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F B IEM AR IS, CH, A NLO 2K T CO, Rt
T =S AN, BUFR AL L IE R4 IPCC
(intergovernmental panel on climate change) (2007) #k75
fgH, 2005 FF RS CHy MAARRI D $0A %] 1774 nL/L,
& TIARRTI 2 52, N,O PR H0%n ) 319 nL/L,
FE TAPAL B I T 18%!, A& AR R G AE SRR 2 4k
HEJBOR SR AZ IR (0 0 AT+ EE K AP 1990
—2005 4F, Al CH, F1 N,O HIHEBCRE I T 17%5). 78
FH & CH, i FEHE I 2 —1, Tl KRR AR AN
Wit hn, REE CH, HEscRRE— L HRP, 2RI A
IKFE R NO 1 EZHBE 2 —, T2 R
I, Al NoO FIHERCER S 2030 FEFTHE N 35%~
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Bt EEFFEZ 1, [ 20 42 80 4FEARLIK,
B FKFE K REM B 2] T R AR A MY,
PRV K REME 32 20 B A o KRR 2 T VRE IR F) 2 1 MUK
FEr BT 4R, A& AL T oK E Bl ACIRES, 3K
RO G LSRR i 5 A BT i AR AL, Hid
TEREH CH, M1 NoO HEBUR AR . T A % FE H CH,
A N,O HEB BT FT 5 B8 Fh AR KRS R 3900 FH st
SEA TE/KZAS HEIS LR s U, T kAR A A
ARG YR, JCHSR IO )R PR A S B e 5T A
I CH, A1 N,O LR & HEBUWEITIa R D Rk, ASCE
ZBCRI T T KRB B REREX R - CH, FN,O 21125
GBI, VA SRS E Y, 5 AR N4zt
PP S RE TR £ % R A 2R (]I Dy MRS A S [ R
CH, 1 NLO HEJBC R s OB Kb -

1 #MR57E%E

1.1 58 X

TR0 DX A VAT K 2 [ 5K S 0 = B LR IS B T
FEHb P, g RIS D XA S R, T G R
M RAEX, HHERROGE MR L, BHE Rk
HEIEL, 0~18 cm LETIEHAYUR. K. SRS
FR R H o 5l h 21.88 g/kgs 1.03 g/kg. 1.35 g/kg Fl
20.86 g/kg, pHAE A 7.4,
1.2 Rt

TEKTG M. BR. BAEA. WIE. FTAFHA
T LA RS R R AR [ 454 T, E 2 PP KA
PEHEME SR B, A BRE 3 ANERE, it 6
ANX, BEATT 2009—2011 4E 3 a k5. IR 2 HEAE HY
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FHEK R ZB AT, ZBOUMNXTERY 5 m® (2 mX
25 m) o /PNXHUCEHEE 0.5 m ALTIER T AR SRR JHE
(50 cmX 50 cm) , JEREEHR A L3E 5 cm ¥R, BN KFEM,
HFRCEN T RFEERASAE, A2 H R 2 8 i 38R SR
S DA )R B 1) 387K 45

P R AR 47 5~25 mm WK )=, M5
BRIGAE. FT245. BRESEAE =M RN B LK 2
DA 2 38 5 /KR AR A K R4 Fa bR, B e HE 7K B )
FIHE AR @A, R J W % P A 7K RS 43 B I UG P, %
I BARET, AT IR HALR R EE 3~5 cm IR
(A2 SRR RO B 46, b, 2009 4E 6
H 23 HAKREH A, 10 A 31 HkcE], AHAEF IR 130 d;
2010 E 6 H 26 H/AKREB A, 10 H 28 HeEl, AHAE
W4 124 d; 2011 4F 6 A 29 HAKREBE#, 10 A 31 Hik
H, AHAFIN 124 do HEAES & R EHIEAR R, 58
JEEINZERE . IRTAE. A BERERIARAR, 2R 2 AR
(N @ P,Os : K,O FiEEh 150151 15) FIBRE% (N
JRESE 17%) EAFEIEFRF L, JRE (N RESH
46.2%) VE R 7 BEREFELAE, 2009—2011 4 it \ [ 21 5 &
435124 250.00. 302.70 Al 328.48 kghm’.
1.3 HExRHE

KA E AR EA RS R, 4 5 mm R PVC
PEMEIRE, BFED B TR 2 #55, =i4 60 cm, JiK
R4 K 50 ecmx 50 cm. BRI A 2% B KA,
FRFAERKGHIINE. 2009—2011 S MAKFEIFUE ]
SIANKFEIERG S S « BR2 MBS K, kR 3~4d X
FE1 W, WMEAESS M, 42 d KA1 9 H4rCUSHURE
R A 1 A AT s BUORERT T35 28 B4 10:00~11:00.
1.4 SESMERBEITE

CHy J NyO ¥ R H e A OAH i 43 B A0
(Agilent 7890A-0468) , JE ik XHHFAL 4 ASKFEHFZ) (0. 104
20+ 30 min) SRARI AU LRI (1) RAE I 20301 T 26
I3 HT, PISRIFIZRAE s AR E R TR AR b 2R, 4k
AR RS S Al HERARFEE. KA A
FE BAnAR s EE S MOCR[15]777 575 CHy Il N,O
HETBOHE &5 0K R4 AR F B RS H CH, A1 NLO 2= HET30H
BT, Bl SRASRE H CH, A1 N,O R S &1,
1.5 2IKERBHMITE

GWP (global warming potential) JHJ k7R #A7 i &
(R 2 SRR I ) ROBE i) SR s e . v,
HHK COMENZHSMR (CO I GWP 24 1) , CH Al
N,O HEBCE T & H i GWP #4k 4 “CO, K& . % T
100 a I [A] )R FSA% A8 1k, CH, A1 N,O AR GWP 43
5k 25 At 208, Hep AU N (GWPs, kg/hm?®, DU
CO, 1) AKX T

GWPs=CH i & x 25 + N, O i & =298 (D
1.6 ZEHH

K H Excel 2003 F1 DPS 345 b B 4 A4 SR 56 i dis
AT b, BEESTT RSN B EEZR (least
significant difference, LSD) k.

2 HR55H

2.1 #5450 EEFSE CH. A0 N0 & HEFUIN 12

2 HIEWE N G L CH, AT NLO 257 HEJBGH & 1 52 ik
WIHE, WEEIHEMHEKCR (B 1D o TR
M CH, HEJBOE S E /KR4 A4 B 1AL K 22 50 ) AR T3
MR, ZRWHEE (p<0.01) , HEEERLEK
5T BERT I 8~21 d (ARG RED , oAb AR CH, 7
A A REAE AR KT s FEKFE AT BERTIA L 1 AR
WAL, RUAAE 2 38 /N T IEREE R FH (p<0.001) . 5 CH4
HE s 2 AR S, B HIHEERS L NLO HE o &=
TEIKFE A AL H 0 43 B 1) P 310 22 o 1 B S A 1
TEKFE S BERTIV . o BE b ) 3R T AT I L 3 AU
i, HEWBEEZERTHNEMRFRH (p<0.01) .

L 2010 4F 4, 45 HIREE RS B CH, G2 P38 HE ol
o4 0.56 mg/(m™h), BEH HERERE H CH, 7 ¥ HESCE &
(2.99 mg/(m*h)) Vb T 81.3%; 145 HIRENERE FH NLO F
P Y HEGE Bl 248.06 pg/(mP+h), &5 HUREE RS H N,O
SEEIHEBOE B (93.87 ug/(m*h)) [ 2.64 . J5HIREL G
F CH, FBGE & EAE (5.29 mg/(m>h)) HBIAE/KFE
SYEERUI 18 d, R HUREBERG FH (k)N 69.8%, KU
5 (2.31 mg/(m>h)) HILAEKFEIRTT 8 d, 8 AUHEE
T2 HH VAR 77.1%; IR FH NL,O HE 0 5 1)
FIEAL (2 514.17 pg/(m*h)) HILLEKFES> BER I 29 d,
N RE ARG M E AN 1S 5 kg (1217.03
pg/(h)) HELAE KRG T A5 55 d, 2% IR IL RS
RUEAE IR 3.8 fi%; FEAYBERTIN 21 d A —ADECKMIE(E
(1081.41 ug/(m*h)) (E 1) .

=LK RBA R AL B W BofE H CH, AT N,O BB
BrHcm T DURBL (R 1), R CH, A N,O BBt
HE 8 5 5 AR A KA 2 HE SOE & AR A —
o BHIEMAHE CH, I BEHEBOE & 2 2K T B
WREIH (p<0.05) , KK BCHEHUE = (2.40 mg/(m’h))
HELAE /KRG 2 BERT I, 505 A A FH ) e KA ek D T
75.1%, B 5> BE G WIIT R BUEARAR, B KA 0.30
mg/(m*h). FHIERLFE H I NL,O By Bl B 2 W
TRMEMBEE, EKRBHERERK, N 731.67
pg/(m*h), J&% PUREARS M i R0 1.82 1, s
BEFTEARNGR T AT, 8 FL R I LA 4 R AR AR R
TR 5 i JAEIE e FH 7 ZKORG 2 B I S FH R0 9 NLO
7 B O 2 4 S VEE RS I R 34 NLO i B HEBOE =11
10.86 15, K437 T 138 AU NLO B B HEOE &2 45 RS
HH ) 2.84 1%

BEAN, 2009 4E5 HUFEBLRS I CH, A1 NLO HEBGHE & 5
2010 1 2011 FHEKHIZ R, CH, HEB0E &35 = T 5
2 a, 1fi NoO HEBOE & %8 % T /5 2 a. FHN,O HE80HE &
Ze ) BRI, 2009 477 HH A 1] (14 9 WY RS AS458
T HOKPIRBBEA TEH] N,O BIZIHEBT T 41, S0
FH HATE] NLO HERGE B4 /)N, T 2010 F1 2011 4 [ Af FH 5 25
NLO il ZUHER H B 068 . S50 CH, HEBGE B2 710
BEJERAT 2 s 55—, 2009 SR FE U1 AR X6 A v 1) - 385



513 34 GHERZAE: FiH CHy A NoO S5 HITBONS 428 1 EWE (14 o 12 123

IKZAS 4 CH, HETBCA RS Bl 305k, TS5 35004 HH 34 TR TR 2, SEOZM B CH, B 20 HE OS2 0 1
[71) S PG FH &5 R A K i — B 1) Y 1Y) CHL, BEGHE &= 0 & & KT )5 2a. T C AW IE 2 K R B ) CH, HlEi0GE
TJG 2a; 5, 2009 FKREAE KA (8~35d) KK Z BEH5REHEE BEIEMERRET,
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Fig.1 Integrated emission rules of CH, and N,O from paddy fields under different irrigation managements (2009 — 2011)
1 KEAREBMERE CH, & N,0 MM ERHIKIE S
Table 1 CH, and N,O emissions flux from paddy fields at different growth stages under different irrigation managements
_ Sy B P AR - N
IR I3 FLEH BRI
H H JE i G| JE i
2 TR 132b 240b 0.88 b 0.01b 0.09 b -0.01b 0.30b -0.02b 0.00 b
CH4/(mg'm™>h™)
i FRE L 1.94a 4.83a 9.65 a 13la 0.61 a 0.87 a 1.55a 0.98 a 027a
i 34.86a 499.41 a 731.67a 37.09b 31293 a 94.05a 78322 21.66 a 19.49 b
N,O/(pgm™>h™)
i FRE L 20.33 b 71.39b 72.93 b 402.85a 83.29b 2427b 6591 a 10.80 b 5536a

T R HUEy 2009—2011 4F 3a P 7] 51 h Bt G AN R 7 BEOR AR B 22 57 % (p<0.05) - .

2.2 {ZHIEREECHFAINOHIMEE ST BKSRIXR  RIEFEY (& 2) o EHIEMRH LIEBUKES 1~2
PEHIEMAG H CH, M N,O HESUE & 55 HHOK M R, CHy HEBCE BB, 10 NoO HEBOE &) B4
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K Bl T IEMKRE B AN R,  CH, HE50E Rk vk,
1M NLO HETBCE & 88 KA I K5 3~4 d HIBE
s 3Rk Ll ik, N,O HEBGE IR IE )N, CHy HETK
TH AR SN -EE 2 RT A I AR RO S ) CHLD -
PR AR H 3BT K S N,O HF780E fE iR ad /)y, CH,
HEsom = Frig R, (HIEEER N,

PL 2010 =441, Fifi 25 48 ) E AR HH 338 TR B K 1Y)
Fris, +3EFR/KFLER % (water filled pore space, WEFPS)
M 15 d B 100% FBER] 16 d ) 99.8%, CH, HEBGHE &M
14 d 19 3.70 mg/(m>h)H§ K F] 16 d (3R KBRS 2 1
KD I 5.12 mg/(m*h), HIX—¥fE & CH, HEBGE & 1
WM, N,O HEBUE R ICH B, B -3 KRR B n
Jil, WFPS N &% 21 d ) 84.0%, CH, HEBGHE & M LAY
RN F] 21 d ) 0.06 mg/(m*h), /N T 98.8%, TMIXT
I ) NLO HESGE B 16 d 1) 103.71 pg/(m? )38 184 K 5]
2377.37 ug/(m*h), KT 2.93 f5; 21 d FhIHEBEAG H +
5K, CHy AUl R B K, SKEHF 4R 25D,
CH, Hi s 3 GE K F 1.19 mg/(m*h), BKT 18.83
£, ARTGVEYR S 2K 2 BEHEBOKFE, N,O HEjsom &
RN R 25 d 1) 697.88 ug/(m’h), B/ 70.6% (& 2) .

100
£
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= 60 ;:
40
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BT KEL DAT/
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B2 #HHEBAGT CH A N0 %EHBE S LK R
#gx A (2010)
Fig.2 Relationship between soil moisture and integrated emission

flux of CH4 and N,O from paddy fields under controlled irrigation
(2010)

2.3 ¥EHIEBLFEE CH. A N0 HER =

TR ) E R 2R i R R 4 k> 7RG L CHL, HEJ
H (p<0.001) , 2009—2011 “EEHIRERAS 1 CH, HEBUR
TR RIS L CH, HEBUR = 2 082> 81.2%. 82.4%
F 82.8%, /D T 82.1% (£ 2) o FEHIHEMEAS H N,O
Hf R =B S T MR E (p<0.05) , 2009-2011
TR HIEIERG L NLO HEFBUR 1 433l LU AR A 1 35 T
T 144.3%, 129.4%F1 121.8%, “FYJHE N T 130.2%(3K 2).,

Fx2 AFREIEBENXTREE CH, 1 N,O HifE
Table 2 Emissions of CH, and N,O from paddy fields under
different irrigation managements

o CH, Hi it/ (mg-m™) N,O FEjick/(mg-m™)
1 R P VER R
2009 1351.94b 7205.95a 382.64 a 156.61 b
2010 1167.95b 6623.35a 53244 a 232.11b
2011 1002.21b 5832.10a 538.19 a 242.65b

2.4 $REIEBFSHE CH. A0 N0 454 B =M

IR RE IR FE L 2 D R - CHY, HEJ 7] i I 2 1
T N,O HUS, Xt T E A GWP SRIFAN 44 I E e s i
CH, I N,O M5 Gl 30N o R 3 n]LUE H, 2009-2011
SERSHIHEMCRE ) CH, AT NL,O %54 GWPs 8 MUE 7
HEZEW D> (p<0.05) , WDRED MR 34.8%, 20.0%
1 15.0%, “F30b 23.3%. Hiba] WL, sKFEEE M A
LN T RE FH CH, A1 NLO FRIZE SR 220N

%3 FEEBER TEE CH 1 N0 MEARERT

Table 3 GWPs of CH, and N,O from paddy fields under different

irrigation managements
(BL CO#)  kghm?

sl 2009 £E 2010 4E 2011 4¢
J T R 1478.25a 1878.65a 1854.35a
B R 2268.20b 2347.53b 2181.12b
3 it it

3.1 ¥ESHIEB T FEA CH. A0 N0 =T HEARE AR I

P HIEME A1 R 1 R K - R K FE X RS H CH, 5
T HE G B AR . PRI REERE L CH, HEU
AR K % HHBRAE 3K S 5 1~2 K, H-3egaavm
ARASIT, (EZ B 3RS /K , CH, HE O 13 sk,
RKIGIEERR (B 2) o wl L, $ahlFEBERE K29 K
JE S B ACIRS SBUT CH, SR RIZUHE R, 1 A%
FRoE it K NS 20 CH, HEROE SRR LTI
D S] CH, HECE 5 3K SRR, U EI
W BRI Fltn, Kreye M & B, FEH
CH, HEBGE BAEH K WIIT A B S AE TR G 5 2 RikF|
g, ZJERRITFRE, BARMHEBUK T 4E R 2K FEBOGR o
ST BOX PRI G 11 32 B R R R K R K 0 ks T
CH, Hi Wi& 4%, 58 KR 2 &4 L3 19 CH,
KEBHG 2 TR K BR T ARG CH, F= A2 i i
() RAAIAEL, BEME TR E CH, HE™' 0, Xt 2 45kl
VR 0 5 BB AT ARG P CHL, A 3 8 i A o

JKRITE 2 5 M FE NLO HE 2 AN 32 B2 fe i 7
2 S R R Y - S /K K N TRt T T e T NLO HETBG NLO
HETBOAR — % IR B S 10 d A2 45 HL A 3%k 3 +- 0
FERFLBR AN 78%~85.1%MF (K 2) o X5HT W 42520
FIRF T 45 AR SEIEAGE AL S 1 824 & WIE 1 7k N,O
Hemos ML, Bhah, FRAEHELEPIT R L, FHASR
28 NoO S NHEBCGE — M A 78 T 3388 4 90%~100% 1
1 Al K B (WHC) B8 84%~86% [ 115 78 /K FLER %
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2 []; Khalil 1 Baggs™ il ik s AR5 72000 R I, —Flis
oL i N,O HEGE LA 75% 137 KL
B 1 Sey ZEPUEITE R IR R IS L 1 B
NLO HEGH & HILLE 80% 1) +- 378 /K ALK .tk ar L,
ARG T 38 N, O HE IR B 1 37K 4 IR I 11
W4 AR —3, (Hi2, 4R IERR KR+ &
T IR NSO Hi i & L BLAE 75%~85% (#1358 78 K AL B R
2], SRS S R 5.
3.2 XHIEEB T RS E CH. A0 N0 HEE RSN

EAE TR B, KRGS K HEERE % B Bk /D Fe FH CH,
MHEBCEST, B, R KBRS CH, I3
HFE AR AKX . Adhya Z52WF55 EDEERG H CH, HEK
R, RS KRG AR, TR EREBERS T CH, HE
R T 15%. 1 Jain Z52OMF 5T B EE AL R HH CH, H
TR BB, 5 RS KRG A L, TR BRI RS I ) CH,,
HEBE IR > T 22%. Minamikawa Fi1 Sakait”' o F 7] it
BRI, A7 EE S P - ) B TR A FH ) CHL HE TR 43 0 A
/KB CH, HEBCR 1) 64%R1 26% 0 Jiao 257 i F i)k
% o LA BRE RS FH KD CHL, HETBCR: e v K R FH PR AR T
24.22%. Towprayoon 25285 /K Fig A K 301 1] K 43 7% 1 7l
PLKKBEARAE I CH, HEBG K 1 2R 2 IRAHXS T
FRE /KRG I CH, HEBCR 2 BIFEAK T 29%F1 36%. itk
AT DL, 4 R VIE L ) BRI 2 4 K VR T R A T A R
WD REH CH, HECR .

CLA I GTIE A B, 1) VR T 25 7 s 0 7 VR i A 13
TN T HRE I NLO HEBCRD, 5 19 s 5 W AR T4 e vk
00, Jiao VI Y ) 12 560 5 B 1) 5 E ARG FHL A NLO
TR EE KRG BN T 23.72%. 2 EWERS FH [ /K 54>
BEWI TR 4R ST H R CK 2K B, 3 M /K-S K i 7
AR, TR A B AR A A R s A AR FH AL 3k
17, MIMEEE T NLO HEC. BhAh, $aHIRERERE FH NLO F
T B A i S B S K A B, IR S T B 1
FA ) NLO HEffcE B HE R 1 56.1%~69.7%. A UL,
5 S R 1Y ) - 3 /K S B0RE T NLO HERR e B 5
T FURE ARG

4 % i

DI BERG FH CH, Al N,O Z= 15 HF 0 & 2 I
FIHK KRR EKEELETRARZES N, #HE
ERE FH CH, HECE S T % MRS B, 1 N,O HEsuE
S TR R . SR RS AR L, 45
& A CH, HEGE: B 25 kb (p<0.001) , il 81.2%~
82.8%, 1M N,O HiBUR & EFEWIN (p<0.05) , HlEA
121.8%~144.3%.

) FEHIMEMCRG FH CH, A1 NLO Z= 15 Hiiopn R 5 35 i
IK-EIKKRREY) . PEthIEN R CH, HE B0 2 1§ H
IUAEHIEWKIG S 1~2 K, WA 3B REE R,
CH, HEOE BRI/, RKEA TR, EEER N,
M NO FFB0CHE & 1)U IR TR IBUK S 28 3~4 R, 4
AR ALK, NLO HEBGE SR, K5 S0

3DV HIHE LA R PR T F5 H CH, A1 NLO HIZEE 1R
ERN . MRS H CH, F1 NLO 7E 100 a R FIR4s
ARV G TG (p<0.05) , FEIEHR 15.0%~34.8%.
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CH, and N,O emissions response to controlled irrigation of paddy fields

Peng Shizhang®, Hou Huijing**, Xu Junzeng?, Yang Shihong'?, Mao Zhi*
(1. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Hohai University, Nanjing 210098, China;
2. College of Water Conservancy and Hydropower, Hohai University, Nanjing 210098, China;
3. College of Water Resources and Hydroelectric Engineering, Wuhan University, Wuhan 430072, China)

Abstract: In order to study the effects of controlled irrigation on variations of CH4 and N,O emissions from paddy fields,
CH,; and N,O emissions from paddy fields under controlled irrigation were investigated by the method of static
chamber/gas chromatography. The results showed that CH4 emissions from controlled irrigation paddy fields were lower
than those from traditional irrigation paddy fields during most of the rice growing season. The high CH4 emissions from
controlled irrigation paddy fields were mainly observed during the former tillering period of rice, and the peaks were
observed 1-2 days after soil dehydration. Compared with the traditional irrigation paddy fields, cumulative emission of
CH, from controlled irrigation paddy fields reduced by 81.2%-82.8%. The N,O emissions from controlled irrigation
paddy fields were mostly higher than those from traditional irrigation paddy fields, and the peaks were observed 3-4 days
after soil dehydration. Compared with the traditional irrigation paddy fields, cumulative emission of N,O from controlled
irrigation fields increased by 121.8%-144.3%. However, the integrative global warming potential of CH, and N,O on a
100-year horizon was significantly decreased by 15.0%-34.8% in the controlled irrigation paddy fields (p<0.05). These
results suggest that controlled irrigation can significantly mitigate the integrative greenhouse effect caused by CH4 and
N,O from paddy fields.

Key words: irrigation, water conservation, greenhouse effect, emission, CHy, N,O, paddy fields



