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Mitigating salinity for improved watershed management and crop production
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Abstract. This study explores the impacts of on-farm irrigation water desalination on the environment and agricultural sustainability in a semi-arid watershed. The purpose is to assess how varying desalination intensities affect hydrology, soil and water quality, and crop yield. We apply a comprehensive modeling approach using the SWAT-MODFLOW-Salt coupled surface-subsurface flow and salt reactive transport model to the Lower Arkansas River Basin. We found that increased desalination intensity reduces surface runoff and increases evapotranspiration rates. Notably, desalination significantly reduces salt ion concentrations in soil (up to 56%), which could positively impact soil health and plant productivity. In-stream salt ion concentrations also decrease, with up to 16% reductions seen for some salt ions. More intensive desalination efforts yielded greater reductions in Total Dissolved Solids (TDS) concentrations in groundwater highlighting improvements in groundwater quality. Crop yield analyses show increases in crop yield with increasing desalination intensity. Alfalfa is seen as the most responsive crop, showing a remarkable 18% increase in yield with 100% salt ion removal from irrigation water. These findings have implications for food security and agricultural sustainability, particularly in semi-arid and arid regions facing water scarcity and salinity issues. For future research, socio-economic analysis is needed to evaluate the economic viability and societal implications of desalination in agriculture, providing a holistic understanding of its potential benefits. This study contributes valuable insights into the impacts of desalination on agriculture and the environment, underscoring its potential as a sustainable water resource management strategy.
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