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Fig. S1 Distribution of sampling points. The map used in this article is from the website http://bzdt.ch.mnr.gov.cn/.
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Fig. S2 Field experiment design (a) and fertilization application (b) in each research sites.
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[bookmark: _Hlk192519387]Fig. S3 Rarefaction curves of bacterial (a) and fungal communities (b). Community coverage of bacterial (c) and fungal communities (d).
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Fig. S4 Soil carbon to nitrogen ratio (C/N) after peanut shell biochar application. The left figure shows the mean values of the control and the peanut shell biochar treatment, represented by light purple and dark purple respectively. The right panel displays the effect sizes of peanut shell biochar addition. The dark purple points indicate significant positive effects, the light purple points indicate significant inhibitory effects, and the ivory white points indicate no significant effect. Error bars represent 95% confidence intervals. The symbols “*”, “**”, and “***” represent p < 0.05, p < 0.01 and p < 0.001, respectively.
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Fig. S5 Dominant bacterial (a) and fungal (b) phyla (top 10 relative abundance) across five research sites.












[image: ]
Fig. S6 Mantel test was performed to examine the relationships between soil properties and dominant bacterial (a) and fungal (b) taxa (top 10 at the phylum level). The heatmap in the lower right corner illustrates pairwise comparisons of environmental factors based on Spearman’s correlation coefficients. The upper left section displays the correlations between environmental factors and dominant phyla of the microbial communities. The edge width corresponds to Mantel’s |r| statistic. Orange and green represent positive and negative correlations, respectively. The solid line indicates a significant correlation, while the dotted line indicates an insignificant correlation. pH: soil pH, AK: available potassium, AP: available phosphorus, SOM: soil organic matter, AN: alkaline hydrolysable nitrogen, C/N: carbon-to-nitrogen ratio, SSC: sucrase, SCAT: catalase, SUE: urease. The symbols “*”, “**”, and “***” represent p < 0.05, p < 0.01 and p < 0.001, respectively.
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Fig. S7 Key environmental factors influencing soil bacterial (a) and fungal (b) community β-diversity across large spatial scales. MSE: mean squared error, pH: soil pH, AK: available potassium, AP: available phosphorus, AN: alkaline hydrolysable nitrogen, SOM: soil organic matter, C/N: carbon-to-nitrogen ratio, SSC: sucrase, SCAT: catalase, SUE: urease. The symbols “*”, “**”, and “***” represent p < 0.05, p < 0.01 and p < 0.001, respectively.
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Fig. S8 Key environmental factors influencing soil bacterial (a) and fungal (b) richness (left) and diversity (right) across large spatial scales. MSE: mean squared error, pH: soil pH, AK: available potassium, AP: available phosphorus, AN: alkaline hydrolysable nitrogen, SOM: soil organic matter, C/N: carbon-to-nitrogen ratio, SSC: sucrase, SCAT: catalase, SUE: urease. The symbols “*”, “**”, and “***” represent p < 0.05, p < 0.01 and p < 0.001, respectively.



[image: ]
Fig. S9 Chord diagrams showing relative abundance of dominant bacterial (a) and fungal (b) taxa at phylum level (top 10 relative abundance) in rhizosphere soil.
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Fig. S10 Original structural equation models of direct or indirect effects of biological and abiotic factors on soluble sugar of tobacco leaves.
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—» Soil fertility grade

Conventional fertilization:
@ Organic fertilizer:

=600 kg-ha™!
@ Compound fertilizer

=1125 kg-ha™' *

® K,SO, (K content 51%) @ Biochar=900 kg-ha™'
=375 kg-ha™'

® N:P:K=1:1.08:3.08
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