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Leveraging Multispectral Imagery and Machine Learning to Assess Peanut Leaf Wilting under Water Stress in Rainfed Environments
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Heat-exacerbated drought stress is increasingly common in rainfed peanut (Arachis hypogaea L.) production systems, limiting both yield and productivity. Leaf wilting is a visible indicator of plant water stress, but traditional field assessments are often time-consuming, subjective, and difficult to scale. This study aimed to integrate high-throughput phenotyping, remote sensing, and machine learning (ML) to efficiently predict leaf wilting and assess stress conditions in peanut-producing regions. Drone-based multispectral imagery was used to develop ML models for predicting leaf wilting. Data were collected from four field locations under rainfed, heat, and drought stress conditions during the 2023, 2024, and 2025 growing seasons. Three groups of predictor variables, accumulated growing degree days (AGDD), spectral bands, and vegetation indices, were used for model development. Approximately 5,400 data points were divided into training and testing sets using 70:30, 80:20, and 90:10 ratios. Four ML algorithms, K-Nearest Neighbors (KNN), Random Forest (RF), Neural Networks (NN), and Extreme Gradient Boosting (XGBoost), were evaluated. AGDD contributed significantly to model performance, explaining 23–24% of the variation. Among all models, XGBoost achieved the highest accuracy, with R² values of 0.86 (RMSE = 0.32), 0.87 (RMSE = 0.31), and 0.82 (RMSE = 0.37) across the three data splits. These results demonstrate that combining remote sensing and ML provides an accurate and scalable approach for monitoring leaf wilting and identifying stress conditions in peanut-growing regions, supporting better-informed management decisions under changing climate conditions.
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