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GM-ER-LR) , 2= Jcfp+F 2016 47 10 H 12 H (M F=
ERECIR AT 10 d 2247 ) N T XS0 3Rk ARG 48 Fh i
430 kg-hm ™, 7E 2017 4F 4 H 28 H ¥ 48 2= 52 J5LAv Bl
HEAREH |, RO ZE L AS MG AT 5 44 PR - ARG - RS (i
fE WF-ER-LR) , & ZE 0K PR, ol A XL 25 B e T R
G 3 REH

3R A R T SR SRR SR IR 1035, B RS Rl K
SRR R E RIS RO RV R 2 B R
T AN B RS SR 2210, ) R A AL B B K A
5T AR R B A R oY A 4 0t s B I e S R AR T 3
SR ARG TR 39, W 1 VL PG E B B A RO A BR A H
BRI BRI 2 10 em /NBRALIES B, HAg
R FFWOR S RS S e i LR 2 . 5 orp
MR 2R g 2R F R K BB =X, ARG HE 0 H 1k
4 H 8 H,BUE 28 d B4k, AR AFHHLAE K 25.0 emx
11.0 em , FEAH hy 4 #1770 P RGIEF H B 5 H 11
H Bl 25 d Bk, a3 #iA% 4 25.0 emx15.0 em, 5
AW 4R/, MR EMN 7 H 6 B, B 20 d
Fdk  ARAE AR A 25.0 emx11.0 em, JEAH H 3t/
7o IMSEZEMI R ZREUIE BRI AP A AR TR 2350
FAiA 150 kg-hm™  P,0, 67.5 kg hm™ 1 K,0 120
kg«hm™ APl e R DAL R 22 A AU Fe S <
JE:ZEA=5:2:3 JtHH, PR ELCE IR R A,

FEFEAE BEAE AR =522 30 ; i SE B AP R E 1
DUASEEREREAE AL, SR — R Pt 5 e 22 e
R LG AL BRI IE I 3E 4 3 - 22 = 525
it ), RS 2 e SR AR = 5 S, AR S L
WRURZAE AL, i FH & A 26 120 kg hm ™, BEAE
AR R it FH £ At 1 7 =X S AR R 3k,

ISR ZE R R B AR IN ZE [ RK 53 AR HET
FERL MR 2 T ()R oA BT O B i AR S TR E
3 em ZEAK)Z, S BERIAHEK IS B, B KA R TR
ZERHEWE 2, AR KREWOGRTT 10 d 2245 A8 K 43 H
SRHET . B ARG HEK I H 5550 5 H
30 H7HSHMS A 12 H,Z/XKHEY 96 A 14
H.7H20 HFf9 A 1 B, {5045 4 BEK)Z IR B 86
BAAME 1 PR, ARELE T 2015 4F, A WA
2016 4FIHREZETT AR

8 140
—=—R-MR
7 —o—GM-ER-LR 135
oL A WFERLR
i 30
£ 5t | S
= B3
% o 41 2
%’% 20gE
I > =5
¥ 2 3t re
i ]5 =
= 2
2k x>
10 <
1_
45
0
0

10/20 11‘/20 12I/20 l|/20 2/‘20 3/&0 4/‘20 5/‘20 6/‘20 7/‘20 8/‘20 9/‘20 10‘/20
EE]
Date/(H/H)
E1 REFSHNAEAEREMSENSET
Fig.1 The dynamic change of water depth and air

temperature during the experimental period
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Fig.2 Effects of different multiple cropping

pattern on CH, emission fluxes
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HAHEZK 0 A S5 8 0 A B E A X, CH,, HERGE
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*1 AREMFAXWHEE CH, ERHRLZEHNFM

Table 1 Effects of different multiple cropping regimes on total CH, emissions /kg-hm™
g BRWTE liEEs EJGES FEE e R EES JA4E
Treatments  Milk vetch season  Rapeseed season Fallow season Early rice season Middle rice season Late rice season Annual
R-MR - 2.89+1.21 7.73+2.94 - 119. 54£28.73 - 130. 16+31. 99b
GM-ER-LR 4.18+1.37 - - 245.20+19. 10 - 46. 60+7. 37 295.99+25.93a
WF-ER-LR - - 2.72+0.43 195. 51+20. 37 - 85.70+4. 12 283.92+22.28a

VE L 9 AR )N S s AR A B 25 5 . % (P<0.05) , T,

Note ; Different lowercase letters within the same column indicate significant difference among treatments at 0. 05 level. The same as following.

22 NOHWBEESTE

M & 3 Al A, & kb HE N,O HER B HEAR —, R-MR
£ 3 H 23 H . GM-ER-LR & WF-ER-LR 7£2 H 6 H
A7 Wi ) HE s e v 0, 3 Ak BHLAE K R A T A
N, O HEjlE & ik T, ¥R A KA N,0 B 55 1Y
JREIC . R-MR I 3 mp A W Aip A3 M ) 1) — I HE i
(9 3 H) ,GM-ER-LR fll WF-ER-LR 7£ B 5 2=
52K 5 it BRI K 5 3 T 22 B AL R, NL0
HeycE 1 sh AR EEAR K, I EAE 9 A 17 H
W S HE T B e, R-MR R A N,0 B HE
B T GM-ER-LR il WF-ER-LR , %I &5
51.8%#1 97. 7% , ifi GM-ER-LR 5 WF-ER-LR [&] J&
BEER(FE2),
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AL B BE B
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Fig.3 Effects of different multiple cropping pattern

on seasonal variations of N,O emission fluxes

2 AEEMAXNEEN,0 ERHAMEEHH N

Table 2 Effects of different multiple cropping pattern on total N,O emissions /(g-hm™?)
b3 BEninF iP=s RS AR e e 2 JEAR
Treatments ~ Milk vetch season  Rapeseed season Fallow season Early season Middle season Late season Annual
R-MR - 1.30+0. 14 0.09+0. 02 - 0.34+0.09 - 1.70+0. 04a
GM-ER-LR 0.34x0.20 - - 0.24x0. 03 - 0.54+0. 05 1. 12+0. 20b
WF-ER-LR - - 0.22+0.23 0. 11+0. 06 - 0.53+0.07 0. 86+0. 23b
2.3 #%H GWP.GEY.GWPI flFFEZ*=E
GM-ER-LR I WF-ER-LR iX5 A HIAi M cwe, 3 i

GEY Fl GWPI #  & = F R-MR (% 3), 5 WF-ER-
LR #H L, GM-ER-LR JA4F &= 4 5 1. 2%, 11 GWP
141 4. 3% ,GM-ER-LR il WF-ER-LR % 4b 8] GWPI
TR FEES 3% R-MR $#£5 100% 1 50%

3.1 AEEMAXITEE CH, 1 N,0 HEA A =0
AWFoE L R FEMH CH, HEBCE B4 P A KR
F(R P AR MR KRS ok
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Table 3 Effects of different multiple cropping pattern on the GWP, GEY,GEPI and crop yield
e 74 Yield/ (kg-hm™?) * fﬁﬁ? B f? ﬁﬂ?‘ = é;ﬁzg

Treaments W R e MR Jel M GEY  BUN GWP GWPl

Rapeseed season  Early season  Middle season  Late season Annual A(GIhm™) -/ Cegehm™)
R-MR 1 095.2+50.5 - 8 883.8+82.3 - 9979.0+95.1b  161.6x1.5b 3 254.4+324.0b 0. 02+0. 002b
GM-ER-LR - 7 322.3+54.7 - 7 006.2+46.2 14 328.5+47.1a  207.8+0.8a 7 400.2+167.2a 0.04+0.001a
WF-ER-LR - 7 130.9+63. 5 - 7021.5+£76.9 14 152.4+21.2a  205.2+3.9a 7 098.4+108.3a 0.03+0.001a

FHMAINZ) , FH CH, HEiloE &40 %, X 567
IHFESE FAR 2 e HsU |, B2 A KRG 2,
IKRE AT K SR T, RS FFA ALY A F R 7= B e o 4
PEAR LR S 30 CH, HEGE AR, HoK g5 B
F b A R A RN R AL KR
FEH CH, SAkRE A B i ve A K R 2, H ) 45
K gy BARHET B AU TAT (4 %) 3 b A B g
FEA CH, , KB4 Bk 4k 77 AR5, 5 R-
MR #H ., GM-ER-LR #1 WF-ER-LR & & hn T i
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KRG SR A B K KB (60 d) fili T GM-ER-LR #
WF-ER-LR(83 d) , 5 H s A58 T A3 T 7 B e 1
A7 T e JERS I CH, AYHERL >, H R-MR i
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HEACT 24 i R 2 R R R R T A 4 A M
N, O HEC R0, JR PR AT BB 2 7 R 7 WU R X L ZE 5 46
B LB KA, A B A LB A K = 5 e
(>90%) , 1 IEFLER T O, FIHZA AR, 5% m + 3 i 2k
Yt B AL B AR ) DO A N, O 7R AR K
Helt, A6 o R-MR 5 A P9 N,0 S AHE A

5 E ST GM-ER-LR Al WF-ER-LR, 7E R-MR i
JAAPY N,O SBBUHEA 3 22 AE 0 = 28, i F ) AR
N,O ZFHECEE Y 76. 5%, BRI BEgEFR M,
FEAE KRG ZS It A AL BE N, 0 227 S HER O B 3%
1 T A RAR B A SR 285 5 5 2 AR{RL, BV =i R A 2
Sy R AL AR S A A P PR A A Y N YR, LA,
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i T WF-ER-LR & [H 25, X 5 /i A BF 5% 45 S 26
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B FEHE
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i
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GM-ER-LR 1 WF-ER-LR 1) ¥ 2% 5 g ol i 7 2 7= 1
H R AR 5 40 7 > K R B it 6 e X7 (0 LR 41
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FraitE F R R R R, FEEE AR GM-
ER-LR 7EAE /K FEFFIHE 28 5 08, 58 = B AR ELEE A
T8 AT IR IE AR BEAE YR S WS T4 v
#'% ) GM-ER-LR il WF-ER-LR iz % J& 9 iy 7 W
GWP % & T R-MR, H: GWPI # R-MR 3 i} 2
X Al g5 GM-ER-LR Fll WF-ER-LR 1 CH, HEjiltht
EAMR KR, ALK H GM-ER-LR fil WF-ER-LR
FEEH N,O0 S2FHE SRR, B CH, RFEHE &
T R-MR, AT AW AR, ERIER S GWP 1
K/NEZR CH, BB R 200 AR 5T s
REZZl, GM-ER-LR Ml WF-ER-LR H R4 I 35 48
JFE AR S A g R S A I GWP R GWPL,
SRR RAR A R —E A, ARBFFEACH 1 AT ]
RIS, WFIE AR, A I S dR St AN Rl B 1 7 =X R
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Effects of Different Multiple Cropping Pattern on the Global
Warming Potential in Southern Double Cropping Rice Fields

WU Siping' SUI Feng' XIAO Xiaojun® ZHANG Jun’ WU Ziming' ZENG Yongjun' HUANG Shan'*

("Ministry of Education/ Jiangxi Key Laboratory of Crop Physiology, Ecology and Genetic Breeding, Jiangxi Agricultural University ,
Nanchang, Jiangxi 330045 Jiangxi Institute of Red Soil/National Engineering and Technology Research Center for Red Soil
Improvement/ Scientific Observational and Experimental Station of Arable Land Conservation in Jiangxi, Ministry of Agriculture,

Nanchang , Jiangxi 331717 3 Institute of Crop Sciences, Chinese Academy of Agricultural Sciences, Beijing 100081)

Abstract; To examine effect of different multiple cropping pattern on the global warming potential and greenhouse gas
intensity in the double cropping rice fields, the experiment was set up to rapeseed-middle rice rotation (R-MR) , green
manure (milk vetch)-early rice-late rice rotation (GM-ER-LR) , and winter fallow-early rice-late rice rotation ( WF-ER-
LR). The different cropping patterns for annual crop yield rice field global warming potential( GWP ) , grain energy yield
(GEY) and global warming potential (GWPI) were identified by the static opaque chamber -gas chromatography method.
The results showed that compared to R-MR, the CH, emissions of GM-ER-LR and WF-ER-LR significantly increased by
1.27 and 1.18 times, respectively, whereas N,0 emissions were significantly reduced by 34.1% and 49.4%,
respectively. No significant differences were found in CH, and N,O emissions between GM-ER-LR and WF-ER-LR.
Compared with R-MR, the grain energy yield significantly increased by28. 6% and 27. 0%in GM-ER-LR and WF-ER-
LR, respectively. The global warming potential was 1. 27 and 1. 18 folds higher in GM-ER-LR and WF-ER-LR than in
R-MR. The global warming potential intensity increased by 100% in GM-ER-LR and 50% in WF-ER-LR than in R-MR.
Therefore, GM-ER-LR and WF-ER-LR were beneficial to enhance crop yield, but increased the global warming
potential and greenhouse gas intensity. Thus, this study suggested that the rapeseed-middle rice rotation system could not
only reduce greenhouse gas emissions but achieve higher environmental and economic benefits.

Keywords : multiple cropping pattern, double rice-cropping system, greenhouse gases flux, global warming potential,

global warming potential intensity





