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Abstract The article presents the possibilities of using time-domain 

reflectometry (TDR) to determine the temperature and moisture content of 

mineral soil. The TDR method is based on measuring the time of an 

electromagnetic impulse’s flow between the source and the obstacle. The 

reflected signal contains information about the dielectric properties of the 

tested material, allowing to determine the qualitative and quantitative 

properties of the material. The tests in question were carried out using a 

mobile reflectometric device as an electronic temperature and humidity 

meter. On the basis of the obtained results, the usefulness of reflectometric 

methods in the study of the temperature and moisture content of mineral 

soil was determined.  

1 Introduction  

Knowledge of soil temperature and the content and distribution of water in the root zone 

of plants is of paramount importance for soil-related disciplines, such as soil science, 

agriculture, forestry and hydrology. In recent years [31], domain-time reflectometry (TDR) 

has become a popular method of rapid and non-destructive measurement of apparent soil 

dielectric permittivity, which is associated with soil water volume content, temperature and 

electrical conductivity [1-5, 28-30]. Currently, advanced TDR devices are used to measure 

the water level in Mariotte tubes [6], to estimate the water potential in soil [7] or 

conductivity of a soil water solution [8].  

Due to the problem of changes in soil sample moisture in transport, research on the use 

of electrical and electro-magnetic properties of soil for testing temperature and current 

humidity has been ongoing for many years [9-14]. 

Time-domain reflectometry is an electro-magnetic measuring technique used to 

determine the electrical conductivity of materials - dielectric and spectroscopic properties 

of materials [15-18]; qualitative and quantitative control of liquids [19-21]; examinations of 
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vegetable oils [22-24]; cable fault detection [23-26]; and measurement of soil moisture [25-

27]. The method uses special bipolar probes, which measure the time of an electrical 

impulse flow between the electrodes of the probe in a water solution. The probe consists of 

two electrically connected waveguides, concentric and parallel (formed by two parallel 

metal rods). An initial pin impulse of voltage with a fixed rise and fall time runs from the 

generator towards the sensor. The recorder records its course when the impulse passes the 

divider. The measurement results are recorded as a waveform, demonstrating the 

relationship between the time of the electrical pulse flow and the length and distance of the 

electrodes in the probe (Fig. 1). Based on the above, the bulk electrical permittivity is 

determined [8,12,15]. 

 

Fig. 1. TDR measurement method scheme. 

2 The aim of the work 

The aim of this paper is to validate the use of the time-domain reflectometry (TDR) 

method to measure soil temperature and humidity, and to explain the limits of TDR method 

for long-term moisture and temperature measurements in field conditions. 

3 Material and methods  

The research presented in this article was carried out in an experimental field of the 

University of Agriculture in Krakow. The soil used for the study is brown soil produced 

from Jurassic limestone. Three TDR probes were placed in an experimental field at a depth 

of 0.3 m. The probes were pre-conditioned in a thermostat, in a 0.1n KCl solution and 

30°C. Readings from the installed probes were taken every 24 hours for 30 days in June 

2018. Eight respective control temperature measurements were carried out using a 

calibrated thermometer, and moisture was determined using the gravimetric method 

according to PN-Z-15008/02: 1993, with a Memmert UN55 dryer and Radwag AS.310 

analytical scales. For the statistical evaluation of the results, the procedure for estimating 

measurement uncertainty applied in the Laboratory of Physico-Chemical and 

Microbiological Waste Analysis of the University of Agriculture in Krakow was used.  

4 Results  
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The results of the measurements are presented in Fig. 2. Humidity measurements 

conducted using TDR probes and the gravimetric method demonstrate similar behavior. 

When analyzing humidity variation over time, both methods recorded its variability, but in 

the case of the TDR method, the variation is clearly non-linear. The differences between the 

methods can be partly explained by the periodic occurrence of air around the probes. The 

gravimetric method allows a very accurate moisture determination, while TDR determines 

local moisture in the so-called effective volume around the sensor. This phenomenon is the 

reason for undervaluation of the measurement results obtained with the TDR method. The 

standard error of TDR measurements was 0.4%, with a standard deviation of 0.17% for the 

95% confidence level and the coefficient k = 2. Upon measuring the surface humidity of the 

material, the TDR method shows no moisture accumulated in the soil's molecular structure, 

which is the source of the error in the presented measurements. 

Fig. 2. Results of humidity measurements using the TDR and gravimetric methods. 

The temperature measurements carried out using TDR probes and a calibrated 

thermometer demonstrate identical behavior (Fig. 3). Upon analyzing temperature 

variability over time, both methods recorded its decrease, falling within the allowable error 

for both methods. The differences resulting between methods can be partly explained by the 

different length of the measuring electrode and by the fact that the measurements were 

taken at points 5 cm apart. The standard error of temperature measurements carried out 

using TDR probes was 0.1% with a standard deviation of 0.17% for a 95% confidence level 

and a coefficient of k = 2. 
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Fig. 3. Results of temperature measurements using the TDR method and a calibrated thermometer. 

5 Summary  

The article presents long-term soil moisture and temperature 

measurements using the TDR method and gravimetric analysis. During the 

tests, the proposed measurement techniques showed no signs of unreliability 

or technical problems. In the proposed field scale, both methods of testing 

humidity and temperature show a significant similarity of the obtained 

results. The use of the TDR also allowed not to destroy the test field, in 

contrast to the gravimetric method, which used a total of 10 kg of soil. 
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