K XA F R L RIE R T REH CH, H:8C
et PMENE fLZERE BOKEK REIER
LA MR 5 i = AR A s, BRI B S IR 4 Be, P9 a0 210095)

W OB RSSO R XK A S RGBT (CH,)HERGEAT H ) S A0,
B LR (NN). HH (FP). B85k (YE) (377 10%~15%, ZAEFIHZE (NUE) $5 20%~30%).
R (HY) (77 30%~40%). %% (HE) (NUE #275 30%~50%) FfF =% (1E) G=EAZE,
NUE 25 20%~30% ) /SHFANE RS . 250580, TR CH, HBCRA BB ZET48 4L, KRR
JIE) ST 5 FEAIG,  MOKFERE =R CH, HFBGE & o5 442 B I 93%~98%. A Al H % 3/H CH,
FHEE 2 3 3% (p<0.05), HY Ab¥Efik 258.8 kg hm?, &3 w5 T AR i HUIE A2 FA7 R 7 B CH,
FEBCRZE R AR, BN CO, 0.60 kg kg™, $REFRG BB AN 2 ZEL W CH, HG i YE 4b3
PR 7 B CH, HECE A, 9 CO, 0.49 kg kg™, 7T LA SELIG 77 . S 28RyiHE, A4 .

K| R CHy B R FUERIAER, oE BGIREGE

HESES X5l SCERARIRES A

TR BRRR £ 22 42 T 2 A BRI I 1) 2 K . BRI 12 N DI ARG R i,
TRIE A A R K MK RE A = R 2 [, /KRS R I BUA 2 860 77 hm?, FEA = HiA 1.81
1t SRR 43.69%7 T A TA TR R RN RO H A KR A
PREITR K, 2 2030 4RI EAR & S L ATEDAT R B3R 40%0A E, BN 45%L b
ZE & 2 1 EUER) AR 18 iR E H AR RE A 7 o BEURTR 2 PREEA IR 1 R Hh i it

(551 e (7] 25 428 i KRR 7o B R I P A AR A 77 rp SR B AT ORI 2 4 1

* [ K E SRR R BN R (973) Wi H (2009CB118603 ). # & BBt 4 N A K HE IR
(NCET-10-0475). FInimiRHL & iR H (200901063). [H 5 HARI AT H (40971139) %l
T IBIREE, E-mail: zgxiong@njau.edu.cn
TEF I/ Sf8FE (1986-), tE-LWFFUAE, B 5077 I Ak H R & A HEBOT 7t
Weks H#H: 2010-11-01; Y B f& ks A #H: 2011-04-01



B IA) B, 2 AR T ) F R R

BEXT IR ), ASHIE T LA A 2t AR O I, et 1 SEI T R R
S35 KRR B v 7 DA B U B v R AN ] /K R 15 B X o AN [ R i A8 8 B A [R] U 7K
A HURE G A DA R B o 2 LA M R B, 8 Wk /KRS B IR AR ([, R B
PERUMAIR K CH, IHERCS ™Y, 78 100 4RI 18] R % Ly iR & CH, (IR AL KL=
CO, iy 25 &1, ZA TR T CO, I EE IR = AP, i, 2ERREH CH, HiK
BN 47T~60Tg, 2115 K< CH, B[] 10%~20%"2, % T8 H CH, (I 7t £ 42 7 24 3
AFIK ST s AR REIE KT B WA N5 7 T, B 11t A ke [l i
PE KR = B A B R BRI AN R 25 A R R = CH, HERGE A 1 52

AT B AESEAII PPN ERA R LA B IGEAAE H CH, HEHORER I, A

[FIARIE A I SE At DR}, [N AR S IR HE T IR IS 1K

1 MRS TR

1.1 X

R AR 36 72 VL 75 48 8 3T = FE AR v [ R 2 e o ROl AR 38 B 0l (120°41'88"E,
31°32'93"N) #HAT o RIS X AL T AW, T s EAKHSAT KRR/ N o SRR AR AL P R R
JEACTE IR 0%, AP 155 °C, R E 1038 mm, LR 224 d. K130y
WK B IS BKRE - (D, HEE RS8N 35.0gkg™, A &N 2.01g kg™,
pH (H,0) N 7.35,
1.2 RE ¥t

IR E LR (NN HHL (FP), =13k (YE) (5 FP AHEL, P3N 10%~

15%, EJIEFIHZE (NUE) #£75 20%~30%). FIF (HY) (5 FPAHEL, Fo&E8900 30%~



40%). FHER (HE) (5 FP #HLL, NUE #2 30%~40%) FILR™~=H%k (1E) (5 FP ALL,
FERAE, NUE #m 20%~30%) SHRFE AR, 06 MbH, 4 k&S, k244
N, BRNXTERDN 40 m?. N TIAE] FiRFEEA NUE Bis, SaREH LB
MRS BIEATREILE . AL . A%, SR ZIEE 1. BEIER
I BERRES, & P,0s 12%, ZFEAIRE, HILASME. I, BEIE. BEREIE R
— U BT NN AT FP ACFRARIEAE N FEAE — U A, L4y 4 Flih FEHE IR A - 35 Al
=1:1 ML GIE IR W B AR . B ALTE (YE. HE. 1E) SARRFHEANMS 9 X7, &
PRI AL EE (NN FP HY) “UHCREFHE P EL ST 6 JXHT, 7R 2 1o S A0HBIR Gk 5
ERRI, EIATHIAK ., B S A G T A X
R 12009 £ ¥ BoK AT AR e F 2R = ZRIT i

Table 1 Fertilization rates in kg hm™ and cultivation practices during the rice season at Changshu,

2009
WA LB & ZE T L A5 SHFPHIE R
Treatment Chemical fertilizer application Split N application Rapeseed cake Planting density
code rate(N:P:K:Si, kg hm™®) ratio manure (t hm?) (cm)
NN 0:90:120:0 0 2020
FP 300:90:120:0 6:2:0:2 0 2020
YE 270:90:120:0 5:1:2:2 0 2015
HY 375:126:180:225 5:1:2:2 2.25 2020
HE 300:108:144:225 5:1:2:2 2.25 2015
IE 225:90:120:0 5:1:2:2 0 2015

TE: NN ONTERALEE; FPOYHMALEL; YE NS HGRUEEL; HY Sy AT, HE N R B



IE ARF= 240 B Note: NN: no N control, FP: farmers’ practice, YE: 10%~15% higher in yield and 20%~
30% higher in N use efficiency, HY: 30%~40% higher in yield, HE: 30%~50% higher in N use efficiency, and
IE: currently integrated management for the same as FP in yield and 20%~30% higher in NUE
1.3 R

I 2009 EHEAT, KRB GOV 3 5, EF Y 136 d. IR A FAS I AR
T . KA 5 mm JZ [ PVC AR HIS, 70Bbigk. TZN 50 cm>60 cm>60 cm, JiKE A
50 cm>60 cm>60 cm, AL 4R L S K B EL 3 BUR A GRAE InId bR, BEK AR AR R R
AR R THUR B JE R, o O JRE T /KRB RS AT RN /N DX, R SR SR A A T 21 5 tH 4 4 om
TRIAKHE, TR oK s i o TOUZ A o B A L VAL, RO INAR P AR AL s A
PR A AL SRAEI BEUCH TS SS A BDURT U0 20 mil, - DUASSESERE i 20 S E A 1R
i1 /5 0 min. 10 min. 20 min #1 30 min SR£E, 48 h 4 F 224G AR 1l 7890A 58 Uk FE I i€
RrE Dy FID, s/ 300°C, ity 80~100 H poropack Q, H N fE#S, B
BOREE 40 mEmin™e BRAEVIB N FE SRR R AR I CHAIN, U TARRRRE N 4525
MR A A FE LR BE A AR A R 20T CH, HEBGE & . MR NI /KRS 4222 8 A %
BT, WRERE 1 RRFEITAG, BEAREE AR 2 Ik, ZEAAE 9:00~11:00 BN 58
1.4 Himabe

CH, bl &+ 5 A N

\% XA C < 273

F:/)X— —
A At 273+T

K1, FHR CHe-C HHBGE R (mgm?2h™h); p FoRFRERIL T CH,-C %59 0.54 g L,

= - A . .
V RSREEAE AR (m®): A JRFERCE A AETT R (mP): ﬁ s CHy IFFBGE SR (CHy 9 pl
L hD: T AR IR (T

BRI #5402 CH, AFBCEE M 4 IWER R PIERR: EYAERKTT CH, Tk



JBCHE 5 AR TSR0 DA AT PR R A I 8] (] BE A, e &8 CHR TG B HEAT BT 25 CH, R AR
HERSCR PP HE O B AN A A KT I TRl SRR R » R SCHT Excel 1157 CH, HETSCE & K i

TEEIZR, FI SPSS B w Bt 4 Rt AT 5 22 70 S 2 B ELHL (Duncan 7).

2 2R 50

2.1 AFEIREHERTREE CH, HgeE
2.1.1 AR H CH, AFBCEETT R B 1 AT BUEH, RIEAHUIER 4
FIANFERFEE T (NNV FPL YE. 1E) CH, #1523 A A A . R CH,4 HFIL
ALK AR A K AT IRE KRS A KR B R RE iR %s, 120 15 mgm? hls B & KRG
Iy BEWUT A AR/ F A To R BE, CH, FHEGHE B TUR FAIK: 2S5 CH, FEZERFERRK
o, ZEA CH, 3518 T HE

Jit A HLIER 2 FASFEHREAR S (HY 1 HE) CH, HE Iz T b B B4 75
AR AU 4 B KRS RS 1 8 8% A0 B ik BIHE UG , Wt ik 71.2 mg m™? b,
el g Rr L2 20 d, B3 KT HoAh 4 N CH, HEBGE S 78 KRS 2 BE A 4h HE K5 H S
MRS, 5 WAERFERRAKCE, BB T F H .

BeAt, CH, HERAIZE T8l 5 KA AR A VIS (B 1, W Z I AFAE

P MG R R (p<0.01).
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Fig. 1 Seasonal variations of CH, emission from rice paddy fields under different cultivation
patterns and mean air temperature during the rice growing season in 2009 at Changshu
2.1.2 ANFHREARE N CH, P HcE B BRI A FEESREE0 & H CH,
HESCAA LR AR (3R 2). HY A1 HE ARSIk URA HUIEAE N ZEIE, 3 CH, P HEIR
W T HARARFAHUIET 4 NMEEE. Ho, HY A CH, P HECE 5 HoAh A A UL

FAFEF|BEFER, CHyZ 1T RAHEBUR =% 259 kg hm™, 5 403% FP #ILL, 140 91%,
ZREE. HE F, CH, 75 REFBCR A 199 kg hm™®, BIAbFE FP 311 46%. HAt 4
NREFER) CH, RARHCE Z AR, PRI : FP>YE>IE>NN; YE A1 IE ARBE 73542
FP AbEE /> 2.6%71 5.1%, NN AbFEHERCE FAK, 12 92 kg hm?, % FP ALHE /> 32%.

2 AEREEA TR CH, HBGEE 5 S E PR i H
Table 2 Comparison between rice paddy fields under different cultivation patterns and field under

the local pattern in methane flux during rice growing season in 2009

WA PR Z=7T AR & YIIER = d
Treatment Increment in
Mean CH, fluxes Cumulative CH, emission Increment
code percentage
(mg m?h?) (kg hm'®) (kg hm?) (%)




FP 4.240.7b 135.7423.0b - -

NN 2.840.7b 92.3422.6b -43.4 -32.0
YE 4.1#.1b 132.2437.3b -3.6 -2.6
HY 7.943.1a 258.8499.6a 1231 90.7
HE 6.744.7ab 198.7+112.1ab 62.9 46.4
IE 4.130.8b 128.9427.2b -6.9 5.1

vE: AP EER B FR R R R R R 2 7 53 (p<0.05) Note: Means followed by different letters within
the same column are significantly different (p<0.05)
2.1.3 KBEEET W AFRIAT CHy REHBITTIRE  CH, HERAE BN KRR
BEIEAHENET RN (B D, KICKHKREEE S NERRE . 28, KT
TSN AT 4 AN, KR 52 B I CH SRR HE U BT Rk 8 AN [ R B A 2T 37 (3R 3D
HebKiEAHALK 4 MEEE (YE. 1IE. FP I NND BaR T CH, 2RHEER, 5
MBI 4.8%~11.6%, RIS EEGIBARIR, (08 2.9%~7.2%, 45 KE7 CH, HEE
SEARE BEMIZ SO AR, A E B I 86%~90%. A NN A1 FP ALFR7E s T ai
CH, HEsC 3 BE G /KRG A2 B BEAR 1T S 30, 3B CH, BRFHEBCRE IUAR X DTk 3 i
o BESREEILFIF RN YE A IE WiANAEHE CH, SARHECR Y 5T R Z 75 /) BERI
AR S e, R TR RO A Y

A HUIER HY F1 HE P93 AN 5 A= 0 CH, B RRHECRE IR X DTk B A
AT Lok 4 ANKCEE, BB A Tk gt ik 26%~33%, S H AL R, 4B
IBFIEAE, 5 48%~51%, Hirft HY Ab3E 5 jfb R 4 MbHz R B2 . BB A5
BERI /KRS A K AT I CH, SBHES R (5 A A B WA 77%~81%, 2 5 WIBAA: & 1A 2 3
BEAR, BRI DTIRR AN 1.6%. i NSEFFDFEAE & 580 HE 1 HY 43 CH, HsE

FRAE KRB ZE A RS B 2R A



£ 3 ARABREEATABAREFTHE CH, RiHHERE R I & 25 F RS &)

Table 3 CH,4emissions during different rice growing stages and their percentages of the total seasonal CH4 emission under different cultivation patterns in 2009

WERS BARER (13d) ¥ SYBEN] (18d) ¥ P (48d) 2 B (57 d)
Treatment Transplanting Tillering Elongating to heading Maturing
code
FARHECR HEEFHE S FARHERCR HEEFHE S FARHE R S F A R HeEFHE S
Cumulative CH, Percentage Cumulative CH, Percentage Cumulative CH, Percentage Cumulative CH, Percentage
(kg hm?) (%) (kg hm™?) (%) (kg hm™?) (%) (kg hm™?) (%)
NN 4.340.6Cb 4.8+1.1Bc 16.042.2Cb 17.843.3Bb 64.9+16.9Aa 70.016.4Aa 7.146.4Ab 7.235.1Ac
FP 8.541.8Cc 6.542.0Bc 48.14#10.1Cb 36.148.1Ab 73.6420.5Aa 53.746.3ABa 5.545.6Ac 3.743.3ABc
YE 14.1+10.2Cb 11.6+10.1Bb 58.5423.6BCa 44.249.8Aa 55.3425.8Aa 41.3+18.2Ba 4.242 8Ab 2.9#1.3Bb
HY 87.7437.9Ab 33.315.6Ab 116.94+42.6Aa 47.5+411.8Aa 50.4434.5Abc 17.6:410.4Cc 3.842.1Ac 1.640.8Bd
HE 48.3422.2Bab 26.0+11.4Ab 99.7453.3ABa 50.842.0Aa 47.1444.4Aab 21.6+10.5Ch 3.543.4Ab 1.640.7Bc
IE 10.743.0Cb 8.743.3Bb 56.637.0BCa 45.1+10.0Aa 55.9427.1Aa 41.9#11.9Ba 5.742.7Ab 4.3+1.5ABb

E: D F—ATE8UR GV RARVNE FRER R Z R BE, F—FEREFRAR KRS PR ZEREE (p<0.05) 5 2) 5 W X ARS8 RK 0 Note: 1) Means followed by different lower case
letters within the same row are significantly different. Means followed by different capital letters within the same column are significantly different (p<0.05). 2) Numbers in parentheses indicate days that stage

lasted



2.2 NERBHEA T KBRS CH, HBHIRER
NIRRT EEREE, B HY ABEA B, 1410 898 kg
hm?, KA HYSHE>>YE>>IE>FP>>NN. 52435 FP AHLL, 34779 2ub 3 YE = & i

FI, FEORE A R AR ERATIE. E MR RIEE R GRD &

4

£ A P RAR = SR IR F 26, SEB T ASR /KRS A 7= et s = RO e ) E A,
SEIL T ARAIKAG A g 7 B AN EUE R R AN i H AR ZE K

PAK /K AEAE KA CH, FRCE A ™ B R A AR 77 & CH R (R 4), EH
TP IR B R CH, HERRCA SN o R R 2% RE KRS = B A e O 1 PR
FRVR, X T AR AKAE AP 1 AT R R R AIGHE /& 73 b B2 (1 7E 100 4R B ) JUBE L, % b3t
(K] CHy SARHERON 55 R (R DTk UL HY KB, B35 v T et R AT MLAE G 4 ASAb 3
{HAR [ R 55 A5 20 % A 38 B 47 P2 B /) GWP (Global Warming Potential) Z{ANE 2, “FHA
CO,0.60kgkg™ (£ 4) , REBAFEIBINA L RELN CH, HHBG H A LR 7
5 CH, HEREAK VN HYSHE>NN>FP>IE>YE (% 4). YE KB REA P & CH, HElE %
i, 4 CO,0.49 kg kg*, HEMEFIFHZE (NUE) #% FP kb FR$R i T 25%, B LA JEIB Seol e,

BN, AEAHE



# 4 ARARFEAT R E. ZIERFEFAE, FBH CH, HBUL B K=& GWPY

Table 4 Rice grain yield, agronomic efficiency of nitrogen, total CH, emissions, and per unit grain yield GWP from paddy fields under different cultivation patterns

IR R RAEAR 2= FH 2 ZT AR =t HA7 =5 GWP
Treatment code Rice grain yield Agronomic efficiency of Cumulative CH, fluxes GWP? GWP per unit yield
(kg hm?) nirogen (kg hm?) (CO, kg hm B
(grain kg kg™ N) 2 kg hm™) (CO; kg kg™)
NN 5 6274587d 92.3422.6b 3077+752b 0.5840.15a
FP 8 059+177¢c 26.940.6d 135.7423.0b 4 5244766b 0.5640.09a
YE 9 049+268b 33.5+.0b 132.2437.3b 4 406+ 243b 0.4940.14a
HY 10 8984305a 29.140.8¢ 258.8499.6a 8 62943 320a 0.8040.32a
HE 10 4614285a 34.940.9b 198.7+112.1ab 6 62243 735ab 0.6440.12a
IE 8 605+265hc 38.24.2a 128.9427.2b 4 2954908b 0.5040.12a

D A SR e AR RAN R 7 B R 2 5

different (p<0.05). 2) GWP¢,=25>GWP o,

Ek%: (p<005) H 2) GWPCH4:25>GWPC02

10

Note: 1) Means followed by different letters within the same column are significantly
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AHE TR R A CH, HEBOE B 2040 2 g st, 22 BRI K. il
W5 T L 1) VR W 1 K 2 FRRE SRR B, X5 A A T R — B CH, HEi
SRR A ARV R VR P 45 P22, KAk T ACIRZS (R A7 F e B A0 T 5
IR AEAF R o 3R R P A AL 72— SR FH KRR FRLARIGE £, 5 A4 S8 CH,
HERCR 3 TR, BRI R B K, CH, G B 2 /KRR — B AR

AKVo IR, AHFIUAESE T 7 — PR L S e 2 AR 4 o290,

0

AHI TR W A VUEHT HY A HE b3 CH, HEBUR 1IN, JCHARBRIRH W52 &

THAL 4 DARIEAHULHI R, X 5T TAPULH A et CH, HEw T —

R

[29:301 i g S A PSR AN R R A LI HEAT I AT, RBURGH CH, HEBUa B: 30t
1> R AE>SE BEAL o
S iR P B R S F 2% 2 IR ARG 2B 7 1 B H A o ARl 55 A DA T 0 23

[N BERE SRAF = TR A P . ASHIE TR I BRAL RS P2 . CH, HECE X — ki Efir A
[ R A OO0l 3 RS RS o AN RIS AR U AL BB P B () GWP E R A2, R
FRE KRG AR = e B ™ B RN I A3 CH, HES, A B AE ORIEORR £ 22 42 1) [ B SR
BEVRHE. YE ACBEEAL B CH, i S N A A%, ZUEHI RS 1 25%, &1 T 12%,
AT DRI SR L S ROMIRE, R AT RRS AR KRR R AR, (A
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Abstract Methane fluxes from rice fields in the Taihu Lake Region were studied using
static-chamber/gas chromatography. In-situ observation was carried out in paddy fields different in
treatment or cultivation pattern, separately, i.e. Treatments NN (no N control), FP (farmer’s
practice), YE (10%~15% higher in yield and 20%~30% higher in N use efficiency), HY (30%~
40% higher in yield), HE (30%~50% higher in N use efficiency), and IE (currently integrated
management for the same as FP in yield and 20%~30% higher in NUE). It was found that
distinctive seasonal variation existed of methane emission from rice fields. Methane fluxes
increased after transplanting peaking at the vegetative growth stage early or late depending on
treatments and then declined rapidly after mid-season drainage. The cumulative methane emission
observed during the period from transplanting to the heading stage accounted for 93%~98% of
the seasonal total. Methane fluxes differed among different treatments. Treatment HY with organic
manure emitted as high as 258.8 kg hm™, obviously higher than Treatments NN, FP, YE, and IE
without organic manure. However, CH,emission per unit grain yield did not differ much among
treatments, averaging CO, 0.60 kg kg™, which indicates that cultivation patterns with higher rice
production would not substantially enhance CH,emission. Treatment YE was the lowest in CH,4
emission per unit grain yield, being CO, 0.49 kg kg™, thus deserving wide extension due to
increased grain vyield, improved N use efficiency and decreased global warming potential

simultaneously.

Key words Cultivation pattern; CH, flux; N use efficiency; Grain yield; Global warming

potential
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