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Effects of different winter covering crops cultivation on methane (CH,) and

nitrous oxide (N,O) emission fluxes from double-cropping paddy field
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Abstract: Methane (CH,) and nitrous oxide (N,O) are two important trace gases, which are considered to have 15—30
and 150—200 times more radioactively active than CO,, respectively. It is well known that agricultural soils are the major
sources of atmospheric CH, and N,0. IPCC (2007 ) revealed that global warming potentials (GWPs) of CH, and N, O are
different. Previous researches have investigated some factors that affect the rates of CH, and N,O emission fluxes, such as
soil properties, climate, water regime, organic matter incorporation and plant physiology. However, the effects of different
winter covering crops cultivation on CH, and N,O emission fluxes from double-cropping paddy fields is unclear. So the
quantitative and possible mechanisms dependence of CH, and N,O emission fluxes from double-cropping paddy fields on
different winter covering crops cultivation is still far from being understood. Hence, the static chamber-gas chromatography

(GC) technique with manual method was chosen to identify the effects of different winter covering crops cultivation
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(including no-tillage ryegrass and double rice cropping (T, ), no-tillage Chinese milk vetch and double rice cropping
(T,), tillage rape and double rice cropping (T, ), no-tillage rape and double rice cropping (T,) and fallow and double
rice cropping (CK) ) on CH, and N,O emission fluxes from double-cropping paddy fields in subtropical regions of China
(28°08'18" N,113°12'0" E). The results showed that the fluxes and emission of CH, and N,O was varied with different
winter covering crops cultivation patterns, and generally followed the series T,>T, >T,>T,>CK, and ANOVA revealed that
the emission fluxes of CH, and N,O were significantly (P<0.01) more from the four treatments during the whole growth
stage than that of fallow and double rice cropping (CK). In addition, 2.284, 1.073, 2.989, 1. 731 and 0. 668 g/m’ CH,
emission fluxes were observed from the treatment of T,, T,, T,, T, and CK during the whole growth stage of winter covering
crops, respectively. CH, emissions during the whole growth stage under T,, T,, T, and T, treatments were increased by
241.92% , 60.63% , 347.46% and 159.13% , respectively. Similarly, the treatments of T,, T,, T,, T, and CK had also
the N,O emission during the winter covering crops whole growth stage with 0.588, 0.479, 0. 719, 0.544 and 0.342 g¢/m’,
respectively. N,O emissions during the whole growth stage under T,, T,, T, and T, treatments were increased by 71.93% ,
40.06% , 110.23% and 59.06% , respectively. The treatments of T, , T, had not only the largest CH, emissions during the
winter covering crops whole growth stage with 2. 989 and 2.284 g¢/m’, but also the largest N,O emissions with 0. 719 and
0.588 g/m’ from double-cropping paddy fields, respectively. Our study also indicated that GWPs of CH, and N,O from
double-cropping paddy fields was varied with different winter covering crops and followed the general series T,>T, >T,>T,>
CK. The treatment of T, also had the largest GWPs of CH, and N,O from double-cropping paddy fields with 2893. 92 kg
CO,/hm’, while T, and T, had the secondly GWPs of CH, and N,O from double-cropping paddy fields with 2326.49 and
2056.75 kg CO,/hm’, and the T, had the lowest GWPs of CH, and N,O from double-cropping paddy fields with 1698. 05
kg CO,/hm’, respectively. Our results clearly demonstrate that CH, and N,O emission from double-cropping paddy fields
were significantly promoted by planting different winter covering crops in double paddy field ecosystem. Further studies

investigating the regulated factors of CH, and N,O emissions from double-cropping paddy fields is therefore warranted.

Key Words: double cropping paddy field; winter covering crop; CH,; N,O; emission fluxes; global warming potentials
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Fig. 1 Variation characteristics of precipitation, average temperature and soil temperature during growth period of winter crop in the

study area
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A TR KU T T, AR N IR AN A . B4R 25 A9 0,10 .20 F130 min SRAE, FH 50 mLL V5T 4% AR il R
AR e =l AR 0.5 L ARSI,
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Table 1 Different management practices during growth period of winter crop in double cropping paddy field

H I Date B Field management practices

2009-10-08 MRV RN R LSR5 22.5 R 37.5 kg/hm?

2009-10-12 BRI S A TR AR RN S B T R S A T4 P (B AR B 5. 4%10* MR/hm® , B FH i 3.0 kg/hm?)
2009-11-25 AL PRYIEE N 55.2 kg/hm?

2009-12-01 HERPLBE P,05 32.4 kg/hm?

2010-02-05 IMSEIERE N 55.2 kg/hm? ; R RS 1 YONEIS 36 N 55.2 kg/hm?

2010-03-07 SR 2 YONENS 3B N 55.2 kg/hm?

2010-04-23 LAY B (&R F 2R 5| B B8 = i [ 43 90 694 05 ,22500. 0,22500. 0 kg/hm? )
2010-04-30 IMSEBGRIG 3843 F AT B R0 A F (36 H LYl 7500. 0 kg/hm? )

HAZAEYIE H R O B

R FH A BURE AR A3 ( Agilent 7890A , SE[E ) Al H S FE AR E CH, A1 N, O MRBE R 25 53 31 2 M 2
TG (FID ) FHE AR A 85 (ECD) , #ERE R EE 53314 200 “CHFI330 C, 43 A0 PQ SEFEAE  HE IR
55 °C, B i E R R RO EE (CH, F N, O AR50 1. 87 mg/kg 314.0 mg/ kg, b il &
HA A SRR RE /3 0h 3.03% 2.64% ) ,

1.4 HdEabat
I CH,(mg-m™h™" ) Fl N,0(pg-m™h™") HEcH it (AU =7
F= ph[273.15/(273.15+T) ] dC/dt
Aorf, PO HEGE B p S CH, FIN, O FRUEIRE T 2 (0. 714 kg/m’ F11.964 kg/m*) sh SR Zeid /K 2 = B
e J SRS IO BE/K T 1) SB35 B (m) 5 dC/de S RFESIFR SR FEAE N CH, F1 N, O ¥ B2 AR b3, T R oRebf
FANEIIREE (C) .

R SRR T SRl o6 R T8 CH, A1 N, O B9HERGE &' ARG B A SR 4 K3 cH, Al
N,O kR R O RS A B EY A A KB/ N R R ) |

BRI A3 BT R H Excel 2003 844 0E17, T 2240 B fl 2 8 L 8Kk F DPS 3. 11 ( Data Processing
System for Practical Statistics ) /447, 22 8 LR H Duncan #r& 2515
2 ZER551
2.1 AZFAEYERREH CH, HEBGE &1 shE

I 2 AT LAE ) FEA B E AR BT, B AR, AR AE K 2208 R T R X KA CH, 185 Ik
W, 2B CH, I B SR TR AE AR £ A0 BEAR H CH, HERIGHE B2 @i, 72k 4E 2 A LaAR
), A0 AR CH, 24 B0 T HEld ; 78 3 H BA), A0 FEAS D CH, L T — B g, 7R BEY A
AR R FIAL RS T CH, /P S4HRGE 2 30 BIFE RS RIS (Ty) > f BB R B (T)) > S b Bk 0
(T,) >THF HFE L= TE(T,) >XIN(CK) ,

2.2 KRZApYrE KW N0 HEGE B 1 Eh S

AIRIZZ B 5 R A N UIAE I N, O HECEA — e, A BAEY A KA, AR AL RS I N, O HE
HGE R IA T, >T, >T,>T, >CK TEAKE M, WRB N T,5T,>T,>T,>CK (Kl 3) . T, T, T, f1 T, 3T
2009 412 A 1 HHEH—4 N,0 HEm g /e E2 A9 H,T, T, AT, ACFRAEH BT —A4 N, 0 HERm g ;
3 A 12 H,T, 4P H X HBL—4~ N,0 HER 4
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Tl —=T2 —+T3 =—T4 —CK

CHHEE 5

CH, flux/(mg-m2h™")

2010-03-26 -
2010-04-10 -
2010-04-22 -

2010-02-28 -
2010-03-12

010-01-21
2010-02-02 -
2010-02-16 -

2009-10-13 +
2009-10-27
2009-11-11 F
2009-11-25
2009-12-08
2009-12-22
2010-01-04 -
2010-01-13 -

(o]
H # Date

2 E2FEYERKPEARESZESEYTRHE CH, HIEENEE
Fig. 2 Dynamic of CH, flux in rice fields during growth period under different winter cover crops
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Fig. 3 Dynamic of N, O flux in rice fields during growth period under different winter cover crops

T, : SR B PR WU R T, B AR R 5 3-SR T« BB R AR - SRR 5 T, St B AR - XU A 5 CK . 46 PR- XU TR

2.3 AFEYERKIMFBHEAS RS CH, M N,0 Hik

TEA AR R K, A FEAE H CH, SHEGE 2 35 TXT I, T, (T, T, Al T, ZAbBEAF A CH, &
HEA 4304 2. 284 1,073 .2.989 il 1. 731 g/m”, 73 Bl L XS BRI 241.92% 60. 63% 347.46% F1159. 13% ,
AN TR A 3R] 9 25 S 43 Bk 27K F- (P<0. 01) 5 & A0 BEFE Y CH, SHERCR R T,>T,>T,>T,(£ 2) .

AFEYAER W, T, (T, T, T, AEERT A N,O SHERCE 2481 b 5 F X0 IR, 20 1) E X R 0. 246,0. 137
0.377 F10.202 g/m* , 73 5| L X HRIE N 71.93% 40.06% 110.23% F159. 06% , A~ [l 4b B[] (1) 22 S K1 3A 4 3 25
IR (P<0.01) ; 25 A0 BRFE Y N, O SHEGE R B A T,>T,>T,>T,(%£2)
2.4 CH, Ml N,0 Zi &% %00 0 Hr

FEH CH, N, O 77 A= FHECRAS IR TRE | T 5eReE SR fE R 8] 487 B 1l S 255 52 0 R 17740
23 LA N, & BEY A KN CH, BHECRLL T, AT, 4B, T, 1T, AbBIR 2 X FEY K
WG N,O BHERCE LA T, A1 T, Ab¥HR &, 70504 0.719 0. 588 ¢/m*,T,(0.544 g/m*) Fl T,(0.479 g/m”) &b
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1k, CH, F1 N,O AR GWPs 435~ 25 i1 2982 Treatments CH, N0
ARG H T, ALERGH CH, A1 N,O & 2= R0 61 5 T, 2.284+0. 066bB 0.588+0.017bB
K,42893.92 kg COz/hmz;Tl H T, MR Z 530 T, 1.073+0.031dD 0.479+0.014¢C
Jy 2326 49 1 2056. 75 kg CO,/hn s T, kb LA, Jy T, 2.989+0. 086aA 0.719£0.021aA

T, 1.731£0.050cC 0.544£0.016bBC
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AT 45 A0 | A TR I N, O HERCE 5 7600 58 BT R 8RR 7, 12 H R AIS N, O ki i i 7
53 CH, HE B i 72 AR ST 2 308 G HE B W, 136 5 0 B8 2 10 PR B S 45 0— 3. BAE o 3 1
HEZSERBEAG 25 TBE N0 50 , 8 5 5 0 S8 1 W B IR A 2 e T A 42k B B R B R 2 CH,
Y ARBEST R, S B e, B S B A A R RE IR A CH, HERC, X5 T MBS 4SS —
B2 R R T BB R T R 454, R AE T et CH, B R AR 4 CH, I SRR
JES IR RSB T B AL B, O 2 00 A4 R P S A 1 1 2 A TR A5
BERR T CH, W T BUBIAERR B 20 ZE ATl B R ISR BB i R, R Ak R TR e &
HE ARERE I A K R T 4T B3R T A B N T RS CH, fHE G 7 MR B R R A K
BB, S ROR B LR | A KT M R R L340 K Beh8 A I CH, Aokl E4E 2 A 1
BILUT , TR T N A DX 5 HI3E A AUIE S0t T SR A 4 R A 3 , P
i EHE T ARG CH, BOHERL Gt LB SR G 1% 55 o DA AR ) 9 A K B B, AR 3858 T B RS
SERIGHE 1 S B (L AR T IE B 1 2R B0 B, B AT 343 CH, HERL, (0 HCHE RO AR T BB RS Ak i 3 F 6
BEEHE L B fEA TN K0, 454 IR T CH, S-S50 B AR i 1 3 0k BB R 4k i 3 >
S B T S G B PR S > S B AR > IR, BT AR ORI & AR RN A K R A B
S O L NE A AR I A 2 P G R ), BRSO3 B A SR A S RN L e A

®3 FEEZFEYEZETEBE CH, 1 N,0 HHHBEYN
Table 3 GWPs of CH, and N, O from rice field under different winter cover crops

e CH, ﬁhﬁz; N,0 ﬁhﬁz; CH, IR %R0 N, O i 2 &0 é{ﬁ%iﬁ(m
Treatments CH, emission N,0 emission GWPs of CH, GWPs of N,0 GWPs of CH, and N,0
/(g/m?) /(g/m?) / (kg CO,/hm?) / (kg CO,/hm?) / (kg CO,/hm?)
T, 2.284 0.588 571.80 1754.69 2326.49 bB
T, 1.073 0.479 268. 63 1429.42 1698. 05 dC
T, 2.989 0.719 748. 30 2145.62 2893.92 aA
T, 1.731 0.544 433.36 1623.39 2056.75 ¢B
CK 0. 668 0.342 167.23 1020. 59 1187.82 eD

T, oWk A A R T, el EAR 5 2 08-SR 5 Ty« BRSNS - U R 5 T, - e BB S-SR 5 CK . & IR - WU 5 I3 AR
K NG FREA R 25 Tk 8 3 (P<0. 01) Al i 2 /K- (P<0. 05)
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A PORIAC IR FH A= 5 AR i (R A4 i E VR 43 B1Sh 12134, 10,8552 25 ,5336. 55 ,3816. 75
F1694.05 kg/hm* , 575 H CH, HEBUI)T— 3, 3 1 G821 a5 A BRE] CH, HE 2 500 E2 R

5 N, 0 T2 i R IERUE Y RS R SO A R BT AR R RRIERTR]D, 58 N, O B HERCE AR
], BRI BRG] AR 2R R s A B N, O HEdil, B AE DR T A FAE S R 58 N0 I HENL,
2R AR S AT R R 5 e Bk R RE AR RO 289 N, 0, R ek N, O HEBCR N> 5. 2% , £
SN HUBREE B AT e S R I N, O HEI, ARBRSE o 7R 45 A AR K B B, 45 A0 FEE T 2009
£ 12 A1 HIHB—A N,0 Hilm g X il RESZ i T 11 A 25 H %R A VR4 T I8 1 7R 2 T e ;2010 4F 2
A9 B, G#F G REA R BIHES R0 S A B ELAE SRS I I T — A N, O HER S 0, X T RE T 2
A5 BB SE A e i LR SEE i TR R RS 1 AR EE R R T EG3 H 12 H, &
B LG B2 BRSSO I —> N, O HEl 0, X AT RESE 1 3 A 7 H X R S5 56 2 ON I 5 it FH PR 25
B, AR, EE T BAFR N,O HE80E 16 X Al fEE O AN [F A BEYE AL (IRER) 5N
R A K RSP A TR T R B A R R SR AR F R R N, O, X 5 Zou VO HF R AE IS — B,
AN AL PHEAE N, O P35 HE0E 5 AL HE R 242 30 R BB A% T S > S Bk B PR A2 B> S B B3 T > e it
BEREE 2 VSA R, X T B S A EEY R A SO A AR I EE 7 0 R R EEM I AE K B E A
FEPE SRR G, EATEYAS R R AT B, BRI SR B N, O HE s e kK, KFH e b3,
AT RESE B TRk T RS A R A A0 T IR S A A AR F R SR E B AR, AR E KR
FH Je BE RV 52 A AR A A A, FLAE 44 35 3B At T ok RUIE , 38 T ARG N, O HET; Sk B4R TR
RS O FH S fk L%, 78 A BB T Pk /IR, SR HE TRE B4 N, O HERL , SZ 4% Fhar Bk Oy SR A pk
A sZ e RO T B RS R =8 5 28 = 0 thy TR S b B0 1 =X A AR 34055, BT 043 N, O HE
L HHAHRB R T H e AR, KA A K 1, 45 A0 BEAE B N, O HEHCGHE &34 K T4 K Firih], X vl gE 2
AR B N, AR T - R W G Bl A AR AR R R b b A A BT S 3G s, AT AR E TR
N, O HEjift, 3% 5 Hara 250" FIRFFE 45— 80, 7EAIRIG S, MRS G , KRB RS AT 238 248 H AN S R & 2
VEY) , o A PRI ) JCRE FOBE 55, CH, R N, O HECSZ A6 AT 38 B AY S2 M 50 /0 | BEAE R i RV 4 1 28 BT 2 J2 1
BLAS AL B CH, A N,O HERE A FERA
3.2 AFEEAEYRLEA IR E SN R

AWFFERY A AL BErR | BRI SR 3RS CH, F1 N, O ZE B R RN oK, Sk 4% BB 22 v I op B 1 4% il
SR, B IR = SRR, X S AN AL BEARS FH CH, /Y - HERGHE R — 30 5 R RGBS N, 0 HE
T R I AT 25 5, X AT AR AERE PR RIRS R H RS R AR R B 7 20 & RAE W ZE AR AR & B 01 0 A 4k
FEARAL T 45 B B i R R R 8, & AR A AR, 4 A0 BRI GWP fE7E il 3% 25 57, X T g 5 45 4k
PHAE H B E I 20 A a0 A K SGA LR 2 R SRR A G, HIERIM R e 2 e S
A FERE I A Ak S, OB e FR 2 SR A HE , B AR A VT R U 2R A DX AT R b o] e R e B L
T2 =0 XU | e RS- DR AR A e G SR R AR A . AU X 4 BRI 4 2w AR 76 H:
AR FETNRI CH, Al N,O MR 5800 ST T 0125 08 LU, RER G 2% T8 MLy SE B A I 0, e ol 2
WA R A& Z2 78 5 VR AA S R 7K Re 10 A 0 2 RN 5 2 e B 45 T R ), 1 T IR AR

A SCHEAR R AE AR I () 2542, X 4 FhoASIR) 4 22 S5 AR e L AE K 2= WA I CH, RN, O HETSG
BT TR, X RE HH CH, AN, O HERL A AR E I Z ARt — 5%
4 i

AN A AR AR YR A TR IBIRS D CH, AN, O HERCE A B 520 | 5 4 RS B AR L, il A=A E P A
TREHASRS CH, FN,0 BB, EAREYAER, &4 CH, ~F-¥HEiGE AL HE TR R0
Sk BHAE RS R T S > G A PR > o B ELRR TS > e b B 5 2 0> A N X AT iR SN TR A EAEM I AE K
A TR SNGR S A 1 25 A G 5 RIS, 32 45 A PR Al RN B AR AR FE TSR FH R RIREAE 7 X & ZEE
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