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Abstract: In recent years, no-tillage (NT) technology is widely adopted in the rice-growing area of Southern China. However, it was not clear whether
the technology could mitigate the greenhouse effect in rice paddy. The effects of different tillage methods on annual methane (CH,) and nitrous oxide
(N,0) emissions, soil carbon sequestration, net global warming potential ( GWP ) and greenhouse gas intensity ( GHGI) were studied by field
experiments in double rice-cropping systems in 2013—2014. Methane and N, O fluxes were measured using static chamber method, and the soil carbon
sequestration was estimated by the changes in topsoil (0~20 cm) organic carbon (SOC) density. The treatments included NT, rotary tillage (RT) and

conventional tillage (CT) in this paper. The results showed that annual CH, emissions ranged from 233.5 kg+hm™ for the CT plots to 404.4 kg+hm™ for
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the NT plots, 53.7% ~66.5% of which derived from the late-rice season. Annual N, O emission was 4.00 ~4.82 kg(N)-hm 2 a”! in the double rice-

cropping systems. Topsoil SOC sequestration rate was estimated to be 0.36 t( C)+hm™-a™! for the RT plots and 1.31 t(C)-hm™a™! for the NT plots.

Annual grain yield was 15.2~17.1 t-hm™ for the double cropping rice. Compared with the CT, NT slightly enhanced the net annual GWP , while it was

remarkably enhanced by RT. The GHGI significantly increased for the RT and NT plots as compared to the CT plots. The results of this preliminary study

suggested that RT and NT could increase comprehensive greenhouse effect under the short-term experiment in Chinese double rice-cropping systems.

However, further studies are needed find out the long-term effect of NT on carbon sequestration and mitigation.

Keywords: tillage methods; methane; nitrous oxide; soil carbon sequestration; GWP; GHGI; rice paddy

1 5| & (Introduction)

AR, BRI AR & A LUAR R Oy 2R
TR B E ARk, NS At A 7= A 1 5 S Y iR 2 AU
HE R A BR A AR 7 () 3 B R A (TR B84, 2011) .
Hrp,CO, .CH, A1 N, 0 J2& 5 # B R = S, XHE
ROV B TR T 80% (Kiehl et al.,1997) 3% IPCC
(2007) PEAS R4, CO, .CH, AT N, O (9 43 51 il T
VA Z 1iTHY 280 ppm 715 ppb 1 270 ppb 4 i1 %)
2005 4EHY 379 ppm 1774 ppb F1 319 ppb. 4% HAE Jy
it b 1) T2 BELH SR, B R R AR L HE O
ERREAFLN R E SR =N 5.1~6.1 Pgra™
(Lh €O, Y1), i R AR = SR HEU R = 1Y
10% ~12% ( Smith et al., 2007) &0}, 2\ A BA
AR BURHE T F1 HE Ak 3, B 2030 45 4 BRAR L 4 AR
H IR 2 SRR J1 713k 5.5~6.0 Pg (UL CO, 2%
TF) , B A R A 3 [ s> CH, kN, 0
HHERICR S2 30 (Smith et al., 2008).

GBF S DB E AR T RSk & R TR AR H
A E R E 1. 55 M EAE L, et H AL
T 1) ST 35735 B8 s ) o] LA 1 fi%5 (22535 ,2007 ) 2R
SRARAE (2010) ST & BR, bt + A HL A B 2
B CEAE T, ELA BT Bt i 2 1 38 i 34 .
& ER b B + A HLAK (SOC) 7 it L Bk (0 ~
15 em +)2) A HE AT LISE & 14.5% 5 975 8 B
&, TERFREATIA AL HRAY SOC & & H BIHFAS AT A0 31
e 19.4% , BERFRS AT A AR SOC % £ LU Jig
HHE R 9.8% , IS AT 14 H AL FE SOC 5 2 L FH#F
$£15 5.3% (van Groenigen et al., 2011). B4 W 5IE
W, A HLRR & i bl AR T IR T
fIR(ZEF5 955, 20055 FL AL 5, 2010) , SR T 45 i 1)
- R SR T AR F 3R = SR HE A (Lal,
2004 ) PRI, 7EPEA AR HE [ B8 it 140 085 7 B, 38 0 %
JEHR =AU T CO, CH, AT N, 0 X 3 Al %<
RIS, DA TN LE A IR E N
A REHER TEAN S — Al 45 B A it o 3 2 3800 A 1
ik ( Mosier et al., 2006; Shang et al., 2011 ;iZE4,

2010) .14+ 27 A 18 IR 75 25 ( Global Warming Potential ,
GWP) /19— FhAH X b, T Lo LB A [ it 3
RN S A5 0 W AE RN ( Mosier et al., 2006 ; Shang
et al., 2011) BEAE N TR N ZEX R4 1Y 5 oK
HAkSE . e, e P A I AR S R GL i GWP 1Y
[, 25 & 2% 08 A 77 20 4% 0 1 43 % 2 Y. van
Groenigen %5 (2010) W58 IN R, P2 ROEE T (2 Bk
TRV IR 2 AR 58 & ( Greenhouse Gas Intensity,
GHGI) et 54 TR 2 M PP-Aik AR b 2B 77 % A4 FH ik
A HEBORIAE 7 B A XU R ).

FEFE A b e A KR AR 7 [, 2012 4F /KA
FiRETET AR 30.14% 10° hm? , 249 (5 TH 5L 7K g o A 1T AR
(1) 20% , 29 7 3 E VR o b T AR ) 28 9% (S L0 35
2013 ) BB S — R AR R K L R
AL AR BT BB D5 A 3R M T RS X E AR
BT (T HSE, 20065 5 5 5F, 2009 ; Tang
et al., 2012; YR SCUESE, 2013 ) AR, H AT 2K S B
X 3% A H g GWP A GHGL A 52 IE S0 2 £
1, AT LA R 5 A= AR A R WFSE 0 2, 910 4R
PIARTEBEE T 2R B GWP Hl GHGI B30, A
17T A T 3 DV A [R) AR AR D7 2% A F AR 2 R 5
RS, IRy et FH I 2 3800 1 A A0 ] 4 Ak B e
HRAE.

2 ##E5AE (Materials and methods)

2.1 RKE kit

TR b A T VL P AR E B LR I R A
(116°5'28"F,28°20'10"N) , fitik +- 1 h 4 U 28 41 (1
kit % 7 R BOK RS £ 3KHT 20 em #F)Z + 1
BHLER 5 34.0 g-kg™', &R 2.8 g-kg', HALH
107.7 mg-kg™", AL HE 44.6 mg-kg™' ,pH=5.1.

I [E] R 2013 4F 3 H 2 2014 42 4 H A
ZINDR 81 SR BUORL 2 e R 44 2 58 o o i o Oy 2L R e
WAt 3 FHHET =, 4050 . OBI#FE(CT) , Rk
T AR AL R B 1 3, R e ARLIE M 2 08
QEHF(RT) , RIK A5 B #k i F e Bk AL e b 4 36 ; B
GHF(NT) | BN HEF TR M | /KR o R iR A Ak B
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Fig.1 Variation of water depth under different treatments during the double rice growing seasons in 2013

A0 AL RS BRI 2 R R 2 (% N
46.4%) JHHERRAS (7 P,0, 12%) FIEALER (& K,0
60%) , 53 LA N PO, f1 K,0 . FFEZ N P,0, fl
K,O FHE0500 150,75 #1135 kg-hm ™, Hrp | FE
i m(FEAE) :m (43 BERE ) :m (FEAE ) = 5:2:3 Jita ],
NEASFERE — VPG, B SR m (FEAE ) :m (FEAE) =
7:3 Jit . AR 2= NP, O, A1 K, 0 #4341k 180,75
150 kg« hm ™, Hodp ) FEHE m (FEAE ) 2 m () BE
JE) 2o (FEAE ) = 4:2:4 Jiti FH, 5l JIES R0 440 TES ot S L 3] )
R IR R AR AT 1 d BB G A, RAE 4 BT
2013 4E5 1 2 HA5 H 31 HIti /3 BENR FREAE | we s
31T 2013 457 A 30 HA 8 H 21 H a2 BEAL A1
FHAR. & 25 A BT AT /N Rl 48 3, RAFE R R
W25 b B AR 1) 5 2 i i 4 — A5 it T () Ah 3
A5/ N VR R R AR s R OIR IS, B A5 /N X
IKFERE FF AR 0 it A A IO /) DX 44 B g A e il
WG £ /N KRG FF R AR N IX R EE N E =
BE B TR, AR 58 A e — Rl it P AR RS A

A3 R R R R PR R 17 AR
025 A5 T 2013 4 3 H 25 H&Fh , RAMER
M4 H 22 HEH%,7 H 12 B /T 6 A 30
Hi%F 7 A 22 HF4k,10 A 26 H I £ 597
MR REICRI T 25 d #EFh, #E R 30~37.5 kg-hm™.
22 MEME
221 CHf/N,0 Wyxk&E 5% CH,A N,0RH
FRASFECRAE , WA A8 SR AN 5 BRAR ) B, RIAS

50 emx50 emx50 em ( MKFEA K EE#EIT 50 cm
F 38 o — 4 )R A% R ] FF 11 84 46 1A, BRI i B2 AR Oy
100 cm) SN A A 1 45 AR $6 48, LABG K BH I8
SPP SRS PO IR T A P A N TR 12 V /B
Jit FH TR A1 AUA S AR e e <AL /N X
SRAENCHE 1A~ I E#A 5 em TRAY MURE I 22 i
Pk £ KRR RERIF A 3~4 d 1 IR, &
YRR E A 15 d 1 RCREEW ] R e 5 H
SRR AR AL (B 2) SRAERT ]l 8.00—11:00,
FRERFE 010,20 F1 30 min A 8] 8] f% 50 mL
TS A IR AR, Sk M 2l 3 Wk PLSE iR AR
T il 50 mL PRAFE T HL A5 RAE AR S T Y (] 52 55
A HT.CH, FT N, O ARV 2Rk H Agilent 7890b X,
AHETE E , CH, R E8 4 FID , 46 I3 B2 300 °C 4
IR 60 °C, # AN 99.999% i 4l & R, Wk
30 mL-min~" ;N,O Kzl &8 A ECD, K& 300 °C
FEIR 60 °C , 25 99.999% & 4l i/ 45 < (95% i,
S A+5% W) i 40 mL-min~"ASAHE S B0
IR (Z2AHERAE ,2009) .

F =pxhxdc/dtx273/(273+T) (1)

K, PR E R (mg - m™ - b B
pgem >h™' ), p A AR HERE T KK % E
(kgem™) b JERAER B S B (m) |, de/dr R B
B[R] PSR FEAR PO AR A IR B AR AL R T o SR b i
HORAER P34 (°C) .
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Fig.2 Variation of air temperature during the double rice growing seasons in 2013

222 +EBBHXERLN K FES T
2013 4F 3 A RFEREARAT A 2014 4F 4 H & =5 lok
Je R SR R T) 0 2 + 25 7 (p R B R o
TR L IR PR 5 %, 1978) 45/ N X FE S T
FRARBEHLEL 5 A0 1 RE  SRFETREE N 20 em. £
FEOTIRAT G P KA AR TN A RS 2 KT | BB R
1L SR EE AR TR A B E 3R LA 1
(fifl+H.,2006) . k2 4 49 [ e i (i R XSRS (Pan
et al., 2003) .

Dy =0.1x([SOC],~[SOC]T,) xyxH  (2)
K, Do Fy b R i (kg - hm ™™, B C 3F),
[SOCT, MIRB S i 4F )G HIHEAm S & (g k'),
[SOCT, Mk pl HHEA HLER S i (g-ke ™),y NIk
HTE IR A E (g-em™)  H O LR
(20 cm).

223 KRHEAFHEFS(CGWP) fnig R H#EE
(GHGI) Wyit4 W& GWP LIg W HEL CH, I
N,O FYZFEA TRV 1 8 [ B Uk % 4= BR AR W 5T ik
)25l K 278 (Shang et al., 2011) .75 GWP Bt
H,CO,H HSRAE N 225 544 CH, A1 N, O I HET &
Wit GWP {H % i CO, 1Y 25 8% B ( Mosier et al.
2006) . 7E 100 4F1F B RUBE I, Bf i & CH, 1 N, O
1) GWP 4 5l b €O, 1Yy 25 % A1 298 £% (IPCC,
2007) A ¥ GWP (kg-hm™, Pl CO, M &) i1 &
AT
GWP = 25x[ CH, ]+298x[ N,0]-44/12xD,.
(3)
GHGI FRs Al rp Az 7 By 7 1) R % A
FIETERZ A (kg kg™, LI kg IRET=®==E 1) CO,

M=) (Mosier et al. ,2006) :
GHGI = GWP/Y (4)
X, Y AR A (kg -hm ™).
2.3 KELHE
B8 B £ R ] Microsoft excel 2013 1
JMP10.0( SAS Institute, Cary, NC, USA, 2011) &t}
BAFAL PR,

3 R (Results)

3.1 CH,#H#BEEZET L

BRI K A0 CH, HECR 7 R B il
B, BRI 300 A5 ARR , {HL 45 Ak B A8 A i B A AR
Z5 (1 3) JERE(RT) FEI#E( CT) b HAE B ARG
ZAR AL AT — B R B (NT) 764 & HiT i AN
R HECGE B, MZE B RS CT R0 RT Ab34%
RS ARG 2R 5, NT A3 CH, BB HE i
A3 8 T RT Al CT AL BE 77.4% F1 90.6% (p<
0.05), 1 RT F1 CT A FEZ MV A BEEHF (£ 1).

W e A2 S Rl Ab B CH, HE R R A8 b
PIAR — SRS AR — A J5 CH, HE 50 & B ik 5
AT WA R g, JUHUE: NT FIRT AR EA
Y CH,HEO ; Hr 0% DU, #5402 CH, HE il
AR FEAL; ZOK UG B T NT Ab 3 30— A~ 5
HLAHE B HE RIS, 4540 P — T 4R RER AR AY CH, HE
JCHCR (E 3) ARG NT M RT 2L B CH, 3
FHEBGE 2 A B35 22 5, 00l B35 F CT b3
60.7%155.3% (p<0.05, 75 1) A Z4 5 1) CH, &
FRUHE R 20k A T FRIHHA CH, HER = %,
Hrf NT CT F1 RT Ab 3 S A% 28 45 H ] CH, 3



6 11

JIL LA« AN TRV 52T e L 2 94 VR o A 3 AR 32 1) 52 )

1891

ARG B2 531) ok oA W A 2 R R R B 77.0%
77.5%%1 81.3%.

JEA4E CH, B2 FHEGE 5= N R AR AT IR
BYAERBEBHZ M, GG AR BEENE S
PR U R MR CH R & TR AR S i

1) 53.7% ~66.5% , Il % = g A=K 2 CH, HE R LT
AILAZIE AT (% 1).5 CT 4LFAT H , NT #1 RT 4b
PRJE A CH, 2 B HEAE & 4y B3 m T 73.1% M
35.1%.J7 22 50 Mt 26 B, NT 4b B8 2% F CT Ab 3
(p<0.05,% 1) {H RT 1 CT &bF 2 [6] 50 A B % 25 5.

—— ot
70
- NT
60 - -0 CT
-A RT
50 -
40 |

CH, HEMOE R /(mg-m 2hY)

]

e

5-30  6-9
HIWA-H)
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8-16 826 9-5 9-15 10-5 10-15
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Fig.3 Variation of CH, fluxes during double rice growing seasons under different tillage methods in 2013

x1 AEHEAXT CH, ZFHME (2013—2014 4)
Table 1  Seasonal and annual CH, emissions under the different tillage methods in 2013—2014
- CH, FBHERGH 12/ (kg-hm™)
RAEZE e 2 BRY AR Jl4E
NT 186.7+37.1° 217.1£30.5* 0.17£0.12" 404.0£17.5°
CT 98.0+27.1" 135.1+43.5" 0.42+0.08* 233.5+64.7"
RT 105.3+12.4" 209.8+12.2° 0.28+0.03 315.4+24.1%

VAT ERTE 0.05 KT 25 % ( FI).

32 N,O#HBKEEFEH LA

TR AR B HN H (R T ACIRES BT Ab B 3
FIA KA N, O 55 IR S 5 Hh 1918 H LS JT 46
TR A WL, N, O HEACH AW i, I B K
PIHEROGE , AH AR 5 SIHE R AR X S (1 4) . IR
FREH S RRE AR —5, — 8 2 MR HE
TR , 7 1 R 2 A ORI 1) 4 s A HE s g Oy 22
MR AR TRIBEE Jr 26 R N, O HE LAY 52 i I

AN AL ITE R 2R N,0 R PR &
P R EER(FR2).

KRR A BN T ICKERE, CT NT Al
RT Zb# N, O HE s 45w, 43900 o 8 A SRR HEL
W) 52.4% 57.9% 1 49.9% (3% 2) G AR &,
FAL Z B BB A 2 25 5 {2 NT Fil RT AL #H 1Y
N,O 2 BUHEHCH & 43590 e CT &b PR N 20. 5% il
3.6%.

Fx2 FEAHEANXT N,0 RRRHME (L) N i) (2013—2014 )

Table 2 Seasonal and annual N,O emissions under different tillage methods in 2013—2014

N,0 BERHEBGE R/ (kg-hm™?)

b3 - = -
s EEES ERREKS JH 4R
NT 1.09+0.86" 0.94+0.34" 2.79+0.34" 4.82+1.05*
CT 0.98+0.52" 0.92+0.24" 2.10+1.08" 4.00+1.69*
RT 1.02+0.48" 1.05+0.32° 2.07+0.57* 4.14+1.32°
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Fig.4 Variation of N,O fluxes during double rice growing seasons under different tillage methods in 2013

33 LEERE
T EHT R A 2Z (A ) IS A W
EaS BEARREBHE T X0 HEE A DL S 2 11

RS (DL C ) 3 R (36 3) . Horh NT b2
- B AS B HG CT A0 RT AL FERE N T 148.4% Fl
261.0%.

F3 FEBEARMNLERE AVRISNLEEBRS AN (2014 )

Table 3 Soil bulk density, content and sequestration rate of soil organic carbon (SOC) under different tillage methods in 2014

Ry +HERE/ (grem™) HHEAPUR SR/ (g-kg™) e B/ (t-hm™a™")
NT 0.97+0.05* 34.7£0.24 1.31+0.47°
CT 0.93+0.08" 34.3+0.16% 0.53+0.30*
RT 0.93+0.13" 34.2+0.01" 0.36+0.02"

3.4 XNERFE FHE GWP fr GHGI

AN FBEAE T X0 F e R e e 7 e 2 A
R (HXTE GWP Ml GHGL A B & (£ 4). 5
CT AbBEAH EL, RT A1 NT Ab B g GWP 43 53 m 1

52.8% 1 32.2% , 2 RT Ab3HL R 3 55 T CT A FE. 5
SRR FE Y GWP R A P a0 (e A S
HELRT FNT AbBRAES & /)5 GWP X GHGI BTk 4%
KA B E ST CT AP 50.1% 1 45.3%.

R4 FAEBEAXMVNER/ =B FIGREZMBEESERENZI

Table 4 Annual rice grain yield, global warming potential (GWP) and greenhouse gas intensity( GHGI) under different tillage methods

724/ (kg-hm™2)

IR GWP/  RESAMAIRIE GHGL/

o ] WA JEAE (kg-hm™) (kg-kg™)
NT 8.01x1.36" 7.22+1.19 15.2320.88" 6735.01339.3* 0.4420.07*
CcT 7.79+0.41° 8.95+1.52° 16.74£1.85" 5095.4+ 752.4" 0.30+0.02"
RT 8.68+0.35" 8.4120.63" 17.09+0.92° 7788.0x 724.9° 0.460.04*

4 1118 ( Discussion)

4.1 AW CH, A7 N,O HE#UHAE

AW H CH, RFHE & A 233.5 ~ 404.0
kg-hm™>a™",4F Huang % (2004) 1 Cai 5% (2000)
PRS0 L 2 N, 55 I SR o 09 6 ) e RIF

S AN — 2, (0 35 I T Rl s K A 215 =0 (9 i
45 3 (Cai, 1997; Yan et al., 2005; Zou et al.,
2005 ; Khalil et al., 2008) . MAEM A= K Z= 45 K F, X
CH,, B HECH 2 Tk 5 K i 2 M fg A K 2 T e
FEZ e i CH,HECR: T2k A T4 E 0 HE
e A MRS R Y 77.0% ~ 81.3%. 3%
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S UERZERAFP AR 2R 5T 45 - KA AR [H] ( Yang
et al.,2010; FI/NHRAF 2010) . 322 i T HRFE B 4R )
BB AT A, i R (18 2) AR T
e T 1Y A= T 3.

FEOKFE RN 2, RS N, O S BUHE R 3 i
55, X 5 DA 0 9% 45 R A — 2 ( Akiyama et al. ,
2005 ;Zou et al., 2005;Liu et al., 2010) . JXE L ZEFE
FH AN it P AT T AT AL, 6 =JE 7K A i 2475 AT 00 00 58]
I N,O HEik, X T RESZ LA JLJ7 N R LR G 5%
M) T S, MAKRR e A 2 () B TR 2% 712 722 Ay K
RS SO L S e = S NP O e O 20 O 1
WAk LR A2 PR S LA = 1Y N, O R (3 2).
FEUR 7K R FAE 2 K R38O B S RO AE K A 2= N, 0
B 7 A A 3 B SRy A R B R B 2R A (Liu et ol
2010) . F3EE K R T8 UM R A A R
AL TR TG PEAS D42 2, e I - S A AR T S S A
FEAE IR LA B 4T HLLA N, 0 g 279
5=, R OK AR R R 2 B T
PRI ] P, SR LB R A T E S N, 0
ORVASUY ) O L 7 A 1 T L e
BEAPLARE L HAEREF B IR K R 2] LU A
ZW 3T RAR, A AT N,0 B 7= ( Bouwman
et al., 2002; Yan et al., 2003; Zheng et al., 2004;
Akiyama et al., 2005;Liu et al., 2010).
4.2 FEBHE XX E CH, e N0 He iy % vl

B 2 5 52 ) S A ) B R Ak B
FA: Wy B B2 B B) e b 2 R 5 CHL, F N, O HE
i ( Zheng et al., 2004 ). H A5 T #1E 5 200 5 H
CH, HE 1 52 el ) 412 18 5 A — B R ZHF e R
DB AR 2 CH, BRI (25 345 2008 5 2%
J805 55,2009 5 F/NHRAE, 2010) ABATTIA 0 BEVEBEIR
T HIEIFEA G > T 5 CH, AR EE X
g LIESEATBAE P ORFRAR L CH, L AR Y58 .
AW A, TEAN L 50T, ek ar L) e 2
BATINARE F CH, HER (OB, 2009) A58 K B, NT
Ab PR ARG FhAE 22 CH, B2 FRUHE i & 1 i 3 & T
CT ¥R (F 1), FEA LT LA ey s B 5 5,
SRR T LUSE G b 48 45 G S PR S5 T 7 AR S 2 Y CHL,.
M1 AT R 7E s AR, Sedbab P HAY
B HIEK 28 %, Xl RE S et R P RZE L
SEARDOPAEAT O, DT AT ) T 2 4R A Dy BRAEL A 1 7K
PRAAFREE. LW, S bt Ak 3R A #1482 04 7 Xt A7
i T3 A 7 AN )T R FE R ) B {88 491 1)

T BRI ZE KUK A WIS B S5 A T
W/ NR)Z K Ay 28 K, S s b TH K AE , AT B
e HEZE K, 3G+ HE 75K 25 B ( Beheydt et al.,
2008 ; 254 F4 45 2005 ) . Simona 25 (2004) A N 1
FKA BT CH, B M EE RN R — 7
—EWE N, TERKE RS CH, R R IE A
(Jarecki et al., 2008) .34k, 3 CH, RS +
B 5L L &R Ussiri 25 (2009) BF 550N, e bF
5| R B RS T RE A — o R AR SE T CH,
BB R, Sk 20F 1R 2 AR B HERCTE B 2 i A
[Fi] SR A 1 DX ) PR 55 1 R 1Y), ' S B A T TR 3R
AR AR Ak, BAT 456 24 b SR DL A BB X i %=
SMRBHEROS S R T

FH LG AR G BB, TR A Se BEXT N, O HETCAY 52 i
SERAMA— A LR, ERE A e B2 i+ 18
N,O HEJK ( Steinbach et al., 2006; [1/N#EF,2010).
A — Se R 5 5 G, e B R G B e A% k2> 1 1
N, OHETH (186G HE | 2009 ; Gregorich et al.,2008) , 5§
F WA B 5200 ( Choudhary et al., 2002 ; Z5 e 55
2014) XS5 L L 25 N, O HER R A 25 AR
SRR EEARK KR AT RZ, NFEPHES
FOWAF T N, O HERC A 25 A2 e A =0 e B e g, 4%
ARFRZ (B N,O 22717 R A HEBOH WA B3 2 7.
AT, B R I N, O HET A 5 e 32 5 30
AR RUOEE I J U0 25 RO A B e A 3k
PE(Six et al., 2004). F 6, AR BEE T R5H
N, O BRIV E TR 25 300 AN R 58 42 22 W
4.3 FEHAEF R 3AEE GWP 1 GHGI 8 % v

EN 3 Y=y Rt RE b - R W N
(GHGI) 5 Qin %5 (2010) Jifi Fi A3 HLACE SR B 1)
FH A4 A8 FH N 5 25 AL (0.24~0.74 kg-kg a™") ,{H
T Li £5(2006) AR 45 DNDC A6 5 355 10 437 48 s 7k
FEH 45 5 (3.22 kg - kg~ a™!) R HAES RG G
GHGI MR/ T2 5 L3 [ R it AEW ™ i A H )
KB CH, Al N, O 4 H % 1 % & ( Mosier
et al.,2006;Shang et al.,2011) . NI E KA, A
[RIBEAE Ty SO A A 7 1 T A s i) 3%, (EL7E G
ZAE T CH, HE R Eb 5 B0 B 3 14 m, M 5 3
GHGI 1 S 18 i A0 I, S BF A0 R 1% 48 BB R A 2
WA PR IE (K 3) , FER R T 4
et sl Wk T A DL AR, T IR R AR SE R Y
B EE TR E i3 SOC & & & TS HHER 1
9 ( Wright et al.,2005).H b, 5 CT ZbBEAH H, NT
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¥

35 %

SEFER RS S (GWP) AR @ B R
Z IR B2 5 CT ALFEAHEL , RT Ab 3 AT L)
I NAS I 4R GWP Al GHGIL, 3% 5 RT 4b
PR CH, HE 3 iy A 498 8 fik 2 B A AR KA 3¢
AL, i s DK R R R 2 CH, HEBO 18 28 A5 H
EERVHA T EEWE, X5 DA 5T 25
A — 2 (Shang et al., 2011 ;185 %5 2013). 4%
M, AN R BRAE =X - 4 61k 0 83 5 i, -
LA L 3 SR HE ik 2 B o 255 DR 3R 1 A8 Ak T A2
1k 7ER W40 R R i GWP F GHGI {28k ik
A REitE— LRk

5 &2 ( Conclusions)

D) RS S5 T, AN R RE 7 200 A 2R A
FEtH CH,HF, A R [ e 3 RS 35 (GWP) Ml
FAMEREE (GHGL) A W5, (EXTRE H N,0 HE
TR A2 R 7= e B Wil AN K. e 2 4 ZR B4R CH,
SURUHE G 2 TR RO, TR AS A e Y CH, HETR
FER A TR R I, A M fe = HE R i
1 77.0% ~81.3%.

2) S5 EEERE LL , BEAE AL BT DL 351 0 A 1 R
AE GWP Fl GHGL, EE S5l H T CH, HEBHE
T SRR f T AT AR K0 G R 5 H R B A
Eb, Sk BT DL A m K R R 2 CH,HERL, M
M F2 GHGIL By B &34 S Hr AL B S GWP H BHAF
Hahn 32.29% (B = FH Z IR & LR, FELHEN
G RAE T A AU [ G L BB N 148.4%.
PRI, G b A5 e P 1 e D HIE 1) K 3 8500 38 AT 5
pURIR

EEREEEN-BRR, B, 0L, 00, ZENFEREHAMH
G R E AR A G RIE AR B E N A
NFRBMAIEEEF 10 LB X, EF SCl kT4 5.
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