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Abstract: Humic acid-urea (HAU), an innovative synergistic nitrogen fertilizer, has garnered significant
attention from researchers worldwide owing to its remarkable potential to improve nitrogen use efficiency
(NUE), reduce nitrogen losses and boost crop yields. However, challenges in optimizing production
processes and scaling up agricultural applications persist, primarily due to the heterogeneous nature
of humic acid sources and insufficient systematic research on their mechanisms of action. This review
systematically elaborated on the primary production routes of HAU, clarified its mechanisms for nitrogen
slow-release and synergy in the soil-crop system, and comprehensively evaluated its effects on yield
enhancement, efficiency improvement and emissions reduction. Furthermore, it critically examined key
issues in current industrialization, proposed future research priorities and development strategies to advance

technological innovation and sustainable industrial development in HAU.
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