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Sustainable bioformulation based on Bacillus pumilus RS11 for the control of charcoal rot and growth promotion in soybeans
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The intensive use of chemical pesticides to control agricultural diseases has generated environmental impacts and risks to human health. In this context, there is a growing demand for sustainable alternatives. Therefore, a bioformulation based on Bacillus pumilus RS11, an endophytic bacterium previously described for its biocontrol and plant growth-promoting capabilities, was developed and evaluated for its ability to control carbonaceous rot caused by Macrophomina phaseolina. The formulation was obtained by inverted emulsion composed of (i) aqueous phase containing sterile distilled water and a water-soluble emulsifier and (ii) oil phase containing vegetable oil and a fat-soluble emulsifier. The choice of emulsifier for the aqueous phase was based on previous metabolomic studies of the co-culture of B. pumilus RS11 and M. phaseolina. In vitro biocontrol bioassays showed a significant reduction in the severity of damage to soybean seeds (p<0.001), with high maintenance of germination, while infected seeds showed rates below 20%. In a greenhouse, the bioformulation significantly prevented the severity of damage to stems (p=0.001) and leaves (p=0.005), with performance superior to or equivalent to commercial chemical and biological fungicides (active ingredient: Trichoderma asperellum). Scanning electron microscopy revealed that damaged plants showed vascular disorganization and necrosis, while plants treated with the bioformulation exhibited preserved xylem integrity, associated with intense bacterial colonization and the formation of structures that act in niche occupation and physical blocking of fungal colonization, indicating a competitive exclusion mechanism in planta. In addition to the phytosanitary effect, the bioformulation promoted a significant increase in plant growth, even under biotic stress. Under conditions of low or no pathogenic pressure, the microorganism's action can be directed predominantly towards mechanisms of physiological modulation and stimulation of root development and biomass. The results indicate a multifunctional, stable, and sustainable technology with potential application in both disease management and increased productivity in agricultural systems.
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