Supplementary Figures:
[bookmark: _Hlk148992480]Fig. S1 The regression curve demonstrated the correlation between nodule dry weight and gene copy number, Shannon index and Ace index at the flowering-podding stage corresponding to pqqC gene, as well as the correlation between soybean yield and gene copy number, Shannon index and Ace index at the maturity stage corresponding to the pqqC gene.
Fig. S2 The regression curve demonstrated the correlation between nodule dry weight and gene copy number, Shannon index and Ace index at the flowering-podding stage corresponding to phoD gene, as well as the correlation between soybean yield and gene copy number, Shannon index and Ace index at the maturity stage corresponding to the phoD gene.
[bookmark: _Hlk148456355][bookmark: _Hlk169078218]Fig. S3 Venn diagrams were used to illustrate the distribution of unique and shared amplicon sequence variants (ASVs) in the pqqC- and phoD-harboring bacterial communities at the flowering-podding stage (a, b, e, f) and maturity stage (c, d, g, h) in bulk soil (a, c, e, g) and rhizosphere soil (b, d, f, h) across different treatments.
[bookmark: _Hlk148540380]Fig. S4 The beta diversity of pqqC- and phoD-harboring bacterial communities in bulk soil (a, c, e, g) and rhizosphere soil (b, d, f, h) at the flowering-podding stage (a, b, e, f) and maturity stage (c, d, g, h) under different treatments was analyzed using non-metric multidimensional scaling (NMDS) based on Bray-Curtis distance at the ASV level.
Fig. S5 The bar chart displays the variations in the mean relative abundance of pqqC- and phoD-harboring genera exhibiting significant differences between groups. P-values and asterisks are used to indicate the presence of significant differences.
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