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ERG . FEfR IR S R CHFN N0 IE S0 R 42 A2 1T 44
FAR, BAI, ARG, B &, KWm, 2&F

RN R AR YRR 5 AR S AR S TR b, I 430070)

HE: [EN] BN, BetFLESASGRTER I GERAMIELZoMAEN., HREY. BatEs
ARAGH CHAn N0 He U™ A& 0 IR 5 BN I X R 4 FFIESAT IR, & 7 b3 — 5 7 KR RIS B 45 6 B A 3
Hib AR E. [l RABSHEIR, AR, BarFEESRA CH A N0 HBME, MR
BRAEY. BaE LSRG CH A NO H AN IRE M R A F R #TEE. [BRYERBEKY I, 5.
G fa 3EAE R G CH e A8 3 ) B o B AR 1 Fot AR, HP A BGR B B3 (P<0.05) TR AEARH;
N0 B HERE ARG HA AN ARFRMME TEREETEREAST. REEF (P<0.05) #E THH NO #H
HA, IR PR T ABH N0 B3R, 2006 F 2007 A5 . A8 f A0FE CH, Fn N0 HEAU™ £ KR E RN 250 4 728. 3.
4 611.0 kg COyhm”F 4 545.0. 4 754.3 kg CO-hm”, H I8 'ZE R R ALH] A 970. 89, 946. 81 yuan/hm’ Fn 933. 25
F1976.23 yuan/hm’, B EAETF CK B9 5 997. 6 F1 5 391. 5 yuan/hm’. 4 3 CH. o N,0 HeM = 4 18 % 300 B 3R3E R A,
KRG, A SRMREARN Z TR 5 S HUAG EHE An 2 210. 64, 4 881. 92 yuan/hm’ Fu 3 798. 37, 5 310. 64
yuan/hm’. [44) 8. e ERARNMHBEEE AR B ERKLET RN, FHik, &, et
ERBD IREARIEM A RE 2 —, BRRFHNET ME.

EBEIA: CH.HEAG NO #8; MwiE; BafiE BEUN; 25K

Methane and Nitrous Oxide Emissions from Rice-Fish and
Rice-Duck Complex Ecosystems and the Evaluation of Their
Economic Significance

YUAN Wei-ling, CAO Cou-gui, LI Cheng-fang, ZHAN Ming, CAl Ming-li, WANG Jin-ping

(Crop Production, Physiology and Ecology Center, Huazhong Agricultural University, Wuhan 430070)

Abstract: [Objective] The rice-duck and rice-fish ecological systems are the major complex planting and breeding models of
rice paddy fields in Southern China. Studying on methane and nitrous oxide emissions and their economic value from these
ecosystems can provide a theoretical and practical basis for further development and utilization of these classical agricultural
techniques. [Method] Methane and nitrous oxide emissions from rice-duck (RD) and rice-fish (RF) ecological systems were
measured in situ by using static chambers technique. Using global warming potentials (GWPs), the greenhouse effects of methane
and nitrous oxide and the economic value were assessed. [ Result] Results shown that the peak of methane emission fluxes appeared
at full tillering stage and complete heading stage, and the average emission fluxes from RD and RF were significant lower than that
from CK. Nitrous oxide fluxes remained low in flooding irrigation and high in draining of water. Compared with CK, the total
amount of nitrous oxide emissions from RD significantly higher and RF lower. In 2006 and 2007, the total greenhouse effects of
methane and nitrous oxide were 4 728.3 kg CO,-hm?and 4 611.0 kg CO,hm™, 4 545.0 kg CO,-hm™ and 4754.3 kg COhm™?,
respectively. So the cost of greenhouse effect was 970.89 yuan/hm?and 946.81 yuan/hm? 933.25 yuan/hm?and 976.23 yuan/hm?,
respectively, which were significant lower than that from CK (5 997.6 yuan/hm?and 5 391.5 yuan/hm?). Except for the environment
cost of methane and nitrous oxide, the achieved economic benefits from RD and RF were higher than that from CK (2 210.64

Ucks BEA: 2008-07-27; % HHEA: 2008-12-10

E®WE: EREXFHCIEBINE (2004BA520A02)

EERI v ¥ (1977—), L, WHEREINA, HEATIE, BF07 Mo R RS RS, Tel: 027-87283775; E-mail: ywling@webmail.hzau.edu.cn.
AV H YT (1963—), H, WLIIIT N, ##z, Wty Aok A & 5Kk f#. Tel: 027-87283775; E-mail: ccgui@mail.hzau.edu.cn
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yuan/hm? and 4 881.92 yuan/hm?; 3 798.37 yuan/hm? and 5 310.64 yuan/hm?, respectively). [Conclusion] Rice-duck and rice-fish
complex ecological planting and breeding models can effectively decrease and control methane and nitrous oxide emissions, and they

are effective strategies to reduce greenhouse gas from rice paddy fields. Thus, they are worthy to be populated by farmer in view of

their economic benefit.

Key words: methane emission; nitrous oxide emission; rice-duck complex ecosystem; rice-fish complex ecosystem;

greenhouse effect; economic benefit
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Fig. 1 Variations of flood water DO in rice-duck and rice-fish

ecological systems
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Fig. 2 Variations of soil inorganic nitrogen in 2006 and 2007

2.3 CH.HERI 2

3 WoR T/KRAEFY CH, HEBGE B ZFTi4r
o KFERARYIY, CH, HESGER D, BfijE, CH, fE
JEOE BT, (AR B A, KR R
WA A P&+ TR R BUICE . KRR F I,
2006 4= RD. RF #l1 CK 1 CH, P-4 HEHGE &5 71
(7.2621.20) . (8.61 +1.49) 1(9.82+1.19) mg-m?h™;
2007 = RD. RF 1 CK 1 CH, P-4 HEHGE 553731 Ky
(7.99+1.16) . (8.51£1.09) f11(10.39£1.07) mg-m?h™,
TS . 5 LA I0IA], 2006 4F RD+ RF H CH, HEiGH
ol (14.29+1.50) 1 (16.90+1.63) gm?>h™, 435Ik
CK fJ 0.74 (P<0.01) A1 0.88 (P<<0.01) f#%; 2007
£ RD. RF ™" CH, Hiifid /&8 (14.73£2.30) A
(15.59+2.10) g-m>h™, 4341k CK ¥ 0.77 (P<<0.01)
H10.82 (P<0.05) fi.
2.4 N0 HERUREE

K FEAE K], A AL FERG I NLO HEAE 1k S 81
AR A . 7EREHHETHT (8 H 20 HD N,O HEi
PREFAIHEAE, 8 HHET S, NLO HEBOH & %2 B .
TE/K AL WA, 2006 4 RD 1 RF Ab#1# N,O HE
JECE 4y )4 (100£13) A1 (90+15) ug-m2ht, J&
CK 1 1.08 (P<<0.05) F1 0.92 (P<<0.05) f%; 2007
F RD 1 RF A FE 1) N,O HESUE 543 714 (92+11) Al

- OCK oRD @&RF

(%]
Lh

=
'E20}
=11]
i E
= g5k
B2
f!:
= g10r
Ua
£ sl
]
S
ol I
wed B8 8 8~z ¥ 3z © 2 2 &
S8 5 % 9838 8 5 8 5 & 2
SFAErEA] Sampling date
3 AL, WeEHEESRSK CHHMMNETTL

Fig. 3 Seasonal variations of methane emissions in rice-duck
and rice-fish complex ecosystems
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Fig. 4 Seasonal variations of nitrous oxide emissions in

rice-duck and rice-fish complex ecosystems

1 BIRHISE CH, 1 NoO 7E/K RS A [F) 2 B B B
SRR S AR ) = AN, . 2006 FEAEAERG . R
JCAEINE], AbFE RD Al RF [#) CH, HEl 2 A 855 4
14.17 f1 1476 gm?, BFELT CK (P<0.05) , kb
B RD 1 N,O R4 0.10 gm?, &3 T RF
M CK (P<0.05) . 2007 “EFEHG, FEfIL/EN, Ak
P RD 1 RF ' CH, H I R AR & 4390 4 14.52 F1 15.67
gm?, BFMT CK (P<0.05) , (k¥ RD 1 N,O
SRR RE A 0.09 g-m?, W2 E T RF (P<<0.05) Al

CK (P<<0.05) . fE/KFEAAH W, 2006 4403 RD
A RF 1 CH, BB0E &4 724 18.84 F1 18.68
g-m?, 7354 CK ] 75%(P<<0.05)H1 74%(P<<0.05);
N,O ERHFHGEE /> %4 0.25 F10.22 gm?, 251K
CK 11 1.09 (P<<0.05) F10.96 1%; 2007 4E4L¥E RD Al
RF tft CH, 2 HEOH 43 551 4 18.41 F1 19.82 gm?,
23912k CK [#) 81% (P<<0.05) 1 87%; N,O ZFHEik
394 0.22 F10.20 g-m?, 4354 CK 1] 1.16 (P<
0.05) F11.05 fi5. Mk, 5 CK ALk, 2006, 2007 4=
FEH | G A0 ML BE ) CH, 1 NLO 72 A i 38 RN 23 3
W/ 1 269.3 H1 1 386.6 gCO,-hm?, 864.5 1 637.2
gCOhm? (£ 2) .
2.6 RS, fRaMEEBSRRELTEN

2006 4F/KFENLER R, RD. RF fll CK FE48 7 &2y
W1k 6 236, 6 205 FI 6 188 kg-hm™; 2007 4 RD. RF
M CK R4 =843 %k 7 451, 7 382 1 6 983 kg-hm™;
b1 T 7E KRG A 0 [ A it P AR 25 ) bR %), RD. RF
ALHRE = RS B M 1.8 yuan/kg, L CK
T T = Y RS B 157 0.2 yuan/kg, 2006 4EFEIS, 37
AL RE A A o 11 224.8 F1 11 169 yuan/
hm?, b BEACEE 23 5 890 1 324 A 1 268.2 yuan/hm?,
AR TR RN SR A0 A AR o B 0 A 1352 A1l 178
yuan/nm?, {H SR8 885 5 3R 1308 4 B 2 013 1 2
457 yuan/hm?, [KIk, BREBEEA~EA, RD. RF
CK 23512 3k F) 1 985 F1 2 547.2 yuan/hm?; 2007 437

1 KEBEKEIE CHAIND HEMBINE (gm?) REFERREH
Table 1 Accumulations of CH, and N,O emission during the growth stage of rice and their greenhouse effects

LR i H bt 06-05~06-20 06-20~08-20 08-20~09-05 B AR I EE RN
Years Items Treatments Total GWPs of CH,4 and N,O(kg COz-hm'z)
2006 CH, CK 2.10a 19.57a 3.46a 25.15a 5281.5
RD 1.65a 14.17b 3.02b 18.84b 3956.4
RF 1.44a 14.76b 2.48¢ 18.68b 3922.8
N,O CK 0.03a 0.08b 0.13a 0.23b 716.1
RD 0.03a 0.10a 0.12a 0.25a 7719
RF 0.03a 0.07¢ 0.12a 0.22b 688.2
2007 CH, CK 1.81a 18.46a 2.53a 22.81a 4790.1
RD 1.70a 14.52b 2.19¢ 18.41b 3866.1
RF 1.76a 15.67b 2.39ab 19.82b 4162.2
N,O CK 0.03a 0.08b 0.09a 0.19b 601.4
RD 0.03a 0.09a 0.10a 0.22a 678.9
RF 0.03a 0.07b 0.09a 0.20b 592.1

/) — % Rl —T50 50808 ) 1R ) 7 BE R AE 5%7KF L2 AN 22 Common letters in a column are not significantly different at the 5% level



6 31 RARFRAE. Mg, A IE R RS0 CHy M NLO Ui 3 R S 405 Ak i VP A 2057

FR2 TERE. BEMEEISZRL CH.A0 N0 HEAYE =8N R E A
Table 2 GWPs cost of CH, and N,O from rice-duck and rice-fish complex ecosystem
posi! 2006 2007
Treatment o o SH ey § o o Vo N
CH, £ NoO £ CH, #1 N,O it 5N AR CH, £ N,O =4 CH4 FIN,O =N A
ME eV i = RN RN GWPs cost of i & N i 5N RN GWPs cost of
GWPs of CH; GWPsof N, O GWPs of CHyand  CH4 and N,O GWPs of CH, GWPs of N,O  GWPs of CHsand CH,4 and N,O
(kgCOhm?)  (kgCO-hm?)  N,O (kgCOxhm?)  (yuan/hm?) (kgCOhm?)  (kgCOzhm?)  N,O (kgCO-hm?)  (yuan/hm?)
RD 3956.4 771.9 4728.3 970.89 3866.1 678.9 4545.0 933.25
RF 3922.8 688.2 4611.0 946.81 4162.2 592.1 4754.3 976.23
CK 5281.5 716.1 5997.6 1231.53 4790.1 601.4 5391.5 1107.07

G | 7 A RS 5 4043 3 4 13 411.80+ 13 287.60 yuan/
hm?, b AL EE 43 5] 190 2 239 A1 2 114.8 yuan/hm?,
S AN £ 45 R 2 )RR RS 2 772.56 A1 2 193 yuan/
hm?, (2 B2 A, RD. RF 4 CK 4r 5 Z 35 F
3 659.56 A1 3 129.8 yuan/hm? (% 3) . CH, 1 N,O ff
TR ST AR E Y B, RS AR — A R
T SR HECRE T IR IR S, T

*3 . FEMENREBLITRE LR

ARG 2006 A1 2007 4F RD. RF A% H CH4 AT N,O
HEJBO™ AT 2 2N A4 o 970.89. 946.81 yuan/
hm? f1 933.25. 976.23 yuan/hm? (% 2) . #[E%| CH,
TN HE IR BE AR, 855 H80S . It RO
BEN 577, 2006 F1 2007 4E% 1 RD. RF B
BEA 1) 28 B 3% 23 4 ) LR RS 3 2 210.64

4 881.92 yuan/hm? #13 798.37.5 310.64 yuan/hm?(£ 3).

Table 3 A comparison of economical income in different treatments (yuan/hm?)

A posiil
Year Treatment

7#{# Production value A Financial cost N A BTG

e WeR o WmEkbR M RMF g gpy gry  GWescostol Economic
Paddy Duck Ducklings and Nylon net Seed  Cultivation  Labor Other CH, and N0 benefit
forage by tractor (yuan)
2006 RD 11224.80 2013.00 1352 245 230 420 1840 1180 970.89 6999.91
RF 11169.00 2457.00 1178 230 420 1840 1180 946.81 9671.19
CK 9900.80 230 420 2050 1180 1231.53 4789.27
2007 RD 13411.80 2773.00 1352 245 230 420 1840 1180 933.25 9984.11
RF 13287.60 2193.00 1178 230 420 1840 1180 976.23 11496.37
CK 11172.80 230 420 2050 1180 1107.07 6185.73
M [23-24 S b 57
3 it J, DR K CH, I HEBP 2, KRRRE Y, Ha
1k

KR CHy A1 NoO HERIKIBE ST, BN AR AT AR
ZIRIE, ERTFEERS AR, IX0] BE5 2R AT S
RFRBAAEA A7 602, Huang 25 P2F 5t 1,
IKFERSARAI, TR AT SRR -, 458
TP SRR, 2RI ALK CH,, B
KRR, HEADEE], KREREPRIFIRITEA, CH,
HEBAL T K R, R R LS A
B, HEEE KRR, IRARBHCLR, AR
Psan, 6 HOGe AR R R A A (K i n - HL kA TA]
R IRFFAE 35°C A T, oy e B I 1 e AR

HVE T, IR PR R, LRI B RIR,
DN EH AN, W T CH, HEB P, AR5t
RS AR (AR RS R G, TS AN 3,
TR TR S AR A e, R T b i K AT
AN AR G A 0 B B P R) K i A0, ok
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P R B N 2 9k 4728.3. 4611.0 kg CO,-hm™ Al
4 545.0 F11 4 754.3 kg CO,-hm2,  HL 3 0% A 51l
iy 970.89. 946.81 yuan/hm? 1 933.25. 976.23 yuan/
hm?, B 5% T CK [#) 5 997.6 1 5 391.5 yuan/hm?. %
JEE] CH, F1 NO HERUFIR B A, &5 Amg . etk
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[P 335 2006 F1 2007 4E 4> %) b B KRS FH 5 0
2 210.64. 4 881.92 yuan/hm? Al 3 798.37. 5 310.64
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