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Abstract: Non-nutritive metals, especially cadmium (Cd), are present in P fertilizers; the long-term
application of these P fertilizers leads to Cd build-up in the soil. The current study aims to evaluate
the impacts of P sources and rates on the growth of maize (Zea mays L.) and the bioavailability of
Cd. Twelve treatments including rock phosphate 4 g kg−1 (RP1); 8 g kg−1 (RP2); 12 g kg−1 (RP3));
single super phosphate 333 mg kg−1 (SSP1); 444 mg kg−1 (SSP2); 555 mg kg−1 (SSP3); di-ammonium
phosphate 130 mg kg−1 (DAP1); 174 mg kg−1 (DAP2); 218 mg kg−1 (DAP3); mono-ammonium
phosphate 115 mg kg−1 (MAP1); 154 mg kg−1 (MAP2); 193 mg kg−1 (MAP3) in two soil textures
(sandy and clayey) were assessed. Results revealed that all P sources significantly influenced the
plant growth and yield characteristics of maize (p ≤ 0.05). In both soil textures, P in soil and plant,
plant growth and yield characteristics were maximized by MAP and DAP. Cadmium build-up in
soil and uptake was also significantly (p ≤ 0.05) affected by P sources, levels, and soil texture. It was
observed that Cd build-up in soil and uptake by plants boosted with increasing P levels. Maximum
Cd concentration in plant root and shoot was found with SSP3, and its concentration in soil increased
with MAP3, whereas the concentration was higher in sandy texture. The study concludes that type
of P fertilizer should be determined based on texture and human consumption of the crop to avoid
Cd toxicity.

Keywords: phosphorus; cadmium; texture; maize; soil

1. Introduction

Maize (Zea mays L.), having good nutritious value and the highest yield potential
among cereal crops, occupies an important position in the world food economy. Its grain
contains about 72% starch, 10% protein, 5% vitamin A and B3, 5% oil, 3% sugar, 6% fiber
and 1.8% ash. This has been estimated that there are approximately 361 calories of energy,
290 mg P, 140 mg vitamins, 74.4 g carbohydrate, 9.4 g protein, 1.8 g fiber, 4.3 g fat, 9 mg
calcium, 10.6% water, 2.5 mg iron and 1.3 g ash in 100 g of fresh grains [1]. Ever-rising,
maize is widely used for manufacturing corn oil, corn syrup, corn starch, corn flakes,
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dextrose, wax, cosmetics, alcohol and tanning material for the leather industry. This ranks
as Pakistan’s third important cereal crop grown after wheat and rice. The major part of
maize yield is obtained as hybrid maize, which has offered significant yield increases to
farmers over the past few years [2]. The share of maize in the country’s GDP is 0.6%,
whereas the share in agricultural value added is 3.4% during the 2020–2021 cropping
season [3,4]. Thus, in Pakistan, there was about a 7.4% increase in maize production due to
an increased cultivated area from 2020–2021 [5].

Thus, to meet the ever-rising demand for foodstuffs for the increasing population,
the use of high-yielding crops is gradually amplifying. Generally, soil fertility level is
decreasing due to intensified crop detachment of nutrients from the soil [6]. This fertility
is unlikely to be replenished by natural processes or resources. Therefore, synthetic fertil-
izers are now extensively used to supplement crop nutrients. As 50% of overall nutrient
resources are obtained through synthetic fertilizers, these fertilizers occupy a significant
share of progressive farming [7]. Among all nutrients, P is of great importance for all living
organisms due to its inherent role in the synthesis of RNA and the mechanism of energy
transfer, as it is the main constituent of ATP [8]. Thus, this P is supplemented to plants by
applying P fertilizers, an essential nutrient for optimal crop growth and production. Thus,
natural or synthetic P sources are essential to obtain ideal crop yields in P-deficient soils.
Generally, it is stated that the availability of supplemented P fertilizers to crops is minimal
and that only about 10–15% of applied P is available to cultivated plants when contrasted
with other nutrients [9]. The leftover is immobile in the soil by precipitation or adsorption
(residual P); this fixed P may be made accessible to subsequent crops by dissolution and
desorption processes [10].

Phosphorus is a key macronutrient that regulates average plant growth and develop-
ment when supplied by the soil or by suitable amounts of fertilizers. For soils deficient in
available P, the supplement must be supplemented in either natural or synthetic form to
obtain ideal crop production [11]. Therefore, P fertilizers are crucial for sustainable produc-
tivity for the growing world population from 7.3 in 2015 to 9.7 billion in 2050 [12]. For this
reason, synthetic P fertilizers could be farmers’ real base of P. However, different P fertiliz-
ers contain varying amounts of heavy metals, and unnecessary utilization of P fertilizer
may cause contamination of soil, water, and the environment. The perfect administration
framework will utilize suitable sources, application rates, timing, and arrangement to
reduce environmental impacts [13].

Cadmium (Cd) is one of the essential heavy metals released into the environment
naturally or anthropogenically [14]. This is highly persistent and toxic and upsets industrial
and agricultural activities by contaminating the soils, water, and food. Its long-duration
endurance in soil and water results in higher accumulation and uptake into plants and
the food chain [15]. This is generating severe global problems, threatening humans and
animals for being part of the food chain. Living organisms, especially humans, are exposed
to Cd through plants as one of the major vegetative food sources [16]. The abundance of Cd
in the Earth’s crust is about 0.1–0.2 ppm. Its abundance is mainly observed in phosphorites,
marine phosphate, and sedimentary rocks [17].

In crop plants, the toxicity of Cd reduces the uptake and translocation of nutrients
and water, increases oxidative damage, disrupts plant metabolism, and inhibits plant mor-
phology and physiology [18]. Higher toxicity inhibits plant growth, tends to plant necrosis,
inhibits the C-fixation, decreases chlorophyll content, and decreases photosynthetic activ-
ity [19]. In addition, it lowers the stomatal density, conductance, and CO2 uptake, limiting
photosynthesis [20]. Exposure of Cd in soil induces osmotic stress in plants by minimizing
leaf relative water content and transpiration, resulting in physiological damage [21]. More-
over, its toxicity causes the overproduction of reactive oxygen species (ROS), damaging
plant membranes and destroying cell biomolecules and organelles [22].

The Cd–P interaction induced a cascade of physiological and chemical changes in
plants. An optimal P nutrition can attenuate Cd stress on the plant by the promotion of
nitrogen (N) and potassium (K) uptake [23]. Data indicate that P fertilizers are the source
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of Cd as a contaminant; this varies from trace amounts to high levels [24]. Moreover,
P fertilizers are often considered a vital source of Cd in crop plants. However, the increased
plant Cd concentrations are not related to the Cd content in P fertilizers [25]. The need
for the current study was generated to quantify the effects of these fertilizers on Cd
accumulation and bioavailability in different textural classes. The objectives of the current
study are to (i) examine the addition of Cd from P fertilizers, (ii) quantify the effects of
P fertilizers on Cd accumulation in the agroecosystem, and (iii) differentiate the P fertilizers
and Cd interaction in a different texture. We hypothesized that using a high dose of
P fertilizers would improve maize yield and increase Cd accumulation.

2. Materials and Methods

A pot experiment was conducted at the experimental area of University College
of Agriculture, University of Sargodha, aiming at the identification of contribution by
P fertilizers in Cd build-up in soil and its effects on the growth and production of maize
(Zea mays L.) crop in different textured soils from February 2016 to June 2016.

2.1. Location and Climate of the Experimental Site

Sargodha is located at 72.67◦ east longitude and 32.08◦ north latitude and 193 m
altitude. It is situated in an arid climatic zone. The city has a climate of extreme heat in
the summer between April and October (50 ◦C) and moderate cold in the winters from
November to March (mini. temp. as low as 15 ◦C). The average yearly precipitation is
highly seasonal, with about 400 mm in July and August.

2.2. Soil Preparation

The experiment was conducted on two different soil textures, clayey and sandy. The
clayey soil (clay 55%, sand 23%, silt 22%) was collected from Khushab District at 0–15 cm
depth, was air-dried, and used, whereas sandy soil was prepared using loam soil (25%) and
pure sand (75%). The composed soil was passed through 2 mm sieve. Three pots for each
treatment were aligned in a completely randomized block design (CRD) with the factorial
arrangement and filled with respective soil. Before filling the pots, soil samples of prepared
soil were taken for various physicochemical properties (Table 1).

Table 1. Physico-chemical properties of soils used in the experiment.

Soil Texture pH ECe
(µS cm−1)

Soil O.M
(g kg−1)

Total N
(mg kg−1)

Available P
(mg kg−1)

Extractable K
(mg kg−1)

Extractable Cd
(mg kg−1) SP (%)

Sandy 8.1 ± 0.51 1.12 ± 0.03 0.37 ± 0.04 1470 ± 1.2 3.00 ± 0.12 120 ± 1.4 0.28 ± 0.04 20 ± 1.8
Clayey 8.3 ± 0.34 1.51 ± 0.05 0.39 ± 0.02 1493 ± 1.4 4.52 ± 0.23 200 ± 1.6 0.89 ± 0.05 36 ± 1.6

Note: pH, soil pH; ECe, electrical conductivity of soil extract; O.M, organic matter; total N, total nitrogen; available
P, available phosphorus; extractable K, extractable potassium; SP, saturation percentage. All the values are given
as mean ± standard deviation (n = 3).

2.3. Plant Growth and Treatments

For the pot experiment, maize hybrid seed of ICI Pakistan (Hi-Corn Plus 11) pretreated
with chlorpyrifos was used. Maize seeds were sown in earthen pots filled with 10 kg of well-
prepared soil. Initially, five seeds were planted in each pot. After seven days of germination,
each pot was maintained with three healthy and uniform plants. The evacuated plants were
encompassed in identical pots. The recommended doses of N as urea and K as potassium
chloride (60 mg kg−1 soil and 167 mg kg−1 soil) were incorporated into the soil before
filling the pots. Nitrogen was applied in 3 splits (at sowing, 40, and 70 days after sowing)
while whole K was supplemented at the filling stage. The required level of P was applied
in a single dose according to the treatment plan at the time of pot filling. Rock phosphate
(RP) imported from Jordan was used in this study, whereas single super phosphate (SSP),
di-ammonium phosphate (DAP), and mono-ammonium phosphate (MAP) were purchased
from the local market. The experimental plan comprised twelve treatments including
rock phosphate 4 g kg−1 (RP1); 8 g kg−1 (RP2); 12 g kg−1 (RP3); single super phosphate
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333 mg kg−1 (SSP1); 444 mg kg−1 (SSP2); 555 mg kg−1 (SSP3); di-ammonium phosphate
130 mg kg−1 (DAP1); 174 mg kg−1 (DAP2); 218 mg kg−1 (DAP3); mono-ammonium
phosphate 115 mg kg−1 (MAP1); 154 mg kg−1 (MAP2); 193 mg kg−1 (MAP3) with two soil
textures (sandy and clayey) and three replications and performed under CRD. The applied
concentration of each fertilizer was dependent on crop P2O5 requirements. The dose was
further divided into three rates to understand Cd addition better. All agronomic practices
were adopted uniformly to control insect pests and disease attacks during the growth
period of the crop.

2.4. Chemical Analysis

At maturity, harvested plants were washed, separated into roots and shoots and
weighed to obtain fresh weight, and dried in the oven at 72 ◦C for 48 h to obtain oven-dry
weight. The samples (after oven drying) were finely ground in a grinder comprising stain-
less steel blades and a chamber (MF 10 IKA-WERKE, GMBH & Co., KG, Breisgau, Germany).
A mixture of concentrated nitric acid and perchloric acid (2:1, v/v) at 250 ◦C was used to
digest the 0.5 g portion of oven-dried samples of roots and shoots. The P concentration in
root and shoot samples was estimated with a spectrophotometer (UV 1600 Shimadzu, Ky-
oto, Japan) according to [26], while Cd was determined by atomic absorption spectroscopy
(AA 6300 Shimadzu, Kyoto, Japan) according to [27].

After harvesting, soil samples were collected from each pot and analyzed in triplicates
to reduce standard error. Samples were air-dried, sieved, and stored. To determine available
soil P, sodium bicarbonate was used for P extraction, and P concentration was estimated
according to [28] using a spectrophotometer (UV 1600 Shimadzu, Kyoto, Japan), while
Cd was extracted with DTPA and determined according to [29] by atomic absorption
spectroscopy (AA 6300 Shimadzu, Kyoto, Japan).

2.5. Statistical Analysis

Statistical analysis was conducted using Statistics 8.1, and the experiment was planned
and analyzed according to CRD with three replications. To compare the effects of treatments,
data were subjected to analysis of variance (ANOVA) in a two-factorial design considering
the applied dose and soil type. Differences between means were contrasted using the least
significant difference test (LSD, p ≤ 0.05). Microsoft Excel was used for data processing
and visualization.

3. Results
3.1. Influence of Phosphorus on Plant Growth and Yield Characteristics

A significant (p ≤ 0.05) effect of P was observed on plant growth and yield character-
istics in terms of plant height, plant girth, fresh biomass, dry biomass, and grain yield of
maize when grown under different sources and levels of P fertilization in different textured
soils (Table 2). Maximum plant height was found in the case of MAP (86.5–116.83 cm),
followed by DAP (105.83–114.08 cm), SSP (97.33–106.60 cm), and RP (68.08–84.50 cm) in
sandy soil, while in clayey soil, maximum plant height was found in DAP (115–120.25 cm)
followed by SSP (90.17–114.25 cm), MAP (112.17–113.42 cm) and RP (66.17–83.50 cm) in
descending order. When comparing the different levels of applied fertilizers, it was found
that plant height in both textures was linearly increased with increasing the level of applied
fertilizer in the case of RP and SSP, while in the case of DAP and MAP, no consistent
trend was found and P levels nonsignificantly influenced plant height. Similarly, maxi-
mum plant girth in sandy soil was found in DAP (17.24–18.20 mm), followed by MAP
(16.5–18 mm) and SSP (15–16.5 mm), while in clayey soil, maximum plant girth was found
in DAP (18–19.41 mm) followed by MAP (17.70–18.87 mm) and SSP (14.37–17.91 mm) in
descending order. Minimum plant girth was found in RP in sandy soil (12.29–13.5 mm)
and clayey soil (11.49–15 mm). When comparing the different levels of applied fertilizers,
it was found that plant girth in both textures was linearly increased with increasing the
level of applied fertilizer in the case of all fertilizers except for DAP, where plant girth was
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increased up to 174 mg kg−1 soil beyond which it was decreased shortly. Plant height and
girth were higher in clayey soil in almost all P sources and P levels among both soil textures.
This might be associated with the higher nutrient concentration in the clayey soils.

Maximum shoot fresh weight plant−1 was found in the case of MAP (155.07–159.88 g)
followed by DAP (121.69–152.57 g) and SSP (84.75–127.02 g) in sandy soil, while in clayey
soil, maximum shoot fresh weight plant−1 was found in the case of DAP (163.39–221.16 g)
followed by MAP (181.09–209.10 g) and SSP (133.11–156.17 g). Minimum shoot fresh
weight plant−1 was found in RP (37.27–57.65 g) in sandy soil and (68.56–128.90 g) in clayey
soil. When comparing the different levels of applied fertilizers, it was found that shoot
fresh weight plant−1 was linearly increased with increasing the level of applied fertilizer
in the case of all fertilizers except for RP in clayey soil where shoot fresh weight plant−1

was increased up to 8 g kg−1 soil beyond which it was markedly decreased. Maximum
root fresh weight plant−1 was found in the case of SSP (60.12–184.65 g), followed by DAP
(98.99–135.10 g), MAP (56.77–73.22 g), and RP (19.99–39.35 g) in sandy soil, while in clayey
soil, maximum root fresh weight plant−1 was found in the case of RP (24.62–164.15 g)
followed by SSP (64.23–156.89 g), DAP (118.64–154.80 g) and MAP (61.96–98.76). When
comparing the different levels of applied fertilizers, it was found that root fresh weight
plant−1 was linearly increased with increasing the level of applied fertilizer in the case of
RP and SSP fertilizers, while in the case of DAP and MAP fertilizers in both textures, root
fresh weight plant−1 was increased up to 174 mg kg−1 soil beyond which it was markedly
decreased. Among both soil textures, shoot fresh weight plant−1 and root fresh weight
plant−1 was found to be higher in clayey soil in all P sources and P levels except for SSP,
where root fresh weight plant−1 was found to be higher with SSP3.

Maximum shoot dry weight plant−1 was found in the case of MAP (41.37–46.29 g)
followed by DAP (36.70–45.95 g) and SSP (34.43–40.90 g) in sandy soil, while in clayey soil,
maximum shoot dry weight plant−1 was found in the case of MAP (52.51–61.23 g) followed
by DAP (55.25–59.60 g) and SSP (41.25–52.35 g). Minimum shoot dry weight plant−1 was
found in RP in sandy (18.11–23.50 g) and clayey (25.38–42.75) soil. When comparing the
different levels of applied fertilizers, it was found that shoot dry weight plant−1 was linearly
increased with increasing the level of applied fertilizer in the case of all fertilizers except for
RP and SSP in clayey soil where shoot dry weight plant−1 was increased up to 8 g kg−1 soil
and 444 mg kg−1 soil, respectively beyond which it was markedly decreased. Maximum
root dry weight plant−1 was found in the case of SSP in sandy (16.05–55.81 g) and clay
(20.01–44.35 g) soil, followed by DAP in sandy (24.15–35.04 g) and clayey (31.26–40.67 g)
soil and MAP in sandy (15.18–19.63 g) and clay (16.14–24.76 g) soil, while minimum root
dry weight plant−1 was found in RP in sandy (5.88–10.36 g) and clayey (6.25–28.73 g)
soil. Moreover, root dry weight plant−1 was linearly increased with increasing the level of
applied fertilizer in the case of RP and SSP fertilizers, while in the case of DAP and MAP
fertilizers, root dry weight plant−1 was increased up to 174 mg kg−1, and 154 mg kg−1 soil
beyond which it was markedly decreased in both soil textures. Among both soil textures,
shoot dry weight plant−1 and root dry weight plant−1 were found to be higher in clayey
soil in all P sources and P levels except for SSP, where root dry weight plant−1 was found
to be higher with SSP3 in sandy soil.

Maximum grain yield plant−1 was found in the case of MAP in sandy (8.42–14.90 g plant−1)
and clayey (22.80–29.45 g plant−1) soil, followed by DAP in sandy (7.00–14.97 g plant−1)
and clayey (13.50–15.11 g plant−1) in soil, and SSP in sandy (3.20–6.95 g plant−1) and
clayey (8.42–12.58 g plant−1) soil, while minimum grain yield plant−1 was found in RP
in sandy RP (1.76–6.00 g plant−1) and clayey (5.01–9.66 g plant−1) soil. When comparing
the different levels of applied fertilizers, it was found that grain yield plant−1 was linearly
increased with increasing the level of applied fertilizer in the case of all fertilizers except
for DAP, where grain yield plant−1 was increased up to 174 mg kg−1 soil beyond which it
was markedly decreased. In both soil textures, grain yield was higher in clayey soil in all
P sources and P levels. This might be associated with the higher nutrients concentration in
the clayey soils.
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Table 2. Plant growth and yield characteristics of maize cultivar “Hi-Corn Plus 11” grown at different P sources and levels in different textured soils.

Treatment Texture Plant Height
(cm)

Plant Girth
(cm)

Shoot Fresh Biomass
(g Plant−1)

Root Fresh Biomass
(g Plant−1)

Shoot Dry Biomass
(g Plant−1)

Root Dry Biomass
(g Plant−1)

Grain Yield
(g Plant−1)

RP1
Sandy 68.1 ± 1.5 e 12.2 ± 0.7 e 39.1 ± 1.2 d 19.9 ± 0.8 bc 18.0 ± 0.7 e 10.1 ± 0.1 bc 0.0 ± 0.0 c
Clayey 66.2 ± 1.4 c 11.4 ± 0.5 d 45.7 ± 1.4 d 31.8 ± 1.1 ab 16.9 ± 0.6 c 14.7 ± 0.2 cd 3.2 ± 0.5 cd

RP2
Sandy 76.2 ± 1.2 de 12.7 ± 0.4 e 37.3 ± 1.1 d 5.8 ± 0.4 c 20.9 ± 0.8 de 3.9 ± 0.3 c 2.4 ± 0.4 c
Clayey 68.2 ± 1.4 c 13.5 ± 0.6 d 116.6 ± 1.3 bcd 30.1 ± 1.2 ab 44.2 ± 0.9 ab 6.3 ± 0.5 d 1.7 ± 0.5 d

RP3
Sandy 77.5 ± 1.3 de 13.2 ± 0.5 e 57.7 ± 1.5 cd 9.2 ± 0.7 c 23.5 ± 0.4 cde 6.9 ± 0.4 c 2.0 ± 0.5 c
Clayey 83.5 ± 1.1 bc 14.2 ± 0.6 cd 149.1 ± 1.1 abc 53.5 ± 0.8 ab 42.8 ± 0.5 ab 28.7 ± 0.5 a-d 2.0 ± 0.6 cd

SSP1
Sandy 97.3 ± 1.4 bc 15.2 ± 0.4 bcd 84.8 ± 1.2 bcd 21.4 ± 0.7 bc 34.4 ± 0.6 a-d 10.7 ± 0.2 bc 3.2 ± 0.5 c
Clayey 90.2 ± 1.3 b 14.3 ± 0.6 bcd 88.7 ± 1.4 cd 30.2 ± 0.8 ab 27.5 ± 0.8 bc 13.3 ± 0.4 cd 7.1 ± 0.7 bcd

SSP2
Sandy 101.1 ± 1.2 abc 15.2 ± 0.5 cd 105.8 ± 1.6 abc 45.5 ± 1.1 abc 35.2 ± 0.6 a-d 24.8 ± 0.5 bc 2.3 ± 0.6 c
Clayey 111.2 ± 1.5 a 18.9 ± 0.7 a 185.0 ± 1.3 ab 70.2 ± 1.3 ab 52.3 ± 0.4 a 44.4 ± 0.7 a 7.4 ± 0.8 bcd

SSP3
Sandy 101.2 ± 1.6 abc 16.3 ± 0.5 bcd 127.1 ± 1.2 ab 67.2 ± 1.4 a 40.9 ± 0.6 ab 55.8 ± 0.8 a 6.0 ± 0.6 bc
Clayey 114.3 ± 1.4 a 17.2 ± 0.6 abc 156.2 ± 1.1 abc 56.9 ± 1.2 ab 50.6 ± 0.7 ab 36.8 ± 0.4 ab 8.4 ± 0.5 bcd

DAP1
Sandy 105.1 ± 1.3 ab 17.1 ± 0.4 abc 121.6 ± 1.2 ab 51.3 ± 1.1 ab 36.7 ± 0.4 abc 35.1 ± 0.3 ab 2.3 ± 0.3 c
Clayey 115.2 ± 1.2 a 18.3 ± 0.7 ab 163.4 ± 1.3 abc 79.2 ± 1.4 a 55.2 ± 0.8 a 31.3 ± 0.3 a-d 8.8 ± 0.4 a-d

DAP2
Sandy 114.3 ± 1.5 a 18.2.2 ± 0.6 a 134.6 ± 1.6 ab 40.1 ± 1.3 abc 39.8 ± 0.4 ab 24.1 ± 0.4 bc 15.0 ± 0.7 ab
Clayey 120.2 ± 1.3 a 19.4 ± 0.5 a 209.7 ± 1.4 a 75.0 ± 1.5 a 58.8 ± 0.7 a 40.7 ± 0.6 ab 7.1 ± 0.3 bcd

DAP3
Sandy 111.2 ± 1.3 ab 17.6 ± 0.5 ab 142.6 ± 1.5 a 13.6 ± 1.2 bc 45.9 ± 0.5 a 14.7 ± 0.2 bc 1.7 ± 0.1 c
Clayey 114..1 ± 1.2 a 18.1 ± 0.6 a 192.6 ± 1.6 ab 58.1 ± 1.4 ab 59.6 ± 0.6 a 34.5 ± 0.4 abc 12.1 ± 0.5 a-d

MAP1
Sandy 116.3 ± 1.4 a 16.3 ± 0.7 a-d 155.1 ± 1.3 a 23.8 ± 0.8 bc 45.2 ± 0.4 a 19.6 ± 0.3 bc 17.4 ± 0.6 a
Clayey 113.4 ± 1.1 a 17.7 ± 0.5 a 181.1 ± 1.2 ab 41.0 ± 0.9 ab 61.2 ± 0.6 a 24.8 ± 0.4 a-d 29.4 ± 0.6 a

MAP2
Sandy 86.5 ± 1.3 cd 15.5 ± 0.4 cd 99.9 ± 1.1 abc 9.4 ± 0.4 c 27.6 ± 0.5 b-e 10.1 ± 0.1 bc 0.72 ± 0.05 c
Clayey 113.2 ± 1.2 a 18.4 ± 0.6 a 179.1 ± 1.3 ab 30.5 ± 0.9 ab 59.2 ± 0.7 a 20.4 ± 0.3 a-d 22.8 ± 0.9 abc

MAP3
Sandy 103.4 ± ab 17.2 ± abc 150.4 ± a 19.5 ± 0.8 bc 46.3 ± 0.5 a 17.2 ± 0.3 bc 2.8 ± 0.5 c
Clayey 112.2 ± a 18.8 ± a 167.6 ± abc 15.9 ± 0.8 b 52.5 ± 0.6 a 16.1 ± 0.2 bcd 24.7 ± 0.8 ab

Note: All the values are given as mean ± standard deviation (n = 3), and the lowercase letters indicate the significant difference among the means.
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3.2. Available Phosphorus in Soil and Maize

The concentration of P in soil, maize root and the shoot was significantly (p ≤ 0.05)
affected by P sources, P levels, and soil texture. Results presented in Figure 1 indicated that
among different P sources, maximum soil P concentration was found in the case of SSP
(3.83–4.17 mg kg−1) followed by MAP (3.50–4.17 mg kg−1), DAP (3.67–3.83 mg kg−1) and
RP (2.50–3.33 mg kg−1) in sandy soil, whereas in clayey soil, highest soil P concentration
was in the case of SSP (4.33–4.67 mg kg−1) followed by DAP (4.17–4.67 mg kg−1), MAP
(3.50–4.50 mg kg−1) and RP (2.83–3.50 mg kg−1). When comparing the different levels
of applied fertilizers, it was found that soil P concentration was linearly increased with
increasing the level of applied fertilizer in the case of all fertilizers except for DAP2. Among
both soil textures, soil P concentration was higher in clayey soil in all P sources and
P levels. Clayey soils have a strong adsorption complex due to the presence of mineral
clays compared to sandy soil, which provides an increased amount of plant available P.
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Figure 1. Soil P concentration of maize (Zea mays L.) grown at different P sources and levels in
different textured soils. The treatments are: rock phosphate (4 g kg−1 (RP1); 8 g kg−1 (RP2); 12 g kg−1

(RP3)); single super phosphate (333 mg kg−1 (SSP1); 444 mg kg−1 (SSP2); 555 mg kg−1 (SSP3));
di-ammonium phosphate (130 mg kg−1 (DAP1); 174 mg kg−1 (DAP2); 218 mg kg−1 (DAP3)); mono-
ammonium phosphate (115 mg kg−1 (MAP1); 154 mg kg−1 (MAP2); 193 mg kg−1 (MAP3)) in two soil
textures (sandy and clayey).

Among different P sources, maximum root P concentration (Figure 2) was found in
the case of MAP in sandy (0.35–1.24 g kg−1) and clayey (0.56–1.01 g kg−1) soil, followed
by SSP in sandy (0.57–0.94 g kg−1) and clayey (0.56–0.85 g kg−1) soil and DAP in sandy
(0.51–0.79 g kg−1) and clayey (0.47–0.78 g kg−1) soil, while minimum root P concentration
was found in RP in sandy (0.51–0.78 g kg−1) and clayey (0.71–0.75 g kg−1) soil. When
comparing the different levels of applied fertilizers, it was found that root P concentration
was linearly increased with increasing the level of applied fertilizer in case all fertilizers.
Among both soil textures, root P concentration was found to be higher in sandy soil in most
of the treatments. Among different P sources, maximum shoot P concentration (Figure 3)
was found in the case of MAP in sandy (274–298 g kg−1) and clayey (193–270 g kg−1) soil,
followed by DAP in sandy (192–219 g kg−1) and clayey (158–223 g kg−1) soil and SSP in
sandy (133–198 g kg−1) and clayey (145–168 g kg−1) while minimum shoot P concentration
was found in RP sandy (85–113 g kg−1) and clayey (74–109 g kg−1) soil. When comparing
the different levels of applied fertilizers, it was found that shoot P concentration was
linearly increased with increasing the level of applied fertilizer in the case of all fertilizers.
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Among both soil textures, shoot P concentration was found to be higher in sandy soil in
most of the treatments.
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Figure 2. Root P concentration of maize (Zea mays L.) grown at different P sources and levels in
different textured soils, whereas the treatments are: rock phosphate (4 g kg−1 (RP1); 8 g kg−1 (RP2);
12 g kg−1 (RP3)); single super phosphate (333 mg kg−1 (SSP1); 444 mg kg−1 (SSP2); 555 mg kg−1

(SSP3)); di-ammonium phosphate (130 mg kg−1 (DAP1); 174 mg kg−1 (DAP2); 218 mg kg−1 (DAP3));
mono-ammonium phosphate (115 mg kg−1 (MAP1); 154 mg kg−1 (MAP2); 193 mg kg−1 (MAP3)) in
two soil textures (sandy and clayey).
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Figure 3. Shoot P concentration of maize (Zea mays L.) grown at different P sources and levels in
different textured soils, whereas the treatments are: rock phosphate (4 g kg−1 (RP1); 8 g kg−1 (RP2);
12 g kg−1 (RP3)); single super phosphate (333 mg kg−1 (SSP1); 444 mg kg−1 (SSP2); 555 mg kg−1

(SSP3)); di-ammonium phosphate (130 mg kg−1 (DAP1); 174 mg kg−1 (DAP2); 218 mg kg−1 (DAP3));
mono-ammonium phosphate (115 mg kg−1 (MAP1); 154 mg kg−1 (MAP2); 193 mg kg−1 (MAP3)) in
two soil textures (sandy and clayey).
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3.3. Available Cadmium in Soil and Maize

Before the experiment, the intensity of bioavailable Cd was 0.28 mg and 0.89 mg kg−1

in sandy and clayey soil, respectively (Table 1). Following the growing cycle of maize, the
Cd concentration increased in all treatments in both soil textures (Figure 4), ranging from
in the case of MAP in sandy (67.83–74.67 mg kg−1) and clayey (67–72.33 mg kg−1) soil,
followed by DAP in sandy (65–69.5 mg kg−1) and clayey (64–68.5 mg kg−1) soil and SSP
in sandy (62–68 mg kg−1) and clayey (59.83–64.17 mg kg−1) soil, while minimum soil Cd
concentration was observed in RP in sandy (55–61.5 mg kg−1) and clayey (53–60.5 mg kg−1)
soil. When comparing the different levels of applied fertilizers, it was found that soil Cd
concentration was linearly increased with increasing the level of applied fertilizer in the
case of all fertilizers and all levels. Among both soil textures, soil Cd concentration was
higher in sandy soil in all P sources and P levels. The evaluated increase in bioavailable Cd
concentration in soil following maize harvest intimates the accumulation of Cd in soil by
using P fertilizers.
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Figure 4. Soil Cd concentration of maize (Zea mays L.) grown at different P sources and levels in
different textured soils, whereas the treatments are: rock phosphate (4 g kg−1 (RP1); 8 g kg−1 (RP2);
12 g kg−1 (RP3)); single super phosphate (333 mg kg−1 (SSP1); 444 mg kg−1 (SSP2); 555 mg kg−1

(SSP3)); di-ammonium phosphate (130 mg kg−1 (DAP1); 174 mg kg−1 (DAP2); 218 mg kg−1 (DAP3));
mono-ammonium phosphate (115 mg kg−1 (MAP1); 154 mg kg−1 (MAP2); 193 mg kg−1 (MAP3)) in
two soil textures (sandy and clayey).

In both soil textures, the low concentration of bioavailable Cd before the trial was the
consequence of their depressed natural concentration of Cd and other soil reactions (pH,
clay type, Fe2+ and Mn2+ oxides, Cl− content, soil organic matter content, ionic strength),
which promptly persuaded a decrease in bioavailable Cd concentration in soil [30]. Signifi-
cant differences in Cd concentration were observed in both soil textures, with the higher
concentration recorded in sandy soil. The results were in accordance with the previous
studies [31], which described a number of soil types to evaluate the harmful effects of
P fertilizers and observed that the amount of bioavailable Cd in sandy soil increased with
the increase in P fertilizer application. The use of MAP leads to increased Cd concentration
in both soil textures. Similar results were also described [30]; they observed that the con-
centration of bioavailable Cd was boosted after treating the soil with MAP fertilizer. The
increment in bioavailable Cd concentrations in soil may result from the development of
soluble phosphate complex (CdHPO4) [32].

Maximum Cd concentration in maize root (Figure 5) was found in the case of SSP
(8–11.5 mg kg−1) followed by RP (8.5–10.3 mg kg−1), DAP (7.5–9.92 mg kg−1), and MAP
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(6.5–9.5 mg kg−1) in sandy soil, while in clayey soil, maximum Cd concentration in maize
root was found in the case of SSP (8.5–11 mg kg−1) followed by MAP (6–10 mg kg−1), DAP
(6.5–9.85 mg kg−1) and RP (7–9.7 mg kg−1) in descending order. Similarly, maximum Cd
concentration in maize shoot (Figure 6) was found in the case of SSP (5–13.5 mg kg−1)
followed by RP (7–13 mg kg−1), MAP (6.5–11.5 mg kg−1) and DAP (7.5–11 mg kg−1) in
sandy soil while in clayey soil, maximum shoot Cd concentration was found in the case
of SSP (7.5–15.5 mg kg−1) followed by MAP (7–13.5 mg kg−1), DAP (5.5–12.5 mg kg−1)
and RP (5.5–11.5 mg kg−1) in descending order. When comparing the different levels of
applied fertilizers, it was observed that root and shoot Cd was linearly increased with
increasing the level of applied fertilizer in the case of all fertilizers, as confirmed by previous
studies [11]. Among both soil textures, root Cd concentration was higher in sandy soil in
most treatments while shoot Cd concentration was higher in clayey soil in most treatments.
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Figure 5. Root Cd concentration of maize (Zea mays L.) grown at different P sources and levels in
different textured soils, whereas the treatments are: rock phosphate (4 g kg−1 (RP1); 8 g kg−1 (RP2);
12 g kg−1 (RP3)); single super phosphate (333 mg kg−1 (SSP1); 444 mg kg−1 (SSP2); 555 mg kg−1

(SSP3)); di-ammonium phosphate (130 mg kg−1 (DAP1); 174 mg kg−1 (DAP2); 218 mg kg−1 (DAP3));
mono-ammonium phosphate (115 mg kg−1 (MAP1); 154 mg kg−1 (MAP2); 193 mg kg−1 (MAP3)) in
two soil textures (sandy and clayey).

In the present study, the values of Cd concentration in maize root and shoot were far
higher than those obtained from control agricultural soil in all treatments. These exhibit
high indications of Cd excess, which indicates the ability of maize to accumulate Cd, in
addition to the fact that the Cd concentrations incorporated into the soil through different
P fertilizers were phytotoxic. Their diverse Cd content was directly prompted by the
dissimilarities studied in Cd concentrations in maize among MAP, SSP, DAP and RP. The
Cd content of SSP was higher than those of DAP, MAP and RP, resulting in increased Cd
concentrations in the plant root and shoot.
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Figure 6. Shoot Cd concentration of maize (Zea mays L.) grown at different P sources and levels in
different textured soils, whereas the treatments are: rock phosphate (4 g kg−1 (RP1); 8 g kg−1 (RP2);
12 g kg−1 (RP3)); single super phosphate (333 mg kg−1 (SSP1); 444 mg kg−1 (SSP2); 555 mg kg−1

(SSP3)); di-ammonium phosphate (130 mg kg−1 (DAP1); 174 mg kg−1 (DAP2)); 218 mg kg−1 (DAP3);
mono-ammonium phosphate (115 mg kg−1 (MAP1); 154 mg kg−1 (MAP2); 193 mg kg−1 (MAP3)) in
two soil textures (sandy and clayey).

4. Discussion

In the present experiment, four different P sources (RP, SSP, DAP, and MAP) and
three different levels on two different textures (sandy and clayey) were used to explore the
influence of P fertilizers on maize growth and yield characteristics and hazardous effects of
varying P sources in agricultural soils in terms of metal contamination, particularly Cd in
soil. Results revealed that maize plant growth and yield characteristics were significantly
(p ≤ 0.05) influenced by all P sources and levels in both soil textures. Cadmium build-up
in soil and subsequent bioavailability to plants are also significantly influenced by all
P sources and levels in both soil textures. It was observed that plant height and girth
increased linearly with increasing P fertilizer rate. Among different sources, MAP and DAP
performed better in affecting plant height and girth than SSP and RP in both soil textures.
This might be due to the availability of essential nutrients, phosphorus that plays a part
in various components of metabolism, including nucleic acids, phosphates, coenzymes,
energy storage and transport, genetic material, and photosynthetic carbon assimilation [33].
It was also reported that DAP had enhanced maize height and girth as compared to the
low levels of various P fertilizers [34].

Phosphorus influenced the root growth in all P sources and levels in both soil textures,
thus impacting the overall plant growth performance. Soil nutrient availability significantly
improves root morphology and physiology, which enhances root exudates and could
contribute to increased P availability [35]. The maximum shoot fresh and dry weight was
observed in MAP, while the root fresh and dry weight were observed in SSP in both soil
textures. The grain yield of maize was significantly affected by all P sources and levels.
This might be associated with increased P use efficiency (PUE) [36].

These results are compared with those obtained by studies of tropical soils [37–41].
However, the availability of the metal is higher in the alluvial soil under tropical crop use
compared to the savannah soil under grassland use, possibly due to the initial levels of
cadmium and to the fact that the mechanism that describes the movement and adsorption
of this metal is slower, due to the physical and chemical characteristics of the soil and
the intrinsic characteristics of the metal [39]. Soil pH also influences P availability. At
low pH, the availability of P increases even if the P solubility is low as compared to high
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pH conditions. This might be associated with the plants that thrive better under acidic
soil conditions, which exhibit an increase in apparent P solubility at low pH levels even
though the soil P solubility in solution is low [37]. Soil microorganism also influences the
P transformation, increasing P availability at low Ph [38]. Moreover, low pH promotes
the dissolution of Al and Fe oxides and hydroxides and precipitation of P, thus reducing
P availability [37].

The physical and chemical characteristics of the soil under the use of tropical crops
(sugar cane, bananas, corn) were slightly acidic, with a medium content of organic matter
and silty clay texture, presence of variable and permanent negative charges in addition to a
high cation-exchange capacity (CEC), giving it a high cadmium adsorption capacity [40,41],
unlike the soil under pasture use such that in the former, the availability of cadmium was
lower at the end of the soil incubation test. The results establish that the soil under the use
of grasslands was characterized by a high content of coarse particles (loamy sand) [42], and
in the soil under the use of tropical crops, fine particles (silty clay) predominated.

The soils of Pakistan are primarily calcareous and alkaline in nature and have large
amounts of Ca+2, Mg+2 and Na+ due to which P fixation is a major issue in these soils,
as the phosphate ions released from fertilizer fix with these cations [39]. For this reason,
P deficiency hinders plant growth by 30% in the world’s cultivated soils [40]. The current
experimental results showed that among different sources, the highest soil P was found in
SSP as compared to RP, DAP and MAP in both soil textures. This high level of P might be
due to the higher solubility of SSP in soil [41].

In a report published by The Potash and Phosphorus Institute, it was described
that P in a managed soil fertility program caused an increase in better root and shoot
development and helped the plant to obtain maximum performance under low moisture
conditions. Results revealed that P concentration in plant root and shoot increased with
increasing P fertilization rate. Among different sources, MAP performed better for optimal
P concentration in plant root and shoot than DAP, SSP and RP in both soil textures.

In addition, the Cd concentration obtained in root, shoot and soil was greatly influ-
enced by all P sources and levels. There was a significant difference among all sources
and levels regarding Cd concentration, and with the increase in P application rate, Cd
concentration was also increased. The lowest Cd concentration in both soil textures was
observed in RP due to its low solubility in our soils. It is also reported that Cd availability
in soil from P fertilizers mainly depends on the fertilizer solubility [42]. The effectiveness of
P fertilizers tends to be higher with more soluble sources to increase Cd bioavailability [43].
The observation of a pot experiment of sorghum–sudan grass concluded that reduced Cd
concentration was found with high applications of finely ground P source as RP to an
industrially contaminated soil as compared to other soluble P sources [44]. The highest Cd
concentration in both soil textures was observed in MAP and DAP, which was far above
the permissible limit (1 mg kg−1) of Cd in soil. This might be associated with the reaction
products (octacalcium phosphate and hydroxyapatite stone) of DAP in alkaline soil, where
competitive and passivation effects of Ca2+ octacalcium phosphate and hydroxyapatite on
Cd take place in soil resulting in low Cd availability. In addition, hydroxyapatite increases
the soil pH that generates more charged sites and formation of metal cation hydroxyl
groups leading to Cd2+ precipitation as Cd(OH)2 or CdCO3. Furthermore, Cd fixation can
be from ion exchange, dissolution, surface complexation, and precipitation [45].

According to a North American survey, it was reported that Cd contents of DAP were
up to 22 mg kg−1, considering that the high application of phosphate fertilizers will result
in higher Cd content reaching the soil every year [46]. Future research is recommended
to identify the long-term effects of P fertilizers on Cd accumulation, changing the type of
P fertilizers, and use of complex P fertilizers. Moreover, the concentration of Cd added
through each fertilizer is a research gap that needs to be addressed in the future.
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5. Conclusions

The results suggest that plant growth, yield characteristics, P concentration and Cd
concentration of maize were significantly influenced by all P sources and levels in both
soil textures. However, MAP and DAP performed better in terms of P concentration and
improved maize growth and yield as compared to the SSP and RP in both soil textures. It
was observed that minimum Cd concentrations in maize shoot and root were observed in
plants that received MAP and DAP fertilizer, with the fact that maximum Cd concentration
in soil was observed in MAP. Among both soil textures, growth and yield characteristics
of maize, P concentration in soil and Cd concentrations in maize shoot were found to
be higher in clayey soil in most of the treatments, while P concentration in maize root
and shoot and Cd concentration in soil and maize root was found to be higher in sandy
soil in most of the treatments. These results, however, need confirmation under field
conditions and the economic viability of applying different sources and levels of P as well
as their impact on heavy metal accumulation, especially Cd in soil and plants required to
be investigated further.
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