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Abstract. To investigate the effects of plastic film mulching (PM) of ratoon rice on CH, emissions, CH, fluxes from ratoon
paddy fields under PM in the hilly area of central Sichuan in 2016 and 2017 were observed by static chamber — gas
chromatography. The experiment was conducted with two treatments: film mulching single rice (SR) and film mulching
ratoon rice (SR-RR). The results showed that the peak of CH, emissions appeared earlier in the main crop season in the
SR-RR treatment, and CH, emissions in the ratoon season was lower, accounting for approximately 8% — 10% of the total
amount in the two seasons. The total CH, emissions of the SR-RR treatment in the two seasons was 103 — 306 kg/hm’
during the full observation period, which was 11% — 16% higher than that of the SR treatment ( P>0.05). The total yield
of the SR-RR treatment during the two rice seasons was 10.2—10.4 t/hm”, which was 19% —22% (P<0.05) higher than
that of the SR treatment. The CH, emissions per unit of yield from the SR-RR treatment was 9.9 to 30.1 kgCH,/t grain,
which was 6% lower than that of the SR treatment (P<0.05). Planting ratoon rice under PM can ensure high and stable

yield of rice and reduce CH, emissions per unit of yield, which is worth popularizing.
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1.1 Rkt

IR T 2016—2017 4EA5 276 PU 1|45 %5 BH T e VT XM YT 48 7K b (104°347E,30°05'N) #E47, i%3BIX
PR 16.8°C AR K i 965.8 mm, (R HHERRP 4055 TR B AR, S HN 34.5
o/kg, RGN 2.8 g/kg, 14 pH N 7.6,

BER KRS SR 20 73 IR IR 2 AN B B AP 4 R . (1) B ZEPRE(SR) 5 (2) RS-
AR (SR-RR) . iR/ NX T FN 32.75 m*(6.55 mx5 m) , % 4 R ,5 0, MMTE 1.45 m K5 m, %%
FEAE 5 m P8 15 em PR 15 em, KFEREHR FH = AL, T80 40 emx40 em, 8865 LA = M8 Jr =0k 3 71,
B9 1T WAL 12 em, B AR N 18 7/m*, SR AL AT AR /E g FEAE— Ve E A0 it TR b, Ak Fe A
KA RIS TEATIBAE TR FE R T 34403 35 0.004 mm JE 8 G AT , b 58 5 Ut JR T e =~ il 52, £ B3 B UK s
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40 emx10 cm, i A BCE TR IE 17 4 B BCE TR, KREAERKIER 4—7 KR—KEE, RAEER A
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Table 1 Experimental setup and crop management during the rice growing season
JbFH Treatments SR SR-RR
FE/E Basal fertilizer 2016-4-25, 2017-4-26 2016-4-6, 2017-4-10

283 kg/hm?* JRZ Urea
600 kg/hm? i #§li255 Superphosphate
63 kg/hm2 S AL4 Potassium chloride
15 kg/hm* —/K G HREREE Zine sulfate monohydrate

{225 IE Bud fertilizer — 2016-7-19, 2017-7-25 180 kg/hm? JRZE Urea
K HIE Fertilizer for seed bed — 2016-8-12, 2017-8-10 150 kg/hm? X Z Urea
7 Sprout cultivation 2016-3-27, 2017-3-31 2016-3-11, 2017-3-15

#%4% Transplantation 2016-4-28, 2017-4-29 2016-4-9, 2017-4-13

rPAEZE US4k Harvest in main crop season 2016-8-20, 2017-8-19 2016-8-10, 2017-8-10
T4 Z 4R Harvest in ratoon season — 2016-10-20, 2017-10-27

1.3 AT
R CH R A S A T A I &% (FID ) 7Y 22 FE 48 UM (0,335 ( Agilent 7890B) Il , A1 4 I & 60°C
725 S EE 400 ml - min™' ARG 45 ml - min™' BIRRE 5 ml - min™! B, KU AR R 300
C, CH bR i E R E T s e 4 it
1.4 Hdiib
HRAERE S CH, e B 505 0] 4 96 R AR AL i 4618 CH HERGE i, CH, HERGE B A2 ST F Y
F=p X V/AXde/dt x 273/T (1)
K, F 2 CHHEGE  (mg m™ h™") ;p AFRIRAS T CH, % (0.714 kg/m?) 5V RRAEF WA AT (m?) 5
A R RAEAG L 5 Y IR () de/de PRI TR PRAFAE Y CH MY ZB AL (L L™ h™") 5 T RAEAE N
FBIREE (K) .
TGN DX R T RURA VA A B, AR A AR A SR HEROE B (F, ) ARSI A A HECE i JE A B
P SARHERGE 1 (F ) AR TE B SUAHE R 1, 4 A0 31 A S HERGE £ (F, ) iy JR TRV B SR G
T 2R AR AT B
F,=(F, xS, +F, xS8;)/§ (2)
LS, (S, S 3l e /I DX R T TR AR JFR V) T AR AN X TR AR
CH, HE i & HEEUOWI Y 4 4> H 52 1Y~ SAE R 7, CH, 225 HEC a2 f 4 4> 8252 19 4 YOUL I B 422 16F 18]
] B INFCF- 249 J5 P2, AbPRIE] HUEE 4 DR A E R T 07 22 0 M A2 J LU, e Ak 25 20 2 R ]
Microsoft Excel 2007 FlI SPSS 20.0 58/ .

2 HR55%H

2.1 FEWEM BSOS &

KRR A KRR AR PR 22 5 00 B (& 1) 02016 F1 2017 457K A6 A= K 390 i B8 T 443 551 o0 732 il 606
mm, H BN R 3.77 F1 3.08 mm;2016 AR5 H #0A H1 24 5 AR, Horb 6 L7 A Oy P RN B, 0 51 167 FI
211 mm, 10 AR/ 17 mm; 5 2016 4EHIE, 2017 4FE KRG A= KB FRAR X480 5 F1 6 H 4y B A2
932 F179 mm, 2016 4EF R IS KEN 109.2%(7 A 5 H) /N HEEKE N 66.1% (8 A 23 H) , KiF
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KB KRR 82.0% 32017 A KR HIESKFE N 89.7% (5 H 1 H) , Fe/NHIEEKE K 52.3% (6 H 20
H) KRR E K3 68.9%
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Fig.1 Seasonal variation of precipitation and soil moisture content during rice growing period

2.2 FEMH CH, HEf%

T CH, e 1 25 A8 (L 2a 2 75,2016 4F CH,HERCE 5 BT 2017 45, AT RE 2 h TREm
AP KR . 2016 4F SR 4b¥E CH, HERGE BAEK ARG 18 RINEETE 2.2—3.9 mg m ™ h™' g
B 258 T, T 6 H 23 HikFIHEUR 2504 33.0 mg m™> h™' SRIGTE 4 K PG T R 31 B e (i 1y —
FEAT s R 2R R I CHL I B4 HI7E 9.5—16.2 mg m™> h™' 1 5.2—13.4 mg m > h™' 3 Bl P4 i 30
(Kl 2a), 2017 4F, SR 4b¥E CH, HERCHE & A KRR AR5 2218 LT, 75 A 26 H kB HEUR R 9.4 mg m™
h™ 22 J5 4 RPPUE TS 2.0 mg m™ h™" s KR K5 230 CH,HEBGHE f 72 0.9—3.9 mg m™ h™' {6 Bl i 3h
(K 2b) ., 52016 44,2017 4F 5.6 J e r tat W3 02D | CH HERR R o 048 13 BRI R] L 2016 AEE&FT T —4>
J AR I AR T 2016 4F 1 fie i W 5 2017 AR /KRS 20 BE BRI 15 2 R0 R b s st 1) CHL, HE G 134
/T 2016 4E R EHYIE) CH, HERGE 2 (K 2a.2b)

SR-RR AbFE CH, HEGE =T 22 L AR T SR 4bFH, 2016 4F, SR-RR AL BE/K R AS A% e RO 5] 7.
7 mg m~ h™' [ CH,HERC, 06 5 F SR ALFEAE K FE RS AR (19 CH, HEBGHE 5 5 2 J5 SR-RR A0 ¥ CH, HEBGHE 2 7F 3.
1—15.7 mg m™> h™' Z[E# 8, F 6 H 15 HikF| CH, HEBUR =1 16.6 mg m™ h™", b SR A i = W (. HH B A ]
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6.6—12.9 mg m™ h™ YU [E N3N, B = T SR ALHAH R A= & B 0 CH, HEEGE & ; Sk BRGR S 21 K, SR-
RR AbFE CH, fEREFEM 9.1 mg m™ h 'S EFFE] 9.6 mg m™ b FEREE FRER 0.1 mg m™ h™'  Z 5 —H
£ 0.1—0.4 mg m™> W™ JEFE NS, EEFHAFRGR (E 2a) , 5 2016 4FK[H],2017 4 SR-RR 4B CH, HEjiX
FEE PR BRARKEN 5 H 9 HRNAR] CH, HEUR R4 19.8 mg m™ h™", AR & 06 AT A] L SR Ab 3!
PR 17 K, HAIG(E R RS KRR 5 B E] Y SR-RR ACHE 1 BIAR =5 (9 CH, HEGE & (5 HSL B R 4
KJGEWI09 CH,HFBGHE 2 UAE 0.2—1.5 mg m™> h™ JE IR AL, I Ik T SR ALSRAH N AE F N A CH, HEHGHE
i+ SR-RR AbHLR A 90 AY CH HERGE R 03 mgm 2 h™' EFFE] 1.6 mgm 2 h ' F RS 0.7 mgm > h™' |2
JGRKFSFFRIZE 0.1—0.7 mg m ™ h™ JE NP 3h (& 2b) .

H12¢ 2 A 41 : SR-RR #1 SR AL 3P AE 21 CH, HFBCEAH 2 (P>0.05) , SR-RR AbBEHLAE 21 CH, HERC R 2y
7 P2 SHE 8—10% ,SR-RR AbFEPIZE1Y CH,HERCE I L SR AR B ZEHE il i 7 11%—16% (P>0.05)
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Fig.2  Seasonal variation of CH, fluxes and soil temperature in rice paddy field

2.3 KFE SR R CH R E

2016 4F | SR-RR AbFR AP FE 2 (O R 48 7 W (8 i F SR 4B ( P<0.05) ,SR-RR ZbF A= B R4 =8 4 1.10
v/hm*, P2 ET7H 11% ,SR-RR AL BB RE4 B 5 L SR AP S 19% (P<0.05) , B0y 7= i i CH, HEil =
WL 6% (P>0.05,% 2) , 2017 4, SR-RR AR ZERE 4 77 25 SR AFHAH 4 (P>0.05) ,SR-RR AP 2
A AN 1.89 v/hm? (52 E 77 1 18% ,SR-RR ALFHPI =R B2 e SR AbFHES 22% (P<0.05) , Fifi =
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21 CH,HECE IR D 6% (P<0.05,7%%2) ,

*2 CHHME KBFERBM2M CHHHE

Table 2 Total CH, emissions, rice grain yield and CH, emissions per unit yield

SRS A% Wi+ A2 ALY

oy b Main crop season Ratoon season Main crop season +Ratoon season CH kil
- CH HERC it KRR CH et KR CH Hit it KRR CH,, emissions

Years Treatments -

CH, emissions/ Rice yield/ CH, emissions/ Rice yield/ CH, emissions/ Rice yield/ per unit yield/
(kg/hm?) (t/hm?) (kg/hm?) (¢/hm?) (kg/hm?) (¢/hm?) kgCH /1 grain

2016 SR 275+20a 8.58+0.12b — — 275+20a 8.58+0.12b 32.0£0.31a

SR-RR 276+21a 9.08+0.30a 30.4+3.1 1.10+£0.07 306+29a 10.17£0.37a 30.1+2.88a

2017 SR 89+1la 8.52+0.14a — — 89+1b 8.52+0.14b 10.5+0.04a

SR-RR 95+2a 8.54+0.07a 8.4+2.6 1.89+0.13 103+1a 10.43+0.06a 9.9+0.01b

(5] — SN[ NG bR IRV AR Ak BRI A7 S 5 22 57 (P<0.05)

WK 07 22 5B 05 01 B T KR A1 BRI CH, HERC i B 0% k9 CHL HEBC R 47 2 B
RS ST 2017 4F CH,HBECRANHREPRENY CH, HBHCRE 8T T 2016 48, WIALIRINIAY CH, HERCHERIK
R 42900 22 5P % | SR-RR ALFRAYRTZE CH, HERCER KR 740 51 .3 85 T SR AL SLIZEo§7FS CH
HERCHERIATRY Pt FLAL S5 45 ) 2 FLJESE TR (K 3)

®3 MEMEHX CHHHE KBFERAMTE CHHENEXMNHEESTESH

Table 3 Two-way ANOVA of treatment (T) and year (Y) for the effects on CH, emissions, rice grain yield and CH, emissions per unit yield
AN PR Y CH, HE i

CH, HEU & TR -

Eim H 3;5*% CH, emissions/kg/hm? Rice yield/t/hm’ - yf;l(;‘ j'(n:g:j/’zmm)
s F p s F p ss F p
LbEE T 1 1524.38 7.41 0.03 9.21 409.42 0.00 4.95 471 0.06
Y 1 113271.07  550.68 0.00 0.03 1.29 0.29  1305.63  1240.62 0.00
REFEXAEAy TXY 1 240.58 1.17 0.31 0.08 3.35 0.11 1.31 1.25 0.30
B Model 3 115036.03  186.42 0.00 9.31 138.02 0.00 1311.89  415.53 0.00
%% Error 8 1645.56 0.18 8.42

2.4 MR

2¢ F12d 4 2016 F1 2017 AE /KA AE K IARITET 5 em VRAL 1 S8R EE A9 2215484k . IIAE 1 45 SR 3R BH , 200
DU PN 3970 B A ST G B AR A, dre s TR 0 1 BETE 2016 4 8 H 23 HRI 2017 458 H 4 B, 4351k 29.
7°C A1 28.6°C ; FRAZMHT 7—12 K, R HER R G L T T 3°C A2y, Z iVl ™ B, J5 A 9 0 43 sk ) £ 3
20°C ZE47, SR-RR ALIE e ZR R0 P A 22 00738 1 53 08 24.4—24.6°C Fil 22.9—23.6°C , SR AbHUK e AE K
ASF-44 5l 24.9—25.3°C

A AT R, 2016 4F SR-RR ZbHE A= 2= 1) CH, HEBGHE 35 5 em &b 423 W 35 1E4H ¢ (P<0.05) . 2017
AR CH, HEGHE -5 T 38R JC A 5GP (P>0.05)

R4 KBEKPCHHREES TERENHEXRY

Table 4  Correlation coefficients of CH,fluxes with soil temperature during rice growing period

A b3 HAFEFR AL Correlation coefficients
Years Treatments rh#E 2% Main crop season /1= 2% Ratoon season
2016 SR 0.315 —
SR-RR 0.162 0.792**
2017 SR -0.327 —
SR-RR -0.204 0.424

w il P HIFIRTE P<0.05 A1 P<0.01 7K b # g A etk
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3 e

FEH CH, HE U AR R I AEBR AR 4, 2017 4R CH, HERUE L L 2016 4R/ 66% 2247 (6 2) o T LAFE 7 gt
e A FE 4 3 R I CHL HERAE PR 22 S e R nT 3k 4 %5, KA XHRE I CH, Al 7= A= 0 25 e e 1k i 7
CH, 7= Il R SR S AE AR AR B E e 3K R 80K 5 Rz 0 + 6l E v P AfE
SEAR AT AW b2 AR A MK SRR T SRR BN I T W™ s PR RS i, A
fer= CH,, AR CH,HER A A PR 22 5 322252 HEK A3 S A FE A, 11 87K 4 i — 2 [ T 2 A
i, ph A T SR 13K 338 A T AR 7 R T CHL B, A WIS 26 B, 48 CH, Y77 2F B 0K 43 5
g g e 2016 AERERT 2T 2017 4F L HUZ 5.6 AOY (1) MR s, 2016 4F + 885 /K R i
2017 4E (& 1), AT, 2016 4E1 CH, HER R R T 2017 4%, CH, A7 AR R e I IR 45 1F T 7 e i VE 77
P B R A 285 5110 A R B S /K SRR A L CHL A9 7= A BB A v R A B BRI 4542k

IR R AR CH, HE R A R R 2 — 2 YORAEAERS L CH, HE % Ath BR 1) PR 7 BT
FE 18—31°C YU FE Py, A5 I CH, HE L B 80 5 0 Fh g i oK AR AR 224 A A - e 7= P o e o6 1 | -
A AT | 1 CH 7™ A 0 ) KA 25 2 o 9 TR 1 s T B o, 6 383 B RS 1 CHL HE
ST AR AR 5 ) i AN — | S5 — SERF I A WL B R AN K R A K TR S RS L CHL, HEBOHE 0 A G
PEOT ) ARIRIS HBR 2016 AF A F CH, HEHGHE &5 100 A 5L 5 A SCA , HA K RS AE K F 8 R L £
CH, HEGHE 55 A 3R R ) b 35 A O, W] BEA7 76 52 e L CHL, HE A At BT PR -

FHAFE A AR RO T A AR TP RS 2R CHL HEBOMHE (1] 2a 2b) . 55 SR Ab3AH L1, SR-RR Ab /KA 1)
AR A1 AT 16—19 K (3 1) , 2 CH, HEMUR: 2 H B e [R]- U A R 3 T 8—17 R (&12) . HAZRAS CH,HEL
SR R W IRTE KRR A BRI ) 2016 4F SR LB CH, HET ik 5 W (A 24 T SR-RR Ab B P 435 22
A BEAREZE CH HEGE A LIRS N 31 mg m™2 h' (&1 2) , A WFSE RS 8 RS T A CH, HE iR
WE(E 7 9—24 mg m™> h™' Y [P, CH, HEBZE 1 2B (IRl 9—24 mg m™ h™' 5 LATE B RSORE I X 45 SR AH L
TR - PR A A SR 2R 0 CH, HERC LU BERRE | B I (BN 17—20 mg m™> h™", =15 KR EE S 13—20 mg m™ h™' (&
2),

SR-RR AbFFRA R A F I 71—78 K (3R 1) , 200Kk FEE T W 47%—53% ; i #4209 CH, AR
M 8.4—30.4 kg/hm*( 3 2) AN CH, HEHCE 19 9%—11%, WHRE-FAE R R FA 2 CH AR 3  , 1X
AR FTRE5 FFAE 25 TSR N BRI R AR I A= W i G, FRATT 2016 4EAYBFST 45 R KW, SR-RR Ab#iL A= 5=
1) TR e BT TR AR 3 I R RAFTE 20°C 245 (18] 2¢) 5 A M, 7542 2= CH, HFBGHE 2 52 56T S
Ba B, KR A IS TR R R LA ([ 2a) 5 P 2R CH, HERGE 5 1 He B 5 W35 IEARSE (£ 3) . 2017
AR 2 SR-RR A FETA=ZE0Y CH, HERGHE 7 5 i W B TS R 3 (18 2b 2d) (H AT fig i T 2017
ARTR T HIEMA S, BT LA R S B 5 A OGP (36 3) o UAh, FRA oK RS AR A AR W i ) s/ WAl BE R
R CH, HEiCR: . KRBT R KRR MRS CH, A5 28400 CH, HER S K RERE I = B 5L 1E Y
TR R R FH Sk 2R REACHI 5 REATE L A7 305 1) ORI 2 7 A T I — 2Rk R, T % /K R AR 2 T3k A
Ay W Gk S AR AR HE R CH, AR R A

T FSORE FE A U 1|28 Bl T 7 R T ALK 70000hm ') ) RAAR TR 645 1) A4 188 7= s R CHL HE Al it 15 A5 400 45 £
B AR TR R SRR G T 5, DA - AR R o R R R P A DU 148 AR K ARG 7 1.1x10°—1.3%10° t, 7]
HE KRS AR K CHL HEAL 1.0—2.2 Gg. H TR IRAE T, AR R mT LA AT RS Bk, 30 0 1 i 09 174 Als B AR
TR I fof 45 JEOR AN A5 b R T A 0 Ml DX A T T BB, A FE RTE A A g 2R I R i A
PRS- P RS AE R (R R 2R AN P AR ZR Y BB AT, B RS- R AR RS A RS SR R Ak
AR RS AT UGIE K RS 7 R (B 19%—22% ) |, RIS/ 6% B 2R 7 i i CH, HERCR, 45
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BRAE BRI A A, R 4, AR T MR A A AT USRI K ST T e
A RAFRICR o (EAR ) KRS AR AR

4 Lt

LB A AEAR L, A B R - PR AE R A RS TP RS 2R A T CH AR MBS A%, S A R B CHL i g g,
JRCE 5 LB RO AR A 25 B 5 CHL HERC D R0 i T AR RFAE AR AT, P Rs - AR R P A 4 6
7 T ROUBLROK AR, HE CH HER St e MU K AR e, (EL B2 B B CH HERCRE 1235/ T ML
BBOKRE, LKA BT T R AR A ERE DRI KRS R 7 A80™ , i il LA B ) CH HEMCRE
HAT— s M) N A, AR AR AR 75

5% 3Lk ( References) :

[ 1] Hansen]JE, Lacis A A. Sun and dust versus greenhouse gases: An assessment of their relative toles in global climate change. Nature, 1990, 346
(6286) : 713-719.

[ 2] IPCC. Summary for policymarkers//-Stocker T F, Qin D, Plattner G K, Tignor M, Allen S K, Boschung J, Nauels A, Xia Y, Bex V, Midgley P
M. Climate Change 2013 : The Physical Science Basis. Cambridge, UK; Cambridge University Press, 2013

[ 3] REdk, ARSobk, TR Bt, HeAs. mEJTRE XA RRRTICHE R Bk . 1E4Ik, 2000, 26(3) : 297-304.

[ 4] INGHE. FAREBFIERIAE T DG DL SO H. BHE SRS, 1991, (5): 1-3, 6-6.

[5] aEbt, Rub, sk, AN, BMs, SR, XK. FRAR - 8 U A5 G R DF T s . rp R0l B2, 2015, 48(9) .
1702-1717.

[ 6] Htitfe, BRE, LR, AL KRBEBKS G E - BAR. WIOLAHE, 2009, (2): 23-24.

[7] ZX2, @FR, B, Tk, migl. e BRI, Mg LR peaMk, 1991, 6(1): 1-12.

[ 8] FEAUT, AL, VRiF, WHE. KRS SRR MBI IR ORI RCR B X E F MR A FY. ol T4, 2002, 18(2) : 29-31.

[9] Yang YT, Huang Q, Yu HY, Song K F, Ma J, Xu H, Zhang G B. Winter tillage with the incorporation of stubble reduces the net global warming
potential and greenhouse gas intensity of double-cropping rice fields. Soil and Tillage Research, 2018, 183:19-27.

[10] Zou, ] W, Huang Y, Jiang, J Y, Zheng X H, Sass R L. A 3-year field measurement of methane and nitrous oxide emissions from rice paddies in
China: Effects of water regime, crop residue, and fertilizer application. Global Biogeochemical Cycles, 2005, 19(2) : GB2021-.

[11]  ZEHLEE, ffe, DF. RHAESRLS CHM N,0 k. A8, hEBER AR KSR, 2009. 106-142.

[12] kG, BtAE, D, IR, UL, SEME. AKRBERO KSR G R BRI R H CH,HER 2. £ S HEE24M, 2013, 22(6) : 935-941.

[13] skif, B4, Dk, fhde, UL, BHEE. K504 SR K R B B 00 )1 v P B i X 44K T CH HERC s . AR 2524k, 2016, 36
(4) . 1095-1103.

[14] Zhang G B, MaJ, Yang Y T, Yu HY, Song K F, Dong Y J, Lv S H, Xu H. Achieving low methane and nitrous oxide emissions with high
economic incomes in a rice-based cropping system. Agricultural and Forest Meteorology, 2018, 259, 95-106.

[15] g, tpElE, D, e, Attt 27, . bR x &5 H CH, A N, 0 HERL 2. A= R4, 2017, 26(3) :
461-467.

[16] Bilkeyc, FEMHTE. WK L3 e A i m AR BFST ot e, BREEREUEE , 1996, 4(2) : 24-32.

(171 XTF, ZRZ, BE/AVAR. AEwgHb DR SRR A FH o A B HE S 3K S IR BE B G R . Al R4, 2013, 29(2) : 110-116.

[18] Xu Y C, Shen Q R, Li M L, Dittert K, Sattelmacher B. Effect of soil water status and mulching on N, 0 and CH,emission from lowland rice field in
China. Biology and Fertility of Soils, 2004, 39(3) . 215-217.

[19]  ZE%hn, skatm], B, W], A i H bR m R 2 Bs HERE ot . [l 24k, 2010, 26(3) : 118-121.

[20] VCKCHE, EBRE, RIEH, VIR, T8 M P EHEEGE R R AT . DEER, 2004, 35(5) : 663-669.

[21] EBAE, Z8h, AIEE. i HEbEHEO ™ A4 Fefb Sk pLe. KSFRE, 1998, 22(4) : 600-612.

[22] fhexti, FfE, 780, BRER, XU 2, R, = i RS 6 S Aok R CH, AN, O HESC: B = R g m). b (=3R48 22 | 2016, 36
(12) : 3540-3547.

[23] Khalil M A K, Rasmussen R A, Wang M X, Ren L X. Methane emissions from rice fields in China. Environmental Science and Technology, 1991,
25(5) :979-981.

[24] oM, SR, /N, 132 Eh DR RS B GEHECR T 2R RS2 Ol REERLA 224z, 1999, 18(4) : 145-149.

[25] Cicerone R J, Shetter ] D, Delwiche C C. Seasonal variation of methane flux from a California rice paddy. Journal of Geophysical Research Oceans,

http ; //www.ecologica.cn



19 H4 RFEAT 41 P b X 2 B 5 AR A CHL, HERL B9 52 i 9

[26]

[27]

[28]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

1983, 88(C15) :11022-11024.

Lindau C W, Bollich P K, Delaune R D, Patrick Jr W H, Law V J. Effect of urea fertilizer and environmental factors on CH,emissions from a
Louisiana, USA rice field. Plant and Soil, 1991, 136(2) :195-203.

HIELE, TR, EERE, LE%, L'E1ifd, Kogge M, Heyer J, Papen H, 4&4kA4:, Z5& 4. 1AM CH, M N, 0 HEjit. KA Bl
1997, 21(2) . 231-237.

Cai Z C, Xing G X, Shen G Y, Xu H, Yan X Y, Tsuruta H, Yagi K, Minami K. Measurements of CH, and N,O emissions from rice paddies in
Fengqiu, China. Soil Science and Plant Nutrition, 1999, 45(1) : 1-13.

LT, e, IR, HAHIE, S OK—17. ZEMATE 7 A0 REERR S CH HER SN, A28 REE2A 4, 2010, 19(3) : 729-732.
Hosono T. Studies on methane flux from rice paddies and the mechanism of methane emission through rice plants. Tsukuba, Ibaraki: National
Institute of Agro-Environmental Sciences, 2000.

Holzapfelpschorn A, Conrad R, Seiler W. Effects of vegetation on the emission of methane from submerged paddy soil. Plant and Soil, 1986, 92
(2):223-233.

Tokida T, Cheng W G, Adachi M, Matsunami T, Nakamura H, Okada M, Hasegawa T. The contribution of entrapped gas bubbles to the soil
methane pool and their role in methane emission from rice paddy soil in free-air [ CO, ] enrichment and soil warming experiments. Plant and Soil,
2013, 364(1/-2): 131-143.

Zhang G B, Yu HY, Fan X F, Ma J, Xu H. Carbon isotope fractionation reveals distinct process of CH, emission from different compartments of
paddy ecosystem. Scientific Reports, 2016, 6 27065.

Ding A, Willis C R, Sass R L, Fisher F M. Methane emissions from rice fields; Effect of plant height among several rice cultivars. Global
Biogeochemical Cycles, 1999, 13(4) . 1045-1052.

TicZ, wRKE, BE, XIZ0HE, XREE XIKE T, SR3, DUE MRS, AN R 220 ZE. Y DI 2 S7e 22 B A Rk
KRR PR AR 2228 KAE, 2014, 29(4) ; 33-35.

AN, B, LR, M, SRR, BRI 210 FAERE P REAR MR AR, A252A 0, 2009, 29(8) ; 4572-4579.
FEREA. C RPILAE S PEALICRR AR R P R B R . AR, 2017, (7) : 29-30.

Shang Q Y, Yang X X, Gao CM, WuP P, LiuJJ, XuY C, Shen Q R, Zou ] W, Guo S W. Net annual global warming potential and greenhouse
gas intensity in Chinese double rice-cropping systems: a 3-year field measurement in long-term fertilizer experiments. Global Change Biology, 2011,
17(6) : 2196-2210.

Huang Y, Sass R, Fisher F. Methane emission from Texas rice paddy soils. 2. Seasonal contribution of rice biomass production to CH, emission.
Global Change Biology, 1997, 3(6) : 491-500.

FRIE, R, ToM, ZE2e, RIS, Rotde, wfR, XM, Rk, Wos %, e S BN o FEA Rl A 1 S B s, rh I
2R, 2017, 33(3): 1-7.

B, BRI, 22 HE. A IO T v R - AR AR A O RS BHE SR, 2001, (5): 25-26.

http ; //www.ecologica.cn



