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Multifunctional potential of Bacillus pumilus RS11 in the biocontrol of charcoal rot and growth promotion in soybeans.
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Endophytic bacteria have emerged as promising agents for the development of more sustainable agricultural systems, acting simultaneously in the control of phytopathogens and in the promotion of plant growth. In this study, the multifunctional potential of Bacillus pumilus RS11 as a biocontrol agent and plant growth promoter was investigated. The strain, selected from among 87 endophytic isolates, stood out for its high antagonistic activity (71.9%) against the phytopathogen Macrophomina phaseolina. In vitro bioassays demonstrated a significant reduction in the severity of seed damage, with maintenance of germination even under pathogen challenge. In a greenhouse, the RS11 strain consistently suppressed stem and leaf symptoms, surpassing commercial treatments, and induced significant increases in the biomass, height, root development, and number of leaves. Scanning electron microscopy analyses revealed unprecedented mechanistic evidence of the mode of action of the strain. Infected plants exhibited structural collapse and vascular necrosis, whereas plants treated with RS11 maintained xylem integrity, which was associated with the formation of bacterial microcolonies adhered to the vascular walls. These structures, which are consistent with biofilms, indicate an active mechanism of competitive exclusion and physical-biological blocking of fungal colonization directly in the vascular system. In addition to disease control, the strain demonstrated high functional versatility, promoting growth even in the absence of high pathogen pressure. Its endophytic origin and adaptation to the edaphoclimatic conditions of the Cerrado reinforce its potential for consistent field performance. The results show that B. pumilus RS11 is key for the development of next-generation bioinputs, with combined action, high efficiency, and applicability in sustainable agricultural systems.
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