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FEE . Fail A B 3R E A GO A T FR0E AR 5 4 R . 7R VLISl SRR 2 7= X W g A 1 e 35 F ()38, DAY FRS
FEXTIE e REMY A" AR AR R G N P IEIR, S5 R A" AR % NP #4058 153. 50 kg/hm’ Fil 59. 03
kg/hm?® | LA = 5 N P 40512 23. 98 kg/hm? #1 3. 10 kg/hm? ; “ REWS LA RGAE H BT N P F2 04 AKTE T, LA
JEE N R P G SRS NP AT RGEAMEDEM AR, A RERE I 2E 1938 N P S5 M FR W R 3R 006 3R, AR IR
3514 10. 66% F1 28. 16%
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Nitrogen and phosphorus cycling from rice-duck mutual ecosystem during late

rice growth season

ZHANG Fan'?, SUI Peng', CHEN Yuanquan', GAO Wangsheng'**
1 Circular Agriculture Research Center ,China Agricultural University , Beijing 100193 , China
2 Hunan Soil and Fertilizer Institute, Changsha 410125 ,China

Abstract; The pattern of raising duck in paddy field is a model in Chinese traditional agriculture. Which is a combination
system of planting and breeding in rice paddy field in subtropical region. This model can increase the efficiency of using
rice paddy field. Field experiments on N and P cycling from a rice- duck mutual ecosystems in double cropping rice region
in Hunan Province were conducted from July to October in 2009, and a conventional rice field was used as control. This
study applied Input-Output Analysis method to analyze N and P cycling in both rice-duck and conventional rice fields. The
main objectives of this study were to provide theoretical and practical basis for further development and utilization of this
classical agricultural technique. Neither chemical pesticides nor herbicides were applied throughout the growth period of rice
in rice-duck mutual ecosystems, N fertilizer appliation was also reduced, and the surface water was maintained about 10 ¢m
in depth during the period of raising ducks. Ducks of 50-day-old were introduced into the paddy field based on the holding
capacity of 450 ducks per ha 17 days after seedling transplantation. These ducks were retrieved after the complete heading
stage of rice in the experiments. The results showed that N and P outputs in conventional rice field were 127.76 and 62. 02
kg/hm’ respectively while the N and P outputs in the rice-duck mutual ecosystems were 153. 50 and 59. 03 kg/hm’,
respectively. Raising ducks resulted in the increase of N outputs compared to the conventional rice field. Furthermore, N
and P outputs from ducks were 23.98 and 3. 10 kg/hm’, respectively. Soil N and P occurred deficit in rice-duck mutual
ecosystems. The N and P inputs from feeds were very high in the duck sub-system. In rice-duck mutual ecosystems, N and
P input from chemical fertilizer were 72 kg/hm” and 13. 10 kg/hm’, respectively; N and P input from feed were 64.44 kg/
hm® and 36 kg/hm’, respectively; N and P input from duckling were 0.81 kg/hm’ and 0. 14kg/hm’ , respectively. During
Late Rice growth season, duck growth increased feces N 14.27 kg/hm’, feces P 16.10 kg/hm’, and feces organic carbon
was 157.54 kg/hm’. Duck feces N and P cycling rate were 10.66% and 28.16% kg/hm’, respectively.
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“RERS LA AR R SR TR R A B A A R A A S R ARE VR K A A5, DRI AR
Sy, S5 FE] 55 1 A 2R 5 N TARBC A RS R R AR S R G0, S X 3R IEMR Gl e F SRS 4k 7 5 K i
ZRGVN i F A2y LIRS ER e A U BR AR | DARS 2S4S A HUIERMUE BT | IS A8
T T 76 27 A H R K SRR K R A £, S B R0 | LIRS (R RS, DARS B, (s ik R b mi A 1,
i A R R A1 Rl & R i E AR Y A 5T 3 AR P A A A R SR BB IR R R ML
HS R RE A ORI T KR AR RGN KRR e ks
17, ZERTT 5 SRR AR S RGN N BT 75T (T RN LA AR S R 40 N P IR ITIR L

N Fl P ZW A TR AR AR Mg s AR S R gk = i 5 EEREH 3R N P 11§
R, A B PR SRS RGN IR R, ASCEZRMR N P EFN A" AR R h i sh fif
b, 0T R 58 N P IS B AGS, B7E N B R H Y N P AEAS B Rh7 41 256 A b o) 2 W e 45 2015 fifi 40 ol
AR AP AL SERRS R R A R SRR 22 M S KT
1 MRl5H%

1.1 R0 Hh SR AR SR

ABFFET 2009 4F 7 A AET R WP T A6 2B L e A — I8 D ¥ 5 MRS A AR Bl AT i IX AT
PRHE 2o T A, 4F S 1R 16—18°C, = 10°C A TS S AL 5000—5800°C , TG 75 ] 260—310d , 4 [ 1 1
1200—1700mm , FRAE il BE 8 4 H— PR —e s 7 . LR 5 P 20 21 e fh + 8 B 20 8 e K As &, 133
FHLIE 36g/kg, 2R 2.32 g/kg, &M 1. 14 g/kg, 280 11.6 g/kg, AR 255 mg/kg, A3 Ws 81.7 mg/kg, F5%
B 144 mg/kg,

1.2 Kk

WRAE i 0 AR G SRR VIR 57 K S RS ARDRL R A 8549 PRATHS S L & 1Rk} 35 2 Ukt
HBUCA - FOK M AR SRR SRR ORI AR R R A | R IR A | N R R
1.3 RGBT SR A B
1.3.1 AmHEHiEE

2009 47 A 16 HWGRATHAEY) F /8 (R AEUCEIEREE 10em AOFRAD) J5 R A7 20 00K i 3d )5 ik
ATHUIE L, SR SR F AR B 4B 6 T AR AE /X /MK AR 15m x 6m,, #5 /X P JE 2R 6m
Y 15m, JEA 30mm , =4 35em A 5T 90 Ak S A B T, o9 ) v A b S R B 20em, A F 8 15em, VAR 1 0—
20em B2 T HE A /NX LKA T, A/ INX I B AT — AT 46l 1 a#E 7K E ) EE T 7K 2R AT AR s 0k AL 1% 20 B
SedEihil . F AR B PO R R Ve R A R 38 5 30em, IR — A K A K
1.3.2 gt

I 2 AL B FEHLIX 413, R 3 K,

ARPR T CRIRENE)  TE/KREI A A IR0 AR B F [R]85 DL AT A 25 (R AR — Mk 4 k), FT/K L BR
TR AR 7d J5iB N IE(RE, SR RN 45% ), FEH RN 75 kg/hm®,

SRR T (FEMS A ) FEoK R RN AR B I AN TR 25 FIBR B 50] KRS RE ARG A B L, KRR A 15d 5
TS RIS /N 4 M (CHORS U DL 450 H/hm® bR ) | KRS S5 RSNG| 15 i 5% 1 (] AR 4k F (] LA
DL AMARE
1.3.3 [HEEH

ARZRI MRS FR N B2 7 A 22 H WGk E & 10 A 20 H, BERSIHAL S N 24em x 15em, RS FE #%
TS A FH/IN X E i A REHE  BEHE 2 A AR (N-P,O,- K,0:12-5-8) it FHE24 600 kg/hm?®, A Az /N Xy &
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FH 1R 80cm 1Y) 48 22 XSO R | AT - S0 398 5 I 76 /0N DX A 7 i — g A, A3 R SRR IR £ ] Bsf B 1k
WS Tk ik AR e FKAR, 8 A 7 B, iy A /NX ARG #5 S 50d, A H 2 400 1R A7 FHVE I
TR R 0 E SRK IS o &K 3 TR K S 45435 7E 10em , 24 FI TR K (28 Sem ISR FHTEK . /KRS SERE0I (9 H 29
H ) L e N PR
1.4 FESPYREE 5IE Tk
1.4.1 767 A 16 HAI10 A 20 H, ¥ S I 5 s RFEEH N 20mm 1) H45, R4 0 —20em HIHHZ 138
5, BIERERA N 2P A K HAL N AL PO AL K A LB pH I 5E 775 2 0L O Ak 27 3 B o7
%>> [22] .
1.4.2  FEKAEIGRET 10 A 20 B, BEE/NXBEHLEL 3 A~ 1m x Tm #5000 HAK R AR AR MR H_ 3553 (437K
FE R RS AT ) R 38 43 A W 0, AR R 4 R FH B R - SL AU /K T -9 IO I ) AR AR 4l SR B IR -
SRR TH A -SHEEPTH km E
1.4.3  BERVEHICRMRES B R THE R AR S RS s TS da et 4 N 4 P FR o & i W
B [FAERAE 3 HT
1.4.4 FERS3eA 3 R0 7d X5 RN X B RS HEA T REALRAE W E B S Y H HR & A A g3 e N
KRR -2 AL TN - R 2B I 2 s M 264 PSR R R -5t 48 Ak 0T A - APV 8 L (o s 22 s g
SR FHE AR R A e
1.4.5 FEHME—REBE ARG 0 5d 8%, R B TER B A 4w 0g  REms AR i, 22nr B AR B AR
JoEK, MSET—KEP 8 H 6 H AN HA/NX AL 3 4> Tm x Tm A 770 % H 8] 2% 5 AR W ik | 2% R i
4 N 2 P il gy vk RAEAREE 04T
1.4.6 7EREHRE LA, DL ST 5 0k, L 1 4RI A ARG A /N OK R AT AR T A L4 3
(B SCE 5 MoK RS E L BIBR B ) o F BURET 105°CHE 240 J5  FRE IR EET 100 Hf, FEHAES N,
42 P i i R MR AR S HT
1.4.7 CEUKFEREAAE T RIS, FE I HE7K E AR e WG KRR HE K 4 N 3 ok A i R 4
SAAE- AN RE I E K 4 P A R B R A AL e i e
1.4.8  1E/KAEFF RPN 7, FFFRE - BENLBUEE /N X A 1 HRS & 5%, i BYcsE , INIERR 22 B, Fr15
B Sk S NE SR K B TS R I R A RN E A L B SR AE 100g, BT 105°C 4t 24h
JE R R 100 Hf, BSR4 N 4 P & 5l e Jr i R AR 43T

TR 25 R AR UGS 1 3 W 40 B i P34 (E R R i B Bk FH DPS, 7. 05 345t #r o
2 #R5iTie
2.1 +HEETFRS N AR

T RGN ZRA S ORISR 1, BB RS N AR RS TR d g < H
A" RGN A HUIERSZEA H , Br k2 N S A8 U8 72 kg/hm®  ASHIFSE 15 ARG G A 401, 4 RS
SEEHHEREZE 0. 12kg, AEHGHEA: 54d, AT XSRS BG4 14. 27 kg/hm® 3 I0AG HLEK 157. 54 kg/hm® , 7EFEHY
AR A RO EF AT 10 em B7KZ KSR KRR 3277 B2 M B D 4 28 T) At 2 W08 - JFF J 4% 30T FH (955 3
RIEPHINAER EBIA T, BEE/K A N S E A 3. 06mg/ L, “ Feils = F MRS VERE IR /K AR FR ) 1) 2
9500m*/hm* 18500 m’/hm” , (K JLEE/K N $f A 4351124 29. 07 kg/hm® F126.01 kg/hm*

TIEF RGN 0% D R AR T Rmg IR o ARHR ST rh 1T R Ge AU L AR K R AR AR I
W L, <RSI 7 KRS N R 133,86 kg/hm®, Fo s HUREAERS 1.96% (P >0.05) , X i B k24 A
it FH 2, A% EE SRS RE A /K R X NI, J PR Rl BB 2 - PR O S 1 B A7 A, B0 T R EE K A AR K s G A
F O K BRI KA N RS ; S 14 FE R G S AR E T 4R = TOKRE AR RGO M EK A B S
SV 2R 9 BRI A Tr R A B B, MO AR /K R X N AR Rl ) e e A st AR R BRI, 4R T A R
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IR SR AR AUE B 1 £ B R A 2 — DA R A ™ 2R e Al 24 U b A LIS
I FH 8 AN 6] BT 114 % 2l S 0 U R AT IR 22 O ELRR SRS RERRAR N 21 R itk ™2 il &
BT R GURIR IS LR RS LA " R GOR AR N RN T BB N 2 —

T RGN K E 5RO EHEOCR B HHIE T i m R X R G SR P, RIS IEAE R HATH N A
KT A E N T RkA

®1 TETFRENER

Table 1 N cycle of soil sub-system in single rice planting, rice-duck mutual ecosystem

i A Input/ (kg/hm?) #i i Output/ (kg/hm?)
EX q WK LB o KFERERE  FEAT R KRR g
System Chemical Y Duck fl Hi R E Rice Rice Uptake Balance
Lo Irrigation ) Total R .
fertilizer feces Rice root straws seed of rice
HHLFEYE Conventional rice 105.75 26.01 - 131.76 3.52 43.54 84.22 131.28 0.48
FEM A4 Rice-duck mutualism 72.00 29.07 14.27 115.34 4.34 50.36 79.16 133.86  -18.52

2.2 TEEFRGEPIESR

T RGP ZA it XOP ARG R 2, RS MR R R T RE PRI IR T P i
Ao TEBEK B P SEYIUREE N 0. 38me /L, “ REHG AL " F1H BURS VEERE/K P 4 A 43008 3. 61 kg/hm® F13. 23 ke/
hm? RS 2 A ZR e 2 PR AR FH G N6 16. 10 kg/hm? | R R Se A= + 3 RGP i A T3 BLAS
VB, “Ramgd gl +HEF RS0 P M AR TR UREIE, AR RS IR0 4R S KRR R P A I
W, ASBFFEKRE P WSR2 57. 17 kg/hm?, Ho BIARSAEAR 10.93% (P >0.05) ,

THETF RS P RE 7RO R B R T K R RGN TR A, R RS VR AR RS A 7 H
HI P ATKE T BIFEAE R P 5 4 .

*x2 TETFRESZEPER

Table 2 P cycle of soil sub-system in single rice planting, rice-duck mutual ecosystem

LTI Input/ ( kg/hlrn2 ) Ty Output/ ( kg/hm2 )
EX e WK g 2 o IKFERIRR  FSAT AR KRR A
System Chemical o Duck - bR B4y Rice Rice Uptake Balance
. Irrigation Total . .
fertilizer feces Rice root straws seed of rice
HHLFEAE Conventional rice 13.10 3.23 - 16.33 1.40 17.64 44.18 63.22 -46.89
TEMSHLE Rice-duck mutualism 13.10 3.61 16.10 32.81 1.25 17.53 38.39 57.17 -24.36

2.3 TF RS N PIEH

FERS A TR PRSI ATE R T — PR E A SRS, 1 F RGN INAMEAN RG 2GR P4,
S H #06 s S HEM AR T A RGN 221k, R4 N P A= LA, FEms St A R 50 LIS 4
B E A G LIS 7 BR A 2 AR SR 5] DR S - T £ 110 2% N A NP it RS T R G A
WAy, B3 v M F RS N PHAKT N Pl ., MFRSHAL NP H AR AL N P
Fe il K, 4350l i 98. 6% F199. 6% , S P #i AU A 3. 10 kg/hm® | 5 B g A9 16. 15% , B HATS 7= 5 A B By
22 1) P IEANTK it i P IR LIRS S HE M i I8 20T A 25 F 498, RS N i o 23. 98 kg/hm?, 5
S 62.69% o TS N I T P g DR R AT B AR S TR TS AR R S I T AR R I, 4 e T
5 X6 SR LR ARG T LA 07
2.4 “REMIAET AR RS NG

HH e 4 AT DL 7R3 R 2 MURSVE AR IS 3L A4 2R 500 N B N B HE K NGRS B4 AN AR, o MRS
N i A B R AL AR KA AL 62 N 5 80.26% . W HREE RSt LA A7, Fir A N i i 3238
SRR R KRR R K SRS AT, oK RRPRE N (5 65.92% o AR 25 R S50 N B2 K R AR R HE T 7543 N
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FEs 3 RGN R A =S B 5 L, R 95 28 3R 45 358, T A R Ge4M i A 94k 2400k N gl b fb 2% N
i7 43.29% itk N i 38.74% , A4 RGeH N fi i oh 153,50 keg/hm® , HHoKFERARL N (5 51.57% |, i
S 7P= 0 N AL 15.62% , IHIR 4G RGERY N JE /K REFEAR 1T 35 20 Fs 26 928 N &7 H3A /0 76. 68% |, 1 H.7E
AR S 5 T RGN N IEE,

&3 BBFRS N.PER

Table 3 N,P cycle of duck sub-system in rice-duck mutual ecosystem

A Input/ (kg/hm?)

Hi i Output/ (kg/hm?)

— N ; - ; it /A
A ik Gt aif 3 [ aif o
Duckling Feed Weed ,insect Total Feces Duck Total P P
N 0.81 64.44 0.04 65.29 14.27 23.98 38.25 0.59
p 0.14 36 0.01 36.15 16.10 3.10 19.2 0.53
F4 “BEEHLEETRSE NER
Table 4 N cycle of rice-duck mutual ecosystem
i A Input/ (kg/hm?) it Output/ (kg/hm?)
EY e X e N S - .
S o ol wme o WK VT KRR ARREE At
. Feed Duckling  Trrigation Total Seed Straws Duck Total
fertilizer
BRI Conventional rice 105.75 - - 26.01 131.76  84.22 43.54 - 127.76
FEMEHAE Rice-duck mutualism 72.00 64.44 0.81 29.07 166.32 79.16 50.36 23.98 153.50
J9if 4 Return/ (kg/hm? ) 5 B e
S=¥ ) ,
- - g RS s fhr 11860 A
R 153 N i ling
System IKAERIE M T304 SES A Return/ Cycling Cycling Output/
Rice oot Duck Total nutrient/ rate Input
feces Input 2
(ke/hm?)
HHLFEVE Conventional rice 3.52 - 3.52 0.03 - - 0.97
FEMILE Rice-duck mutualism 4.34 14.27 18.61 0.11 14.27 10. 66 0.93

PRI = WG ITE B/ KRR AR R x 100%

WAL AE RGO N B ARIR T RGN N firth o R A R A RGE ™ N A it
P TR RN ARG 20 TN R A B o i T MRS 1. RIS IEAE N il /A FE AR T MR A, i
JEH R R G IAR G A5, I AR _ETF, i 2 SR B A R G NIRER IO Z R I3 N AR AR 3R
FRO R A EIEIRARA 10.66%
2.5 “FEMILAET R RG PRI

HIZR 5 Al DL, fEBE A HEAE 2= LR M MRS IS L 2R R G800 P A (P i K P A A AR, HLRA AR
RS IEAE RGEN P IR EIR T R G50 P oA . FAMSILAE P o th /i A LUK T3 MRS AE

x5 “HBRERETESRSEPER

Table 5 P cycle of rice-duck mutual ecosystem

i A Input/ (kg/hm?) i Output/ (kg/hm?)
B34 i . , s . e - N
St T OGRS WOk AN KRR KRR it
e fortili Feed Duckling  Irrigation Total Seed Straws Duck Total
ertilizer
HHUFEE Conventional rice 13.10 - - 3.23 16.33 44.38 17. 64 - 62.02
FEMg A Rice-duck mutualism 13.10 36 0.14 3.61 52.85 38.39 17.53 3.10 59.03
45 Return/ (kg/hm?) Vi EES
=5 - i A Wy ESE LRIV TIAN
System kEEmR TS A Rewmy  CYeling  Cycling Output/
Rice root ’ Total I nutrient/ rate Input
feces nput 2
(kg/hm*)
HHUFEAE Conventional rice 1.40 - 1.40 0.09 - - 3.80
FeiHG 4Lk Rice-duck mutualism 1.25 16. 10 17.35 0.33 16.10 28.16 1.12

http : //www. ecologica. en
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FEmg A RGE P oA T FUREAE, P s AT P ol 68.12% UHE P 7 24.79% . WS ILAE R4 P i
4 59. 03 kg/hm® , H K AFFFFRL P 5 65.03% B8 7= 5 P ALY 5.25% , P i i AT5 LUK Rk RLRUK FEAS FF
F., A REHAMIAEAREH P IR L AEE S, 935 P AR IR IR S R, ARG 2R
K 28.16%

2.6 REMFEEST

F e Ra s P D 2R 290 P 1 R 1 U i 5 Ro ETREMAEE %

& /\i E/‘] Hﬁ{ﬁ U 8 o EFL% ? /% %tb E/‘J i%\ i '[ﬁ fi @% T %Ei H Xj‘ Table 6 Stabilities of N and P in subsystems

T SR GE SR ) S0 T 28 56 % AR ER BTG P LIHFRE  WERE
011 su -syslem uck su )-syslem

Bz B4R 0 R S R A R B AR T 4y R S
o RGENEHER AR UL R R EATR i Comentional e 2,60 7.90
AR B A SR, PIEFRENTREE  meiuvk
SRR ISR B 5 RS S A 4 1, R T Ay Seodudk mutualion
HH A F R AERE F7, F A48 H A R AR #E AT
TE W FEFF I8 FH R GRDRLE L 15 55 A0J5 A 2R i R AR LRI IR A iR A5 AL IE R Ak 55

M6 FTLE B RS0 N Fl P ASE BEARIEE K, 4351124 0. 06% F110. 03% , U RS+ R S8 N Fl P
KA MREE R XS TS 57, FHFRE 825 , WK — AR e PR A AE e 5 v . FEmgHhA: 137 R 40
N R P e B AN R EL Y 0 RURE A, Ud IR % FH TR RE 2 R A R RS, AR B U5 5 BRI
3 it

(1) A0 i Hb X R b 2% 58 5 e A R T B A 7= X, Y b 1) A B Sl L AR 4T 02 35 ol it B &2 & e
(600kg/hm® ) SHEEAE , AHIF ST B4t A 1) B8 s+ FR 224 b MRV Pt A 0 16 T e 301X XS 2 o S 7K SF-— fge
S R (N) 150 kg/hm? B (P,04) 4 75 kg/hm? 810 (K,0) 2 150 kg/hm®, ABFSEE HRETH N P
TN R AeA: 3 REAFAE T H A N M P 5 5k, T REAY R R 2 — 2 Ak N P AR 2 5]
Y,

(2) M7 RS H AR N F P EZ R A AR N AP 435 i 98. 6% F199. 6% , 151X R G IMEA
WOl =y, B RFRE 22 . MG A B T IEL E ) N RN P g 451K 23. 98 kg/hm® 1 3. 10 kg/hm?

(3) FEmg LRI, A RS SF- 35 H HEBEZE R 0. 12kg, MG Az W] 0 B 3G &L 14. 27 ke/hm®, 38 0@
16. 10 kg/hm® S IA MUK 157. 54 keg/hm® . B53E N P 2 5 4Z (W R5 200630, JLARER 353500 10. 66% il
28.16%

(4) FHRBEMRENS LA RGN N A YT R T RGN N (AREN P BB KT RGP HIA,
“REMg A AR ARG N P Kt 2030 153,50 kg/hm® #159. 03 kg/hm*, H. N P % tBAB LK R KFRL N P FIK
FEREFE N PN ULBARIR A A2 R 5 N PRSP 2, “RamgdtAE" B RS N P HE s & T
FUREVE 4 TR H A IR4ER 77,

(5) RS A PF R, A Z B8 A S A8 F N ORI P pk e i, e AR A 29 R 9 45 L Y W DX A X
TRt FH DR 2 0 F AR AR R 1Y 2. 57 % it AR AR S S 10 B A8 I I 28 20 3ol i it P 219 0. 86%
1. 44% A5 H 500 RUBRIR AR AR /N LRI 5 N 025 5 PRI, AR SCARKE RS L N Ptk 2R 3 N P
FOPEFR R ASRF S8 A 52 A N, O R AlORT NH, 3% & 3 72 7 i th 09 20, B Al Ao 242 32 19 e
I S R B e HE S AN T N, O Bk, PR, I A BREE A i Al £ 1 2 b R A AR S R
4t N Fl P =44,

15.55 50.94  0.06 0.03
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