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Abstract: Chemical soil phosphorus (P) extraction has been widely used to characterize and understand changes in soil P
fractions however lacking adequately capture rhizosphere processes. Relying on two reduced P-input experimental stations
in Taihu rice-wheat cropping rotation area the biologically-based phosphorus (BBP) grading method was used to evaluate
the availability and influencing factors of soil P during wheat-growing stage. The trial of long-term positioning P fertilizer
reduction has been conducted for 7 years. The results show that in Yixing Station CaCl,-P in soil treated with P fertiliza—
tion at wheat season only (PW) had no significant difference with soil treated at both rice and wheat seasons (PR+W)
while Citrate-P and HCI-P as well as Enzyme-P under PW treatments were significantly low (P<0.05). As for Changshu
Station no significant differences were shown between three P—reducing treatments and PR+W; only Pzero treatment sig—
nificantly reduced the concentration of soil HCI-P. Correlation coefficients between four BBP fractions and OlsenP at two
stations were different. Olsen-P was mainly from CitrateP (R’ =0.587 P<0.01) HCIP (R*=0.587 P<0.01) and
EnzymeP (R*=0.531 P<0.01) in Yixing while mainly from HCIP (R*=0.386 P<0.05) and Citrate? (R’ =
0.280 P<0.05) in Changshu. The concentration of four BBP fractions followed the order of HCI-P > Citrate-P >
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Enzyme-P>CaCl,P. Furthermore

RDA showed that soil alkaline phosphatase (S-ALP) activity and pH were the

dominant factors for the changes in soil P and correlated with soil P fractions positively. These results may be helpful for

understanding of the changes in soil P status while P-input was reducing.

Key words: phosphorus fractionation; bioavailability; environmental factor; wheat-growing season; paddy soil
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Table 1 Initial basic properties of soil used
w(C )/ w(C )/ w(C )/ w( )/ w( )/ / ol
(5 k™) (5 k™) (g kg™ (g kg™) (mg-kg')  (emol-kg™")
0.96 0. 37 12.3 16.7 16.3 8.57 5.95
1.93 0. 56 16.0 35.9 10.2 17. 50 5.56
1.2 ; NaHCO, (pH
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Table 2 Characteristics of composition of soil phosphorus based on the biological availability in reduced P-input paddy soils

w/(mg * kg™")

CaCl,-P Citrate-P Enzyme-P HCl-P
Pzero 0. 442=0. 044* 15. 815+2. 684" 4.706+0. 897" 55.577+5.385°
PR 0.443+0.051° 20.914+1. 209" 4.811+0. 566" 87.541+15. 063"
PW 0.619+0. 141° 17. 606+6. 264" 6.471+2. 166" 88.939+15.767"
PR+W 0.531+0. 097* 46.116+9. 815* 13.080+2. 181* 202. 580+7. 691
Pzero 0.553+0. 053* 12.564+9. 219 7.153+1. 353" 132. 660+12. 391"
PR 0. 602+0. 047 19.990+2. 630" 9.393+2. 128* 163.255+9. 183
PW 0.691+0. 139° 18. 624+2. 856" 7.378+1. 958" 153. 786+13. 084
PR+W 0. 584+0. 054" 22.500+3. 383" 9.306+0. 829* 174. 066+20. 801*
Pzero ; PR ; PW ; PR+W ( )o
(P<0.05) -
2.2 3
Table 3 Concentration of soil olsen-P in reduced P-input
. 3, paddy soils
Citrate-P . Enzyme-P  HCI-P w( )/(mg* kg'')
(P<0.01) ) :
s Pzero 1. 885+0. 209¢ 4.200+0. 659°
(R 0.587.0.531  0.587  CaCl,P PR 5.311x1. 490" 6. 3700, 948"
( 1D, PW 6.512+1.553" 6.187+1. 134"
. PR+W 9. 622+0. 063* 9.541+1. 141°
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(P<0.05) R 0. 280 - PR+W ( y.
0. 386 CaCl,-P . Enzyme-P (P<

o
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Fig. 1 Relationships between Olsen-P concentration and four fractions of the proposed
biologically-based P in reduced P-input paddy soils
2.3 39. 2% 1
4 N 38.2% 0 pH S-ALP
(S-ACP) (SALP) o o
S-ACP 19. 60 21.70 pmol °
- - 1.0
d™ e ¢! SALP 0.719. 1. 543
A A A
-1 -1
pmol «d™ ¢ g
S-ACP.S-ALP (P> 05 + Citrate-P a
A A
0.05) (PR)
— Enzyme-P, A
S
S-ACP (PR + W) =t 0 HCI-P  Olsen-
(P<0.05) S-ALP . 5 pH A A
° ()
° A
4 S-ALP
05| o ® CaClP A
Table 4  Soil phosphatase activity in reduced P-input
paddy soils AEY
/ / 10 , dacp @R
(pmol * 4! gfl) (umol 4! g*l) -0.5 0 0.5 1.0
‘ . RDA1(38.2%)
Pzero 20.072+3. 848" 0.467+0. 148*
PR 19. 361x0. 965* 0. 747+0. 447* SACP  SALP
PW a a
21.415+2. 175 0.758+0. 332 2 pH.S-ACP S-ALP
PR+W 17.558+1. 216" 0.903+0. 374"
Pzero 21. 8800, 574" 1.548+0. 254* 4 (OlsenP)  RDA
PR 20.194+1. 321" 1. 49140, 144 Fig.2 Redundancy analysis (RDA) revealing the effects of
PW 22. 114+£1.229* 1. 617+0. 342* soil pH S-ACP and S-ALP on biologically-based P ( BBP)
PR+W 22. 628+0. 679° 1. 517+0. 279" and the conventional Olsen-P in reduced P-input paddy soils
Pzero ; PR ; PW
; PR+W ( ).
3
(P<0.05) .
3.1

2.4

pH.S-ACP  S-ALP

BBP



* 603

(PR+W)

PW) Citrate-P . Enzyme-P

(P<0.05)

(Pzero. PR
HCI-P
(CaCl,P)
7 a PW

(PW:3.8151 -

hm™?;PR+W:3.996 t * hm™. P>0.05);
(PR+W)

(Pzero.PR
PW

2013

o 2013

Pzero

o

(Pi)

N HCI

;4
CaCl,-P
BBP 4

Citrate-P -HCI-P

Citrate-P . HC1-P

(P<0.05) .

PW)4

PR+W

Tiessen

PR+W
PR PW
HCI-P
BOSCHETTI ~ *'

(Po)

> . BBP CaCl,+
; CaCl,-P
; Citrate-P
; Enzyme-P
(
) ; HCI-P

CitrateP. DELUCA

Enzyme-P
(P<0.01)

23

o JALALL %

5 57
BBP Pi
(CaCl,P.CitrateP  HCI-P)
o 4
Pi(CaCl,-P. Citrate-P
HCIP) 2

Po(Enzyme-P) o

3.2 pH.
pH  S-ALP
S-ACP
. S-ALP
. TIAN %
S-ALP
S-ALP
S-ALP
S-ALP
Ca.Al  Fe 7
®, S-ALP
2013 ( 4 )
S-ALP 4,
WALDRIP %
S-ALP
S-ALP Pi
Po . S-ALP Po
Po  S-ALP (
)\
S-ALP
(Pi.Po) .
pH
DELUCA " .
pH /
30 / pH

31



- 604 -

34

zyme-P

(PW)

o 7 a BBP 4
HCI-P. CitrateP . En—
CaCl,-P (CitrateP \HCI-P)
pH  SALP
(PR+W)
PW PR+

VU D T TANG C ARMSTRONG R D.Changes and Availability of
P Fractions Following 65 Years of P Application to a Calcareous
Soil in a Mediterranean Climate J .Plant and Soil 2008 304 (1/
2):21-33.
J.
2012 43 (1):243-248. QU Fanzhu YU Jun-bao

CHEN Xiao-bing et al. Review on Soil Phosphorus Fractionation
Scheme on Wetlands J .Chinese Journal of Soil Science 2012 43

(1) :243-248.

J. 2014 33(5):
829 - 835. WANG Yu ZHAO Xu WANG Lei et al.
Accumulation Environmental Risk and Control of Phosphorus in
Rice /Wheat Rotation Farmland in Taihu Lake Watershed J .Jour—
nal of Agro-Environment Science 2014 33(5) :829-835.
WANG Y ZHAO X WANG L et al.Phosphorus Fertilization to the
Wheat-Growing Season Only in a Rice-Wheat Rotation in the Taihu
Lake Region of China J . Field Crops Research 2016 198:
32-39.
WANG Y ZHAO X WANG L et al. A Five-Year P Fertilization
Pot Trial for Wheat Only in a Rice-Wheat Rotation of Chinese Pad—
dy Soil : Interaction of P Availability and Microorganism J .Plant
and Soil 2016 399(1/2) :305-318.

J. 2011(2):1-9. SUN Guifang JIN
Ji-yun SHI Yuandiang. Research Advance on Soil Phosphorous
Forms and Their Availability to Crops in Soil J .Soil and Fertilizer
Sciences in China 2011(2) :1-9.

PINGREE M R A MAKOTO K DELUCA T H.Interactive Effects
of Charcoal and Earthworm Activity Increase Bioavailable Phos—
phorus in Sub-Boreal Forest Soils J . Biology and Fertility of
Soils 2017 53(8) :873-884.

TIESSEN H MOIR J O.Characterization of Available P by Sequen—

10

12

13

15

17

18

19

20

21

22

tial Extraction M //Soil Sampling and Methods of Analysis. s.
1993:5-229.
HEDLEY M ] STEWART J] W B CHAUHAN B S.Changes in In—

1.2 s.on.

organic and Organic Soil Phosphorus Fractions Induced by Cultiva—
tion Practices and by Laboratory Incubations J .Soil Science Soci—
ety of America Journal 1982 46(5) :970-976.
MCLAREN T 1 SMERNIK R J MCLAUGHLIN M J et al.Complex
Forms of Soil Organic Phosphorus: A Major Component of Soil
Phosphorus J . Environmental Science & Technology 2015 49
(22) :13238-13245.
LIANG X Q JINY HE M M et al. Composition of Phosphorus
Species and Phosphatase Activities in a Paddy Soil Treated With
Manure at Varying Rates ] .Agriculture Ecosystems & Environ—
ment 2017 237:173-180.
DELUCA T H GLANVILLE H C HARRIS M et al.A Novel Bio-
logically-Based ~ Approach to Evaluating Soil  Phosphorus
Availability Across Complex Landscapes J .Soil Biology and Bio-
chemistry 2015 88:110-119.
GAO S HOFFMAN-KRULL K BIDWELL A L et al.Locally Pro—
duced Wood Biochar Increases Nutrient Retention and Availability
in Agricultural Soils of the San Juan Islands USA ] .Agriculture
Ecosystems & Environment 2016 233:43-54.
ZHONG HT KIM Y N SMITH C et al.Seabird Guano and Phos—
phorus Fractionation in a Rhizosphere With Earthworms ]
Applied Soil Ecology 2017 120:197-205.
KUANG W WU T T ZHANG Y H et al.Effect of Flooding and Air—
Drying on Nutrition Content of Soil in WLFZ of Chaohu Lake J .
Agricultural Science & Technology 2015 16(8) :1751-1756.
OLSEN SR COLE C V WATANABE F S et al.Estimation of A—
vailable Phosphorus in Soils by Extraction With Sodium
Bicarbonate R .Washington DC: United States Department of Ag—
riculture 1954.

M . : 1988:234~
323. LAO Jia—cheng. Agrochemical Soil Analysis Handbook M .
Beijing: Agriculture Press 1988:234-323.

J. 2017 38(4):1606-
1612.  CAl Guan HU Yadun WANG Ting4ing et al.
Characteristic and Influence of Biologically-Based Phosphorus
Fractions in the Farmland Soil J .Environmental Science 2017
38(4) :1606-1612.
MURPHY J RILEY J P.A Modified Single Solution Method for the
Determination of Phosphate in Natural Waters J . Analytica
Chimica Acta 1962 27:31-36.
WEI L L CHEN C R XU Z H. The Effect of Low-Molecular—
Weight Organic Acids and Inorganic Phosphorus Concentration on
the Determination of Soil Phosphorus by the Molybdenum Blue Re—
action J .Biology and Fertility of Soils 2009 45(7) :775-779.
BOSCHETTI N G QUINTERO C E GIUFFRE L. Phosphorus
Fractions of Soils Under Lotus corniculatus as Affected by Different
Phosphorus Fertilizers ] .Biology and Fertility of Soils 2009 45
(4) :379-384.
ZHANG X LIZW ZENG G M et al.Erosion Effects on Soil Prop—



* 605

23

24

25

erties of the Unique Red Soil Hilly Region of the Economic Devel—
opment Zone in Southern China J .Environmental Earth Sciences
2012 67(6) :1725-1734.

PIZZEGHELLO D BERTI A NARDI S et al.Phosphorus Forms
and P-Sorption Properties in Three Alkaline Soils After Long-Term
Mineral and Manure Applications in North-Eastern Italy J .Agri-
culture Ecosystems & Environment 2011 141(1/2) :58-66.
JALALI M JALALI M.Relation Between Various Soil Phosphorus
Extraction Methods and Sorption Parameters in Calcareous Soils
With Different Texture J
2016 566/567:1080-1093.
MCLAUGHLIN M J MCBEATH T M SMERNIK R et al. The

. Science of the Total Environment

Chemical Nature of P Accumulation in Agricultural Soils-{mplica—
tions for Fertiliser Management and DesignzAn Australian Perspec—

tive J .Plant and Soil 2011 349(1/2) :69-87.

Effect of Amendment of Biomanure of Phosphate-Solubilizing Bac—
teria on Soil Phosphorus Availability in Reclaimed Farmland in
Coal Mining Subsidence Area ] .Journal of Ecology and Rural
Environment 2017 33(4) :357-363.

28 NASHD M HAYGARTH P M TURNER B L et al.Using Organic
Phosphorus to Sustain Pasture Productivity: A Perspective ] .
Geoderma 2014 221/222:11-19.

29 WALDRIP HM HE Z ERICH M S.Effects of Poultry Manure A—
mendment on Phosphorus Uptake by Ryegrass Soil Phosphorus
Fractions and Phosphatase Activity J . Biology and Fertility of
Soils 2011 47(4) :407-418.

30 HAYNES R J.Effects of Liming on Phosphate Availability in Acid
Soils J .Plant and Soil 1982 68(3) :289-308.

31 GUSTAFSSON J P MWAMILA L B KEVIN K. The pH
Dependence of Phosphate Sorption and Desorption in Swedish Ag—

26 TIAN J H WEI K CONDRON L M et al.Impact of Land Use and ricultural Soils J .Geoderma 2012 189/190:304-311.
Nutrient Addition on  Phosphatase  Activities and  Their
Relationships With Organic Phosphorus Turnover in Semi-Arid
Grassland Soils ] . Biology and Fertility of Soils 2016 52(5): (19937)
675-683. o E-mail:
27 1310164277@ qq.com
J. 2017 33(4):
357-363. MENG Hui-sheng HONG Jian-ping WU Weni et al. ( )
2019 ( »
§ » N {
» N (CSCD) N (RCCSE) N
( ) (CSTPCD) - (CSSCI) ~
(CAJCED). (CJFD) . C ) . CA. CABL. BA. BP. BD. UPD.
GeoBaseZREM.Scopus.AGRIS. N N (EES)
(D N N N
:(2)
N N N ;(3)
25 A4 136 30.00 360.00 28—
114 ; 399 ) Q5688
o : 8 1210042; 1 (025) 85287092 85287601 85287036

85287052 85287053;

zhttp: // www.ere.ac.cn; E-mail Zere@ vip.163.com bjb@ nies.org.



