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Effects of reduced-phosphorus fertilizer and combinations of organic fertilizers on
phosphorus leaching in purple paddy soil with conventional paddy-upland

rotation tillage
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Abstract: To explore methods to reduce phosphorus leaching and thus improving river water quality, we conducted field
experiments on the effects of reduced-phosphorus fertilizer and combined application of organic and inorganic fertilizers on
phosphorus leaching in purple paddy soil with conventional paddy-upland rotation tillage. With these treatments, phosphorus
seepage decreased over time, but the amount leached was high and variable in the early stages, gradually reaching stable
equilibrium after 55 days. Total dissolved phosphorus (TDP) had the highest levels of phosphorus leaching into the waters
of the purple paddy soil. The total phosphorus (TP) and total dissolved phosphorus (TDP) contents in soil leachates were
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as follows ; [ optimized fertilizer + pig manure application] > [ optimized fertilizer + straw return] > [ optimized fertilizer] >
[ optimized fertilizer with phosphorus reduced by 20% + pig manure application | > [ optimized fertilizer with phosphorus
reduced by 20% + straw return ] > [ without phosphate ]. TP loss ranged between 0.295 and 0.493 kg/hm’. Organic
fertilizer promoted phosphorus leaching, and the effect of pig manure was larger than that of rice straw. Decreasing the
amount of chemical fertilizer can reduce the amount of phosphorus leached into the soil. To improve agricultural production
and control nonpoint source pollution, it is important to reduce the use of chemical fertilizers and use combined application

of organic and inorganic fertilizers.

Key Words: reduced-phosphorus fertilizer; combining organic fertilizers; conventional paddy-upland rotation tillage;

purple paddy soil; phosphorus leaching

B AU A KR T AT IR FR e K| IR R I A i IR (R D 2 Ak
Jiv e A e S B - AR B i 2 A0 D B Tt S AR PP A A o BRI AR T 7 ) i SR ] S X LA A
PRI, S 2R RN 10%—25%" S T R0 w7 R ™, 34 o AF 2 1) 1 38 vt Jn oK S i AT
YA UL, it AT i 2 RS LR 2 rh B R O AT A R o e R T LGE 1 R A
Ui AR P RITRA 1 3 A S K AR R 7K R DTG 3 B b T O e 12 T 405 PRI oK — R ) ) L
A WA S RGBT R O A KR B B SR R

El YR 2R A LI P IIT RS e Al MR PR KT Y i AT TR RS TR R SRR AT A L
TCATUHE AP F] 2 18] 56 28 o Ok Bl | F 52 2 B ST, e AT HILAE Bl U R F 2 R 22 4 v A X 7 8 26 ik
RGBT HUIE R KR B B SR R AR R 2 RO AE 9250 % R, AR T HEK
We SR BT 75 , TN 250 TR 48 i A Dol FC it A ) A ML 3 7K 57 8 A0 i (02 A T 1 S 0 3R 8 T bk 2K
(LM AR A RABETE ", ASBFTER FE it R 300 7 6 M 00 e, 3220 VL =gl bt DX DL 194 58 € B R B
XFG WA T Tt e 7K~ A Sl Rl A e A [ A BILAE 25 T /K S AR A e 2 L el 3k AR R AT 1 D2 2 A
WSS, B T RE AT AV 26 HUIL O AL AL 26 18 58 68 B oK R B s L, 00T 1 W3R SR AR A, 1R
P TSR UL X 3wl 3 R AR SENE 6 o e 08 3 00 2R 0 M A 89 G ol 5 e 18 40 DR 0 1 7 S8 R
AT T 3 A HLAL A A 25000 BAT B 00 S R S, [R] ARl DA 2 ) A T TR 575 4 A b A= 77 48 A H 3
T flt TRk,

1 #MR57EE

1.1 RS 5k

TR b S AE E S0 I ) 5 AR R A 0 I S b 37 o B T LA X P R K 2E i ek 1,
R 106°267 64 30°26", J@ S5 40 FE B X, 7 LR Fe A oI i8R 266.3 m, 4F 3 18.4°C , 4F H ] 1276.
7 h, 24FEREIK 1105.5 mm , A HGH R RS, 08 AR P DB A S R TUE LB RSt h
165 0 Y2 S/ 75 e =~ O S D 7112 0 2 1 1 e w1 A (U P e M2 S I 9 v i P
FH AP 5 O KRGS 5/ . B RIS AR BRI PE Tl pH 6.34, AL 14.8 g/kg, % 1.4 g/kg, &5 0.
729 ¢/kg, &4 14.9 o/kg, Wlf# A 60.3 mg/ kg, FH W 41.2 mg/kg, HAE 217 mg/kg,
1.2 5Tt

IS 6 MALRE 3 WHEKR, 73 A TEBEE (PO) ALALTENE (P) HLALHENE +F5FFiE H (SP) ALt iE +
FEEAPLIL(MP) ALt A B IR 20% +55 FF 38 B (SDP ) Ak it AR 2 i s 209% + 3% 254 HLAE (MDP ) , M 1Y,
FRHBAVNE (LD AR PR RER TR LR B S E 08 1.34% 1.3% 0.8% , Jii

AHAE 22500 kg/hm® S AR R A H, HrP M E R ILR & EITH M N P,05 K, 0 77518 0.49%
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0.18% .0.75% , Jiti H it FAF: 7500 kg/hm®, AKFE A AL 63 5, PLAbii It iR A it N P,05 . K,0 435
4150 kg 60 kg 75 kg #E47T, BALFHIRE (% N 46% ) , AL AL BERRES (% P,O, 12%) , SAC FHBR RS (& K,
050%) ., W BPIEAESENE — PR , AIEIENEFE AR 5 50% , AHUIEYENEIES 2 HERA A, B8
Tt/ NX AR 2 mx1 m, %R 1.5 m, fi 1R Z5H 8 it ISR H C20 4N TR 5E 1 BL5E (B Bk ) ;8 Tt sk 1k
SR M7.5 AL WA B R R E R A 2 om JE 1.2.5 BiKAD 3K, /D IXE S8 UG e Rk L2 IR (24
BT T 5 ZEREHK R AER) 7RI 40 cm .60 ¢cm 100 cm IRALF4E 3 em EMHAEPER, FH 0.15 mm JE
T W 5 22 BB A FHE A SR A/ NCZ AR 12 em SRAIAE 5% (B K AP SEBRTH ) BR T, i 2 BN
T IF R AT S, (R HEE . DRV 5 b A HE K ORI & AR KA B T i . TR FEHLHES
1.3 FESCRESIE

2014 455 H 15 HH K RERH,5 A 7 HHZEAE 8 H 20 HKAFUR, ARG ER IR T b HE
KK HAMEZINTOREE 5 em ZoA7 09 DK, 432K Rt FH BRI F5 5 7,14 21,28 35,45 55,6575 1 85 K
A5 K 40 em (60 em 100 em 5851 T A998 KA K RE B UCIR TS 3 K 5 I T 200 mL 0RHH
rp 03U S8 H 2B € H P Y S TP (total phosphorus) B AT TDP (total dissolve phosphorus) | 7] JZ
HETCHLBE MRP ( molybdate reaction phosphorus) . [F] B 7K F8 A= B HH P R 9 R BE ) 7K RE Al [] BSR4, UK 8 A
IR AKRE AR RENCR G 43 5 B R A4S AR FE/INX 40 em (60 cm 100 em 31 A7 - 3ERE S o 05 2 4l o
AR &, B TP RH H,S0,-HCIO, T i , SRERPT b ek s BnT M TDP SR B HA5 28 0.45wm JE AR
U8, 7 H,S0,~HCIO, JHfi# , SABA T L (k] OB METEHLEE MRP SR HT B E A5 58 0.45um B I8 SR 4R 86
U ek ; Wioki 2585 PP (particle phosphorus) = TP=TDP ; Al & 144 #HL#§ DOP ( dissolve organic phosphorus) =

C.V,
TDP-MRP, FiHBER B P 2B (kg/hm®) HHRAK P, = 1SO§ s KRR AE K R B R I A L
11
z CijVij
P, = 1] 005 Forb PR | Rt AL Ak B IE 250 RPN R B B kg/hm®, €N 5 @ R AC AL BRES j Ik

WA IR/ K H B SR L, B0 me/ L, V, 5 i Rl NE AL 3126 j YRR 15 T /K TR S B AR R, B2
ml, S MR IR/ X A A m?, A I M B R AL R E Y, R pH SR LR
AR P — SR BT (03 ; A SR T 0.5 mol/L NaHCO, I 32 -8R HT e (3 ; H IS ZUR YL
FERE ; TSR AR Y B0 LA USROG R T s I LBTR T E AR R P A 1 1
1.4 Bt S5k

K Ab PR SPSS17.0 47480 HT , A BRI Microsoft Excel2007 , SigmaPlot12.0 4Zb# | 4 4b ¥4 £
HHHBCR I LSD ¥, & /K-8 0.05,

2 FHRE5S

2.1 JKAEAE R AN IR A 3 - M A K P A TR SR s ARk

I 1 AT KRS A KA ,0—40 em F140—60 em +J2 | Toig & FU FH AL IR 8 2 A HLICHLIE L it b
FR B K T TP R AR A RS — B, A0 A — J8 MR A, H T 0—40 em ,40—60 em KA K
HTP SEX SR A S T 0.363 me/L.0.306 mg/L, ¥ KM S T /KA & 8 FR- AL B I F R 0.02 mg/LPY
A RE A R AR TR H /KRS — I Sk AR VE 4 SOk 2 5 R3O T O B b AR 2 54 shi
IR 7RI 0 2 R AR ZE LB, A /K FHHE /K B IE =2 I, Rk 1) P 2l gl P57 3K 03 3 (A SE 30 ) Dkt 381 3k - 43¢
TS, AT 5 BT — A P 45 AL BRI K h SRR AR . 2 R R R B B R R e e O R O — T
B A 3ol P P A0 T S R AR W S, D — T KRR A K R B AR e R TR AT B R
IR B IR K P RV B AR, AT 55 RIIE K TP kB U B B K ,0—40 em ,40—60 cm
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SIE BE AT [ B /NG (EASTE B S 60—100 em + 2B 7K d TP W EZSAAR /N, 10 YR EBURE RG]
Bl s B L2 B3N, 4 AL BRI A K H TP kR AR L B B0 T R A S 3 1 IR R 7E )
BRI EE 1158 , (HAEAE A 40—60 em 5 0—40 em B IK/K T TP W JLF-AH 2, 1358 i 3 rh gl %
WA B ) R R
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Fig.1 Dynamic TP concentrations in percolating water of different fertilization treatment

F I K TP 5 22 BIBERC G KA HUAE R sEm , [FRIAEA PR T, 3 254 AL A BRI - Ah 280 1Y) 4 45
BRZK R TP ¥ BEHREL 5 T AN 2 FRS AT A, AL ARG R A TP ¥ B i T AR BB it 1 /Ny, 6 Ak 3
TR A TP E R/ OUR AL 55 28 A HLAE (MP ) >R ALt AE + A5 7134 H (SP) >R ALt AL (P) >
AN B 20% + 56 254 HLIE (MDP ) > P AL IE S B 20% +F5 #1348 H (SDP) > AN B AL (PO) .+ 462
Tk H TP i S BT AT, Bt fh 7 JC M LB I P 2k 0 386 00 Rt FE A 388 5 5 AT 0 2 4t v - i 35 10 i
IR, e rbite 4% 268 HILAE A9 XURS: 22 3 T RE TS HE

P P 2 2 s ALt FE RN A LR Bt X - 3k /K R TDP 5 BRI F A I B, R B A E 0—100
em 2K TDP it 5 TP 5 i 19 30 A 728 A 38 Ry — 350, #0042 i 4 5 TS it A R 001 38 bk %5 7K op
TDP 2 2 FRAGE S FIREROE T, BEE b 2= B N0 it FH 35 A0 A ML A, 30k K o TDP & 4R He
e, ME—AE A 40—60 em HJZH A TDP & BAE 45 KZATKT 0—40 em + 2, Hijiti AJEAREE 7 KAt
DA T AT+ 5% 24 HLUIE (MP ) A ALt AE + 5 F 1 FH (SP) 238 40—60 em 12 Hilkis /K TDP ¥ [ 0—40 em
+ 2R EE 43 5l 3 0.114mg/L i1 0.146 mg/L,3X I BESLRE 5 Z FT Fr b i 7K S AeAE T I b s R s i A e e it
(BORFLBR) TEF R EE R, DL IR 2 SR mIRE B, Ab 2 Wi AT 0% it FH et 1 n 254 &5 H IR P il R A3 1, 19t
A HUIEXT + ek 2k ok sk ok .

Kl 3 FR , ki K H MRP R EEARfES TP TDP shAS AR —3, 7ERAMEA G 1Y 14 KE, fRLitiie +
FEZEA WAL (MP) FIAE ARG AL +F5 FT34 M (SP) AEFEAY 0—100 em B3 /K Al 52 JCHLBE MRP ¥ 23 m i,
2 5 Bt Bt TR A 38 T2 A B A, AR TR 250 T 3R AR MRP 35 K/ NEBUON DAL AR + 58 2545 HLAE (MP ) >t kit
JE 75 FF8 H (SP) SACALHEIE (P) > AL R S B0 209% + 5% 258 HLIE ( MDP ) >0t A6 P & @ 0, 20% +F5 #1318
H (SDP) > ANJiti# e (PO) . HH AL ( PO ) AbHH 4 HE45A I Ik 7K 5 MRP ¥ BEEARARAG , HULIGH 30,

A 1—I& 3 # AT AR A, 60 em DLTF 4 2 45 AT AL BRIk 5 7K 5 TP TDP \MRP ¥ B #R I 3l A
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—— WitiBEE PO —a— RALHEAE + R ZEEALE MP
—— DAL IR EBRH20% + FEFTE H SDP —o— {RALJEAL + FEFFILH SP
—Xx— fufbitEae p —o— Akt T E % 20% + 34 3A AL MDP
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Fig.2 Dynamic TDP concentrations in percolating water of different fertilization treatment

—— R Po —=— AL + B FEA LT MP
—n— AL R REI%R20% + FEFTIE Bl SDP —o— {RALHENE + REFFEH SP
—X— fefbiEne p —o— Akt IT BB I%20% + # 3AHLE MDP
5 018 F 0—40cm 2 i 40—60cm 12 i 60—100cm -
= 0.16 L L
g
3 oup L L
§‘§ 0.12 L L
=] L L
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{z\g 0.08 o L
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Fig.3 Dynamic MRP concentrations in percolating water of different fertilization treatment

K, AR R R 7E (R — ) A P S T mT AR i ) SR IR R BEFE LR 60 em 2247 T LA
60—100 cm 3R K H g IR A2 DL SE T M /N, N2 s 2 AE 4 b 25 ) e I e R B RS O
HEMRHE AR,
2.2 JRAEAE AP [R) e A Ak 2B IR O o

IKFELE AR A5 A0 2] 3 A H 2R B TP R RN 4 iR, & 0345 )2 Bl TP bk 2k £ 3 Bl 7
0.068—0.224 kg/hm?®, =2 MMk 2 A 7E 0.295—0.493 ke/hm>Z[H] . 0—100 em + 2, NI (PO) £ B
At bt 5 b P 2 ) AR O B 25 5 T, DAL T A + 5 25 HILAE (MP ) Ab e A it AT + 355 FF 34 1 ( SP ) 4b B
AL RERE (P ) AbFE Ak AR S UE 20% + 38 25 A HLAE (MDP ) A ALt AT 2 Bk 209% +F% FF34 FH ( SDP ) 4b 2
[ 2 S B (R E TP A A B R 22 SR B 3, PRI B + 5 26 A HLIE (MP ) b 2 — )2 Bk
WK Z O 0.493 keg/hm® , AHERHEAL (PO) ZbBE = 2 BBk 2k & 5 /b, o4 0.295 ke/hm?, HLARARIEAE (P) 4b
PR BB BEREAIS 39% , PRALTNE BB 209% + 5% 354 HLAE (MDP ) FAE Ak it AT 2 i 0 20% + 7% #1348 I (SDP)
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AE 3 P AT AL + 55 25 A HLIE (MP) RO ARt IE + 55 F O ZHassie Po
AR [H (SP) Ab 2 = 2 SO S 1 50 S B AIG 21.79% 01 19, O ﬁ%ﬁmm% *RAATIEH SDP
6% . TIEF T SERR A S GE A TR IR E ALHINE + F5 3 AT HLIE MP

06 . B (RALHGIE + RAREH SP

O, Wk B A BT ,60—100 em )25 0—40 em +
[ RALHEAR R B R20% + 543 ATHLIE MDP a

JERALE A BRAEAEHE AL +4 FEA HLAE (MP ) FO0L A it AC +

0.5+
FEFFIE F (SP) I/ T 59.8% Fi1 58.2% , %of FE A it s A oal b
(PO) AL A T 40% . 0—40 em |J52 4% M BE AL FR ] 5 o
03 | A

WK 22 AN B S AR IEAL B R

BB
Total phosphorus leached amounts/(kg/hm?)

]2 5 B2, 40—60 em 12 HLIEHLAE AL it b 3 5 !
LA B ] A B S 2 A LR B i) 2 o1 L
AR, 60100 om +IZ A LI BBKERERY o G100 0100
NTE LB R R
2.3 ARG X A 2K+ HEA A R o it sl g /e
A B4 KEEKBARARRTEABMKEE

%1 B KRB E AN AR BE 4 3 P 48 Figd  Phosphorus leaching amount of different soil depth in in
FIAT RO & e A7 e — E 22 5% RIR AL B[R] JZ Yz vice growth period
22 SRR R R AR . 0—40 om )2, L HI 4Rk a,b,c AN FRER R AL B R 22 57 8 3% (P<0.05)
KN IR+ A HUIE(MP) (0.721 ¢/kg)
SHALHEAE (P) (0.719 g/kg) >HEARHGEAE B 20% + 352545 HLAE (MDP ) (0.711 g/kg) >t Ak it AE + 7% FF 3£ H
(SP) (0.681 g/kg) >t Akt AL Wik 209% +%5FF14 H (SDP) (0.669 g/kg) > AL (P0) (0.621 g/kg) , Herp
SDP 5 SP b [A] 25 AN B3, MDP \MP P Z (8] 22 A 3 (HR R 38 WL AL 35 RS FF K gl
R Ab P2 ) 25 53 0 2, HL AL PR S AN AE A B 2 [R] 25 55 B 2% 7F 40—60 em + 2, HHEh @& S
0—40 cm + 2 RE—FEMBHEE, HApRALHAE+F5FFE B (SP) AL E ik 20% + 75 #1148 H (SDP) 5K
TBENE (PO) 22 ] 22 S AR AN 1 2 (U2 5 FH AL R A 28 A MUIE AR A 22 7 W 25 . 60—100 em + )2, #5440 FE
] A o AR e 2=

®1 FRELABEREERTESBE FAHAE

Table 1 Total phosphorus and available phosphorous of different soil depth in different fertilization treatment

b 4= Total phosphorus/ ( g/kg) F 5 Available phosphorus/ (mg/kg)
Treatment 0—40 cm 40—60 cm 60—100 cm 0—40 cm 40—60 cm 60—100 cm
PO 0.62120.007c 0.592+0.005¢ 0.628+0.002a 39.1£0.64c 30.6+0.5d 23.8+0.39¢
SDP 0.669+0.005b 0.607£0.003bc 0.631£0.007a 42.9+0.71ab 31.9+0.46¢d 24.90.64¢
MDP 0.711£0.002a 0.665+0.001a 0.634+0.001a 43.12£0.79ab 32.420.66c 25.120.67c
p 0.719+0.003a 0.679+0.004a 0.630£0.002a 42.6+1.02b 32.70.71¢ 25.0£0.78¢
sp 0.681+0.001b 0.610£0.007be 0.629+0.004a 43.8+0.89a 34.7+0.68b 28.3+1.05b
MP 0.721+0.003a 0.683+0.008a 0.641+0.007a 44.0+1.34a 36.8+1.54a 30.5+1.36a

[F) A ) /NG - R Ab B H] 22 55 W 2 (P<0.05) .

A [0 A S 22 F . 0—40 em )2, AL AE + 55 25 A HUAL ( MP ) &b 35 1) 4 358 b S 50wk
i, 8B T 44 mg/ kg, AN it 0 Ak 38 A OO B it B AIRANCA 39.1 me/kg, AR NS +FE AT IA H (SP) &b
FRA e A S A B AR B T 43.8 mg/kg, B A0E AT S iU 209 + 45 FF44 H (SDP ) R 1k it A 2
UK 20% + 5535 HLIE (MDP ) A2 - 38 v g R0l o st AR = T AR EAE (P) Ab 3, 40—60 em + )2, HEALTGAE +
DL (MP) LR AL + 75 FF A8 H (SP) AR AL (P) kb B 22 6] 4 S i & A 2 T W& 22 JokKF
60—100 em )2, EALHEAL + 55 ZEA ML (MP) S5O0ALTHEAE +F5 FF8 FH (SP ) =z 18] 22 5 i 2%, HAWAT 5 HoAth 2b 2
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Z A AR IR E) 1 i e 25 R (H SR HAW AL B[R] I A 1 35 1 25 S sk 0 WA 25 DILNIE RO FF348 FH X+ 8 v g
FH—EMTEAVER 2 TR e H IR AT RS, U 3 HUIE X - Beml 205 (AR T 58, 252270 i
?‘EmiﬁiTﬁ#}ﬁo

3 iTig

e RIS 2 B A L e A SR R AT D ORI A | b R S T A IR R e A
16 T2 R A [ HADAS T A5 PR OO WSS A~ DAL AN TRD it P o Kl A AR A BCTE AN [l MLAE X - e
RRHIFEIR . ABIFFEAE SRR, [ A5 A4 T AL AL I mT L REAR VA A il 3R 5 ik, AT /Dl 3R 12 Dbk 2k
ST A TP R e S BN o AN R 25 9 2R FR A0 AR B S P s B AE I 10%—30% J5 B K
SR B FT A VS U I e 2 R R O AR RS AT B A A XS B L AU | Wang ) FERS FF I
Tt M HE XS 5 P 38 SRR O S5 TS HH 2R S E

ABEFELRR I JE S WU RS T b HI e b i By — e e b1 1, B 2EA HLIE I/ He
FEAFAE ISR, 30 PR A AR B A AT 5 AR HE C 45 0 7T LA 25 e 9 5—0.5 mm 7K BGPTSR AR B T2 1
T = SR A AR 1, O ELRBS IR+ 39 25 3 R R0, 5 v 390 LI BE 7 B R F - 45
RS T I, 1T ELAE AR A A0 3 Wi A AT, 356 i s A 398 v i) it A B+ S ) I s L AR A6 )
[ 72 , G TP N s B O ST 1) DR J= B /KT RS O . 152 A AR 2222 U O it AT LI R o e
RIS A MU RE 1 - SEt i e B A e iR A B . AL HLIEECHER ST A HLACTE 2 i A T 7 2
AR , A LR W FRAR 22 5] 5 4 I BT, MATI 2 [ ARG - 338 W (SUASORT BRI AR F) WA Y, [T A AR AR B 75 - 3
T R R B AT AR ARS8 OV, AT AT — R B b 5 i SRR A I B2 A R — SRl R A R Y
TR NI Sy 2 9 T HLTEHLIE RS & X 3l 2 W B SRR (s, R B T AR HLE
HUAEECHE T LAV D B R A , W] LU R AE 13 piT a8 . S AMBAa RT3 0], L2 WLk A L 3
Jei , e R R LS HA AU A S RE I (A ) 45k A= B A1 T, DA T R 08 R ARl 2% 7 L S8 W O A e
J1o et R RS BERS ATt A L3 b Rl A= 1 S0 A7 A2 A aod e Eoek 1 el 3R A 5 AL A JH Lg% 24T
BLAEAE FHEE 55 | 3X A [l LA 7 B — 2L iP5

Bt A A A AR R, 90 Bl 2t B Ay, JU A it P A A A ) B e A BILAE w7 A e 3R
e 43 2 28 IF B T LA B A T HEREZ KRBT A AT RE M AR R X A it A AL
JES ) [ g 222 P A A LIS By A DA T8 v 224 SRR Wl 3R 1) 25 ) [ 2L

4 ZEig

(1) ZKAEAE A RS -3 K P i 2R 5 i S Bk 8l R R %, kA /K e TP 1 TDP e A8 ks 34
— 30, AR SEENE 7 RIB B KA, SR 5 Wd i T B s i K b TP Wk BERE 2 1 2 IR EE RGN R AT

(2) it FAE A AU AR B A A2 = T K B & it R T P R R 0 R I SR ALIE 1Y
PEHEVEF LEREFF R, W) — B A AL B R — 4 )23 P A T A8 28 5 i R/IMRUCH |, DR AR it A + 3 2545 LA (MP ) >
AL RE + 885 FF38 H (SP) >ARALHENE (P ) >TEALHEAL SR 20% + 5% 34 HLAE (MDP ) > H5 Ak it S 2 85 s 20% +
FEAFIA H (SDP) > At IE (PO)

(3) A BNy A R TR T kA K i R o . ASHEREAL (PO) AL B LU UL ARt I (P ) Ab PSR I
RAEFEIN39% . PALTNE BB 20% + 5% ZEA HUIE (MDP ) FIOL A AT £ B8 20% +75 F1H38 H (SDP) ZLBR LG A
AR it A+ 5 25 AT HLAE ( MP ) R AR It A+ 55 AT 38 T (SP ) Ab B = 22 AR bk 2 4220 T B A1 21.7% A1 19.6%

(4) it R A AU AR B AT mT LA 2 i a4 b o i 1 25 it (X 38 i 15 i AN

£ 3R ( References)
[ 1] Sdndp el ez, deat. hERVRH R, 1999 169-175.

http ; //www.ecologica.cn



8 GO O 37 %

[2] BZ3k R RRFME L. A2, 2003, 23(12) : 2689-2701.

[ 3] Haygarth P M, Sharpley A N. Terminology for phosphorus transfer. Journal of Environmental Quality, 2000, 29(1) ; 10-14.

[4] B, BOCAE, XUERe. Bie LEEREE P iR S KA K FREE P il AR AR T5 YL 9. bl K244, 2002, 25(Z1) ; 55-59.

[5] SkT98A, PE, SREIA. R LEeR AR GG RO T . R R SR, 2004, 19(4) ; 453-456, 465.

[6] ®IT, R, MK, =B, MR, SGER. AR AR KON RIS A R EIBHE SRR Aoy R £k, 2014, 34
(24) . 7393-7402.

[ 7] THR, GEMK BYWRRS AR LS ZOE AL SRR A BT 5. FREER 741, 2004, 24(3) : 440-443.

[ 8] Mg, FREe, SRR, R, ARk RGN ™ A0 R IR RS PF. BRBERME, 2013, 34(8) : 3205-3210.

[ 9] WiEE, EME, AL, DEME, FE. KR E ST R 50 20 S MR f 52 m. 8254, 2012, 49(6) .
1136-1146.

[10] Zheng Z M, Simard R R, Lafond J, Parent L E. Changes in phosphorus fractions of a Humic Gleysol as influenced by cropping systems and nutrient
sources. Canadian Journal of Soil Science, 2001, 81(2) . 175-183.

[11] Hendricks N P, Sinnathamby S, Douglas-Mankin K, Smith A, Sumner D A, Earnhart D H. The environmental effects of crop price increases
nitrogen losses in the U.S. Corn Belt. Journal of Environmental Economics and Management, 2014, 68(3) : 507-526.

[12] McDowell R W. Minimising phosphorus losses from the soil matrix. Current Opinion in Biotechnology, 2012, 23(6) : 860-865.

[13] B, BRE, L5, BATH BERIEM A SR P B AOBT R, KFI2AR, 2015, 46(5) : 515-524.

[14]  wolE, SRMEAR, REFZR. A< H T3 A BE I K AR XU ITAN . PRI A2, 2001, 21(3) ; 344-348.

[15] =FKHE, FEH, R ARBEINAMT 50O XBER AR R0 0. Al IRETRA2A4lE, 2005, 23(6) : 1050-1052.

[16] FE&E, ik, AR, R, BRE. RWIMEIEARMT/KRE LB R a0A0 RA AR RO /K BREE 75 Je B A2 28 5 R R IR A543k, 2006,
22(3) . 88-92.

[17]  ZERA, XS, XNEE, B, BHEARE MR REETTL. K LR, 2006, 20(4) : 35-39.

(18] XJr, B, &P9ess, Xocd:, i, ol BRSSP HMOK R HBER G R R 5. hERR:, 2006, 39(1) : 118-124.

[19]  FEELT, Se—ff, 25, A HLITCHLBR LB IEXT 57 3 i 1 e Zh e i . L3, 2007, 39(6) : 905-909.

[20] ZE2F, PR, A3Edy. S0 A8 B FRRIE SO0 b R K i 2. BREE R4 41, 2008, 28(9) : 1832-1838.

[21] %8, KM, BRR, VLR FOLEXMANSRHRR AT RS R 58 5. KF24R, 2009, 40(6) : 659-666.

[22] ZEF, fEsy BUUAME TR IR R ik R AR EDTSE. MR S HOR | 2010, 33(3) : 32-36.

[23]  XISCHE, kP58, EEB LA, ME, "8, AREHHAER T390 - s R A R B . 8%k, 2014, 34(10) ;
2654-2662.

[24] WEH, ok, KRR, SREEBE, T EAK. SO SRR AR WY 4548 T A ] L 98 B Bl 3k 28 SR P Y. K R R4, 2010, 24
(3): 13-17.

[25] Z&f, Bhixkxk, B35, HWH, &5 30 KAFSMAA H RS HIEPB TR A, IR, 2012, 40(6) : 321-323.

[26] WIRHFE, TEEDST, BROL, XUdh, 858, DAcfe, FIX. FEFFE BB 0 IE XS 348 L ARk 2 i 2 ma. 7K L ORFR27 4R, 2015, 29(5) .
101-105.

[27] WEE, B, 2550, S0MRNT, AREE. AR KL BT KW i RS B 3R A2 i RNE I 2 1S . SRBE AL 24, 2015, 35(4)
1125-1135.

[28] WA, RERNF S IR AR HHCE AR SO TS B2 m [ D], Jbat: shELAABE, 2005.

[29] Z%F, AB5EFe. AR LHERE R MR BT ITHERE. T EARFEIR, 2010, 26(11) ; 173-177.

[30] LiCF, Cao C G, Wang J P, Zhan M, Yuan W L, Ahmad S. Nitrogen losses from integrated rice - duck and rice - fish ecosystems in southern
China. Plant and Soil, 2008, 307(1/2) : 207-217.

[31] #rEr, Bpphes, #ootk, & PEBHASRS. Lot PER R, 1998: 156.

[32] #fbH. EHERMAMHTE=R0). JLat: PER LR, 2000: 141-149.

[33] Sharpley A, Meyer M. Minimizing agricultural nonpoint-source impacts: a symposium overview. Journal of Environmental Quality, 1994, 23(1) .
1-3.

[34] M*¢ =, Brookes P C, 275, LIEURMACHLIPIALHTSR. MME TR SRR, 2004, 10(5) : 479-482.

[35] MW, %%, A, E4de, MUEE, B, AR5 A HLRR X = Wk 2 DX 94 080 - Sl 3R MRV SE B s ). oK AR d,
2015, 29(1) : 126-131.

[36] Z=59, RS, E2Z, XIS, KEFE, ERL, XIEV. ARGEIEAM T FK B R ms A AL UFTE . R A= 252540, 2008,
19(1) : 65-70.

[37] 3%, X, S8R, SREP. dpg b S BRAL I o A D R SR 00 R BSR4, 2015, 29(5) : 106-110.

[38] WangJ, Wang D J, Zhang G, Wang Y, Wang C, Teng Y, Christie P. Nitrogen and phosphorus leaching losses from intensively managed paddy
fields with straw retention. Agricultural Water Management, 2014, 141, 66-73.

[39] E7%, A3, MV, BEEM, . KA AL AC 5% 258 0 R RO 208 M K RS £ B BT e oh RO RRE ) 2010, 43(7) -
1404-1413.

[40] A, XPHEE, XaR~, IR, APLTHUCEL G X LI 3 W R AT R R R R M. R 2441, 2013, 27(2) + 253-259.

[41] Haygarth P M, Jarvis S C. Transfer of phosphorus from agricultural soil. Advances in Agronomy, 1999, 66: 195-249.

http ; //www.ecologica.cn



