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Effects of optimized N fertilization on carbon dioxide, methane and nitrous oxide fluxes in paddy fields in
Yellow River water irrigation region of Ningxia

WANG Yong-sheng'?, ZHANG Ai-ping”, LIU Ru-liang*, YANG Shi—qi®, LI Cun—jun*?

(1.Beijing Research Center for Information Technology in Agriculture, Beijing 100097, China; 2.National Engineering Research Center for In—
formation Technology in Agriculture, Beijing 100097, China; 3.Institute of Agro—Environment and Sustainable Development, CAAS/Key Labo—
ratory of Agro—Environment and Climate Change, China Ministry of Agriculture, Beijing 100081, China; 4.Ningxia Academy of Agriculture and
Forestry Sciences, Yinchuan 750000, China )

Abstract: Excessive nitrogen(N) fertilizer application is a widespread practice in Yellow River water irrigation region of Ningxia. Previous
studies have demonstrated that optimized N fertilization can not only improve rice yield but also reduce nitrogen leaching. However, there
was little information available about the responses of soil greenhouse gas fluxes to optimized N fertilization in this region. A field experiment
was conducted to evaluate the effects of different N fertilization on carbon dioxide (CO,), methane(CH,) and nitrous oxide (N,O) fluxes and
global warming potential (GWP) in paddy field in Yellow River water irrigation region of Ningxia, using static chamber technique and gas
chromatography. Treatments included conventional N fertilization( N300 ), optimized N fertilization(N240) and no N fertilization(NO ). Our
results showed obvious differences in greenhouse gas fluxes during the rice growth period. Higher CO, emissions appeared at filling and ma—

ture stages, but CH, emissions mainly occurred at booting stage. However, the peak of N,O emissions was observed at tillering and elongation
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stages. Applying nitrogen significantly increased soil CO,, CH,, and N,O emissions and the global warming potential. During the experimen—
tal period, average CO,, CH,, and N,O fluxes were 18 446.87 kg C+hm™, 146.57 kg C+-hm™, and 2.93 kg N+-hm™, respectively. One—season
optimized N fertilization did not affect CO, emissions, but significantly reduced CH, and N,O emissions by 24.42% and 36.28%, respective—

ly, as compared with conventional N fertilization. Overall, our results indicate that the global warming potential of paddy field was signifi—

cantly reduced by 26.70% by optimized N fertilization in Yellow River water irrigation region of Ningxia. Further research is needed to ana—

lyze the mechanisms of soil greenhouse gas fluxes under long—term optimized N fertilization by integrating the variations of soil organic car—

bon and N availability and soil microbiology methods.

Keywords: Yellow River water irrigation region of Ningxia; optimized N fertilization; soil; greenhouse gas ; global warming potential
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Table 1 Frequency of water irrigation and greenhouse gas sampling during rice growth period
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Figure 1 Variations of greenhouse gas emission rates in paddy field during experimental period
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Table 2 Variations of greenhouse gas emission rates in paddy field at different growth stages of rice

KEFHR Treatment W Soaking  43EBE Tillering 44717 Elongation 7174 Booting WEN Filling JREA Maturing — fRIH Fallow
N300 COykg C-hm?  37.20+3.54 108.41+5.24 109.49+14.21 278.77+26.45a  453.71+22.87a  581.02+7.12a  312.58+69.04
N240 30.45+10.76 93.60+8.53 74.37+16.81 307.92437.51a  524.99+62.79a  500.80+55.07a 255.58+29.06

NO 38.73£14.33  114.13+13.32 66.67+26.95 152.09£31.02b  257.21+45.53b  273.75£73.27b  393.20+53.18
N300 CHykg C-hm? 32.93x12.66 1 226.38+56.90a 790.21+200.45¢ 8 684.01+684.58a 1 100.84+39.96b 2 573.50+919.62 17.15+19.29
N240 36.87+3.15  760.73+143.41bh 1 012.27+185.06b 4 948.35+331.14ab 3 056.40+179.54a 1 264.78+440.82 55.96+22.69

NO 109.50+54.47 988.67+262.91b 2 350.47+336.67a 2 498.69+281.91h 2 854.99+881.38ab 798.67+121.20 140.70+41.32
N300 N,O/kg N-hm?  15.42+1.60 53.52+6.63a 65.33+21.55a 16.07+3.61a 12.52+1.44 12.24+1.68ab  33.81+20.17
N240 20.38+9.85  40.82+6.09ab 22.06+2.61h 10.05+4.26ab 13.11£6.05 3.98+4.57h 11.37+4.66

NO 8.33+2.22 21.68+3.01b 13.48+10.26h 4.87+2.02h 2.02+3.97 20.28+7.33a  17.12+5.68
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Table 3 Average emission fluxes and global warming potential of greenhouse gases from paddy fields
Kb FH Treatment CO, /kg C+hm™ CH, /kg C-hm™ N,0/kg N+hm™ GWP/kg CO,-hm™
N300 18 446.87+696.85a 146.57+13.33a 2.93+0.21a 4 536.60+341.42a
N240 17 686.83+894.81a 110.77+9.19b 1.87+0.21h 3 325.20+261.62b
NO 12 305.18+1 021.01b 72.73+8.39¢ 1.16+0.14¢ 2 164.18+243.21¢
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