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1. Introduction – Soil moisture influences geomorphological, atmospheric, hydrological, and agricultural 

biological processes, and intersects multiple areas of scientific research. Moreover, soil moisture 

measurements play an essential role in sustainable development since they allow elucidating information 

about the synergistic relationship between the processes involved in agricultural production [1]. One of 

the factors that influence the correct use of water resources for irrigation is the correct characterization of 

soil hydraulic conductivity properties [2]. Therefore, planning and allocation of water resources requires 

accurate knowledge of soil hydraulic conductivity properties. Electromagnetic soil humidity sensors (i. e. 

capacitive, Time Domain Reflectometry (TDR)) allow rapid on-site qualification; however, they produce 

a point-wise or volume-wise which may be insufficient to correctly characterize soils. Here, the authors 

present the development and test of an IoT Electronic Wetting Front Detector for measuring the dynamics 

of water propagation in soils, dividing the soils depth in discrete regions.  

 

2. Experimental  – The core of the wetting front instrumentation system developed for this application, 

consists of a multichannel soil impedance analyser. The instrument is fitted with a linear array of 16 

plate-type electrodes and a set of 8 temperature transducers. The WFD instrument is inserted into the soil 

sample and the electrode array is used for measuring the soil impedance changes as irrigation water is 

applied to the soil sample. The instrument is operated by a low-power microcontroller which samples, 

records and calculates the soil impedance information. The water content is calculated from impedance 

and temperature measurements using a Backpropagation Neural Network. Data can then be transferred to 

a host (Single Board Computer: SBC) via Bluetooth for data persistence and further processing. The IoT 

approach to sensor development allows obtaining a model of the soil conductivity properties in real-time, 

by using system identification procedures in the time domain. The edge computing platform calculates a 

2nd or 3rd order models of the soil conductivity properties at different depths. The system was tested using 

sandy and clay-type soils using a test lysimeter. 

 

3. Results and Discussion. Detailed, quantitative information is obtained from electrical impedance data 

that correlates correctly with the soil water content, verified by TDR and gravimetric measurements. 2nd 

and 3rd order models were obtained for each sample and measurement depth. The models approximate 

better that 90% for each segment measurement segment.  

 

4. Conclusions – Soils are dynamic systems that require constant monitoring to predict and adjust the use 

of irrigation water to reduce waste and runoff of pollutants, as well as favour aquifer replenishment. The 

IoT wetting front measurement instrumentation developed, allows continuous monitoring of soil 

properties, and adjusts the soil hydraulic conductivity models as the soil properties change. The results 

have important implications for irrigation control, to optimize water resources management, coherent 

with current needs for sustainable development.   
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