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Metagenomic analyses have gained prominence in agriculture in recent years, generating vast volumes of genetic data. To elucidate the complex interplay governing agricultural soil ecosystems, integration with physicochemical parameters becomes essential. In this study, soil samples were collected from diverse Brazilian regions and subjected to DNA sequencing and physicochemical analysis. Using artificial intelligence tools, data were analyzed to elucidate connections between soil biology and soil agronomic characteristics. Sequencing data were processed with DADA2 and taxonomically classified via a naive Bayes classifier using the SILVA 138 and UNITE databases. Resulting amplicon sequence variants were transformed through centered log-ratio and integrated with physicochemical variables into a nonparametric Bayesian cross-categorization model, which captures variable dependencies through statistical views and mixtures. Model training employed Markov chain Monte Carlo with 20,000 iterations. Dependency analysis assessed view structures, posterior distributions, dependency probabilities, and entropy, including bidirectional discrimination tests between biological and physicochemical variables by conditioning posterior distributions. As a result, phosphorus was linked to microbial activity, iron to Fusarium proliferation, pH to nitrogen-fixing bacteria, potassium to phosphorus-solubilizing microorganisms, and clay content to pathogen suppression capacity. This approach demonstrates the potential of nonparametric Bayesian statistics and information-theory metrics for investigating complex dependencies between soil microbiota and abiotic contexts, enabling future applications in predictive analytics, bioindicator delineation, objective soil classification and bioinput placement.
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