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Arbuscular mycorrhizal fungi (AMF) play a central role in plant adaptation to water limitation, yet the extent to which drought tolerance depends on host regulation of AMF community structure remains poorly understood. Here, we investigated how common bean (Phaseolus vulgaris L.) genotypes contrasting in drought tolerance modulate AMF communities under well-watered and drought conditions. We use high-throughput ITS sequencing to test the hypothesis that drought tolerance emerges from the ability of host genotypes to structure and stabilize their associated mycorrhizal communities under stress. Drought-tolerant genotypes maintained or even increased AMF abundance, diversity, and structural stability across water regimes, whereas susceptible genotypes exhibited pronounced community reorganization. Although high dissimilarity between control and drought conditions was observed across genotypes, tolerant cultivars preserved structure and functional integrity through increase in the relative abundance of key ASVs. In contrast, susceptible genotypes experienced reductions in abundance, diversity, and specialist taxa, leading to communities dominated by rare and functionally reduced assemblages. At the plant level, AMF community stability was positively associated with root biomass, while increased community dissimilarity was negatively associated with foliar nutrient status, indicating also a coupling between mycorrhizal community structure, host nutrition, and growth. Collectively, our findings demonstrate that drought tolerance in common bean emerges, at least in part, from a cooperative host-microbiome strategy in which the host actively regulates the structure and functional stability of AMF communities under water stress. These results highlight the importance of incorporating mycorrhizal functionality and host-AMF compatibility into breeding programs aimed at developing climate-resilient crops.
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