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Phosphorus surplus under organic fertilizer substitution in a rice—wheat rotation system

YU Yunfei"?, WANG Yu"*, LI Shuang"?, CHEN Guanglei', ZHAO Hongmeng', ZHAO Xu"?, WANG Shenqiang"*"

(1.Changshu National Agro—Ecosystem Observation and Research Station, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2.University of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Suitable organic fertilizer substitutions for crop yield, phosphorus uptake, soil nutrient content, runoff loss, and phosphorus
surplus in paddy soil was studied. Field experiments included partial organic substitution for chemical N and P (4"—yr) and partial organic
substitution for chemical N(24"—yr). The treatments with partial organic substitution for chemical N and P included no phosphate fertilizer
(CK), chemical fertilizer (CF), commercial organic fertilizer (OM ), pig manure (PM), chicken manure (CM) and cow manure substitution
(DM); the treatments with partial organic substitution for chemical N included no fertilizer (CK), chemical fertilizer (CF), and pig manure
substitution (PM). The principal findings were that the partial organic substitution for chemical N resulted in a significantly higher runoff
phosphorus loss and phosphorus surplus. In the treatment with partial organic substitution for chemical N and P, the annual P loss of runoff

was 0.08-0.15 kg - hm™, and no significant differences in organic replacement treatments compared with chemical fertilizer were observed.
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The annual P balance of CF, OM, PM, CM, and DM was —0.76, 2.29, 4.58, 4.40 kg-hm™, and 8.54 kg+hm™, respectively. In the treatment

with partial organic substitution for chemical N, compared with chemical fertilizer, the annual runoff P loss and P surplus were significantly

increased by 50.4 fold and 3.41 fold; the runoff P loss P of PM and CF was 5.14 kg-hm™ and 0.10 kg+hm™, and the P balance was 118 kg-

hm™ and 26.7 kg-hm™. Concurrently, the wheat yield, soil available phosphorus, and total phosphorus content were significantly increased.

Our results indicate that excess P input through organic fertilizer would lead to P surplus and potential environmental risk. Therefore,

partial replacement of chemical fertilizer by organic fertilizer should control the input of nitrogen and phosphorus.

Keywords : organic fertilizer substitution; rice=wheat rotation; crop yield; phosphorus loss; phosphorus balance
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Table 1 Organic fertilizer and chemical fertilizer inputs in the field experiments
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The different lowercase letters indicate significant differences among treatments (P<0.05). The same below.
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Figure 1 Aboveground biomass and total phosphorus content of crops under different organic substitution treatments

FEFF 4t & 5 B 2 T CF 4 F 56.5% £ 77.4% (P<
0.05) .
22 WAV EHIERE LIERFESSENHIN
- A OB RN R B AR AN R A LIS HLAE i
Jiti 7 3R AR (R 2) . R F &AL
JCAIUIE FE it Ak 310 A A4 Wt S SV 35 14 CF AL 3Ry
TR ZE 5 (P>0.05) , F5 2= 5847 3wk & 5 0 15.7~
19.4 mg-kg™, BB & 5N 0.48~0.51 g- kg, B H R
W& A 18.0~24.8 mg-kg ™', MBS 4 0.46~0.50 g-
ke!'o PERATERE T, PM AL FE A HEA R0 AL B o
Y5 25 5 T CFARFR(P<0.05) , Rl 2 A R A B o
Oy BRI 132.3 mg - kg F12.03 g- kg™, Ay CF Ab B
270 570 1.80 1% , 22 2 AW N BVl 3 i1 &2 175.9
mg- kg F12.33 g-kg!, Hb CFALFHER 2. 1550 1.754% .
2.3 FWFEN Y BEE HEXT K B2 RBHR <A
ANV HLICATLIE B it =X % 5 22 38 A A AR I
MBS A R A2 5 (K 2), EREARERES

T, S A PEAE 22 R HAR T BRI LR &£ R
(P>0.05),CK.CF.OM PM,CM 1 DM 7K & 2= 4% i &
8 - 153 % BB 4 YK R 0.025,0.062 . 0.058 . 0.046 ., 0.045
mg - L7 F10.029 mg- L™, /N B YA 0.027.,0.031
0.027.0.038.0.030 mg- L' f10.026 mg- L', 7EFEEA
PEWESAUE T, PM AL A 22 A2 U S W T 2 Mk i 34
F T CFARHE(P<0.05) , H oK F 242 i A B - 34
WP 2.40 mg- L, /NAE AR 0 e V- 2 R B 0.68
mg- L™, b CF Ab38 53500l 5 i 72.2 451 20.8 £ .
24 WA EHIEEEXEERIER BB TEN
A1

FIGAT TR e AEA H B A S 5 B 8 R
Al LUE BI85 4 A 2 A HLICHUIE AR, KRR
AN TN KA AR B R R A
R AN o RO e | DAL T b W G W N ot o S 0L
Bisiti T , PM Ab FEAERL AT A B 12 328 /2 - CF Ab 3, A
FZ3 51353 100 kg-hm™>F1 107 kg-hm2, B0 % H

WWW.Qes.019.CN




m@g 1558

VRETS Rt Y FAEE TH

R2 AHENENEEESAXTHREZLEHESE

Table 2 Soil phosphorus content under different organic substitution treatments

AHLIEHLICE )y =X Ab3 A% Available P/(mg-kg™) S Total P/(g-kg™)
Condition Treatment %2 Rice FZ Wheat F4Z Rice 75 Wheat
ECERE CK 9.28+0.19b 9.47+2.52b 0.42+0.03b 0.37+0.01b

Partial organic substitution CF 17.6+2.64a 24.8+7.12a 0.48+0.02a 0.50+0.05a

for chemical N and P

oM 19.4+2.29a 21.1£2.51a 0.51:0.04a 0.49+0.03a

PM 17.4+2.48a 20.2+4.37a 0.49:0.01a 0.48+0.03a

cM 15.7+3.54a 18.9+4.20a 0.48=0.02a 0.460.05a

DM 18.0+5.37a 18.0+3.24a 0.48+0.03a 0.460.03a

PSR AR Partial CK 2.83=0.12¢ 2.42+0.05¢ 0.40=0.01c 0.3820.01c
organic substitution for CF 35.8+4.31h 55.9+7.40b 0.72+0.02b 0.85+0.05h

chemical N
PM 132.3+21.3a 175.949.43a 2.03+0.24a 2.33+0.47a

T B PR A B LR e DR, B 5 AN/ RS AR B E] 22 5 B 2% (P<0.05) . I

Note: The data in the table are represented with mean + standard error, different lowercase letters indicate significant difference among different

treatments (P<0.05). The same below.

PR 4" -yr

0.30 ¢ Partial organic substitution for chemical N and P

PERAE 240 -yr
Partial organic substitution _ ¢

o X for chemical N a
i | a -
s i 025 ' 4 B
2L O KRS Rice 5 g E
TE 020F O/h#Z Wheat | 2 BE
&2 | a ?;;5
"H- . ~
e £ ! 0s EE
EE olor 2 a a g, | | ¥E
H = -[ a ! r H =
¥E o005t I a 2aT 34 1 pb p b 005 ¥
~O b
- 0 J : 0 =
CK OM CM
CF

a
CK OM CM
CF PM DM

PM DM

CK PM CK PM
CF CF

AbFE Treatment

E2 MHENIZHNREEEAX THRERERBEREBRE

Figure 2 Average concentration of total phosphorus in runoff under different organic substitution treatments

T TR 22 R AR o i AU A LG
HLHEBC it T , OM . PM il CM Ak FR e 22 b | 35 W ol
5 CFAMFTC 8 2% 22 57 (P>0.05) , T DM A i 25 {1%
T CF b P (P<0.05) 5 ¥ A A= BE Bl it , PM A BEAR
WY B T CF AR HL(P<0.05) o AR TR I Ok
EERAEV A TSP R 2257 (P>0.05) , K
TR ZE R I 28 B 0.05~0.11 kg - hm™, 22 Z i 26 &
4 0.03~0.05 kg - hm ™ ; #E AR SR T , PM AR T
CF b PRAE A7 2= R AR P 25 5 53K 5.14 kg -hm ™,
A CFAbBE) 50.4 4%

1 3 Ry AS TRl A5 AL TCATLIE P it T e 22 6 VR A H
ARG . RN ST PM AL BERE Y
MR R B AR 43 51135 44.4 kg -hm > F1 73.4 kg -
hm?, B & 5= T CF AL FE (P<0.05) ; M #5 22 JH 4E PM 4b
PR B Al 118 kg-hm™, o CFARFRES 3.41 1%, %

1% WHART]

RESWEAAF T A Bt A B 2w V-1 5 CF AL HLE
F25(P>0.05) , ¥R Mg 5 HRRAS ;OM . PM.CM
DM 4b P A7 Z5 i 22 4% i H CF A BR 45 1) 42 1 14.1%
18.8%.26.0% F175.2% , B ab F W B AR s Fi 22 il 4
B OM . PM ,CM 1l DM AbFIIA RS A 23 4%
3 iTig

T8 S 487 0 BT 2 PR AR FH e 55 0 T 5 e 10
LRG0T kg PR XU PR AR $2 41t 2 S 2100
Pl G BRI T2 R BRI E Y 7 R ™, 4k
FIEF TR AR E T i Ay, FEAR T T e XU
R AT IS Bt , A8 AL ICHUAE Bt o F52 g 9 5
W, ATHFE R, P A W25 A HLICHLAE B i 4 24 v
LR AT BLAY AR LAY R 2.29~8.55 kg - hm,
7 458 AN 55 B A ML JC AL AE Fc it T Wl 4F 280 4% 1 ik



T2 6% R R A H A HLCHUIE LG T BT 5t 1559
®3 WHENEHEERF R TELEBETHOBNSHHE (kg hn)

Table 3 Input and output of phosphorus in rice and wheat season under different organic substitution treatments (kg+hm™)

HHLILHLIE i e BEHIA Input BT Output

Bt rrcament MR BE/AT HEWK &t PR TEFF e At

Condition Fertilizer ~ Seedlings/seeds Irrigation water ~ Amount Grain Straw Runoff Amount

8 i Tz CK 0 2.53 0.06 259  18.7+0.85a 13.4+1.79a  0.05£0.0l1a 322

Partial organic  Rice CF 262 288  19.4+335a 16.5+324a  0.11#0.05a  36.0
substitution for

chemical N and P oM 26.2 288  19.1+325a 14.6+021a  0.10£0.05a  33.8

PM 26.2 28.8  18.8+0.77a 13.0£1.99a  0.08+0.07a  31.8

cM 26.2 288  19.1+0.88a 13.3+2.46a  0.08+0.06a  32.5

DM 26.2 288  17.2+0.94a 142+192a  0.05+0.0la 315

= CK 0 0.87 0 0.87 13.742.26c  1.44+0.40b  0.03+0.01a 15.1

Wheat CF 26.2 27.1 18.3+1.59a 2.23+0.39a  0.04:0.0l1a  20.6

oM 26.2 271 17.7#0.35ab 1.93+0.37ab  0.03+0.0l1a  19.7

PM 26.2 271  17.61.56ab 1.78+0.21ab  0.05£0.02a  19.4

cM 26.2 27.1  17.1+2.98ab 1.82+0.62ab  0.04+0.01a  18.9

DM 26.2 271 143+0.59bc 1.39£0.26b  0.03+0.0l1a  15.7

BRI Tz CK 0 253 0.06 259  6.99+0.17¢  2.28+0.03¢c  0.04+0.02b 9.3

Partial organic  Rice CF 32.8 353 21.6+1.66b 16.9+220b  0.06:0.02b  38.6
substitution for

chemical N PM 100 103 25.120.54a  29.1+0.19a 4.32+3.42a  58.6

%% CK 0 0.87 0 0.87  12.1=130c 1.47+0.23¢  0.03:0.01b  13.6

Wheat CF 52.4 533 21.0+3.79b 2.34+0.32b  0.04+0.01b 233

PM 107 108 28.3+0.28a 5.36x0.28a  0.82+0.52a  34.5

PR /4" -yr Partial organic substitution for chemical N and P
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Figure 3 Soil phosphorus balance of rice=wheat rotation cropland under different organic substitution treatments
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b PRI R L IR T A T 2 RS TR AT
AT ML ICHLAE B 5 45 AP B AH B, R i B I A
Sk A e i R

TR RAUR RIS RS AR R
- S AR AL 2 R A A B DG AR R Rk
B AR RIS R EA A E S A
I, + M 5 5145 100 kg hm™, 2734 K A5 +
BB 0.4~3.2 mg - kg, #IEPE K AE 1 A S0
AL 3T 2.0~4.0 mg - kg™ 121, B 4 5 G &8 T 19 0
5.6~21.4 mg- kg, ARG AR BRI AT HLICHLAL Bt
T T BERA B4 Re IR BEVE D B A R S AL
PRUE S MR = i, X S5 AT A — 3. ARk
S B AL TG AL i Ak R AR 4 it £ IES - 45
AR AN A Bl 1 43 R R 25.0%~33.0% 1 14.3%~
15.4% ; AERFF S50 WF 58 = B AT ALIE B2 40 5 Bt Ak
REAH H 7K RS 7= e B8 0 2.7%~4.7% 5 S5 P 258 &
B 18% 5 HILAE B AR A2 BB AL mT 48 i /N 22 5 /U B
BN ROREE, B R RN i . AU AR R T
A AT R AT, A B 5 —38 53 5 47 i
RIS 2, Hoa A A MLEE 1k 5 RO il 2L Fit v
WS A /Ny A LR SIS PR o, I T 2 1= 49 0
MLBSE A0 7 f B 27, 5 AT MILAE v ) B 22 R AT Bl
e Es AR PR A s 2 4 , LA Ak SR A eT R A
B R A XT8N , DRIk AT S Rl P R

A H L iz 25 0T - SR AR Bl A VR ol e 3] 9
AE R A HLICHUIE B REA S AOCHLIR e HEAED)
GYEE, A ZRA NI R G TR . AR R
¥ EURTE AT AL ICHLAE B it S22 2 2 /N 22 7 1 T
ZFERFRE S L, X 0] B A MLICHLIE e it i VR
A A YERE e HERFRLE IR A O HAH TR A
P, P AR TEBEA MLICHLAE B it BE A R34 n 1 36
BB RN & F 35 176 mg-kg ' F12.33 g-kg ', L HRAE
WIEH A R T T 0 Sk . DRSS i A
2 T8 BN AR I 5 AR SO E i A T
TR R IS A A B TR I Ty, R 4R
RAE WA MLICALAE Bt T 3k 210 88 T+ 308 1 fnE
FEAE I E I HAS il b i R

- el 2 A i R i AR P T YRS Yl i
S [oF S8 77 AN wk= - =N s = 1A
FE LR il A 3G, - SRR B R TR A
TC A B [ 1 98 1) K AR RS AR A R K
o7 A% FH B L /NI A AR R T F AR IR B K R X il 2R
B A R RO, AR H B R (R AR A4 2R 5 7 A K IR 85 ]

1% WHART]

L HL R AR A A, H R R AR O (0 PR KRR B i A
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BACHNE BRI HE AR AL, EAS R MR AR 7 2 A i 2
N AR AR AR U U R R 23.32% 5 1 FLILPIIF 5T
B, S5 R RS XA DUIE A A QAL B 2 AR,
BIEA HUHEAE N R — IR VEP) A KR T RiTIY
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A5 T 2 R PR WA MLICHLIE FC it 2 55 PR
AHUTCHUIERCHE 7 300 PRI A5 BRI, A5
RAEWEA HLUICHUIEBC it Ak PR E T )55 4 4, F —25 T
PRI T TR AR FE42 RAR W T AN R HLIE S B K A
5 A RE U ) R AL

4 ZEig

PERPEWEA MLICHLIE Bt 8 22 8 4 ol 47 - 1y
RPN AT LA , BRI B0 2 T B35 R ), T 42
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