Highlights:

· This review comprehensively explores the biofertilization potential of Bacillus spp. in sustainable agriculture.

· It elucidates key mechanisms including nitrogen fixation, phosphate solubilization, potassium mobilization, and induced systemic resistance.

· The interactions of Bacillus with soil microbiota and their role in improving soil fertility are discussed.

· Various formulation technologies and field application strategies are critically evaluated.

· Current challenges, regulatory issues, and future prospects for Bacillus-based biofertilizers are highlighted.
