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Effects of different ratooning cultivation modes on greenhouse gas emissions and grain yields in paddy fields
DENG Qiao—jiang', CAO Cou—gui'?, LI Cheng—fang"*

(1.MARA Key Laboratory of Crop Ecophysiology and Farming System in the Middle Reaches of the Yangtze River / College of Plant Sci-
ence & Technology, Huazhong Agricultural University, Wuhan 430070, China; 2.Hubei Collaborative Innovation Center for Grain Industry,
Yangtze University, Jingzhou 434023, China)

Abstract: Rice ratooning can be an effective way to enhance the multiple—cropping index of paddy fields, grain yield per unit, and econom-
ic benefits. Thus, it has become an important rice cropping pattern in China. However, the effects of ratooning rice on greenhouse gas emis-
sions remain unknown. Therefore, this study investigated the effect of different cultivation modes (traditional and optimized cultivation) on
greenhouse gas emissions and grain yields from ratooning rice fields of Guanghua Farm, Qianjiang City, in 2017. The soil N,O and CH,4
emissions were determined by a static closed—steel method, and the soil N>O and CH. fluxes were measured at 7~10 d intervals. The results
of this study indicated that there were peaks in N>O fluxes immediately after each N application and after field drainage. Moreover, other
peaks in N>O fluxes were found at the heading stages of first rice crops and rice ratooning. The N,O fluxes under the traditional cultivation
model ranged from —15.70 pg-m™+h™" to 536.24 pg-m™>-h™" in the first rice season, and from 18.04 pg-m™>+h™' to 168.38 pg-m~+-h™" in the
ratooning rice season. For the optimized cultivation mode, the fluxes varied from 9.53 pg+-m?+h™ to 1 031.99 pwg-m>+h™ in the first rice
season, and from 16.54 pg-m~+h™" to 338.90 wg-m~>+h™ in the ratooning rice season. Compared with the traditional cultivation model, the
optimized cultivation mode significantly increased contents of soil NHi;=N, NO;=N, and dissolved organic C by 78.7%, 31.8%, and 25.3%,
respectively. Cultivation patterns had significant effects on cumulative N,O and CH4 emissions. Compared with traditional cultivation mode,

the optimized cultivation mode significantly enhanced cumulative N,O emissions by 82.0%, 45.3%, and 64.0%, but decreased cumulative
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CH, emissions by 55.0%, 260.0%, and 34.9%, and reduced global warming potential by 52.7%, 218.6%, and 31.9% in the first, ratooning,

and whole rice seasons, respectively. The contribution of CH, to the global warming potential was 80.7%~98.3%, which was obviously high-

er than that of N>O (1.7%~19.3%). Moreover, cultivation patterns also significantly affected rice grain yields. Optimized cultivation mode

resulted in 23.8%, 30.0%, and 25.4% higher grain yields in the first, ratooning, and whole rice seasons relative to traditional cultivation

mode. Together, our results suggest that the optimized cultivation mode is a sustainable ratooning cultivation mode with great global warm-

ing mitigation potential and increased grain yields from first and ratooning rice in paddy fields. Thus, it is worth to popularize this cultiva-

tion mode in rice planting areas of Hubei Province.

Keywords : CHy; N2O; yield; global warming potential; ratooning rice
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Figure 1 Seasonal changes in N,O fluxes from different ratooning rice cultivation models
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Figure 2 Seasonal changes in CH, fluxes from different ratooning rice cultivation models

Rl AEBERBREEXLEESBELETRERESERRIMES CWPHEL

Table 1 Cumulative emissions of N>O and CHy4 and global warming potential from different ratooning rice cultivation models

WK 3L Z= First rice season Pz Ratooning rice season A EH W Total
ltems B s E B AR Ptk b figs s e Ptk gk ks
Traditional model ~ Optimized model ~ Traditional model ~ Optimized model  Traditional model ~ Optimized model
N,O SR HE i /kg - hm™ 1.67+0.52b 3.04+1.19a 1.61+0.09b 2.34+0.63a 3.28+0.43b 5.38+0.73a
CH. RFEHE G kg - hm ™ 882+14a 397+53b 60+2h 216+71a 942+33a 613+32b
GWP/kg CO, eq-hm™ 26 908+187a 12 724+964b 2231+25b 7107+1396a 29 139+698a 19 831+571b

T A — A7 A i) B 3R A [ R BB R 7 5% K 225t B

Note: Different letters in a line mean significant differences at the 5% level between traditional model and optimized model.
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R2 FRABEBRERAXIEREBERBURELELNESTAERSEHENL (mg-kgh)

Table 2 Changes in soil inorganic N and dissolved organic C contents under different ratooning rice cultivation models at first

and ratooning rice harvest(mg-kg™)

“H HAR B Traditional model

Ak KE Optimized model

I H Ttems
3k Z% First rice season

FE 2% Ratoon rice season

3k 7% First rice season F4 2% Ratoon rice season

NH:i-N 2.34+0.33b 2.39+0.31b 4.05+0.40a 4.27+0.36a

NO;-N 14.96+0.75b 14.90+1.73b 18.42+2.01a 19.64+2.54a
AR Dissolved organic C 371.5£19.5¢ 448.5+16.4b 506.0+68.1ab 562.0+20.0a
T [ AT AR F R ORTE 5% KF 225 R
Note: Different letters in a line mean significant differences at the 5% level.

R3 AEBERBREEXNKESFEZL(-hn?)
Table 3 Changes in rice grain yields under different ratooning rice cultivation models (t+hm™?)
QLT Treatments 3k 7 First rice season 427 Ratooning rice season S Total

B ES Traditional model 10.35+0.41b 3.74+0.35b 14.09+0.30b
AL KE Optimized model 12.81£0.31a 4.86+0.17a 17.67+0.28a

T Rl — SR T RER R AE 5% K E 2R 3% .

Note: Different letters in a column mean significant differences at the 5% level.

F4 FEMELFEEBESENOSCHLERHNES TELNR S TR ERMNEXE(=18)

Table 4 Linear correlation between cumulative N,O and CH4 emissions and soil inorganic N and dissolved organic C

at first and ratooning rice seasons(n=18)

S Toms NH:-N NO-N poc NH:-N NO--N poC

5N,0 5 N0 5N,0 5 CH, 5 CH, 5 CH,

R R Sk ZE First rice season 0.50% 0.65%%* 0.59%* -0.24ns 0.29ns 0.15ns
Traditional model T4 25 Ratooning rice season 0.55* 0.62* 0.51% ~0.20ns 0.27ns 0.11ns
PuAbak s 3k 75 First rice season 0.52% 0.56% 0.55% -0.38ns 0.10ns 0.11ns
Optimized model T4 2 Ratooning rice season 0.57* 0.66%* 0.52% ~0.33ns 0.21ns 0.09ns

7 *¥P<0.05; %*P<0.01 ;ns, ZH AR E .
Notes: #*P<0.05; **#P<0.01 ;ns, not significant.
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