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Abstract

Soil degradation poses a serious threat to agricultural productivity, ecosystem stability, and long-term food
security, particularly in semi-arid regions. This study proposes an integrated framework for regional-scale
assessment of soil degradation in agricultural lands. Soil samples collected from 393 croplands and 199
rangelands were used to develop a Soil Health Index (SHI) based on the Minimum Data Set approach. The 90th
percentile of SHI values in rangelands was considered the reference condition representing near-natural soil
health, against which the degradation intensity of croplands was quantified. Three machine learning models-
Random Forest (RF), Artificial Neural Network (ANN), and Support Vector Machine (SVM)- were applied to
predict the spatial distribution of soil degradation. The Random Forest model showed the best performance (R?
= 0.81, RMSE = 0.064). Hotspot analysis revealed that Inceptisols were most degraded, closely linked to
declines in soil organic carbon and increases in bulk density. Vegetation indices and topographic variables were
identified as the most influential predictors. The proposed framework offers a robust tool to support targeted soil
conservation and land management strategies in vulnerable agricultural ecosystems.

Keywords: Hotspot analysis, Digital soil mapping, Soil degradation, Vegetation cover



