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Study on the Enhancement of Nitrogen Fixation Enzyme Activity in Rice
Rhizosphere by Heat Modified Coal Gasification Slag Biochar
Composite Material
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Abstract : In the rice paddy ecosystem, the bioavailability of metal elements such as iron, manganese, and
molybdenum is low, which limits the efficiency of biological nitrogen fixation; Coal gasification slag is rich in
metal elements and has high environmental risks for storage. This study co pyrolyzed CGS with rice husk
at 700 C to produce composite material CGS-BC700. The results showed that co pyrolysis destroyed
the aluminosilicate network of CGS, increasing the specific surface area to 245.6 m  /g. Iron, manganese,
and molybdenum exhibited slow-release characteristics. After application to rice, the rhizosphere
nitrogenase activity increased by about 2.8 times, the nitrogen fixing microbial community was activated,
the accumulation of photosynthetic products was promoted, the yield increased by 15.2%, and the grain
protein content increased. The application of biochar alone and unactivated CGS showed no significant
effect, indicating that co pyrolysis activation is the key to achieving synergistic efficiency enhancement.
CGS-BC700 combines the dual functions of carrier bacterial supply and slow-release metal cofactor
supply, achieving the unity of solid waste resource utilization, rhizosphere microecological regulation, and
crop yield increase. Subsequent attention should be paid to its long—term effectiveness under multi season
continuous cropping and its impact on indigenous microbial communities.

Keywords : coal gasification slag; biochar composite; co-pyrolysis; nitrogenase activity; biological
nitrogen fixation
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