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Effect of different irrigation methods on rice yield and greenhouse gas emissions under crop residue incorpora—
tion in double rice—cropping systems

CHENG Chen, YANG Xiu-xia, WANG Jian—jun, CHENG Hui—huang, LUO Kang, ZENG Yong—jun, SHI Qing—hua, SHANG Qing—yin"
(Collaborative Innovation Center for the Modernization Production of Double Cropping Rice, Jiangxi Agricultural University/Key Laboratory
of Crop Physiology, Ecology and Genetic Breeding, Ministry of Education/Jiangxi Key Laboratory of Crop Physiology, Ecology and Genetic
Breeding, Nanchang 330045, China )

Abstract: As the main by—product of crop production, crop straw contains abundant organic matter, nitrogen, phosphorus, potassium, and
other nutrients. As a popular management practice in double rice—cropping systems of China, straw incorporation can increase crop yield by
improving soil physical and chemical properties and promoting soil quality and nutrient cycling. However, straw incorporation would in —
crease greenhouse gas emissions from rice paddies; therefore, a feasible management practice should be sought to mitigate the global warm—
ing potential from CH, and N,O emissions. Appropriate water management is an effective way to reduce greenhouse gas emissions, but the

effect of different irrigation methods on rice yield and greenhouse gas emissions under crop residue incorporation is still unclear. A field ex—
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periment was conducted in 2013—2015 to determine the effect of water regimes on rice yield and greenhouse effect under crop residue in—

corporation in typical double rice—cropping systems. The three irrigation methods included continuous flooding (F ), flooding—midseason
drainage —-reflooding (F~D-F ), and flooding—midseason drainage—reflooding—moist intermittent irrigation (F~D-F-M) in the rice growing
seasons. Rice straw was simultaneously chopped into 5 ¢cm pieces by using a combine harvester. The results showed that, compared with that
of the F plots, the grain yield in the F-D-F and F-D-F-M plots was increased by 9.8% and 2.7% in the early—rice season and by 4.8% and
2.0% in the late—rice season, respectively. The grain yield in the F-D-F plots was significantly higher than that in the F-D-F-M plots in
the early-rice season. Compared with that of the F plots, the average spikelet number per panicle in the F-D-F and F-D-F-M plots was
increased by 12.5% and 5.7% in the early-rice season and by 9.7% and 3.1% in the late-rice season, respectively. Across the three—year
rotation cycle in the double rice —cropping system, the annual range of CH, emission in the F, F-D-F, and F-D-F-M plots was 678.2~
988.4, 322.6~661.7 kg-hm™?-a”', and 208.3~520.6 kg-hm=-a, and that of N,0 emissions of the F, F~D-F, and F~-D-F-M plots was 5.86~
12.64, 4.25~11.24 kg N-hm™?+a™, and 9.14~14.91 kg N-hm™+a™, respectively. Compared with that of the F plots, the global warming po—
tential in the F-D-F and F-D-F-M plots was remarkably reduced by 31.5%~44.9% and 38.2%~53.4%, respectively. The greenhouse gas
emission intensity in the F-D-F and F-D-F-M plots was remarkably reduced by 36.2%~48.7% and 38.8%~54.6%, respectively. There—

fore, compared with continuous waterlogging, both of midseason drainage and intermittent irrigation can increase rice yield and mitigate

greenhouse gas emissions under crop residue incorporation in the double rice—cropping system.

Keywords: double rice—cropping systems; straw return; irrigation methods; greenhouse gases; grain yield
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Figure 1 Temporal variation of water depth during the double

rice—growing seasons in 2014
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Table 1 A two—way ANOVA for the effects of different irrigation methods and year on greenhouse gas emissions and grain yields in double

rice—cropping systems( F-value )

AR AFEE  JaAE i JE4F CH, HERL JE4E NO Hhi CWP CHCI P oo
Source of variation df Annual yield Annual CH, emissions  Annual N,O emissions
0y Year 2 22.56%%* 42.55%%* 58.83%* 25.07%%* 17.017%* 3.638  6.23
WEBE Trrigation 2 33.35%* 85.20%* 18.19%* 72.76%* 76.68%* 3.638  6.23
AR <HE I = 4 0.56ns 0.28ns 1.20ns 0.47ns 0.61ns 3.01 477

Year X Irrigation

%% FORTE 0.01 KV 225 B3 ns FRZEFARE .

Note: ** indicates significant difference at the 0.01 level. ns: No significance.
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Table 2 The influence of different irrigation methods on the grain yield and its components under crop residue incorporated

in double rice—cropping systems

B I fbm _ﬁi‘ﬁ%%{ _ R ‘%QQEE %*fji _ Fcé
Season Years Treatment Productive pfmlc!ze number/  Spikelet ngmher per  Seed setting rate/  1000—grain weight/  Actual yfld/
10* hm panicle % g t-hm
BHfg 2013 F 315.847.1a 124.5+5.3b 78.4+0.6¢ 25.8+0.1a 7.76+0.36b
Early-rice F-D-F 293.3+8.4b 151.0+7.7a 81.4+0.6b 25.0£0.2b 8.68+0.35a
F-D-F-M 309.7+6.2a 126.6+8.3b 84.8+1.0a 25.3+0.3b 8.02+0.28ab
2014 F 315.0+10.4a 109.6+4.0b 79.9+£1.9b 27.3+0.2b 7.37£0.11b
F-D-F 332.1+14.5a 113.8+3.1ab 82.9+1.3a 27.1+0.3b 8.03+0.07a
F-D-F-M 320.2+11.0a 118.4+3.8a 78.3x1.1b 27.8+0.3a 7.46+0.30b
2015 F 311.0+7.5a 114.5£3.1b 85.7+1.0a 26.1+0.3a 7.44+0.17b
F-D-F 326.3+7.2a 127.3+5.7a 81.1x1.5a 25.9+0.1a 8.07+0.19a
F-D-F-M 315.8+3.6a 123.4+3.3a 82.2+3.5a 25.8+0.1a 7.71£0.15b
R 2013 F 382.319.4a 128.6+4.1a 74.3£2.3b 24.1+0.2b 7.95+0.16a
Late-rice F-D-F 358.3+1.6b 130.3+4.7a 79.9+1.2a 24.7+0.1a 8.18+0.12a
F-D-F-M 378.7+8.7a 127.3+45.1a 77.0+0.7ab 24.6+0.3a 8.03+0.21a
2014 F 333.4+13.4a 155.2+8.1b 82.7+1.6ab 24.7+0.4a 9.24+0.18b
F-D-F 320.5+6.6a 181.6+3.6a 80.3+1.1b 24.1+0.1b 9.70+0.08a
F-D-F-M 327.8+18.5a 158.3+5.4b 83.0+0.9a 24.8+0.2a 9.31+0.14b
2015 F 330.2+11.0a 157.7+7.4b 77.5+2.4b 23.6+0.1a 8.98+0.26b
F-D-F 308.8+7.7b 172.6£3.3a 80.2+2.1ab 23.7+0.1a 9.54£0.10a
F-D-F-M 305.2+9.5b 169.5+8.2ab 82.8+1.7a 23.5+0.1b 9.36+0.15a

T - R AP RARE N SR AR ERE” s R AR /INE FRFOR [ —F R R A B 25 Sk SR 5K, Tl
Note:The chart data were "Meanzstandard deviation", different lowercase letters in the same column indicate significantly different treatment of the same

year at 5%. The same below.

3 BHEHZFHTARERA XN RNER[TYREHZIE(1-hm”)

Table 3 The effect of different irrigation methods on the biomass and harvest indexes in double rice—cropping systems (t*hm)

M Heading stage A Mature period

Z=7Y5 Season KbFH Treatment
2013 2014 2015 2013 2014 2015

FLS Early-rice F 6.63+0.39a 6.61+0.27a 6.41+0.15a 12.96+0.57a 13.14+0.57a 11.9120.86a
F-D-F 7.09+0.80a 7.1740.11a 6.62+0.31a 12.80+0.57a 13.01+0.42a 11.62+0.70a

F-D-F-M 6.51+0.06a 6.48+0.32a 6.25+0.17a 11.8620.37a 12.43£0.57a 11.1020.40a

MifE Late-rice F 11.40+0.24a 8.45+0.93a 10.69+0.37a 17.34+0.05a 15.02+1.72a 16.36+0.66a
F-D-F 10.4020.31a 8.79+0.60a 9.51£0.61a 17.21£1.39%a 14.64+1.02a 15.89+0.92a

F-D-F-M 10.26x1.61a 7.8740.18a 9.09+0.56a 17.11£0.63a 13.87+0.69a 15.37+0.26a

i F=D-F fl F-D-F-M AbFi > (6] o i 5 25 5 . 2.6 SFKIEEER

AL R NLO ] 47 SR FHE It 4 s 1) I B
AL (45 A TR R — S 3B)., fE AR
R 3 FRAEAW T F F-D-F fil F-D-F-M &b #f
N,O JE4E EFHEE 5l 5.86~12.64 4.25~11.24 .
9.14~14.91 kg N-hm™-a™' . 5 F ZbBEAH H, F-D-F ZhFf
N,O 4= EFRHEE AL 11.1%~27.5%, T F-D-F-
M AbEE N,O JE4E 2R HER ERE I 10.29%~60.9%

TEMER RS 3 ERAE AT, F F-D-F F1 F-
D-F-M &3 GWP 435 20.7~27.2.11.4~18.7 #i
9.7~15.7t COz—eq-hm'z-a'l( K 4A), AR 204
AR GWP Yy S e s, Hop F . F-D-F 1 F-D-F-
M A3 2015 4 GWP H 2013 4E 43 5 ¥4 31.2% .
63.0% M1 63.1% . J5 20 Hr B, ANIRIK 7348 PR
GWP HA BEm, HAFFE DRI —5 H
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D-F-M b3 ] GWP A B #2255

TENZER R G, AR XA H GWP 1y 3

TR T CH, HE, F . F-D-F f1 F~-D-F-M &b3§

CH, HEjift 5Tk 245 51 K 81.5%~92.3% .70.6%~91.4%
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