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The mechanical properties of soil, such as shear strength and penetration resistance, play
a crucial role in enhancing agricultural production and soil resource management. The
aim of this research was to generate digital maps of soil shear strength and penetration
resistance using Gradient Boosted Decision Trees (XGBoost), Random Forest (RF), and
k-Nearest Neighbors (k-NN) models in the Kielaneh watershed, located in Kurdistan
Province, covering an area of 12,000 hectares. Penetration resistance and shear strength
were measured using handheld penetrometers and vane shear devices at 150 observation
points in the topsoil layer (0 to 10 cm). Spectral data and auxiliary variables extracted
from the digital elevation model and Sentinel-2 satellite images, including CHND, VD,
RSP, CHNBL, Brightness, WE, NDVI, Band 12, Greenness, and PLC, were utilized.
Additionally, soil properties such as organic matter, lime content, bulk density, the
geometric mean diameter of soil aggregates, soil texture components (percentages of
clay, sand, and silt), and near-infrared soil spectroscopy data (LT) were incorporated as
indicators of soil-forming factors to estimate soil shear strength and penetration
resistance. The results showed that the XGBoost model outperformed the other models
in predicting soil shear strength in the surface layer, achieving an R? of 0.61 and an
nRMSE of 0.16. Similarly, it demonstrated the highest accuracy for predicting soil
penetration resistance in the surface layer, with an R? of 0.60 and an nRMSE of 0.11.
Overall, the XGBoost model, utilizing spectral data along with topographic variables and
soil parameters, effectively estimated the spatial variability of soil mechanical properties
with acceptable accuracy in the study area. The maps generated in this research can serve
as practical templates for developing soil management strategies in national soil science
studies.
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