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Abstract
Bioenergy crops, energy sorghum (Sorghum bicolor), and miscanthus (Miscanthus x giganteus) have demonstrated significant potential as viable alternatives for energy production. To fully comprehend the ecosystem benefits of these crops, quantification of carbon (C) turnover time in soil is vital. Approximately 30% of global terrestrial net primary production comes from necromass of fine roots, assuming annual turnover. In systems where aboveground biomass is harvested, most soil organic carbon (SOC) is derived from root material. Understanding the root demographics of these crops is crucial for determining the fate of total belowground carbon allocation (TBCA). However, quantifying turnover rates remains methodologically challenging and highly uncertain. This study aimed to compare and analyze root turnover of energy sorghum, maize (Zea mays), and miscanthus to track the fate of TBCA using (machine learning) ML annotations of minirhizotron imagery to estimate root turnover. Measurements were taken in 120 minirhizotron tubes in replicated (n = 5) plots of maize, energy sorghum, and miscanthus (established in 2008) at the University of Illinois Energy Farm in Urbana, IL, USA. Root images were captured using a specialized camera (BTC100x) bi-weekly in the growing season and monthly after harvest for 13 time points. The images were processed using an Inception ResNetV2 machine learning algorithm, which was trained on an independent dataset containing tens of thousands of manually annotated images. This algorithm estimates the total root length and area for each 2.6 cm2 image. Images at the first time-point were manually annotated to measure standing crop, root length, root length density (RLD), and root area using WinRHIZO TRON MF v.2022a. These manually annotated images validated the ML estimates (R2 of 0.60). The results showed that the high-frequency image analysis detected the highest turnover between 16-65 cm in sorghum and maize during the growing season. After harvesting, it showed a gradual decline in root mass. However, limited root presence in Miscanthus images under-predicted root parameters, therefore underestimating root turnover. ML annotation with the minirhizotron technique can enhance spatial and temporal resolution in ecosystem C models.
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