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WE HFRME CO,.CH, N,0 FRESEMESHREDL, AR THHIMESBEESREERRZEEHBRESL
AR ERER, AR BAas SRR R RBHKEE, 2006 £ RABSHETR THEMEE (RD) . FFARH (RF)
% HHE KRS H (CK) ) CH, N0 A HEBE . /KREEAEF HIH,RD.CK 1 RF () CH, HEB 24512 19.11.26.71 g/m’F
25.01 g/m’;;N, O HEB R 452 0. 237.0.229.0. 237g/m’ , R T4 R BE S, KREEAEKBIMN RD 4383 EREHRN CO,
¥ B E Bl 2766. 4g/m” RF Yy 2759.59 g/m’ ,CK 3y 2533.9g/m’ . R LA HBREER MG 38 CO R BB &, KRS
BAMEF R, S22 E HIET REH R 3T CO, H¥EE , #24 T B E CO, &4 RD 675.55 g/m” .CK 575.43 g/m’ .RF
562.62 g/m’ , =REHIRFSIRHISHIRIN CO, HYEIRIK .CH, N,0 fHER , 45 & IR TE S L RD HR (k. REEFMEE
BEW B EHE, RS S, KR E S SR ERNME DR EREKEEN 1.6 5445,
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Greenhouse gases exchange of integrated paddy field and their comprehensive

global warming potentials
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Abstract: Research on comprehensive global warming potentials ( GWPs) of CO,,CH,,N,O helps evaluating reasonably
contribution of integrated paddy ecosystem to mitigating greenhouse gases emission and provides some evidence to develop
integrated rice-duck and rice-fish production. By adopting the closed chamber technique , emissions of CH, and N,0 were
measured from paddy field of integrated rice-duck eco-system( RD) , integrated rice-fish eco-system( RF) and conventional
flooded paddy eco-system( CK). During the whole rice growing stages,emission of CH,& N,O came up to 19.11 g/m’> &
0.237 g/m’*for rice-duck field; 26.71 g/m*> & 0.229 g/m’ for conventional paddy field and 25.01g/m’ & 0.237g/m’for
rice-fish field, respectively. By using dry matter accumulation analysis, net fixation of CO, by rice plant above ground was
2766.4 g/m’ of rice-duck field, 2533.9 g/m” of conventional paddy field and 2759. 59 g/m’of rice-fish field. By analyzing
the change of soil carbon pool, during the whole rice growing stage, paddy soil of every three treatments sequestrated
equivalently CO,-C of 675.55 g/m’by rice-duck field, 575.43g/m’ by conventional paddy field and 562.62 g/m’by rice-
fish field. The result of greenhouse exchange of the three types of the paddy fields were net fixation of CO, and emission of
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CH, N,0. Comprehensive global warming potentials of rice-duck treatment were the lowest among the three. Feeding ducks
in paddy field was proved to reduce CH,emission significantly, thus may decrease global warming potential by 1.6 times
contrasted to that of conventional paddy field.

Key Words: paddy field; integrated ecosystem; CH,; CO,; N,0; comprehensive global warming potentials

CO,.CH,.N,0 REEMBESME, R4 =R ESEHRE SRR 20% £4, Ko 5 B A b HE
WEHI 45% ~50% , i N,O N HHEM R 20% ~70% ", AFERIRETEHBREEDZ —, R EEYE
M 173, Htk Pt A e pERE S CO, CH, \N,0 SR ES A4, MEEAREES AN HE P RARER
AP REF N EEATEY —, P EER I HR R 60 Tg, 5 B iz B Em 17% 24,
5 H R SR S AE R AR 2% A B A RS AR, IR A LR B i i AR L R RS
MR =S AHR A E AN, Kewel IR Y HIRE R RBEAIZE 180 ~ - 150 mV Z [EIB, KA KR E
SEBREMESEEZNE/NY . BEKSEEENTE R E SRR, 0 BEBRREH, HA8 Co,m
Y E BT AR, B iR L B K RS F > 15% {8 N0 B s B . f5H
F e R 2 M A 2 B L BAE B R KRS R AR R Y AT R S e R A T B T
3 AR E AR HE ™

21 ALK, H FHRBIFMAEDIFESN, KT HNRAZLRHRITER , HEHMARESESREN N
FEEAREY K, MM, AREE X R ELURBE AR MERa FBEHFEEDY, Ry
BHMAESES RGNV RN BHT TEN  ZHHE. BHEBAERETHEHEESENZH:
B, 75 RS 5 AR R B A AR HE ' 5 Frei SRS NAE H SR80 71 5 3F £ )5 5 300 I se e 8
g, M TEAMAESRL 3 MEESANESE M HBIRREANRL, THEHE 3 FRESkN
ZHREAEEWRTRE, B IR RS BAE SRR IERITN NS E 3 FRESANSEEMN . XX ETE
MRAREESHHEAERRL CO,.CH, N,O WHEH ARG BEYN, A FRKEA RIFEFARSEA A
HIFE B2 AR D R KRR
1 HRE5H®
1.1 RE R

AR T 2006 FFEEF Ll KEFERB AT, HEAENEE L IRYETHKRE L, HELEE
20cm, T2 10cm BHIRJRE, 2006 45K FEA R BT E B9 T BAIE 4 F 4 N 1.09g-kg ™', £ P 1.17
g/kg, BHLE 16.76g/kg,pH {H 4 6.8, BIZEMHZE., WERBURE , DL 3 B EE H
1.2 B

HRE B R B30 38 L (Oryza sativa L.) , B Ry 25 3 BR ¥ ( Tadorna ) , #2403 8 F L B 62 &
( Cyprinidae) ,

1.3 AWt

R 3 b (1) FH5(RD) (FA/NK 6 H);(2) FA(RF) (/MK HMAAR 200 B); (3) A
M8 (CK) , A/DXBEFLXHBI,3 WEE . HXEF N 140m’,

1.4 HESH

6 A0 BE H 18] FF455 I VA I 30cm ., $% 40cm, LLES FiE K, /MK 218 FEUR B B, B L s, B 1K
MEERR . A4 TRHE B 22 MY BREERR, EIMEELL0.6 ~0.8 m, DIBHS gk, AL B RIZEHAIRLX
B+ FIEVE , VAR 30em, LARE G B, KREFME R DL BAEITRIE, /D X Y27 EE (AL KB 10cm) ,
2006 4£4 H 20 H¥EFP,5 A 27 H#$,6 B 10 HEARS ., %E 8 A 15 H/KREFRBIRS i, 9 5FEH
], AR5 H BIVERHE B R AMA S, ZE KB 2 T PA TR FIG R AEE, 3 MEEEBRAN AT HHE
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HEMNBEHRIE—3
1.5 CH, 71 N,O RBUREFRII & ik

CH, 71 N,0 WRAER A B IR #5501, , RAEAR B 2 B 098 DL %I AL, 48 100cm |, JIRTE R+ 60 cm
x60 cm, FHATHA —REEL, WM BY B8t . FREELBMAAN/ N, UFEHAANRNESAIRE, RENSHAER
Vi L A LR, (5 BB A 2min , MRIERE N SRR B 95 . ZJ5 A S0ml S35 R & 20m SERAESE
BB, RN ] FI RN 0,10,20,30min, HRT—ERE 9: 00 ~12: 00 /£ 424 H R AR , 3
BoE M EERERR Y ARl R EE9: 00 ~11; 00 SRS, M. AR Y. A5 S 15d R
13K,

CH, ¥R EE #4391 Varian CP-3800 S @500 , KM &40 : AIERRE N 75C ; Kl #% (FID)
L 180°C ; 2SN, ( >99.999 % ), FiiE 2ml/min; BAS H, ( >99.99 % ) , ik 30ml/min; BIRS N2, Hisk
300ml/min; #AER 1ml, % 40ml/min, CH, ARVERES: i B FARED R OEE, S8 N 4. 82ml/m’,

N, O ¥ & 14 73 B i 5% 1SR €435 4 (Shimadzu GC-14B) W 5& , HM B4R 448 : (IEHEIRE R 65°C s Rl %
(ECD) 1&J¥ 300C ; HEFEER BOIRE 100°C ; BREHBE(95% ER +5% HAE) , Wk 40ml/ min; FEHE & 1l , 33
4 40ml/min, N,O FRfERE S B E RAMEY R O8R4, &8N 303 x10 ~mol/mol,

K8 T I AR CH,(N,0) FHEBCEER (F) ™

F=de/dt x (b xMw xTst)/(Mvx (Tst+T))

A, desds HFEH CH,(N,O) F ¥k B BE A E] B9 2B AL R 32 s b SR A A6 TR EE H TET 9 BE RS s Mw 2 CH,(N,0)
B EE /R & ; Mo 2l CH,(N,0) B JRIRFR; T S REEF IR ; Tst =273. 2k F 2 CH, (N,0) HEHUGE & (mg/
(m’h)),

I KA FAET K CH, (N,O) HiGE &, iHEAFAE T K B CH, (N,0) H#i &, CH,(N,0) HEi
BEAKTE &L T HH R B,

1.6 WHAESRSG CO,HEENEE
BIMHARRSE CO,MFEE N HIRMFR AN E 53 EHEMRSRIEZ 2, 0.
Fc02 = fsr —fre

KL F oo, AREH RGAR M T HIRGER (g/m”) if sl HIRPR AR R f o M3t AR,

bW RGEAENR CO, B R FMG AR MR & B ik, BN KTERE RS BIR 15d A, WE KB T
FiA =8, F RS R AR ERR SRR S 2, R 5hE HE €K Co,&,

AP T RS CO BN ERA T MM ik, BRI 23R DLak 2 2 404l A IR B 8
TIEIFR AR CO,-C, KU T AXHETIER

fm=— (80C; -8S0C,_,) xcxhx1000 x44/12

R o BFEFE— I B P 3PP B CO, B (g/m’) ;SOC 858 i B %I E M AR & (o/
kg F1);50C;_ A% i REZH—RMEN L HENBRTE (g/kg T1) ;e I8 LEHRE(g/em’) 1 HHHER
JBE(m),

1.7 ZEHEEE(CWP)ITE

GWP 2T B EEARBESEXT IR BTN, UL 20a B RE N, 1kg # CH, KB
B2 1kg B CO, 9 63 4%, T 1kg i N,O KIMIRBUNR 1kg B CO, K 270 £, REM AR REAURILE &
CO,, 1 HHE# CH, \N,0.CO,, ABIFEALIMIEEL (CWP) RBRARBHASRSE 3 HERESENL
AYEM. H GWP WitBWT:

GWP = fCO, x1 +fCH, x63 + fN,0 x270

AR RBAESREEKB AT RN AR EESENHEERE
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2 HBRESW
2.1 AFEMBEESRSE CH, HE

HE 1EH, KEHEANETHE,FI5(RD) XHE(CK) fiFR# (RF) 431 CH, HEEE 2= (19. 11
+1.26)g/m*.(26.71 £3.10) g/m"F1(25. 01 £2.27) g/m*, RD 4b¥EE CH, HEMRE I CK Wi 28.4% , 2
FR B BEKF(p<0.05), T RF ALFEE F LR R LXTHRBA 6.4% , 2R A B3, RD B R LeHisE
B5RF ERABE,
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Bl KEAREFHEREHHE

Fig.1 Amount of methane emission during different growth stages of rice

3 KA HASRER S ENZET s WA AR, 5 CKAH,RD RF 75 H & SeHE R LIS AL
R H6 H~9 A 15 H) Wit B&L . CK W BEZEH(7T H6 H ~8 A5 H) &%, X
(7T A6 H ~8 A5 H)3 ABKFLEHIHEZRBE (p <0.05) , HENEBEEZRABE., N6 A11 HES
H'5 H RD HyH ek & B & KT CK(p <0.05) , uf I i ST H97E sh BRI H S B HE R
2.2 AFEMEAEZRE N0 HHE

B 2 50, WS 46 (6 A 10 H) Z40EER(7 A 10 H) , RZ#H(7 A6 HE8 A5 H) ,N,0 KHiE
BUFFISRE HR S , R RXTREE , Faf BN E R, 3 B2 MEREI T BEKF. o RETH
THIBES), TE RGOS, O IR R AL R R A R AR T AR, 380 T N, O BB, MSFRE—K
REWCER(8 A6 H ~9 A 15 H) ,FARER N0 HH &3, B TXHRMABEE, X T 8 ARKERAE

93 Hro Mck B re

025 - T

020

N,OHEH &
N,O emission (g/m2)
j)
>
T

LTATATATATAAT A et —

5H29H~6H10H 6H11B~7HS5H 7H6H~8ASH 8H6H~9H15H JAE Total
May/29 —Jun/10 Jun/11=Jul/5 Jul/6 —Aug/5 Aug/6—Sep/15

IKFE A BB Bt Period of rice growth

B2 KEAREFHEN,O HHHE

Fig.2 Amount of nitrous oxide emission during different growth stages of rice
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AR T A 5%, FAFXT RAEHAE SRR R E, R T SR, 230 N0 WHEE i, 7K
B4 B HIE, RD,CK Ml RF A H K N,0 HEi 84 5358 (0.237 £0.004) g/m’, (0.229 +0.025)
g/m”(0.237 £0.033) g/m’, RD M1 RF 4bHE N,0 HEi 8 X (CK) £ T 3.3% ,{B 3 MbHEZ [ 2 7R

B#%.

2.3 AFEBHASRGH CO4HER

HifEl 3 %0, B AMEF HE RD ALHRS B KR AR CO, M@ Bk, 1 (2766. 4 £267.09) g/m” , KK 2
RF 24(2759.59 £30.79) g/m*, H/DiE CK 4(2533.9 £288.21) g/m’, 3 KBHAEB RS CO%E & Bk
BHMBAZEH(T H6 H ~8 A5 H) ,EERXBZM 3 KREHAX COEEEHETH, SiHIAFRMBH
Co, MBI EBERABE,
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SH29H~6H100  6H11H~7HS5H TH6H~8A5H 8SH6H~9H15H B Total
May/29—TJun/10 Jun/11—Tul/5 Tull6—Aug/5 Aug/6—Sep/15

H RS A B HY Bt Period of rice growth

B3 ARAEFHBKREHE R CO, K EE ] (H EE)
Fig.3 Net carbon dioxide fixation by rice plant above ground during different rice growth stage

AL EFEBFR T 20em BHERH T CO, 53 &, HIE 4 1, RD.RF 1 CK ALZHAE H i) 13 CO, 438
BERM B R R RE. ABRZELEN(G H29 0 ~7 A5 H) REAVEBERM, (B3
I 2GR B HIEXE CO, MR EIRE . BLISR B /KRR AL HA PLARAR A, K A MRk 3 hn , S8 2E T
SRATEOE A X, HEE MM, RN COM AL, ZRHI(7T H6H ~8 A5 H) , KBIRAET XK

CES

OrRp McK BERF

==

| SH29H~6H10H
May/29 —Jun/10

6H11B~7HS5H 7H6H~8HS5H 8H6H~9H15H B2 Total
Jun/11=Jul/s Jul/6—Aug/5 Aug/6—Sep/15

H RS A B B BE Period of rice growth

B4 KFEAFREFHE L E(CO,-C) KA

Fig.4 Change of soil carbon pool during different rice growth stage
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WEREHA, T IRIPIR AE 3R , TR PIBRERE , R By CO,MEs i, TR FHESD, BE T LEESR
L, 3 IR AR A3 R, RIS 46 2 8 A 6 B, FH9H8 H 59 H A DB R D BAR . SERH— KRB R
(8 H6 H~9 A 15 H) A, Bt TASH BRI E AR R, ZR800 H HSA B ES M, Hd Dl
PERE G NS £ , X W] BB 5 I E T A = B EA K. WKBEANEFTHAE,RD.RF A1 CK 1 H3H
WLBREEZR NI, S T B E CO, 4351 (675. 55 £209.62) g/m*, (575. 43 +355.82) g/m”., (562. 62 +
304.62)g/m’, RALHEHPLEN S LLEELERADE.

MBS 51,3 KREHEARE CO, H 3 # BRI CO, M EE , DAAISHE &R, B M T W EE
CO,35(3441.95 £392.74) g/m” , HYRFE ARG H 4 (3335.03 +£326.13) g/m” , % HRF5 HI 9 (3096. 51 +567.93) g/m’,
3T EERARE, NFWZHE ,RD M RF A3 CO, W B E 1R BAMZ T CK %,

4500 -
COrRp Mck BRF
4000 —

3500 | %

3000 |-

2500

2000 |-

1500 — T

1000 |-
; o

500 |- .y.m__

SH29H~6H10H  6H11A~TH5H 7H6H~8HAS5H 8H6H~915H B Total

May/29—Jun/10 Jun/11=Jul/5 Julf6—Aug/S Aug/6—Sep/15

TKAG L B By B Period of rice growth

CO ¥ B
CO; net fluxes (g/m?)

-

Bs5 KBEARLEFTHERLBHERS CO, WER
Fig.5 CO, net fluxes of the whole system during different rice growth stage

2.4 AFAEBEESRESSHREDS LE

KRBTERA IR, WRF CH, N0 BB LK CO, BB E MR, AFBEESRESHREH
BHHEA R SFEGX 3 PR ERE A R, FIPO RS HAESREN T FESHNN, FEL
EHEI83 MHREERHS AN, B3R 1 A, 78 20a BN RUE 1,3 2608 H RGR7E R4 T MRS R HE
REE AR RS B E, RD,CK Ml RF 4378 0K 425 RS 40 3 0 - 2173. 84, - 1351. 67, Al
-1695.54, K AFRMERE H (RD) i1 T CO, BRI L, B sl D, HARRBEHER A S k. M E
LLH ALK (CK) (Frf(RF) KRR EHBOR, 5 AMEKAE H L, 78 BRI E B RS R E R E ) 2
FHLMAKRE N 1.6 f5EA

F1 FABAESRGEAGRESR
Table1 Comprehensive Global Warming Potential GWP) of different paddy ecosystem

Kb Treatment D CK F
CH, (g/m?) HE B emission 19.11b 26.71 a 25.01 ab
B GWP 1204.18 b 1682.94 a 1575.41 ab
N,0(g/m?) HERE: emission 0.24 a 0.23 a 0.24 a
HEE R GWP 63.92 a 61.91a 64.07 a
COz(g/mz) %oEE net flux -3441.95 a -3096.51 a -3335.03 a
B GWP -3441.95 a -3096.51 a -3335.03 a

SEBEEL
Comprehensive GWPs

Rl—fFARNE FBFRIES% KE LK BEESF  Values in the same row that do not contain the same small letters are significantly different at
the 5% level

-2173.84 b -1351.67 a -1695.54 ab
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3 itig

58 ML RS HAE L, R RS BB S0 B e HERL , TESE T B A BB . R H R bRy A R
R EEM, Y IREARFENMET - 150my iR LR 5, ER-BEASESRSET, B TR FHE
B, IER T RS H ISR R M F R R K& IR R Y, B T KR ETEAE, (K | IR A A
m, LIEEAR R AT, = R A T R, W T BB AR R I A CH, b A4k,
MTIREAS CH, ByHEE ™, SRIR5H N0 HEM i B s e 4>, RS H N,0 My= & RS R Mk B E
YERRYLE R SRS, X TR MERN R, YR5 B B E A, R L . Eih TR TS sh
g T HEESAS, B N,0 HE £

MFRBHEFEFRESEOHERIRE D, AR FRERE BN F LM N0 WHE 5 s KiEH
ZRABE. B Fre FHRIAFHAEE)S, B TAKESD, R T FOEDKEY BOMENER; F A
FIHFEK R BB AR S KR 22 5, KRR VB iR S8 2, BEAR T LB A Ak TR Ao, 30 T Se i
Hea"

TIRIFIR A R RGEAGIA P KRS CO, M EEMR, fHiT 2R L EPREERBBRINER
IKE) 68 ~75 PgCl™). %t F SRR Al Bk 38 e i A B8 A DI Rb 3 : — R — e I P 3 L
BREEIZE 4L ; RIS 3 CO, PR HENDER ™% . ABISMEA RS R, AR s R Ak
KAl B EY PR HE Y CO, B, RGBT ETh 2 TR HIEA VKR S5 LR B be X H T
BRRAEZRNAENRE , BHEEOEEE LR ER—, BRI KREE KN LA PR s
TR, IR BAE B I, KRB K BIPIFE H IR VIR R N ek G e, NBNMETIREE,
FEH TR CO, [ B , FRRSHE H 23R E 2 CO, b H MLy /K Fl o5 A FE H g = o

PR HA SR G NEE S B HR 23R R B w e, A R E R E 3% CH, N0 fil CO,1HF
B, Wi Z 8 T KRR ST CO, BRI E X —EEMIL, BRI CO, i TR I [ & 2 i & ¥ IR BEA Rk
HABEMTYRRRETE 3 Mk ga Rk, BT ARES CO, B RMIEBM T, fH
AEBRERBESEMIFRICEORT 3 HRESENCHIBLEBE, 25T 3 XBHASRAE
KRBEANMERKFTHBRIEE AL, HICH RN EEBRT CH, #1C0,, X 5HIAFRIISERLE
—5", BMERAMFERSERINEE SRR ILRE
4 i

(1) 78 M08 5 e B 32000 B e RO HERL, K RSB B R HECE 0 (19. 11 £1.26) g/m’, He %t RS>
28.4% , F&HFAXIFE BB SEEARSCR AR

(2) FEHEF FFAEX N,0 BWHER A & BB & R

(3)3 KRHK TR REAKEENMEFTHRYRIAL B CO, Hem CO, B E B4k, BAKREEK
PHGEE BV RGRI N CO,MEE €, 78HFNE/E BN NIR R H b EA A T #45 CO, B E .,

(4) WOKFBEANEKZETE,3 XBHNWSASRERN A AE, RIABERESEMRRBSE, KRN
FEBRT B HEE CO, G EE . FBHEFME, WA T H B LEHEE, T CO,ME %, R #L:
ARERN R EREKTEHN 1.6 5424,
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