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Measurement of soil water content is fundamental to many 
investigations in agriculture, horticulture, ecology, forestry, 
hydrology, civil engineering, waste management and 
other environmental fields. Water present within soil pores 
is called soil water content which is accepted as reference 
to the water that may be evaporated from soil by heating 
from 100 up to 110 °C, but usually to 105 °C, until there is 
no further weight loss. This is the basis of the gravimetric 
method which is the oldest established and the only truly 
direct method of water content determination which 
requires samples for oven drying. It is the standard reference 
against which other techniques are normally calibrated. 
The other techniques rely on measurement of another soil 
property which is dependent on soil moisture (Smith and 
Mullins, 2001). 

According to Smith and Mullins (2001), the development 
of dielectric methods since 1980 has introduced 
opportunities for rapid collection of soil water content data at 
short time intervals and permitted automation and logging 
of measurements. The ability to log soil water content 
automatically has opened ways of soil water monitoring 
and soil hydrological research that had previously been 
impossible. The most common dielectric method used is 
time domain reflectometry (TDR). TDR is nowadays a well-
established technique to measure volumetric water content 
using the frequency in the range from 10 MHz to 12 GHz. 

For saline soils, in certain cases the imaginary part of 
the dielectric constant can also affect the TDR reading. 
When the electrical conductivity (EC) of pore water is 

higher than 8–10 dS.m-1, the TDR overestimates volumetric 
water content. There are conflicting results regarding the 
effect of the EC on volumetric water content. TDR values in 
some cases could be bias free, sometimes underestimated, 
sometimes overestimated, and sometimes both of 
them under- and overestimated relative to gravimetric 
method determination. The influence of high EC on TDR 
measurements seems to be soil specific (Nadler, Gamliel 
and Peretz, 1999; Bouksila et al., 2008). Also Wyseure, Mojid 
and Malik (1997) stated that electrical conductivity of 
a  saline soil influences the measurement of the soil water 
content by TDR. Further, they stated that if the bulk electrical 
conductivity is kept less than 2 dS.m-1, the overestimation 
stays within reasonable limits and can be disregarded. The 
study of Hook, Ferré and Livingston (2004) is focused on 
determination of the performance limits of TDR probes for 
measuring water content in high EC sands. Time domain 
measurement shows that there is an increase in the travel 
time of a pulse with increasing pore water salinity and that 
the variability of travel time measurements also increases 
with the pore water EC. According to Bonnell, Broughton 
and Enright (1991), the TDR technique can be used to 
ascertain absolute solution salinity levels, but only relative 
levels of bulk soil electrical conductivity are possible to be 
determined.

The main aim of the presented paper was to perform 
measurements of volumetric soil water content for four 
experimental variants (B0+N0, B20+N0, B20+N160 and 
B20+N240) in the field experiment at Dolná Malanta 
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(Slovakia). Soil water content was determined from the 
collected undisturbed soil samples by gravimetric method 
as well as by the TDR method. Another goal was to perform 
a calibration on a particular device we used for water content 
measurements in the field.

Field site
Several variants of the field experiment at the locality Dolná 
Malanta in Nitra region of Slovakia with different doses of 
biochar and N fertilisers to examine the effect of biochar 
application on greenhouse gas emissions (Horák et al., 
2017), soil water regime (Igaz, Horák and Domanová, 2015) 
other soil properties (Igaz et al., 2018; Juriga et al., 2018) 
and crop yields (Kondrlová et al., 2017; Kondrlová, Horák 
and Igaz, 2018) were established in the experimental area in 
March 2014. Biochar for this field experiment was produced 
from the mixture of paper fibre and cereal husks by pyrolysis 
at 550 °C for 30 min and applied into the top layer of soil 
(0–10  cm). According to Igaz et al. (2018) the altitude of 
the site is 175 m, the soil is classified as Haplic Luvisol and 
the topsoil contains 249 g.kg-1 of clay, 599 g.kg-1 of silt and 
152 g.kg-1 of sand, giving it a silt loam texture. The area of 
interest was used for agricultural production and research 
purposes and the whole site was sown by maize (Zea mays 
L.) during the sampling in 2017.

Soil sampling and subsequent analyses
We executed soil sampling on four variants in the 
experiment: control variant without biochar and N fertilizer 
(B0+N0), variant with biochar at dose 20 t.ha-1 without N 
fertilizer (B20+N0), variant with biochar at dose 20 t.ha-1 and 
N fertilizer at dose 160 kg.ha-1 (B20+N160) and variant with 
biochar at dose 20 t.ha-1 and N fertilizer at dose 240 kg.ha-1 
(B20+N240). Undisturbed soil samples (100 cm3) were taken 
from desired depths at 3 randomly selected locations at 
plots representing each of 4 variants for determination of 
selected soil characteristic – in our case it was volumetric 

water content (VWC). The soil samples were kept in airtight 
sealed containers to prevent losses of moisture prior 
measurement in laboratory. The soil samples were weighed 
and dried in an oven at 105 °C. After removing from oven 
and slow cooling to room temperature, the dry soil samples 
were weighed again. Soil sampling was conducted once per 
week during two month period (April and May 2017) and 
once a month during the rest of the vegetation period of 
maize (June to October 2017).

VWC (%) in the soil was calculated by a specific formula 
(Antal and Igaz, 2012):

  (1)

where:
Vw –  the volume of soil water (cm3)
Vt –  the volume of soil sample (cm3)
m1 –  the weight of wet soil (g)
m2 –  the weight of dry soil (g)
ρw –  the soil water density (g.cm-3)

Equipment and instrumentation
At the same time, volumetric soil water content 
measurements were performed by HydroSense II probe 
(model CS659) (Campbell Scientific, Inc.®) using the TDR 
principle of measurement. This is an indirect method of VWC 
measurement based on the travel time of a high frequency 
electromagnetic pulse (MHz, GHz) through the soil. This travel 
time is used to calculate the dielectric constant of the material. 
The TDR probes are inserted directly into the soil for in situ 
measurement at the desired soil depths. The probe is an easy-
to-use portable device for measuring VWC in agricultural 
soils. The calibration coefficients fixed in the HS2 sensor were 
determined in laboratory studies on typical soils. Its accuracy 
is ±3% VWC in typical soils with solution EC  ≤6.5  dS.m-1. 
When measuring atypical soils, user determined coefficients 
can often be applied. A  soil specific calibration can be 
performed using an independent measure of water content 
such as gravimetric analysis (HS2, 2019).

Material and methods

Figure 1 Field site location and photo of the experimental area
Photo: Tárník, 2014
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TDR calibration
Indirect methods usually require 
calibration for more accurate 
measurements in the particular 
investigated soil. The probe was 
calibrated using linear dependence 
relationship between standard 
gravimetric and TDR method. That 
means that there was a linear equation 
for a  given dependence, and when 
calibrating the instrument, the values 
measured by the instrument were 
substituted as a parameter x in the 
equation y = ax + b. The graphical 
trend of the calibration equations for 
variants B0+N0, B20+N0, B20+N160 
and B20+N240 is shown in Fig. 2.

Effect of N fertilizer on TDR 
measurement

The graphical course of soil water 
content measured by both methods 
(for the TDR method both before and 
after instrument calibration) during 
the whole growing season of the 
crop in 2017 can be observed in Fig. 3 
(variant B0+N0), in Fig. 4 (B20+N0), in 
Fig. 5 for (B20+N160) and in Fig. 6 for 
(B20+N240). As it can be seen in Fig. 3 to 
Fig. 6, at the beginning of the growing 
season (April – June), the soil water 
content was higher (25–30% vol.). 
During this period, the soil moisture 
measured by both methods had the 
same course in all four experimental 
variants. The figures further show that 
during the dry summer period (June – 
Sept), the higher nitrogen load affected 
the accuracy of the instrument when 
compared to the standard gravimetric 
method. The instrument readings were 
much lower at the B20+N160 and 
B20+N240 variants. In the following 
period (Sept – Oct), the soil moisture 
increased due to the higher rainfall, 
and it again had approximately the 
same course for both methods.

Prior to the probe calibration, the 
measured volumetric water content 
differed in the range of 0 up to 5% when 
compared to the gravimetric method. 
This difference was modified after the 
specific calibration to range 0–2%. For 
non-fertilized treatments the observed 
differences in water content might 
have been caused by the TDR device 
measurement accuracy. However, 
the differences between the TDR and 

Results and discussion

Figure 2 Graphical trend of calibration equations for treatments B0+N0, B20+N0, 
B20+N160 a B20+N240

 

Figure 3 Graphical course of VWC for B0+N0

 

Figure 4 Graphical course of VWC for B20+N0

 

the gravimetric measurements were 
higher for fertilized treatments.

Depending on the soil 
characteristics at the specific site, the 
electrical conductivity values may 
be affected by the salt content in the 

soil, soil texture and soil moisture. One 
of the disadvantages of TDR devices 
is their inaccurate measurement in 
soils with higher salinity. We assume 
that N fertilization could increase the 
salt concentration in the soil and thus 

y = 0.8245x + 3.9869
R2 = 0.9727

y = 0.8374x + 3.8489
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its electrical conductivity. Several 
authors, including Jingpei et al. (2015) 
have investigated the impact of 
N  fertilizers on increasing soil salinity. 
In their particular study, nitrogen 
was applied at high doses of 600 and 
1,200 kg.ha-1. The authors state that 
salinity had increased significantly after 
N input. The increase in soil salinity was 
attributed to the nitrification of excess 
N fertilizer. Similarly, Bryla, Shireman 
and Machado (2010) pointed out 
that the application of granular N 
fertilizer may increase the electrical 
conductivity of the soil solution.

Conclusions
In this paper we focused on the 
measurement of soil volumetric water 
content by the gravimetric method and 
the TDR method in the field experiment 
in Dolná Malanta. Soil water content 
was measured in four experimental 
variants B0+N0, B20+N0, B20+N160 
and B20+N240. We have found that 
in the variants with added nitrogen 
fertilizer (B20+N160 and B20+N240) 
the accuracy of measurement by the 
HydroSense II operating on the TDR 
method was lower when compared 
to the gravimetric method. According 
to Jingpei et al. (2015) and Bryla, 
Shireman and Machado (2010) N 
fertilization can increase soil salinity. 
We therefore assume that also in our 

case the measurement inaccuracy 
may be caused by increased salt 
concentration in the soil. To increase 
the measurement accuracy by the 
used device, we performed a specific 
calibration on a particular soil and thus 
adjusted the soil water content.
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