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Effects of Long-term Continuous Straw Incorporation and Biochar Application on N,O

Emission from Paddy Field

JING Penghui'?, CHEN Zhe'?, WANG Hui'?, XU Qiao*, HU Tianlong"?, ZHOU Rong'?, LIN Xingwu', LIU Qi®, XIE Zubin'"
(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China; 3 College of Forestry, Nanjing Forestry
University, Nanjing 210037, China; 4 College of Environmental Science and Engeneering, Yangzhou University, Yangzhou,
Jiangsu 225009, China)

Abstract: A 1l-year experiment was conducted in 2010 in order to evaluate the effects of long-term continuous straw
incorporation and biochar application in wheat season on N,O emission from a paddy field under rice-wheat rotation system, in
which five treatments were setup: no maize straw incorporation and biochar application (CK); 6 t/(hm*a) maize straw
incorporation (CS); 2.4 t/(hm?a) biochar application (BC1); 6 t/(hm>a) biochar application (BC2) and 12 t/(hm*a) biochar
application (BC3). The results showed that BC2 and BC3 significantly improved soil properties such as alkaline hydrolysis
nitrogen (AN), available phosphorus (AP), available potassium (AK), readily oxidizable carbon (ROC), dissolvable organic
nitrogen (DON) and soil microbial biomass nitrogen (SMBN). CS, BC1 and BC2 had no significant effect on seasonal cumulative
N,O emission from paddy soil, while seasonal cumulative N,O emission increased by 245.31% under BC3 compared to CK.
Seasonal cumulative N,O-N emission and the peak period cumulative emission after nitrogen application of BC3 were increased
by 3.84 kg/hm? and 3.36 kg/hm?, respectively, compared to CK. The promoting effect of BC3 on soil N,O emission was mainly in

the peak period of N,O emission after nitrogen fertilizer application. Compared to CK, BC3 significantly increased soil cation
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exchange capacity (CEC), microbial biomass carbon (SMBC) and SMBN by 20.35%, 26.13% and 49.96%, respectively.

Cumulative emissions at the peak period of N,O emissions caused by re-flooding and panicle fertilizer application accounted for

27.66% — 32.83% of seasonal cumulative emissions, of which BC3 having the highest proportion. In conclusion, long-term

continuous application of biochar can increase soil CEC and the retention of soil NHj, thus can promote soil nitrification process,

and interval prolongation between panicle fertilizer and re-flooding may effectively reduce N,O emission from paddy fields.

Key words: N,O; Biochar; Straw incorporation; Long-term continuous; Paddy field
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Table 1 Basic properties of soil, maize stalks and their derived biochar

FEA M T +4 FKFEFF YR BT 145 FOKRAEFF LR}V
2k (g/kg) 17.5 411.40 445.65 AL (mg/kg) 22.40 - 12 371.00
4R (g/kg) 0.30 11.11 19.38 A 30U (mg/kg) 5.21 - 0.28
2Hi(g/kg) 0.53 2.08 4.89 3k (mg/kg) 158.05 - 19.35
44 (g/kg) 7.76 12.29 25.59 A AU (mg/kg) 69.32 - 29.57
pH 5.71 7.02 9.70 A 3 (mg/kg) 1.32 - 4.88
CEC(cmol/kg) 17.37 - - 3 (mg/kg) 23.53 - 800.56
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Fig. 1 Effcets of long-term continuous maize straw returning and biochar application on soil properties
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Table 2  Effcets of long-term continuous maize straw returning and biochar application on seasonal soil N,O emission, periodic cumulative N,O
emissions and rice yield in rice season
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Fig. 2 Dynamics of soil NH;-N and NO5-N concentrations over time during rice growing season
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Fig. 3 Effcets of long-term continuous maize straw returning and biochar application on soil N,O emissions in rice season
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Fig. 4 Relationship between soil N,O emissions and rice yield to soil properties
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Fig. 5 Denitrifying enzyme activities and N,O production rates under different treatments
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