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Soil studies are critical for sustainable agriculture, environmental conservation, and land-use planning. The
integration of unmanned aerial vehicles (UAVs) into soil science has revolutionized data collection, mapping,
and analysis methods. This technology provides high-resolution topographic data, multispectral imagery, and
three-dimensional terrain models, enabling precise digital soil mapping even with limited historical data. This
research investigates the impact of UAVs on reducing costs and enhancing the accuracy of soil studies across
five arid and semi-arid regions in Iran. Results demonstrate that UAVs increase sampling efficiency, reduce
fieldwork time by up to 40%, and improve prediction accuracy by 17-25% in complex terrains using machine
learning models such as random forest (RF). Although initial investments in hardware, software, and training
may diminish short-term savings, the long-term benefits including reduced labor costs, higher data accuracy,
and scalable monitoring justify its adoption. Future developments should focus on cost-effective workflows and
integration with environmental monitoring systems to maximize the role of UAVs in sustainable land
management.

Keywords: Digital soil mapping, sustainable land management, limited soil data



