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Soil pollution monitoring sensors in agriculture: principles, applications and future prospects
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Abstract

Soil, as the main substrate for food and environmental security, is increasingly exposed to contamination by
heavy metals, pesticides, petroleum hydrocarbons, and chemical fertilizers. Continuous and accurate
monitoring of these pollutants is essential to maintain the health of soil, crops, and ultimately humans.
Traditional laboratory-based methods, although accurate, are often costly, time-consuming, and lack real-time
monitoring capabilities. The emergence and development of sensor technology has revolutionized soil pollution
monitoring. This review article reviews the working principles, types, and applications of sensors used in
agricultural soil pollution monitoring. Electrochemical, optical, biological (biosensors), and hybrid sensors are
discussed as the most widely used types of sensors. The challenges of advancing this technology, including
issues related to calibration in complex soil environments, scalability, and cost, as well as future prospects such
as integration with artificial intelligence (Al) and wireless sensor networks (WSN), are also reviewed. Finally,
it is concluded that sensors have the potential to become the backbone of sustainable soil management systems
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and precision agriculture by providing real-time, high-resolution data. Keywords: Soil pollution, sensor,
precision agriculture, heavy metals, pesticides, biosensor.

Keywords: soil contamination, sensor, precision agriculture, heavy metals, biosensor.



