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Abstract. Water-physical properties of soils are a set of soil properties 
that determine the accumulation, preservation and water transfer in the 
soil stratum. One of the important indicators of water-physical 
properties are soil-hydrological constants. These indicators can be used 
in forecasting yield, calculating the irrigation rate. The determination of 
soil-hydrological constants is a rather laborious process. In this article, 
we propose to obtain soil-hydrological constants from the data of the 
main hydrophysical characteristics. This technique allows to analyze the 
data and obtain soil-hydrological constants from the data of 
granulometric composition. The conducted studies have shown that the 
use of uncontrolled irrigation has led to the transformation of water-
physical properties, the content of easily mobile, productive and 
gravitational moisture has decreased. When modeling the MHC curve, a 
change in the shape on the graphs can be noted. 

1 Introduction 
The conditions of active exploitation of the land fund are one of the problems of modern 
agriculture. As a result, the quality of the soil decreases, the capabilities of 
agroecosystems are damaged, which leads to a decrease in crop productivity. At present 
time, irrigation agriculture is a very promising direction when working with land funds. 
Nevertheless, practice shows that without justification of irrigation methods and norms, 
without considering the characteristics of the soil, irrigation can lead to degradation of 
the soil cover.  Soil processes occurring on irrigated and non-irrigated soils depend on 
the type and method of use. As a rule, continued irrigation leads to a change in the 
granulometric composition. In particular, there is a destruction of larger fractions and 
their transition to smaller fractions. As a result, there is an increase in the content of 
fractions of physical clay, silt and fine dust and a decrease in the fraction of fine sand 
and coarse dust. The accumulation of the silty fraction affects the formation of the 
plough sole [1-4].  
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To eliminate the causes that arise during irrigation development, both theoretical and 
experimental justification of methods for the development of agro-reclamation measures 
is necessary.  

The purpose of the study was to conduct an agroecological assessment of the water-
physical properties of irrigated soils using the main hydrophysical characteristic (MHC). 
This characteristic occupies a central place in providing mathematical models for soil 
experiments. It should be noted that there are still no general standards for obtaining 
MHC. There are many methods that allow to determine individual sections of the water 
retention curve and restore the entire curve. In our work, we propose a method of 
program modeling of the MHC using the concept of A.D. Voronin. According to it, each 
soil-hydrological constant on the curve of the main hydrophysical characteristic 
corresponds to the moisture pressure. In addition, the soil-hydrological constants are 
related to the granulometric composition by regression equations [5,6]. Since 
pedotransfer functions allow the conversion of some indicators into others, they are 
widely used to calculate the values of soil parameters. To work with such functions, a 
database is needed containing the main traditional characteristics of soils.  

2 Materials and methods 
The research was carried out on the territory of the Kurgan vegetable variety testing site 
using archival materials of the Department of Agrochemistry and Soil Science of the 
Kurgan State Agricultural Academy on leached chernozem. The research area belongs to 
the central agro-climatic region. The studied site is located within the erosion-denudation 
landscape of the Trans-Ural forest-steppe subdistrict on the erosion terrace of the 
indigenous bank of the Tobol River. The soil-forming rocks are deluvial silty sandy 
loams that overlap the eroded surface of Paleogene clays, which caused the sandy loam 
composition of the soils. A specific feature of these deposits is a rather high proportion 
of sandy loam rocks with a silty fraction content, which explains the unfavorable 
physical properties of the isolated soils [7-9].  

The object of the study was leached chernozems located in areas with different 
steepness (<1 0, 3-5 0). Field work was carried out in the summer of 2020, where 
morphological features of the structure of the soil profile were studied. During the field 
work, the main sections were laid on the most typical terrain positions. The selection of 
soil samples was carried out from the section in layers with an interval of 0-10 cm at the 
same points as in 1986. The granulometric composition, the density of the solid phase, 
the density of the soil were determined in the laboratory and the total porosity was 
calculated. Based on the results of the conducted analyses, using the software method 
developed by the authors, a graph of the main hydrophysical characteristics (MHC) of 
the studied area is constructed. According to the graph, the soil-hydrological constants of 
the studied area are determined. 

3 Results and discussions 
Figures 1-4 show the graphs obtained as a result of the construction of the main 
hydrophysical characteristics, as well as the results of calculations of the soil-
hydrological constants of the leached chernozem of the studied area for 1986 and 2020. 
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Fig. 1. Main hydrophysical characteristics 2020 section 1. 

 

Fig. 2. Main hydrophysical characteristics 2020 section 1. 
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Fig. 3. Main hydrophysical characteristics 1986 section 2. 

 
Fig. 4. Main hydrophysical characteristics 2020 section 2. 
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Fig. 3. Main hydrophysical characteristics 1986 section 2. 

 
Fig. 4. Main hydrophysical characteristics 2020 section 2. 

According to the figures, it is possible to note changes in the shape of the MHC curve 
(highlighted in red). These changes are related to the dynamics in the granulometric 
composition of the studied areas. For 34 years of agricultural use of irrigated soils, there 
was an increase in the content of fractions of physical clay, silt and fine dust. The 
content of the fraction of fine sand and coarse dust has decreased. There was a 
destruction of larger fractions and their transition to smaller fractions. In the layer of 30-
40 cm, the accumulation of the silt fraction (<0.001) was noted, which affects the 
formation of the plough sole. These changes were also reflected in the soil-hydrological 
constants. 

Based on the Voronin crosscuttings [10-13], the values of soil-hydrological constants 
for 1986 and 2020 were determined (Table No. 1).  

Table 1. The main soil-hydrological constants obtained using the  
"crosscuttings" method according to A.D. Voronin. 

Section 
No. 

MWC,% FWC,% DCM,% WM,% MG,% 

1986 2020 1986 2020 1986 2020 1986 2020 1986 2020 
section 1 27.38 32.65 17.88 20.65 16.81 21.30 9.55 9.69 6.37 6.46 
section 2 26.98 29.45 18.17 18.71 16.81 18.46 9.74 10.39 6.49 6.93 

The maximum water capacity (MWC) characterizes the largest amount of moisture in 
the soil that can be contained when filling all the pores with water. In our studies, the 
maximum water capacity increased slightly from 27.38% to 32.65% and from 26.98% to 
29.45%. The field water capacity (FWC) is one of the most important characteristics of 
the water regime of soils, it shows the greatest amount of water that the soil is able to 
accumulate and retain for a long time. According to the research results, it was found 
that the value of the field moisture capacity in the studied area increased slightly from 
17.88-18.17% (data from 1986) to 18.71-20.65% (data from 2020). The discontinuous 
capillary moisture (DCM) characterizes the lower limit of the optimal moisture for 
plants, at which the continuity of the moisture flow through the capillaries and its 
continuous flow to the roots of plants is disrupted. It was found that this value in the 
study area increased slightly from 16.81% when determined in 1986 to 18.46-21.30% in 
2020. Wilting moisture (WM) characterizes the lower limit of moisture available for 
plants, at these moisture values, plants begin to show signs of wilting. This constant in 
the studied site increased slightly from 9.55% to 9.69% and from 9.74% to 10.39%. The 
value of the maximum hygroscopic moisture also increased slightly from 6.37-6.49% to 
6.46-6.93%. 

Based on the soil-hydrological constants obtained with the help of MHC, the ranges 
of gravitational, productive, and easily mobile moisture were calculated (Table 2). 

Table 2. Calculated ranges of gravitational, productive and easily mobile soil moisture. 

Section 
No. 

MWC-FWC 
(gravitational), 

FWC-WM (productive), 
% 

FWC-DCM (easily 
mobile), % 

1986 2020 1986 2020 1986 2020 
section 1 9.50 12.00 8.33 10.96 1.07 -0.65 
section 2 8.81 10.74 8.43 8.32 1.36 -1.17 

The range of gravitational moisture corresponds to moisture that fills large pores and 
moves easily under the influence of gravitational forces. At the maximum content, this 
form of moisture corresponds to the maximum water capacity (MWC). The difference 
between total porosity and volume humidity is called aeration porosity or air porosity 
[14-18]. This is a very important value for the growth and development of plants, the 
optimal value of which is guaranteed by the structure and aggregate composition. The 
aeration porosity value is a dynamic value and is related to humidity. The determination 
of the MHC allowed to estimate the change in the range of gravitational moisture in the 
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studied samples, which is essentially its air capacity at FWC. According to the data of 
1986, the range of gravitational moisture was 8.81-9.50%. When determined in 2020, 
this range increased to 10.74-12.00%. That is, there is more easily moving moisture in 
the studied area. 

Also, with the help of Voronin crosscuttings, the range of available or productive 
moisture was determined, indicating the amount of moisture available for plants. The 
value of this indicator in 2020 in the studied site of the first section increased slightly 
compared to 1986 from 8.33% to 10.96%, and in the second section there is a slight 
decrease in productive moisture from 8.43% to 8.32%. 

 The FWC-DCM range characterizes that part of the productive moisture that is 
easily mobile and easily accessible to plants. In the samples of 1986, this range was 
1.07-1.36% . When re-determined in the samples of 2020, this range assumed negative 
values of -0.65% and -1.17%, respectively, by sections. 

4 Conclusions 
Thus, studies of the hydrophysical parameters of soils and their transformation after 34 
years of operation of irrigated areas revealed noticeable transformations of both the 
shapes of the MHC curves and the values of soil-hydrological constants, and the ranges 
of soil moisture categories, which is a consequence of an increase in the differentiation 
of the pore space, changes in the microstructure of the solid phase of the soil. 

Based on this, it should be remembered that it is necessary to select an irrigation 
system (irrigation rate, irrigation method, irrigation timing) to obtain high results, 
considering technical and economic indicators. At present, with the use of technologies, 
it has become much easier to do this. We should not forget that for a more accurate 
description of moisture transfer, complete comprehensive studies are necessary, which 
include various methods. 
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