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Key technologies and prospects for creating microbial fertilizers enhancing utilization

efficiency of nutrient
MEI Hanjie, WANG Hao, WEI Junwei
(Hubei Forbon Technology Co., Ltd., Wuhan 430206, China)

Abstract: Global agriculture currently faces the dual dilemma of excessive chemical fertilizer input and low nutrient
use efficiency, necessitating a new paradigm in nutrient management. This review aims to systematically synthesize
the theoretical foundations and application technologies of the synergy between microbial fertilizers and traditional
mineral fertilizers, with a focus on deciphering the core mechanisms enhancing fertilizer efficiency within the
“functional microbe-fertilizer-crop-soil” multi-dimensional interaction system. The paper first traces the
evolutionary transition from single microbial inoculants to synergistic microbial-chemical fertilizer products. It then
deeply elucidates the biological mechanisms of this synergy across four dimensions: Soil nutrient transformation,
regulation of root system architecture and physiology, rhizosphere microbiome network reconstruction, and
ecological environmental effects. Building on this, the review highlights key industrialization technologies,
including synthetic biology-based strain mining, the creation of novel functional carriers and smart
controlled-release formulations, and microbial fertilizer chemical fertilizer ternary coupling formulas. Finally,
addressing challenges such as product instability, lack of standards, and adoption barriers, the innovative
development pathways integrating precision nutrient management and phosphorus-fluorine engineering resource
utilization are proposed, providing theoretical support and strategic recommendations for building a green,
low-carbon, and efficient new fertilizer industrial system.
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Table 1 Main types of functional microorganisms and their mechanisms in synergistic fertilizer efficiency
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Fig. 1 Schematic diagram of rhizosphere microbe-mediated soil
nutrient transformation and synergistic efficiency with chemical
fertilizers
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Fig. 2 Mechanisms of microbial fertilizer-induced crop stress
and root system architecture
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Table 2 Multi-dimensional mechanisms of synergy between microbial and chemical fertilizers
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Table 3 Key technologies and strategies for creating microbially enhanced fertilizers
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