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Peanut (Arachis hypogaea L.) is a globally important crop whose productivity is increasingly constrained by high temperature stress. This study integrated complementary photosynthetic thermotolerance techniques to evaluate heat resilience among 25 peanut genotypes, including 18 wild-derived lines and 7 cultivated varieties, and to identify key physiological traits underlying recovery. Plants were grown under controlled growth-chamber conditions and exposed to a 7-day heat episode (35/22 °C, day/night), followed by a recovery phase under optimal temperature. Gas-exchange and chlorophyll a fluorescence were measured before stress, at the end of stress, and after recovery to capture dynamic responses in photosynthetic efficiency, stomatal conductance (gsw), and net assimilation (AN). A Bayesian hierarchical model estimated the temperature causing a 15% decline (T15) in photosynthetic traits and classified genotypic performance through an automated Peanut-ThermoTool ranking system. The analysis revealed substantial genotypic variation in thermotolerance. Genotypes, such as ValSten1 and IpaCor1, showed superior recovery of AN and gsw and achieved the highest biomass, whereas MagSten3 and GA-06G were more heat-sensitive and failed to recover photosystem II (PSII) efficiency (φPo, φEo). Principal component analysis further identified chlorophyll fluorescence traits during stress and recovery, together with gsw under heat, as the strongest predictors of overall thermotolerance. These findings highlight the physiological coordination between PSII stability, gas exchange and biomass performance to provide a robust framework for rapid phenotyping and selection of heat-resilient peanut germplasm under climate-change conditions.
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