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Soil bacterial communities play a central role in the transformation and stabilization of soil organic matter, influencing carbon cycling in tropical agroecosystems. Therefore, understanding how long-term land use affects their functional potential is essential. This study aimed to evaluate the carbon-related functional potential of soil bacterial communities in a long-term experiment established in 2011 in Sinop, Mato Grosso, Brazil, including Eucalyptus forest, cropland, pasture, crop-livestock integration (CLi), and crop-livestock-forest integration (CLFi). Soil samples were collected (0-10 cm layer; n = 3) and analyzed through 16S rRNA sequencing. Functional profiles were inferred using PICRUSt2, focusing on genes encoding enzymes associated with the carbon cycle, and differential abundance analysis (LEfSe; p < 0.05; LDA > 2) identified enzymatic biomarkers linked to each system. Distinct functional signatures were observed among land uses, reflecting differences in carbon inputs and substrate quality. Forest soils were associated with oxidative enzymes involved in the degradation of aromatic compounds, such as benzoate 1,2-dioxygenase, whereas cropland showed a simplified profile, with quinoprotein glucose dehydrogenase as a biomarker. Pasture exhibited the highest number of biomarkers, mainly hydrolases involved in polysaccharide degradation, including β-galactosidase. Integrated systems showed differentiated patterns, with CLi associated with cellulase and CLFi with pyruvate oxidase, indicating shifts in carbon processing pathways under diversified management. These results indicate that long-term land use defines the inferred functional potential of soil bacterial communities linked to carbon cycling, with distinct enzymatic signatures across systems. Enzyme-related biomarkers highlight the sensitivity of predictive approaches to detect potential functional shifts across management systems.
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