Improved Root Characteristics are the Key to the Drought Tolerance Response of Water Spender and Water Saver Peanut Cultivars
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Peanuts are a vital cash crop in semi-arid tropics of the world. In the U.S., most of the peanuts are cultivated in Southeastern regions that are more prone to drought stress because of sandy soils and high temperatures. Although peanuts can tolerate early season drought, they become vulnerable during the reproductive stages. Sustainable peanut production needs drought-resistant cultivars that maintain good yields under water limited conditions. In previous studies researchers identified cultivars that have the capacity to maintain higher stomatal conductance even under drought conditions whereas others maintained lower stomatal conductance and produced similar yield due to higher effect use or efficient use of water at leaf levels. But it is unclear whether this different water use behavior is driven by the leaf response or the entire canopy. In addition, it is not clear how water spender cultivars are able to obtain more water than water saver cultivars. for this reason, the objectives of this research were two, (1): whether water savers and spenders are only different at leaf or canopy level also interfering with different water use behaviors and (2): whether water spenders get more water due to more developed or complex roots. To answer these questions field trials were conducted in the rainout shelter facility at National Peanut Research Lab, Dawson, Georgia during 2024 and 2025 with four cultivars showing different drought tolerance mechanisms (i.e. water savers (AU16-28 and Line 8) or water spenders (AU-NPL-17 and PI 502120) along with one drought sensitive (PI 390428). Plants were subjected to drought stress during pod filling stage for 5 weeks. Leaf level gas exchange responses of main and lateral stems were measured weekly using Licor-6800 during the stress period. Root parameters were recorded using shovelomics and minirhizotrons at the end of drought. Water Spender genotype AU-NPL-17 showed a 47% higher stomatal conductance compared with water saver AU16-28. However, the cultivars response at position level (canopy) was not significantly different and lateral leaves showed lower photosynthesis and stomatal conductance than main stem leaves in all cultivars. The higher stomatal conductance in water spender cultivars was associated with better rooting characteristics such as root volume, surface area, total root length and root tips that were significantly higher in AU-NPL-17 compared with AU-1628. Cumulatively, water spender cultivars had 54% higher root volumes compared with water-savers cultivars. Integrating root, leaf, and canopy responses provides a comprehensive understanding of drought adaptation strategies in peanut cultivars, revealing how coordinated physiological and root structural traits contribute to improved water-use efficiency and identifying key targets for breeding and management interventions.
