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FIEEXT CH, HEm B RN

HBER ,F R BEBRE 3 R M A ATRRS
(1 BRRAKSE B2, WRRILAS RERS. BHRIAS ARESPHEER 4. WRRIKE HE 4 B9 KD 410128)

R A RIS ECR YRS b2 (CH, ) HEg sy Rm i B R T P R A I R IR MR 3% . E AR EAR
PRFESORYE T ARSI R RS B P HEcE 8 R DREN R R AR AR URKERRESTE., R
B, ARFEHER A KERRESERAEREE (p<0.01) FREEMRL  BRESTRMAR, 20 RM8/667m’ 8 H /K ER
BESREKR, SXRLIL, BRI T 2.2% ~68.7% ,BEREHANT 11.07% ~110.77% ; FrH5HE H + R 7Y B & Bom b, 7= 3
RARBETRE. ARFERENEER GHEREZNEZFBE, FERERE, i@, 53R, RS T
18.22% ~28.13% ,BEREM/D T 17.73% ~34.44% . HXR TR, B ER S KERBEASEERBERAMR(p <
0.001) , 5 +FARY R EBE = F IR BEE BEIEMR (p<0.01) . HiL, MWILEFTBHAER N EZRALFBRE T
KRR R RE AR NI BRI Sk .
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Abstract; The study carried out different treatments consisted of different numbers of duck in the rice-duck ecosystem
compared with the no-duck rice farming in an early and late season. The treatments were designed with triplication by
randomized blocks. Methane emission fluxes from paddy soils were measured by the static chambers technique. The
correlations between methane emission and soil physical and chemical characteristics were also analyzed. The results showed
significant differences (p < 0.01) existed in the dissolved oxygen contents of water in the treatment fields, and that the
more ducks, the higher the dissolved oxygen content. The dissolved oxygen content of 20 ducks per 667m’ was higher than
any other situation compared with no-duck rice farming. The oxygen dissolve increased by 2.2% —68.7% and 11.07% —
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110.77% in the early and late season respectively. Secondly, the soil redox matter content and methanogenic bacteria
population of the rice-duck ecosystem reduced more sharply than the no-duck rice farming resulting in a lower methane
production. Moreover, methane emission fluxes at different growth stages varied as the methanogenic bacteria population
varied. Thirdly, the amount of methane emission differed between the treatments - the more ducks, the less methane
emission. Methane emission of rice-duck ecosystem reduced by 18.22% —28. 13% during the early season and by 17.73%
—34.44% during the late season in comparison with no-duck rice farming. The other related analysis showed that the
negative correlation was significant (p <0.001) between the methane emission flux and dissolution oxygen content of water
body. However, CH, emission flux had significant positive correlation (p <0.01) with the soil redox matter content and
rice field methanogenic population. Therefore, more ducks in the rice-duck ecosystem resulted in lower methane emission

than the no-duck rice farming. The optimal number of duck has great effect on methane mitigation.

Key Words: rice; number of ducks; methanogenic bacteria; methane mitigation; mechanism

5 SRR R E AR KSR, B 2R B S A Mt S L BH R, Mg AE
DRGA NS FHERM Z Bt , /25008 H PN 225000 5 0 A1) FIRG R 8] B v sRBOK R AE K, A B
TR ERIBCR R BEFR YRR T , SR AEAR P , FITHS 28 2 — R R 17 M A DLIEBE RS B RS 4R 78 B 1Y
K EENBYLUURGIE MBS, BHE— MK RS EAERWESESRS. HI,
TE-M8 A AR R — TR SRR S A A U A R R Y

TR EN, B R R T EAKERRAEN HEEAERREBN, FKTIEAE, BnLESW
RE WA ERYIR TSR R YR A RIS HA WL R R S B 764 667m” R AR E 10 ~ 12 HSTRER
W F R HCER D . PUKRBE IS T IR T Rt g R g s sat . |
AN TR0 RO KRS B R R KoL, DR ARSI SR R 4710 A B 5 R AR TS R P R AR HER
EOW, ARBEREETHEAPESRE 3 AR FHREOHE, T A FIFF SE 76 B P S HEE &
B, LA TR BE B d HE T e HEBGE & , JORAE KRS AR B TE B F IR, At — B IR B Fh s
R, BFER P LR A KA TSRS R R e iR A A L BRAR R
1 HR5FZ
1.1 4B

B GRS B 8E0 974, 2T #H 106 d, BRIL 46, AT HA 110 d, BiEg Rk R 2= /KRB FE BT 8243t 5 4
BE &R, MmO KES YR E S ARG RE, ABEHANESERN 25.57 ¢kg, ENFE 1. 41
g/kg, BB 29. 7 mg/ kg, WA 67 mg/kg, 1WA E 0.965 g/cm’ ,pH {H 6.8,

1.2 {8t

2005 4E B B 2 =AM R R R KR IR A AT K BRE . B E 4 M08, 2 F RS 10 R
f8/667m” 15 Hi%/667m’ .20 Hf8/667m* , LAIARFM N TR ,3 WEE , 3t 12 AR BEHLX A HES , A/
RER 133 m*, BEHRIE 7 d EEMEAL/DX B 15 d, £/DNX 2 8RR B, FEEL A1
TKERTE, [FIEHAT HSE /N X B R AL R T , 78 /08 X 2 ) 2 20508 P BEL T S - B 4%, LA 48 7 2 [T A
P, REBHETMRIRER . 80X BARA 1 o’ KR SR, /8 7R B MR E . 49
T B E RN AR, — N EE EEURBSENMEIEY.,

B IEE AN IRE 1 ASH LS RBURE &, JRHE 48 59 [P B IR A (52 cm x 52 cm, 15 cm) & 72X
s Lo BURERPE BURE R BRI R E b, KB B A KM, 58 1 om, PR A K, EIVKEER, BERMHNIMR
PR, F HIB AR, BURER I B A8 TR + BoK T , B2 maAE B R e iy 7= A A e, S 3R iR 2,
1.3 BUEfRinSE Tk
1.3.1 HEEBEES5E

CHRAFERHFR LA SR , 8K E A 51 cm x 51 cm, 7 100 cm, MKFHRF A6 3 d JRANE &
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N FSEHEBCE & . BB 8:00 FFi5, 3 18:30 453K, BFE 2 h, ABUREA H LA 10 min Sy B 8] 8] FR 17
SR 4 YHRE . BTBURE 7 R 1] 523638 ] GC6890N YA AR (it S AT & » ARG W B Rk o2
B R E IS s O W A DR, RSB E SH B ES Rac
1.3.2 3B SEMERNE

EIEYR S L85 B e TR SE W B A AR B BRI ( Bkat R % 3,4) . BMETRE, EEA
NE A RER A, BB ST BRI B SE R A T 40 0 I € TR R Y IR BB A R R R TS R L
EIFEYIR RS &SRRV R AR AL(S0,) , BiIR-BERRHAAEL; BRIV R SE M AL (S0,),R#E-
FARRAARRIE ; TSR AL (S0,) 512 18- RMES bk b fdk 5 S A DB R Y 1 0 MR IR ) R s 5
TekEEITE,
1.3.3 BpE&2NE

AT B IS 3d, S N/NX A SIG-203A BB BEM X BN EKEBREASE, W
ER, BN/ HEKBBRESE LF A TREN 3K, UL 6 REUEMEIREEAZRWBESE, UE1T
A EH R 3d T E BRI EE A ZA T HEKEHREAS 2.
1.3.4 LTI HIRAEHENE

RFRMR FAMK 2 g, K,HPO,0.5 g,MnS0,-4H,00.5 g,NaNH,HPO, 1.5 g,CH,0H 2 g,CaC0,3 g, +
HARBUK 300 ml, 7] RE 0.1% 1 ml,Z&4E7K 700 ml,pH 7.0

WiE gk EH7 AR 1072,107°,10 74,10 7°,107°,10 77 |10 " 19 + HER AR AR A b, B—F
BREEEEMN4E, BEFEM 1 nl, T26~30CHEE TR, BF 4 do0ETRE, SAEFENTA,
BREREAEE BRAETTR BHERAB P EARNAE T, LR R, FREBEEisHEH
HHESRITR B HEERRHAEIELE, BRENSHERGER, KEEREBEERRA L ESKER
BRAERT LR AR EE",
2 BERE5HH
2.1 FHENFEE CH AR M

AARRAER BBEE PR ETERE 1. %2, BB, HRHE.10 AiE/667m’ 15 Jg/
667m’ 20 HF8/667m’ % 4 4~ 4bFH F B HE LB B HE, 3 AN SR AL EL A B X IR A T 2. 92,4 18.,4. 51
g/m” FE(KT 18.22% .26.08% ,28.13% , ZRBEWAT RV, R EHEABMAZER BE;10 Hg/
667m’ 15 Hi/667m* AbFH5 20 Ji8/667m’ {2 R B E . MARIA 4 SR R EZRNE
2 SR 10 HS/667m’ 15 HHE/667m” 20 Hi8/667m” 3 4AN4b3 43 Bl 1 3. 78.5.89.7.35 g/m’;3 %
S 4o 7 R e e B LR A0 BB T 17.73% ,27.59.34. 44% , RSB ME , BRI O HE

FEPG AL 5 3 BRAE L, FEOR A T KA KRB R ERS R, TR A KT 5 5 A EEE R AR,
FLRE S BE BN B 2o R A ] P e R AR A, 10 /667 m’ (15 HS/667m’ 20 [ #8/667m” 3 4 4b3H 435
H BRI T 1.58.2.72.3.22 g/m® BRI T 21.73% .37. 41% 44.29% , 5 M HEE 1 54. 11% .65.07% .,
71.39% ;B REXAH BE A B AS T 3.15.5.25.6.07 g/m*  F&AK T 27.09% .45. 14% .52.19% , 5 BIsHER
83.33% .89.13% .82.59% ,
2.2 TERFEYRSEZNEHS CHHHE

RIS RFW, SXTRAEL, IS8 H LSRR Y R B8 E R R Y R k& & U R EHER VLR RY
R T B FHESE WA IEE SR, SXRI,3 AN HIEMRRY R SE SR REY
TR S B UL R E MR VLR R Y R I 23 528 0. 171 ~0.628 cmol/ kg 0.220 ~0. 591 cmol/kg.0.064 ~0. 158
cmol/kg 0. 157 ~0.433 cmol/ kg, 733/ T 5.3% ~22.8% .8.88% ~27.9% 4.46% ~11.85% ,14.8% ~55.4%

AFFNEEE CHACAERE T HESHE LIBENEFFEEEMRRR, USOHE K2 =05k
HGE 2 T W IE MK &, LAAL RS B 13RS AR TR Mo 2 BT M R 24T, I3 M 56 R E0H
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7T BEFEWET. GRIV, BHPRHBCEERVHES TEEURRESFENELEIEHEXRR, H,
CH AHCE R SRR YR BRI L RIH FR N .Y =2. 138X +1. 7552, fHX RH R 7 0.8397(n =8) ,&
MRXRABBEERE, WEERT 0.05 BZ/KF:; 5EEERYRAE BHANERY R AZNHEXRE Y
37 0.9250(n =8) .0.9208(n =8) , 3k F] T 0. 01 A& B EHAKF; BIH HRESH R ¥ =3.6161X -0.3435, ¥ =
5.9046X +1.9865, CH, HiHGEEFWIHESEMERYR . EEANERYREREE LA IERHEX,

2.3 BRASETAAHS CHHHE R

B-HEARGETAFFBYEXNBHKEEGES 2N EWAENELLE 1, AEETHKEER
AEEAF, NBERHFIRAS 4 MEEKKEBESEXN ARG RME, KRG TR, FBRILHE
B, FAEKEEBRESEEER TR, 4 MBEZERESEERNE. FELHEE5NRI, 7
STEEMGEAX AN, AN 0. 08 mg/L; 43 BERLHA B ST RS INEE 8K, RAEHAEEA D) 2. 37 ~2.66 mg/L, i
FE53]3.34 ~3.60 my/L, 5XRILEZRKBE, SFEHEYEFHENEEZ, KEBERBRESE BN, 20 H
f8/667Tm* b T /K EBESERK, SR, BREEINT 2.2% ~68.7% , RN T 11.07% ~
110.77% , B BRBSLH T KEBRETEEFBER T ZANTEN, SLHEEBESEEFAIIREE
K, BFREWES, 2N BERLEAKERREKEZHEESERNNFEERRA,

B GAREHE , £ HEAFRIKBEESEAR, BacE & EAR, 3 BE 20X, HRXRE
533 -0.9990(n =5) . —=0.9479(n =5) , ¥EBBEKF, WRLE M2 FARFEAEELHETH CHHERK
HEFVHEMOERE, UHEKPEREASEZVHENEE, HEIHFRN. Y = -1.5276X +14. 7707,
XA RN -0.9390(n=8), ZHXLANDBEHN TRHRE TN -6.6891, (£(0.001,8) = 4.1568 ), F
BIFE R A3 0. 001 BE MK T, “EEELAMHMEIRR, XTEHGREL b, ,b, 7 HF1T BE T,
H T A4 5K 13,1975, -6. 6893, BEMIHAT T 0.001 AF, Hit, WREEKEFBESERERER
H e b E .

O CK O 15 5 B8/667m> 15 ducks/667m?
153 M8 /667m> 15 ducks/667m? H 20 HM8/667m? 20 ducks/667m?
75 75
7.0 7.0
65 65|
~ 2
T Eeof 6.0 |
@ =55 55
= & i
gﬂ Z50f i 50 F
W A4S 45 i
> i 5
%§ 40 F : 40 [ :
TA3sH Ny | [ 35+ i
N | [ i
25 SNE 25 : A |

| 3' e it 1 - 1 i
I T 1 v T I v v

R Barly rice WiFS Late rice
KAGEE M Rice growth stages

B1 BHEHAKEEFRESEFTHEL
Fig. 1 Seasonal variation of dissolved oxygen content in paddy water layer

« I,0,0,NV, VaSIFRRAERS SEES HEH TR SHERW I,1,I,V,V mean the begin tillering stage, the full tillering
stage , the heading stage ,the full heading stage and the ripening stage , respectively

2.4 FRUSECE RS H ™ B AP AR O R

3,34 FRW, 2 AT RS 5 PR E R AR . BRI A TR P A SR
W, EZREABIBORE ARG T MRETE D BERB B Bk MG —E T HE. XM ST F 5
HE BV AR — 3 AWM RET N TR F AR MR AER BT R, W AR AE L H
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oy H RN F R D . RS 4 20 HiE/667m’ 15 HHE/667m’ 10 HH5/667m’ 434 FIET 3 IR
38.9% ~51.6% ,22.2% ~35% ,11.1% ~20.9% ; B 55 H 11820 H8/667m*.15 H8/667m*.10 HH/667m’
A5 BIETF CK 69.8% ~90.2% 23.5% ~50.6% 2.7% ~30.9% , Giitsrtiss Rz, 7518 5450
FHAFEFELALES CK 1P FLRARMRFRE N ZR AR BEFEKE,

CH HFGE RS 13- A B MLk E H A 85 R R, B A 4 MBS AT S CH R
HEESEPEAEEEEIFAEX, SRNE, CHHGER(Y) 5= R iE (X,10°4) MEHELRER
90.7798(n =20) , MR EIR T T 0.001 R BE KV, HEHEEIA 0 : Y =11.4949 +0. 5088X ; B 75
], CH, HFHGE R (V) 5= H s E (X,10°4) ML RS R 5 0.8037(n =20) , MR XTI T 0. 001
B B K, LM E H 0 : Y =12. 9218 +0. 0558X; tn R LA BL Bt 2 AR FME T P H bk
BUE 8 57 e 4 W E AT T, EH 5 #2205 . Y =0.0325X +5. 1760 , #HX R %L R 25 0. 7046 (n
=8) , MR BEM TREIAF 0.05 KF, FHEWMATHEE by b, #4T T HE, ¥WEH T 0.05 BEKF. Hitt,
CH HBCGEE 5P It AR B2 LA EIEHEX KR,

£3 2005 FEFPFREFTH LR P =FEEMFENE (10°fw/gp, )
Table 3 Population of Methanogen at different growing stages for early rice

o R EFH SYEEREH ZRH ST gt
AEF (A RG/667m” ) Living stage Active tillering stage Booting stage Full heading stage Ripening stage
Treatment( ducks 667m? )

05-06 05-22 06-05 06-20 07-10

CK 0.46a 1.8a 25.4aA 1.6aA 2.9a

10 0.48a 1.6a 20.1bB 1.2bB 2.5a

15 0.42a 1.4ab 16.5¢BC 0.8¢C 2.6a

20 0.47a 1.1b 12.3dC 0.6cC 2.4a

= DL R30I 3 /DK EKFI9E , AR R R TR A LSD 3, R /A NEFRRR 5% KBE KT, KEFERR 1% K BEKF;
TRl The data were the average values of three blocks and differences test between treatments were analyzed by LSD method; Values with different letters

in the same column meant significant difference at 0. 05 levels and the capital letters at 0. 01 level, the same below

£4 2005 FHBEFRETH LR A= FEEMFENE (10%fw/gp, )
Table 4 Population of Methanogen at different growing stages for late rice

o R EFH SYEEREH ZRH ST gt
AEF (A RG/667m” ) Living stage Active tillering stage Booting stage Full heading stage Ripening stage
Treatment( ducks 667m? )
07-25 08-10 09-02 09-25 10-15 H
CK 6.67a 302.07aA 23.62aA 5.48aA 5.51aA
10 6.47a 293.78aA 16.30bB 5.38aA 2.20bB
15 6.98a 231.14bB 11. 66¢C 1.77bB 1.79bB
20 6.78a 91.10cC 2.32dD 0.84cB 0.28¢C

3 itig

5 HZR08 B 200 TR B PR HOE B 45 R P B e B o HE & 1 . BB ToE e
FHESE N LR, B T BN FRA, BRI T ERYR S &M T KRN ERESE, B 1
SRR AL, WA= SR A A PP EEEE , W27 B e B VA, BRI T e = A 2, AT FR e HE I &

13 Eh 2458 1R RN B EIGR, — M, A 148 Eh {HREF] - 150mV 5, 4R B <A™
A KT -200mV B BREEF R EERE M BREEAESARLET, HEEMEFRREBENE S, —FF
g8 BRI BHE K &M T A EFe R S B IER R E R 5 — I FEHE MR &S Es, B
Bk B 3, B ARV, RS KRR 3 s R S B R B M LR R R E AL
Broe R ARS H 50000 B ok 78 SR ORI . ARBFSE8cE i+ Eh (317 RAENE , BHETE
TEBA, REH SRS B ERE T HEERE™ . Filt, MEFSENT HEANRSED BEIRREEERLN
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PR E A AR, I AR RSN SR E SE AR T A EENF RS B ZRWE
AR AR, EEAEFHEBERES T AABRESE™ , H0E PR K L8 R
5, 8E LSRR Y RS BRER, FRRENEE . P 51K Eh BB ERMERXRD, LB
KER, BHPEINS TR YRS BREEMES SR MERE TR msmn—3u"" . BHit
R E B EREERESENFREL, E 2R, SEP bie A 83 ; B B e S0 E 2 LA
FRNEERE, P TERYNTFRELEN SRR SERNEEREZ ", BRAHR PR P
S EACE SE A AT, B RS P E A BRI B4 T3 CH, &3, s> CH HEE .
Ht, TR N R BE R E T A AR T KRS L EBEREASTE.

FEE L R A RAEBW AR RS AR — BIE R T XA S, AT hrmgEnL,
KEBHBESENS, TEPRRYESERDEE , P A A g E >, N e S kA &
B, BEHERLE R EBERS . FIb, 75BN b, F it R E L, B e AR BT
WRMIFBRR 5 %R, B0 IR AT E LA ) TR AR b, B2, HRUAKREE™N
Tk, S ARSI B P R RS . FIEHE KRR KA BUKRE ] B E W,
MBS B A, Rt R ) 15 Hig/667Tm” kit . I, 485 KR4 2%
ARSI B P L 15 ~20 Hi8/667m” i BRI
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