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Nitrous oxide emission from rice-duck complex ecosystem and the evaluation of its

economic significance
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Abstract; The rice-duck ecological system is one of the classics practices from the traditional Chinese agriculture. Study on
its economic significance and nitrous oxide emission of this practice can provide theoretical and practical basis for further
development and utilization of this classical agricultural technique. Nitrous oxide emission from rice-duck complex
ecosystem was measured in situ by using static chambers technique, and the greenhouse effect of nitrous oxide using global
warming potentials (GWPs) and its economic significance were assessed. Results were shown that nitrous oxide emission
from rice-duck complex ecosystem presented distinct diurnal and seasonal variation. Diurnal variation of nitrous oxide
emission was highly correlated with the activities of ducklings. The peaks of nitrous oxide emissions were normally increased
in the early morning and at 16 ;00 due to the frequent movement of ducklings at these time period. The seasonal variation
was varying, and the peak of nitrous oxide emission appeared at the ripening stage. Under the same urea application as
basal fertilizers, the nitrous oxide flux from RD was higher than that from CK, and the mean emission rate was about

(149.46 +£25.81) pg-m > h 'and (138.84 +25.26) pg-m >~h™", respectively. The cost of greenhouse effect was
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283. 14 yuan - hm ™ and 265. 47yuan - hm | respectively. In addition to the achieved economic benefits of 7687. 66
yuan-hm >, which is 1932. 33 yuan - hm > more than those who adopted a conventional without duck technique,

respectively. Rice-duck complex ecosystem is still populated by farmer with its economy benefit.

Key Words: nitrous oxide emission; rice-duck complex ecosystem; greenhouse effect; economic benefit
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YERLY), X R TIRASERET N0 MR Sr=4, Wik, KRBT HIR, BHMEN TR 8E L EN
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BA 07 R A W A RS T B 5 3l , A R R R H 2 DR S X SR B A TS e 5 4R I 5 4R
BOKRHERKE S TR, AP REY  EmIt/Ees B2 MRS CH, A HEE, 1 B A a5 H A
AEAR—F, MBV AL EEREKBWETHEEE T BESREN LML, SR, B B REIEeEE
BRGEH N0 B PR B, ACFEXMBIIEET RS N0 WHFEEM R R -, 2 R E
FITRIEERRGE N0 HEMRER N LR EHT THE, 8N HE—BHF AKX —GHRE
TRAHS B A T BRAK R
1 HR5FZ
1.1 AR

REEHREEPRRERB KT, TEAENEE LR ETRKEL, $ELEE 20em, TR
10cm BHARR, 1L NO0.35g-kg™" , & P1.17g-kg™" , H YLK 16. 76g-kg ' , AR 12. Img-kg ™", & E,
0.52mg-kg ™' ,pH {&% 6.98, Rt Hihsk.

1.2 R & WS

I 2 M0 (1) B (B/RX 6 H) (RD) ; (2) A (EMAEH) (CK) ,&/MXFEHLX AT, 3 &’
TBE, MXER Y 140 m*, FF R AW LS JL( Oryza sativa Liangyoupeijiu) , 55 k8 5R§S ( Tadorna)

FRHG 403 H 8] FF5 B VAR 30em ., 58 40 cm, LAERS FE KBV, /DX Z BRI ERIE HE, B EHhiE,
B IEAKAE BRI, LA 4 $R3ME B4 22 WV I REEEIRR , EEI I iR LA 0.6 ~ 0. 8 m, LABME 6 E . /KAEFIAE =N LA TE
BTG, 2007 45 1 H#ERF,5 A 30 BB, KRERERRG 15d 5, A 15 ~20 HiR 4R ,8 5 20 HK
FEFT RSO o FORFRHAIE , 4R 4 H PR B B A MADE, 7K AR 24 T BIAHI T =R BE B A
M. FFH5 HAE B E K AAR R 10em, RS 578 R FE R,

1.3 N,ORE .WELXITE

R A -SAH AR E RS H N,O0 HEE . RHEFMK/N K 60cm x60cm x 110cm, KFEHR/GEE 3
K, BEBIRME 1 YGTEKRER  BE SR B IAFI 25800, BF% 4h M H H 284k, SRAERT R E]FE -4 10 min, 5331
KA 0,10.,20,30min, B A 20ml, ZE3 Y Shimadzu GC-14B SAH AR 2T S+ N,0 Wk E,
28 ECD, Kyl ¥R B 300°C , £E¥R 65°C , Z ik 40mlmin ™', N,O WiBERIE T EHBITE .

F=p-h -dC/di -273/(273 + T) (1)

RH,F A N,0 FER (ug-m™h™") ,p HIRERET N,0 B b HH R dC/de HRFEEFAN N,0 W E
ALER, T RSB REFANFHERE(C) .
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BHESRSE N, O IR 2R BEEEEEH W, 8% 8 EH (GWP, B Global Warming
Potentials, CO, ] GWP >y 1) k37~ 487 B B B4 AR IR M6 25 A Mk voh B 28 2D 484 38 RO A X 4B 3BT 3o T 100 B
I R S 458 4k, N, O B9 GWP 2 320, MR B N,0 SIABE S| EMNH CO,, 18 ARG AR
BRBLIE I, T AR R R E "

M, =0.2729 xa xM; (2)
VC:1/2(C,+Cf_c02) xM, (3)

R, Me IR BB EEB N,0 3B 4 C 8 (kg-hm™); oy GMP {E; M % N,0 i &
(kg-hm™). V¢ CO,HEMK AT LB {8 (yuan-hm ), C,RHERL CO, BRkBE (1. 245 yuan-kg™'), C-Co,
[ CO,Hy3EARALA (0.2609 yuan-kg™),

1.4 TRERERIE

KREFRKN STH S SR, LRERENS H25 HE, B 7~9d RKHEZ9 F7 B, +HRIHEER
0 ~20cm F 4,857, B LI HATAACE . BUR 0 58 LA LI e, +48 NH; f1 NO; , 4 NH; |
NO; &8 12 mol-L™" KCl 8 #2-FlAstar5000 3ELE R SIS A E ™ .

1.5 $iRabm

R AL ER 3K, SRBGETHE, RA SAS(6. 12) EAHTLE o
2 ER5HH
2.1 43 NH; fi1NO; 284k

ME 1 HE ARG 3% NH, S8 RET e, 30 1 AERaS M, MERETRE,7 51 HHB—
M8, BEE A ST T, TR, Ti7E 9 B 7 HRERIRAG, 7Ef8MS3L/ERa], 408 RD 148 NH, S B EES
FALFE CK(p <0.01) , 7EKFELETH, 408 RD 14 NH, FH& 8 5(8.75£1.03) mg-kg™', 4B CK
i 1.08 f%(p <0.05) . 7EKREEFA K, BIILE RS T NO; S8/ T35 NI, e M2, i T
T RAFESHAERT N5k, BEEES TR, 678 1% NO, &8s,

B RD O CK
T 4 b

—_
o O N

HIENHS A B
THNO &8
Soil NOs~ content (mg kg

Soil NHy* content (mg kg™")

Bl +EEHIREL
Fig. 1 Variations of soil inorganic nitrogen
(a) 13 NH," Soil NH," content; (b) 13 NO; Soil NO; content
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B2 B T KRS BERRHAMZ AR N,O HAE L, ALFHASHE N,O HicE 8 H AR AME S FHIE s &AL
—3, RRABEM,WTESHBIRE, N, O $iAt TERE A, FBEE BN AR, BT ES 2B, N,0 il E
B 2 1200 Bflk, R /G XBH TR, 16:00 I X —RIXH 14, B /G BHT G, BRI HO & &/ T H AL
FEHET N0 HHCER AT BN, KRBT, FNREEKH N0 I ER T CK,H
REFRBLE, MRFLHBER . XWHES N,0 KM L EP Y BB KT IS SF X BB HE T
N0 ¥ ELMIE R 08, BUE N, O B A T H K i TR E B A= A TS s B A E, N, O Bk
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Fig.2 Daily variations of nitrous oxide emission in different growth periods of rice

(a) K BE RS full tillering stage; (b) /K F5Z2FEHA booting stage

B3 B TR ARRE S N0 HBCEENE 2k, AHRENS A EHAT g N, O HEBGE R 27
7(48.08 ~844.46) pg-m >h ™' F1(35.62 ~828.92) pg-m~>h~', 7EKFELLET B, RENSF ¥ MAEH N,0 F
PIHEMOE B 4371 (149. 46 £25.81) pg-m~h ' A1(138.84 +25.26) pg-m-h™', KREFFHEHIAL,N,0 HoMK
BERIFEBRE, XTRERE T FHHA , HE—HRFYH Sem KZ, TEATRERT, 3% NO; ™
AT NH, BOIERER, WA T N0 B! . W8T HUH B, ACBERSHE o N, 0 -3 HEHUE £ M (63. 00 +
9.05) pgemh™" (X S B HIHN R 42.15% , HLN,0 Hii 2 BE R TABE CK(p <0.05) , BRI
R IS TR R E X — IR B R B YA S WO A A3 (B B T KRS s i ], R 2 T,
BER T M5k R EFRE, N, O HENE B A1 , HE BRI R BB A ™ '

2.3 N,O0 ZRHASE RIRER

8 H - 35 o AL AR R ¥ NH, &AL Sh NO; 71 NO; s ZEBRZ O, WA T, B AL /E R #E: NO, 1
NO, FFEASFA(N,MAM ALY, A N,0) . FFHN,0 HHES HEESRA . LHKS&E HEER
AR L pH EEREEE XY, B4 R TRMAEERRET N0 i ERHENE, KM
SrBEHAE] N0 EHHHEER EFHEEN— N FERR T RERREEH —E&WEIE, & N,0 /=41
BT RBHEIR AT N,0 B MWKTEENETH N,O flEkE , MU BEME A A N,0 Hi
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Fig. 3  Seasonal variations of nitrous oxide emission in rice-duck
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26.89 mg-m >, HIBZE NN 23.48 kg C-hm 2,
2.4 TEMIIEERRELTIEN

IKRBUCIRIG , T8 ADFE AN B AL R A REAT = 8 43 By 6236,6188 kg-hm ™, by T-7E /K RS #3399 18] oK 1t FH
REGERBEN, FEBEEHOB S ENHE R 1.8 yuan kg™ LLEMBHESHMBEMHEE 0.2
yuan -kg ™", FEE A B ALAC FRAG BY B8R4 A 11224. 8 yuan-hm ™ 9900. 8 yuan -hm =, 5205 L0HH LB HIAL
BN 1324yuan-hm ~*, BARFFIE A PRGN T 5718 B AR 1352 yuan-hm 7, {H 2T T 45 8 )5 KB k3
2013yuan-hm > R EE A=A, FKH] 661 yuan-hm >, B L REHE A0 b H MU 55 05 R% 3 Bk 25 1950
yuan-hm > (F 1),

N,O HE 23 T 2FBE E 20N 58, FE BEN— N FEMBREKREBIRYET EWR. AZRP,H
S RS FEL A % A0AS H N, 0 HEMCE 53510 430. 59 mg-m > f1403.71 mg-m~*, RIFHEES HHEH N,0 Hiio™
e TR AU AR G334 283. 14yuan -hm ~ 1 265. 47yuvan-hm ~*, 58 R N,0 HEBAO3F 38 A , 454 RS 444k
BARMBAGEH, RARBMEA SRR RSB 2 7687. 66 yuan - hm ™, b 3 HLA 55 18 75 M 3 i
1932.33 yuan-hm (3 1),

F1 FEMEREESFUSRLE

Table 1 A comparison of economical income under two different treatments( yuan-hm ~2)

= % N,O HE =4
e Production value Financial cost BN R BB
Environmental Economic
Treament  fg4  WF AN g ogmr Wy gy e e
Ducklings Cultivation cost of N, enefit
Paddy Duck Nylon net Seed Labor other L.
and forage by tractor emission
?%W_'% 11224.8 2013 1352 245 230 420 1840 1180 283.14 7687. 66
With ducks
ks 9900. 8 230 420 2050 1180 265.47 5755.33
Without ducks
3 ifig

X TREH N0 MBI, NS CERZHHGE > BRIR SR EREKR, X T a5 &P H A
RBAGARE XK. BIEELETHEY,N,0 5 HALA YL B AP BB A R, MR B H e i
ZHIXTERHER , B3k & BRI ROAMXIFEE,N,0 BRIy W B S B R i BRE
11:00 ~16:00 Z 8™, ABFFEAHREMEALEE N,0 H APk 508 T B35 sl 2 A — 3, SIIERMBIRA BK
B2 5, — 77T AT AEA i TRS F SRME 3R T A% 2R, PR A A M B B WL WA K, Bk PR A By B
FEROVS D K R T iR E B 0, 138 Bh (7RG, 5 N, O B in™® s B — 7 T, S T B RIS 3, o
T HIEES KA, N T DR SESBMANIE, %E T TN SR FRA, 23 N,0 Bir#Em™ .
[, B8 T BT B3 N T L3S R T AR R, 1508 T 2608 RR 5 R B KRS AR I NH, AL NO,
BET RMUKEY-TE NO; & (E 1), HitRmbr=4a N,0 &3%m'™,

N,O 278 B YR 4k 5 & W4k VE A B9 1) 72, 32 BB St K R A5 RO 4k B S 4 TopL AR I B
M9, Henckel 1 Conrad ™ BF9r kM, ZER EAM T, 1 NO; Pt & F NH, BOM#E%R, HE X5
ZHH T RALIE AT, NTIHI T NO; BB, #EMMH T N,0 BT B 5 R, it b8 N, 0 B i +
ERIPESHAMT N5k, BEEE TR AER N,O BRI R R R T 4 N 4k 2 B
K NO; By &, A FITF AL HELT, AT HE N0 B, B3k N,O KB4 (B 3) . AXFEER4WAER
2 BRI IEE ST/ TEHE ) RS IS A SR SRR SEAT N, O HEIBRSE. BRIk, K N, 0 HERt iy
RIEAIRE S,

XIFEIRG R = SR TRYY, DL N 254 2% S8R P B2 F R, BN, B E AR R TR BRI M. 2
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HHET . BARKSEE BRESRAA VUL SR BRESREAETE, EET%%&/\jtﬁ}\jjﬂl%ﬁ ]
BRPEFRAFBE , EZ TR, LR R TR, EENtEERRET B TKRABET
HE, HEs SR a7 1%, MR T HIENES, Iﬂﬂﬁﬂﬂﬂzﬁg?jﬁﬁﬁﬁﬂﬂlﬁjﬁﬁﬂl@iﬁ?i%ﬁﬁﬁTlﬁ
Fe B AR A WD R AR R K v T AR, KRS AR, 3R T W e EAL B B vE 1, (R4 13
e O AL, ITITREARA Bt HEBCE R . oAt , RS A A Al T B R Pk 2R A AR
B RAEREMS AR T N,0 BOHER, 1Bt TR A AR R ARG B HIRS IR B F M R4, BB
ﬁﬁﬁﬁ%ﬁ%ﬁfﬁi@lﬁwﬁﬁﬂﬁ T ELR W] 7= i Tois e IOk 1S, 2 B it S 8is W B . AP RERE B
IAEREAR CH, T BA WIS BGER BT R T, OSSR B R W RS B A N, O Hel™ 4 KR
E@‘(mﬂfﬁTﬁﬁyn%%ﬁ KRGS A SR FRBAR M B 232 K 7687. 66 yuan-hm ™, W E BRI 15 RS H
W0 1932. 33 yuan-hm ™, [, RER LA AT BLA BAFROHET M B
4 4ig
(1) 5EMREIEH e, TS IL/E N, 0 i RA R FER H B, N,0 HZAR4L 518 7 13 3 2 B0 B B AH 2%
P, ZETE R 16:00 B N,O BIHEBE RE R o
(2) 5HF MR L, RS ILAE N,O HE B RMM T AR, HE g (E H B KRS B 5
YEHE L, FEME LR AE B R G BE RS N,0 B
(3) RS RS HIF % MRS HI N,O AN S 5120 430. 59 mg-m #1 403. 71 mg-m ™, REMSALEE 3 HIA 3214
& A B3R 1950yvan -hm ™, 5 H] N, O HEM= 4 R RN HI SR BERLA, R AR AL SR R B AR K
B R2E K 7687. 66 yuan-hm 2 | FL LA FERSRS H A0 1932. 33yuan-hm ™2,
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