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Phosphate-Solubilizing Bacteria Shape Maize Root Architecture, Rhizosphere Microbiome, and Yield Under Contrasting Phosphorus Management
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Phosphorus (P) limitation remains a major constraint on maize productivity, and phosphate-solubilizing bacteria (PSB) represent a promising strategy to enhance P use efficiency while reducing fertilizer inputs. However, the effectiveness of PSB is strongly influenced by soil management history and nutrient availability, which modulate plant–microbe interactions. This study evaluated the effects of the PSB-based inoculant BiomaPhos® (strains CNPMS B119 and CNPMS B2084) on maize root system architecture, rhizosphere bacterial community structure, and grain yield under contrasting phosphorus management conditions. Field experiments were conducted over two growing seasons in Mato Grosso do Sul, Brazil, using a 2 × 5 factorial design (with or without inoculation × five P₂O₅ doses: 0, 25, 50, 100, and 125% of the recommended rate) in two no-till systems: a long-term no-tillage system (NTS) with high soil P availability and a newly adopted no-tillage system (NA-NTS) with low P availability. Root traits were quantified through digital image analysis (DIRT), and rhizosphere bacterial communities were characterized by T-RFLP, with taxonomic assignment using MiCA3 and NCBI databases. Grain yield and diversity indices (Shannon, Simpson, and Chao1) were also evaluated. Maize responses were strongly dependent on system history. In the first season, phosphorus fertilization predominantly influenced root traits, while inoculation effects were limited. In contrast, during the second season, PSB inoculation significantly increased lateral root area, depth, and diameter in the NA-NTS, indicating cumulative microbial effects under low P conditions. In the NTS, inoculation enhanced grain yield despite minor changes in root architecture. Across systems, intermediate P fertilization (50% of the recommended rate) consistently maximized both yield and microbial diversity. These findings demonstrate that PSB-mediated effects on maize are context-dependent and highlight the importance of integrating microbial inoculants with optimized phosphorus management to improve crop performance, microbial diversity, and sustainability in agricultural systems. 
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