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CONCLUSIONS  
 
By results of the conducted researches it was 
established that the nature of the metabolites of 
the investigated winter wheat varieties that 
secreted in the area of the rhizosphere of the 
plants they had stimulatory and inhibitory 
action on seed germination and growth of 
seedlings of cress, depending on the varietal 
characteristics and phases of development. The 
germination of cress seeds is negatively 
affected by root secretions of all the studied 
varieties of winter wheat, except for the Kvitka 
poliv variety, which has a slight stimulating 
effect in the phase of full ripeness. In the 
flowering phase of plants of the same variety, 
the greatest inhibitory effect of root secretions 
was recorded (-39.28%) on single-leaf 
seedlings of the test-culture, and in the full 
ripeness phase it was recorded the maximum 
activating effect (66.87%). It can be assumed 
that the allelopathically active substances 
which secrete by the roots of wheat plants of 
soft winter varieties Vidrada and Krasa laniv 
are neutral to the germination of cress seeds, 
which requires further research of these 
varieties on other test-culture.  
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Abstract 
 
The scientific paper presents the experimental data obtained in the course of the environmental and reclamation 
monitoring of the hydro-geological and reclamation condition of irrigated soils in the southern steppe of Ukraine, their 
chemical composition is determined. On the basis of the analysis of water and salt regime of the soils in the areas under 
study for reclamation and water supply construction, on the basis of many years’ research, the study suggests the 
method for determining agrolandscape typicality considering the properties of soil chemical composition. The basis of 
this method is the following principle: the confidence intervals of neighboring regression lines coincide (overlap) on a 
certain interval of values, so they are typical on this interval of values. The study establishes that according to this 
method the landscapes of Kherson Prysyvashshia and Askania steppes are typical by the specificity of the formation of 
soil chemical composition by 83.5% that makes it possible to compare the research results obtained on both landscapes 
and proves the typicality of the field experiment. 
 
Key words: agrolandscape, chemical composition, mathematical statistics, regression, water and salt regime. 
 
INTRODUCTION 
 
The need of agrolandscapes for irrigation 
reclamation in the South of Ukraine is caused 
by their location in the area of insufficient 
moisture, where periodical droughts lead to a 
decline in crop yields and crop death if 
irrigation is not applied. 
It is necessary to use a complex of eco-friendly 
reclamation measures reducing a negative 
impact of unfavorable weather conditions and 
increasing soil fertility. The main efficient 
method for increasing dark chestnut soil 
fertility is irrigation in combination with agro-
technical measures, aimed at accumulation or 
storage of humus in soil and maintenance of 
project water and salt, air and nutritional 
regimes of soils. However, more than 50% of 
all irrigated lands in the world are inclined to 
secondary salinization, alkalization and 
waterlogging (Sabagh et al., 2019). 
Under conditions of Kherson and Crimean 
Prysyvashshia, a favorable eco-friendly mode 
in project exploitation of irrigation and 
drainage networks provides horizontal drainage 
with the distance between drains of 220-240 m 
and the depth of laying drains - 2.5-3.5 m, 

maintaining the water table (WT) at the depth 
of more than 1.5 m during the irrigation season, 
reducing the WT to the depth of more than 2 m 
at the end of the year. 
Substantiation of optimal irrigation modes and 
drainage parameters must be based on the 
evaluation of the conditions of the formation of 
water and salt regimes of soils. At the same 
time, an optimal irrigation mode results in 
average annual declining resultative flow of 
moisture, contributing to soil desalinization, 
and it can be implemented only on the basis of 
efficient drainage. 
Hydro-technical reclamation should be always 
combined with amelioration and agro-technical 
measures into a single system of reclamation 
measures (Liu et al., 2016; Jones & Rowe, 
2017). 
However, systems of integral management of 
soil regimes ensuring maximum utilization of 
biological potential in crop production and 
ecological sustainability of agricultural 
landscapes have not been developed yet and are 
still hypothetical reclamation systems of the 
future. A complex of agricultural techniques 
decelerates the degradation period of soil 
development, but it is not capable of 
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eliminating general regressive tendencies of 
soil formation entirely. The main task of soil 
ecological forecasting is to determine the 
degradation stage at which this soil 
development will cease and how much time it 
will take (Kumara et al., 2015). 
 
MATERIALS AND METHODS 
 
In order to reduce the level of manifestation of 
negative changes on previously irrigated lands 
and avoid them on reclaimed territories, 
especially on poorly drained and territories 
without drainage, including Kherson and 
Crimean Prysyvashshia and the steppes of 
Kherson region, it is necessary to optimize 
reclamation modes of irrigated lands and to 
develop quantity criteria for the state of 
irrigated agrolandscapes. In this case the choice 
of a reclamation mode is a primary task in the 
aspect of maintaining favorable water and salt 
regime of soils (Wang et al., 2014). 
Water and salt regime of soils is determined by 
complex processes of mass transfer occurring 
under the influence of different natural and 
artificial factors. But management of water and 
air, water and salt regimes of soils by means of 
irrigation and drainage, and maintenance of an 
optimal reclamation mode in combination with 
agro-technical techniques should prevent 
secondary salinization of soils and ensure 
desalinization of primary saline soils and 
increase their fertility (Dukhovny & Stulina, 
2010). 
Currently new methods of examining water and 
salt regime of soils in the zone of aeration have 
been thoroughly developed. They are based on 
the study of the mode of moisture transfer 
through the zone of aeration by the data of 
hydro-physical observations. However, 
calculations of salt transfer have just become 
common practice of hydro-geological and 
reclamation research, therefore their methods 
cannot be considered as developed enough. In 
order to substantiate these calculations, it is 
certainly necessary to search for new methods 
for further improvement of theoretical models 
of salt transfer that consider physical and 
chemical properties of the processes of soil 
salinization and desalinization, rock and soil 
structure and plant impacts (Ushkarenko et al., 
2018; Lavrenko et al., 2018). 

At present the regularities of salt distribution in 
soils are mainly examined by a vertical profile. 
The regularities of horizontal distribution of 
salt composition and concentration in the zone 
of soil aeration, especially within certain soil 
areas have not been studied thoroughly; 
moreover, the role of capillary leakage, 
diffusive migration, osmotic filtration and other 
processes related to ion transport is not clear 
yet (Lendering et al., 2015). 
The experience of regulating water and salt 
regime on low- and medium-salinized 
meadow-chestnut and chestnut-meadow 
alkaline soils under proximity of highly-
mineralized (8-20 g/dm3) groundwater in 
Kherson and Crimean Prysyvashshia proves 
that the correlation of the total water supply 
(600-800 mm per year) and water removal by 
means of horizontal drainage (15-20% of water 
supply) maintains fertility of irrigated lands, 
ensures security against secondary soil 
salinization and maintains project crop 
productivity. 
General direction of the rise and fall of 
groundwater in different seasons of the year is 
characteristic of undrained and drained 
territories, but the height of the rise and the 
duration of ground water lying at a certain 
depth are different. The values of acceptable 
levels must be based on the main factors that 
have an impact on water and salt balances of 
the zone of aeration (Wang et al., 2016). These 
are lithological conditions of the zone of 
aeration affecting the height and velocity of 
capillary rise and irrigation-climate indexes 
determining the wetting of the zone of aeration, 
the potential of forces influencing the 
movement of substances. The depth of 
groundwater, the average for the growing 
season, is closely connected with the 
evaporation coefficient.  
For instance, the balance of moisture is close to 
zero on virgin dark chestnut soils in the South 
of Ukraine, and it is negative at the depth of 
more than 200 cm, i.e. this thickness adds no 
moisture and, on the contrary, has a certain 
tendency for a progressive loss of moisture and 
the loess stratum under virgin vegetation has 
humidity of 12.0-15.6%. On irrigated lands, the 
limits of moisture regulation in the soil layer 
containing roots depending on the size of the 
soil-absorbing complex for dark chestnut and 

chestnut soils is 0.6-0.8 of the soil moisture 
threshold. 
Salt regime of irrigated lands is mainly 
determined by natural features of the region 
under study, the quality of irrigation water, the 
depth of ground water lying and mineralization 
(Lisetskii et al., 2015). 
Salinized lands occupy 92.8 thousand hectares, 
including medium-salinized and highly-
salinized - 18.3 thousand hectares in the steppe 
of Ukraine. Lands with secondary salinization 
occupy 30% of the territory of salinized 
farmlands, while lands with primary 
salinization occupy 70% of the territory. The 
highest priority tasks of managing salt regimes 
of soils in the dry steppe zone are mainly 
related to creating conditions of even 
moisturizing by the area and depth, maintaining 
highly fertile and unsalinized 1 m of the 
topsoil, stabilizing natural salt reserves in deep 
layers of the zone of aeration and applying 
high-quality water for irrigation (Jiménez-
Aguirre et al., 2018; Feizi et al., 2010). 
Irrigation considerably affects the formation of 
a salt profile not only in the zone of aeration, 
but has an impact on deeper layers. 
The specificity of salt regime of soils in the dry 
steppe zone is in the following facts: calcium 
carbonates and sulfates are washed away to the 
depth of 0.5-0.7 m in automorphic conditions; 
water-soluble salts, including a great number of 
sodium sulfates are available at the depth of 
0.7-2.0 m. The direction and intensity of the 
processes of changes in soil-reclamation 
conditions (under deep-lying ground water) in 
chestnut soils of the southern steppe region is 
mainly determined by the content and chemical 
composition of salts and the quality of 
irrigation water; mineralization and chemism of 
ground water play an important role under its 
proximity. 
Calcium ions (up to 50%) and hydro-
carbonates (up to 60%) dominate in a liquid 
phase in unsalinized soils, and sodium ions (up 
to 70%), sulfate ions and chlorine ions 
dominate in salinized soils. If there is an 
increase in moisture resulting from 
intensification and cation-change processes, 
there is a rise in the relative concentration of 
sodium and potassium in the solution, and there 
is a decrease in the concentration of calcium 
and magnesium. 

Salt regime of secondary hydromorphic soils 
under drainage is formed in the same way as 
the one without drainage. In cold seasons the 
topsoil undergoes salt depletion, while the 
subsoil accumulates salts, in warm seasons they 
reach the surface again, however, the intensity 
of salts in these soils is much lower than in 
secondary hydromorphic soils without 
drainage. They are characterized by more 
favorable composition of secondary salts in 
which calcium hydro-carbonates dominate 
(Asgari et al., 2018; Zhang et al., 2019). 
Salt regime in soils beneath virgin vegetation is 
characterized by a seasonal circulation of 
water-soluble ions occurring in a small volume 
of soil and is determined by the depth of 
moisture circulation. The average annual loss 
of salts (0.0062%) of the layer of 0-50 cm was 
nearly equal to their gainful part for the 
growing season (0.0068%) in the research 
period. 
There is an obvious necessity for improving the 
methods for evaluation of salt dynamics and 
the efficiency of reclamation of salinized soils. 
It is known that, even under total equality of all 
other conditions of reclamation, the intensity of 
salt occurrence in soils changes depending on 
the total amount of salts in the reclaimed layer. 
It is common in attempts of comparative 
evaluation of salt dynamics and comparison of 
the way of improvement on different lands with 
various hydro-geological, soil and farming 
conditions (Stupak, 2016). 
Soil gradually loses the properties of its initial 
state under the influence of irrigation. It mostly 
refers to the distribution by the profile of 
humus, carbonates and gypsum. There are more 
similarities between cultivated soils of different 
regions than between natural soils of these 
regions. Therefore many soil scientists suggest 
distinguishing irrigated soils as special types 
(Golosov & Belyaev, 2013). 
Currently the results of numerous field and 
production experiments and pre-project 
searches are often recommended to be used in 
practice without proper substantiation of 
“model” character of the experiment. In other 
words, the research results are spread only in a 
descriptive aspect (the reference to a possible 
identity of soil, hydro-geological and climate 
characteristics inevitably requiring a 
widespread use of stochastic methods and 
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eliminating general regressive tendencies of 
soil formation entirely. The main task of soil 
ecological forecasting is to determine the 
degradation stage at which this soil 
development will cease and how much time it 
will take (Kumara et al., 2015). 
 
MATERIALS AND METHODS 
 
In order to reduce the level of manifestation of 
negative changes on previously irrigated lands 
and avoid them on reclaimed territories, 
especially on poorly drained and territories 
without drainage, including Kherson and 
Crimean Prysyvashshia and the steppes of 
Kherson region, it is necessary to optimize 
reclamation modes of irrigated lands and to 
develop quantity criteria for the state of 
irrigated agrolandscapes. In this case the choice 
of a reclamation mode is a primary task in the 
aspect of maintaining favorable water and salt 
regime of soils (Wang et al., 2014). 
Water and salt regime of soils is determined by 
complex processes of mass transfer occurring 
under the influence of different natural and 
artificial factors. But management of water and 
air, water and salt regimes of soils by means of 
irrigation and drainage, and maintenance of an 
optimal reclamation mode in combination with 
agro-technical techniques should prevent 
secondary salinization of soils and ensure 
desalinization of primary saline soils and 
increase their fertility (Dukhovny & Stulina, 
2010). 
Currently new methods of examining water and 
salt regime of soils in the zone of aeration have 
been thoroughly developed. They are based on 
the study of the mode of moisture transfer 
through the zone of aeration by the data of 
hydro-physical observations. However, 
calculations of salt transfer have just become 
common practice of hydro-geological and 
reclamation research, therefore their methods 
cannot be considered as developed enough. In 
order to substantiate these calculations, it is 
certainly necessary to search for new methods 
for further improvement of theoretical models 
of salt transfer that consider physical and 
chemical properties of the processes of soil 
salinization and desalinization, rock and soil 
structure and plant impacts (Ushkarenko et al., 
2018; Lavrenko et al., 2018). 

At present the regularities of salt distribution in 
soils are mainly examined by a vertical profile. 
The regularities of horizontal distribution of 
salt composition and concentration in the zone 
of soil aeration, especially within certain soil 
areas have not been studied thoroughly; 
moreover, the role of capillary leakage, 
diffusive migration, osmotic filtration and other 
processes related to ion transport is not clear 
yet (Lendering et al., 2015). 
The experience of regulating water and salt 
regime on low- and medium-salinized 
meadow-chestnut and chestnut-meadow 
alkaline soils under proximity of highly-
mineralized (8-20 g/dm3) groundwater in 
Kherson and Crimean Prysyvashshia proves 
that the correlation of the total water supply 
(600-800 mm per year) and water removal by 
means of horizontal drainage (15-20% of water 
supply) maintains fertility of irrigated lands, 
ensures security against secondary soil 
salinization and maintains project crop 
productivity. 
General direction of the rise and fall of 
groundwater in different seasons of the year is 
characteristic of undrained and drained 
territories, but the height of the rise and the 
duration of ground water lying at a certain 
depth are different. The values of acceptable 
levels must be based on the main factors that 
have an impact on water and salt balances of 
the zone of aeration (Wang et al., 2016). These 
are lithological conditions of the zone of 
aeration affecting the height and velocity of 
capillary rise and irrigation-climate indexes 
determining the wetting of the zone of aeration, 
the potential of forces influencing the 
movement of substances. The depth of 
groundwater, the average for the growing 
season, is closely connected with the 
evaporation coefficient.  
For instance, the balance of moisture is close to 
zero on virgin dark chestnut soils in the South 
of Ukraine, and it is negative at the depth of 
more than 200 cm, i.e. this thickness adds no 
moisture and, on the contrary, has a certain 
tendency for a progressive loss of moisture and 
the loess stratum under virgin vegetation has 
humidity of 12.0-15.6%. On irrigated lands, the 
limits of moisture regulation in the soil layer 
containing roots depending on the size of the 
soil-absorbing complex for dark chestnut and 

chestnut soils is 0.6-0.8 of the soil moisture 
threshold. 
Salt regime of irrigated lands is mainly 
determined by natural features of the region 
under study, the quality of irrigation water, the 
depth of ground water lying and mineralization 
(Lisetskii et al., 2015). 
Salinized lands occupy 92.8 thousand hectares, 
including medium-salinized and highly-
salinized - 18.3 thousand hectares in the steppe 
of Ukraine. Lands with secondary salinization 
occupy 30% of the territory of salinized 
farmlands, while lands with primary 
salinization occupy 70% of the territory. The 
highest priority tasks of managing salt regimes 
of soils in the dry steppe zone are mainly 
related to creating conditions of even 
moisturizing by the area and depth, maintaining 
highly fertile and unsalinized 1 m of the 
topsoil, stabilizing natural salt reserves in deep 
layers of the zone of aeration and applying 
high-quality water for irrigation (Jiménez-
Aguirre et al., 2018; Feizi et al., 2010). 
Irrigation considerably affects the formation of 
a salt profile not only in the zone of aeration, 
but has an impact on deeper layers. 
The specificity of salt regime of soils in the dry 
steppe zone is in the following facts: calcium 
carbonates and sulfates are washed away to the 
depth of 0.5-0.7 m in automorphic conditions; 
water-soluble salts, including a great number of 
sodium sulfates are available at the depth of 
0.7-2.0 m. The direction and intensity of the 
processes of changes in soil-reclamation 
conditions (under deep-lying ground water) in 
chestnut soils of the southern steppe region is 
mainly determined by the content and chemical 
composition of salts and the quality of 
irrigation water; mineralization and chemism of 
ground water play an important role under its 
proximity. 
Calcium ions (up to 50%) and hydro-
carbonates (up to 60%) dominate in a liquid 
phase in unsalinized soils, and sodium ions (up 
to 70%), sulfate ions and chlorine ions 
dominate in salinized soils. If there is an 
increase in moisture resulting from 
intensification and cation-change processes, 
there is a rise in the relative concentration of 
sodium and potassium in the solution, and there 
is a decrease in the concentration of calcium 
and magnesium. 

Salt regime of secondary hydromorphic soils 
under drainage is formed in the same way as 
the one without drainage. In cold seasons the 
topsoil undergoes salt depletion, while the 
subsoil accumulates salts, in warm seasons they 
reach the surface again, however, the intensity 
of salts in these soils is much lower than in 
secondary hydromorphic soils without 
drainage. They are characterized by more 
favorable composition of secondary salts in 
which calcium hydro-carbonates dominate 
(Asgari et al., 2018; Zhang et al., 2019). 
Salt regime in soils beneath virgin vegetation is 
characterized by a seasonal circulation of 
water-soluble ions occurring in a small volume 
of soil and is determined by the depth of 
moisture circulation. The average annual loss 
of salts (0.0062%) of the layer of 0-50 cm was 
nearly equal to their gainful part for the 
growing season (0.0068%) in the research 
period. 
There is an obvious necessity for improving the 
methods for evaluation of salt dynamics and 
the efficiency of reclamation of salinized soils. 
It is known that, even under total equality of all 
other conditions of reclamation, the intensity of 
salt occurrence in soils changes depending on 
the total amount of salts in the reclaimed layer. 
It is common in attempts of comparative 
evaluation of salt dynamics and comparison of 
the way of improvement on different lands with 
various hydro-geological, soil and farming 
conditions (Stupak, 2016). 
Soil gradually loses the properties of its initial 
state under the influence of irrigation. It mostly 
refers to the distribution by the profile of 
humus, carbonates and gypsum. There are more 
similarities between cultivated soils of different 
regions than between natural soils of these 
regions. Therefore many soil scientists suggest 
distinguishing irrigated soils as special types 
(Golosov & Belyaev, 2013). 
Currently the results of numerous field and 
production experiments and pre-project 
searches are often recommended to be used in 
practice without proper substantiation of 
“model” character of the experiment. In other 
words, the research results are spread only in a 
descriptive aspect (the reference to a possible 
identity of soil, hydro-geological and climate 
characteristics inevitably requiring a 
widespread use of stochastic methods and 
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evaluations), but not in terms of quantity. It 
does not allow a widespread use of the research 
results in practice. It causes the necessity to 
develop the methods for determining 
agrolandscape typicality considering the 
properties of soil chemical composition. 
 
RESULTS AND DISCUSSIONS 
 
We consider the typicality of a field experiment 
as the correspondence of its conditions to 
natural, climatic, agro-technical and water 
management conditions. 
The idea of production modeling is taken as a 
principle of choosing a typical plot for 
experiments. The research plot should be a 
model of the territory where the research 
results will be spread. 
This method allows determining the area to 
which the research results will be spread. 
In order to establish the features of the 
formation of water and salt regime of soils 
under conditions of long-term irrigation with 
artificial drainage, we conducted research on 
the territory of the following landscapes: 
Kherson (Henichesk district of Kherson region, 
46°23'44.66"N 324°38'59.37"W) and Crimean 
(Dzhankoi district of Crimea, 45°41'20.19"N 
325°15'38.34"W) Prysyvashshia, Askania 
steppe (the farms of Chaplynka district  of 
Kherson region, 46°24'55.83"N 
326°06'22.31"W) and the virgin lands of the 
biosphere reserve “Askania-Nova” 
(46°29'23.63"N 326°04'49.01"W). 

Different hydro-geological conditions of 
Kherson Prysyvashshia and Askania steppes do 
not allow determining their typicality using the 
available methods for determining 
agrolandscape typicality (Ladychuk et al., 
2018). Therefore we suggest an alternative 
method for determining agrolandscape 
typicality considering the properties of soil 
chemical composition. The following principle 
is assumed as a basis of this method: if the 
confidence intervals of the neighboring lines of 
regression determining the dependence of one 
of the major ions (hydro-carbonate ions, 
chlorides, sulfates, calcium, magnesium, 
sodium + potassium) on the sum of salts in soil, 
constructed for each of the compared 
agrolandscapes, coincide (overlap) on a certain 
interval of values, they are typical on this 
interval of values. 
The initial data in our method for determining 
landscape typicality are the following: 1) soil 
salinity, %; 2) chemical compositions of soils, 
m-eq per 100 g of soil.  
1. Graphical dependence of the major ions on 
the sum of salts in soil of each research object 
(landscape) in a linear correlation is determined 
for each of these ions (НСО3-, Cl-, SO42-, Na+, 
Са2+, Mg2+) (Figure 1). 
2. It is necessary to calculate the parameters of 
the regression lines, their confidence intervals, 
correlation coefficients and errors for each 
linear dependence (у=кх + в, к1, к2, в1, в2,  r1, 
r2, Sr) (Figure 2). 
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3. The regression lines for the landscapes 
should be shifted to one coordinate plane of the 
chosen scale with determining confidence 
intervals for each of them. 
4. We use the principle that confidence 
intervals of the neighboring regression lines 
coincide (overlap) on a certain interval, 
therefore they are typical on this interval of 
values, and find the points of intersection of the 
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5. If we connect these points (the nearest ones 
by the line of a confidence interval), we 
determine the confidence region where the 
research (compared) landscapes are typical by 
the content of a certain ion. 
6. The correlation coefficient shows the 
closeness of association of the factors and, if its 
values approximate 1.0, the confidence interval 
of the regression line becomes narrower and 
the accuracy of determining the confidence 
region increases when such neighboring 
confidence intervals overlap.  
7. We register the boundary values of the 
projections of the regression lines onto the 
scale S, % within which the regression lines of 
each research landscape are typical or are 
confined to the confidence region of typicality 
(Table 2). 
8. We determine the difference between the 
boundary values for each ion by the formula1: 
1

hBVkBVBV −= ,  

where (BV) is the difference between the 
boundary values of the regression and the 
confidence region. 
9. We calculate percentage of the relative 

difference (PRD, %) by each of the ions 
between the research agro-landscapes by the 
formula2: 
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Notes: 1) the more values of the total content of 
salts and the content of this or that ion in soils 
are used when determining their 
interdependence, the more accurate the values 
of the regression lines and their statistical 
characteristics are, that affects the ultimate 
result of determining typicality; 2) only soils of 
the same type and granulometric composition 
can be compared.  
Practical realization of the suggested method is 
described below.  
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evaluations), but not in terms of quantity. It 
does not allow a widespread use of the research 
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properties of soil chemical composition. 
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management conditions. 
The idea of production modeling is taken as a 
principle of choosing a typical plot for 
experiments. The research plot should be a 
model of the territory where the research 
results will be spread. 
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1. Graphical dependence of the major ions on 
the sum of salts in soil of each research object 
(landscape) in a linear correlation is determined 
for each of these ions (НСО3-, Cl-, SO42-, Na+, 
Са2+, Mg2+) (Figure 1). 
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the regression lines, their confidence intervals, 
correlation coefficients and errors for each 
linear dependence (у=кх + в, к1, к2, в1, в2,  r1, 
r2, Sr) (Figure 2). 
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can be compared.  
Practical realization of the suggested method is 
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The research plot located on the virgin land of 
the reserve “Askania-Nova”, chosen for the 
research as a basic variant of natural soil 
fertility, for evaluation of the changes in soil 
formation processes in the research landscapes 
under the influence of anthropogenic factors - 
irrigation and drainage. In order to make a 
more correct shift from the virgin landscape of 
Askania steppes to the irrigated landscape with 
horizontal drainage of Kherson Prysyvashshia 
while determining typicality, we chose two 
research plots irrigated for a long time, one of 
them being typical for Kherson Prysyvashshia 

by the basic parameters, the other one being 
typical for Askania steppes. 
The ultimate result of the grapho-analytical 
determination of the research agro-landscapes 
typicality is given in Tables 1 and 2 and in 
Figures 3-6, presenting the areas of typicality 
of the landscapes under study by the content of 
each of the major ions. The boundaries of soil 
salinization, from which the research 
landscapes are typical by each of the major 
ions, are given in Table 1. 
 

 

Table 1. Statistical characteristics of the dependence of the content of the major ions on the sum of salts in soil in 
determining landscape typicality 

Ion № of the 
object 

The regression 
equation of the 

у=aх+b 

Confidence intervals of the regression 
lines  Correlation coefficients 

(r) and their error к1 в1 к2 в2 

НСО3
- 

1 у=0.014х+0.603 -0.079 0.553 0.106 0.653 0.025 ±0.058 
2 у=0.384х+0.576 -0.097 0.473 0.865 0.679 0.276 ± 0.107 
3 у=10.053х-0.308 7.742 -0.592 12.364 -0.023 0.860 ± 0.032 
4 у=0.147х+0.893 -0.421 0.600 0.715 1.185 0.127 ± 0.148 

Сl- 

1 у=2.058х+0.209 1.485 -0.102 2.631 0.519 0.524 ± 0.042 
2 у=6.740х-0.343 5.442 -0.620 8.037 -0.066 0.882 ± 0.026 
3 у=0.012х+0.155 -0.269 0.120 0.292 0.189 0.016 ± 0.123 
4 у=2.007х-0.010 1.021 -0.518 2.993 0.498 0.710 ± 0.075 

S04
2+ 

1 у=13.555х-0.968 13.060 -1.236 14.050 -0.700 0.978 ± 0.003 
2 у=8.808х-0.402 5.576 -0.665 10.041 -0.139 0.932 ± 0.015 
3 у=2.535х+0.295 -0.049 -0.023 5.118 0.613 0.355 ± 0.108 
4 у=13.329х-1.280 12.014 -1.958 14.644 -0.602 0.981 ± 0.006 

Са2+ 

1 у=7.061х-0.460 6.397 -0.820 7.725 -0.100 0.877 ± 0.013 
2 у=2.382х+0.256 0.963 -0.047 3.802 0.559 0.517 ± 0.085 
3 у=1.016х+0.361 -0.197 0.212 2.229 0.510 0.309 ± 0.111 
4 у=2.060х+0.078 1.296 -0.315 2.825 0.472 0.800 ± 0.054 

Мg2+ 

1 у=3.400х-0.011 3.076 -0.187 3.724 0.164 0.874 ± 0.014 
2 у=3.796х-0.061 3.036 -0.223 4.557 0.102 0.874 ± 0.027 
3 у=0.169х+0.487 -2.157 0.201 2.496 0.774 0.028 ± 0.123 
4 у=2.720х+0.099 2.163 -0.188 3.277 0.386 0.924 ± 0.022 

Nа++К+ 

1 у=5.038х+0.348 4.325 -0.038 5.750 0.734 0.771 ± 0.024 
2 у=9.753х-0.364 7.869 -0.767 11.637 0.038 0.881 ± 0.026 
3 у=14.086х-0.971 11.704 -1.264 16.468 -0.678 0.916 ± 0.020 
4 у=10.225х-0.341 8.932 -1.007 11.519 0.326 0.969 ± 0.009 

 

Table 2. Typical boundaries of soil salinization (%) for the research landscapes 

The research agrolandscape Ions 
HCO3

- Cl- SO4
2- Ca2+ Mg2+ Na++K+ 

Kherson Prysyvashshia 
(irrigation + drainage) 0.05-0.60 0.05-0.60 0.05-0.25 0.05-0.34 0.05-0.52 0.05-0.39 

Kherson Prysyvashshia 
(irrigation) 0.05-0.60 0.06-0.24 0.05-0.39 0.05-0.47 0.05-0.48 0.05-0.37 

Askania-Nova (irrigation) 0.06-0.16 0.05-0.44 0.05-0.24 0.05-0.60 0.05-0.25 0.06-0.41 
Askania-Nova (virgin lands) 0.05-0.60 0.05-0.60 0.05-0.33 0.05-0.60 0.05-0.60 0.05-0.42 

 
 
 

 
Figure 3. Determination of landscape typicality using the dependence of the ion content Мg2+ and Nа+ on the  

sum of salts (S, %) in soil: 1 - Kherson Prysyvashshia (irrigation); 2 - Kherson Prysyvashshia (irrigation + drainage);  
3 - Askania-Nova (irrigation); 4 - Askania-Nova (virgin lands) 

 

 
Figure 4. Determination of landscape typicality using the dependence of the ion content Сl- and SО4

2-  
on the sum of salts (S, %) in soil:  1 - Kherson Prysyvashshia (irrigation); 2 - Kherson Prysyvashshia (irrigation + 

drainage); 3 - Askania-Nova (irrigation); 4 - Askania-Nova (virgin lands) 
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The research plot located on the virgin land of 
the reserve “Askania-Nova”, chosen for the 
research as a basic variant of natural soil 
fertility, for evaluation of the changes in soil 
formation processes in the research landscapes 
under the influence of anthropogenic factors - 
irrigation and drainage. In order to make a 
more correct shift from the virgin landscape of 
Askania steppes to the irrigated landscape with 
horizontal drainage of Kherson Prysyvashshia 
while determining typicality, we chose two 
research plots irrigated for a long time, one of 
them being typical for Kherson Prysyvashshia 

by the basic parameters, the other one being 
typical for Askania steppes. 
The ultimate result of the grapho-analytical 
determination of the research agro-landscapes 
typicality is given in Tables 1 and 2 and in 
Figures 3-6, presenting the areas of typicality 
of the landscapes under study by the content of 
each of the major ions. The boundaries of soil 
salinization, from which the research 
landscapes are typical by each of the major 
ions, are given in Table 1. 
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Figure 3. Determination of landscape typicality using the dependence of the ion content Мg2+ and Nа+ on the  

sum of salts (S, %) in soil: 1 - Kherson Prysyvashshia (irrigation); 2 - Kherson Prysyvashshia (irrigation + drainage);  
3 - Askania-Nova (irrigation); 4 - Askania-Nova (virgin lands) 

 

 
Figure 4. Determination of landscape typicality using the dependence of the ion content Сl- and SО4

2-  
on the sum of salts (S, %) in soil:  1 - Kherson Prysyvashshia (irrigation); 2 - Kherson Prysyvashshia (irrigation + 

drainage); 3 - Askania-Nova (irrigation); 4 - Askania-Nova (virgin lands) 
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Figure 5. Determination of landscape typicality using the dependence of the ion content НСО3

-  
on the sum of salts (S, %) in soil: 1 - Kherson Prysyvashshia (irrigation); 2 - Kherson Prysyvashshia (irrigation + 

drainage); 3 - Askania-Nova (irrigation); 4 - Askania-Nova (virgin lands) 
 

 
Figure 6. Determination of landscape typicality using the dependence of the ion content Са2+ on the sum of salts 

(S, %) in soil: 1 - Kherson Prysyvashshia (irrigation); 2 - Kherson Prysyvashshia (irrigation + drainage);  
3 - Askania-Nova (irrigation); 4 - Askania-Nova (virgin lands) 

 
Therefore, the typical boundaries of soil 
salinization for the research plots with drainage 
in Kherson Prysyvashshia and in the virgin 
steppe of the biosphere reserve “Askania-
Nova” entirely coincide by the distribution of 
hydro-carbonate-ions and chlorides. There are 
slight differences by the distribution of sodium 
+ potassium and magnesium - 8 and 15%. 
There are essential differences by the 
distribution of sulfates and calcium - 29 and 
47%. Thus, the research agro-landscapes are 
entirely typical by the distribution of hydro-
carbonate-ions and chlorides (100%), they are 
essentially typical by the distribution of sodium 
+ potassium and magnesium (92 and 85%) and 
their typicality is medium by the distribution of 
sulfates and calcium (71 and 53%).  
Therefore, the research landscapes of Kherson 
Prysyvashshia and Askania steppes are typical 
in the properties of soil chemical composition 
by the distribution of the major ions by 83.5%. 
 

CONCLUSIONS 
 
Irrigation often affects the formation of a salt 
profile not only in the zone of aeration, but 
occupies deeper layers. 
Under the influence of irrigation, soil gradually 
loses the properties of its initial state. It mainly 
refers to the distribution by the profile of 
humus, carbonates and gypsum. Between the 
cultivated soils of different regions there is 
much more similarity, than between the natural 
soils of these regions. Therefore many soil 
scientists suggest distinguishing irrigated soils 
as a special type. 
Our method allowed establishing that the 
landscapes of Kherson Prysyvashshia and 
Askania steppes are typical by the properties of 
the formation of soil chemical composition by 
83.5% that makes it possible to compare the 
research results obtained on both landscapes 
and proves the typicality of the field 
experiment. 
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Figure 5. Determination of landscape typicality using the dependence of the ion content НСО3

-  
on the sum of salts (S, %) in soil: 1 - Kherson Prysyvashshia (irrigation); 2 - Kherson Prysyvashshia (irrigation + 

drainage); 3 - Askania-Nova (irrigation); 4 - Askania-Nova (virgin lands) 
 

 
Figure 6. Determination of landscape typicality using the dependence of the ion content Са2+ on the sum of salts 

(S, %) in soil: 1 - Kherson Prysyvashshia (irrigation); 2 - Kherson Prysyvashshia (irrigation + drainage);  
3 - Askania-Nova (irrigation); 4 - Askania-Nova (virgin lands) 

 
Therefore, the typical boundaries of soil 
salinization for the research plots with drainage 
in Kherson Prysyvashshia and in the virgin 
steppe of the biosphere reserve “Askania-
Nova” entirely coincide by the distribution of 
hydro-carbonate-ions and chlorides. There are 
slight differences by the distribution of sodium 
+ potassium and magnesium - 8 and 15%. 
There are essential differences by the 
distribution of sulfates and calcium - 29 and 
47%. Thus, the research agro-landscapes are 
entirely typical by the distribution of hydro-
carbonate-ions and chlorides (100%), they are 
essentially typical by the distribution of sodium 
+ potassium and magnesium (92 and 85%) and 
their typicality is medium by the distribution of 
sulfates and calcium (71 and 53%).  
Therefore, the research landscapes of Kherson 
Prysyvashshia and Askania steppes are typical 
in the properties of soil chemical composition 
by the distribution of the major ions by 83.5%. 
 

CONCLUSIONS 
 
Irrigation often affects the formation of a salt 
profile not only in the zone of aeration, but 
occupies deeper layers. 
Under the influence of irrigation, soil gradually 
loses the properties of its initial state. It mainly 
refers to the distribution by the profile of 
humus, carbonates and gypsum. Between the 
cultivated soils of different regions there is 
much more similarity, than between the natural 
soils of these regions. Therefore many soil 
scientists suggest distinguishing irrigated soils 
as a special type. 
Our method allowed establishing that the 
landscapes of Kherson Prysyvashshia and 
Askania steppes are typical by the properties of 
the formation of soil chemical composition by 
83.5% that makes it possible to compare the 
research results obtained on both landscapes 
and proves the typicality of the field 
experiment. 
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