3-dihydro-2H-benzimid-
azol-2-one (U77), 1,3-Dihydro-2H-benzimidazol-2-
one (U92)) and examined their inhibitory effect on 
QS. As a result of the experiment we found that all 
three molecules showed inhibitory effect on viru-
lence factors (pyocyanin, elastase, swarming motil-
ity) in P. aeruginosa PA01. Inhibition effect of these 

ported previously. New approaches and drugs should 
be developed and studied to overcome antibacterial 
resistance in the treatment of infectious diseases. 
Strategy to be targeted should be blocking commu-
nication between bacteria that is one of the most im-
portant research topics that have recently been prom-
ising and overreaching in the fight against microbial 
infections. 
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Turkey to be an important gene center for many 

plants and animals in the world, carry Turkey to a 
significant position both in terms of biodiversity and 
genetic resources. However, technological advances, 
developments in the use of inputs in agriculture, 
growing population and nutritional needs have con-
fronted manufacturers with the fact that their produc-
tion resources could be used more efficiently. The 
producers are planning their production with the 
level of consciousness and behavior in production, 
and also with genetic resource-landraces perception, 
which affects the sustainability of genetic resources-
landraces. This study reveals the relationship be-
tween genetic resource-landraces perception and 
production behaviors of dry bean landrace (DBL) 
producers as a result of the survey conducted with 
140 DBL producers from 27 districts of a total of 8 
provinces located in Middle Kızılırmak Valley in 
Turkey. Genetic Resource-Landrace Perception 
(GRLP) and Production Behavior (PB) indexes of 
the producers were established by factor analysis. As 
a result, even though the economic value is high, 
landraces are being produced more by old school 
producers, which are defined as "conservative". 
Moreover, it has been determined that these produc-
ers are higher in genetic resource-landraces percep-
tion than that defined as “innovative”. While the 
state is making policy regarding the protection of ge-
netic resources and the sustainability of landraces, 
innovative and prominent individuals need to be 
taken more into consideration when determining the 
target population. Although the aforementioned in-
dividuals represent an innovative and environmen-
tally conscious high-level, they are composed of in-
dividuals with low genetic resource- landrace per-
ception and are the groups that trigger more erosion 
of genetic resources with more commercial-oriented 
thinking. 

Natural Resources and Environment, Middle Kızılırmak 
Valley, Dry Bean Landraces, Genetic Resources, Produc-
tion Behaviour, Turkey 

 
Rapid developments in agriculture, particularly 

in the second half of the 20th century, have brought 
about significant increases in productivity. Progress 
in plant breeding, as well as this intensification in 
agriculture, has begun to cause the introduction of 
high yielding new varieties into the market and the 
production of lower-yielding landraces to decline. 
The period named as a green revolution character-
ized by the use of technological and chemical inputs, 
also has a separate prescription for plant rehabilita-
tion, especially the achievements achieved in wheat 
and paddy have marked this period. When evaluated 
in terms of meeting the growing food needs of the 
population, the results of this period have led most 
industrial countries to achieve sustainable food sur-
plus in the second half of the twentieth century and 
the threat of hunger has ceased to exist [1]. 

When the ecological, economic and social cost 
of this process, which is perceived as modernization, 
is understood to be rather heavy, one of the most im-
portant problems experienced emerged as an erosion 
of genetic resources. Genetic erosion is a process in-
volving the replacement of traditional, indigenous 
and landraces with genetically uniform, highly effi-
cient modern varieties. Insufficient knowledge about 
climate change intensive agriculture, rapid develop-
ment processes and urbanization, the destructive ef-
fect of modern agriculture on habitat, especially the 
scientific, social, cultural and economic importance 
of plant germplasm are the main drivers of this pro-
cess [2]. Especially with the green revolution, it is 
reported that in many countries modern varieties 
have taken the place of most of the landraces [3, 4, 
5]. Looking at the positive direction of this process, 
although the increase in yield seems to be important, 
the contraction of the gene pool and the loss of bio-
diversity constitute an environmental problem. 

Turkey in the world of agriculture, is the gene 
center of many cultivated plants. In terms of origin 
of the cultured plants in the world, a total of eight 
gene centers were determined including Turkey 
(Near East and Mediterranean) [6]. Mediterranean 
and Near Eastern Centers of diversity and origin cen-
ters that was announced by the Vavilov (1994) also 
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coincides with Turkey [7]. Turkey is one of the 
world's richest countries in terms of plant genetic re-
sources. In addition, according to J. Harlan there are 
5 micro-gene centers with more than 100 species 
shows widespread variations in Turkey, which is pri-
mary and secondary gene center of many plants [7]. 
In our micro gene centers; varieties and form rich-
ness are observed in feed plants of barley, rye, oat, 
rape, lentil, chickpea, faba bean, kidney bean, vetch, 
sainfoin and leguminous crops [8]. 

Despite the lack of advantages, Turkey is an 
important diversity area for many vegetable species. 
Kidney bean, which is one of them, is one of the 
most important plant species for Turkey in terms of 
direct use in human nutrition and nutrients it con-
tains. Beans have arrived in Turkey in the 17th cen-
tury and is a legume crops that can be grown by aim-
ing to have both dry or fresh in almost every part of 
Turkey and showed wide variation [9]. This legume 
grain contains about 22-24% protein, mineral matter 
and vitamin-rich contents, being an important agri-
culture product for human nutrition as referring 
“both meat and bread” [10]. 

South-Eastern Anatolia and Samsun-Tokat-
Amasya micro gene centers are centers of genetic di-
versity for beans although they are not the gene cen-
ter [11]. In Turkey, there are many studies on the 
subject of beans as the genetic resources in terms of 
collection, assessment and using in breeding [12]. 
Turkey on the fertile lands of Anatolia, thanks to the 
fact that Anatolian lands have hosted many civiliza-
tions and thanks to the ecological diversity that it 
has, like on that in almost all plant species, that also 
led beans to the emergence of variations in many 
years. materials that enter the country from different 
sources have been cultivated for many years in the 
regions they are located and different kinds of bean 
landraces have been formed. Locally grown bean 
plants contain a large number of different genetic 
material features [13]. Although there are improved 
bean varieties in the world and in Turkey, many pro-
ducers are still producing and marketing local bean 
genotypes [14]. Therefore, in different regions of 
Turkey it is still possible to find bean landraces gen-
otypes. In particular, the Middle Kızılırmak Basin, 
which is close to the Samsun-Tokat-Amasya micro 
gene centers, is an important center for the richness 
of dry bean landraces. 

One of the effective ways to increase grain 
yield and quality is the use of genetic resources in 
breeding [14]. Thus, the sustainability of genetic re-
sources is ensured as well as preventing genetic ero-
sion. Although ex-situ method used to protect ge-
netic resources is one of the important methods, in-
situ conservation [15] and usage of them in as eco-
nomic development tool [16] provide significant ad-
vantages in terms of sustainability. There are studies 
that suggest that there is a relationship between pro-
tecting genetic resources and biodiversity and ensur-
ing sustainability, and people's environmental 

awareness [17, 18, 19, 20, 21]. For this reason, ac-
tivities to improve environmental awareness in soci-
ety can contribute to the conservation of biodiver-
sity, and will also have a positive impact on the con-
servation and sustainability of genetic resources. In 
addition, according to TurkStat statistics in Turkey, 
negative pressure of 42.12% shrinkage in the field of 
dry bean cultivation between 2004-2017 [22] on 
both production and genetic resources makes it im-
portant to determine the factors that can be effective 
in farmers' production decisions. 

With this study, in the Middle Kızılırmak Basin 
which is an important gene center for dry bean land-
races (DBL), it is intended to reveal the general char-
acteristics of producers dealing with dry bean land-
races production and the perceptions of genetic re-
sources / landraces. Thus, the conclusions have been 
drawn about what are the production decisions of 
DBL producers about genetic resources / landraces 
and what might be the factors that affect this percep-
tion. The basis of this work is both the original field 
data and the results of similar studies on the subject. 
Therefore, the generated synthesis is one of the im-
portant studies in the field with the identification of 
factors that may be effective in ensuring the protec-
tion of genetic resources and sustainability in Tur-
key. In particular, measures for the protection of ge-
netic resources in agriculture policy in Turkey, con-
sidering that constitutes one of the most important 
items in agenda, the results of the study are also im-
portant in terms of policy makers. 

 
 

 
 The main material of 

the study consists of the data obtained through a 
questionnaire survey with 140 DBL producers from 
a total of 8 villages (Ankara, Aksaray, Çankırı, Kay-
seri, Kırıkkale, Kırşehir, Nevşehir, Sivas) in the 
Middle Kızılırmak Basin within the scope of the 
"Middle Kızılırmak Valley Morphological and Mo-
lecular Characterization of Dried Bean Landraces 
and Determination of Genotypes Resistant to Root 
Nematode and Socio-Economic Characteristics of 
Producers” Project supported by the R & D Projects 
Program of the General Directorate of Agricultural 
Research and Policy (TAGEM) of the Ministry of 
Agriculture and Forestry (MoAF) (Figure 1). 

The lack of a specific database on the producers 
engaged in the production of landraces in Turkey, 
makes it difficult to sample for the work to be done 
with DBL producers. In such studies, preliminary in-
terviews with relevant experts and local residents 
prior to the study are indicative of the areas in which 
the study will be conducted, and interviews with pro-
ducers meeting these criteria can be conducted in 
these areas. A similar approach on this issue has been 
applied in the study conducted in Turkey with wheat 
landraces by [5]. The database of the study of dry  
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bean and soil samples from the producers of DBL 
breeding in 2016 was used to determine the produc-
ers to collect data in the middle Kızılırmak Basin 
where the work was carried out. Producers included 
in the survey conducted in the region in 2016 formed 
the sample set of the survey works conducted in 
2017. Negotiations with Provincial / District Agri-
culture and Forestry Directorates experts, Agricul-
tural Chambers and local people have been effective 
in identifying DBL producers. As a result of inter-
views and surveys conducted in the region, a total of 
140 producers were reached (78.21%) from the man-
ufacturers that were sampled in 2016 and face-to-
face questionnaires were completed.  

In the study, the personal characteristics of the 
DBL producers were questioned using a 5-point 
scale (5 = Strongly agree / 1 = Strongly agree) to 
measure GRLP. In this context, 12 variables to de-
termine the personal characteristics of the producers, 
and 18 variables to determine the genetic resources / 
local population perceptions were assigned. A relia-
bility test was applied to the questionnaire in order 
to show whether the collected Likert scaled data re-
flects a measured likelihood. To test the reliability of 
the generated scale, the Cronbach Alpha coefficient 
was examined in the reliability analyzes most com-
monly used. The Cronbach Alpha coefficient is 0.60 
and above, indicating that the developed scale is re-
liable [23, 24]. 

Due to the excess of variables, index values 
were created by using Factor Analysis Method for 
personal characteristics and GRLP variables. Factor 
analysis is one of the multivariate analysis tech-
niques commonly used in various fields, particularly 
in the social sciences. Factor analysis aims to find a 
small number of new unrelated variables by combin-
ing the variables associated with each other in a (p) 
variable event. This analysis is applied to reduce the 
number of variables if there are too many variables 

and to easily interpret them [25]. Kaiser-Meyer-Ol-
kin (KMO) and Bartlett tests were performed to eval-
uate whether the data set is appropriate in factor 
analysis [24]. The value found in the KMO test gives 
information about the suitability of the data set for 
factor analysis and if the calculated value is less than 
0.50, it can not be accepted, 0.50 weak, 0.60 me-
dium, 0.70 good, 0.80 very good, 0.90 excellent [26]. 
The Bartlett Test of Sphericity is used to test whether 
the correlation matrix is a unit matrix with all diago-
nal terms 1 and non-diagonal terms 0. This test re-
quires that the data come from multiple normal dis-
tributions [25]. The Varimax rotation technique has 
been utilized in the rotation processes for better in-
terpretation of the factors [23]. The variables used in 
factor analysis are presented in Table 1. 

In addition, chi-square independence tests were 
performed in order to obtain information on whether 
the independent variables were independent of each 
other or not, and the results were interpreted accord-
ing to the chi-square dependence coefficients in the 
study [27]. In the analysis of continuous variables, 
Variance Analysis was used to determine whether 
there was a statistically significant difference be-
tween groups with more than 2 levels. In the case of 
significant difference in statistics, Duncan Analysis 
of Multiple Comparison Methods was applied in or-
der to show which group the difference originated 
from [28]. 

 
 

 
Along with the Green Revolution, both the use 

of chemicals and the development in the breeding 
process have led to a dramatic increase in the 
productivity of producers. Many studies indicate that 
landraces are not used by many producers, especially 
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large producers, especially those following develop-
ments, due to reasons such as poor yield, and that 
these productions remain in restricted areas [15]. 
When looking at the factors affecting the use of land-
races; the demographic, social and economic factors 
of the producers as well as the geographical structure 
of the place where the production takes place affects. 
Both studies conducted both in Turkey in the inter-
national arena, it is stated that the probability of 
reaching such landraces increases under difficult ge-
ographical conditions in rural areas remote from the 
main centers [15]. For this reason, some demo-
graphic and geographical variables belonging to the 
producers of DBL production in the Middle 
Kızılırmak Valley where the study is conducted are 
given in Table 2. Table 2 shows that DBL producers 
are over 50 years old, education is low (have more 
than 85% primary and below education levels) and 
household width is about 4 people. In particular, the 
low number of households can create a negative pro-
duction pressure for products based on human labor, 
such as dried beans. In recent years, the production 
of the dry beans has decreased due to the fact that the 
dry bean is based on human labor during the harvest 

and the production of chickpeas, which are suitable 
for machine-harvesting, is increasing. 

Another variable that is examined under the de-
mographic characteristics is the social security situ-
ation of the producers. As seen in Table 2, only 
37.14% of producers make farming as a profession. 
The rest of the group operates in other occupational 
groups (workers, civil servants, trades, etc.) besides 
farming. When the geographical characteristics of 
the producers' locations are examined, it is deter-
mined that the producers live at an average altitude 
of 1,155 m (Table 2). If we call the geographical area 
for 1,200 m and above of the Central Anatolia Re-
gion as mountainous area [29], it is determined that 
42.14% of the producers live in these mountainous 
areas above 1,200 m. Another important factor in de-
ciding landraces production is the distance from the 
main settlements. According to the results of the re-
search, producers indicate that DBL productions are 
usually made in areas remote from the main centers 
[15] along with the average distance of DBL produc-
ers to the nearest district center İs calculated as 16.27 
km and the distance to the nearest provincial center 
is 71.96 km (Table 2). 

 
 

1 Be the first to adopt new technologies. 1 Landraces have been replaced by commercial varieties in 
many cases 

2 Consult with the people aroun, search and then inno-
vate. 2 The productivity of landraces is decreasing day by day 

3 Investigate the development of all kinds of agricul-
ture and animal husbandry. 3 In the disappearance of landraces in the region, too many 

trade-type inflows to the market/region are effective  

4 Take care to participate in all kinds of activities re-
lated to agriculture and animal husbandry. 4 Year by year produced landraces began to change color, type 

and shape. 

5 Also give information to others about the techniques 
learned or practiced. 5 No longer there are landraces seeds as before. 

6 The manufacturers around, imitate what practiced. 6 Trying to plant the most productive variety instead of many 
kinds of bread. 

7 First see the result of tried techniques in production 
then apply.. 7 Landraces are more adaptive to the region than the developed 

varieties. 

8 There are producers that taken as examples and fol-
lowed their applications. 8 Farmer no longer has landraces. 

9 Investigate where is the mistake when could not get 
the results that wanted in production. 9 It was difficult to reach the landraces seed. 

10 Do not need to consult anyone other than myself. 10 There is tenderness in our village for the protection of land-
races 

11 Not afraid to try something new. 11 Do not think it will be too much trouble if landraces disappear 

12 Consider whether applications are harmful to nature 
and then apply according to that  12 We lost the seeds of landraces. Planted seeds are not landraces. 

 

13 There is very special genes in landraces. 

14 These varieties must be state-protected. The farmer has noth-
ing to do. 

15 The landraces that used to produce have disappeared. Do not 
think no one can find their seed anywhere. 

16 These varieties are produced only for home needs. Do not 
make money. 

17 Producing only landraces is not a good economic strategy. 
Must be produced with commercial varieties. 

18 As a farmer we are responsible for the protection of landraces. 
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28.00 84.00 54.09 
1.00 6.00 2.15 
1.00 5.00 2.02 
2.00 11.00 4.17 

 

0.71 
4.29 
82.14 
9.29 
1.43 
2.14 

 
5.00 
4.29 
29.29 
17.14 
37.14 
7.14 

625.00 1691.00 1155.25 
 

42.14 
57.86 

0.00 55.00 16.27 
16.00 200.00 71.96 

 

 

 
 

Some agricultural statistics of DBL producers 
are given in Figure 2. Dry bean production is mostly 
based on a watery production system, and in some 
regions it has been determined that the production is 
made as dry. The total amount of DBL producers 
processed in 2016 is 28.07 ha, of which 79.57% is 
composed of dry agricultural land. 2.79% of total 
production land is devoted to DBL production and 
37.86% of this production is made in very small land 
like garden type and 62.14% of the production is 
made in field type land greater than 0.1 hectare. 

The main purpose of the study is to demonstrate 
the production behavior and genetic resource / land-
races perception of DBL producers and indicate the 
change in dry bean landraces production according 
to determined indices. For this reason, 2 different 
data collection tools were used in the research. In the 
first part, a scale of 12 items developed by the re-
searchers was used to determine the production be-
havior of DBL producers. The KMO coefficient of 
the 12-item scale was 0.827; Bartlett Test X2 = 
531.45; p <0.01 and factor analysis was deemed ap-
propriate. As a result of the factor analysis, it was 
determined that the scale, on which item analysis and 
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Varimax rotation operation carried out, was col-
lected in three dimensions. The four-factor scale, 
that eigenvalue is greater than 1, with 12 items ac-
counts for 56.59% of the variance. The Cronbach 
Alfa reliability coefficient of the dimension which is 
related with the DBL producers' production behavior 
was calculated as 0.69 (Table 3). 

The second dimension of the scale contains 18 
items. This dimension identifies the safety percep-
tion of the producers for landraces and genetic re-
source perception. The KMO coefficient of the scale 
consisting of 20 items is 0.775; Bartlett Test X2 = 
965.03; p <0.01 and factor analysis was deemed ap-
propriate. As a result of the factor analysis, it was 
determined that the scale, on which item analysis and 
Varimax rotation operation carried out, was col-
lected in four dimensions. The four-factor scale, that 
eigenvalue is greater than 1, with 20 items accounts 
for 62.44% of the variance. The Cronbach Alfa reli-
ability coefficient of the landraces and genetic re-
source perception dimension was calculated as 0.69. 
Production behavior and genetic resources / land-
races and environmental perception indexes were es-
tablished by gathering the reduced factors obtained 
in the first and second dimensions (Table 3). 

In the production behavior index, the fact that 
the index value goes from negative to positive sug-
gests that the producers are more innovative, use 
more technology, take more risks, follow infor-
mation and technology, and are environment-con-
scious producers in their practice. The index value 
created in this context was used both as a continuous 
variable and divided into quartiles to group DBL 
producers as traditionalists, middle traders, middle 
innovators and innovators. In addition, in the calcu-
lation of descriptive statistics for producers, produc-
ers classified as traditionalists and innovators ac-
cording to median value. 

In the genetic resource / landaces and environ-
mental perception index, as the index value goes 
from positive to negative indicates that the producers 
think, that landraces are lost, that these seeds are dif-
ficult to find; and that the producers who produce 

landraces do not produce it as an economic gain but 
rather produce with the aim of meeting household 
needs. Manufacturers with high index value believe 
that a production strategy based only on landraces 
will not be economically feasible and that responsi-
bility for the protection of landraces and genetic re-
sources is much more on the state. In addition, these 
producers have a strong belief that the disappearance 
of landraces will not be a problem and that no special 
genes will be found in these varieties. 

When Table 4 is examined, it is seen that the 
producers dealing with DBL production in the re-
search area are divided into quartiles according to the 
production behavior index and variance analysis and 
descriptive statistical results are given accordingly. 
Firstly, it is seen that GRLP index values have sta-
tistically meaningful difference according to produc-
tion behavior. Both Table 4 and Figure 3 are exam-
ined; it is seen that the group identified as "Con-
servative", which has a negative GRLP index value, 
has higher GRLP. It has been found that innovative 
producers, who are environmentally responsible and 
able to be leaders in the society, mostly do not adopt 
a production strategy based on local populations, of-
ten do not have enough knowledge about the value 
of landraces as genetic resources. Also these produc-
ers think these varieties are lost and the disappear-
ance of such varieties does not constitute a major 
problem. These producers believe that the protection 
of genetic resources and is a more state policy. 

The studies on environmental perception in 
Turkey are mostly about energy consumption, eco-
nomic growth, development and climate change in-
teractions. Many studies have been conducted within 
the framework of the Environmental Kuznet Hy-
pothesis. The Environmental Kuznets Hypothesis 
implies that growth will not ultimately have a nega-
tive impact on the environment, on the contrary, 
growth will affect the environment positively. In 
Turkey, some studies [30, 31, 32, 33] on this subject 
suggest that along with the growth the default Envi-
ronmental Kuznets Hypothesis has not taken place 
and continuation of environmental pollution. 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.827 

Bartlett's Test of Sphericity 
Approx. Chi-Square 531.45 
df 66 
Sig. 0.000 

Total Variance 56.59 
Cronbach Alpha 0.69 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.775 

Bartlett's Test of Sphericity 
Approx. Chi-Square 965.03 
df 153 
Sig. 0.000 

Total Variance 62.44 
Cronbach Alpha 0.69 
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The Index of Genetic Resource- 
Landrace Perception -0.63  0.02  -0.19  0.80  0.00 2.60* 

Age (Year) 59.51  54.80  50.57  51.46  54.09 5.38*** 
Education (Year) 5.51  5.66  7.09  6.57  6.21 (K-W) 8.51** 
Distance to District Center (Km) 17.17 15.71 14.49 17.71 16.27 (K-W) 1.11 
Altitude (m) 1213.97  1197.29  1064.91  1144.83  1155.25 2.65* 
Total DBL Production Area (Ha) 0.35 0.44 1.16 1.18 0.78 (K-W) 4.47 
Private Production Area (Ha) 10.16 9.91 14.96 16.00 12.76 (K-W) 6.73* 
Irrigated Production Area (Ha) 3.83  2.11  5.98  10.88  5.70 (K-W) 22.54*** 
Share of DBL Prod. Area in Irrigated 
Prod. Area (%) 9.18 20.49 19.36 10.89 13.72  

Total Production Area (Inc. Rented  
and Sharecropping) (Ha) 21.24  21.21  38.91  30.92  28.07 (K-W) 10.35** 

* Statistically significant at 90% confidence level, ** Statistically significant at 95% confidence level, *** Statistically significant at 99% 
confidence level 

 

The mass of high GRLP index value producer 
qualified as conservative, mostly represents high-
age, low-educated, living in high-altitude areas in 
terms of the geographical location they live in and 
producing in smaller areas (Table 4). The group that 
gives more importance to the production of land-
races and conservation of genetic resources, shows 
similarities with the studies of [34] and [35] who 
work in wheat landraces in Turkey. 
 
 

 
Turkey is one of the rare countries in the world 

in terms of genetic diversity, with each passing day 
landraces disappear and places with high productiv-
ity varieties. Many factors affect the disappearance 

of local populations, especially the genetic resource 
and landraces perception of producers, as well as in-
novation and environmental considerations in pro-
duction behavior. With this study, the relationship 
between genetic resources-landrace perception and 
production behavior of farmers growing the local 
population in Turkey has been demonstrated through 
DBL producers. As a result, it is seen that manufac-
turers with high genetic resource-landrace percep-
tion, who are still seeing landraces as an economic 
asset in Turkey and think that landraces must be pro-
tected and maintained by both the state and the pro-
ducers, are the part of the traditional structure which 
is defined as conservative. Contrary to what is 
known, although innovative groups seem to be 
highly sensitive to the environment, they think that 
genetic resources do not create economic value. 
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Within the framework of the Environmental Kuznets 
Hypothesis studies in Turkey is reviewed based on 
genetic resources; it is seen that Turkey still do not 
evaluate the terminology of development and growth 
along with environmental protection, conservation 
of genetic resources, sustainable use of local poten-
tial and economic value creation. It is necessary that 
the group defined as Innovative should be guided to 
have more willing and pioneering attitudes towards 
the protection of genetic resources and existing val-
ues, and policies should be designed accordingly. In 
ensuring the sustainability of landraces during policy 
development, targeting the group identified as inno-
vative will ensure that it has a more effective policy 
implementation outcome. 

 
 

 
The data for the study was compiled from 

“Yerel Kuru Fasulye Popülasyonları Yetiştiren İşlet-
melerin Sosyo-Ekonomik Özellikleri-Socio-Eco-
nomical Characterizations of Farmers Producing 
Dry Bean Landrace Population” Work Package of 
the Project “Orta Kızılırmak Vadisi Yerel Kuru 
Fasulye Popülâsyonlarının Morfolojik ve Moleküler 
Karakterizasyonu ile Kök Lezyon Nematoduna 
Karşı Dayanıklı Genotiplerin Belirlenmesi-Morpho-
logical and Molecular Characterization of Dry Bean 
Landraces in the Middle Kızılırmak Valley and De-
termination of Resistant Genotypes against Root 
Nematode” supported by the Ministry of Agriculture 
and Forestry, General Directorate of Agricultural 
Research and Policies (TAGEM / 16 / AR-GE / 55) 
in Turkey. 
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The degradation of bisphenol A, 4-

chlorophenol and phenol were investigated, using 
synthesized photocatalysts, were it prepared by 
sonication and a sol-gel methodology. The catalyst 
indicated as I; TiO2: GO, II; TiO2: GO: SiO2 (50%) 
and III; TiO2: GO: SiO2 (75%). The irradiation in-
terval was seven hours at solar radiation energy 
6.35- 5.00 kWh/m2/day. Degradation measurement 
conducted by valid HPLC method. The degradation 
activity was in order catalyst I > III > II catalyst. 
TiO2 modified with GO and SiO2 for enhancing 
surface area, increasing Vis light absorption, reuse, 
and handling. The modification was confirmed by 
X-ray diffraction, FTIR, scanning electron micro-
scope and X-ray photoelectron spectroscopy analy-
sis. Catalyst I was 87% degradation, the lowest deg-
radation 55% for II. The prepared catalyst is more 
easily handled in the degradation process than TiO2 
anatase, due to their packing and crystallinity, mak-
ing the filtration and reuse simpler.  
 
 

Bisphenol A., 4-Chlorophenol, Aquatic system, Solar 
irradiation, Photodegradation, Wastewater. 

 
 

 
Phenol and its derivatives are among the nu-

merous organic pollutants discharged into the envi-
ronment, poses a serious threat to the ecosystems, 
due to solubility in water, toxicity, endocrine dis-
rupting abilities and carcinogenic behavior. Phenols 
released to the environment through some industrial 
wastewater including petroleum refining, paper 
manufacturing, coal, and others [1-4]. Degradation 
of phenols takes place by several methods; includ-
ing adsorption, biological treatment, liquid mem-
brane, ion exchanges and advanced oxidation pro-
cesses (AOPs) [3]. Heterogeneous photo-catalytic 
oxidation, one of the AOPs, considered to be an 
energy efficient method when it joins with sunlight, 
and as green technology, where complete minerali-

zation of organic contaminants take place [1-4].  
Photocatalytic process via semiconductors is 

regarded as appropriate treatment methodology for 
the removal of organic pollutants. TiO2 is the most 
used semiconductor photocatalyst, due to its high 
stability, low environmental effect, strong oxidiza-
tion power, and availability with low price [5, 6].  

The photocatalytic process started when the 
catalyst is irradiated by light (UV or Vis), reaching 
or exceeding its bandgap energy (the energy differ-
ence between the valence band and the conduction 
band), the next step hydroxyl radicals formed, with 
its high oxidation ability the degradation process is 
carried out. However, as scientific research there 
are some limitations have been observed for TiO2, 
the large bandgap which lies in the UV range limits 
the use in solar light, the recombination (  disap-
pearance), and the poor selection for the pollutant 
[7, 8].  

The photocatalytic performance of TiO2 is cur-
rently improved by conventional technologies, in-
cluding doped (metal ions or nonmetallic elements), 
and coupling with other semiconductor enhancing 
the surface area. Graphene and its derivatives are a 
good candidate for the improvement of TiO2 activi-
ty with its remarkable properties [7-10].  

These properties include large surface area and 
high electronic conductivity which enhancing both 
charge transportation and charge separation. Also, 
the hydroxyl groups at the edges functioned as hy-
drophilic groups (favorable reactive sites for guest 
materials). Furthermore, the addition of graphene or 
graphene oxide into TiO2 quashes the recombina-
tion of the photogenerated , while the carbon in 
the co-doped with Ti enhances broad light absorp-
tion [7, 8, 11].  

The work is aimed to study the proper molar 
ratios of Ti, GO and Si as oxides in achieving a 
photocatalyst with the optimized advantages of the 
three oxide elements. Phenols herein are taken as an 
example of an aquatic pollutant, where its degrada-
tion measured on HPLC. Also, the degradation was 
under environmental conditions.  
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Graphene oxide 
(GO: 15-20 sheets with 4-10% edge-oxidized) from 
Sigma-Aldrich. Titanium oxide anatase (TiO2), 
Tetraethyl orthosilicate (TEOS), Phenol, Bisphenol 
A, 4-Chlorophenol, Methanol, Acetonitrile, Etha-
nol, Acetonitrile and -phosphoric acid (H3PO4), all 
HPLC grade, PS/DVB 1000 mg/6ml, RP C18 
HPLC column, were purchased from Sigma-
Aldrich. Pressure batch ultrasonic reactor (UIP, 
Hielscher Ultrasonics). UltiMate 3000 HPLC Sys-
tems from thermo fisher, with chromeleon CDS 
software. 

1.96 98 0 
1.29 45.5 50 
0.966 24.15 74.9 

 First, 1 mg GO dis-
persed in 20 ml Ethanol by sonication (sonicating 
with a probe sonicator for 20 min impulse mode 
with 2s on and 5s off at 35% amplitude) until it 
reaches a saturated concentration. TiO2 anatase with 
TEOS is added with ratios (Table 1). Then 60 ml 
DW added (an immediate condensation take place), 
then slow stirring at 70  overnight, then dry at 
150 , calcination at 500 C for four h. 

Phase identi-
fication of the catalysts was conducted using X-ray 
diffraction spectrum (XRD). X-ray photoelectron 
spectroscopy (XPS). Scanning electron microscopy 
with field emission (SEM-EDS; JSM-7800F, JEOL, 
USA). Fourier transform infrared spectrophotome-
try (FTIR; Perkin-Elmer 843) the measurement 
range was from 500–4000 cm-1, with a 4 cm-1 reso-

lution and 0.475 cm-1/s scanning speed, the applied 
technique was attenuated total reflectance (ATR) 
with smart i-TR. 

 
 

Preparation of standard calibration graphs for the 
three standards phenol, bisphenol A, and 4-
chlorophenol, was according to the valid analytical 
procedure. Different concentrations of phenols were 
used to establish the calibration curve. They were 
linear with the concentration range of the phenols 
target. The standard mixture was prepared in 
1000ppm concentration and stored at 4°C for one 
month. The chromatographic identification and 
quantification were performed for a group of phe-
nols; 4-Chlorophenol, Bisphenol A, and Phenol, 
table 2 give the HPLC conditions.  

100 ml 
DW was spiked with a mixture of the phenols (with 
the desired concentration). Table 3 shows the cali-
bration range for each, prior extraction the samples 
were acidified to pH= 2 with 0.1M H3PO4, then 
extracted on the SPE columns (conditioning; 3 ml 
acetonitrile, 3 ml methanol, 3 ml DW pH=2), elu-
tion in 3 ml methanol. 

For establishing ad-
sorption equilibrium the spiked samples were 
placed in the dark for 30 min, then the degradation 
under sunlight toke place for 7 hours, the tempera-
ture ranged from 30-35 . At an interval of 1h, an 
aliquot of 10ml was collected, extracted then the 
degradation was measured on HPLC. Catalyst load-
ing was 0.1, 0.2 and 0.3 g / 100 ml (to evaluate the 
impact of catalyst dosage on photocatalytic effi-
ciency), experiments were performed at initial phe-
nol concentration from 50 ppm for 4-Chlorophenol, 
Bisphenol A and 5 ppm for Phenol. The pH= 6 for 
the solutions. 

C18 (4.6 mm× 250 mm) , particle size 5 μm diameter, injection volume 10 μl 
A: Water with (0.1% o-phosphoric acid)  
B: Acetonitrile with (0.1% o-phosphoric acid)  
280 nm, DAD  

 

y = 0.315x - 0.0166 
R² = 0.9993 7.798 50, 25, 10, 5, 1 ppm 0.1 ppm 25 87% 1.6 

5 98% 5.7 
y = 0.2841x + 0.0366 
R² = 0.9998 8.467 50, 25, 10, 5, 1 ppm 0.1 ppm 25 92% 1.7 

5 83% 5.5 
y = 0.2015x + 0.0141 
R² = 0.9981 8.999 5, 2.5, 1, 0.5, 0.1 

ppm 0.05 ppm 2.5 86% 2.7 
0.5 92% 3.7 

 

,,,,,,,, .
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Degradation ef-
ficiency of the phenols was measured according to 
Eq. 1, where C  initial concentration, C  sample 
concentration: 

Eq. 1
For the catalysts I, II, and III the degradation 

efficiency took in dark conditions and under sun-
light exposure, as a comparison commercial TiO2 
anatase was also investigated. The photodegrada-
tion of phenol was studied using a batch of 200 ml 
beakers with spiked samples, slow stirring and un-
der direct sunlight. The concentrations were calcu-
lated by a calibration curve. Solar irradiance direct-
ly (south-west 22.5 from the south) in September 
and October is 6.35- 5.00 kWh/m2/day onto a hori-
zontal surface [12].  

The XRD 
patterns of TiO2 anatase and the catalyst I, II and III 
are shown in Fig.1. The results show that the major 
phase of the photocatalyst is anatase phase. The 
pattern indices the phases of (101), (004), (200), 
(105), (211), and (204) reflection of anatase TiO2 
characteristic peaks at 2θ of 25.3◦, 37.8◦, 48.0◦, 
53.9◦, 55.1◦, and 62.7◦, respectively. Silicon is in-
troduced to the catalyst in the liquid phase (TEOS) 
there is no characteristic peak for Si found, could be 
for the high crystallinity of anatase and the high 
intensity of the peaks. Even Though in EDS the Si 
and C are found [7, 13-15].

a
 

 

f
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The morphol-
ogy of the catalyst I, II, and III was investigated by 
the SEM in Fig.1. The particles of the catalyst tend-
ed to agglomerate [5]. The morphology of the three 
catalyzes vary between TiO2 anatase shape and GO 
as the amount of the SiO2 increase, TiO2 anatase 
has regular spherical morphology particles while 
the GO has sheet-like morphology [7]. 

The structure of GO sheet is seen in Fig. 2 and 

3. I and II morphology are more containing to TiO2 
anatase spherical shape. Meanwhile, the catalyst III 
have more morphology of GO (Fig.2 and 3).  

Fig.2 shows the EDS element mapping of Ti, 
Si, C, and O, confirming the formation of TiO2, 
SiO2 and GO. The atomic % of Ti, Si, and C in the 
EDS analysis close in ratio to the mole ratios in 
table 1. The EDS analysis results fit into the SEM 
images.
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FTIR analysis used to inves-
tigate the type of functional groups presented in the 
structure of catalyst, the peak at 736 -742 cm-1 as-
signed to Ti-O. The peak at 942 cm-1 corresponding 
to Ti-O-Ti bond is found in TiO2 anatase (Fig. 4, a) 
in which the intensity decreases by adding GO and 
SiO2 [6, 15]. 

There is a small broad peak around 950 cm−1 
regions indicating the Ti-O-Si bonds. The absorp-
tion peak at 1083 cm-1 is assigned to symmetric and 
asymmetric O-Si stretching vibrations (Fig.4, b, c). 
After adding SiO2 to the catalyst, a broad peak 
(1100-1300 cm-1) appears which represents the 

breathing vibrations of -O- (epoxy groups) in our 
case it is found at 1220 cm-1, and the stretching 
vibration of C-O groups at 1050 cm-1. The stretch-
ing and breathing absorption for Si-O-C is located 
in this area as well. 16, 17 The broad peak at around 
3356 cm-1 is assigned to the stretching mode char-
acteristic of physical sorption water on oxide sup-
ports. Additionally, the peak at 740 cm-1 related to 
Ti-O-C vibration indicating the GO nanocomposites 
emerging to the TiO2 bulk. GO, and Si is capable of 
binding to the TiO2 surface via interaction of hy-
droxyl group of TiO2 [16, 17]. 
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The XPS spectra of wide-scan 

for the nanocomposites catalysts I, II and III are 
shown in Fig. 5, 6 and 7. The spectrum shows the 
signals of O 1s at 531 eV, C 1s at 286 eV, Ti 2p at 
454 eV and Si 2p at 96 eV [18, 19]. The presence of 
the Ti 2p signal in the survey spectrum validates the 
introduction of GO onto TiO2. The signals at 284 
eV and 286 eV represent the Ti-C and Ti-O-C 
bonding, the high-resolution of the C1s signal indi-
cate that the connection occurs through a covalent 
bond between GO and TiO2 resulting in a uniform 
distribution of GO nanosheets over the TiO2 nano-
particles [20, 21]. 

Phenols degradation was exam-
ined under the following conditions: 5-6 pH and 7 
hours sunlight exposure. A comparison of the phe-
nols degradation % of Catalyst I, II and III is illus-
trated in Table 2.  

Fig. 8 represented the degradation % for the 
group of phenols under sunlight with the three pre-
pared catalysts and compared to TiO2 anatase. As 
shown, catalyst I was the most degradable %, fol-
lowed by III, then catalyst II was the least degrada-
ble %. Catalyst I (TiO2: GO) at 0.2 g amount load 
gave a high degradation %. Cruz et al. studied the 
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degradation of pesticides over GO-TiO2 composite 
giving a higher photocatalytic activity compared to 
TiO2 P25 [22-24].  

Another study conducted by Lee and Yang al-
so proved that the GO-TiO2 composite gave a high 
removal of heavy metals from water matrix [25]. 
Furthermore, degradation of 99% of MB within 6 
min over rGO-Fe3O4-TiO2 nanocomposite was de-
termined by Banerjee et al [26]. 

Catalyst III (TiO2: GO: SiO2) gave an excel-
lent degradation % (65-77%) in the third position, 
SEM image indicated that the GO sheets spread 
more in the anatase as the % of SiO2 increased. 
Catalyst II was the lowest among all even though 
the % of composition was almost 50% for both 
TiO2 and SiO2.  

Experimentally, all samples were degraded at 
pH 5-6. First, the natural water pH lies between 8-5; 
giving the opportunity for no more farther modifi-
cation of the pH (wastewater treatment or water 
treatment). Secondly, it was found in several studies 
that the highest degradation of phenols lies at pH 5-
6, farther more the highest activity for TiO2 as pho-
tocatalyst occurs at pH 5-6 [21-25]. The pH plays a 
central role in photocatalyst activity affecting the 
ionic states of the catalyst surface, the adsorption 
(interaction between the catalyst and the pollutant) 
either promoted or inhibited according to the ionic 
state [21]. The adsorption of phenol is favored at 
pH 5-6 due to the formation of H-bonding between 
phenols eventually increasing the photocatalytic 
activity [22, 23].  

TiO2 band gap lies in the UV (<385 nm) 
range, solar spectrum constitutes only about 3–5% 
of UV radiation and 50% are Vis light. Practically, 
this feature actively restricts the use of solar light as 
a light source for the photocatalysis purposes [25, 
26].  

Hydroxyl radicals control the photo-oxidation 
process using TiO2 under UV light. Meanwhile, 
under visible light irradiation, other reactive species 
are formed (O2●− and 1O2), which play a principal 
role in the photocatalytic process. Adding the GO to 
the TiO2 creates new features for the catalyst; GO 
hindering the electron-hole recombination by ac-
cepting the photo-excited electrons, where electrons 
transfer from TiO2 to GO (charge separation) [23]. 
The explanation of these features comes from the 
Ti–O–C bond, where it makes two band energy 
gaps (double absorption edges) [25-27].  

 

 
 

Photocatalytic initiation step by  genera-
tion 

 
Mineralization step for the phenols in aquatic 

sample 

 
TiO2 is conceders as a unique photocatalyst, 

the removal of its limitations was by various meth-
ods, and one of them is the modification by adding 
other oxides to its bulk. Herein the addition of GO 
and SiO2 were used, I; TiO2: GO, II; TiO2: GO: 
SiO2 (50%) and III; TiO2: GO: SiO2 (75%). The 
outcome of the study gave more easily used catalyst 
than bare TiO2 as it is very powder meanwhile the 
prepared catalyst was highly impacted and crystal-
line. Three types of phenols were taken as an ex-
ample of water pollutants; their degradation ranged 
from 55% - 90%.  

An optimized condition for the photocatalytic 
process is needed to reach the highest removal of 
any pollutant. The removal of the phenols (Bi-
sphenol A, 4-chlorophenol, and phenol) was in a 
very good ratio but the catalyst farther modification 
needed, if we take in mind an application in the 
wastewater treatment plants. Fixation of the catalyst 
on the surface or membranes can achieve a better 
use. The degradation takes place under sunlight at 
pH 5-6 with several loading, the highest degrada-
tion % I>III>II. Silicon insertion to the TiO2: GO 
composite enhances the GO spreading in the titani-
um matrix, where SEM image shows that as Si% 
increased the GO sheet was more noticeable. As a 
result, the degradation of phenols % increased. 

The unique bond of Ti-O-C as a photocatalyst 
provided an opportunity to consider the sunlight as 
a source of photoinitiation process. Absorb higher 
solar spectra, promote efficient charge transfer, and 
minimize recombination, high photonic efficiency, 
self-photo charge ability, and regeneration. Howev-
er, reusing and uniform illumination of that is the 
ultimate goal to reach in synthesizing a photocata-
lyst. Photocatalysis has emerged as a promising 
clean, advanced oxidation technology, which could 
address the ever-increasing global concerns for en-
vironmental pollution reduction based on the utili-
zation of solar and UV energy.  
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ABSTRACT 
 
One hundred and twenty samples of human 

breast milk were collected from five governorates 
located south of Jordan in 2016 and 2017. This 
study was conducted to monitor pesticides residues 
of organochlorines. These organochlorines persis-
tent pollutants have appeared in the analyzed moth-
er milk samples in low concentrations despite the 
Ministry of Agriculture of Jordan have banned their 
uses since forty years ago. However, the results 
indicated that 18.33% of the analyzed samples 
contained p,p'-DDE, 2.5% p,p'-DDT, 1.67% o,p'-
DDE, 3.33% dieldrin and 0.83% heptachlor. The 
highest concentration was 3.0 mg/kg fat milk of 
p,p'-DDE in samples of Aqaba, but the highest 
percent of positive samples was 27.7% in Tafila. 
The analyzed samples did not contain endrin, HCB, 

-HCH, -HCH, - -endosulfan, o,p'-DDD, 
o,p'-DDT and p,p'-DDD. There were a decrease in 
average of HCH's in the analyzed samples collected 
from the five districts compared to previous study, 
but slightly increase in DDT and cyclodiens groups. 
It is recommended to continue monitoring of pesti-
cide residues in human milk and other environmen-
tal components in Jordan.  
 
 
KEYWORDS:  
Human milk, Persistent pesticides, Residues, Monitoring, 
Jordan. 
 
 
INTRODUCTION  

 
Orgnochlorine pesticides are occurred in most 

environmental components due to their persistence 
and being highly soluble in lipids. They accumulate 
gradually in fatty organs in the biological systems 
through the food chains introduced in the environ-
ment [1-5]. They redistributed and accumulate in 
tissues with high fat content such as adipose tissues, 
the liver, kidney, brain and breasts [2, 3, 6, 7]. New 
born and infants might exposed to these persistent 
organochlorine pollutants (POPs) through placenta 

and breast feeding [5, 8  10]. Parental exposure to 
these POPs might induce lower birth weight, neu-
rodevelopment delay, disturbance of thyroid hor-
mone status [3, 5, 8, 11  13]. 

Unfortunately some of these POPs are still in 
use particularly DDT in some Asian and African 
countries to control Anopheles mosquito to reduce 
malaria cases [2, 3, 14]. In the last fifteen years, it 
was observed that cancer cases have been increased 
noticeably due to several reasons including the use 
of these POPs [5, 9, 10, 15]. Therefore in Jordan, 
the Ministry of Environment has asked the Royal 
Scientific Society to monitor the occurrence of 
organochlorine residues in breast milk of delivered 
women in Jordan. 

It is the aim of this study to monitor organo-
chlorine residues particularly DDT and its metabo-
lites, HCHs, HCB and cyclodiens members in hu-
man milk of delivered women in five governorates 
of southern Jordan in 2016 and 2017, to minimize 
the misuse of pesticides and to develop regulations 
and registration of organochlorines.  
 
 
MATERIALS AND METHODS  

 
Sampling Locations. One hundred and twen-

ty women breast milk samples were collected in 
2016 and 2017 from the five southern governorates 
of Jordan. The number of samples collected from 
each governorate was proportional to the population 
density [3, 16]. These were 24 samples from 

om Karak, 18 samples from 
Tafila, 24 samples from Aqaba and 24 samples 
from southern Jordan Valley. In these five districts 
lives about 9.4% of the total population of Jordan. 
Also, within these districts, lies part of the Jordan 
Valley with the highest agricultural activities and 
use of pesticides. 

 
Sampling. In cooperation with the Ministry of 

 30 mL of 

woman and placed in a 50-mL well cleaned and dry 
glass bottle, transferred in cooling boxes to the 
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laboratory, and stored at -20ºC until analysis. Data 
concerning age, body weight, delivery number, last 
delivery date, fatty food intake, exposure to pesti-
cides and sampling date for each lady were gath-
ered in a prepared questionnaire [2, 16]. 

 
Standards, Solvents, Chemicals and Gases. 

The used solvents acetone, dichloromethane, petro-
leum ether (40  60 ºC) was all of the p.a. quality, 
whereas n-hexane used was of GC-quality. Stand-
ards of the individual chlorinated pesticides were of 
purity between 99.5% - 99.9% and purchased from 
Dr. Ehrenstorfer GmbH (Augsburg/ Germany). 
Anhydrous sodium sulphate (p.a. quality) was heat-
ed at 550ºC for 2 h. Florisil® (p.a. quality, 60  100 
mesh) was heated overnight at 550 ºC, mixed with 
distilled water to give 3% (w/w), mixed well and 
kept for 12 h in a closed container prior to use. 
Helium (99.99% purity) and make-up gas ar-
gon/methane (95% + 5%; 99.9% purity) were used. 
Elution mixture was petroleum ether + dichloro-
methane) 80: 20 %, v/v) [2, 16].  

 
Extraction, Clean-up And Determination. 

Extraction, cleanup and determination were carried 
out according to DFG-method [17], with the fol-
lowing details: Glassware was dried at 110ºC after 
washing with soap, water, distilled water, acetone 
and n-hexane. Twenty-five grams Florisil were 
added to chromatography column (50 x 2 cm with 
Teflon stopcock) containing 100 mL petroleum 
ether. 10 g milk sample were mixed with 25 g Flo-
risil (3% water), added to the column, and the ex-
cess solvent was collected in a 500-mL round bot-
tom flask. The column was eluted with 300 mL of 
the elution mixture. The eluates were evaporated 
nearly to dryness using rotary evaporator at 35 ºC 
and 12 mbar. The remaining solvent was evapo-
rated using a stream of nitrogen gas. The residues 
were dissolved in 2 mL n-hexane containing 0.3 
μg/mL aldrin as internal standard (I.S.) and 2 μL of 
this final extract were injected onto the GC column 
[2,16].  

The GC used was PU-304 instrument, 
equipped with 63Ni-electron capture detector, a split 
injector and a SPB- 608 capillary column (L=30m, 
I.D. = 0.25 mm, film thickness = 0.25 μm). The GC 
was used under the following conditions: injector 
(250ºC), detector (300ºC), column temperature 
program: 150ºC (5 min), 150 - 220ºC (10 ºC/min), 
220 ºC (20 min), 220  290 ºC (20 ºC/min), and 290 
ºC (10 min). Carrier gas (He): 1.1 mL/min, make-
up gas: 40 mL/min, and split ratio (1:50). For the 
confirmation of the results, a SPB-5 capillary col-
umn (L = 30 m, I.D. = 0.25 mm, film thickness = 
0.25 μm) was used [2,16]. 

 
Determination of Fat Content. The fat con-

tent (%) was determined according to Al-Tarawneh 

et al. [15] and al-Antary et al. [16]. Ten g of each 
milk sample were weighed and mixed thoroughly in 
a separating funnel with 2 mL of 25% ammonia, 25 
mL diethyl ether and 25 mL petroleum ether (40  
60 ºC). The organic solvents layer was separated 
and the previous extraction steps were repeated 
twice. The pooled organic extracts were filtered 
through anhydrous sodium sulphate layer into a 
weighed round bottom flask. The solvents were 
evaporated at 30 ºC and 200 mbar. The round bot-
tomed flask with the residues was placed overnight 
in a desiccator. The round bottom flask with resi-
dues was reweighed, and from the weight differ-
ence, the % fat content was calculated.  

 
Evaluation of the Extraction Method. Ex-

traction and clean-up methods were evaluated by 
spiking blank samples with known concentrations 
of each of the studied chlorinated pesticides, and 
each of these samples was extracted and cleaned-up 
according to the above mentioned method. The 
experimentally found concentration was related to 
the theoretically added concentration, in order to 
calculate the % recovery. The detection limit for 
each compound was calculated as signal to noise 

mixture of the sixteen studied pesticides after dilut-
ing several times. Each solution was injected twice. 
The detection limits were 0.005 ppm for all studied 
compounds and the % recoveries ranged between 
80.5% and 99.5%. 

 
 

RESULTS AND DISCUSSION 
 
Table 1 shows average and range of residue 

concentrations of the chlorinated pesticides in hu-
man milk samples collected from the southern gov-
ernorates Ma'an, Karak, Tafila, Aqaba and the 
southern Jordan valley in 2016 and 2017.  

The samples collected from Ma'an contained 
dieldrin and p,p'-DDE. Their concentrations were 
0.3 and 0.25 mg/kg milk fat and the % of positive 
samples were 8.3% and 16.7%, respectively. 

Table 1 shows the average and range of resi-
dues of the chlorinated pesticides in mother milk 
samples collected from Karak governorates in 2016 
and 2017, which are dieldrin, p,p'-DDE and p,p'-
DDT. Their concentrations were 0.06, 0.74 and 
0.08 mg/kg milk fat and the % of positive samples 
were 3.3, 10.0 and 3.3% respectively. 

Table 1 shows average and range of concen-
trations of organochlorine pollutants found in 
mother milk samples collected from Tafila gover-
norate in 2016 and 2017. The samples contained 
only p,p'-DDE. Its concentration was 0.33 mg/kg 
milk fat and the % of positive samples was 27.7%. 
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TABLE 1 
Number (N) and % of positive samples (N%), average and range of chlorinated pesticide residues of  

human milk samples in (mg/kg milk fat) collected from Ma'an, Karak, Tafila, Aqaba and southern Jordan 
Valley governorates in 2016 and 2017 

District Total analyzed 
samples 

Found  
pesticide 

 
N 

 
N% 

Average 
residue 

     Range 
Min. Max. 

Ma'an 24 Diedrin 
p,p'-DDE 

2 
4 

8.3 
16.7 

0.30 
0.25 

0.14 
0.02 

0.46 
0.70 

Karak  
30 

Diedrin 
p,p'-DDE 
p,p'-DDT 

1 
3 
1 

3.3 
10.0 
3.3 

0.06 
0.74 
0.08 

0.06 
0.59 
0.08 

0.06 
0.91 
0.08 

Tafila 18 p,p'-DDE 5 27.7 0.33 0.11 0.77 
Aqaba 24 Heptachlor 

p,p'-DDE 
1 
6 

4.2 
25.0 

0.03 
0.87 

0.03 
0.01 

0.03 
3.00 

S. Jordan 
valley 

 
24 

Aldrin 
o,p'-DDE 
p,p'-DDE 
p,p'-DDT 

1 
2 
4 
2 

4.2 
8.3 
16.6 
8.3 

0.12 
0.49 
0.27 
0.28 

0.12 
0.03 
0.16 
0.03 

0.12 
0.94 
0.49 
0.52 

 
Table 1 shows the average and range of resi-

dues of the chlorinated pesticides in mother milk 
samples collected from Aqaba governorates in 2016 
and 2017. The samples contained heptachlor and 
p,p'-DDE. Their concentrations were 0.03 mg/kg 
and 0.87 mg/kg milk fat and the % positive samples 
were 4.2 and 25%, respectively. 

Table 1 shows the average and range of resi-
dues of the chlorinated pesticides in mother milk 
samples collected from southern Jordan valley 
district in 2016 and 2017. The samples contained 
aldrin, o,p'-DDE, p,p'-DDE and p,p'-DDT. Their 
concentrations were 0.12, 0.49, 0.27 and 0.28 
mg/kg milk fat and the % of positive samples were 
4.2, 8.3, 16.6 and 8.3% respectively. 

It is observable that all studied locations con-
tained p,p'-DDE, the main metabolite of DDT and 
in high repeatability ranged from 10.0 and 27.7%. 
Al-Antary et al., [2] reported that the found p,p'-
DDE was ranged between 20 and 60% in milk 
samples collected from middle governorates of 
Jordan in 2013 and 2014. The highest residue con-
centration of p,p'-DDE was found in Tafila but still 
lower than the concentration found in a similar 
study of Al-Antary et al. [2]. This is an indication 
that DDT has been rarely used illegally since its 
banning in the early eighties of the previous centu-
ry. DDE is an important metabolite for the parent 
p,p'-DDT. The ratio between DDT and DDE is 
commonly used as a good indicator of DDT expo-
sure history, where a high DDE/DDT ratio value (> 
5) suggests recent exposure [6, 18, 19]. However, 
organochlorine pesticides are among POPs that 
cause concern in human health particularly infants 
[2, 3, 7, 20]. They are able to pass from the preg-
nant to embryos and through the mother milk to 
new born babies [2,3, 6, 7]. Organochlorine pesti-
cides including DDT members, HCH, HCB and 
cyclodiens particularly dieldrin and endrin are per-
sistent in the environment. They are able to reach 
human beings through the food chain and accumu-

late in fatty tissues in the human and animals for 
long periods. The infants might feed on the contam-
inated mother milk [2, 3, 4, 7, 9, 21, and 22]. 

The results indicated that 18.33% of the ana-
lyzed samples contained p,p'-DDE, 2.5% p,p'-DDT, 
1.67% o,p'-DDE, 3.33% dieldrin and 0.83% hepta-
chlor. The highest concentration was 3.0 mg/kg 
milk fat of p,p'-DDE in samples of Aqaba, but the 
highest % of positive samples was 27.7% in Tafila 
samples. The analyzed samples did not contain 

- - - -
-endosulfan, o,p'-DDD, o,p'-DDT and 

p,p'-DDD. Despite Jordan has banned the use of all 
organochlorines since 40 years ago [1], but it is still 
occurring in low residue concentration in the col-
lected mother breast milk. Several workers in the 
world did obtain similar trend for pesticides resi-
dues in their countries: Dillon et al. [23] in Que-
bec/Canada, Stuetz et al., [13] in Thailand, Sanghi 
et al.,[24] in India, Tadevosyan et al., [25] in Ar-
menia, Ennanceur et al., [26] in Tunesia, Al-Targi 
et al.,[8] in Lybia, Mortrza et al., [27] in Iran, Rah-
mawati [28] in Indonesia, Bakirci et al., [29] in 
Turkey, Solomon and Weiss [30] in Germany, Al-
Antary et al. [ 2, 3, 7, 9] and Alawi et al. [4] in 
Jordan. 

In conclusion, there was a decrease in average 
of HCHs in the analyzed samples collected from the 
five southern districts in Jordan compared to the 
study of Alawi, 2012 [9]. There was a slight in-
crease in averages of DDT and cyclodiens group in 
the analyzed samples compared with the study of 
Alawi, 2012 [10]. It is recommended to continue 
monitoring of pesticides residues in mother breast 
milk and other environmental components to over-
come the misuse of pesticide, to build data base of 
pesticides residues information and to develop 
regulations for the registration of use of pesticides 
in Jordan. 
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This study, based on the water quality monitor-

ing data of Meizhou Bay from 2005 to 2016, con-
ducted an environmental quality assessment of the 
water pollution condition by adopting the compre-
hensive evaluation and the eutrophication evalua-
tion. The results of the comprehensive evaluation 
from 2005 to 2016 showed that the water quality in-
dex( ) was between 0.40 and 1.04, and the water 
quality in Meizhou Bay was clean for all years ex-
cept for 2016, during which the bay was lightly pol-
luted. The results of the eutrophication index ( ) 
from 2005 to 2016 showed that the  was between 
0.02 and 0.34, indicating that the water in Meizhou 
Bay was oligotrophic. From the perspective of the 
environmental quality evolution of this marine area, 
both of the quality evaluation indexes, i.e.,  and 

, showed a steady upward trend, which should be 
addressed by the relevant authorities. 

 
 

Water quality, Environmental quality assessment, Evolu-
tion analysis, Meizhou Bay

 
 

 
Meizhou Bay is located in the central coastal 

region of Fujian Province and is an important port on 
the southeast coast of China (see Fig. 1). Surrounded 
by the mainland on three sides, with Meizhou Island 
at the bay mouth, Meizhou Bay is a semiclosed nar-
row bay extending far inland and characterized by 
ice-free and silt-free deep water, vast ports and low 
sediment concentrations [1]. In recent years, accord-
ing to the regional development plan, the Meizhou 
Bay rim region will become a new state-level petro-
chemical base on the southeast coast of China [2]; 
however, the wastewater produced during the pro-
duction process of the petrochemical industry fea-
tures high organic pollutant concentrations, high 
flow rates, complex compositions and high quanti-
ties of hazardous substances, exerting excessive 

pressure on the marine environment therein [3, 4]. In 
addition, oil films of varying thickness can be 
formed on the water surface by certain amounts of 
petroleum and damage the reaeration process of wa-
ter, thus affecting the water quality, the animals, and 
the plants living in the water [5, 6]. Therefore, the 
environmental assessment of water quality in Mei-
zhou Bay is of great significance. 

In recent years, some studies have been carried 
out on the distribution patterns, sources and pollution 
situation of pollutants in the seawater of Meizhou 
Bay [7-9]; however, these studies generally had a 
limited timespan and lacked researches on long-term 
changes in water quality . This study, with marine 
monitoring data of Meizhou Bay from 2005 to 2016, 
conducted an assessment of the seawater environ-
mental quality and eutrophication level of the bay by 
adopting the comprehensive evaluation index 
method and analyzed seawater quality trends to pro-
vide a scientific basis for environmental protection 
work in this marine area. 

 
 

 

In this study, data were taken from the 
monitoring data of Meizhou Bay from 2005 to 2016 
by the Third Institute of Oceanography, State Oce-
anic Administration, and the collection, prepro-
cessing, storage, transportation, and analysis of sea-
water samples were conducted in strict accordance 
with the relevant provisions of the 

[10] and the 
[11]. According to the marine 

environmental characteristics of Meizhou Bay and 
characteristic pollutants of the petrochemical indus-
try, the following 8 monitoring factors were included 
in the statistics: dissolved oxygen(DO), chemical 
oxygen demand(COD), dissolved inorganic nitro-
gen(DIN), active phosphates, petroleum, Cd, Hg, 
and As. Table 1 shows the statistical results of vari-
ous monitoring indicators of water quality in Mei-
zhou Bay from 2005 to 2016. 
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 The single-factor index 
method was adopted to evaluate the equivalent influ-
ences of various contamination factors on the envi-
ronment, and the comprehensive index method was 
adopted to evaluate the overall environmental qual-
ity status and eutrophication level of the water [12] 

The single-fac-
tor index method formula is:

where  is the single-factor evaluation index;  

is the measured value of pollutant ;  is the eval-
uation standard of pollutant , which adopts the 

category II standard value of the 
. When > 1, the water quality exceeds 

the prescribed water quality standard. 
The single-factor evaluation index of DO is:  
 

 

 

where  is the single-factor index of DO;  is the 

/=

( )≥
−

−
=

( )<×−= 910

+
=

6.31
468

Year DO 
(mg·g-1) 

COD 
(mg·g-1) 

DIN 
(mg·g-1) 

Active 
phosphates 
(mg·g-1) 

Petroleum 
(µg·g-1) 

Cd 
(µg·g-1) 

Hg 
(µg·g-1) 

As 
(µg·g-1) 

2005 6.78 0.45 0.181 0.023 8.9 0.027 0.007 0.78 
2006 7.62 0.66 0.159 0.006 9.6 0.013 0.030 1.7 
2007 7.45 0.60 0.156 0.010 9.7 0.012 0.028 1.9 
2009 7.42 0.54 0.155 0.020 10.0 0.016 0.031 1.5 
2011 7.26 0.62 0.172 0.035 10.0 0.018 0.036 1.2 
2013 7.16 0.70 0.256 0.036 10.3 0.015 0.038 1.6 
 2015 7.18 0.71 0.249 0.040 10.9 0.020 0.042 1.4 
 2016 6.90 0.79 0.280 0.042 11.2 0.017 0.042 1.5 
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saturated dissolved oxygen concentration;  is the 
water temperature, 19.1 ; is the measured con-
centration; and  is the evaluation standard of DO. 
 

 
In the comprehensive evaluation, the Nemerow in-
dex method using the sum of squares of the average 
and maximum values of the subindex, which consid-
ers the influences of both the average and maximum 
subindexes, was adopted: 

where water quality index( ) is the Nemerow in-
dex,  is the maximum single-factor index of 

various pollutants, and  is the average value of 
a single-factor index of various pollutants. Table 2 
shows the pollution grading standard of the 
Nemerow water quality index [13-14]. 

 

The eutrophication index ( ) equation, which was 
forwarded by the Japanese scholar Okaichi Tomo-
toshi in 1972 [15], is shown below:

 

where , , and are the monitored values 
(mg/L) of chemical oxygen demand, inorganic nitro-
gen, and inorganic phosphorus, respectively. The 
equation was introduced to China by Jingzhong 
Zhou in 1983 and has been widely applied to the 
evaluation of the eutrophication status of offshore ar-
eas in China by many researchers. The  evaluation 
grades are: oligotrophic, < 0.5; mesotrophic, 0.5 
≤ < 0.75; moderately eutrophic, 0.75 ≤  < 1; eu-
trophic, 1 ≤  < 3; hypereutrophic,  ≥ 3 [16-17]. 

Bin Chen [18] et al., based on the research re-
sults of scholars studying Meizhou Bay and Xiamen 
western sea area in Fujian province [19, 20], 

optimized the above formula as: 

 

where ,  and  are the coastal eu-
trophication threshold values of the chemical oxygen 
demand, inorganic nitrogen, and inorganic phospho-
rus, respectively. According to many research find-
ings,  is 1~3 mg/L,  is 0.2~0.3 mg/L, and 

 is 0.01~0.02 mg/L. In this study, based on the 
characteristics of the Fujian offshore area, the fol-
lowing values were taken as the thresholds of single 
index of eutrophication for Meizhou Bay:  3 
mg/L,  0.3 mg/L,  0.03 mg/L. 

 
 

 Table 3 shows the results of seawater quality 
evaluation in Meizhou Bay. According to the single-
factor index results, the water quality indexes of DO, 
COD, inorganic nitrogen, petroleum, Cd, Hg, and As 
were all below 1, indicating that the annual average 
concentrations of these indexes met the category II 
standards set forth in the 

. The single-factor index of inorganic phosphorus 
was below 1 from 2005 to 2009 but was above 1, i.e., 
1.17-1.40, from 2011 to 2016, thus failing to meet 
the category II standards therein. According to the 
comprehensive evaluation index results, the  
was between 0.40 and 0.99 from 2005 to 2015, indi-
cating that the seawater in Meizhou Bay was clean. 
However, the in 2016 was 1.04, indicating the 
water in this area was lightly polluted. 

According to the evaluation results, from 2005 
to 2016, the  was between 0.02 and 0.34, showing 
that the water in Meizhou Bay was oligotrophic, 
which agreed with the research results of Yuanmin 
Sun et al. [21]. 

<1 1~2 2~3 3~5 >5 
Water quality grade Clean Lightly polluted Polluted Heavily polluted Severely polluted 

 

Year  
Single-factor index 

Pavg 
DO COD DIN DIP Petroleum  Cd Hg As 

2005 0.58 0.15 0.60 0.77 0.18 0.005 0.04 0.03 0.29 0.58 0.07 
2006 0.38 0.22 0.53 0.20 0.19 0.003 0.15 0.06 0.22 0.40 0.02 
2007 0.42 0.20 0.52 0.33 0.19 0.002 0.14 0.06 0.23 0.40 0.03 
2009 0.43 0.18 0.52 0.67 0.20 0.003 0.16 0.05 0.27 0.51 0.06 
2011 0.47 0.21 0.57 1.17 0.20 0.004 0.18 0.04 0.35 0.86 0.14 
2013 0.49 0.23 0.85 1.20 0.21 0.003 0.19 0.05 0.40 0.90 0.24 
2015 0.48 0.24 0.83 1.33 0.22 0.004 0.21 0.05 0.42 0.99 0.26 
2016 0.55 0.26 0.93 1.40 0.22 0.003 0.21 0.05 0.45 1.04 0.34 

2
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max +

= ∑
=

=
1

1

max
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 The 
changing trends of  and  for the water quality 
of Meizhou Bay from 2005 to 2016, as shown in Fig. 
2, were in reasonable agreement with each other. The 
diagram in Fig. 2 shows that, from 2005, the  
decreased in 2006 and 2007 and began to steadily in-
crease in 2009, indicating that the water quality in 
Meizhou Bay deteriorated over time; furthermore, in 
2016, the  was 1.04, showing the water was 
lightly polluted. With regard to the changing trend in 

, after a decline in 2006, the  began to rise grad-
ually in 2007 and reached the highest value of 0.34 
in 2016; although still oligotrophic, the water eu-
trophication level was on the rise.  

Over the past decade (2005 to 2016), despite 
the increasing amount of pollutants discarded in 
Meizhou Bay due to human activities, the water 
quality in Meizhou Bay was generally clean. Be-
cause of the strong tidal action in Meizhou Bay, fre-
quent water exchange occurs across the bay. Accord-
ing to the estimate of Hao Liu et al., derived by using 
a 3D baroclinic primitive equation ocean model, the 
half exchange period of water in Meizhou Bay was 
5d, and the 80% exchange period was 15d [22]; thus, 
sound water exchange conditions could contribute to 
the relatively stable pollutant concentration in the 
water of Meizhou Bay. 

 

 
 As a result of the heavy use of fertilizers 

and pesticides in agricultural production, massive 
amount of fertilizers are drained into Meizhou Bay 
with farm drainage and surface runoff. In addition, 
according to the regional development plan, by 

2030, the discharges of the main pollutants from in-
dustrial enterprises in Meizhou Bay region, namely, 
COD, total nitrogen and petroleum, will reach 29602 
t/a, 7337 t/a and 504 t/a, respectively, and impose a 
higher pressure on the water quality environment in 
Meizhou Bay [23].  

 
In re-

cent years, Meizhou Bay witnessed the rapid devel-
opment of harbor-oriented industries and has estab-
lished a new upsurge in sea reclamation. Sea recla-
mation and other marine engineering and construc-
tion projects reduce the bay area, impair the water 
exchange capacity and lower the marine environ-
mental capacity, leading to changes in sediment dep-
osition and pollutant transport patterns and intensi-
fying the cumulative pollution in the bay. 

 
 Meizhou Bay has a 

vast tidal-flat area and large-scale mariculture indus-
try; however, due to a lack of scientific planning, the 
intensive aquaculture distribution, excessive feeding 
and other problems exist in some bay areas; thus, un-
consumed feed, the faeces of cultured organisms, as 
well as the medicines and chemicals used in aqua-
culture are discharged into the seawater, causing wa-
ter quality degradation.  

 
 

 
(1) From 2005 to 2016, the annual average con-

centrations of DO, COD, inorganic nitrogen, petro-
leum, Cd, Hg and As in the water of Meizhou Bay 
all met the category II standards set forth in the 

, but the average 
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concentration of inorganic phosphorus from 2011 to 
2016 exceeded the category II standard threshold. 
According to the  evaluation results, from 2005 
to 2016, the  fell between 0.40 and 1.04, and the 
water quality in Meizhou Bay was clean in all years 
except for 2016, during which the water was lightly 
polluted. According to the  evaluation results, 
from 2005 to 2016, the  was between 0.02 and 0.34, 
indicating that the water in Meizhou Bay was oligo-
trophic. 

(2) From the perspective of the water quality 
changes, both the  and  of the water in Mei-
zhou Bay showed a steady upward trend that should 
arouse the attention of relevant authorities, who 
should carry out comprehensive improvement in this 
area. 

(3) There are various reasons for the gradual 
water degradation in Meizhou Bay, including indus-
trial and agricultural wastewater discharge, changes 
in hydrodynamic conditions resulting from marine 
engineering and construction, and mariculture pollu-
tion. 
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Vermicompost, an organic material, has a posi-

tive effect on plant growth and can be applied to all 
areas where organic farming is conducted. This 
study was carried out as a pot experiment in green-
house conditions in order to determine the effects of 
vermicompost application on plant growth in lettuce 
cultivation. Lettuce seeds were sown in the vials con-
taining 2: 1 mixture of peat and perlite. After the cot-
yledon leaves emerged, the seedlings were trans-
ferred into the 2 liters pots. Then, the control plants 
grown in peat (1/2 volume) + perlite (1/2 volume) 
media were irrigated with Hoagland nutrient solution 
until the end of the experiment, whereas the ver-
micompost applied plants grown in peat (1/3 vol-
ume)+perlite (1/3 volume) + vermicompost (1/3 vol-
ume) media were irrigated with only tap water. 
Twenty-seven days from the planting, the differ-
ences in seedling fresh and dry weights, shoot 
weights, stem diameters, root fresh and dry weights, 
leaf numbers, leaf temperatures, leaf areas, chloro-
phyll contents, total phenolic contents, total antioxi-
dant values and antioxidative enzymes were deter-
mined. Considering these parameters, it can be said 
that vermicompost application has positive effects 
on lettuce growth. 

Compost, L Vermicompost.

 
Lettuce is a vegetable plentifully produced and 

consumed in the world. It has been adversely af-
fected by excessive chemical fertilization [1] For this 
reason, the use of organic fertilizers and composts is 
of great benefit to producers and researchers without 
harming human health. Organic farming methods 
have become the most important issue for producers 
and researchers. Besides composts and organic ma-
terials that will not harm human health, vermicom-
post that have become widespread recently are an 
important cultivation place for organic farming. 

The vermiculture called vermicompost is the 

process of culturing earth worms for different pur-
poses [2, 3, 4]. It has been emphasized that ver-
micompost has a significant potential in greenhouse 
environment, open field and horticultural plants in 
the studies to determine the effects of vermicompost 
application on soil and plant growth [5, 6, 7, 8, 9, 10]. 
Many recent studies have shown that vermicompost 
is preferred instead of chemical fertilizers due to its 
organic structure [11, 12, 12, 13, 14]. Tomato and 
lettuce were also reported that in comparison with 
cattle manure and vermicompost and it was deter-
mined that vermicompost better than cattle manure 
due to the effects of vermicompost on plant growth 
[15]. In a study made for evaluating the total devel-
opment of lettuce leaves in relation to nutrition, three 
different types of fertilization were carried out with 
2 organic and 1 inorganic fertilizers; as a result of 
vermicompost application, Mg, Fe, Zn and Cu had 
the highest values, whereas Na had the lowest value. 
[16].  

In the study conducted with the LC-54 and LC-
2063 genotypes, vermicompost was found to be ben-
eficial between 40% and 60% on seed of 

 L., and emphasized that the LC-54 geno-
type showed better efficiency and performance than 
the LC-2063 genotype [17]. It has been stated that 
when 1.5 tons of vermicompost is applied in the soil 
of vegetable production, the physical structure of soil 
has changed positively and organic carbon, N, P, K, 
Ca, Zn and Mn amounts have increased [18]. 

In a study conducted on tomato grown in aqua-
culture; vermicompost, peat and pearlite increased 
root weight and dry weight, root volume, number of 
fruits and average photosynthesis ratio compared to 
controls, indicating that vermicompost was found to 
be effective in improving plant growth [19]. The pos-
itive effects of organic fertilizer and vermicompost 
applications on different cultivated plants were ob-
served by many different researchers [10, 20, 21, 22, 
23, 24, 25, 26, 27, 39, 40, 41, 42, 43].

If organic materials do not harm human health, 
are used and spread in grown products, it will be 
great benefit to producers and researchers. In this 
study, we aimed to determine the effects of ver-
micompost application on plant growth in lettuce 
cultivation. 
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This study was conduct to determine the effects 

of vermicompost application on growth and develop-
ment of lettuce plant, cv. Yedikule. Lettuce seeds 
were sown in the vials containing a 2: 1 mixture of 
peat and pearlite. There were two growing media ap-
plications, with and without vermicompost. After the 
first true leaves were emerged, the seedlings were 
transferred to 2 liters pots consisting of either ver-
micompost (1/3 volume) + peat (1/3 volume) + per-
lite (1/3 volume) or peat (1/2 volume) + perlite (1/2 
volume) to determine the effects of vermicompost 
application on plant growth and development. The 
later application was considered as a control applica-
tion. All plant groups were irrigated equally and by 
the amount of water that they have needed. However, 
the control plants were irrigated with Hoagland nu-
trient solution until the end of the experiment; 
whereas the vermicompost applied plants were irri-
gated with only tap water. Besides, Hoagland nutri-
ent solution was prepared to be 5 grams of nutrient 
solution per liter. 

The present study was conducted according to 
a completely randomized experimental design with 
three replications, each having two pots each having 
a plant. The study was carried out in under green-
house conditions. The measurements and analyzes 
made at the end of the study are given below: 

All harvested plants were weighed on a precision 
scale and divided by the number of plants to deter-
mine seedling weights. Then, the same samples were 
waited at room temperature a day and then dried at 
65 ºC for 48 hours, then the stem and root dry 
weights were weighed on a precision scale [28, 29, 
30].

Shoot height in lettuce plants were measured in 
cm/meters (± 0.5). The stem diameter was measured 
in mm (± 0.1) with the aid of the digital display com-
pass [28, 31].  

 

Number of leaves in each lettuce plant were counted 
[28, 31]. 

The leaf surface temperatures were measured 
with a handheld infrared thermometer.  

The area of 
collected leaves was determined in terms of cm2 us-
ing a planimeter.  

The 
0.25 g samples from the leaves were homogenized in 
80 % acetone in a dimly lit place without direct light 
and the samples were filtered, then the extract was 

completed with 25 ml of acetone. Prepared samples 
were read at 663 and 645 nm wavelengths for deter-
mine chlorophyll a, chlorophyll b and total chloro-
phyll and the same sample were read at 470 nm 
wavelength to determine carotenoid content [30, 32, 
33, 34, 35].
 
Chlorophyll a (mg g-1) = (12,7 * 663 nm) – (2.69 * 
645 nm) * V / W*1000 
 
Chlorophyll b (mg g-1) = (22,91 * 645 nm) – (4.68 * 
663 nm) * V / W*1000  
 
Total Chlorophyll = Chlorophyll a + Chlorophyll b 
 
Carotenoid (μg ml-1) = ((1000 * 470 nm) – (3.27 * 
Chlorophyll a) – (104 * Chlorophyll b)) / 229 [32]. 

5 g of sample taken from 
lettuce leaves, 25 ml of methanol was added and ho-
mogenized for 2 minutes with a homogenizer at me-
dium speed, and then exposed to dark conditions at 
room temperature for 30 minutes. The samples were 
filtered on filter paper and put into the Eppendorf 
tubes and stored at -80 °C until analysis. 

The total phenolic content was determined by 
spectrophotometer by Folin-Ciocaltaeu calorimetric 
method [36]. The absorbance values of the solutions 
were read spectrophotometrically at 725 nm wave-
length and the total phenolic content expressed as mg 
gallic acid equivalent (GAE) / kg-1 fresh weight 
(FW). Ferric Reducing. Antioxidant Power (FRAP) 
(Iron (III) reduction antioxidant power) method was 
used to determine antioxidant activity [37]. The 
readings were read at 593 nm in the absorbance spec-
trophotometer and the antioxidant activity values 
were given as the Trolox equivalent (TE) / mg-1. 

The frozen 1 
g leaf sample (third leaf from the bottom of the 
plants) was homogenized with a mixture of 5 ml of 
cold 0.1 M Na-phosphate, 0.5 mM Na-EDTA and 1 
mM ascorbic acid (pH: 7.5), then the samples were 
homogenized at 4 ºC for 30 minutes at 18000 rpm. 
The ascorbate peroxidase (APX) activity was deter-
mined immediately in the homogenate with this pre-
pared. Catalase (CAT) 1 g of frozen leaf sample was 
homogenized with 5 ml of cold 0.1 M Na-phosphate, 
0.5 mM Na-EDTA mixture (pH: 7.5), and the ho-
mogenate was centrifuged at 18000 rpm for 30 
minutes at 4 ºC for the determination of CAT and 
superoxide dismutase (SOD) activity. CAT activity 
was detected in a portion of the homogenate and the 
rest of the extract was stored at -20 °C for SOD de-
termination [30, 35, 38]. 

Catalase activity was 
determined by monitoring the disappearance of 
H2O2- at a wavelength of 240 nm. 0.05 M phosphate 
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buffer (KH2PO4), 1.5 mM H2O2 mixture (pH: 7.0) 
was used as the reaction solution. 2.5 ml of reaction 
solution and 0.2 ml of plant extract were mixed. In 
spectrophotometer, 0 and 60 second readings were 
taken at 240 nm wavelength. The reaction was 
started by the addition of 0.1 ml enzyme extract. The 
evaluation was made taking into account the change 
in absorbance within 1 minute [30, 35, 38]. 

It was 
determined the inhibition of nitroblue tetrazolium 
(NBT) by at a wavelength of 560 nm. As the reaction 
solution, a mixture of 50 mM Na-phosphate buffer 
(Na2HPO4 x H2O2-), 0.1 mM Na-EDTA, 33 μM 
NBT, 5 μM riboflavin, 13 mM methionine (pH: 7.0) 
were used. 2.5 ml of reaction solution was mixed 
with 0.1 or 0.2 ml of plant extract. The reaction was 
achieved at 25 ºC with 75 μmol m-2 s-1 (40 W) for 
10 minutes under light. The control solution was left 
in the dark condition for the same period without en-
zyme. Control and reaction solution read at 560 nm. 
As SOD activity unit, 50% of NBT was determined 
as reductive activity [30, 35, 38]. 

Ascor-
bate peroxidase activity was measured at 290 nm de-
pending on the ascorbic acid reducing H2O2-. As the 
reaction solution, 50 mM phosphate buffer 
(KH2PO4), 0.5 mM ascorbic acid, 0.1 mM EDTA, 
1.5 mM H2O2 mixture (pH: 7.0) were used. 3 ml of 
reaction solution and 0.1 ml of plant extract were 
mixed. The 0. and 60 second readings were taken at 
290 nm wavelength in the spectrophotometer. The 
reaction was started by the addition of 0.1 ml enzyme 
extract. The evaluation was made taking into account 
the change in absorbance within 1 minute [30, 35, 
38]. 

 
The statistical analysis of 

the data obtained the study containing vermicompost 
or not was subjected to independent T test according 
to the completely randomized experimental design 
with three replications. 

 
In recent years, vermicompost, which has been 

used in all fields of vegetable production, is seen in 
the studies that increase efficiency and quality of 
production. In the present study, the some parame-
ters of lettuce plant applied with vermicompost were 
also ameliorated. The seedling fresh weight of let-
tuce plant was 45.233 g in the control application, 
whereas the seedling fresh weight in the application 
having vermicompost was 56.483 g. Thus, there was 
a 24.871 % increase in vermicompost application 

(Table 1). The dry weight of plants applied with 
vermicompost was increased by 21.622 % (Table 1). 
There was an increase of 7.275 % in the root fresh 
weights of lettuce plants applied with vermicompost, 
and the root dry weight increased by 33.705 % com-
pared to control application (Table 1). There was an 
increase in the shoot height and stem diameter of the 
plants subjected to vermicompost application com-
pared to control application 2.778% and 21.099 %, 
respectively (Table 1). The total leaf number in-
creased by 25.290 % and the leaf area increased by 
9.742 % in the plants subjected to vermicompost ap-
plication (Table 1). The leaf surface temperature was 
19.167 °C in the control application, but it was 
18.500 °C in the application having vermicompost 
(Table 1).  

The study of vermicompost and NPK applica-
tions on growth and yield of mustards; plant weights, 
leaf number of plants, number of branches, fresh 
weights of plant, dry weights of plant and total seed 
yields were increased. [25]. Tomato and lettuce are 
also reported to give better results in vermicompost 
in a study comparing cattle manure with vermicom-
post [15]. It is stated that the vermicompost applica-
tions give better results in the study for evaluating 
the total development of the leaf sizes in relation to 
the feeding in lettuces (  L.) [16]. Ap-
plication of 50 kg sulfur and 4.0 tones vermicompost 
/ ha in garlic (  L.) , vermicompost and 
sulfur application tests significantly increased plant 
height, number of leaves per plant, head neck thick-
ness increased by 25.7% compared to fresh weight 
control plants [24]. The parameters such as plant 
height, number of leaves, number of branches, root 
diameter, higher fruit yield, fruit weight and fruit di-
ameter were positively affected in the growth of the 
pepper ( ) of organic and inor-
ganic fertilizers [26]. It was stated that vermicom-
post and nitroxin inoculation in different levels of 
rosemary (  L.) plant has im-
portant influence on morphological and physiologi-
cal characteristics such as plant heights, fresh and 
dry weights, root dry weights, chlorophyll a, total 
chlorophylls and leaf flavonoids [23]. In a study con-
ducted on tomato grown in aquaculture; vermicom-
post, peat and pearlite increased root weight and dry 
weight, root volume, number of fruits and average 
photosynthesis ratio compared to controls [19]. Ver-
micompost applications were increased that number 
of leaves, root heights, leaf areas, leaf dry weights, 
root lengths, number of roots, total number of 
fruit/vegetables, total yield, chlorophyll content, 
fruit juice pH value, fruit juice, micro and macro TSS 
nutrients, nutrient content, carbohydrate (%) and 
protein (%) content and the quality of fruits and 
seeds in the plant [10] 
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Traits Control Application (Peat + 
Pearlite + Hoagland solution) 

Vermicompost application (Ver-
micompost + Peat + Pearlite) 

Change (%) 

Seedlings Fresh Weight (g*) 45.233 56.483 24.871 
Seedlings Dry Weight (g) 3.020 3.673 21.622 
Root Fresh Weight (g) 4.687 5.028 7.275 
Root Dry Weight (g) 0.267 0.357 33.708 
Shoot Height (cm) 27.000 27.750 2.778 
Stem Diameter (mm*) 6.322 7.668 21.099 
Leaf Number*  14.500 18.167 25.290 
Leaf Area (cm2) 124.200 136.300 9.742 
Leaf temperature (0C) 19.167 18.500 -3.480 

   * P < 0.05 
 
There was a significant difference between ap-

plications of chlorophyll content in lettuce plants. In 
the vermicomposted application, while chlorophyll a 
was increased by 13.160 % and chlorophyll b was 
decreased by 6.306 %. For vermicomposted applica-
tion, the total chlorophyll increased by 7.661 % (Ta-
ble 2). In carotenoid content, there was a 50.079 % 
increase in the vermicomposted application (Table 
2). Total antioxidant and total phenol were higher in 
the vermicomposted application. In the vermicom-
post applications total antioxidant increased by 
36.898 %, and total phenol increased by 67.388 % 
(Table 2). 

There were also changes in antioxidative en-
zyme contents in lettuce plant. In the vermicom-
posted application, the content of catalase (CAT) de-
creased by 38.376 %, the content of superoxide dis-
mutase (SOD) decreased by 34.943 and the content 
of ascorbate peroxidase (APX) decreased by 48.558 
(Table 2). 

It has been emphasized that vermicompost has 
a significant potential in greenhouse environment, 
open field and horticultural plants in studies to deter-
mine the effects of vermicompost application on soil 
and plant growth [5, 6, 7, 8, 9, 10].

In the study conducted with the LC-54 and LC-
2063 genotypes, vermicompost was found to be ben-
eficial between 40% and 60% on seed of 

 L., and emphasized that the LC-54 geno-
type showed better efficiency and performance than 
the LC-2063 genotype [17]. It has been stated that 

when 1.5 tons of vermicompost is applied in the soil 
of vegetable production, the physical structure of soil 
changes positively and organic carbon, N, P, K, Ca, 
Zn, Mn amounts increase [18]. 

In a study applying chemical fertilizer and ver-
micompost on pea (  cv. ), it 
is indicated that the best effect was observed ver-
micompost application in terms of the effects on soil 
microbial diversity and root nodulation and AMF 
colonization. [22]. Vermicompost applied in Chinese 
cabbage; the contents of phosphorus, potassium, 
magnesium, calcium, manganese, barium and mo-
lybdenum indicate that the nutrients increase bioa-
vailability and give the best result for plant growth 
and improved antioxidant activity [21]. In the 
drought-affected bean, while grain yields, yields, 
protein yields, leaf relative water contents, mem-
brane stability, protein and proline percentage were 
affected negatively due to drought however when 
used vermicompost, in combination with cattle ma-
nure + vermicompost and horse manure + vermicom-
post improved these parameters and the best results 
were obtained with the applications of cattle manure 
+ vermicompost and horse manure + vermicompost 
[20]. In a study of the production of geranium (

 L.) and calendula (
 L.); green waste compost (GWC) and green 

waste vermicompost (GWV) were applied and green 
waste vermicompost (GWV) has been reported to 
more increase growth and flowering compared to 
green waste compost (GWC) [27]. 

 

Traits Peat+perlite Peat+perlit+ vermicompost Change (%) 
Chlorophyll a (mg g-1) 12.941 14.644 13.160 
Chlorophyll b (mg g-1) 5.090 4.769 -6.306 
Carotenoid (μg ml-1) 1.907 2.862 50.079 
Total Chlorophyll (mg g-1) 18.027 19.408 7.661 
TAC (TE / mg-1 *) 7.743 10.600 36.898 
TPC (GAE / kg-1 FW*) 10.671 17.862 67.388 
CAT* (mmol/g-1 FW*) 0.000271 0.000167 -38.376 
SOD (unit/g-1 FW) 149.479 97.246 -34.943 
APX (mmol/g-1 FW) 0.208 0.107 -48.558 

( Fresh Weight = Gallic Acid Equivalent, = Trolox Equivalent). 
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In the present study conducted to determine the 

effects of vermicompost application on plant growth 
in lettuce, the vermicompost was found to give better 
results in several parameters. In the plants grown 
with vermicompost + seedling fresh and dry weights, 
shoot height, stem diameter, root fresh and dry 
weights, total leaf number, leaf area, chlorophyll a, 
carotenoid, total chlorophyll content, total phenolic 
and total antioxidant content were increased, but 
chlorophyll b content, leaf temperature, CAT, SOD 
and APX contents were decreased. At the end of our 
study, we believe that vermicompost gives better re-
sults than control Hoagland nutrient solution and it 
will be allow producers to produce with less cost.
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ABSTRACT 

 
Coal gasification wastewater (CGWW) is ma-

jor waste stream resulting from a number of activi-
ties of the low/medium temperature gasification unit 
that occurs during the production of natural gas. The 
resulting effluent contains a broad spectrum of or-
ganic and inorganic contaminants and exerts a nega-
tive influence on the environment, mainly due to the 
presence of toxic and refractory compounds. So far, 
various technologies have been applied for treatment 
of CGWW. The coagulation and sedimentation com-
bined with ozone oxidation technology are applied 
for advanced treatment of CGWW. The central com-
posite design model was used to investigate the in-
fluence of influencing factors on the treatment effect. 
After 60 min of treatment, COD can be reduced to 
30.6 mg/L and UV254 to 0.175. After deep treatment 
by coagulation-ozone combined technology, the 
combined removal rates of COD and UV254 were 
97.6% and 99.0%, respectively, and the effluent in-
dicators reached the first-level discharge standard of 
Integrated Wastewater Discharge Standard (GB 
8978-1996). The treatment strategy is handy in treat-
ing CGWW. 

 
 

KEYWORDS: 
CGWW, Pretreatment processes, Advanced processes, 
COD removal, UV254 

 
 

INTRODUCTION 
 
Coal plays an important role in meeting global 

energy demands. Coal chemical industries supply 41% 
of the global energy demand through coal combus-
tion [1-3]. In addition, coal is an important part of 
primary energy source in China, accounting for 
about 65 70% of total primary energy consumption 
[4]. It is predicted that proportion of coal in energy 
consumption will be over 50% by 2030 and around 
30% by 2050 [5]. Recently, researches about new 
technologies for the utilization of coal become a 
hotspot [6]. Coal has been considered as an alterna-
tive energy of traditional gas and oil [7] and has been 
used to produce many valuable chemicals via coal 
gasification, liquefaction and coking [8]. Among 
them, coal gasification sees plenty of potentials in 

most of developing countries. In the next few dec-
ades, coal gasification will be an important member 
in the green and renewable market due to the transi-
tion of energy structure. 

However, considerable expansion of such busi-
ness brought a side-effect since a significant increase 
of amounts of CGWW generated from a number of 
activities of the low/medium temperature gasifica-
tion unit. During the coal-to-gas process, condensate 
water (coming from spray cooling system) and gas 
washing wastewater were the main contributors to 
CGWW. Pollutants in CGWW stepped from decom-
position of the coal, which mainly contained carbon, 
hydrogen, oxygen, nitrogen and sulfur. It was worth 
mentioning that one kind of wastewater, called cok-
ing wastewater, had similar compositions to CGWW, 
while the major difference between them was about 
their origin. Coking wastewater mainly came from 
residual ammonia water formed in the process of gas 
cooling, stream generated from coal gas purification 
and wastewater produced from refining of oil or 
crude benzene and recovery of products. Compared 
with coking wastewater, the CGWW seemed more 
complex. As the focus inclined to new types of coal 
chemical industry (coal-to-gas), it was unavoidable 
to generate CGWW. To this end, the governments 
worldwide put forward strict standards of CGWW 
access to environment. With the improvement of im-
posed requirements and legal penalties for non-com-
pliance [9] (Djukic et al., 2016), wastewater was ex-
pected to be a reused and renewable resource to sus-
tain human life (Siegel, 2008). From 1970s to 1990s, 
the US made unremitting efforts to deal with 
CGWW in order to alleviate the environmental con-
sequences. Since then, the challenge shifted to China 

tionally, other coun-
tries, such as India, Korea, etc., are coal producers 
and suffer the similar environmental pollution [10-
12], indicating that it is a world issue. 

In the last thirty years, scientists have been con-
tinually looking for different ways to treat CGWW. 
Generally, biological treatment (anaerobic, anoxic 
and aerobic processes) is widely applied to treat 
CGWW after some pretreatments, such as coagula-
tion and air flotation, while the biological degrada-
tion is always inhibited by refractory and toxic com-
pounds and not capable of producing effluents that 
comply with the wastewater discharge standard. As 
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a result, further advanced treatment of CGWW, such 
as catalytic ozonation, Fenton oxidation, etc., is re-
quired to meet the increasing strict standard.  

However, most of these methods are either lim-
ited by their efficacy or due to cost ineffectiveness. 
The coagulation/flocculation process can be used as 
an alternative in pharmaceutical wastewater treat-
ment scenarios due to their feasibility and cost effec-
tiveness [13]. In this process, chemicals addition 
changes the physical state of dissolved and sus-
pended solids, and promotes the elimination of these 
solids by precipitation. Coagulation treatment has 
also been carried out for the reduction of turbidity 
and removal of color and pathogens and is effective 
for the removal of organic matter [14-17]. 

Ozone oxidation transforms the non-biode-
gradable material into biodegradable form or CO2 in-
cluding the removal of taste, color [18], particles, 
chemical oxygen demand (COD), total organic car-
bon (TOC) and increase the biodegradability of the 
wastewater [19]. 

Therefore, the efficiency of coagulation/floccu-
lation and ozone oxidation processes in reducing the 
color, turbidity, and chemical oxygen demand of 
wastewater to meet the existing legislative guide-
lines, was tested in this comparative study. The in-
vestigation was carried out to determine the suitable 
type of coagulant, coagulant dosage and also to eval-
uate the influence of pH on the coagulant efficiency 
because the coagulation mechanism is related to the 
pH conditions. 
 
 
MATERIALS AND METHODS 
 

Chemical coagulation. Coagulants, alum and 
lime, were used to treat the effluent. Optimal pH and 
dosages of both the coagulants were determined by 
jar test method. A defined dose (0.5 1.0 g/L) of co-
agulant (lime/alum) was added to a series of six sam-
ples set each of 1L in reaction vessels and stirred at 
80 rpm for 5 min to destabilize the pollutants and 40 

rpm for 25 min to allow the collision between parti-
cles and their aggregation in bigger size. The exper-
iments are performed at pH 6.9 (i.e. the actual pH of 
the effluent). After coagulation, the samples were al-
lowed to settle down at room temperature. 

 
Oxidation by ozone. Ozonation was carried 

out in bubble column reactor made of Perspex. The 
internal diameter of the reactor was 3.4 cm. A JQ-
6M PURETECH model ozone generator, with a 
maximum ozone production capacity at the rate of 
1.1 L/min was used. The gas was nourished into the 
sample using diffuser stones to treat the 500 mL 
sample of wastewater. The retention time (ozonation 
time) varied from 10 to 60 min. All experiments 
were performed at ambient temperature. The treated 
samples were withdrawn from the reactor at regular 
time intervals for analyses. The color absorption was 
measured at 254 nm. 
 
 
RESULTS AND DISCUSSION 

 
For Fig.1, surface plot of COD removal be-

tween ozonation time and pH is present. It can be 
seen that the pH of solution drops to acidic range 
with an increase in coagulant dose. To overcome this 
problem, the effect of pH on alum coagulation was 
observed. The pH was maintained in the range of 4
10 using acid (1 M H2SO4) or base (1 M NaOH) so-
lutions. COD removal was increased from pH 4 to 6. 
And the maximum removal (64%) was observed at 
pH 6 which remained unchanged afterwards. Ozona-
tion time is important for COD removal. 

Surface plot of COD removal between settling 
time and pH is shown in Fig.2. It can be seen that 
COD removal increased with the increase of settling 
time, but the COD removal decreased after reaching 
a certain settling time, because the removed material 
was redissolved into the solution. Therefore, the op-
timal settling time ranges from 40 min to 60 min. 

 

  
FIGURE 1 

Surface Plot of COD removal (%) vs D, C 
FIGURE 2 

Surface Plot of COD removal (%) vs D, B 
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FIGURE 3 
Surface Plot of COD removal (%) vs C, B 

FIGURE 4 
Surface Plot of COD removal (%) vs D, A 

FIGURE 5 
Surface Plot of COD removal (%) vs C, A 

FIGURE 6 
Surface Plot of COD removal (%) vs B, A 

 
 

Surface plot of COD removal between settling 
time and ozonation time is shown in Fig.3. It can be 
seen that COD removal increased with the increase 
of ozonation time. At the initial stage of ozonation, 
ozone generated hydroxyl radical that react with 
double bond or functional group of organic com-
pounds present in wastewater causing incomplete 
oxidation, generating ozone oxidation resistant inter-
mediates resulting in high color removal because the 
oxidation potential of hydroxyl ion is greater than the 
molecular ozone. More and more ozone reacts with 
organic matter in the reaction system, and macro-
molecules are difficult to degrade organic matter to 
be gradually oxidized into small molecular organic 
substances, CO2 and H2O. When the reaction time is 
60 min, the ozone dosage is 200 mg / L, and the COD 
removal rate reaches the maximum and tends to be 
balanced and stable. After ozone oxidation, the ap-
pearance of effluent water is clear and odorless. The 
COD in wastewater can be reduced to 30.6 mg / L, 
and the removal rate of ozone oxidation COD is as 
high as 84.7%. 

Surface plot of COD removal between coagu-
lant dose and pH is shown in Fig.4. It can be seen 
that COD removal increases with pH gradually, 
showing a trend of increasing first and then 

decreasing. When the pH is 6.5, the COD concentra-
tion is reduced from the initial 600 mg / L to 240 mg 
/ L, and the removal rate reaches 60%, so choose 6.5 
as the best coagulation reaction pH. 

The coagulant dose was gradually increased, 
and the COD removal rate of the treated wastewater 
was gradually increased. When the concentration is 
insufficient, the potential drop of the colloidal parti-
cles is small, and it is impossible to effectively col-
lide to form larger particles, and increasing the con-
centration is advantageous for the formation of par-
ticles. When the dosage is 400 mg / L, the removal 
rate of each indicator is no longer significantly in-
creased. The COD concentration was reduced from 
the initial 650.0 mg / L to 210 mg / L, and the re-
moval rate was 67.7%. Therefore, from the eco-
nomic point of view, the optimal dosage was 400 
mg/L. 

Fig. 5 shows effect of coagulant dose and ozo-
nation time on COD removal. Ozonation showed 
13.6% reduction in COD of un-buffered samples af-
ter 60 min. The ozonation was carried out at original 
pH of wastewater (pH 6.9). Ozonation is a pH and 
composition dependent reaction process. Generally 
ozonation carried out through direct molecular 
ozone reaction pathway in acidic pH and radical 
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chain type reaction pathway in basic pH range. 10% 
COD was removed within first 10 min and incremen-
tal improvement was observed afterwards. It was ob-
served that ozone oxidation is favorable only for 
buffered samples. The pH of wastewater was not 
controlled and it was dropped in this type of oxida-
tion. 

Fig. 6 shows effect of coagulant dose and set-
tling time on COD removal. It can be seen that coag-
ulant dose was gradually increased, and the COD re-
moval rate of the treated wastewater was gradually 
increased. When the concentration is insufficient, 
the potential drop of the colloidal particles is small, 
and it is impossible to effectively collide to form 
larger particles, and increasing the concentration is 
advantageous for the formation of particles.  

 
Ozone oxidation effect of coagulation sedi-

ment supernatant. The effluent after coagulation 
treatment was determined to be COD 210 mg / L, 
and p H was in the range of 4 to 6. Ozone gas with a 
gas flow rate of 1 L/min was set in a reaction column 
containing 500 m L of coagulation sedimentation su-
pernatant, and ozone oxidation treatment was carried 
out according to the method described in the above 
test. The wastewater COD and UV254 were measured 
and tested. The result is shown in Fig. 7. 

The coal gasification wastewater treated by 
ozone oxidation needs to adjust the wastewater p H 
to 6 to 9 with 0.1 mol/L sodium hydroxide. 

It can be clearly seen in Fig. 7 that after the co-
agulation treatment, the supernatant was subjected to 
O3 oxidation treatment, and the COD and UV254 in 

the supernatant had obvious removal effects. When 
the reaction time was 10 min, the UV254 removal rate 
gradually became stable. When the reaction time was 
50 min, the ozone dosage was 400 mg / L, and the 
COD removal rate reached the maximum and be-
came stable and stable. The effluent of the effluent 
after the oxidation of the water is clear and odorless, 
the COD in the wastewater can be reduced to 30.6 
mg / L; the UV254 is reduced from the initial 2. 22 to 
0. 175, and the removal rate is 92.1%. After the treat-
ment by the coagulation-ozone combination, the 
combined removal rates of COD and UV254 were 
97.6% and 99.0%, respectively. 
 
 
CONCLUSION 
 

The present study was aimed at treating phar-
maceutical industry wastewater employing chemical 
coagulation and ozonation process. Coagulation was 
carried out by alum and lime. Parameters like coag-
ulant dose, settling time and pH ranging from 0.5 to 
1.0 g/L, 10 to 60 min and 4 to 10 respectively were 
investigated. After 60 min of treatment, COD can be 
reduced to 30.6 mg/L and UV254 to 0.175. After 
deep treatment by coagulation-ozone combined 
technology, the combined removal rates of COD and 
UV254 were 97.6% and 99.0%, respectively, and the 
effluent indicators reached the first-level discharge 
standard of Integrated Wastewater Discharge Stand-
ard (GB 8978-1996). The treatment strategy is handy 
in treating CGWW. 

 

 
FIGURE 7 

Effect of reaction time on the effect of ozone oxidation on COD and UV254 
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Greenhouse cultivation is one of the most im-

portant income generating branches of agriculture. 
Nowadays, computer softwares are used for any-
thing as it is being used for planning greenhouses, 
more robust construction and economical results are 
obtained this way. Business owners, investing their 
money in greenhouses, are copying the structural 
features of existing greenhouses with all wrong 
calculated parameters and errors. Leaving their 
valuable cash and future of their investment in the 
hands of an iron-smith. As a result, the greenhouses 
which are built without static and strength calcula-
tions, more materials are used, or insecure construc-
tions are being applied. When an economic loss 
occurs depending on structural damage it will una-
voidably lead to economic losses for farmers and 
implicitly for the country. This study, emphasises 
on the structural analyses of a two-span gothic 
roofed plastic covered greenhouse, having an area 
of 900 m2 located in Mersin province. Structural 
analysis of the greenhouse was made with SAP2000 
program. Mechanical properties of steel used in 
gothic roofs, plastic covered greenhouse's, theoreti-
cal load calculations are made depending on the TS 
498 and TS EN 13031-1 Turkish standards.Variable 
loads on the greenhouse are calculated as distribut-
ed loads with classical methods by analyzing the 
gothic roofed plastic covered greenhouse according 
to load combinations (wind, plant, fixed) with 
SAP2000 program.  

Greenhouses, Structural Analysis, Mediterranean, 
SAP2000 
 
 

 
A greenhouse is an agricultural structure that 

can cultivate plants economically during periods, 
even when the natural environment is not suitable 
and can provide growth factors needed for plant 
production and allow mechanization The produc-
tion of vegetables and fruits in the greenhouse has a 
broader place in answering the increasing food 

demand. [1]. 
No matter how broad agricultural areas are 

spread, the agriculture sector seems distant from 
answering the needs of the human population. 
Therefore about 795 million people are undernour-
ished globally [2]. 

The increase in crop production is possible 
with continuity. In the next century, the impact of 
greenhouse production will increase further, de-
pending on the climatic changes and increasing 
food demand. However, if greenhouses are built in 
unsuitable climatic conditions it will eventually lead 
to loss instead of profit. In recent decades, with the 
proliferation of plastics all over the world green-
houses are spread all over the world. Site selection 
is a crucial factor for profitable and sustainable 
greenhouse cultivation. [3]. 

A wide variety of greenhouse structural selec-
tions are available, from simple plastic houses to 
very sophisticated glasshouses. To supply high-
quality vegetables year-round in the greenhouse 
packages commonly used for that purpose are with 
reference to the Mediterranean basin [4]. Decrea-
sing and pollution of natural water resources gradu-
ally as a result of global warming forces growers to 
use marginal quality waters in irrigated agriculture 
[5]. The intensive cultivation and excessive inor-
ganic fertilizer application in green-house agricul-
ture, causes serious soil-based envi-ronmental prob-
lems [6]. 

Since air temperature and humidity are the two 
significant parameters affecting thermal comfort 
significantly, and an evaporative cooling system 
can handle only sensible load, the conventional 
evaporative cooling system is suitable for the dry 
and temperate climate where the humidity is low 
[7].  

Most plants grown in greenhouses are warm-
season species, adapted to average temperatures in 
the range 17–27 °C, with approximate lower and 
upper limits of 10 and 35 °C. If the average mini-
mum outside temperature is < 10 °C, the green-
house is likely to require heating, particularly at 
night. When the average maximum outside temper-
ature is < 27 °C, ventilation will prevent excessive 
internal temperatures during the day; however, if 
the average maximum temperature is > 27–28 °C, 
artificial cooling may be necessary. The maximum 
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greenhouse temperature should not exceed 30–35 
°C for prolonged periods [8]. High temperatures 
may cause in increased activity of pests along with 
sunburns, that could cause economic hazards, for 
example , which is one of 
the most economically important pests of green-
house-grown vegetables and ornamentals in the 
southwestern part of Turkey /Antalya [9]. There-
fore, it is concluded that plastic house shading using 
might potentially reduce insect infestation and im-
prove fruit yield and quality in cucumber during 
summer time [10].  

There is no doubt that operating costs come to 
the forefront of production. Especially in the plant 
growing season, more utilization of natural light 
and heat is essential to decrease the costs. For this, 
besides the greenhouse construction, the covering 
material, the position of the greenhouse (orienta-
tion), the climate characteristics of the region are 
also influential. Greenhouses should be built pecu-
liar to climatic characteristics of zones they will be 
established. For example, in a region with a tropical 
humid climate, where protection from the rain is the 
greenhouse’s main purpose (prevalence of the um-
brella effect), the type of construction preferred 
may be different from that desirable in a semi-
desert or Mediterranean climate region [11].  

Speaking of which, in today’s world agricul-
ture sector is using plastics intensively (plastic 
cover materials, chemical fertilizers and pesticide 
boxes, post-harvest wastes and drip irrigation lat-
erals etc..Through conscious use and disposal of 
materials, especially like plastics the damages that 
agricultural wastes will pose on nature, soil and 
water resources will be minimized [12]. 

Mediterranean region have considerable ad-
vantages to build greenhouses because the 
nighttime and daytime temperature differences are 
very low, the number of frosty days are minimal 
and snowy days are rare. This way greenhouse 
heating costs can be kept to a minimum during the 
winter season. But, farmers avoid some of key 
factors such as greenhouse constructions, lighting, 
ventilation and heating in the greenhouses to avoid 
initial investment costs. As a result, production 
decreases and sometimes due to weak construction 
materials, greenhouses may collapse [13]. 

[14], point out that greenhouses are costly ag-
ricultural structures and due to this, modern day 
technology must be projected in greenhouses, in 
recent years there has been an absolute increase in 
Turkey’s greenhouse area, but at the same time, 
many problems arise due to the wrong applications 
of modern technology, such as carrier construction, 
ventilation, heating, cooling, shading, irrigation, air 
conditioning and so on, many topics can be count-
ed.  

A study [15] showed that changing conditions 
increased the need for greenhouse farming, but also 
emphasized the importance of the properties that 

carrier materials should have in greenhouse con-
structions. The increase in the income from the 
greenhouses attracts more people and especially the 
farmers who carried out their agricultural activities 
in the form of family businesses. As a result, in-
vestments in greenhouses have begun to increase 
day by day. At this point; for detached greenhouses, 
various profiles any greenhouse structure is consti-
tuted by determining appropriate structure system 
directed towards medium sized foundations. And 
for each structure, the amount of steel equipment 
and structure is defined by graphics. By this way, a 
significant facility is provided for designer and 
producer. And furthermore, the applicator can reach 
the preliminary data about the optimum investment 
cost of greenhouses. 

Unfortunately, the construction materials se-
lected for the construction of these greenhouses are 
not given enough care regarding types, sections, 
and properties, support, and installation. Even es-
tablishments that provide loans to greenhouses do 
not take any notice if these greenhouse projects are 
prepared properly or not, some of them can provide 
loans based on copy projects various means.  

This study proposes a solution, to construct 
proper greenhouses with efficient material durabil-
ity with true quantity. So this way economic harms 
could be eliminated long before they occur. 

 
 

 
The greenhouse sites in Mersin province starts 

from central parts and longs to the coasts of the 
western side of Mediterannean part. Tomato, pep-
per, and cucumber are mainly cultivated. Even 
though the ecological conditions of these areas are 
favorable, the quality of the product is often low 
because of the poor production techniques. Despite 
these, greenhouse investments are spreading. Mer-
sin greenhouse production has shown much im-
provement in recent years [16]. The intensity of 
exports, market shares, climate conditions are all 
important reasons for this development. 

In Mersin Province, plastic covered, spring or 
autumn production with gothic glazed greenhouses 
are used. For the analysis with software, consider-
ing the continuity of the upper and lower head dur-
ing the application phase in the modeling, the bars 
were considered to be rigid bound. The load values 
found as a result of these calculations are combined, 
and the SAP2000 program has been used to affect 
the loads in combinations [17]. The current state of 
the selected greenhouse was compared with the 
obtained data and the profile characteristics (width, 
length, length) and post - analysis profile character-
istics of the investigated greenhouse. As a result of 
the comparisons, it was determined that there is no 
significant difference between the amount of mate-
rial used in the greenhouse examined and the 
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amount of material reached after the analysis made 
with SAP2000 program. However, it has been ob-
served that the security of the greenhouse has fallen 
into danger because of the erroneous detection of 
sections of the carrier systems.  

  Mersin Turkey 

Low tunnel (da) 

2013 21925 157737,4 
2014 23017 156720 
2015 26067 161541,1 
2016 24965 169867,3 
2017 30066 191399,1 

Glass Green-
house (da) 

2013 6343 80739,4 
2014 6472 80975,7 
2015 5970 79976,9 
2016 6300 80137,1 
2017 13763 85748,9 

Plastic Green-
house (da) 

2013 72864,9 278661,3 
2014 75253,4 298651 
2015 73184,4 306073,7 
2016 79421,4 328745,4 
2017 87815,5 355120,9 

High tunnel (da) 

2013 47640,7 97986,4 
2014 54103,2 107095,4 
2015 57287,5 112673,6 
2016 56483,8 112973,6 
2017 58402,8 119898,7 

The open space of the two-span plastic gothic 
roof is 19.70 m, the distance between the scissors is 
6.50 m, and the roof slope angle is α = 26o. Green-
house element lengths are cm and cross-section 
measurements are mm. When the greenhouse di-
mension analysis is performed, it is determined that 
it has 45.00 m length, two spans gothic types, 4.00 
m height column, and 90 cm depth on a constant 
basis. The greenhouse was built in 2011.  

 
 

The research was carried out in three stages, 
locating of glass and plastic greenhouses in the 
mentioned area, in-situ examination and office 
work. Glass and plastic covered greenhouse areas in 
Mediterranean province, and locations where 
greenhouses are concentrated especially are ap-
pointed with data gathered from provincial and 

district directorates of agriculture. In this way, the 
concerned plastic covered, and gothic roofed green-
house located in Mersin province is chosen for 
greenhouse structural analysis. Mersin has an essen-
tial share regarding greenhouse production in Tur-
key. Situ measurements have determined the struc-
tural elements of the selected greenhouse. Besides, 
the profiles, types and, sizes of the greenhouses, the 
conditions (structural features, material properties, 
roof system, cover material) and their qualifications 
for cultivation have been determined in the field 
works. The general principles are applied in the 
selection of the subdivisions, and greenhouses with 
different roof and construction characteristics are 
determined. According to the loads on the platform, 
the loads on the calculation and projecting of the 
sections of the tension and compression rods are 
considered. In the study, the moving loads on the 
selected greenhouses, simulated with meteorologi-
cal observation records between 1980 and 2015 
taken from the Meteorology Directorate's. Possible 
[18]. wind velocities and other climatic data in the 
study area are considered as projecting criteria in 
the SAP2000 program. The calculation with 
SAP2000 computer program is explained in detail.  
The external loads acting on the bearing systems are 
calculated according to the materials, the slope of 
the roof. They are transformed into a uniformly 
distributed load and altogether applied to the struc-
ture. As the external load; wind load, plastic cover 
load, and plant load were picked. SAP2000 is a 
static analysis program for both steel and reinforced 
concrete structures and is a general-purpose struc-
tural analysis program used for the analysis and 
sizing of building system models. The program 
performs the static analysis of the bearing system 
according to the finite elements method. The loads 
specified in Table 2. All operations were performed 
on the SAP2000 screen with the help of the particu-
lar "Graphical User Interface." 

According to this; 
Fixed loads (H): Core loads (roof weight, plant 

load) 
Moving loads: (HZ): Wind effect; horizontal 

and lateral wind forces, loads occurring in the in-
stallation stages, 

The loads applied to the system are added to 
the system through specific loading situations. 
These loading states are G, Q, RXP, RXN, RYP, 
RYN. Shown in Table 2. 
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Snow Load The coastal areas where the greenhouse is heavily built have not been considered because of the lack of 
snow [19-20-21]. 

Wind Load The highest wind speed measured in Mersin province in February is 34,2 m/s; and taken 

as  [18-20] 
Earthquake 
Load 

Earthquake load was not considered in the study because of the small total weight in greenhouse con-
structions [19]. 

Cover Load A load of 250 g / m2 for 100-micron thick polyethylene (PE) material [19-20] 
Plant Load The plant load for the greenhouse is 15 kg / m2 [20-21] 
Carrier 
System 
Weight 

ST37 soft structure steel has a unit volume weight of 7.85 t / m3, a tensile strength of 3.700 kg / cm2, a 
yield limit of 2.400 kg / cm2 and an elasticity modulus of 2.100.000 kg / cm2. The SAP2000 program 
calculates the structural weight per unit volume weight according to the cross sections entered [19-20] 

 
 
• G: Constant load (H): 
• Q: Plant load; Plant weights for model 

greenhouses were taken at avarage15 kg / m2 
• Moving load (Hz): 
• RXP: Wind load in + X direction 
• RXN: Wind load in the -X direction 
• RYP: Wind load in + Y direction 
• RYN: Wind load in -Y direction 
The SAP2000 program automatically calcu-

lates the vertical building loads by taking advantage 
of the unit volume weight of the materials used. As 
a result, greenhouse structure is modeled originally 
regarding carrier system and load distribution. This 
situation allowed to make a real calculation. These 
loads, which are defined and added as distributed 
loads to the elements, are added to the calculations 
at specific rates by way of combinations. Accord-
ingly, six different loading combinations were cre-
ated. The program worked according to these load 
groups. In the event of the most adverse conditions 
occurring during the analysis, the results are as-
sessed.  

C0: G + 0.3Q (constant + 0.3 moving load) 
C1: G + Q (constant + moving load) 
C2: G + Q + RXP (constant + moving load + + 

wind load in X direction) 
C3: G + Q + RXN (constant + 0.3 moving 

load + wind load in -X direction) 
C4: G + Q + RYP (fixed + moving load + + 

wind load in Y direction) 
C5: G + Q + RYN (constant +0.3 moving load 

+ wind load in -Y direction) 
American AISC-ASD89 standarts and Turkish 

standarts TS 498 and TS EN 13031-1 are the same. 
These standarts are selected as the steel design 
directive. In this regulation, the capacity ratio (De-
mand / Capacity Ratio Limit) is set to 1. This value 
can be summarized as the ratio of the most negative 
stress (kN/m2) to the steel safety stress (kN/m 2) 
obtained as a result of the combinations. This ratio 
should be between 0 and 1 (Figure 1). It is seen that 
the color scale has the highest steel level of stretch 
ratio with red color and very little tension in gray 
color. Therefore, it can be said that the section de-
fined in cases where the tensile ratio is closer to 1 

or greater than 1 is insufficient when it is 0, no 
stress occurs, and between 0.5 and 0.7, it is the 
optimum section stress. 

The primary purpose of dissolving the widely 
used greenhouse samples in the region is to show 
that by using the SAP2000 structural analysis pro-
gram, it is possible to study in detail the exceptional 
points in the conveying system, the complex junc-
tion details and the critical regions to which large 
loads are transferred, and more accurate results can 
be achieved.

The applied method is explained in the re-
search findings of selected parameters for design, 
types of sections, loads, methods of calculating load 
components, programs used, analysis results ac-
cording to models, load curves for the equations 
and components used in dimensioning, section 
effects and stresses. EUROCODE for the sections 
used for greenhouse construction. The analysis was 
carried out with the profile (IPN, HEA, T, UPN, L, 
2L) sections selected here. With the SAP2000 pro-
gram, the horizontal and lateral forces at the joints 
and stresses that can occur in XZ and YZ axes can 
be easily seen on the screen. The analysis and the 
dimensioning of the bearing systems are made ac-
cording to the flow diagram given in the study. 

 
The sections used in the construction were 

found in the current situation by making measure-
ments in the greenhouse, and the baseline loads 
were found by using the information in the method 
section. SAP2000 program analyzed the gothic 
roofed plastic glazing greenhouse according to load 
combinations (wind, plant, fixed). The loads on the 
greenhouse are calculated as the distributed load 
with the classical method. These values are; taken 
into consideration as load values in the SAP2000 
program. Considering the characteristics of the 
building; the values required for load analysis are 
taken from recalculations of earlier literature. It is 
also assumed that the roof and side ventilation 
openings of the greenhouse are closed. Considering 

2
2 234,2 0,74 / 74 /

1600
= = =
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the continuity of the upper and lower head during 
the application phase of the modeling, the bars were 
rigidly bound (Figure 2).  

Modeling was done in SAP2000, and cross-
sectional effects were obtained. As a result of the 
analyzes, the compression, tensile and bending 
stresses in the steel profile covered with plastic 
material are shown in SAP2000. (Figure 3) 

In the SAP2000 program, the load characteris-

tics of the load combinations were determined by 
acting on the short and long axis of the greenhouse 
regardless of the direction of the wind effect. Strain 
ratios in greenhouse columns are well above the 
permissible limit. The strain rate can be expressed 
as the ratio of the most negative stress to the steel 
safety stress as a result of loading combinations. 
The desired stretch ratio is between 0 and 1 (Figure 
4). 
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The connections of the columns of the upper 
and lower heads were made as joints and regulated. 
When all the structural members were considered 
rigidly connected, it was observed that the cross 
sections of the upper and lower head beams were 
enough. The wind load on the greenhouse is effec-
tive both in the short and the long axis. Wind load 
was determined to be active on the greenhouse, 
depending on the height of the greenhouse and the 
length of the windshield area. (Figure 5) 

As a result of SAP2000 analysis, a structural 
element which is insufficient in Figure 4,5,6 is 
shown. In this element, which is defined as a bifur-
cated rigid, only a force is generated in the axial 
direction, and therefore, tension is generated in the 
axial direction. Fa = 919.118> Fe = 756.694. (K * L 
/ r). In this case, the cross-section can be replaced 
with the upper sections or the length (L) can be 
shortened with intermediate members (such as 
tensioner, diagonal). According to the analysis 
results obtained with SAP2000; this ratio is seen 
like 2 or more in the columns. Therefore, it has 
been determined that the identified sections are 
insufficient. It was determined that it would be 
economical to construct 2 ½ "(B76,1X3,25) steel 
pipes used on rooftops with 2" (B60,3X3,25) steel 
pipes after analysis. In the present case in the col-
umn section, 3 "(B88, 9x4) light series are used. In 
the present case, colonization needs to be improved. 
3 "medium (TS301 / 3) or thick series (TS301 / 4) 
can be used to provide sufficient strength. Also, if a 
different profile can be used, 4 "(B114,3x4) light 
steel tubing must be used in the columns. As a re-
sult of the analysis made with SAP2000 program, 
the top headings of the greenhouse are not changed 
regarding saving in construction; it is necessary to 
increase the cross-section of the greenhouse col-
umns. More rigid elements may be preferred over 
the main bearing elements instead of the pipe pro-
file. HEA or NPU steel profiles. By using crosses in 
every range, the stiffness of the structure of the 
structure can be increased. In summary; under spec-
ified loads, the specified sections are insufficient. 

 
The lack of ready-made greenhouse projects, 

the lack of knowledge of the necessary structural 
features and the lack of care during construction 
make the greenhouses poorly engineered agricultur-
al production structures. Greenhouses are simple 
structures, making as much use of the existing eco-
logical conditions as possible. This leads to a signif-
icant loss of productivity and quality.  

To prevent structural damage; 
• The use of large cross-section structural con-

struction material reduces both the amount of light 
entering the greenhouse and the interior columns of 
the wood or profile used restrict the in-house green-
house mechanization. To avoid this, the smallest 
sections that can provide the necessary strength in 
the plan and the most significant openings that will 
allow for the mechanization need to be identified. 

• Due to easier installation and ease of use of 
materials in plastic covered greenhouses, bowed 
roof systems should be preferred. 

• According to long years measurements; For 
Mersin, the highest wind speed was 34.2 m/s with 
winds swirling west-southwest in February [18]. 
The long axis should be positioned taking into con-
sideration the prevailing wind direction while plan-
ning the runway. Considering the wind load, the 
sidewall heights in the study area should be at least 
2 m and at most 4 m. 

• Project selection and construction must be 
strictly carried out under the supervision of agricul-
tural engineers, for greenhouse construction stand-
ards [20-21]. 

• Applications such as heating, irrigation, ferti-
lization, ventilation, and construction planning, 
which require high technology and therefore require 
high installation costs, should be automated and 
controlled by the computers and current programs. 

• Appliances made by public or private com-
panies; must have a plastic or glass covered spring 
or cradle roof and automation that is up-to-date, 
conforming to European Union standards and re-
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gional climatic conditions. [21-22]. 
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Kastamonu University, Faculty of Arts and Sciences, Department of Biology, Kastamonu, Turkey 

 
It is intended to determine the reactions of the 

summer Cumhuriyet-75 and winter Selimiye-95 va-
rieties to salt, heavy metal and lime treatments in the 
research. To this end 1,000 kernel weight (1,000 K), 
β-carotene, glucose, sucrose and starch amount, lipid 
peroxidation levels (malondialdehyde-MDA) con-
centration of hydrogen peroxide (H2O2), APX, CAT, 
GPOX and SOD activities were measured in grains 
of wheat varieties grown in pots with volume of 10 
L between the years of 2013-2014 in campus area of 
the Kastamonu University. 1,000 kernel weight in 
Cumhuriyet-75 variety was found to be higher in 
lime (CaCO3) and 75 mM NaCl treatments and β-
carotene content was found to be higher in 225 mM 
NaCl and FeCl3 treatments according to the results 
of the analysis. Glucose and sucrose content showed 
increase in ZnCl2 treatment while the amount of su-
crose decreased in all treatment groups. The amount 
of β-carotene was higher in Selimiye-95 variety in 
all treatment groups while glucose and starch were 
higher in FeCl3 and 75 mM NaCl treatments and su-
crose was higher in other treatment groups except 
lime. Gupx activity was high in 75 mM NaCl treat-
ments, APX activity was lower in ZnCl2 treatments; 
CAT activity was lower in 75 mM NaCl treatments 
and SOD activity was lower in ZnCl2 and 150 mM 
NaCl treatments. MDA concentration was lower in 
150 mM and 75 mM salt treatments and H2O2 was 
lower in all salt concentrations. While 1,000 kernel 
weight in Selimiye-95 variety decreased in all treat-
ment groups, the amount of β-carotene increased 
compared to control group. Glucose and starch were 
higher in FeCl3 and 75 mM NaCl treatment groups 
while sucrose was higher in other treatment groups 
except lime. APX activity increased in ZnCl2 treat-
ment while CAT activity increased in other treat-
ments except 75 mM NaCl treatment. GPOX activity 
is lower in 75 mM NaCl treatment and SOD activity 
is lower in 150 mM NaCl and ZnCl2 treatments. 
MDA concentration in Selimiye-95 was lower in 150 
mM and 75 mM salt treatments and H2O2 was lower 
in all salt concentrations and higher in all other treat-
ments. As a result, Cumhuriyet-75 variety was found 
to be mildly tolerant in FeCl3 and 225 mM NaCl 

treatments and sensitive in NiCl2 and ZnCl2 treat-
ments. Selimiye-95 variety was found to be highly 
tolerant in 75 mM NaCl and sensitive in ZnCl2 and 
CaCO3 treatments. When all the data are taken into 
consideration, it was concluded that the responses of 
the varieties to the treatments changed according to 
the type and concentration of stress, and Selimiye-95 
variety was tolerant compared to Cumhuriyet-75 75 
variety. 
 
 

 
Cumhuriyet-75, Selimiye-95, Stress Treatments 

 
Grains are one of the basic nutrition sources of 

humans. Wheat constitutes the staple food source of 
approximately 35% of the world's population inas-
much as it is a good source of nutrients and has ease 
of production, transportation, storage and pro-
cessing. EU ranks first in wheat production with 
135.8 million tons (total of 27 countries) while China 
and India are in second and third place respectively 
with 115 and 80.8 million tons according to wheat 
production in 2010/11 period. Turkey realizes 2.6% 
of world wheat production with 17.5 million tons [1]. 
Wheat contains 65-75% starch, 8-15% protein, 1-5% 
fat, 1.53% sugar, 1-2% ash, 11 to 13% water and 
other nutrients such as carotenoids, vitamins and 
minerals [2, 3]. Wheat’s grain yield largely depends 
on the storage capacity determined in the vegetative 
period as well as the photosynthesis capacity during 
grain filling period. Inasmuch as the amount and 
type of assimilates accumulated in wheat grain is af-
fected by photosynthesis in grain filling period, mor-
phological and physiological characteristics of this 
period and also life efficiency of photosynthetic or-
gans also change [4, 5]. Plants are subjected to more 
than one stress factor in the habitat they live in at the 
same time. The conditions in their growth environ-
ment are not uniform; some factors required for plant 
growth and development are wanting while some 
factors are far from being ideal. Abiotic stress factors 
such as drought, salinity, heavy metal toxicity and 
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deterioration of soil structure affects wheat produc-
tion and lead to losses in yield and quality [6, 7]. It 
is reported in the studies carried out that wheat 
grown in conditions containing salts, heavy metals, 
lime (CaCO3) and drought stress completes the veg-
etative and generative life cycle thereof faster than 
normal conditions and accordingly accumulation of 
assimilates are reduced in the leaves and kernels and 
the nutrient accumulation in the kernels are affected 
while production of biomass is reduced [8, 9, 10]. 
Sure enough, Prasad et al. [11] and Poustini [12] 
have reported that wheat flowering and grain filling 
period are very sensitive to drought stress. Makino 
[4], Gregersen et al. [13] and Guohua et al. [14] have 
reported that stress factors of the early period of 
grain filling stimulate senescence of leaves and as a 
result the chloroplast structure is deteriorated. Dam-
age in chloroplasts leads to increase in catabolic ac-
tivity such as respiration rate, pigment degradation, 
protein denaturation in addition to oxidation in mem-
brane lipids. All these occurrences reduce the photo-
synthetic activity and inhibit the transport of macro-
molecules from the leaves to developing parts such 
as flower, seed, root and stem accumulation thereof 
as well as storage capacity for storage of nutrients 
and the amount of starch, simple sugars, proteins and 
etc. in storage organs [15, 16, 17]. Turki et al. [18] 
have reported that salt stress leads to reduction in 
grain yield stress and suppression of carbohydrates 
synthesis due to decrease of photosynthetic capacity 
and reduction thereof  due to decrease of starch ac-
cumulation; Öztürk et al. [19] and Erdem [20] have 
reported that total soluble protein content in wheat 
exposed to heavy metal toxicity is reduced; Kaut et 
al. [21] and Fager [22] have reported that quality and 
yield of grain is very low in soils low in organic mat-
ter and sand; Horton [9] and Long et al. [7] have ex-
pressed that  the salt treatments in tolerant species 
increase nitrogen metabolism by stimulating protein 
synthesis. It is intended to research the effects of salt, 
heavy metal and lime treatments on 1,000 kernel 
weight (1,000 K), β-carotene, glucose, sucrose and 
starch amount, lipid peroxidation levels (MDA) con-
centration of hydrogen peroxide (H2O2), APX, CAT, 
GPOX and SOD activities of the summer Cumhuri-
yet-75 and winter Selimiye-95 bread wheat geno-
types in this study. 
 
 

 Cumhuriyet-75 (bread type) 
variety registered by the Ege (Agean) Institute of 
Agricultural Research in 1976 and Selimiye-95 
(bread) variety produced by crossbreeding registered 
Trakya (Thrace) Institute of Agricultural Research in 
2009 were used in the study. Cumhuriyet-75 is a 
summer type spiny wheat which that the biggest 
grain among the white wheat varieties. Its planting is 

recommended in coastal zones and rural and basal 
areas. Selimiye-95 is a winter variety without spine. 
It is recommended for regions where planting is 
made in winter. 

 The study 
was launched in 3rd week of October. 50 seeds were 
planted in a pot with three replications for each treat-
ment group and subsequent to germination they were 
reduced to 20 plants in each pot. The pots have a vol-
ume of 10 L in and consist of a mixture in ration of 
garden turf: peat: sand (1: 1: 1). The treatments were 
made while the seedlings were at 4-5 leaf stage by 
treatment of twice a week until the ears became yel-
low. Salt treatment (75 mM, 150 mM and 225 mM 
NaCl), heavy metal treatment (0.2 mg/L in the form 
of FeCl3, NiCl2 and ZnCl2) and lime treatment (2 
mg/L in the form of CaCO3) were solubilized in tap 
water with ds 0.04 and with freshly prepared solu-
tions each time. After the ears were fully mature they 
were harvested and dried for a week. The collected 
grains had measurements of 1,000 kernel weight, 
water content, β-carotene, lycopene, lipid peroxida-
tion level (malondialdehyde-MDA), hydrogen per-
oxide (H2O2), glycosuric acid and starch amount as 
well as ascorbate peroxidase (APX), catalase (CAT), 
guaiacol peroxidase (GPOX) and peroxide dis-
mutase (SOD) activities. 

1,000 kernel weights (g) was calculated by 
weighing separately 100 specimen kernels obtained 
from 10 ears 4 times and their average was taken and 
proportioned to 1,000 kernels [23]. 

 Lipid peroxidation was 
determined by measuring the amount of malondial-
dehyde (MDA) according to method of Lutts et al. 
[24] while the amount of H2O2 quantity was deter-
mined according to method of Velikova et al. [25]. 
Determination of the amount of glucose and sucrose 
was carried out using anthron separator according to 
method of Pearson et al. [26]. 

 The extracts were pre-
pared from first three leaves of the plants which were 
treated by control and stress. Accordingly, nearly 0.5 
gram fresh leaf samples were homogenized with 50 
mM (pH 7.6) phosphate (P) buffer solution (10 mL) 
ground in liquid nitrogen and containing 0.1 mM Na-
EDTA. The homogenized samples were centrifuged 
for 15 min at 15000 g and +4 ° C, and then the en-
zyme activities in the resulting supernatant were de-
termined according to the methods of Çakmak [27]. 
Catalase (CAT), ascorbate peroxidase (APX), guai-
acol peroxidase (GPOX) and superoxide dismutase 
(SOD) activities were measured according to the 
methods of Bergmeyer [28], Nakano and Asada [29], 
Chance and Maehley [30] and (Çakmak [31] respec-
tively under nitro blue tetrazolium chloride (NBT) 
light by 02- reduction. 
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Kernel weight 
(gr) 

Moisture 
(%) 

β-karoten 
mg/g 

Kernel weight 
(gr) 

Moisture 
(%) 

β-karoten 
mg/g 

2.64±0.001c* 33.91±0.02b 0.655±0.002e 3.46±0.005f 32.83±0.03a 0.657±0.001a 
2.89±0.005d 35.34±0.02b 0.582±0.002b 3.33±0.002e 34.58±0.02b 0.706±0.002c 
2.33±0.002a 36.63±0.04c 0.614±0.002d 2.97±0.002c 35.75±0.01c 0.756±0.002f 
2.41±0.004b 37.63±0.02c 0.682±0.010f 3.29±0.002d 34.03±0.02b 0.723±0.002e 
2.40±0.002b 36.04±0.02c 0.657±0.011e 2.80±0.002b 35.83±0.30c 0.677±0.002b 
2.43±0.001b 34.42±0.05b 0.595±0.010c 3.08±0.003c 38.63±0.02d 0.675±0.002b 
2.24±0.001a 39.56±0.01d 0.570±0.013a 2.32±0.001a 40.10±0.01d 0.727±0.002e 
3.24±0.001e 32.19±0.01a 0.579±0.010b 3.25±0.001d 42.83±0.010f 0.717±0.002d 

 
 

 The statistical 
analysis of the data obtained as a result of the study 
was conducted according to the ANOVA and Tukey 
tests at 95% confidence interval by virtue of the 
SPSS 20 program. 

 
 

The 1,000 kernel weight of seeds varied de-
pending on the type and concentration of stress treat-
ments (Table 1). In the Cumhuriyet-75 variety 1,000 
kernel weight was 22.7 lower in ZnCl2 treatment, 
while it was 11.67% lower in 150 mM NaCl of 150 
mM NaCl treatment and 9.4% lower in FeCl3 treat-
ment compared to control and 7.22% higher in 
CaCO3 (Table 1). In the Selimiye-95 variety 1,000 
kernel weight decreased compared to control in all 
stress treatments. 1,000 kernel weight has the lowest 
value in ZnCl2 (33%, FeCl3 (19.2%) and 150 mM 
NaCl (14.12%) treatments (p <0.05). 

The amount of β-carotene in the seeds was 
found higher in Selimiye-95 variety (Table 1). In the 
Cumhuriyet-75 variety β-carotene amount decreased 
compared to control in ZnCl2 (13%), CaCO3 (11.6%) 
and 75 mM salt (11.1%) treatments while a partial 
increase was observed in 225 mM salt (4.13%) treat-
ment (p <0.05). In the Selimiye-95 variety, the high-
est β-carotene was observed in 150 mM salt 
(15.16%), ZnCl2 (10.72%) and 225 mM salt 
(10.46%) treatments respectively (Table 1). Mois-
ture content (%) in seeds showed difference accord-
ing to type, stress type and concentration (p <0.05). 
The lowest moisture rate in the Cumhuriyet-75 seeds 
was in CaCO3 and control groups while the highest 
moisture content was observed in ZnCl2 (18.7%) and 
225 mM NaCl (5.11%) treated seeds. Moisture con-
tent in Selimiye-95 seeds was higher than control in 
all treatment groups. The highest moisture content 
was recorded in CaCO3 (31.41%), ZnCl2 (23.98%) 
and NiCl2 (19.6%) treatment groups (Table 1). 
Malondialdehyde (MDA) concentration has in-
creased in the Cumhuriyet-75 variety in stress 

treatments other than CaCO3 (17:14%) (Table 2). 
MDA has the highest value especially in the 150 mm 
(2.85 times more) and 225 mm (2 times) salt and 
ZnCl2 (67.92%) treatments. heavy metal, 225 mm 
salt and CaCO3 treatments in the Selimiye-95 variety 
have increased the amount of MDA compared to 
control group (Table 2). MDA content is highest in 
NiCl2 (49.23%), ZnCl2 (43.3%), FeCl3 (41.63%), 
225 mM salt (27.44%) and CaCO3 (21%) treatments 
respectively (p <0.05 Table 2). Hydrogen peroxide 
(H2O2) concentration has decreased in Cumhuriyet-
75 variety in all treatment groups while it has de-
creased only in salt treatment in Selimiye-95 variety 
decreased compared to control group (Table 2). The 
lowest H2O2, in Cumhuriyet-75 variety has been ob-
served in CaCO3 (60.86%), FeCl3 (%53.56), NiCl2 
(7.26%) and ZnCl2 (21:54%) treatments (p <0.05). 

In Selimiye-95 variety H2O2 decreased with in-
creasing salt concentration. The highest H2O2 was 
determined in ZnCl2 (2.52 times more), FeCl3 (31.2 
times more), NiCl2 (98%) and CaCO3 (93%) treat-
ments compared to control groups (p <0.05, Table 
2). The amount of glucose increased in the Cumhuri-
yet-75 variety only in ZnCl2 treatment. Glucose 
amount was in the lowest value in 150 mM (62%) 
and 225 mm (34.27%) salt and NiCl2 (27%) treat-
ments compared to control treatments (Table 3). The 
highest glucose in Selimiye-95 variety was in FeCl3 
(97.9%) and 74 mM salt (54.6%) treatments, and the 
lowest glucose was in 225 mM salt (74.64%), CaCO3 
(5.97%), ZnCl2 (50.72%) and NiCl2 (47.22%) treat-
ments (p <0.05). The amount of sucrose decreased in 
all treatment groups in the Cumhuriyet-75 variety 
compared to all control groups. Sucrose decreased 
very much in particular in 75 mM NaCl (4.75 times 
more), NiCl2 (3.97 times more), ZnCl2 (3.33 times 
more), 225 mM NaCl (2.7 times more) and CaCO3 
(58.66%) treatments (Table 3). In Selimiye-95 vari-
ety low sucrose content was found only in CaCO3 
(Table 3). Sucrose has the highest value in NiCl2 
(37.9%), 225 mM NaCl (36%) and FeCl3 (27%) 
treatments (p <0.05). Starch content in the varieties 
showed similar changes to changes in glucose 
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content. The lowest starch in Cumhuriyet-75 variety 
compared to control group was detected in 150 mM 
and 225 mM NaCl, NiCl2, ZnCl2 and CaCO3 treat-
ments. The highest starch in Selimiye-95 variety was 
in FeCl3 and 75 mM salt treatments respectively, 
while it has lower value in 225 mM NaCl, CaCO3, 
ZnCl2, and NiCl2 treatments (Table 3). 

 
In 

the Cumhuriyet-75 variety ascorbate peroxidase 
(APX) activity showed an increase in 150 mM NaCl 
(2.93 times), 225 mM NaCl (95.2%), 75 mM NaCl 
(6.3%) and FeCl3 (52.4%) treatments compared to 
control group while CaCO3 (2.38 times more) and 
ZnCl2 (40.5%) decreased (Table 8). APX activity 
only in Selimiye-95 variety ZnCl2 (13.71%) were re-
duced in treatment. The highest APX was seen in 
150 mm and 75 mm salt, CaCO3 and FeCl3 treat-
ments respectively (Table 4). Catalase (CAT) activ-
ity decreased in the Cumhuriyet-75 variety in CaCO3 
treatment compared to the control group and 

decreased in Selimiye-95 variety in 75 mM NaCl 
treatment compared to the control group (Table 4). 
The highest CAT activity in Cumhuriyet-75 variety 
was respectively in ZnCl2 (2.67 times more), FeCl3 
(89%), 225 mM NaCl (77.62%) and NiCl2 (45.46%) 
treatments. The highest CAT activity in Selimiye-95 
variety compared to control group was determined in 
150 mm (2 times) and 225 mM NaCl (92.23%), 
NiCl2 (86.85%) and FeCl3 (67.93%) treatments (Ta-
ble 4). Guaiakol peroxidase (GPOX) activity was 
higher in salt and FeCl3 treatment in the Cumhuriyet-
75 variety compared to the control group and was 
lower in NiCl2, ZnCl2 and CaCO3 treatments (Table 
4). GPOX activity in Selimiye-95 variety was the 
highest in 75 mM NaCl, NiCl2 and CaCO3 treat-
ments (Table 4). Superoxide dismutase (SOD) activ-
ity types was lower in all Cumhuriyet-75 varieties 
compared to control group in all treatment groups 
and was higher in all treatment groups in the Selim-
iye-95 variety except ZnCl2 (Table 4). 

MDA 
µmol/g 

H2O2 
µmol/g 

MDA 
µmol/g 

H2O2 
µmol/g 

31.87±0.06b* 317.71±0.16h 24.49±0.11b 262.76±0.16d 
35.94±0.04c 300.79±1.10f 20.58±0.13a 255.42±0.25c 
90.61±0.07h 260.25±0.16e 19.61±0.15a 244.08±0.16b 
64.65±0.04g 313.34±0.25g 31.20±0.02c 228.45±0.16a 
49.62±0.04e 147.56±0.45b 34.68±0.08d 606.98±1.61g 
41.56±0.02d 232.92±0.16c 36.54±0.15e 520.50±1.61f 
53.51±0.08f 249.28±0.34d 35.09±0.02d 662.76±1.61h 
26.41±0.06a 124.36±0.18a 29.61±0.09c 506.56±1.61e 

*Statistically there is a significant difference with confidence level p <0.05 
 

 Cumhuriyet-75 Selimiye-95 

 Glucose 
mg/g 

Sucrose 
mg/g 

Starch 
mg/g 

Glucose 
mg/g 

Sucrose 
mg/g 

Starch 
mg/g 

Control 51.60±0.02e* 22.70±0.02f 36.94±0.02c 4.31±0.02d 14.54±0.12b 31.04±0.02d 
75 mM 41.40±0.02d 4.78±0.02a 29.63±0.02b 6.66±0.03e 16.60±0.10b 47.81±0.03e 
150 
mM 19.40±0.01a 20.51±0.02 13.89±0.01a 3.05±0.01c 16.75±0.02b 21.83±0.02c 

225 
mM 33.91±0.02b 8.40±0.02c 24.27±0.02b 1.09±0.02a 19.79±0.03c 7.71±0.02a 

FeCl3 49.45±0.02e 13.87±0.02e 35.38±0.02c 8.52±0.02f 18.48±0.02c 60.93±0.02f 
NiCl2 37.67±0.03c 5.73±0.02b 27.00±0.03b 2.27±0.02b 20.05±0.04c 16.43±0.02b 
ZnCl2 53.16±0.01f 6.82±0.06c 38.15±0.01d 2.12±0.01b 15.30±0.04b 15.16±0.01b 
CaCO3 41.79±0.01d 9.39±0.01d 29.90±0.01b 1.98±0.01b 11.40±0.03a 14.10±0.01b 
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 APX 
EU/mg Protein 

CAT 
EU/mg Protein 

GPOX 
EU/mg Protein 

SOD 
EU/mg Protein 

 Cumhuri-
yet-75 

Selimiye-
95 

Cumhuri-
yet-75 

Selimiye-
95 

Cumhuri-
yet-75 

Selimiye-
95 

Cumhuri-
yet-75 

Selimiye-
95 

Control 0.009±0.002 0.008±0.001 0.044±0.001 0.032±0.001 0.007±0.001a 0.032±0.002c 121.75±0.02 122.55±0.17b 
75 mM 0.014±0.001 0.046±0.001 0.056±0.001 0.020±0.001 0.025±0.006f 0.090±0.001f 110.65±0.07 123.44±0.01c 
150 mM 0.050±0.002 0.017±0.001 0.099±0.001 0.065±0.001 0.0413±0.002g 0.020±0.002a 115.44±0.03 122.21±0.03b 
225 mM 0.016±0.001 0.016±0.001 0.077±0.001 0.070±0.002 0.009±0.002b 0.030±0.003b 118.60±0.04c 129.61±0.04d 
%0.2 FeCl3 0.013±0.001 0.021±0.001 0.083±0.001 0.060 0.001 0.016±0.0001e 0.022±0.004a 115.83±0.06b 124.98±0.01c 
%0.2 NiCl2 0.010±0.001 0.015±0.002 0.063±0.001 0.062±0.0001 0.009±0.001b 0.076±0.004e 117.50±0.06c 127.18±0.03d 
%0.2 ZnCl2 0.005±0.001 0.006±0.002 0.120±0.001 0.044±0.001 0.010±0.001c 0.032±0.004c 114.87±0.04b 76.28±0.01a 
%0.2 CaCO3 0.008±0.001 0.031±0.001 0.041±0.001 0.049±0.001 0.014±0.001d 0.065±0.005d 116.46±0.04c 133.79±0.07e 

 
The lowest SOD activity in the Cumhuriyet-75 

variety was determined in 75 mM NaCl treatment. 
SOD activities have the highest in CaCO3, and 225 
mM NaCl and NiCl2 treatments in Selimiye-95 vari-
ety (Table 4). 

 
 

 
A seed is a complex structure composed of or-

gans, tissues and cells shape, chemical content and 
functions of which differ. Therefore, the morphol-
ogy chemistry, physiology and function of the seeds 
change depending on the types, duration severity, of 
stress factors the plant species they belong to are ex-
posed to as well as the life cycle of the developmen-
tal phase at the time when the stress is effective [32]. 
In this study, the mechanism of resistance to salt, 
heavy metal and lime treatments of Cumhuriyet-75 
and Selimiye-95 wheat varieties have been re-
searched basing on 1,000 kernel weight, β-carotene, 
proline, protein, lipid peroxidation, hydrogen perox-
ide, glucose, sucrose and starch amount, ascorbate 
peroxidase, catalase, guaiacol peroxidase and super-
oxide dismutase enzyme activity changes. Carote-
noids are pigments that give yellow-red color to 
plants. These compounds play an important role in 
maintaining energy transfer in the reaction center 
photosynthetic systems and protection of the reac-
tion center in autoxidation. Wheat and wheat prod-
ucts vary in color depending on the type and amount 
of carotenoids they contain. Additionally, these 
compounds are found in greater amounts in tolerant 
[33, 34, 35]. The amount of β-carotene in the study 
varied depending on the stress type, concentration 
and genotype. In Cumhuriyet-75 variety, β-carotene 
was high in 225 mm salt and FeCl3 treatments and 
low in ZnCl2, and NiCl2 and CaCO3 treatments. In 
Selimiye-95 variety β-carotene stress values in-
creased in all treatment groups compared to the con-
trol groups (Table 1). According to the results of the 
study, Selimiye-95 variety is more durable than 
Cumhuriyet-75. Many researchers have reported that 

pigment values are high in tolerant species and low 
in sensitive species [36, 37]. Yıldız and Terzi [38] 
have reported that pigment content is high in salt-
tolerant barley varieties and low in susceptible spe-
cies; Pandey et al. [39] and Van Oijen et al. [40] have 
expressed that pigment synthesis is suppressed  in 
plants exposed to heavy metals, carotenoids and the 
anthocyanin contents are decreased and, Kahrizi and 
Sedghi [41] have found that salt stress does not affect 
the carotene content in tolerant wheat varieties but 
has degraded the carotene content in  susceptible 
species; Pallett and Yong [42] have reported that be-
cause carotenoids are highly stable compounds they 
work in increasing tolerance of plants to oxidative 
stress and that they are more in tolerant species. One 
of the important features that affect grain yield in 
grains is the 1,000 kernel weight. 1,000 kernel 
weights may vary depending on varieties and envi-
ronmental factors [18, 43, 44]. 1,000 kernel weights 
is high in Cumhuriyet-75 variety in CaCO3 to 75 mM 
salt treatments and low in all treatment groups in 
Selimiye-95 variety (Table 1). Many researchers 
have found that mineral deficiencies/toxicity and ni-
trogen and lime amount in the soil or arid conditions 
and climatic changes [15, 45, 46] affect 1,000 kernel 
weight; salt stress reduces the accumulation of as-
similates and grain weight by inducing senescence in 
leaves of susceptible species and  by increasing the 
respiratory rate [41, 6,12]; heavy metal treatments 
reduces the grain weight by inducing oxidative stress 
and blocking the photosynthetic capacity in sensitive 
wheat and rice genotypes [19, 47] and it has also 
been stated that the grain yield has decreased de-
pending on leaf senescence under stress conditions 
[48, 13, 44]. When wheat grains are dry, metabolic 
reactions proceed at the slowest rate. However, even 
under normal conditions grains respire and some 
physical, chemical and biochemical changes occur 
as a result of metabolic events in its structure and 
structure, chemistry and physiology of seeds after 
impaired after some time [49, 50]. Altan, [51] and 
Anonymous [52] have reported that the robustness, 
size and fullness of the seeds depends on the ripeness 
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degree of the seeds and unripe seeds respire more in 
storage and warehouse conditions thereby increasing 
temperature of the medium and consequently the 
seeds are quickly degraded. Furthermore unripe 
seeds also provide a suitable environment for bacte-
ria, mold production and insect and microorganism 
activity [50, 51, 53, 52, 54]. The moisture content of 
the seeds has increased in both types of stress treat-
ments. The moisture content of Cumhuriyet-75 vari-
ety was lowest in CaCO3 treatment and highest in 
ZnCl and 225 mM NaCl treatments. It was highest 
in all treatment groups in Selimiye-95 variety com-
pared to control groups. Seed moisture content was 
at highest level especially in CaCO3 and ZnCl2 treat-
ments (Table 1). According to these results, Cum-
huriyet-75 variety seeds lose their water rapidly in 
lime treatments while Selimiye-95 variety seeds lose 
their water rapidly in salt treatments. Other treat-
ment groups have increased the moisture content in 
the seeds. This situation has been thought to result 
from inhibition of the accumulation of storage sub-
stances, such as starch in the seed by long period 
treatment of stress conditions inhibiting photosyn-
thesis and carbon metabolism [13, 14, 55]. Hoseney 
[56] and Kent [57] found that the moisture content 
of wheat is 14% for preventing degradation in seeds 
and  the seeds with moisture content above these val-
ues should be brought to the appropriate limits by 
drying or ventilating to ensure safe storage of mois-
ture contents; Altan [51] and Döven [49] stated that 
the characteristic structure of grain with inappropri-
ate moisture content is impaired  and the moisture in 
the pile of seeds passes to the air spaces between the 
particles, causing  moisture and temperature to rise 
in the product , occurrence and increase of microbi-
ological activity  and spreading into the pile. Seed 
quality parameters such as chemical content, liveli-
ness, germination power and speed, stress factors ex-
posed during the developmental stage differ depend-
ing on seed harvesting time and seed storage condi-
tions [32, 4, 58, 59]. Researchers report that the de-
terioration in seed substantially are caused by lipid 
peroxidation and the effect of free radicals [60, 61, 
62]. Aldehydes and other toxic compounds accumu-
lating as a result of lipid peroxidation (malondialde-
hyde-M) increase that free radical amount in the seed 
by inducing oxidative stress in addition to disrupting 
the cellular membrane integrity [63, 64, 65]. Exces-
sive MDA and ROS accumulation accelerate cata-
bolic degradation of macromolecules such as pro-
teins, carbohydrate and enzymes responsible for ger-
mination and hinder physiological functions such as 
germination power and speed as well as seed viabil-
ity [66, 3, 67]. The amount of MDA in the study is 
high in salt and heavy metal treatments in the Cum-
huriyet-75 variety style and is low in lime treatment. 
In Selimiye-95 variety, it is low in 75 mM and 150 
mM NaCl treatments and high in other treatment 
groups. H2O2 content is low in all treatment groups 
in Cumhuriyet-75 variety compared to control group 

and it is low in salt treatments in Selimiye-95 variety 
while it is quite high in metal and lime treatment (Ta-
ble 2). The fact that Cumhuriyet-75 variety is sensi-
tive in salt and heavy metal treatments in line with 
MDA and H2O2 data and tolerant in treatment of lime 
while Selimiye-95 variety was tolerant to salt treat-
ment and sensitive to heavy metal and lime treat-
ments. MDA and H2O2 results are consistent with re-
sults of studies performed in this area. Sung [62], 
Jung and Chiu [68] have reported that seed age in 
soybeans increases lipid peroxidation level and H2O2 

content and these compounds degrade the seed struc-
ture, chemistry and germination ability; Wilson and 
McDonald [69] have expressed that lipid peroxida-
tion in seeds increases the H2O2 content ; Goel et al. 
[61] have found that MDA content and effect of ox-
idative stress increases in artificial aging tests on cot-
ton seeds; Kahrizi and Sedghi [41] have reported that 
salinity reduces the protein content in susceptible 
wheat varieties but increases the MDA and H2O2 

content; Dexter [3] has expressed that that drought 
prevent the accumulation of storage material in the 
endosperm in durum wheat genotypes and stimulates 
the accumulation of MDA and ROS; Guohua et al. 
[14] have expressed that nitrogen content affects the 
chemical and physiological activity of the seed; Kru-
ger and Reed [35] have stated that environmental 
factors affect the effect of oxidative stress, enzyme 
activity and color in the seeds; Waters et al. [5] have 
found that heavy metal toxicity/deficit at the vegeta-
tive growth stage of wheat affects the grain filling 
and changes the amount of protein, carbohydrate, 
MDA and H2O2 in endosperm; Marshall and Lewis 
[58] have mentioned that seed storage conditions 
disrupt the seed structure and chemistry and conse-
quently degrades seed viability and germination 
power. It is reported in studies on seed carbohydrate 
reserves that transport and storage capacity of assim-
ilates from sources they are synthesized to organs 
such as seeds, rhizomes, roots and stems depend on 
physiological and ecological changes in the vegeta-
tive development stage [13, 70, 55]. These com-
pounds are transported to the embryo by breaking 
down to their monomers by respiration reactions in 
the seed germination stage and are used as carbon, 
nitrogen and energy source in the growth and devel-
opment of the embryo [67, 71, 35]. Glucose is the 
key substance of cellular respiration and starch syn-
thesis. Sucrose is active in the regulation of respira-
tion, intracellular osmotic balance and germination 
as well as in the regulation of oxidative stress in 
stress conditions [72, 73, 17]. In the Cumhuriyet-75 
variety, glucose decreased in other treatment groups 
except Zn treatment compared to control group. 
High salt concentrations particularly, have adversely 
affected the amount of glucose. The amount of su-
crose was low in all treatment groups. In Selimiye-
95 variety glucose was high in FeCl3 and 75 mM salt 
treatment; sucrose was low only in CaCO3 treatment. 
Because the starch consists of glucose monomers 
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[74, 73], starch content was similar to glucose con-
tent in both types (Table 3). Glucose, sucrose and 
starch amount’s being low in Cumhuriyet-75 variety 
in salt application and glucose and starch’s being 
high in Selimiye-95 variety in 75 mM salt applica-
tion and sucrose’s being high in all salt applications 
indicates that Cumhuriyet-75 variety is sensitive to 
all salt applications while Selimiye-95 variety is tol-
erant to all salt applications. Sure enough, Kahrizi 
and Sedghi [41] found that the amount of gluten and 
starch in wheat exposed to salt stress decreased in 
susceptible varieties but increased in tolerant varie-
ties; Pattanagul and Thitisaksakul [16] and Gill and 
Singh [75] found that the amount of starch and su-
crose increased in resistant rice varieties and de-
creased in susceptible varieties Austin et al. [10] 
found that salt stress inhibited photosynthetic metab-
olism in the wheat, inhibiting asimylate transport to 
the grains and thereby affecting the amount of starch; 
Makino [4], Raines [15], Gregersen et al. 13] and 
Guohua et al. [14] reported that stress factors in early 
period of grain filling stimulated senescence in 
leaves which resulted in degradation of the chloro-
plast structure, reduced photosynthetic activity, and 
thus storage capacity for accumulation of assimilate 
and nutrients in the seeds decreased. Furthermore, it 
was reported that sucrose plays a role as a building 
material and energy source in plant growth and de-
velopment, and as a signal molecule in the percep-
tion of environmental stimuli and in increase of cel-
lular tolerance [72, 73, 70]; and heavy metal toxicity 
effects photosynthetic capacity and transport of as-
similates in plants [76, 77], carbohydrate metabo-
lism [40, 78] as well as the metabolism of respiration 
[79] and causes MDA accumulation and decreased 
enzyme activities by inducing oxidative stress [80]. 
Enzymes such as APX, CAT, GPOX and SOD are 
antioxidant compounds which have effective roles to 
maintain the cell's cell cycle, chemical properties, 
color, shape and morphology. These compounds are 
in equilibrium under normal conditions but their 
amounts increase in tolerant varieties under stress 
conditions and play significant role in the clearing of 
ROS’s caused by oxidative stress in cells [81, 82, 
27]. In the Cumhuriyet-75 variety, APX activity is 
lower in salt, ZnCl2 and CaCO3 treatments, CAT ac-
tivity is lower in CaCO3 activity and SOD activity is 
lower in all treatment groups compared to control 
group and GPOX activity is higher in all treatment 
groups (150 mM and 225 mM NaCl). In Selimiye-
95 variety APX activity is higher in ZnCl2 treatment 
and CAT activity is higher in 75 mM NaCl and ac-
tivity and GPOX activity is higher in salt treatment 
and SOD activity is decreased in ZnCl2, 75 mM and 
225 Mm NaCl treatment groups compared to control 
group. In both varieties, negative relation was seen 
between ZnCl2 treatment and APX and SOD activi-
ties. Furthermore in both varieties, it contributed to 
increased tolerance in APX salt, FeCl3, NiCl2, CAT 
150 mM and 225 mM NaCl and heavy metal 

treatments (Table 4). Esfendiari et al. [83] found that 
SOD, CAT, APX and GR activities were in high lev-
els in wheat while Doğan [84] determined that SOD, 
CAT, APX and GR activities were in high levels in 
tomato in genotypes with high tolerance to salt stress 
while they were in low levels in tomato in genotypes 
susceptible to salt stress; and Muradoğlu et al. [81]; 
Yaşar et al. [85); Dubey and Pandey [80]; Pandey et 
al., - [39]; Panda and Khan [86] and Çakmak and 
Horst [27] have determined that APX, CAT and 
SOD activities vary depending on the concentration 
and duration of administration, and that enzyme ac-
tivity is reduced in susceptible varieties in strawber-
ries, peas, black lentil , spinach, rice and soybeans 
respectively. In the workplace, Cumhuriyet-75 and 
Selimiye-95 stress applied to the families of 4-5 
Leafs in the beginning and the beginning of the year. 
It is believed that this situation has the effect of 
changing the activity. 
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The biomarker was applied to as-
sess the cytotoxic and genotoxic effects of drinking 
water from different sources (tap water, bottled wa-
ter and distribution network water) in Saudi Arabia. 
Waters samples were collected randomly from dif-
ferent locations in Yanbu city to evaluate the mitotic 
index and the chromosome aberrations on root mer-
istematic cells of . The study was con-
ducted during the four seasons to estimate possible 
seasonal influences on DNA damage. A significant 
statistical decline in the mitotic index (MIs) in root-
tip meristematic cells of was only ob-
served for tap water samples collected from two re-
gions: Yanbu Al-Balad and Yanbu AL-Sinaiiya. The 
decreases of the MIs in cells germinated in the local 
water distribution network samples did not have any 
statistical significance (p>0.05). Root cells germi-
nated in bottled water samples (local and imported 
brands) exhibited acceptable values of MIs. The 
study of chromosome abnormalities caused by the 
exposure to the tested drinking water samples was 
considered as the frequencies of chromosome aber-
rations (CAs). The highest inductions of CAs were 
identified in plants grown in tap water samples and 
only one of the distribution network water samples, 
mainly during the summer and spring seasons. Rela-
tively low values of CAs were found for bottled 
drinking water and water samples from D2 and D3. 
The predominant chromosome aberrations detected 
in the present study were: vagrant chromosomes, 
stickiness and anaphase bridges.  

Drinking water, Genotoxicity, Cytotoxicity,  
test, Chromosome aberration, Mitotic index. 

 
 

 
The decrease in the quality and availability of 

drinking water is considered one of many problems 
caused by mainly global warming in many parts of 
the world. According to the United Nations reports, 
Saudi Arabia was classified as a water-scarce nation 

[1] because of the limitation of renewable water re-
sources. This limitation leads to an over-exploitation 
of precious groundwater resources until their deple-
tion [2] (Lippman, 2014) and an estimated annual in-
crease of 8.8% in seawater desalination to overcome 
population needs for potable water [3]. Recently, 
groundwater resources and seawater desalination 
have contributed to 40% and 50% of drinking water 
needs in Saudi Arabia, respectively [4]. These water 
resources do not always meet the standards for hu-
man consumption. There is therefore a need for wa-
ter treatments to meet international standards. Fur-
thermore, over 50 groundwater treatment plants and 
27 seawater desalination plants are located in differ-
ent regions of the country. In general, the treatment 
process of raw water (groundwater and seawater) 
consists of three important steps: pre-treatment of 
raw water, filtration and water chlorination. The lat-
est step is performed once a week for 1 hour to pre-
vent microbial growth in water pipes. However, it 
has been reported that the chlorination step could 
produce mutagenic and/or carcinogenic by-products 
due to the reaction of the chlorine with the organic 
matter in water [5]. Several studies have shown that 
disinfection of drinking water by the chlorination 
process results in the formation of disinfection by-
products with mutagenic and carcinogenic effects. In 
fact, an association between the mutagenicity of 
drinking water treated with chlorine and urinary and 
gastrointestinal tract cancers has been observed [6-8, 
15]. 

Although the government has established qual-
ity standards for drinking water to make it safe for 
consumption, further assessment of the drinking wa-
ter quality must be conducted in Saudi Arabia to de-
termine the toxic chemicals existing in drinking wa-
ter and to evaluate their possible mutagenic effects. 
Diverse studies performed in Saudi Arabia showed 
that drinking water was contaminated by several 
chemical compounds such as: pesticides [9], heavy 
metals [10, 11], fluoride content [12] and radioactive 
elements [13]. The major sources of water pollution 
are industrial wastewater, domestic discharges, in-
dustrial and oil disposal into the sea, and pesticide 
use in agriculture. For heavy metals, important quan-
tities of Cu, Zn, and Cd reach drinking water due to 
the metallic piping used for domestic water 
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transportation [14]. Based on these findings, it was 
mandatory to study the mutagenic effects of the 
chemicals present in drinking water to predict possi-
ble risks on humans when consuming infected and/or 
contaminated drinking water. To the best of our 
knowledge, this is the first study conducted in Saudi 
Arabia to assess the cytotoxic and genotoxic effects 
of different types of drinking water to evaluate hu-
man health risks associated with the consumption of 
these potable waters.  

Several investigations have been conducted 
worldwide to assess the quality of drinking water us-
ing genotoxic tests [15-17]. These tests were able to 
identify the compounds responsible for DNA dam-
ages leading to health risks for humans. The 

 root anaphase-telophase test is considered fa-
vorable to assess genetic disturbances and damages 
during the mitotic cycle due to the large size of chro-
mosomes and their reduced number (2n=16). The 

 test is the best plant bioassay used to eval-
uate the toxicity of water [6, 18, 19]. 

The aim of this study was to evaluate the geno-
toxic effects of drinking water samples on MI and 
DNA damage by applying the  anaphase-telo-
phase test. 

 
 

The present study was per-
formed over a period of over one year (March 2015-
June 2016) to assess the genotoxic and cytotoxic ef-
fects of drinking water from different sources under 
different seasonal conditions.

Tap water samples were collected from 20 
houses located in two different regions of Yanbu: ten 
(T1) from Yanbu Al Balad (city center) and ten (T2) 
from Yanbu AL-Sinaiiya (industrial area). Before 
sample collection, water was allowed to flow for 
about 5 min. The volume of water samples was fixed 
to 5 L. The water analysis was conducted on the day 
of collection from March 2015 to July 2015. In some 
cases, samples were conserved in closed flasks at 
5 C to be analyzed at the appropriate time.  

Fifteen brands of bottled water were purchased 
from different local supermarkets and stores in 
Yanbu. 12 of these brands (B1) are manufactured in 
Saudi Arabia; the remaining brands (B2) are im-
ported from other countries. For the water analysis, 
3 batches of each brand were used. The analysis of 
bottled water was conducted from October 2015 to 
December 2015.  

Water from three distribution networks (D1, 
D2 and D3) was collected on a monthly basis from 
Marchs 2016 to June 2016. Six-liter volume samples 
were individually collected in cleaned polyethylene 
plastic bottles and transported in ice boxes to the la-
boratory in the Department of Biology at the Faculty 
of Sciences in Yanbu City. The water samples were 

carefully labeled and stored at 5 C until the analysis 
process.  

Once in the 
laboratory, several physicochemical analyses were 
carried out. The pH values of the water samples were 
evaluated using a Hanna instrument 211 Micropro-
cessor pH meter (Switzerland) at 25 C. The temper-
atures were measured using a regular thermometer 
during sample collection. Specific conductivity, total 
organic matter (TOM) and dissolved oxygen (DO) 
analyses were performed on the water samples at a 
regional certified laboratory according to standard 
methods. 

The  
test procedure was applied according to the method 
described by Fiskesjö [20] and adopted by Knoll et 
al., [21] and Fachinetto et al., [22]. Small, uniformly 
sized and healthy onion bulbs ( L. 
2n=16) were purchased from the local supermarket. 
The first peels and old roots were carefully removed. 
Bulbs were then cleaned and placed in distilled water 
in the dark at room temperature. After 48h the onions 
were placed on jars containing the tested water sam-
ples, at laboratory conditions and left for germina-
tion during five days. Roots were fixed in a Carnoy 
solution (ethanol: acetic acid 3:1) for 24h, trans-
ferred to 70% (v/v) ethanol and stored until their 
analysis. To prepare the slides, roots were hydro-
lyzed using 1N HCl at 60 C for 5 to 6 min and im-
mediately rinsed with distilled water. Only the mer-
istematic regions were used in the slide analysis. 
Slide staining was performed using the aceto-orcine 
solution for 10 min. The roots were squashed by ap-
plying a slight pressure on the cover slip and the ex-
cess stain was removed with filter paper. To ensure 
the effectiveness of the assay, distilled water was 
used as a negative control and 10ppm methyl me-
thane sulfonate (MMS) was used as a positive con-
trol.

The slide examination was carried out using a 
light microscope with 400X. A total of 5000 cells 
(1000 cells in each root tip) for each water sample 
were checked to determine the different mitotic 
stages and to calculate the MI. 800 cells in anaphase 
or telophase were counted for each water sample to 
evaluate the chromosome aberrations. Both MIs and 
CAs were expressed as percentages. 

 
The comparison between 

drinking water samples and controls (distilled water) 
in term of CA and MI were analyzed using the Man-
Whitney test (p<0.05 for significance). The evalua-
tion of the association between the different cytoge-
netic endpoints (CA and MI frequencies) scored in 
Allium cepa meristematic cells and the seasonal var-
iations were investigated using the Spearman corre-
lation test. All statistical analysis was performed us-
ing the SPSS version 12.0.
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 The results of 
the physical and chemical analyses of the drinking 
water samples are shown in Table 1. Significant var-
iations in pH values, TOM and DO were observed 
with seasonal changes. The variations of temperature 
and specific conductivity were highly significant 
when comparing values recorded in summer with 
those registered in winter. In fact, water temperature 
values varied between 14.56 C (bottled water during 
winter) and 36.12 C (tap water during summer). The 
values of the TOM and DO in the water samples 
might be affected by the high temperature fluctua-
tions in Saudi Arabia.  

The recorded pH values varied from 6.10 to 
7.26. These values were in accordance with the in-
ternational norms, especially for bottled water and 
water of the distribution network. However, some 
variations were observed for pH values in the tap wa-
ter samples collected from Yanbu Al Sinaiiya during 
winter (pH tended to be acidic). This observation 

might be due to the enrichment of the water with dis-
solved matter during the rainy season.  

The water conductivity is related to the ion con-
centration. Ions are formed from dissolved salts and 
inorganic materials such as chlorides, sulfides, car-
bonate compounds and alkalis [23]. In potable water, 
the conductivity was set to 50-500 μs/cm [24]. Water 
conductivity variations with seasonal changes were 
directly related to the temperature fluctuations. 
When the water temperature increases, conductivity 
increases [23]. 

This process is associated with the increase in 
ion mobility, salt, and mineral solubility with in-
creasing temperature [25]. The results recorded in 
the present study were in accordance with the facts 
described above. In fact, higher conductivity values 
were detected during summer than in the other sea-
sons for the tap water samples collected from the two 
studied areas: 406.11μs/cm in water from Yanbu Al 
Balad and 398.67μs/cm in water from Yanbu Al Si-
naiiya.  

Summer 
Water resource pH±SD T(°C) ±SD Cond. (μs/cm) ±SD TOM (ppm) ±SD DO (mg/L) ±SD 

Tap water (T1) 7.26±0.02 36.12±2.70 406.11 ±1.67 260.12±2.78 3.13±2.98 
Tap water (T2) 7.14±0.03 35.56±2.18 398.67±2.72 255.81±1.91 3.88±1.60 
Bottled water (B1) 7.02±0.01 28.09±0.05 188.09±0.03 120.65±0.02 7.10±0.03 
Bottled water (B2) 7.06±0.01 25.44±0.06 260.78±0.02 167.81±0.04 6.67±0.01 
Dist. Stat. Water (D1) 7.17±0.03 36.09±2.98 280.37±2.90 179.55±1.52 5.99±109 
Dist. Stat. Water (D2) 7.08±0.04 35.11±1.41 258.03±2.13 165.19±2.42 6.10±2.52 
Dist. Stat. Water (D3) 7.13±0.02 34.97±3.71 250.65±3.64 160.01±1.56 6,28±1.85 

Autumn 
Water resource pH±SD T(°C) ±SD Cond. (μs/cm) ±SD TOM (ppm) ±SD DO (mg/L) ±SD 

Tap water (T1) 7.36±0.03 30.01±2.98 386.43±3.92 247.82±1.91 4.72±3.13 
Tap water (T2) 7.20±0.04 32.67±3.62 374.04 ±2.81 239.13±2.14 4.06±3.32 
Bottled water (B1) 7.10±0.01 18.9±0.03 190.00±0.01 122±0.01 7.00±0.02 
Bottled water (B2) 7.19±0.01 19.10±0.01 278.03±0.0 178±0.04 7.34±0.03 
Dist. Stat. Water (D1) 7.18±0.03 33.67±1.17 263.46±3.29 169.90±2.63 6.10±2.12 
Dist. Stat. Water (D2) 7.10±0.03 28.34±2.72 261.14±4.14 167.00±2.25 6.67±1.53 
Dist. Stat. Water (D3) 7.19±0.02 31.29±1.19 257.87±3.34 165.22±2.18 6..25±2.65 

Winter 
Water resource pH±SD T(°C) ±SD Cond (μs/cm) ±SD TOM (ppm) ±SD DO (mg/L) ±SD 

Tap water (T1) 6.97±0.07 20.08±3.98 290.65±4.21 186.00±3.90 5.78±2.11 
Tap water (T2) 6.10±0.05 24.77±2.29 309.15±4.56 198.20±2.52 5.19±3,84 
Bottled water (B1) 7.11±0.01 14.56±0.02 187.89±0.03 120±0.04 7.30±0.01 
Bottled water (B2) 7.22±0.01 17.87±0.05 264.98±0.01 170±0.05 7.00±0.01 
Dist. Stat. Water (D1) 7.01±0.04 22.45±2.17 197.70±3.16 126.05±3.13 6.81.13±2.22 
Dist. Stat. Water (D2) 7.17±0.05 23.68±3.12 204.62±2.88 131.24±2.24 6.73.44±3.42 
Dist. Stat. Water (D3) 7.11±0.03 21.87±1.58 201.71±2.30 129.69±3.33 6.98.53±3.13 

Spring 
Water resource pH±SD T(°C) ±SD Cond (μs/cm) ±SD TOM (ppm) ±SD DO (mg/L) ±SD 

Tap water (T1) 7.31±0.02 33.28±2.23 329.91 ±3.82 211.04±2.32 4.56±1.78 
Tap water (T2) 7.25±0.04 30.84±2.15 310.56±4.03 199.77±1.93 4.21±2.41 
Bottled water (B1) 7.12±0.01 17.39±0.04 179.50±0.04 115±0.02 7.18±0.02 
Bottled water (B2) 7.11±0.01 20.97±0.04 257.84±0.05 165±0.03 6.45±0.01 
Dist. Stat. Water (D1) 7.07±0.02 28.37±2.62 198.89±2.08 127.32±0.98 6.78.54±1.75 
Dist. Stat. Water (D2) 7.11±0.04 30.86±3.23 211.27±4.16 135.37±1.78 6.50.41±1.38 
Dist. Stat. Water (D3) 7.19±0.02 33.83±1.48 221.43±2.00 142.00±1.32 6.66.53±0.80 
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Water resource 
Summer Autumn Winter Spring 

CN MI ± SD CN MI ± SD CN MI ± SD CN MI ± SD 
Tap water (T1) 5067 13.66**±0.86 5311 15.37*±0.44 5352 16.52*±0.67 5325 14.77*±1.05 
Tap water (T2) 5090 12.74**±0.77 5224 14.09*±0.63 5147 15.37*±1.15 5276 13.71**±0.98 
Bottled water (B1) 5182 19.98±0.14 5212 20.55±0.43 5140 20.01±0.93 5152 20.09±0.22 
Bottled water (B2) 5125 19.88±0.82 5265 20.12±0.41 5172 20.11±0.56 5167 19.98±0.73 
Dist. Stat. Water 
(D1) 5255 17.63±0.71 5311 17.90±0.66 5171 18.60±1.01 5159 16.54*±0.48 

Dist. Stat. Water 
(D2) 5002 18.33±0.88 5203 19.01±0.94 5011 19.23±0.65 5307 18.67±0.67 

Dist. Stat. Water 
(D3) 5170 18.98±1.15 5012 19.52±1.02 5029 20.54±1.33 5240 18.33±0.64 

Distilled water 5391 20.59±0.95 5360 20.59±0.95 5114 20.59±0.95 5271 20.59±0.95 
MMS 5001 6.35±0.87 5234 6.35±0.87 5275 6.35±0.87 5171 6.35±0.87 

SD: standard deviation, CN: counted cells, *: significant difference (p<0.05), **: high significant difference (p<0.01) 
 
The TOM is an essential parameter in drinking 

water quality evaluation. The origin of dissolved sol-
ids in water might be natural resources, industrial 
wastewater, sewage, piping used in water distribu-
tion and the chemicals used in water treatment. In the 
present study, the registered TOM values were cor-
related with fixed standards. However, relatively 
higher values were found in tap water samples (av-
erage: 257.96 ppm).  

Dissolved oxygen is related to the levels of sus-
pended solids in water samples. If suspended solids 
in water are highly concentrated, the temperature 
will increase due to heat absorption by the suspended 
solids and, consequently, warmer water contains less 
dissolved oxygen than colder water [26]. In the pre-
sent work, water collected in summer had lower val-
ues of DO (3.13 mg/L in tap water) than that col-
lected in winter (6.98 mg/L). For bottled water sam-
ples, the DO values were set to around 7 mg/L which 
is considered as the acceptable level for excellent 
drinking water. 
 

Due to its sensitivity to 
aquatic environmental pollution, the  test 
has recently been recognized as an efficient bioassay 
applied in cytogenotoxicity studies of several envi-
ronmental pollutants in different types of water 
(drinking water, river and lake water, industrial ef-
fluents, etc.). The test is based on the evaluation of 
DNA damages, chromosome aberrations and mitotic 
cycle disturbance. 

In the present research, the measurement of cy-
totoxicity caused by the exposure to the tested water 
samples was carried out by calculating the mitotic 
index (MI) in the root-tip meristematic cells of onion 
bulbs. The genotoxicity measurement of the water 
samples was evaluated by the determination of dif-
ferent chromosome aberrations (CA) observed dur-
ing the anaphase-telophase of the cell division. Table 
2 showed the values of the MI calculated in the cells 
exposed to different water types, in the negative (dis-
tilled water) and the positive (MMS) controls. The 

MI was expressed in terms of divided cells/total 
number of counted cells.  

The highest MI value was recorded in meriste-
matic cells of rootlets germinated in distilled water, 
and the lowest MI value was detected in cells ex-
posed to MMS solution at 10 ppm. Statistically sig-
nificant decreases were registered for the MIs calcu-
lated for meristematic cells in plants grown for five 
days in the tap water samples collected from the two 
studied areas (p<0.05). It is clear that such decrease 
in MI values was much more significant (p<0.01) 
during the summer season (MI average= 13.20%) 
than during winter (MI average=15.94%). In gen-
eral, the MIs in cells treated with the distribution net-
work water samples (D1, D2 and D3) decreased 
when compared with the negative control. The dif-
ferences had no statistical significance for all sea-
sons (p>0.05). Only water samples from D1 showed 
a significant decrease (MI=16.54 %) during spring. 
The MIs recorded for root cells germinated in the 
different brands of the bottled water samples showed 
no significant variations when compared to the neg-
ative control.  

The significant decline in MIs registered in the 
present study indicates cell division retardation in 
the root-tip meristematic cells and might be due to 
DNA synthesis inhibition or G2 phase blocking dur-
ing the cell cycle as explained by Sudhakar et al., 
[27] (2001). These significant low values of MIs re-
flect alterations in the cell cycle probably caused by 
exposure to cytotoxic agents present in the tested wa-
ter samples. Furthermore, the registered variations 
registered in the water’s chemical composition with 
the seasonal variations of the conditions, might have 
direct effects on the cell division and, in turn, on the 
mitotic index values. Similar results were reported 
by Abda et al., [15] and by [28-29] Monarca et al. 
who found significant decreases in cell division over 
the four seasons with the highest decline being in au-
tumn. 

The genotoxic potential of the tested water 
samples on root-tip meristematic cells of 
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 plants was evaluated by considering the follow-
ing chromosomal aberrations: C-metaphase, delayed 
anaphase, vagrant chromosomes, stickiness and ana-
phase bridges (Table 3). The analysis of chromoso-
mal aberrations during the anaphase-telophase stage 
showed higher values of total abnormalities in cells 
treated with MMS (positive control) (7.58%). Few 
abnormalities were observed in cells grown in dis-
tilled water (negative control) (3.12%).  

The highest values of total abnormalities were 
induced by tap water samples during summer with 
significant statistical differences when compared to 
the negative control (p<0.05). The abundant abnor-
malities detected were delayed anaphase (5.13%), 
anaphase bridge formations (2.07%) and stickiness 
(1.11%) for tap water collected in YanbuAl Balad. 
For water samples collected from Yanbu AL-Si-
naiiya, the majority of abnormalities were anaphase 
delayed, (4.65%) and anaphase bridge formations 
(1.71%), detected during the summer. 

Statistically significant results were also found 
in the analysis of root cells germinated in the distri-
bution network water samples from station D1 dur-
ing spring with a total abnormality frequency of 
8.58%, delayed anaphase of 4.53%, anaphase 
bridges of 1.62% and stickiness of 1.14%. The fre-
quencies of CAs in root-tip cells grown on all the 

brands of the bottled water samples showed no de-
tectable genotoxic effects. 

In general, the highest frequencies of chromo-
some aberration inductions by the tested water sam-
ples were observed during summer and spring (with 
fewer effects). These results could be explained by 
the critical weather conditions in the studied areas, 
which led to an increase in chemical concentrations 
in the water. As a consequence, serious damage 
could be caused to the DNA of the  cells 
treated with the different water types, and where 
stickiness, vagrant chromosomes and anaphase 
bridges were the most detectable damages.  

Vagrant chromosomes were detected with high 
frequencies in a cells grown in tap water 
samples and some distribution network water sam-
ples. This chromosomal abnormality is caused by 
mitotic spindle dysfunction indicating aneugenic ef-
fects of the chemical compounds present in the test 
water samples [30]. The vagrant chromosomes in-
duced in the root-tip meristematic cells of onion 
bulbs might cause unequal chromosome numbers in 
daughter cells and therefore unequal sizes and/or ir-
regular nuclei shapes of daughter cells [31]. Chro-
mosome bridges result from chromosomal breaks 
and are therefore considered as clastogenic effects of 
the tested water samples [32, 33].    

Summer Autumn 

Water resource C-meta-
phase DA VC S AB TA 

(±SD) 
C-meta-

phase DA VC S AB TA 
(±SD) 

Tap water (T1) 0.53 5.13 0.74 1.11 2.07 9.58±1.97 0.72 3.24 0.85 1.56 1.19 7.56±0.28 
Tap water (T2) 0.66 4.65 0.69 0.74 1.71 8.45±1.29 0.57 3.85 0.99 0.89 1.42 7.72±0.94 
Bottled water 
(B1) 0.44 1.34 0.61 0.68 0.80 3.87±0.32 0.49 1.29 0.68 0.71 0.81 3.98±0.69 

Bottled water 
(B2) 0.55 1.41 0.67 0.76 0.89 4.28±0.92 0.46 1.29 0.62 0.66 0.78 3.81±0.53 

Dist. Stat. Water 
(D1) 0.41 2.58 0.58 0.74 1.01 5.32±0.27 0.79 1.76 0.94 0.62 0.87 4.98±0.47 

Dist. Stat. Water 
(D2) 0.66 2.13 0.50 1.07 0.97 5.33±1.04 0.33 1.75 0.58 0.92 0.75 4.33±0.57 

Dist. Stat. Water 
(D3) 0.54 2.62 0.41 1.33 1.08 5.98±0.70 0.47 2.16 0.68 0.86 0.95 5.12±1.11 

Distilled water 0.32 1.13 0.42 0.52 0.73 3.12±0.24 0.32 1.13 0.42 0.52 0.73 3.12±0.24 
MMS (10ppm) 0.61 4.17 0.77 0.85 1.18 7.58±0.34 0.61 4.17 0.77 0.85 1.18 7.58±0.34 

Winter Spring 

Water resource C-meta-
phase DA VC S AB TA 

(±SD) 
C-meta-

phase DA VC S AB TA 
(±SD) 

Tap water (T1) 0.41 3.38 0.68 1.11 1.27 6.85±0.41 043 4.78 0.61 1.09 1.94 8.85±0.23 
Tap water (T2) 0.42 2.44 0.66 0.85 1.01 5.38±0.35 0.55 4.47 0.58 0.85 1.70 8.15±0.58 
Bottled water 
(B1) 0.52 1,39 0.63 0.71 0.81 4.06±0.62 0.47 1.36 0.63 0.70 0.79 3.95±0.32 

Bottled water 
(B2) 0.50 1.24 0.65 0.63 0.72 3.74±1.01 0.48 1.34 0.64 0.73 0.84 4.03±0.62 

Dist. Stat. Water 
(D1) 0.43 1.67 0.63 0.58 0.84 4.37±0.54 0.62 4.53 0.67 1.14 1.62 8.58±1.12 

Dist. Stat. Water 
(D2) 0.58 1.53 0.61 0.61 0.79 4.12±1.29 0.58 2.71 0.87 0.97 1.15 5.74±0.57 

Dist. Stat. Water 
(D3) 0.48 1.66 0.68 0.59 0.71 4.07±0.36 0.39 2.10 0.60 1.06 1.10 5.25±0.73 

Distilled water 0.32 1.13 0.42 0.52 0.73 3.12±0.24 0.32 1.13 0.42 0.52 0.73 3.12±0.24 
MMS (10ppm) 0.61 4.17 0.77 0.85 1.18 7.58±0.34 0.61 4.17 0.77 0.85 1.18 7.58±0.34 

DA: delayed anaphase, VC: vagrant chromosome, S: stickiness, AB: anaphase bridge, TA: total anomalies 
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To understand the detected cyto-genotoxic ef-
fects of the studied water types listed in the present 
study, an up dated chemical analysis of water sam-
ples is necessary to evaluate the contamination levels 
by several chemical pollutants. Many decades ago, 
several authors have assessed the presence of envi-
ronmental contaminants in drinking water from 
Saudi Arabia. Al Saleh and AL Doush [10] evaluated 
trace elements in tap water and bottled drinking wa-
ter collected from Riyadh city. The authors found 
high concentrations of Cd, Fe, Hg, Ni, and Zn in 
household drinking water samples with values ex-
ceeding the guideline limits fixed by international 
organisms for drinking water. Authors supposed that 
the primary sources of these trace elements were in-
dustrial effluents. They also clarified that these high 
levels of contamination might be caused by the cor-
rosive nature of the water distribution pipes and by 
water storage tanks if not maintained and if improp-
erly installed. The trace elements in the bottled water 
were found to be within the guideline limits.  

Furthermore, Al Saeid et al., [9] (2011) studied 
the levels of contamination of groundwater samples 
by organochlorines, organphosphorus, carbamates 
and pyrethroids. They found that there was a general 
contamination by the studied contaminants in all the 
sampling areas, with higher levels of DDT, DDE di-
methoate and chloroneb. The authors confirmed that 
these results are alarming for human health when this 
contaminated water is used. Another recent study 
was conducted to assess water treatment plants in 
Saudi Arabia and the contamination by radionu-
clides in raw and treated waters [13]. It was demon-
strated that raw water samples collected from deep 
groundwater had a radium activity exceeding the in-
ternational limits, which is also hazardous to human 
health. 

In conclusion, large an up to dated bio-moni-
toring studies must be conducted in Saudi Arabia to 
evaluate the levels of contamination by environmen-
tal contaminants of different drinking water types 
and to assess the water quality in order to reduce hu-
man health concerns related to the presence of chem-
ical pollutants in potable water.  
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ABSTRACT 
 
The article takes up the subject of hydromor-

phological valorization of watercourses. It is one of 
the most important issues of the Water Framework 
Directive 2000/60/EC (WFD). The Directive re-
quires an assessment of the ecological status or 
potential of watercourses. That assessment should 
be based on the assessment of biological, physico-
chemical and hydromorphological elements. The 
latter constitutes a significant difficulty. It includes, 
among others, the hydrological regime, river conti-
nuity and morphological conditions, connection of 
surface waters to groundwater bodies, flaw rate and 
assessment of the floodplain area. The final assess-
ments were introduced by the CEN European 
Standard (EN 15843) developed after the WFD. 
Thereafter, other formal EU requirements appeared, 
making this problem more complicated. In Poland, 
the River Hydromorphological Monitoring (Polish: 
Monitoring Hydromorfologiczny Rzek - MHR) 
method was developed in 2009 according to the 
above-mentioned requirements. Basing on a photo-
interpretation of orthophotomaps, it is a consensus 
between the scientific accuracy and organizational 
and financial possibilities of this monitoring meth-
od. In this method, four elements are subject to 
assessment: hydrological regime, river continuity, 
riverbed morphology and floodplain area. Among 
others, five lowland watercourses of Wielkopolska 
were subjected to a survey with the use of this 
method. They belong to three categories of natural-
ness constituting six Uniform Parts of Water Bodies 
(UPWBs). These are small and medium water-
courses with different sizes of water catchment 
area, general length and main watercourse length. 
The results of the survey were presented and com-
pared to results obtained with other methods - 

the Department of Environmental Protec-
tion and Management) score evaluation method and 
RHS method. This comparison indicates similar 
assessments, in spite of the use of different number 
of assessed parameters and conducting surveys at 
different times. 
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Water Framework Directive, River Hydromorphology, 
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INTRODUCTION 
 
According to the Water Framework Directive 

2000/60/EC (WFD), it is necessary to conduct as-
sessments of ecological status or potential of water-
courses [1]. This includes the assessment of biolog-
ical, physicochemical and hydromorphological 
elements. The hydromorphological assessment 
includes the assessment of the hydrological regime, 
river continuity and riverbed morphology. The 
connection of surface waters to groundwaters, the 
flaw rate and the river continuum continuity [2] 
with the presence of barriers and ichthyofauna mi-
gration constraints [3] are also of great importance. 

A center that initiated (1992) the research on 
hydromorphology of watercourses in Poland was 
the Department of Environmental Protection and 

The original methodology was published in 1995 
[4-7]. Until 2002, 709 km of waterways in Wielko-

smaller watercourses have been assessed. 
Experiences of the team from that center 

served to develop the River Hydromorphological 
Monitoring (MHR) method for the Central Inspec-
torate of Environment Protection in Warsaw [10-
15]. It is fully compliant with the WFD. It assumes 
an assessment of the hydrological regime, river 
continuity, riverbed morphology and floodplain. A 
recommendation to assess the latter was introduced 
by the CEN European Standard (EN 15843) [16]. 

The MHR method was tested in different re-
gions of the country. In Wielkopolska, five tributar-
ies of the middle course of the Warta River belong-
ing to three categories of naturalness were chosen: 

natural watercourses, Meszna - heavily modified, 
- an artificial one. Furthermore, 

the results obtained thanks to the MHR method 
were compared to the results of other methods. 
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The aim of the article is to present the results 
of hydromorphological assessment of five water-
courses (six UPWBs) with different categories of 
naturalness using the MHR methodology. Further-
more, an additional aim is to verify the accuracy of 
the results obtained with the use of this method. 
That is why, for the purposes of comparison, the 
data obtained with the MHR method for the ana-
lyzed watercourses were compared to the results 

method and the River Habitat Survey (RHS) [17]. 
 
 

AREA AND METHODS 
 
The River Hydromorphological Monitoring 

(MHR) method developed in 2009 was applied in 
the hydromorphological survey of selected water-
courses [10-15]. Among test watercourses, we 

Canal, Junikowski Stream, the Meszna, Wirynka 
Fig. 1). There were charac-

terized by a differentiated main watercourse length, 
the level of anthropopressure (among others, regu-
lation of the riverbed and use of the valley) and 
waters category. They were constituting six 
UPWBs with a total length of 117.41 km. Their 
general characteristics is contained in Table 1. 

While presenting the research methodology, it 
is advised to present the general assumptions serv-
ing to develop it. This also results from an innova-
tive approach to its preparation. This methodology, 

apart from the WFD requirement, also takes into 
consideration the CEN European Standard (EN 
15843) requiring, among others, an assessment of 
the floodplain area [16]. Also, Langhammer was 
pointing out the significance of the assessment of 
the watercourse valley [18]. He was highlighting 
the connections of watercourse modification chang-
ing the water flow rate and facilities limiting its 
continuity (river continuum) and the retention ca-
pacity of the valley. In case of water-impounding 
structures, the possibility upward migration of fish 
was taken into account in the MHR method. Ac-

height of 0.4 m in lowland landscape and of 0.7 m 
in highland and mountainous landscape are crucial 
for this factor. Experiences from the research car-
ried out in Poland [4-9, 22-23] as well as in Austria, 
the Czech Republic, the Netherlands, Germany and 
Slovakia [24-26] were used while developing the 
method.  

Due to the WFD and requirements for report-
ing of monitoring results to the European Commis-
sion in the framework of the Eionet-Water network 
[27], it is also necessary to apply the INSPIRE 
directive [28] and to provide metadata; elaboration 
of a new method of a new watercourse assessment 
protocol turned out to be necessary. It constitutes 
the basic document applied in research conducted 
with the use of MHR methodology. It must include 
both the inventory and assessment of the status for 
natural watercourses and of the ecological potential 
for heavily modified and artificial watercourses. 

 

 
FIGURE 1 

Location of investigated watercourses 
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TABLE 1 
Hydrographic characteristics investigated watercourses (own study based on Czarnecka et al.,  

2005 [19-20] and Rapor, 2005 [21]) 

No Name of the UPWB Code for UPWB 

Length of UPWB (km) Catchment area (km2) 

Overall 
The main 

watercourse 
The 

UPWB 

Of the water-
course at the 

point closing the 
UPWB 

1 Junikowski Stream PLRW60001718576 11.0 11.0 48.91 48.91 
2 Wirynka PLRW600017185729 46.1 18.3 102.34 102.34 
3  PLRW60001718389 111.8 56.61 375.56 375.56 
4  PLRW600023183679 20.3 20.3 41.63 273.34 

5 
Meszna from the tributary of 

 to the river mouth 
PLRW60002418369 3.4 3.4 15.09 715.71 

6 tnowskie Lake to the river 
mouth 

PLRW6000018349 7.8 7.8 49.86 442.65 

Total 200.4 117.41 633.39 1685.17* 

* without the catchmen  
 
 
Several relevant assumptions were adopted 

while developing the methodology and assessment 
protocols [10]: 1) the assessment methodology 
requires additional field and office works; 2) the 
assessment of hydromorphological status is carried 
out for each UPWB of all categories of watercours-
es (but limited to the main watercourse without its 
tributaries); 3) the basic assessment of the water-
course is carried out in the office based on ortho-
photomaps, l topographic maps (in scale min. 
1:10,000), information on the watercourse s admin-
istrator and existing documents and publications; 4) 
the hydromorphological status/potential assessment 
is carried out on the basis of two models of map-
based protocols - for natural and heavily modified 
watercourses (analogous assessment) and for artifi-
cial watercourses; 5) the map-based UPWB assess-
ment is corrected on the basis of field surveys on 
the basis of an elaborated field protocol; 6) the field 
surveys comprise, in total, a minimum 10% of the 
length of map-based surveyed watercourse. The 
localization of field sections is determined so as to 
explain doubts and determine the data that cannot 
be obtained in the office; 7) the protocols include 
the results of the inventory and calculated values of 
the Ecological Quality Ratio (EQR) for the natural 
watercourses or the Ecological Potential Ratio 
(EPR) for heavily modified and artificial water-
courses; 8) the assessment with the use of the pro-
tocol has a hierarchic structure in which the basic 
elements are assessed on the basis of numerous 
features and these, in turn, on the basis of attributes. 
The final EQR/EPR assessment is an arithmetic 
mean of the assessment of elements, the elements - 
of indices and indices - of attributes; 9) the assess-
ment of the ecological state/potential is composed 
of 4 hydromorphological elements (hydrological 
regime, river continuity, riverbed morphology, 
floodplain valley) determined on the basis of 16 
features for natural and heavily modified water-
courses, relatively 19 for artificial watercourses that 
are assessed on the basis of attributes; 10) limit 

values for all five classes of status and four classes 
of ecological potential were determined with the 
use of statistical analysis of the results of the sur-
veys (with a score evaluation) that have been car-
ried out up until now in Poland (about 2,200 km) 
and experiences of other countries [9, 22-26]. The 
limit values for the classes determined in this way 
for specific categories of surface watercourses are 
presented in Fig. 2 for the results of the analyzed 
UPWBs. A broad description of the new methodol-
ogy was presented in numerous publications [10-
15]. 

The current orthophotomaps (resolution of 0.5 
m) and topographical maps in scale 1:50,000 and 
1:10,000 were used in a map-based assessment of 
the above-mentioned sites. Also, commonly availa-
ble aerial and satellite photos were being used (geo-
portal.gov.pl). The available, archival melioration 
documentation and Raster Map of Hydrographical 
Division of Poland [29]. It should be noted that in 
the inventory of watercourses of the cited map, the 
UPWB Meszna 
Stream to the river mouth  was mistakenly called 

the river mouth  
The Hydrological Atlas of Poland (Atlas Hy-

drologiczny Polski) was used in order to assess the 
hydrological regime element [30-31]. Gauging 

stations taken into account in the map-based as-
sessment exist only in two UPWBs. These include 

Stream) to the river mouth (km 4.0 
- Samarzewo). For the other 

watercourses on which there are no gauging sta-
tions, the River flow features are not assessed 
according to the MHR methodology. In the case of 

course according to the methodology, the Hy-
drological regime element was not assessed. 

The field surveys conducted in May and in Ju-
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ly 2009 on 13 sections were selected on the basis of 
the map with the total length of 59 km comprising 
about 50% of the UPWBs main watercourses 
length. Topographical maps in scale 1:10,000 and 
more precise as well as GPS were used during this 
research. A photographic documentation illustrating 
hydrotechnical facilities, values environmental 
elements (e.g. beaver lodges and traces of their 
presence), characteristic morphological elements of 
the watercourse (e.g. natural river thresholds, large 
woody debris and eroded escarpments). 

 
 

RESULTS 
 
The surveyed watercourses (Junikowski 

Stream, the 
e 

direct tributaries of the middle course of the Warta 
River (Fig. 1, Tab. 1). The total length of the main 
watercourses subjected to the study amounts to 
117.41 km. Taking into consideration the WFD 
typology based on the water catchment area, the 
surveyed watercourses belong to small (10-100 
km2) and average ones (100-1000 km2). The Ju-
nikowski Stream (48.91 km2) was qualified to the 

h-
ment area of 102.34-715.71 km2 were qualified to 
the second group. 

The highest EQR values among the natural 
watercourses were reached by Junikowski Stream 
(0.81) and Wirynka (0.79) (Tab. 2). So high values 
of the features were resulting mainly from the as-
sessment of the two surveyed elements: the hydro-
logical regime (respectively 0.90 and 0.92) and the 
river continuity (1.0 each). The Junikowski Stream 
and Wirynka were characterized by a natural water 
flow and lack of facilities with the impoundment 
height above 0.4 m. In the case of the 

River, a lower EQR value (0.52) was caused by 
assessment of the river continuity (0.2). This as-
sessment results from the presence of one large 
water impounding structure (Psary dam) cutting off 
over 40% of the river length without the possibility 
of fish migration. The EQR values of riverbed and 
floodplain valley morphological elements in the 
case of natural watercourses were oscillating within 
the same brackets and amounted to respectively 
0.61 0.69 and 0.55 0.65. In the final assessment, 
the Junikowski Stream and Wirynka were qualified 
to a very good ecological status, whereas the 

 
The Meszna River was classified to heavily 

modified rivers and divided into two UPWBs; it 
obtained two very different scores of the ecological 
potential. The value for the first of them (Meszna 
Riv
retention reservoir in water is considerably lower 
(0.46) than the one for the water mouth section  
the 
river mouth (0.70). Such a large difference in the 
final assessment results mainly from the assessment 
of the River continuity element. That is caused 
by a lack of facility cutting off the river continuity 
on its short 3.4 km-long river mouth section of the 
second UPWB of this watercourse. The values of 
other elements ( hydrological regime , riverbed 
morphology and floodplain valley ) are similar 
to the both UPWBs of the Meszna River. The EPR 
assessment for 
Stream is not significantly deviated from the EQR 

r-
course). Whereas the assessment of the Meszna 

mouth is similar to the assessment of natural wa-
tercourses (Junikowski Stream and Wirynka). 

 
 

TABLE 2 
The ecological quality ratios (EQR) and ecological potential ratios (EPR) investigated watercourses 

No 
Categories 
of water-
courses 

Uniform Parts of 
Surfaces Water 

(UPWB) 

Ecological quality and potential ratios 
Elements 

Total 
rating 

Hydrologi-
cal regime 

River 
continuity 

Bed mor-
phology 

Floodplain 
valley 

1 Natural 
watercours-
es 

Junikowski Stream 0.90 1.00 0.67 0.65 0.81 
2 Wirynka 0.92 1.00 0.69 0.55 0.79 
3  0.65 0.20 0.61 0.63 0.52 

4 Heavily 
modified 
watercours-
es 

Stream 
0.67 0.20 0.41 0.56 0.46 

5 
Meszna from the 

to the river mouth 
0.74 1.00 0.50 0.56 0.70 

6 
Artifical 
watercourse 

tnows-
kie Lake to the river 
mouth 

0.00 0.20 0.85 0.55 0.40 
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FIGURE 2 

Classification status and ecological potential investigated watercourses including the limits for each  
category of surface watercourses 

 
TABLE 3 

Summary of the hydromorphological valorization watercourses by different methods 

No Uniform Part of Water Bodies (UPWB) 
The results of valorization using the method 
MHR  RHS 

1 Junikowski Stream I - - 
2 Wirynka I - - 
3  III III IV 
4  III 

III 
III 

5 
river mouth 

II III 

6 
river mouth 

III III - 

 

constituting a part of the Warta- i-
fied to the second waterway class [32]. It has not 
been used for transporting goods for ages, only for 
pumping water from the Warta River to the 

e Lake for the needs of and 
Konin power stations. Its continuity was assessed 

km 
km 7.58) without fish ladders. 

The riverbed morphology had a high score (0.85) 
which results from a significant cross-section, low 
scope of technical reinforcements, large number of 
vegetation and a very well-shaped riparian zone. A 
narrow floodplain valley in which this channel has 
been dug is characterized by a low surface diversi-
ty, significant level of meadows, lack of facilities, 
embankments and nature protection areas. In such 
conditions, the EPR for the Floodplain valley
amounted to 0.55 and its final score for the UPWB 

river mouth to the Warta River reached 0.40. It 
results mainly from the lack of watercourse conti-

indicates a moderate (class III) ecological potential 
(Fig. 2). 

For the purposes of comparison, the data ob-
tained with the MHR method were compared (Tab. 

-9] 
and River Habitat Survey (RHS) [17] methods. 

 
 

DISCUSSION 
 
Due to the WFD implementation require-

ments, in the nearest future, the subject of hydro-
morphological valorization of watercourses will 
become one of the most important problems to be 
solved in the EU countries. Each of the member 
states may develop and implement its own method-
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ology in this matter, adjusted, among others, to the 
geographical conditions. However, due to utilitarian 
reasons, it should include not only the guidelines of 
this document, but also the other subsequent and 
recommended formal regulations. The complexity 
of the problem and implementation possibilities 
affect the search for alternative methodological 
solutions. For the same reason, survey methods 
based on photointerpretation of aerial photos be-
come more and more important. Some of the first 
researchers indicating this methodological solution 
were Germans [33-35]. Works aiming to conduct a 
hydromorphological assessment of watercourses 
with the use of methods based on photointerpreta-
tion were also started in Poland [4-7, 22]. They 
brought, among others, a comparison of results of 
the survey conducted with the use of field and pho-
tointerpretation methods for the same watercourses 
and an overview of their advantages and disad-
vantages. The comparative survey of photointerpre-
tation methods (LAWA Overview Survey) with 
field methods were also conducted in the Czech 
Republic and Germany [36-37]. A very broad over-
view of worldwide used methods was presented by 
Belletti et al. [38]. 

On the basis of the overview of hydromorpho-
logical methods existing in Europe (mainly German 
methods), Schwarz [39] developed a method ad-
justed to large rivers according to the CEN norm 
and WFD requirements. The surveys on Drava s 
and Mur s hydromorphology in Austria and Croatia 
were conducted with the use of this method in 2005 
from a boat and from the land on about 350 km of 
these rivers. The field surveys were based on expe-
riences acquired from about 2000 km of water-
courses from both of these countries. The hydro-
morphology may also be an element used for water-
course management. An analysis of the very broad 
literature in the field of the influence of technical 
maintenance measures on the ecological status of 
agricultural lowland rivers is contained in a paper 

incredibly broad overview of 203 articles on this 
subject from 33 European countries. It also has an 
impact on the durability and consequences of river 
reconstruction [41]. 

Sometimes political factors also have an influ-
ence on the riverbed morphology and the presence 
of ecologically valuable river islands affecting the 
continuity of the ecological corridor. Such an ex-
ample is the Evros/Meriç River, a border river for 
Greece and Turkey. It is one of the most militarized 
rivers in Europe, where the access to the river corri-
dor is strictly defined. This green watercourse line 
of 218 km in length has never been completely 
studied in terms of biodiversity in the riparian 
zones. Its value was assessed recently thanks to 
satellite photos. Over 219 river islands constitute 
important natural refuges for biodiversity on the 
watercourse that enhance the ecological integrity of 

the corridor and a rich biodiversity [42]. 
-9], in-

dex method [43] and the River Habitat Survey 
(RHS) [17] should be qualified to a group of meth-
ods basing only on field surveys of biological pa-
rameters assessment. The first two methods cover 
the entire length of the watercourse, whereas in the 
RHS method, it is necessary to spin off representa-
tive sections of the river of 500 meters in length 
composed of 10 partial sections of 50 meters in 

-7], 
according to Belletti et al. [38], called the Eco-
morphEval and the index method, are Polish 
methodologies. The first of them served to assess 
over 2200 km of watercourses located in Wielko-

Silesia [9]. Among them, we can find Meszna, 
Wrz -9]. It is based on 
assessment of 7 or 8 parameters [8]. A much less 
popular index method assesses: the aquatic zone (of 
the valley), the ecological and landscape attractive-
ness of the near-valley zone as well as the flood-
plain and the above-floodplain zones. The above-
mentioned parameters were assessed through as-
sessment systems of relevant criteria and their 
weights assigned to them. Among others, the Jezi-
orka and Wkra Rivers [43-45] were assessed with 
the use of them. 

Among the sites analyzed with the use of the 
British RHS method transposed to Polish condi-
tions, we can find, among others, the Meszna and 

presented in Table 3. In the final assessment, the 
Meszna River from the river mouth of the inflow 

to the Warta River (two sections subjected to the 
survey) were qualified to the 3rd category (the 
mean HQA value of 38 and 16 of the HMS), just 
like the upper, much longer part of this watercourse 
(two sections subjected to the survey) that also 
belongs to class III (the mean HQA value of 36.3 
and 16.6 of the HMS). Eleven sections were sub-

River. In the final result, this river was qualified to 
class IV (the mean HQA value of 29.1, HMS - 

mouth section in Samarzewo village did not have 
characteristics indicating a conducted riverbed or 
banks regulation in any of its survey profiles of 50 
meters in length. It results from regulation, exten-
sion and profiling of almost the entire length of the 
watercourse during World War II. Only the river 
mouth section of the river meanders naturally. Also, 
a relatively intensive use of the watercourse valley 
and the presence of technical devices and bank 
reinforcements are not without significance. In the 
case of the Meszna River, its upper part had a worse 
result in the RHS assessment due to an intensive, 
artificial profiling of the banks and lower abun-
dance of aquatic flora and buffer strips. It should be 



© by PSP  Volume 27  No. 12B/2018 pages 9979-9988        Fresenius Environmental Bulletin 

9985 

 

remembered that both watercourses have been sig-
nificantly modified by construction of artificial 
water reservoirs in their medium parties, which, in 
the case of the Meszna River, contributed to a sig-
nificant change in the riverbed. 

Among the analyzed watercourses, Meszna, 

with the use of the 
[8-9]. Valorization h-
odology (called the EcomorphEval according to 
Belletti et al. [38]) was conducted on the above-

watercourses obtained the same final score (3rd 
naturalness category); however, their mean values 

reached the mean of 3.0 points, the UPSW Meszna 

river mouth - 2.9, the upper part of this watercourse 
(UPWB - 2.96, whereas 

- 2.77 points. Therefore, it can be stated 
that the watercourses had quite similar values of the 

above the threshold for the 4the category of natu-
ralness that amounts to 2.74. The fact, that 

low score in the score evaluation method may seem 
to be controversial. However, it should be noted 
that this is an UPWB covering the entire length of 
the watercourse. A shorter UPWB section of the 
heavily-modified Meszna River from the inflow 

 river mouth 
obtained a better result in the final assessment with 
the use of this method also, because on a shorter 
length, the probability of the occurrence of a higher 
number of technical devices affecting the hydro-
morphological assessment is lower. Similar remarks 
were made by Górecki and Lewandowski [46] who 
compared assessments of 709 km of a waterway 
called the Great Loop of Wielkopolska  (GLW). 
The GLW is composed of the two largest rivers of 
Wielkopolska 

mparing the 
assessment results obtained with the use of the 

and MHR, they compared 17 UPWBs (12 natural 
and 5 artificial ones) composing the above-
mentioned waterway. 

Undoubtedly, in the final assessment of the 
analyzed watercourses, determination of threshold 
values for the EQR/EPR in specific valorization 
methods is of key importance. The issue of appro-
priate determination of thresholds between the 
classes of status or ecological potential was also 
addressed by Kamp et al. [35] while describing the 
river hydromorphological monitoring in Germany. 
The tabular overview of limit values for specific 
classes for the chosen eight valorization methods 
and EN 15843 standards [16] were published in a 
paper written by Ilnicki et al. [13]. It should be 

stressed that different watercourse valorization 
methods assume a different scale, although the 
score within the brackets from 1 to 5 points for five 
classes specified in the WFD prevails. At the same 
time
[44] and the -9] 
had different approaches to the equivalence of the 
assessed parameters. In the first case, a complicated 
weight system was applied, whereas in the second 
case, th
(EcomorphEval) method, the valorization conduct-
ed with the MHR method does not take into account 
the weights of specific elements, features and at-
tributes of the analyzed watercourse. At the same 
time, in the case of heavily-modified watercourses, 
as was the case for both Meszna  UPWBs, the 
EPR assessment is similar or better than the as-
sessment of natural watercourses. It justifies the 
advisability of analogous treatment of both water-
course categories (common map-based protocol), 
but it also reveals the need to determine limit values 
for classes of status and of ecological potential in a 
different way. 

 
 

CONCLUSION 
 
In the case of the presented survey results for 

five watercourses constituting six UPWBs (differ-
entiated in terms of their anthropogenic modifica-
tion), despite the fact of taking into consideration a 
different number of assessed parameters in the 
applied methodologies and conducting works at 
different time (1995-2009), the obtained results are 
very similar. In the final assessment of the water-
courses, the determination of threshold values for 
the establishment of classes of ecological sta-
tus/potential in specific valorization methods fulfils 
the crucial role. However, taking into consideration 
formal conditions, the MHR is currently the only 
method in Poland that meets the requirements of the 
WFD and other formal regulations. For the purpos-
es of practice, the equal treatment (common map-
based protocol) of natural and heavily-modified 
watercourses as well as differentiation of classes
thresholds applied in its assumptions turned out to 
be justified. This method is a consensus between a 
scientific accuracy and financial and organizational 
possibilities of implementation of hydromorpholog-
ical monitoring in Poland. 
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ABSTRACT 
 
The evaluation on region sustainable devel-

opment of water resources involves many regional 
factors such as the society, economy, resource and 
environment. This paper puts forward the sustaina-
ble development evaluation of regional water re-
sources based on Fuzzy-Analytic Hierarchy Pro-
cess, which uses triangular fuzzy number to express 
the experts' judgment information and strengthens 
the scientific nature of experts decision-making. 
The experiment result shows that FAHP method 
can analyses and evaluate the sustainable utilization 
of regional water resources more accurately, which 
can provide effective decision-making for the local 
government of China. 
 
 
KEYWORDS: 
Regional Water Resources, Sustainability Evaluation, 
Fuzzy Logic, Analytical Hierarchy Process 

 
 

INTRODUCTION  
 
With the development of China economy, the 

contradiction problem between supply and demand 
of water resources become more prominent, which 
restrict the Chinese society development. Accord-
ing to the sustainable development principles, the 
limited water resources should be rationally allocat-
ed in time and space through technology and man-
agement in order to meet the water demand of ma-
jor water user without affecting the ecological envi-
ronment. Furthermore, the society, economy, re-
sources and environment of the region will be de-
veloped stability and sustainable [1]. The evalua-
tion on sustainable utilization of regional water 
resources is the core issue of the regional sustaina-
ble development strategy. The development level of 
regional water resources sustainable utilization be 
determined by comprehensive analysis of water 
resources management. Therefore, many scholars 
devoted to research the evaluation on the water 
resources optimal allocation.  

The coordinate of human and nature develop-
ment is the key part and base for regional water 

resources sustainable development, that is to say, 
the development of society, economy, resources 
and environment should be coordinated. Therefore, 
the evaluation index of sustainable utilization of 
water resources should embody this leading idea 
[2]. Loucks [3] comprehensively evaluated the 
sustainability of water resources according to the 
reliability, resilience, vulnerability and fairness. 
Sandoval-Solis [4] improved the content structure 
of sustainability index by added two performance 
indicators of mean square deviation and the maxi-
mum water rate, and proposed the sustainable indi-
cators for different water resource systems, which 
can analyze the sustainability of water resource 
under different management schemes. Gasco [5] 
used the input-output model to evaluate the sustain-
able development of water resources. Chinese 
scholars Jin Juliang and Wei Yiming [6] used ge-
netic algorithms to evaluate the sustainable devel-
opment of water resources from the aspect of socie-
ty, economy, resources and environment. He Guo-
hua, Wang Ni [7] established the fuzzy comprehen-
sive evaluation model of water resources allocation 
with entropy weight, which can make a comprehen-
sive analysis on the allocation of region water re-
sources, in order to provide reference for the ration-
al development and utilization on the region water 
resources. Song Yifan, Guo Zhongxiao [8] con-
structed the harmony evaluation system of water 
resources in ErLianHaoTe city from three aspects, 
such as the total intake water amount, water use 
efficiency and the protection of ecological envi-
ronment. This evaluation system reflected the har-
mony degree between water resources and social 
economy in ErLianHaoTe City, which have refer-
ence significance for the construction of water-
saving society of drought areas in northern China. 
Liao Huchang [9] applied the Malmquist index 
method to the dynamic analyze the water resources 
utilization efficiency from the data of the 12 west-
ern provinces, which expanding the production 
scale to optimize the industrial structure is the only 
way to improve the efficiency of water resources. 

Water resources evaluation involves multiple 
stakeholder subjects, and it has many fuzzy factors, 
such as multiple index, multiple attribute, multiple 
level and multiple stage. The Fuzzy Sets Theory is 
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proposed by L.A. Zadeh in his paper in 1965 by 
introducing the "membership function" and using 
the accurate mathematical methods to describe the 
fuzzy concept [10], Since Van Laarhoven applied 
fuzzy logic theory to Analytic Hierarchy Process 
(AHP) method, a group of scholars devoted them-
selves to the study of fuzzy AHP [11]. Fuzzy-AHP 
not only be used in the evaluation problem with 
comprehensive subjective factors, but also in the 
evaluation problem with comprehensive objective 
factors. The Fuzzy-Analytic Hierarchy Process 
have better evaluation result for the more structure 
level and complex the objective problem [12]. 

This paper constructs the water resources 
evaluation index system including natural reserves, 
economic development, social conditions and eco-
logical environment of water resources. Consider-
ing the fuzzy and uncertainty of the evaluation 
index, this paper put forward the Fuzzy-AHP meth-
od to evaluate the sustainable development of water 
resources in Zhejiang Province. Fuzzy Logic theory 
quantified the fuzzy information of expert decision 
preference, avoided information loss in decision-
making process as well as improved the quality and 
reliability of decision making, which can provide 
reasonable references and suggestions for sustaina-
ble development of water resources in Zhejiang 
province. 

 
 

DESCRIPTION OF SUSTAINABLE  
DEVELOPMENT EVALUATION ON  
REGIONAL WATER RESOURCES.  

 
The water resources system is the core and 

main subject of region sustainable development, 
which be composed of water resources, society, 
economy and ecological environment. This paper 
construct the sustainable development evaluation 
index system of the regional water resources ar-
ranged from the target layer, the criterion layer, the 
subsystem and the index layer respectively. 

(1)Target layer: The sustainable development 
coefficient is S. As the comprehensive indicator , 

the target level measure the comprehensive level 
and ability of the water resources system to support 
the sustainable development of the whole society, 
which is composed of the development coefficient, 
coordination coefficient and fairness coefficient at 
the standard level. 

(2)Criterion layer: It is composed of three cri-
terion: the development coefficient (A), the coordi-
nation coefficient (B) and the fairness coefficient 
(C). The development coefficient reflects the com-
prehensive development degree of the whole re-
gion, The coordination coefficient reflects the coor-
dination degree of the society, economic and eco-
logical environment subsystem in region with water 
resource subsystem, The fairness coefficient re-
flects the development fairness degree of sub-
regions resources usage. 

(3)Index layer: The coefficient index layer is 
composed of society, economy, ecological envi-
ronment and water resources development indica-
tor. The society indicators reflect the growth rate of 
population and the degree of urbanization in the 
social development. The economy indicators reflect 
the GDP per capita and the proportion of third in-
dustry. The ecological environment development 
indicators reflect the percentage of forest coverage, 
the amount of Chemical Oxygen Demand(COD) 
into the river and the sewage treatment rate. The 
water resources development indicators reflect the 
amount of water supply, the quota of agricultural 
water usage and the quota of industrial water usage. 

This paper establish the regional water re-
source sustainable development evaluation index 
system from the water resources situation, econom-
ic development, social conditions and ecological 
environment of Zhejiang province. According to 
the scientific and objectivity and systematic and 
operability principles, this paper establish 12 sec-
ond-level indicators including the surface water 
resources supply, per capita grain yield, per capita 
water volume and sewage treatment rate [13]. The 
specific index system is shown in Figure l and Ta-
ble 1. 

 
TABLE l 

The hierarchical evaluation structure of regional water resource sustainable development 
 Dimension Criteria Index meaning 

W
ater  resources  sustainable  de-

velopm
ent 

Water 
Resource 

Surface water supply/108m3 

Groundwater supply/108m3 

Annual precipitation/mm 

Surface water supply 
Ground water supply 

Reflects the local precipitation/year 
 
 

Economy 

Industrial water consumption/108m3 

/total industrial output value 
Per capita grain output/ton 

Third industry water consumption/108m3 

Total industrial water consumption 
 

Total grain output/total population 
The third industry water consumption 

 
Society 

Per capita water resources/104m3 

GDP growth rate/% 
 

Per capita GDP/Million 

Total water resources/total population 
(Current year GNP Last year GNP)/ Last year 

GNP*100% 
Total GDP/Total population 

Ecology 
Waste water treatment rate/% 
Vegetation plant coverage/% 

 
Per capita green area/m2 

Sewage treatment/Sewage output *100% 
Built-up area vegetation plant area/ 

Total built-up area*100% 
Total area of green space/total population 



© by PSP  Volume 27  No. 12B/2018 pages 9989-9987        Fresenius Environmental Bulletin 

9991

 

FIGURE l 
The regional water resource sustainable development evaluation system 

METHOD METHODOLOGY 
 
The analytical hierarchy process method is a 

multi-objective decision method combined qualita-
tive analysis and quantitative analysis, which the 
calculate and rank the relative importance of each 
program so that the complicated problems can be 
organized hierarchically. While the fuzzy set theory 
can solve the human decision-making problem by 
taken the fuzziness factors into account. The Fuzzy 
AHP method is used to synthesize the experience 
views of different experts, so as to form a final 
weight of the index system. The decision-makers 
always apply the fuzzy AHP evaluation model to 
evaluate the important issues in order to reduce 
subjective judgment factors. Based on the tradition-
al analytic hierarchy process (AHP),This paper 
introduces the triangular fuzzy number theory to 
form the fuzzy analytic hierarchy process 
(FAHP)[14]. The mathematical expression of the 
fuzzy number is shown in formula (1),the corre-

sponding graphical meaning is shown in Figure 2 
[15]. 

ux

uxmmuxu

mxllmlx

lx

M

,0

),/()(

),/()(

,0

~   (1) 

 
FIGURE 2 

Triangular fuzzy number ),,(
~

umlM  
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TABLE 2 
Triangular fuzzy number of evaluation variables 

evaluation variables Triangular fuzzy numbers Reciprocal triangular fuzzy numbers 
Absolutely more important 
Strongly more important 
Obviously more important 
Slightly more important 
Equally important 

(8 9 9) 
(6 7 8) 
(4 5 6) 
(2 3 4) 
(1 1 2) 

(1/9 1/9 1/8) 
(1/8 1/7 1/6) 
(1/6 1/5 1/4) 
(1/4 1/3 1/2) 

(1/2 1 1) 

 
The index weight of triangular fuzzy number 

can be obtained by the optimistic index method, the 
weight vector of the degree of fuzzy number is 
obtained by formula (2) 

))(1(
2

1
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2

1
)

~
( mlumMI iiiii

 

),...,3,2,1]()1([
2

1
nilmu iii

  (2) 

In the formula (2) I is the number of evalua-
tion indicator, is an optimistic index, the range 
of variations is within the[0,1]. If decision makers 
express pessimism, then value of is close to 0, 
else decision makers express optimistic and value 
of is close to 1. In this paper, the value of set 
at 0.5. The normalized weight vector 

T
iwwwW ),....,,( 21  is obtained by formula 

(3). 
m

k
iii MIMIw

1

)
~

(/)
~

(      

The expert assessment answers can be divided 
into absolutely, strongly, obviously, slightly and 
equally important levels, as shown in Table 2.The 
evaluation of experts are transformed into triangular 
fuzzy number matrices according to the fuzzy num-
ber transformation rules shown in Table 2, and then 
the triangular fuzzy number matrices is verified by 
consistency check. RI is average random consisten-
cy index, which value is 0,0, 0.58,0.90,1.12,1.24, 

s detected con-
sistency values. CR represents the ratio of CI to RI. 
Evaluation results can be accepted, when the 
CR<0.1. 

 
Select the evaluation index and construct 

the hierarchical structure model. Research the 
evaluation problem and construct the hierarchical 
structure model, divided the interrelated indexes 
into three levels: target layer A, criterion layer B 
and measure layer C according to the different 
attributes, which the indexes in the same level are 
subordinate to the upper level and upper level in-
dexes dominate the hierarchy and are affected by 
them. The target layer of the AHP is the final goal 
of the problem, the standard layer is the criterion 
affecting the realization of the goal, the indicator 
layer is a measure to achieve the goal.  

 
According to the each index relationship of 

the hierarchical structure model, the first-level 

index (criterion layer) constitutes the comprehen-
sive evaluation factors set, which can construct the 
fuzzy comprehensive evaluation factor set and sub-
factor set. 

The A is the first-level indicators, 
A={B1,B2,B3 i}.Bi is sub-factor set of second 
level, Bi ={C1, C2, C3 ik

the index number of the second level.  
 
Determine the factor weight sets of each 

level in the analytic hierarchy process. 
 

nwwwW ,,, 21  

),...,3,2,1(,,, 21 niwwww ikiii        (4) 

 
Construct the evaluation set V, which is the 

levels set of the evaluation object by the evaluator , 
V={V1,V2,V3 m} and m is the number of eval-
uation grades, usually 4 to 9. 

 
Obtaining the fuzzy comprehensive first 

level evaluation from the evaluation Matrix of 
relevant experts. obtain the comprehensive evalua-
tion indicators vector Bi according to the formula  
Bi Wi·Ri  ( )     (5) 

 
 
Obtaining fuzzy comprehensive Second-

level evaluation. After get the comprehensive 
evaluation vector Bi, The total objective evaluation 
Matrix Bi=(B1, B2, B3 n)T can be formed. the 
total target evaluation vector S can be obtained 
according to the following formula: 

S W·B   (6) 
According to the principle of maximum de-

gree membership function, the total objective eval-
uation vector S determines the evaluation level 
corresponding to the target layer. 
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SUSTAINABLE DEVELOPMENT  
EVALUATION OF ZHEJIANG PROVINCE 
WATER RESOURCES BY THE FAHP  

 
The Zhejiang Province is one of the economy 

developed areas where locate in the center of the 
Yangtze River Delta in the Eastern China, which 
the map of Zhejiang Province is shown on Figure 3. 
The rivers are crisscrossed in the province and can 
be divided into six hydrological regions as follows: 
Hang-Jia-Hu district of Northern Zhejiang, Xiao-
Shao-Ning district of Eastern Zhejiang, Qiantang 
river district, Taizhou district, Wenzhou district and 
Oujiang River middle and upper reaches area. In 
addition to surface freshwater resources such as 
rivers and lakes, Zhejiang Province also has about 
22.11/108m3 of groundwater resources, which the 
recoverable capacity is about 4.84/108m3, account-
ing for 21.89%. In 2017, the water supply index 
reached the design guarantee rate of urban and rural 
domestic water and important industrial water use, 
and reached 95%. The guarantee rate of the indus-
trial water usage is 90%, the water consumption of 
agriculture irrigation is 75-90%, the water con-
sumption of the environment is 80% [16].The spa-
tial distribution of water resources in Zhejiang 
Province is uneven. The middle and lower reaches 
of the Qiantang river are densely populated and 
economically developed. The cultivated land ac-
counts for nearly half of the province s total area, 
while the amount of water resources accounts for 
only 1/5 of the province's total. The cultivated land 
of the Oujiang River middle and lower reaches is 
only one fourth of the province, and the amount of 
water resources accounts for nearly half of the 
province, the details show Table 3. 

The regional water resources evaluation sys-
tem has two levels index indicators such as water 
resources, economy, society and ecology respec-
tively. The specific steps of the fuzzy AHP are as 
follows: 

 
The Factor Domain U and Comment Level 

V of Evaluation Target, The fuzzy 

set nuuuU ,...,, 21 is the evaluation index set 

for the n target object, mvvvV ,...,, 21  is the 

evaluation grades set of m factors. If the evaluation 
level is 5 grades, It can be expressed as 

521 ,...,, vvvV , and each level can be corre-

spond to the fuzzy subset. 
This paper select the sustainability develop-

ment of water resources in the Zhejiang as the deci-
sion-making problem. The u1 represents Hang-Jia-
Hu district of Northern Zhejiang, u2 represent Xiao-
Shao-Ning district of Eastern Zhejiang, u3 represent 
Qiantang river district, u4 represent Taizhou district, 
u5 represent Wenzhou district, u6 represent Oujiang 
River middle and upper reaches area. Five experts 
participate in the decision-making of regional water 
resources, indicators system as shown in Table 4.  

 

 
FIGURE 3 

Zhejiang Province Map 
 
Determining Evaluation Criteria And 

Evaluation Matrix. According to the <<2015 
Zhejiang Statistical Yearbook>>, <<China water 
resources bulletin>> and other related materials, 
This paper classify the sustainability development 
of water resources into five grades (low, regular, 
median, good and excellent) by fuzzy-AHP. The 
classification of each rating index is shown in Table 
4.  
 

 
TABLE 3 

Water Resource in Zhejiang Province from 2010 to 2015 
year per-capital 

production 
water 

per-capital 
ecological 

water 

per-capital 
living 
water 

per-capital 
water 

resources 

total 
resource 
/108m3 

water total 
population 
/104people 

ecological 
water 

/108 m3 

domestic 
water 

/108 m3 

production 
water 

/108 m3 
2010 1.618 0.066 0.200 1.885 855.23 5.120 20.54 62.04 501.22 
2011 1.902 0.024 0.207 2.133 931.35 5.180 7.55 64.94 595.94 
2012 3.191 0.080 0.204 3.475 1397.61 5.442 26.33 67.29 1050.59 
2013 1.328 0.014 0.208 1.550 744.21 5.463 4.56 68.80 438.88 
2014 3.476 0.014 0.220 3.710 1444.79 5.477 4.51 73.08 1151.80 
2015 1.887 0.016 0.224 2.126 930.90 5.498 5.17 74.43 627.57 
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TABLE 4 
Evaluation of water resources development indicators of the grading standards 
 Low-V1 Regular-V2 Median-V3 Good-V4 Excellent-V5 

Surface water supply/104m3 >1000 >800 100 >600 800  >400 600 400 
Groundwater supply/104m3 >9000 >700 900 >500 700 >300 500 300 
Annual precipitation/mm <250 >250 500 >500 700 >700 800 >800 

Water consumption of 
industrial output /104m3 

>4 >3 4 >2 3 >1 2 1 

Per capita grain output/t <0.2 >0.2 0.4 >0.4 0.6 >0.6 0.75 >0.75 

Water consumption of 
the third industry/104m3 <2×104 >2×104  

3×104 

>3×104  

4×104 

>4×104

5×104 
>5×104 

Per capita water Re-
sources/m3 

<50 > 50 75 >75 100 >100 125 >125 

GDP growth Rate/% <7 >7 8 >8 9 >9 10 >10 

Per capita GDP/Million Yuan <2 >2 3 >3 5 >5 7 >7 

Wastewater Treatment 
Rate/% 

<50 >50 65 >65 80 >80 95 >95 

Vegetation-Plant Cover-
age/% 

<10 >10 30 >30 40 >40 50 >50 

Per capita Green Area/m3 <7 >7 10 >10 13 >13 16 >16 

 
Calculation fuzzy evaluation matrix by the 

membership function. The water resources sus-
tainability evaluation matrix of ek decision maker 
can be expressed Rk=(R1,R2 k)T

the fuzzy evaluation matrix A , attribute evaluation 
value Rk and expert weight Wk can be obtained by 
optimistic index method of fuzzy-AHP, expressed 
as: 

)(,,, 21 UFwwwW n  (7) 

 
Calculation fuzzy evaluation matrix by the 

membership function. The water resources sus-
tainability evaluation matrix of ek decision maker 
can be 

expressed Rk=(R1,R2 k)T

fuzzy evaluation matrix A , attribute evaluation 
value Rk and expert weight Wk can be obtained by 
optimistic index method of fuzzy-AHP, expressed 
as: 

)(,,, 21 UFwwwW n  (7) 

 
Make the fuzzy evaluation on the Xiao-

Shao-Ning district of eastern Zhejiang as an 
example, Show as table 5. 

 
 
 
 
 
 
 

 
 
 
 
 
 

   
TABLE 5 

2013-2015 The degree of membership of the indicators corresponding to each grade in Zhejiang Province 
year Criteria u1 u2 u3 u4 u5 u6 

2013 

ri1 

ri2 

ri3 

ri4 

ri5 

0 
0.515 
0.170 

0 
0.325 

0.340 
0.160 

0 
0.205 
0.195 

0 
0.335 
0.140 

0 
0.525 

0.521 
0.179 

0 
0.211 
0.089 

0.021 
0 

0.379 
0.511 
0.089 

0.097 
0.303 

0 
0.305 
0.295 

2014 

ri1 

ri2 

ri3 

ri4 

r i5 

0.075 
0.525 

0 
0.215 
0.185 

0.155 
0.145 

0 
0.320 
0.380 

0 
0.391 
0.209 
0.067 
0.333 

0.392 
0.108 

0 
0.233 
0.167 

0.123 
0 

0.208 
0.367 
0.192 

0.127 
0.373 

0 
0.380 
0.120 

2015 

ri1 

ri2 

ri3 

ri4 

ri5 

0.055 
0.145 

0 
0.040 
0.760 

0.105 
0.395 

0 
0.355 
0.145 

0 
0.133 
0.567 

0 
0.3 

0.150 
0.250 

0 
0.375 
0.225 

0 
0.150 
0.350 
0.375 
0.125 

0.125 
0 

0.175 
0.345 
0.355 

  

)b,,b,(b

r         r      r

                          

r          r      r

r          r      r

)w,,w,(wRB n21

nmn2n1

2m2221

1m1211

m21W
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Fuzzy operator. According to the evaluation 
results of single evaluation factor, the evaluation 
grade of each criterions is calculated and obtain the 
fuzzy matrix R .  

 
 
 
 
 
 
 
 

 
Due to the large number factors in this prob-

lem, it is reasonable to choose a weighted average 
fuzzy operator in order to the fuzzy synthesis re-
sults and weight index. The evaluation matrix R 
and weight set W are determined, matrix multipli-
cation can be calculated according to the average 
weighted fuzzy operator of ),(M .Therefore, 

the evaluation set B is as follows: 
 

 

 
Calculate fuzzy evaluation value. After the 

membership and weight of the evaluation index is 
determined, it is necessary to determine the fuzzy 
operator according to the characteristics of the 
index system. The fuzzy evaluation model of 
Zhejiang province is made up of three elements 
(U,V,R) and the evaluation result B can be ex-
pressed as:  

B=W*R   (8) 
Based on result R of the secondary index by 

Fuzzy evaluation and weight W of the first order 
Index determined by triangular fuzzy number, The 
fuzzy evaluation of sustainable water resources 
development of the Xiao-Shao-Ning district in 
eastern Zhejiang Province is as follows. 

 
B =W×R = ( 0.213  0.258  0.285   0.244) 

 
= (0.223   0.116    0.228    0.223    0.211) 
 
According to the evaluation results, the social 

subsystem and the ecological environment of Xiao-
Shao-Ning district is very discordant with economic 
development. Therefore, the evaluation grade of the 
water resources sustainable development in the 
Xiao-Shao-Ning district is regular. Similarly, the 
sustainable development level of water resources in 

other regions of Zhejiang province can be obtained 
as table 6. 

 
 

RESULTS ANALYSIS  
AND COUNTERMEASURES 

According to the above analysis results, the 
water resources utilization of Zhejiang province 
was not stable due to the differences in water re-
sources, utilization and awareness of water conser-
vation . 

The sustainable development indicators of wa-
ter resources in Hang-Jia-Hu district and the Xiao-
Shao-Ning district of eastern Zhejiang province are 
relatively lower, which the sustainable development 
state of water resources is at the critical condition. 
The sustainable development of water resources in 
the QianTang, Taizhou and Wenzhou areas have 
reached the harmony standard. The Oujiang middle 
and upper reaches area reach very harmonious 
standard because the vegetation coverage rate and 
the per capita green area are relatively high. 

With the guidance of "A total of five water 
treatment " and "Eight-Eight Strategy" by the 
Zhejiang province government, the utilization of 
water resources in Zhejiang has been achieved 
success in recent years. The policy significances of 
this research are as following: 

First, according to the development goals of 
the "13th Five-Year Plan", Zhejiang Province 
should strengthen greater investment in water - 
saving and water- utility technologies, develop and 
utilize highly efficient and suitable technologies to 
improve the water-usage performance level of in-
dustrial enterprises, which will provide support for 
maintaining stable and sustainable development of 
the economy.  

Second, Zhejiang Province is a province with 
more people with less land. The growth of popula-
tion has led to an increase in the use of water re-
sources, so that the per capita water resources of 
Zhejiang province is less than 1,800 m3. Zhejiang 
province have 5 billion cubic meters renewable 
water resources every year, so it is necessary to 
make full use of the renewable water resources. 

Third, Zhejiang Province should also strength-
en the management of domestic sewage discharge 
and emission reduction while reducing the intensity 
of water consumption. It is necessary for the man-
agement department to improve the water resources 
market management mechanism. Through adminis-
trative penalties to ensure that illegal costs are 
greater than the law-abiding cost, and strengthen 
the consciousness of government responsibility at 
same time. Complete market allocation will not 
only ignore ecological security, but also hinder the 
sustainable development of economy. 

 

nmn2n1

2m2221

1m1211

r         r      r

                          

r          r      r

r          r      r

R
~



© by PSP  Volume 27  No. 12B/2018 pages 9989-9987        Fresenius Environmental Bulletin 

9996

 

TABLE 6 
The sustainable development evaluation of water resources in Zhejiang Province 
Region Low Regular Median Good Excellent Grades 

Hang-Jia-Hu district 0.223 0.116 0.228 0.223 0.211 regular 
Xiao-Shao-Ning district 0.143 0.106 0.287 0.345 0.120 regular 
Qiantang river district 0.153 0.104 0.258 0.359 0.125 good 

Taizhou district 0.143 0.040 0.463 0.299 0.056 median 
Wenzhou district 0.208 0.099 0.268 0.290 0.129 median 

Oujiang river district 0.143 0.071 0.239 0.209 0.338 excellent 

 
CONCLUSIONS 

 
The sustainable development evaluation of 

water resources involves factors such as the region-
al society economy development, the ecological 
environment protection and the resources sustaina-
ble development. This paper puts forward the Fuzzy 
AHP method to evaluate the sustainable develop-
ment of regional water resources of Zhejiang Prov-
ince according to the expert decision from the as-
pects of the society, economy, resources and envi-
ronment. Experiments show that FAHP method can 
make the accurate evaluation on water resources 
sustainable utilization, which can provide effective 
water resources sustainable development decision 
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ABSTRACT 
  
Explosions and molotov bomb throwing ac-

tions have prominent economic, psychological and 
social effects on the collective memory since they 
inflict nonrecoverable wounds. One of the promi-
nent purposes of the crime scene investigation is to 
investigate the fingerprints in order to identify the 
identity of the offender. The purpose of this study is 
to determine the impact of heat on the quality of 
fingerprints on the findings obtained in crime scene 
and to create the standards to use as a routine inves-
tigation method in criminal laboratories of the law 
enforcers. Few studies have been published and 
little is known about this subject. The paper aims 
to discuss these issue. 

In this study, 720 fingerprint samples, which 
were created according to the conditions that would 
exist in the crime scenes after an explosion or 
handmade incendiary weapons incidents, had been 

method were used on paper samples in order to 
create fingerprints. All the samples were exposed to 
temperatures varying between 50oC-300oC.  

When different temperatures were taken into 
consideration, fingerprints suitable for comparison 
were obtained under all surface and environmental 
conditions up to 300oC.  

We are of the opinion that this study which is 
conducted for the first time in our country would 
significantly contribute to the identification of 
attackers and shed light on the incidents, especially 
in terrorist events.  
 
 
KEYWORDS:  
Fingerprint, Explosion incidents, Molotov bomb inci-
dents, Fingerprint development methods 
 
 
INTRODUCTION 

 
By virtue of the rapid developments within the 

scope of the fight against crime and criminals, it is 

now possible to perform an extensive and sophisti-
cated examination of findings collected at crime 
scene. Particularly, it is possible to determine the 
type of the explosive by examining the findings 
obtained after terrorist actions such as explosion or 
fire-starting incidents with improvised bombs [1]. 
In our world, the period of conquering or invading 
countries by force is now over. Besides espionage 
or psychological warfare, the use of various groups 
in the country has come to the fore. Organizations 
based on a specific ideological structure have estab-
lished the ground for an effective response in their 
actions by using Molotov cocktails, which are pre-
pared in a short time in order to carry out their 
actions within the cities, are easily procured and are 
not considered as weapons until the last amend-
ment. The impact of these actions on the environ-
ment can be understood by determining the magni-
tude of the demonstration and the duration of the 
impact, the situation of ecosystem in certain geo-
graphic regions, the use of explosion or the use of 
hand-made incendiaries. 

The firebomb known 
prepared by bottling a fair amount of sulphuric 
acid, a mixture of gasoline and paraffin, and burned 
with a wick. If some kind of adhesive agent or 
detergent is added to its content, it threatens the life 
and property safety and disturbs the public order. 
As it is prepared in a short time by using easily 
supplied materials and has a high destructive pow-
er, molotov cocktails have been increasingly used 
in recent terrorist actions. Moreover, the offenders 
who use molotov cocktails are generally masked, 
thus, identifying the offenders becomes difficult. 
Hence, the utmost prominent alternative identifica-
tion method is the fingerprint evidence [2]. Howev-
er, the conditions to obtain fingerprints should be 
evaluated as findings in the crime scene are ex-
posed to heat in the terrorist actions [3]. It is no-
ticed in literature search that most of the studies 
conducted about the fingerprints aim to develop 
methods to understand the impacts of fuel types 
used as liquids in molotov cocktails on fingerprint 
development, to determine distances and methods 
of developing fingerprints [4]. In this context, the 
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purpose of this study is to investigate the contami-
nation of the fingerprints found on the findings at 
the crime scene with molotov cocktail and the tem-
perature ranges that would make it possible to ob-
tain fingerprints for identification [5].  

 
 

MATERIAL AND METHODS  
 
Fingerprint samples were taken from six peo-

ple, three of them were women, between the ages of 
26-50, who signed the consent form to use their 
fingerprints as materials. By considering the factors 
affecting fingerprint development, three young and 
three middle-aged individuals were chosen to ob-
tain fingerprints.  

Fingerprint development process of study was 
conducted in laboratories of the Institute of Foren-
sic Sciences, Istanbul University with the contribu-
tions of fingerprint development laboratories of 
Istanbul Provincial Security Directorate, Depart-
ment of Crime Scene Investigation. Investigation 
period of this study conducted by using the 
modelling method and the study lasted nine 
months.  

 
Preparation of the Samples. Fingerprint 

samples are obtained from six volunteers who 
signed Clarified Consent Forms. Fingerprints are 
placed on various surfaces such as microscope slide 
for glass, A4 size paper for paper and galvanized 
sheet metal and pieces of metals for metals. Volun-
tary individuals, who signed Clarified Consent 
Forms, touched every surface and waited for 10 
seconds. Particular attention is attached so that the 
period of touching the surfaces would not exceed 
10 seconds. 

  
Environmental Conditions. Fingerprints ob-

tained from volunteers are used for developing 
fingerprints for three months on different surfaces 
in the environments that we would face at the crime 
scenes. Thus, we were able to determine how long 
that a fingerprint would stay visible at a crime sce-
ne. In this study, in order to create the environments 
we would face during a crime scene investigation 
after an explosion or fire caused by handmade 
bombs, we created following samples: 

 ·  Fingerprint samples only exposed to heat;  
 ·  Samples contaminated with the liquid in the 

molotov cocktail and exposed to heat on the sur-
face, (Encoded names of subjects are: YG-M and 
FC-M) 

 ·  Samples that are dipped into the liquid in the 
molotov cocktail for 1 minute and then placed on a 
surface to be exposed to heat. (Encoded names of 
subjects are: M-YG and M-FC)  

By taking into consideration the factors affect-
ing the fingerprints, the fingerprints of two volun-
teers out of 6 (six), whose fingerprints were regard-

ed as fingerprints having the best quality, were 
contaminated with the liquid in the molotov cock-
tail and placed on surfaces after being dipped in the 
molotov liquid are collected and 10 different tests 
were performed. 

A total of 180 samples is used on three differ-
ent surfaces and under six different temperatures 
for each of the 10 tests. Four tests have been per-
formed in three months and a total of 720 samples 
are prepared. In order to prevent the mixture of the 
samples and contamination, information about 
volunteers was marked on the stickers.  

 
Temperature Values. Samples extracted from 

the test environment were exposed to temperatures 
of 50oC, 90oC, 110oC, 150oC, 200oC, and 300oC for 
3 minutes at each degree. 

Fingerprint Development Process: 

metal and gl
applied to paper samples, all of which were ex-
posed to different temperatures, to examine whether 
fingerprints would develop or not. 

 
Exceptional Case. The development of the 

fingerprints was inspected on the soot, which co-
vers molotov bottles that are exposed to fire in 
terrorist acts like explosions or handmade bombs at 
certain distances. The soot, before the investigation, 
is cleaned by using 2% of sodium hydroxide 
(NaOH).  

 
 

RESULTS 
 
Fingerprint Development Results. Four (4) 

quarterly (Month Zero, Third month, Sixth month, 
and Ninth month) tests were performed and 720 
samples were exposed to temperatures of 50oC, 
90oC, 110oC, 150oC, 200oC, and 300oC for 3 

u
is used for m y-

samples have been exposed to different tempera-
tures to investigate whether fingerprints would 
develop or not [6]. High quality scaled photo shoot-
ing, as well as the image intensifying (Photoshop) 
process, are applied to each sample in order to 
evaluate if the fingerprints are suitable for the iden-
tification. 

Results of fingerprint samples of each volun-
teer on different surfaces are classified according to 
the classification system used in Turkey and by 
taking into consideration at least 13 fingerprints 
characteristics.  

-When we evaluate the study in terms of fin-
gerprint development; it is determined that finger-
prints on glass surfaces are more appropriate for the 
comparison than the ones on metal and paper sur-
faces (Figure 1). 
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FIGURE 1 

Evaluation Of Fingerprints Based On The Type Of The Surface And The Time 
 

 
FIGURE 2 

Evaluation of fingerprints on different surfaces in terms of comparability and time 
 

 
FIGURE 3 

Evaluation of identifiable fingerprints in terms of time and temperature ranges 
 

-When the total number of comparable finger-
prints is considered; it is observed that the number 
of comparable fingerprints decreases from month 
zero to ninth (Figure 2).  

-When we take into consideration the tempera-
ture parameter, we discovered that comparable 
fingerprints were obtained up to 300oC heat. It is 
determined that the number of comparable finger-
prints reduces when the temperature increases 
[7]. It is obvious that fingerprints exposed only to 

heat develop more quality prints than the samples 
exposed to the molotov liquid (Figure 3). 

-When environments that we would face dur-
ing crime scene investigation are evaluated; the 
impact of the fingerprints found on molotov bottles 
exposed to fire at certain distances on the develop-
ment of the fingerprints is investigated. No finger-
print development is discovered on the surfaces in 
the center of the blast and within the immediate 
vicinity (Figure 4 and 5). 
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FIGURE 4 

Comparison of Volunteer YG's fingerprints in terms of exposure to molotov liquid 
 

 
FIGURE 5 

Comparison of Volunteer FC's fingerprints in terms of exposure to molotov liquid 
 

    
A      B 

FIGURE 6 
Cleaning the surface of the soot with sodium hydroxide (2% ) and detection of the fingerprint by using foil 

 
-When the soot is cleaned with 2% sodium 

hydroxide (NaOH); it is observed that the soot on 
the surface creates a protective layer for finger-

prints and protects fingerprints without being de-
formed at the high temperatures (Figure 6).  
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DISCUSSION 
 
First, in order to test the samples in a similar 

environment to the crime scene environment in the 
study, findings used in terrorist actions such as an 
explosion or handmade incendiary weapons are 
taken into consideration and the types of surfaces 
suitable to place fingerprints are determined [9]. 
Surfaces used in the study to place fingerprints are 
selected as glass, metal, and paper as they are 
commonly used in daily life and easy to supply, and 
these are the places where molotov liquid and ex-
plosive mixtures are placed.  

When surfaces are compared, it is observed 
that best surface to develop identifiable fingerprints 
is the glass surface, which is followed by metal and 
paper surfaces respectively.  

According to the studies, which confirm that 
results that are more successful are obtained from 
the glass surfaces, the porous structure of surface 
increases the sweat rate. While this provides the 
precision of papilla lines and it also allows more 
epithelial cells to release [10].  

While it is prevented to press the surfaces for 
more than 10 seconds when leaving fingerprint 
samples, volunteers kept waiting for 10 seconds 
when passing from one surface to another. The 
main reason of this is that the excreta, released from 
the pore holes, creates the fingerprints in 10 sec-
onds at the most. While the pressure power uninten-
tionally increases as the time passes, the pressure 
deteriorates the natural appearance of the finger-
print. This affects negatively the development of 
comparable fingerprints. Waiting for 10 seconds 
when passing from one surface to another aims 
equal distribution of excreta coming through pore 
holes to every surface.  

The previous studies confirm that the number 
of epithelial cells left at the first contact and excreta 
coming through pore holes doesn't increase the 
excreta and the number of cells when the surface is 
touched more than 10 seconds [11].  

When the total number of identifiable finger-
prints is analyzed; a decrease is detected in the 
number of identifiable fingerprints from Zeroth 
month to Ninth month. If we evaluate the impact of 
the temperature, we observed that identifiable fin-
gerprints would be obtained up to 300oC, however, 
the number of identifiable fingerprints decreases as 
temperature increases.  

The temperature affects adversely the devel-
opment of fingerprints because the temperature 
higher than 200oC vanishes the organic components 
in fingerprint liquid [12]. Studies confirmed that 
only inorganic molecules are left in fingerprint 
component [13].  

It is found that fingerprints exposed only to 
heat develop more quality prints than the samples 
exposed to the liquid in the molotov cocktail. When 
results of identifiable fingerprints are taken into 

consideration; it is discovered that samples which 
were left on the surface one minute after they were 
dipped into the the liquid in the molotov cocktail 
and exposed to heat (namely M-YG and M-FC) 
develop more identifiable and quality fingerprints 
than the ones contaminated by the liquid in the 
molotov cocktail on the surface and exposed to heat 
(namely YG-M and FC-M).  

Even though the variable of temperature exists 
in every case, the main reason why the fingerprint 
development changes according to the environmen-
tal conditions is the contamination [14]. It is deter-
mined in the study that oily layer forms on surfaces, 
which are dipped in the liquid in the molotov cock-
tail, and this affects positively the fingerprint de-
velopment on the surface. However, contamination 
of the liquid in the molotov cocktail on the surface 
with a fingerprint has an adverse effect on the per-
manence of fingerprints.  

In the study conducted by Israeli police by us-
ing different liquids in the molotov cocktail, it is 
ascertained that gasoline and diesel fuels form a 
protective layer on the surface. It is verified that 
quality results are obtained from fingerprints left on 
the surfaces contaminated with these fuel types, 
which are easy to supply [15]. 

Fingerprint development is a unique field of 
specialization, which makes latent fingerprints 
visible and determines the fingerprints, which are 
suitable for the classification [16]. The main pur-
pose of every method is taking advantage of the 
adhesive and coloring features of the used chemi-
cals into the sweat and components of the sweat. 
Selection of the method is completely based on the 
experience of the implementer. Different character-
istics of samples due to surface types (porous - 
nonporous surfaces) differ according to the meth-
od.  

The best method is determined by considering 
the followings;  

- Structure of the surface (porous-
nonporous, absorbent-nonabsorbent etc.)  

- Existence of a contamination, which af-
fects fingerprint (oil, blood etc.)  

- External factors (precipitation, tempera-
ture, moisture etc.)  

- The period that fingerprint remains on the 
surface. 

In our study, out of the samples, which were 

is applied to paper samples, and we investigated 
whether fingerprints would develop or not.  

In the study conducted by Israeli police to de-
termine which fingerprint development method is 
more productive in molotov bombing incidents, it is 
ascertained that best results were obtained from 
SPR (Small Particle Reagent) method [15]. It is 
observed, in our preliminary study, that the success 
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rate of fingerprints obtained via SPR method de-
creases as fingerprints of the surface become old 
but the quality of fingerprints obtained via Super 
Glue (Cyanoacrylate) method doesn't deteriorate in 
time. In addition, when Super Glue (Cyanoacrylate) 
method is used after drying surfaces affected by the 
liquid in the molotov cocktail , Super Glue method 
created more quality results than the SPR method. 
Hence, Super Glue (Cyanoacrylate) method is used 
for glass and metal surfaces in this study. Studies 
conducted in this field also support our study [17].  

When the environments that we would face 
during crime scene investigation are evaluated; the 
impact of fingerprints on molotov bottles exposed 
to fire from certain distances on fingerprint devel-
opment is investigated and no fingerprint develop-
ment is detected on surfaces in the center of the 
blast and within the immediate vicinity. When the 
soot is cleaned with 2% NaOH; it is ascertained that 
the soot on the surface creates a protective layer for 
fingerprints and protects fingerprints without being 
deformed at higher temperatures.  

 
 

CONCLUSIONS 
 
Even though it is generally believed that liq-

uids and flammable fuels used to prepare molotov 
cocktails dissolve oily substances and they would 
harm fingerprints, it is confirmed that semi-burned 
carbon particles spreading from the center of fire in 
crime scenes form a protective layer on surfaces 
and this layer protects the structure of fingerprints 
at high temperatures. NaOH is a basic substance 
used in the detergent industry. It makes fingerprints 
visible by cleaning unburnt semi-carbon particles in 
molotov bombing incidents. [18] 

It is ascertained that fingerprints would devel-
op for a period of more than 9 months if the finger-
print development is not affected by climatic condi-
tions. In our study, the permanence and quality of 
fingerprints vary according to age, gender, the ef-
fect of climate and environment, the type of food 
consumed, personal factors along with state of mind 
(excitement, stress etc.), impact of time (age of 
fingerprint), pressure power applied on surface, 
impact of contamination. Hence, the fingerprints of 
the same person on different surfaces develop dif-
ferently within different time intervals [19,20] 

We believe that this study, which is conducted 
for the first time in Turkey, would significantly 
contribute to the identification of the offenders and 
clarify the incident, especially in terrorist attacks. 
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