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Effects of years of straw return to soil on greenhouse gas emission in
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Abstract  Crop straw is the largest renewable resource on earth but it is often burned after crop harvest, resulting in loss of nutrients
and environmental pollution. With current advocate for ecological agriculture, straw return to soil is the most important mode of
reutilization of agricultural by-products. This mode is vigorously applied and promoted in rice/wheat rotation system. Research has
shown that straw return to soil as a key mode of ecological agriculture affects many aspects of agricultural systems, including soil
physical and chemical properties, carbon sequestration in soils, greenhouse gas emissions, etc. Despite this, less research has focused
on the effects of different years of straw return to soil on the contributions of agricultural systems to global warming. In this study,
field experiment was conducted to determine the effects of different years of straw return to soil (with CK as no straw return without
fertilizer; and NT, SR1 and SR5 as 0, 1 and 5 years of straw return with normal fertilization) on greenhouse gases (CH4, CO, and
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N,0) emissions and soil carbon sequestration in rice/wheat rotation system. Combined with the effects of straw burning on
greenhouse gas emissions, the contributions of the four treatments to global warming were comprehensively estimated. Greenhouse
gases (CH,, CO, and N,0) emission fluxes from the rice/wheat rotation systems were analyzed using the static chamber gas
chromatography method. Greenhouse gases emission fluxes from straw burning were estimated based on published lists of
greenhouse gases by IPCC 2006. The results of the study showed that straw return to soil (SR1 and SRS5) significantly increased CH,
and CO, emission fluxes, which were higher than those of NT by 73.52% and 13.29%, than those of CK by 309.49% and 13.06%,
respectively. Straw return to soil also decreased N,O emission flux, which was lower than those of NT (29.68%) and CK (42.55%).
However, no significant difference was noted between greenhouse gases emissions under SR1 and SR5. Compared with NT, SR1 and
SRS increased one year soil carbon sequestrations respectively by 517.90% and 709.03%. Also soil carbon sequestration under SRS
was higher than that under SR1 by 30.93%. The contribution of straw burning to soil carbon sequestration under NT was 9 698.49
kg(CO,-eqv)hm™, which was higher than that of CK by 126.98%. The combined effects of the three factors (greenhouse gas
emission, carbon sequestration and straw burning), the contribution to global warming of SR1 was lowest, significantly lower than
that of NT by 4.72%. While full short-term straw return to soil was useful in reducing overall greenhouse gas emission, the range of
reduction would decrease with time of full application of long-term straw return to soil.

Keywords Greenhouse gas; Soil carbon sequestration; Years of straw return to soil; Rice/wheat rotation; Straw burning;
Contribution to global warming
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Variations of CH4 emission fluxes in rice (a) and wheat (b) seasons of rice/wheat rotation system under straw returning to field

5 s CK, NT, SR1 and SRS represent

blank control, normal treatment, straw returning for 1 year treatment and straw returning for 5 years treatment. The same below.
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4 CH,4 7 18 , NT 0 , CH,
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Table 1 Annual CH,4 emission flux of rice/wheat rotation system . 8 , CO,
under straw returning to field  kg(CHy)-hm™ 300~700 mg:m *-h'
o ‘ SR1 SRS , NT
Treatment Flux in rice Flux in wheat Annual flux
season season Co, ( 2), 11.15%  7.08%
CK 297.36+£22.57c  —16.75+1.14c¢ 280.61+£16.92¢ C02
NT 674.15+41.22b  —11.91£0.98¢ 662.24+41.94b pH Eh
SR1 1 049.74£87.15a 48.42+2.56b 1 098.15+£74.86a co
SR5 1 108.77+£94.24a 91.22+7.36a 1199.99+87.16a ’ :
3 + , >
(P<0.05) Date in the table are mean + SE. Different letters 2]
represent significant difference at P < 0.05. The same below. [10]
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Fig. 2 Variations of CO, emission fluxes in rice (a) and wheat (b) seasons of rice/wheat rotation system under straw returning to field treatments

CO, ( 2b),4 *2 WICHFHTEEZRERSZ CO, 2EHMBE
2 Table 2 Annual CO, emission flux of rice/wheat rotation system
’ under straw returning to field treatments  kg(CO,)-hm™
, 2 21 CO, , 3
CO, Treatment Flux in rice season Flux in wheat season ~ Annual flux
COz SR1 SR5 NT CK 1209.60+92.21¢ 941.54£91.92b 2 151.14£176.98¢c
b
( 2) NT 3606.76+287.92b 1 830.48+153.28a 5437.25+426.14b
CoO SR1 4125.45+£372.56a 2 034.60+134.15a 6 160.04+524.28a
5 2
co ( 2) SR1 SR5 4 177.49+£312.26a 1969.97+176.22a 6 147.46+419.27a
2 5
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Fig. 3 Variations of N,O emission fluxes in rice (a) and wheat (b) seasons of rice/wheat rotation system under straw returning to
field treatments
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Table 3 Annual N,O emission flux of rice/wheat rotation ’ ?
system under straw returning to field treatments  kg(N,O)-hm™ SR1 SR5 NT
517.90  709.03%, SRS
Treatment Flux in rice season Flux in wheat season Annual flux SR1, SR5 SR1
CK 0.32+0.03d 1.01£0.09a 1.33+0.11¢ 30.93%
NT 1.08+0.04a 0.93+0.07a 2.01+0.15a
SR1 0.89+0.07b 0.66+0.01b 1.55+0.10b 2.3
SRS 0.79+0.02¢ 0.62+0.04b 1.41+0.12bc 2006 IPCC [17]’
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Table 4 Effects of different straw returning to field treatments
on soil carbon sequestration of rice/wheat rotation system

Soil organic carbon content (g-kg™")

Soil carbon

Treatment 2013 2014 sequestration
Before rice season  After wheat season (kg-hm™)
in 2013 in 2014
CK 16.21£1.05 16.15+1.12¢ —-168+12d
NT 16.21£1.05 16.55+1.91c¢c 820+31c
SR1 16.21£1.05 17.72+1.73b 3 831+194b
SR5 17.63+1.23 19.42+1.57a 5016+127a

CH;2.19 g-kg™
CO,

: CO, 656.27 g-kg™
N,O 0.11 gkg™; :
N,0 0.05 g-kg™

586.39 g-kg”' CH42.22 gkg™’
SR1 SRS ,
0 CK NT
x5

5
,SR1 SRS
NT
, 9 698.49 kg(CO,-eqv)-hm™
IPCC , CO, CH; N,0
3 , Co,
44.12 gkg'  22.19 gkg™', CO
COZs
b b 4
Q) 5 ,
SR1 NT, NT 4.72% SRS
NT,
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Table 5 Straw yield and global warming contribution of rice/wheat rotation system under different straw returning to field treatments

Straw yield (kg-hm™)

Greenhouse Soil carbon Combustion Contribution to
Treatment gas emission sequestration emissions of straw global warming
Rice season Wheat season [kg(COreqv)hm™]  [kg(COreqv)hm™] [kg(COr-eqv)hm™] [kg(CO,-eqv)hm™]
CK 3859.16+20.82¢ 2 135.28+81.12b 9562.75+726.85a —-168+12d 4272.87+12b 14 003.62+102.24¢
NT 8906.29+31.09b 4 680.33+141.91a 22 591.79+1 278.22¢ 820+31c 9698.49+31a 31670.29+£349.47a
SR1 9125.38+44.05ab 4 793.57+112.73a 34 074.26+2 115.18b 3 831+194b Oc 30 243.26+278.98b
SR5 9211.54492.36a 4 825.19+132.57a 36 567.12+1 986.24b 5016+127a Oc 31551.12+127.33a
3 it
4 CH4 s >
CO, , (NT)
73.52%  13.29%, N,O ,
NT 29.68% 42.55%, —
3,71.
[ ]’ 1 5
b
b
; , 1 5
NT : Sk
517.90%  709.03%, SR5 SR1 [
30.93%, [ , 2007, 26(2): 278-285
3 Jiang Y, Zhuang Q L, Liang W J. Soil organic carbon pool and
, SR1 , SR5 NT its affecting factors in farmland ecosystem[J]. Chinese
Journal of Ecology, 2007, 26(2): 278-285
[2] R , Yin C.

’ [J1. , 2005, 25(2): 351-357
Zhang G S, Huang G B, Yin C. Soil organic carbon sequestra-
tion potential in cropland[J]. Acta Ecologica Sinica, 2005,
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