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Loss Potential of Colloidal Phosphorus in Paddy Soil Under Different Organic Substitution

Fertilizations

LI Shuang'?, WANG Yu®, YU Yunfei'?, CHEN Guanglei', ZHAO Hongmeng', ZHAO Xu'?, WANG Shengiang'?, WANG Yu'?"
(1 Changshu National Agro-Ecosystem Observation and Research Station, Institute of Soil Science, Chinese Academy of Sciences,
Nanjing 210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China; 3 CCCC Shanghai Dredging
Co., Ltd., Shanghai 200120, China)

Abstract: Phosphorus (P) loss from farmland is one of the important sources of agricultural non-point source pollution, and
colloidal P (P..) is an important form due to its large specific surface area, strong adsorption and migration capacity. In order to
evaluate the activity and loss potential of P, in paddy soil under different organic substitution methods, this study relied on a
long-term experiment of rice-wheat rotation under two partial substitution methods of organic fertilizers (N and P fertilizer
application control and N fertilizer application control only) to explore the changes in soil P, content and its loss risk, as well as
its relationship with different P components and soil chemical properties. The treatments of N and P fertilizer application control
(4 a) included no P fertilizer (CK), chemical fertilizer (CF), and pig manure instead of 30% chemical P fertilizer (OF); the
treatments of control N fertilizer application only (24 a) included no fertilizer (CK), chemical fertilizer (CF), and pig manure
instead of 40% chemical N fertilizer (OF). The results showed that, for the fertilization of N and P control, there were no
significant differences in soil organic carbon (SOC), P, content and colloidal phosphorus loss potential (LPP) between the

organic substitution treatment and the chemical fertilizer treatment. The proportion of soil MRP . (Rvrp, MRP o/ TPcor) Was
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significantly (P<0.05) reduced by 1.76% than that of the chemical fertilizer treatment. For the fertilization of N control only, soil
P.on and SOC content of organic substitution treatment were 13.08 mg/kg and 20.19 g/kg, respectively, which were significantly
(P<0.05) increased by 78% and 212.6% compared with the application of chemical fertilizer alone; soil LPP and Rygrp were
significantly (P<0.05) increased by 1.89% and 16.05%, respectively. Soil P.,; was positively (P<0.01) correlated with soil TP,
TSP, Olsen-P and CaCl,-P under the two organic substitution methods. Soil Py had no significant correlation with SOC under the
fertilization of N and P control, however showed a significant positive correlation (P<0.01) under the fertilization of N control
only. Compared with the treatments of N and P fertilizer application control, the long-term application of organic fertilizer with
only N control significantly increased the content of SOC, P, and different active P components in the soil, thus may induce the

risk of phosphorus loss. Therefore, equaling nutrient application is a feasible organic substitution fertilization to reduce the P loss

in farmland.

Key words: Organic substitution; Paddy field; Colloidal phosphorus; Phosphorus loss risk
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Table | Nutrient inputs in paddy field experiment

by N (kg/hm®) P,0s (kg/hm?) K,O (kg/hm?)
FM ORFE O IEEERES EAE Mk
CK 0 0 0 0 0 0
CF 0 375 0 75 0 150
OF 150 225 185 45 115 90
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FCHEEAD - B0 | - BAC , =3 : 4 : 3, AVUIC S AT AR
AR — W M, R

1.2 FREBAVIE RIS S8R Fif e 4 12

TG A TR R B AR S R G R AR
WGBS B S EE L (31°16'N, 119°54'E), +3E%
U SLADKRG £, R 16.5 °C, FEBFEKEN
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Table 2 Nutrient inputs in paddy field experiment

Lb N (kg/hm?) P,0; (kg/hm?) K,O (kg/hm?)
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(Residual-P),
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P+NaHCO;-P,) 1E Jy iif 1 B (LP) 41 4> ; NaOH-TP
(NaOH-P+NaOH-P,) /F 2 1 %5 1 14 B (MLP) 41 57 ;
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Fig. 1  Soil truly soluble P and colloidal P contents under different
organic substitution treatments
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Fig. 3 Soil P, contents of different particle sizes under different
organic substitution treatments

2.3 AREBNERART HEREBER LB 1T

ARA PRI 148 MRP.oy 7 HEANEL 4A
iR BT CKAREE, PIFA P20 OF 4b
B Ryre $4 42 55 (P<0.05), AT U OF
AEFE Pooy 5 i LA MUPoy B E, Rure A 21.5%, FHEL
T CF Ab3E, OF Zb3AY Ryre 2 FEAR(P<0.05); #
AANTERE 72T OF A3 Py &= A MRP, N 3,
Ruire 358 52.7%, HHELT CF 403, OF AbFHNY Rure
BEEBNT 16.1%(P<0.05).

http://soils.issas.ac.cn



IR AU 2T A T S it Ok v Ty e 825

CK  CF OF

2 41
6 BRI RN
(A) i 7
|
45+ : b
< 30 '
I . |
15+ : c
|
L L 1 |
0—CK CF oOF
4b

BL

(B)

|
I
I
85t a a
b 1 C
I
I
80 I
I
I
I L L |
73 CK CF OF

CK CF OF

b

LPP (%)
(=)

b3

(Rywp: EREHTE SONIBE (5 1L s LPP: JRMRBETR W)
4 ARENBRART IR OREEE R #E & P (A)FIERIREER K% 1 (B)

Fig. 4 Percentages of soil MRP.o (Rurp) (A) and loss potentials of soil colloidal P (LPP) (B) under different organic substitution treatments
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Fig. 5 Soil P fractionation contents (A, B) and correlation with soil P, (C, D) under different organic substitution treatments
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Fig. 6 Soil organic carbon contents and pH values under different organic substitution treatments
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Fig. 7 Relationships between soil P, and soil physicochemical properties under different organic substitution treatments

3 ihie

ABFFELE R R K R A A HLIE 2>
BACLIE DT 20T 19 38 Py 5 12 RN, 42 R4
BEAPLVEARSRAT T 138 Py 7 55 B AL IE AR HE
TwFEZFE 1), XTS5 APUEAR AT
TR RAT G —J7 I, BAE A=A YIS UL,

KPR BB A PO L R AT 21
W, SRR TP R, FFmfEd# Poy S ET
XA LU 3 Pooy 55 TP 2Z R A 0 3 IEAH OGO
ZARI(E 7). Audette ZEPYBFIRFHT, & HE P AT AL
JIE AT 4 e i 2 A 232 il e FH AL & S B R AN
RERE TS0 AT, AT AR PR IXURS: o o5 — 7 T, 0]
Jits AL 1] - S b g in 1T 2 A LR A, HAE 1

http://soils.issas.ac.cn



5 4 19

IR AU 2T A T S it Ok v Ty e 827

e Al 535 - 0B G T WM E B, 334 Py
FaE,

JRE AR I 2 ¥ 1 (LPPY R &7, s 145 Peoy 7]
P A T R DR e g 201 i - 48 Py FOERS iR T S
V1A R4 2 e LB S5 B I B it 2R XU 1 A o L
& . BEREHAVIEN, KPEEAREHENA L
NEFR 3 B AL e IE 77 =X A9 LPP 8 2 T (]
4B), H NCP F1 FMCP ¥y 34 hn( 3), KUK
BERAEHAVENIEIE T XTI Poon HA T &1
ERHETT, Peon FUTILIS RS B3 T 51 . AT AFSE &
PUARMIER G, Blln, 2% 7k PO AR TR A 43 5 vk
FAE T R 22 S0 VR SRR R N AN [DRL A 1Y
Peon 18, FFARBU/INT 220 nm #5301 Peon & i B 5,
INRXT Peon IERERE ST SRR 1 ISR 5 8 5 OGTE
YHIHORL Pooyo Hartland 2P FSE 00, A [RPRLAS H0RL
Xt (4 S ) 5 L B 2 S AT DG, ISR 1 L 3R T
Bt R RS (R D8 INTTIG O, B/ INREAR Y Poon 22 R H T
R 0 S RE T RS sl o IR Ak, TR IS 7 ol o EL
(RMRP)JQW%TQE%ﬁ%PﬁE@j(/J‘, Ryrp (HEEK, FIR
IAIE R TR RIS Ak 5 o P AT LA Rt I Ty = AN it A
BB EEM T Rure, PICPIFA B
AR HEAERT B WSO, PRAIEVERE R A K (H
HRTALIEAHLE, EAEREARIE T Ruee FEAK, AT
AEJE I TAS A HLRL 23 ) L3 AR LA Peon, 1Y
IEZ 1) MUP s Wi S AR SR T Rure
WETE, THEZ MR AN, Liang %S0
SR, AYUEEA FE R, KR
Wi - S m o i, ASCIEAAERE T T SOC & i
EHNEER(E 6) 51—, Brookes 157K W]
A3 A AL - S i, A i 4
A MBS TCHUE R AL . REEPIFITas RR I,
WMFENL A LM SOC 4FJEAHIb ot , ol + 1%
T A i, B i - 358 rh ORI 1) A RS R Y e
o AWF5E T 14 Pooy 5 SOC [H] Y 25 TEAH OGO &R
(B TYWBEI T Peoy BITEALSZ 1381V IK B . T
5 71 B 25 T, AR A ML T A =
KT o, - Bl PR 8 A (07 b S OASE 174 B3t A o L A
FETbE, sRA VY BT L AICHLEE R, SEGHE
S IO e T A AR R R ZF BRI,
P oo VLA A2 W A\ i A g B i s ), DR A
AR A AR ACAE 7 X i A 3K, S5
RBE XU T o

7 Hou % N\PHfFge v, WA s i A5

BN ST R PORFEE MR R b . 4 P
Tl ORI AR A TS BEIE B, i T4 2 (B) Y
FE2ETEYEANTE], Poon AR P HEAN - 408 b A R WAL o0
K AR, PAAYEC T, 15 P
53¢ LP Al MLP ¥ 2 3 1EA K R (P<0.05), H
A3 Py 5 A3 LP Al MLP )% 25 B AH 56 2 8k —
UL T 4 Py AR AT BER A G AN b A5 TG PR il AL
I o XIBEPRFFE R, 3 Py 5 391G AN rp 45
TEVEBR PRI OC 2R B X AR T A 5T 358 P
5 TSP. Olsen-P Hl CaCl,-P %5 347 Sew ] 1)t 35
IEAHEERLERE 7). SRMMEMAERE R, 88
RIEWEA MR X, BEAEB A PLIER AT
A3 P 53 STP B EFIEMIK KR, XnlfE
ST 3% STP 3% HCI-P 4%, %8 0#s F 5 h
B P2 AN o KR RS A DL A A 7 =X
LI HCI-P &e (& 5B), 7KWt A PR )
+4Erh, 158 pH WEFHE(E 6). i pH TSN
MU R LARE K A3 v A4, 1 HL A5 W45 6 AT Re ek
WSR2 A TR, PR AR E T AR AT ) A
B 22 W ARG G 78 , e LIAZIR oy TTHLAR S
BRI, Liang 205 pH XF +HE Py B IR AY
W5 R I, pH 4.6 ~ 6.0 il +3E P & A%, 1%
pH Z5AF T8 W B3 (A1 AT 3 P 7 38 R R LA
Joies pH S0 A ZE R AR SR THI AT LIS A 25 o DA
T8 Peon MRS %, AE 7E(K pH Filfm pH T,
Pk Pooy IR . ARWFFE R, ATRE I Tt AE
T 14 pH, AHLECHRE T 14 pH) i p Fliti
JNEALFRIIENN T 435 Peoy (B 1), PRS- IE
Peon 5 pH TR ZEIEMHLIEE 7)o 5L, Py s
398 () 3 M RN PP ST B A S DDA G, (B K
BB AHEHE T, Peon t AT A8 i TR
S5 G TG PR 5 B i R R 4 A

4 #ie

KA AR A HLAC AR 7 A AL T 20k
P e 1 e RS AT S A Al 5 i AT
PERRZH o i S R LR & R, B R B TR
BRI TE) o 5 RAE WA HUILE AL AL 7 30 L8
Pl K - HERR A % B 2 J0 WAL L Tl A OGS
e B, e FH SR PRt 5 S M R v 25 T P
OYIRAR B VR i ] 2 SR A A R
Wi o PRIt , A ATUAE TR 3 AR Ak bz 2% g ol Aok ot
A, ORI BARR JC5E B RIS 3, 7RSSR
i A HLAE B A AL 7 5

http://soils.issas.ac.cn



828 + i 55 55 %

STk - H R, 2000: 146-315.

[20] Missong A, Bol R, Nischwitz V, et al. Phosphorus in water

[1] Xsg=, HEEE, T, 5 KILREBUKAESHEZ 42 dispersible-colloids of forest soil profiles[J]. Plant and Soil,
FERE, BREGXR[I]. BRI, 2020, 33(5): 2018, 427(1): 71-86.

1081-1090. [21] Ig K, Siemens J, Kaupenjohann M. Colloidal and

[2]1 FHR, BHRFE, B, & RILHEBAR RS dissolved phosphorus in sandy soils as affected by
Y HEBCRRAE S5 B IR AR T[], AR SR 224, phosphorus saturation[J]. Journal of Environmental Quality,
2021, 38(2): 48-52. 2005, 34(3): 926-935.

[3] i HH, S, ek, 55 S8R AR R i IE A [22] Beauchemin S, Hesterberg D, Chou J, et al. Speciation of
WIS Y B SR AR AT U], AR A BE R 22 4z, 2022, phosphorus in phosphorus-enriched agricultural soils using
41(11): 2428-2438. X-ray absorption near-edge structure spectroscopy and

[41 P&, &, g, 5. AR ARG Y ma R K g il chemical fractionation[J]. Journal of Environmental
TR IR S R[], 13, 2010, 42(3): 336-343. Quality, 2003, 32(5): 1809-1819.

[51 K==, NG, 7000, 5. APUIERCHLEXT S48 A K [23] Moir J, Tiessen H. Characterization of available P by
KB LIEEF R R [J]. 135, 2020, 52(4): 862-866. sequential extraction[M]//Soil Sampling and Methods of

[61 XMHLEL, MmH, &R, %. S5WABER LAY K & Analysis, Second Edition. Boca Raton: CRC Press, 2007.
FEANRIEREIR R, (Y 22 5[], 135, 2020, 52(4): 718-727. [24] Audette Y, O'Halloran 1 P, Paul Voroney R. Kinetics of

[7] 2R, XiElg, $2AE, . ORIEDHACA 0 AE A phosphorus forms applied as inorganic and organic
W K= s (7). K B R, 2020, 34(5): amendments to a calcareous soil[J]. Geoderma, 2016, 262:
86-93. 119-124.

[8]1 W&, BH5 2, WEFY, 5. mJy ke X A ) 8k Fil [25] Bi Q F, Li K J, Zheng B X, et al. Partial replacement of
A AU i Ak I 4 B AR 5E 0], K AR RR2E R, 2018, inorganic phosphorus (P) by organic manure reshapes
32(4): 197-203, 215. phosphate mobilizing bacterial community and promotes P

[9] Wang L, Zhao X, Gao J X, et al. Effects of fertilizer types bioavailability in a paddy soil[J]. The Science of the Total
on nitrogen and phosphorous loss from rice-wheat rotation Environment, 2020, 703: 134977.
system in the Taihu Lake region of China[J]. Agriculture, [26] ZF&K. Wil MR F -+ 3R A i A i i) s R 3 5
Ecosystems & Environment, 2019, 285: 106605. PRI [D]. B : WriT 2%, 2021.

[10] VEE, =AEE, PRk, 5. KB EME A W+ gewk % [27] Hartland A, Lead J, Slaveykova V, et al. The
TH AR A K PR B RURS: TN (7], 2R 4R, 2022, 59(6): environmental significance of natural nanoparticles[J].
1640-1649. Nature Education Knowledge, 2013, 4(8): 7.

[11] Gottselig N, Bol R, Nischwitz V, et al. Distribution of [28] Liang X Q, Jin Y, He M M, et al. Composition of
phosphorus-containing fine colloids and nanoparticles in phosphorus species and phosphatase activities in a paddy
stream water of a forest catchment[J]. Vadose Zone Journal, soil treated with manure at varying rates[J]. Agriculture,
2014, 13(7): 1-11. Ecosystems & Environment, 2017, 237: 173-180.

[12] Chen D, Zheng A R, Chen M. Study of colloidal [29] Brookes P C, Chen Y F, Chen L, et al. Is the rate of
phosphorus variation in estuary with salinity[J]. Acta mineralization of soil organic carbon under microbiological
Oceanologica Sinica, 2010, 29(1): 17-25. control?[J]. Soil Biology and Biochemistry, 2017, 112:

[13] Jiang X Q, Bol R, Nischwitz V, et al. Phosphorus 127-139.
containing water dispersible nanoparticles in arable soil[J]. [30] %, #AW, T8, 4. fRARIE A AU 1 ik
Journal of Environmental Quality, 2015, 44(6): 1772—1781. YRR T AE SRR IR[T]. 324, 2022, 59(2):

[14] Poirier S C, Whalen J K, Michaud A R. Bioavailable 545-556.
phosphorus in fine-sized sediments transported from [31] Niyungeko C, Liang X Q, Liu C L, et al. Effect of biogas
agricultural fields[J]. Soil Science Society of America slurry application rate on colloidal phosphorus leaching in
Journal, 2012, 76(1): 258-267. paddy soil: A column study[J]. Geoderma, 2018, 325: 117-124.

[15] Mayer T D, Jarrell W M. Assessing colloidal forms of [32] Hou E Q, Chen C R, Kuang Y W, et al. A structural
phosphorus and iron in the Tualatin River Basin[J]. Journal equation model analysis of phosphorus transformations in
of Environmental Quality, 1995, 24(6): 1117-1124. global unfertilized and wuncultivated soils[J]. Global

[16] Ilg K, Dominik P, Kaupenjohann M, et al. Phosphorus- Biogeochemical Cycles, 2016, 30(9): 1300-1309.
induced mobilization of colloids: Model systems and soils[J]. [33] XUEE. A H K HeH: R RBE M IRAFIE A L ISR ML
European Journal of Soil Science, 2008, 59(2): 233-246. e BHPE B ARWEFT[D]. B WivT k%, 2013,

[17] Siemens J, Ilg K, Pagel H, et al. Is colloid-facilitated [34] Zang L, Tian G M, Liang X Q, et al. Effect of
phosphorus leaching triggered by phosphorus accumulation in water-dispersible colloids in manure on the transport of
sandy soils?[J]. Journal of Environmental Quality, 2008, dissolved and colloidal phosphorus through soil column[J].
37(6): 2100-2107. African Journal of Agricultural Research, 2011, 6:

(18] @K, Hiless, EA5h, 4. KM A PR A 6369-6376.

HASRGRSDEE M) R IR 2F), [35] Liang X Q, Liu J, Chen Y X, et al. Effect of pH on the
2017, 36(7): 1406—-1415. release of soil colloidal phosphorus[J]. Journal of Soils and
[19] Eandp. HEELOb s FrorikM]. et dELLE Sediments, 2010, 10(8): 1548—1556.

http://soils.issas.ac.cn



