Automated Estimation of Tomato Spotted Wilt Virus Incidence in Breeding Trials Using Ground-Based RGB Imaging and Deep Learning
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Tomato spotted wilt virus (TSWV) is a major constraint to peanut production in the southeastern United States, with estimated losses reaching 7% annually. Early-season infections are particularly damaging, disrupting plant establishment and pod development at critical stages of crop growth. However, conventional visual ratings are typically conducted at later growth stages, limiting the ability to capture early or subtle symptoms that are essential for selecting resistant breeding lines. Existing high-throughput phenotyping (HTP) approaches have been validated primarily at or after canopy closure, when disease pressure is already visually apparent, leaving a critical gap in the early season when TSWV has the greatest agronomic impact. To address this limitation, we developed an end-to-end automated pipeline for HTP of TSWV incidence in peanut breeding trials, spanning the entire workflow from data collection to plot-level disease estimation. High-resolution proximal RGB imagery was acquired using a ground-based robotic platform across multiple locations under natural infection conditions. The pipeline generated spatially consistent plot-level mosaics, which were subsequently divided into segments matching the sampling scheme used in standard visual ratings. Convolutional neural networks (CNN) were then applied to predict symptom presence within each segment. Disease estimates were evaluated against visual ratings collected at approximately 70 and 120 days after planting and against UAV-based observations from the same trials. This approach enables repeatable, high-throughput estimation of TSWV incidence at the plot level and has the potential to capture disease signals earlier in the season, supporting more effective selection of resistant lines in peanut breeding programs.
