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INTRODUCTION

Moisture content is one of the morphological 
features of soil profile. Deficient moisture rela-
tions in soil are a factor significantly limiting the 
potential productivity of habitats of plant growth 
and development. The excess or deficit of water 
as well as optimum moisture are determined by 
climatic and hydrological relations, land relief, 
hydrogeological conditions, soil profile structure, 
and the level of cultivation technology [Mar-
cilonek 1979]. Soil moisture status depends also 
on the species and growth phase of plants, ground-
water level, and in spring also on the level of soil 
water resources. Those factors cause that in the 
territory of Poland a great variation is observed in 
the moisture status of the surface layer of soil in 
the vegetation period [Bac et al. 1998]. Hence, the 
knowledge on the values of volumetric moisture of 
soil is extremely important. The basic method used 
for its measurement is the gravimetric method, ad-
opted as a standard [Leciejewski 2009]. Initially, 
studies of soil moisture were conducted only with 
the gravimetric method, while at present more and 
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ABSTRACT
The paper presents an analysis and comparison of results of measurements of moisture 
of medium alluvial soils situated in the valley of the Oder river in the region of the bar-
rage at Brzeg Dolny. The study was conducted for two soil profiles, designated as pro-
file “A” (in the valley adjacent to the barrage) and “B” (below the barrage structure). 
The measurements were taken at monthly intervals from April till October in the years 
2010–2014, with parallel use of the gravimetric method and the TDR method. Cor-
relations of the values of volumetric moisture were determined. The correlation indi-
cates good relationship of the results obtained throughout the whole moisture range. 
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more researchers employ the use of TDR (Time 
Domain Reflectometry) method in their studies 
[Biniak-Pieróg 2008, Janik 2005, Oleszczuk et al. 
2006, Usowicz and Usowicz 2004]. The applica-
tion of the TDR technique, due to its low labour 
and time requirements, is becoming quite com-
mon [Malicki 1993, Skierucha, Wilczek 2007]. 
It should be classified as a modern measurement 
system, representing current design and develop-
ment trends and characterised by low power con-
sumption, large capacity in-built memory, and 
the possibility of control and data transfer to any 
place in the world via an internet interface. The au-
thors of that technique indicate its non-destructive 
character as its greatest advantage [Malicki 1993, 
Skierucha, Wilczek 2007]. The correctness of the 
application of the TDR method for soil moisture 
measurements requires verification by means of 
the classical gravimetric method. Such an analysis, 
concerning measurements conducted on the me-
dium alluvial soils of the valley of the Oder river, 
has been presented e.g. in a paper by Łyczko et al. 
[2000]. Those authors indicate that soil moisture 
values measured with those two methods are com-
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parable, the differences in the values obtained not 
exceeding several percentage points. The increas-
ingly popular use of the TDR method induced re-
searchers to undertake studies on the credibility 
of the method in various specific soil conditions 
[Kossowski and Usowicz 2000, Oleszczuk et al. 
1998]. The aim of a study by Pęczkowski et al. 
[2007] was to compare the results of moisture 
measurements conducted with the TDR method 
and the gravimetric method on soils of mountain 
regions with a high content of skeleton particles. 
In all of the analysed cases a high consistency of 
the results obtained was observed. 

MATERIAL AND METHOD

The construction of the final barrage on the 
Oder river, at the locality of Brzeg Dolny, caused 
the division of the valley into two zones with dif-
ferent effects of water levels in the river on the 
water relations in the adjacent areas. The part of 
the valley situated above the barrage is addition-
ally supplied with water infiltrating from the res-
ervoir. In this area river Odra assumes an infiltra-
tion character. Below the damming structure the 
situation is different, as lands situated there are 
under a draining effect of the river [Olszewska 
1998, Pływaczyk 1997].

The measurements were taken at monthly in-
tervals from April till October in the years 2010 – 
2014, with parallel use of the gravimetric method 
and the TDR method. For the purposes of this 

paper data from moisture measurements of soils 
sampled by means of a soil drill, in three repli-
cations, from the layers of 0-10 cm, 20-30 cm, 
40-50 cm, 65-75 cm were selected. After drilling 
to the required depth, measurements were taken 
with a probe, in two replications, by placing it 
in the soil layer analysed. The location of the re-
search object is presented in Figure 1. 

The measurements of soil moisture were made 
for two soil profiles. Profile A is located in the 
area adjacent to the barrage, where the groundwa-
ter table is situated at an average level of about 1 
m below the ground level. The profile designated 
as B is situated in the valley below the barrage 
at Brzeg Dolny, where the average depth of the 
groundwater table is about 3.5 m below ground 
level. The soil pits are separated from each other 
by a distance of ca. 5 km, and during the period of 
the study they were used as arable soils.

Geological studies revealed that the area un-
der analysis is covered with quaternary and ter-
tiary formations. The surface layer of the valley 
is made up of formations with low permeability 
and depth of, locally, up to 2.0 m, overlying for-
mations with good permeability and thickness 
of up to several dozen meters. Such a geologi-
cal structure creates good conditions for water 
filtration from the Oder river to the valley and the 
other way round. Approximately 85% of the area 
of the valley is occupied by alluvial soils formed 
primarily from medium and heavy loams, the re-
maining 15% being accounted for by podzolic, 
brown and organogenic soils [Pływaczyk 1997].

Figure 1. Situation map of the research object
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RESULTS

Based on the data presented in the paper by 
Olszewska [1998], a comparison of results of 
analyses of particle size distribution, physical 
properties and variation of porosity was per-
formed for the soil profiles under discussion. 
The results indicate that in both soil pits medium 
loams lie to the depth of 50 cm, with light loams 
beneath them to the depth of 75 cm. The bulk 
density of the soils analysed varies from 1.43 to 
1.84 g·cm-3, and the specific density from 2.50 to 
2.66 g·cm-3. Total porosity in the particular lay-
ers assumes values from 30.6 to 46.4%. The soils 
in both pits are characterised by similar physical-
hydraulic properties, and their land use type and 
supply with precipitation waters are identical. 
The factor that differentiates the soil profiles is 
the depth of the groundwater table. 

The first stage of the study was the verifica-
tion, tabulation and comparison of results of val-
ues of volumetric moisture obtained with the two 
methods for both profiles. The characteristic val-
ues were calculated (minimum, maximum, mean 
value, median) as well as the classical statistical 
measures [Łomnicki 2007]. The results of the cal-
culations are presented in Table 1. 

For soil profile B (valley area below the bar-
rage) the minimum values, the mean values and 
the median are lower relative to the values for pro-
file A (the differences vary from 3.04 percentage 
points to 5.90 for the minimum value). Whereas, 
the maximum values for the two soil profiles are 
at a similar level. For all of the characteristic 
values the results obtained with the gravimetric 
method are higher by an average of 5.17 percent-
age points than the results obtained by means of 
TDR probes. The analysis of range indicates that 
in profile B a bigger spectrum of measured mois-
ture values is observed than in profile A. Lower 

values of standard deviation in profile A indi-
cate that the observations are more concentrated 
around the mean value than those obtained for 
profile B. For moisture values measured with the 
two methods the values of range and of standard 
deviation are comparable for both soil profiles. 
As opposed to standard deviation which defines 
the absolute variation of a feature, the coefficient 
of variation is a relative measure, depends on the 
value of arithmetic mean [Łomnicki 2007]. The 
coefficients of variation calculated for profiles A 
and B show that in the case of profile B a greater 
variation of data is noted than in profile A. The 
coefficients of variation for the two methods un-
der comparison show a notably greater variation 
of the data in the case of TDR probes (difference 
between coefficient of variation are from 1.23% 
for profile A and 8.09% for profile B). 

Figures 2–4 present the correlations between 
volumetric moisture values obtained with the 
gravimetric method and with the use of TDR 
probes, and the equations of regression (where: 
x – moisture determined with the gravimetric 
method, y – moisture determined with the TDR 
method) and the coefficient of determination (R2).

On the basis of the coefficients of determina-
tion obtained for both profiles the coefficients of 
correlation were calculated and the character of 
the relation was determined [Byczkowski 1979]. 
Table 2 presents the coefficients of determina-
tion and correlation obtained, and the interpre-
tation of the character of the relationship. The 
value of the coefficient of correlation at the level 
of 0.8 obtained in the comparison of all the data 
indicates a strong relation between the results of 
measurements made with the use of the gravi-
metric method and the TDR method. Taking into 
account only the data for profile A, the calculat-
ed value of the coefficient of correlation is 0.7, 
which means a relationship between weak and 

Table 1. Characteristic values and selected classical statistical measures

Specification
All data Profile A Profile B

GRV TDR GRV TDR GRV TDR

Minimum value 6.63 3.20 9.67 9.10 6.63 3.20

Maximum value 44.00 36.85 41.00 34.20 44.00 36.85

Mean value 24.13 18.69 26.94 21.52 21.78 16.31

Median 23.89 18.70 26.71 20.78 21.00 15.00

Standard deviation 8.06 7.23 6.64 5.56 8.41 7.62

Variance 64.89 52.22 44.03 30.96 70.69 58.01

Range 37.37 33.65 31.33 25.10 37.37 33.65

Coefficient of variation 33.38 38.67 24.63 25.86 38.59 46.69
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Figure 2. Comparison of results of volumetric moisture measurement with TDR method 
and gravimetric method (GRV) for two soil profiles

Figure 3. Comparison of results of volumetric moisture measurement with TDR method 
and gravimetric method (GRV) for profile A

Figure 4. Comparison of results of volumetric moisture measurement with TDR method 
and gravimetric method (GRV) for profile B
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strong. The coefficient of correlation for data 
from profile B has the value of 0.9, indicating 
correlation of the relationship between strong 
and very strong. 

CONCLUSIONS

1. Volumetric moisture values obtained with the 
gravimetric method are higher than those ob-
tained by means of TDR probes.

2. A higher level of correlation was obtained for 
profile B, situated in the valley below the bar-
rage in Brzeg Dolny, where lower values of 
volumetric moisture are observed compared to 
the values for profile A.

3. The analysis and comparison of the measure-
ment results obtained indicate that the values 
of volumetric moisture acquired with the two 
methods under analysis are comparable. 
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Table 2. Correlation levels and their interpretation

Specification All data Profile A Profile B

Coefficient of determination 0.72 0.47 0.81

Coefficient of correlation 0.8 0.7 0.9

Character of relationship strong weak/strong strong/very strong


