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The role of balanced fertilization in improving soil health and achieving sustainable agriculture and food
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Abstract

Sustainable soil health management plays a crucial role in enhancing agricultural productivity and ensuring global
food security. This study evaluates the effects of different ratios of mineral—organic fertilizers on soil microbial
community structure and dynamics, enzymatic activities, functional gene abundance, and overall soil health
indicators. Using bioinformatics approaches, enzymatic activity assays, and metagenomic analyses, the results
show that balanced fertilization significantly increases soil biodiversity, stabilizes microbial communities, and
improves plant performance under environmental stresses. In particular, the synergistic application of mineral and
organic fertilizers enhances B-glucosidase and urease activities, accelerates organic matter decomposition and
nutrient cycling, and simultaneously influences microbial populations involved in nutrient processes and pathogen
suppression. These findings highlight the necessity of developing and implementing balanced, region-specific
fertilization strategies to improve agricultural productivity. Future research should focus on refining fertilization
frameworks through interdisciplinary approaches, analyzing soil-crop—climate interactions, and extending these
practices to a wide range of agricultural ecosystems.
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