Drought Adaptation in Peanut: Linking Physiological Traits, Root System Architecture and Yield Variation in a Water-Saver × Water-Spender RIL Population
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Drought stress is a major limitation to peanut productivity worldwide, necessitating identification of adaptive traits that confer drought tolerance. Recently, our research group identified peanut cultivars with high water-use efficiency (WUE, water-saver: AU16-28) and efficient use of water (EUW, water-spender: AU-NPL 17). However, the genomic and physiological mechanisms behind these traits are still unknown. This study aimed to elucidate the relationships between root system architecture, physiological responses, and yield performance among peanut genotypes in a bi-parental population of 199 F7 RILs, derived from AU16-28 and AU-NPL 17 crosses before performing QTL analysis. Field experiments were conducted at EVS Research and Extension Center at Shorter, Alabama under rainfed and irrigated conditions; and at the National Peanut Lab at Dawson, Georgia, under rainfed conditions to phenotype the RILs population and parental lines. Net photosynthetic rate (A), stomatal conductance (gsw), intrinsic water-use efficiency (WUEi), and stomatal limitation (ls) were evaluated at 50-60 and 90-100 days after planting (DAP), while root characteristics were evaluated at 50-60 DAP and pod yield at harvest. Results show significant correlations between A, gsw, WUEi, and ls in all three environments. Cultivars like RIL 60, 88, and 134 ranked in the top 5% of cultivars with higher gsw-mean in at least two environments. The water-spender line consistently outperformed the water-saver one and the population mean in root characteristics. However, the water spender line showed lower yield than the water saver lines in the rainfed environment in EVS. These findings enhance our understanding of the complex physiological relationships between these traits and provide valuable insights into developing drought-resilient cultivars with improved productivity and optimized water use. In the future, genomic QTL analysis will be performed in the population to find the genomic regions responsible for water spender and water saver traits. 

