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Abstract. Global climate changes in many countries of the world lead to the need to use irrigation as
a driving factor for obtaining guaranteed and stable harvests of agricultural crops. Irrigation with
water of different quality leads not only to an increase in the yield, but also to a change in the salt
composition of the soil. The change in the salt composition of soils occurs much faster during
irrigation with mineralized water, which leads to the accumulation of soluble salts in the arable layer
of the soil and the deterioration of the composition of the soil absorption complex. Accumulation of
sodium ions leads to salinization of irrigated soils. It is possible to stop or suspend the salinization
processes by introducing chemical melioration with calcium-containing meliorants. As an ameliorant
in this work, the use of a by-product of the mineral fertilizers production — phosphogypsum, which
contains a significant amount of calcium (up to 95%), replacing exchangeable sodium in the soil
absorption complex is proposed. Our researches are related to the establishment of optimal
calculation norms and terms of phosphogypsum application, their influence on the change in the
components of the soil’s saline extract. The research was conducted on soils that had been irrigated
with mineralized water from the Samara River (Ukraine) for a long time (over 50 years). According
to the amount of exchangeable sodium, the soils of the experimental sites belonged to low-sodium
soils with physical signs of salinization processes, and according to the content of toxic salts-
moderately saline. For phosphogypsum in the soil-ameliorative conditions of the Northern Steppe of
Ukraine, the ameliorative, agronomic, and ecologically safe rates of introduction in spring and
autumn were calculated. The scheme of experiments provided options with sprinkler irrigation and
without irrigation. The composition of the aqueous extract was determined by indicators of anion-
cation content. During the research, a gradual decrease in the number of sulfates was observed: by
1.5% in the second year after exposure, and by 7.5% in the third year after exposure to
phosphogypsum. The number of hydrocarbons decreased in irrigated areas where phosphogypsum
was applied, and an increase in their content was observed in areas where irrigation was not carried
out. Irrigation options were characterized by a significant increase in the content of chlorine ions,
which is explained by the arrival of these ions exclusively with irrigation water. The degree of salinity
was determined by pH and sodium adsorption ratio (SAR). Based on these indicators, it was
established that the soils are slightly saline in all variants of the experiments. As a result of multi-
year research, a positive effect of phosphogypsum melioration on the anion-cation composition of
water extract and the degree of soils salinity irrigated with mineralized water for a long time was
noted. According to the anionic composition, the chemistry of the soils in the experimental plots was
sulfate in the variants where phosphogypsum was applied and vegetation irrigation was carried out
and without irrigation, while in the control plots (without phosphogypsum and without irrigation)
soda-sulfate chemistry was characterized.
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The chemistry of the soils in the experimental areas according to the cationic composition
was sodium in all versions of the experiments. According to the sodium-adsorption ratio (SAR), the
degree of soil salinization belonged to the slightly saline type, while the average type of salinity
remained in the control plots without phosphogypsum.

Keywords: anionic-cationic composition, soil water extraction, phosphogypsum, sodium adsorption
ratio

Introduction. The global food crisis is growing every year due to global climate
change. The year 2022 showed that the lives of almost 120 million people depend on
agricultural products produced on the territory of Ukraine. Therefore, more and more
agricultural producers in the Steppe and Forest-Steppe zones of Ukraine are switching
to irrigated agriculture to obtain guaranteed stable and high yields of agricultural crops.
The role of irrigation reclamations and their impact on the environment will increase
every year [1].

According to the strategic ecological assessment of irrigation and drainage in
Ukraine by 2030, in order to overcome the deficit of water supply, it is necessary to
carry out permanent irrigation on the area of 18.7 million hectares (60 %) of arable
land and periodic irrigation on the territory of 4.8 million hectares (15 %). The area of
insufficiently humid, arid, dry, and very dry wetlands has increased by 10 % over the
past 25 years. The change in climatic conditions led to the expansion of the natural and
climatic zones boundaries of Ukraine in the northern direction by 100-1 50 km [2].

The quality of irrigation water in Ukraine changes significantly every year
(Rudakov et al., 2020; Andrieiev et al., 2022) [3-5]. The area with irrigation water of the
Il quality class “limitedly suitable” according to agronomic criteria increased by 14 %
(compared to 2014), which in 2018 amounted to 388,739 thousand ha (84.2 %) [2].

The practice of irrigating mineralized surface soils in the world is quite accepted
[6, 7] and groundwater [8]. Such irrigation is always accompanied by certain processes
of soil degradation [9]. Saltation occurs [10], physical properties deteriorate, and soil
fertility significantly decreases.

One of the well-known methods of chemical soil reclamation to combat negative
processes during irrigation is the use of gypsum [11, 12]. Many scientific works in the
world and domestic practice of irrigated agriculture devoted to this issue are
highlighted [13-16].

Experiments on plastering of soils irrigated with mineralized waters were
conducted by many domestic scientists [17-19]. As a result of the conducted research,
it was established that plastering increases the content of metabolizable and absorbed
calcium and significantly reduces the amount of absorbed sodium. When applying even
high doses of gypsum, it is not possible to bring the degree of saturation of the soil
solution with calcium to the required level in the absence of watering. In the scientific
works by the authors from Europe and Asia, patterns of changes in soil properties under
the influence of irrigation were established and methods were developed to reduce the
adverse effect of low-quality irrigation water on soils [9, 15, 20-23]. Among them,
plastering and deep plantation plowing remain the most studied. Scientists emphasize
that plastering is a method that limits or weakens the process of salting, but does not
eliminate it completely [24, 25].



The effect of chemical meliorants consists in squeezing out or creating an
obstacle for the entry of sodium into the soil absorption complex. Due to that, the
physical properties of the soil change, and the productivity of agricultural crops
increases. Due to the displacement of sodium from the soil absorption complex by
calcium or other di- or three-charged cations, the mobility of soil colloids decreases,
alkalinity decreases, the availability of nitrogen, phosphorus, potassium, and calcium
for plants increases, and microbiological processes are activated [14, 26-29].

Taking into account the accumulated scientific and practical experience, the
problem of chemical reclamation of irrigated soils and irrigation water remains
insufficiently studied and relevant today. The questions about the expediency and
effectiveness of plastering chernozems with a weak degree of salinization are not
resolved. There are objections to approaches to the calculation of meliorant doses. The
guantitative component of the gypsum interaction with soil and water, depending on
variable natural and climatic conditions, is insufficiently covered. Environmental
aspects of the meliorants usage are problematic, which necessitates the search for new,
more effective measures from the point of view of resource and energy conservation
and environmental safety [24, 30].

The need for chemical reclamation of irrigated lands is due to salinization of
soils and their degradation: compaction, destructuring, crust formation, etc. [27, 31,
32]. Uncontrolled irrigation in the 1960s and 1980s with high rates of low-quality water
and non-compliance with irrigation technology caused a decrease in soil fertility and
deterioration of the ecological and reclamation status of irrigated areas. Unfounded
irrigation regimes on chernozems are often accompanied by such degradation
processes as flooding, secondary salinization, salinization, violation of the gas regime,
dehumification, etc. [33]. Thus, there is a need for a comprehensive study of changes
in the agroecological state of soils that have been under the influence of mineralized
water irrigation for a long time. As a result of long-term irrigation with water of
different quality in the territory of the Northern Steppe of Ukraine, an acute problem
of secondary salinization and salinization of lands arose [34].

Material and methods. Degradation processes of irrigated soils were studied
thanks to the systematic analysis of the results by domestic and foreign scientists.
Methods of analysis and synthesis were used to solve the set goal. To establish the
optimal rate and method of applying phosphogypsum, experimental studies were
conducted in field and laboratory conditions. The influence of calcium-containing
ameliorants on the physical properties of the soil was determined in the field, and the
chemical composition of the soil was determined in the laboratory. The reliability of
the obtained results was checked by statistical evaluation methods.

The experimental researches covered plots with a total area of 60 hectares in
the state enterprise “the Dnipro research station’s experimental farm of the institute
of vegetable and melon growing of the Ukrainian national academy of sciences” in
the village of Oleksandrivka, Dnipro district, Dnipropetrovsk region (2010-2021)
near the lake on the samara river. (Fig. 1).
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Fig. 1. The place of research

The anion-cation composition of the water extract of the arable soil layer (30
cm) indicates the type or chemistry of salinization [35]. Laboratory studies were carried
out in certified laboratories in Dnipro according to the regulatory and methodological

bases in Ukraine.

The farm has been irrigated with Irtec hose-drum sprinklers with mineralized
water (more than 2 g/l) from the Samara River for 50 years [36]. During the three years
of research, the irrigation rate during the growing season was 1150 m®ha, 1300 m*/ha
and 1700 m3/ha, respectively. Irrigation water belongs to the Il quality class in terms
of toxic effects on plants and the danger of salinization and salinization. In accordance
with agronomic criteria, the chemical type of water was established as chloride-sulfate
sodium-magnesium for almost the entire period, and chloride-sulfate magnesium-

sodium (table 1).

1. Chemical composition of irrigation water by years of research

Main indicators (irrigation Unit of Results of water analysis by year
Ne source — reservoir on the . .
Samara River) measurement First year Second year | Third year

1 |pH - 8.10 8.01 8.33
2 | Rigidity meg/dm?3 23.9 24.7 25.2
3 | Alkalinity meg/dm?® 5.50 5.53 6.25
4 | Dry residue mg/dm?® 2290.0 2670.0 3090.0
5 | Sulfates mg/dm?® 889.4 920.2 1154.0
6 | Chlorides mg/dm?® 493.8 490.2 520.0
7 | Hydrocarbons mg/dm?® 336.5 380.6 551.0
8 | Calcium mg/dm?® 176.1 220.9 203.0
9 | Magnesium mg/dm?® 182.1 200.7 201.4
10 | Potassium + sodium mg/dm?® 322.7 460.5 470.3
11 | Sum of ions mg/dm?® 2229.8 2670.0 3089.0




During the research, agricultural crops were alternated in the following crop
rotation: spring barley, winter wheat, winter wheat, corn for grain, winter wheat.

The soil cover is represented by ordinary low-humus chernozems leached from
the loam forest. This is confirmed by the morphological and physico-mechanical
indicators of the soil: the 0—45 cm soil layer contains 71.02—74.0 % of physical sand
and 28.98—26.0 % of physical clay, which, according to N.A. Kachinsky, corresponds
to light loamy soil; the content of humus in the arable layer (0—30 cm) is 2.01-2.50 %,
with depth the content of humus gradually decreases (at a depth of 90-105 cm — 0.3 %).
Salinity processes are observed: pH=7.5, the content of toxic salts changes to 0.48 %
(medium salinity).

The soils of the experimental areas have signs of salinity: in a wet state, the soil
is highly plastic, viscous, sticky, swells strongly, and easily peptizes; when drying, the
soil mass is compressed, which gives low water permeability. At the same time, the
amount of exchangeable sodium is 3.64 %; the absorption capacity of the soil
absorption complex is 20.1-26.47 meq per 100 g of soil, which are not characteristic
indicators of saline soils. In order to determine the reasons for such an unsatisfactory
physical condition of the experimental soils and establish measures to stop the
degradation processes, many years of field research were laid. The searches are related
to the analysis of the physical and chemical parameters of the soil through the control
of the values of the soil’s water extract characteristics during the years of research.

During the research, large amplitudes of fluctuations in daily and annual air
temperatures were observed. Over the years of observation, a greater amount of
atmospheric precipitation fell in the warm period of the year, but it was characterized
by high intensity, which is ineffective for growing agricultural crops. The hydrothermal
coefficient varied from 0.95 (2012) to 3.52 (2014).

As a calcium-containing meliorant, phosphogypsum was chosen like a by-
product of the mineral fertilizers production. To prevent irrigation salinization of the
soil, phosphogypsum from the Dnipro Mineral Fertilizer Plant (Kamyanske), Ukraine
was used.

Norms of phosphogypsum application were calculated according to the Pfeffer
method in the modification of Molodtsov and Ignatova, 1990 for the displacement of
exchangeable sodium for low-sodium brines; according to O.M. Grinchenko, 1980,
determined by the method of additional absorption of calcium by the soil; the norm
was calculated by the coagulation-peptization method according to B.l. Laktionov,
1963. The reclamation norms are 1.4 t/ha, 3 t/ha, 6 t/ha, respectively, according to the
methods proposed above. For the climatic zone of the Northern Steppe of Ukraine, the
recommended agronomic norm is 6 t/ha. Since a by-product of the mineral fertilizers
production containing specific impurities was chosen as a chemical ameliorant, an
environmentally safe application rate of 10.3 t/ha was calculated. The calculated norms
should not exceed the ecologically safe ones.

Phosphogypsum was applied to the soil with a reserve for three years with and
without irrigation (table 2). Ameliorant was applied in 2010, 2014, and 2018 under
spring barley, grain corn, and winter wheat, respectively. Phosphogypsum was applied
for cultivation in the spring (at the rate of 1.4 and 3 t/ha) and in the fall for the main
tillage (at the rate of 6 t/ha).



2. Scheme of the field experiment

Providing . —
moisture Variant The rate of phosphogypsum application
irr\i/:;/;tt?grl:t V1 Control without phosphogypsum

With irrigation V2 Control without phosphogypsum
V3 With the introduction of phosphogypsum under
cultivation in the spring at the rate of 1.4 t/ha
. o With the introduction of phosphogypsum under
Without irrigation V4 cultivation in the springpat tf?e rz?t)épof 3 t/ha
V5 With the introduction of phosphogypsum in the fall
under the main tillage at the rate of 6 t/ha
V6 With the introduction of phosphogypsum under
cultivation in the spring at the rate of 1.4 t/ha
S With the introduction of phosphogypsum under
With irrigation V7 cultivation in the spring at the rate of 3 t/ha
V8 With the introduction of phosphogypsum in the fall
under the main tillage at the rate of 6 t/ha

Results and discussion. Irrigationally saline soils (irrigated with water of the II
quality class for 50 years) and the change in their chemical composition when
phosphogypsum was applied were chosen as the object of research.

The subject of research is the salt regime of the soil, the change of chemical and
physical properties of irrigated soils under the influence of chemical melioration with
phosphogypsum.

The main goal of the research is to evaluate the effect of phosphogypsum as a
chemical ameliorant on the chemical composition of soils with signs of salinity during
long-term irrigation with water of the 11 quality class.

The chemical composition of the aqueous extract of the soil during the years of
research was controlled by indicators of anion-cation composition. In fig. 2 shows the

average values of the analyzes of the aqueous extract by anions, and Fig. 3 — cation
composition of the soil in meq/100 g of soil.
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Fig. 2. Anionic composition of aqueous soil extract in the first three years of research,
meq/100 g of soil
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Fig. 3. Cationic composition of the soil’s aqueous extract in the first three years of
research, meq/100 g of soil

Over the years of observation, there was a decrease in sulfate ions in the control
variant during irrigation (Table 1, variant VV2). This can be explained by the process of
washing out sulfates with irrigation water. The absence of irrigation on the control
option led to an increase in SO42 ions in the second year by 0.20 meq/100 g of soil,
compared to the first, and a further decrease in the third year. The trend of increasing
sulfates for the second year can be explained by the increase in the average annual air
temperature compared to multi-year values. This made it possible to draw up sulfates
from the lower layers of the soil profile during this period.

It can be seen from the graphs (Fig. 1) of the anionic composition that there is
an increase in sulfate ions in relation to the control without irrigation and without the
addition of phosphogypsum for all years of observation. The average indicators of the
number of SO, ions compared to the control in the absence of watering increased by
18 %. This trend proves the theory of sulfates entering the soil during irrigation
together with irrigation water. On the control options without irrigation, the amount of
sulfates in the arable layer of the soil gradually decreased, with their highest value in
the second year of observations (2.51 meg/100 g of soil).

The addition of phosphogypsum in areas without irrigation (Table 1, option V8)
led to an increase in the concentration of SO, at all application rates, compared to the
control option. In numerical form, the average values are 2.67-3.43 meq/100 g of soil,
which is 0.31-1.07 meg/100 g of soil more compared to the option without irrigation.
Options 6, 7 and 8 tend to increase the sulfate ion in proportion to the increase in the
rate of phosphogypsum application. A decrease in concentration was observed in the
long-term effect: a decrease of up to 1.5 % in the second year after exposure, and by
7.5 % in the third year after exposure.

During irrigation with the addition of phosphogypsum, the average values of
SO,?ions increased by 0.11-0.35 meq/100 g of soil over the entire observation period,
compared to the irrigated control, and by 0.53-0.77 meg/100 g of soil in the control
without irrigation. The content of SO42in the absence of irrigation is proportional to
the rate of the phosphogypsum addition and decreased over the years of research. The
content of sulfates decreased by 17.8% compared to the first year in the 3rd option in
the third year of the post-action, and by 18 and 16.9 % in the options 4 and 5,



respectively, which is 4.5-27 % more compared to options without irrigation. This is
explained by the process of leaching SO, ions with irrigation water [33].

During the observation period, the number of hydrocarbons changed chaotically
without a clear pattern. A certain regularity of the decrease in the amount of HCO3?
during irrigation with the addition of phosphogypsum, and the increase of indicators in
the absence of irrigation with the addition of phosphogypsum, was established. Thus,
the amount of HCOs* decreased by 0.04-0.06 meq/100 g of soil in the areas where
irrigation was carried out and phosphogypsum was applied in relation to the control
areas where only irrigation was carried out without ameliorants. Compared to non-
irrigated control options, the absence of irrigation with the addition of phosphogypsum
led to a decrease in HCOgstindicators by 0.03-0.07 meq/100 g of soil.

The concentration of hydrocarbons did not change significantly when the rate of
phosphogypsum application was changed. In the irrigated variants, there was an
increase in HCOs! at the rate of application of 3 t/ha to 3 % compared to the rate of 1.4
t/ha, and a decrease of 10.7 % at the rate of 6 t/ha, while in the absence of irrigation
this difference increased gradually by 8 % and then by 4 %.

It is known that chlorine ions are the most toxic for plants. Hypothetical toxic
compounds formed with chlorine slow down the growth and development of plants.
All chlorine salts are toxic to crops [27], but Na,SO, is more toxic to some crops than
NaCl, and vice versa to corn [14]. Whereas sulfur, which is part of the SO, ion, is more
important in the development of plants and is a component of many cell components.
Sulfur takes part in redox processes and energy exchange, plays a major role in the
formation of properties and structural transformations of protein molecules [37].

Chlorine ions increased their concentration in irrigated areas during the entire
period of observation, which is explained by the arrival of ions exclusively with
irrigation water. There was a 1.5-fold increase in chlorine when irrigated in control
plots compared to plots where irrigation was not carried out. Chemical amelioration
with phosphogypsum on irrigated areas showed a positive tendency to decrease
chlorine concentration by 13-34%, compared to the irrigated control option (V2).
While the introduction of phosphogypsum in the absence of irrigation did not
significantly affect the concentration of chlorine in the soil, namely: at the norm of 1.4
t/ha, the average indicators in the years of research compared to the non-irrigated
option remained at the level of 0.85 meg/100 g of soil, and at rates of 3 and 6 t/ha
decreased by 8.5 and 14.7 %, respectively. Also, different rates of phosphogypsum
application did not affect the change in chlorine concentration, although without
irrigation a slight decrease in Cl was observed when the rate was increased by 0.085
and 0.022 meq/100 g of soil. The absence of irrigation in the control areas did not show
a significant pattern of changes in chlorine concentration, while in the reclamation area,
a decrease of the ion was observed in the second year after the action by 32-15 % due
to the redistribution of salts with an increase in SO, ions.

The type or cheminism of salinization was determined by the ratios of the largest
anions-cations given in the table. 2. Application of phosphogypsum with and without
irrigation, according to the anionic composition of the aqueous extract of the soil, has
a sulfate type of salinization. The soda-sulfate type (SST) of salinization was observed
in the control plots without the phosphogypsum addition and without irrigation in the



first year, and in the other years of observation, only the sulfate type (ST) of salinization
was noted.

The degree of salinity equivalent to chlorine and the amount of toxic salts in
percentages in all variants of experiments were determined by combining anions and
cations into hypothetical molecules of the appropriate amount (meq/100 g of soil), the
results of which are shown in Table 3.

The SAR indicator for the set data range of all options except the first defines
the degree of soil salinity as slightly saline. For the first option, according to the range
of SAR ratios, salinity is characterized by an average degree. Control plots without
irrigation were characterized by increased SAR values of 0.56 units in the second year.
There was a similar trend with sulfates. The explanation of this phenomenon is due to
the influx of sodium sulfate from the lower layers of the soil profile into the arable
layer during this period.

3. Cheminism and the soils salinity degree of the experimental site
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The degree of soil salinization can also be determined according to FAO
standards by the sodium-adsorption ratio (SAR) [38]:

Na*
SAR =
J0.5(Cazt+Mg?t)’
where Na*t, Ca?* and Mg?* — the content of the corresponding ions in the water
extract of the soil, meg/100 g of soil

For the first three years of research, the SAR values of the correspondingly
obtained cation indicators are shown in Table 4.

The lowest SAR indicators were observed in the third year after the application
of phosphogypsum as a chemical meliorant at a depth of 0-105 cm. The most
significant decrease in SAR occurred with the application of phosphogypsum at rates
of 3 and 6 t/ha with irrigation and without it at all rates (recommended rate of 6 t/ha).

4. Indicators of the sodium-adsorption ratio by research options in the years of
observation

Research variant Retrospective year pH SAR
first 7.5 3.12

V1 second 7.4 3.68
third 7.5 3.63

first 7.4 8.87

V2 second 7.2 7.33
third 7.4 6.65

first 7.17 461

V3 second 6.7 4.26
third 7.2 4.24

first 7.29 3.34

V4 second 6.89 3.46
third 7.26 3.31

first 7.37 2.35

V5 second 6.97 2.39
third 7.34 2.30

first 7.22 2.64

V6 second 6.75 2.56
third 7.21 2.61

first 7.36 2.30

V7 second 6.91 2.10
third 7.3 2.05

first 7.43 2.04

V8 second 7 1.73
third 7.38 1.61

The phosphogypsum addition had a positive effect on the physical properties of
the arable layer of the soil (Table 5).



5. Change of physical indicators of soil according to research options (soil layer O-
30 cm)

Density of soil structures, . . Soil permeability,
R\f:ﬁ:]cth glem® Soil porosity, % mm/min

1Syear | 2"%ear | 3"year | 1%year | 2"ear | 3"year | 1%year | 2"year | 3"Myear
V1 1.37 1.35 1.35 | 50.20 | 50.40 | 50.50 | 2.14 2.07 2.00
V2 1.36 1.40 1.39 4728 | 47.20 | 47.10 1.10 1.14 1.10
V3 1.24 1.25 1.20 | 52.00 | 52.00 | 52.35 | 2.48 2.45 2.50
V4 1.22 1.23 1.19 5241 | 52.14 | 52.76 2.50 2.50 2.58
V5 1.21 1.21 1.17 | 52.83 | 52.02 | 53.00 | 2.51 2.52 2.60
V6 1.27 1.28 1.23 49.45 | 49.40 | 49.51 1.70 1.60 1.81
V7 1.25 1.24 1.20 | 49.98 | 50.00 | 49.91 | 1.73 1.71 1.89
V8 1.22 1.26 1.18 | 50.00 | 50.10 | 50.20 | 1.79 1.77 1.90

The phosphogypsum addition significantly affected the density indicators in the
direction of improvement (Table 4). Even with the phosphogypsum addition, there was
a tendency to increase the density in the irrigated options, compared to the non-irrigated
areas. A tendency to increase soil density in dry years was also observed. The lowest
density indicators in the variants without irrigation were noted in the first year after the
effect when phosphogypsum was re-applied. The value of the density in this period
was 1.17-1.2 g/lcm?, which is 0.04-0.96 g/cm? less compared to the aftereffect of the
first year at the first application.

When irrigated, the effect of phosphogypsum as a chemical ameliorant on the
density of the soil composition is more significant, compared to non-irrigated options.
Over the years of research, the same trend was observed as in the absence of irrigation
(increased density in dry years and the lowest values in the first year of the post-action
when repeated application of phosphogypsum). The value of the density in the first
year after the effect when phosphogypsum was re-applied was 1.18-1.21 g/cm?.

The porosity of the soil in the control areas without the phosphogypsum addition
and without irrigation varied in the ranges from 50.0 to 50.8 % (Table 4). With irrigation
according to the average indicators in all years of the research, the value of the sparability
of the arable layer of the soil in the control areas was 47.14 %, and in the absence of
irrigation, this indicator was 3.24 % higher. This is explained by the increased
corresponding indicators of soil density. Over the years of research, under irrigation
conditions, a tendency to decrease sparability was noted, while without irrigation, no
clear dynamics were observed, i.e., the values changed randomly (Table 4).

The phosphogypsum addition significantly affected the indicators of soil
porosity. An improvement in sparability indicators was observed in all variants of
experiments, compared to the control. The best option in the absence of irrigation, as
well as in the study of density, turned out to be the option with the phosphogypsum
addition in the fall under the main tillage at the rate of 6 t/ha. The best indicators of
soil sparability were noted in variants without irrigation when phosphogypsum was re-
applied in the first year after the application. Cracking in the first year of the after-
effect during repeated application increased by 0.17-0.35 %, compared to the after-
effect during the first application of phosphogypsum.



Irrigation did not lead to a drastic change in spariness, and over the years of
research, the same trend was observed as in the absence of irrigation. The best value of
spariness was observed in the first year after the application of phosphogypsum, which
was 49.51-50.2 %.

According to our data, the water permeability of the soil in the control without
the phosphogypsum addition was higher in the non-irrigated variants, compared to the
irrigated ones (Table 4). The phosphogypsum addition had a significant effect on the
increase in water permeability of the soil in all variants of the experiment. When
applying phosphogypsum without irrigation, the average indicators for all years of
research increased by 2.46-2.54 mm/min. The increase in water permeability occurred
In proportion to the increase in the application rate of phosphogypsum. This proves the
theory of increasing water permeability of irrigated soils during chemical melioration
with calcium-containing meliorants during coagulation of soil colloids with calcium
cations. The best indicators of soil permeability were noted in variants without
irrigation when phosphogypsum was re-applied in the first year after the application.
Water permeability increased by 0.02-0.1 mm/min in the first year of the aftereffect
during repeated application, compared to the aftereffect during the first application.

With chemical reclamation and irrigation, a decrease in water permeability was
observed in comparison with non-irrigated options. As in the variants without
irrigation, according to the years of research, the first year after the effect was the best
with repeated application — 1.81-1.9 mm/min. This fact indicates the formation of
water-resistant aggregates and a decrease in the mobility of silty particles when adding
calcium with phosphogypsum. Due to this, the water resistance of the soil increases,
filtration increases, which helps to wash salts from the soil. amelioration, it has
acquired the status of good from satisfactory.

Conclusions. The use of phosphogypsum as a chemical ameliorant to prevent
degradation processes occurring in ordinary chernozems has a positive effect on the
anion-cation composition of the water extract and the degree of soil salinity. According
to the "total effect” of toxic ions, the degree of soil salinity changes to a slightly saline
type when phosphogypsum is applied at the rate of 3 and 6 t/ha with irrigation.

The increased ameliorative effect of phosphogypsum was observed precisely
with irrigation because the sodium-adsorption ratio (SAR) in the third year after the
application decreased by 10 % in the variants without irrigation, and with irrigation —
by 69 % in relation to the control variants. According to the SAR indicators, the options
with the application of phosphogypsum at the rate of 3 and 6 t/ha during irrigation
turned out to be the best.

Under irrigation conditions, the improvement of the ecological condition of
saline soils was noted when phosphogypsum was applied at the rate of 3 t/ha, which
increased the water permeability of the soil by 0.66 mm/min and reduced the number
of toxic salts to 0.41 % in the third year after the effect. In non-irrigated conditions, the
best option was the phosphogypsum addition in the fall under the main tillage at the
rate of 6 t/ha, which increased the water permeability of the soil by 0.68 mm/min and
reduced the amount of toxic salts to 0.38% in the third year after the action.
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Anomauia. Inobanvui 3minu Knimamy 8 6a2amvox KpaiHax ceimy npuzeooiams 00 HeoOXiOHOcmi
BUKOPUCMAHHS 3POULEHHS K PYWIUHO20 (DaKmopy OJisi OMPUMAHHS 2APAHMOBAHUX | CMAOIIbHUX
8pP0ICAIB CilbCbKO20CN00apcukux Kynvmyp. llonusu 600010 pisHOI sKOCMI NPpU3600AMb He Jiuuie 00
RIOBUWYEHHSL BDOACATIHOCTMI, A U 00 3MIHU COIbOBO20 CKAAOY 8 IPYHMI. 3HAYHO wieuduLe 8i00Y8aIOMbCsl
3MIHU CONLOB020 CKNAOY 8 IPYHMI NpuU 3POULeHHI MIHepaniz08aHol0 800010, WO NPU3BOOUNDb OO
HAKONUYeHHs PO3YUHHUX CONel 68 OPHOMY Wapi ma NocipueHHs CKAady IPYHMOB020 GOUPHO20
komnexcy. Hakonuuenns ionie Hampiio npuszgo0ums 00 3aCONeHHA 3pOULY8AHUX TPYHMIE. 3ynuHumu
abo NpU3YNUHUMU NPOYECU 3ACONEHHS MONCHA WLIAXOM NPOBEOeHHAM XiMiuHoi meniopayii
BUKOPUCMOBYIOUU KalbyleeMicHi Meniopanmu. B saxocmi maxoco meniopawmy 6 uyiti pobomi
3aNPONOHOBAHO BUKOPUCMAHHSA NOOIYHO20 NPOOYKMY BUPOOHUYMBA MIHEPATbHUX 000pus —
gocgocincy. Bin micmumo 3nauny xinvkicme xanvyiio (00 95%) ma 30amuuii 3aminumu 0OMiHHUL
Hampiu y IPYHMOBOMY NONUHATLHOMY Komniaekci. Haeedenumu 00cniodicenHsAMU 6CMAHOBNIEHO
ONMUMANBHI  PO3PAXYHKOGI HOPMU | CMPOKU 6HeceHHs ocgoeincy, 1oeo 6nAU8 HA 3MIHY
KOMNOHEHMI8 IPYHMOBOI CONbOBOI BUMANCKU. [0CIOMNCEHHA NPOBOOUIU HA TPYHMAX, WO MPUBATULL
uac (nonao 50 pokis) 3powiysanucs minepanizoeanoro 6oodoio 3 piuku Camapa (Yxpaina). 3a
KIbKICMI0 OOMIHHO20 HAMPIO IPYHMU OOCHIOHUX OLIAHOK HANeHCAlu 00 MANOHAMPIESUX i3
Qi3uuHUMU  O3HAKAMU NPOYeCi8 3ACONeHHs, a 3d GMICMOM MOKCUYHUX conell — 00
cepednvosaconenux. Jna euxopucmanua ocgocincy 6 IPYHMOBO-MeNiopamueHux YMoeax
nieniunozo Cmeny Yxpainu pospaxoeani MmeniopamueHi, azpoHOMIiuHI Ma eKON02IUHO Oe3neyHi
HopMu 8HeceHHs HasecHi ma eoceHu. Cxema 0ocnioie nepedbauana eapianmu 3i 3pOULEHHAM ULTAXOM
oowgyeanus i 6e3 noaugy. Ckiad 800HOI SUMSANCKU GU3HAUANU 3A NOKA3HUKAMU 8MICMY AHIOHIG-
kamionis. 11i0 uac docniodcenvb cnocmepieanu nocmynose 3mMeHuleH s Kitbkocmi cyaivghamis. na 1,5
% Ha Opyauil piK nicjis 6HecenHs 8 IpyHm, ma Ha 7,5 % na mpemill pik nicis eHeceHHs (pocghozincy.
Ha 3powysanux niowax, de enocuecs pocghozine, Kinvkicme 2i0pokapOOHamis 3MeHULY8ANACH, A HA
OLNAHKAX, Oe 3POUleHHsl He NPOBOOUIU, ChOCmepiean nioguerHs ix emicmy. Bapianmu na nonaugi
Xapaxkmepusyeanucs 3HA4HUM 30IIbULEHHAM 8MICMY 10HI8 XJIOPY, WO NOSACHIOEMbCA HAOXOOMCEHHAM
Yux iOHI8 BUKTIOYHO 3 NOAUEHOIO 800010. Cmynine conronocmi eusnayanu 3a pH i xoeghiyicnmom
aocopbyii nampiro (SAR). 3a yumu noxazHukamu 6CMAHOBIEHO, WO V BCIX 8apiaHmax 00cCnioié
IPYHMU BUABUIUC C1aO03aconeHumMuy. Y pe3yniomami nposedenux 0azamopiyHux OO0Cai0HCeHb
BIO3HAYEHO NO3UMUBHULL 6NIUE POCHO2INCY AK Meniopanma Ha AHIOHHO-KAMIOHHUL CKIA0 800HOI
BUMAINCKYU MA CMYNIHbL 3ACOJIeHHs IPYHMIG, WO NOIUBANU MIHEPANi308aHOI0 80000 NPOMALOM
mpusano2o 4acy. 3a aHiOHHUM CKAAOOM XIMIYHUL CKAAO IPYHMIB HA OOCIIOHUX OLIAHKAX ) 8APIAHMAX
i3 6HeceHHAM ocghozincy 1 GecemayiiHuMu NOAUBAMU MA HA OLIAHKAX 6e3 3pouieHHs 0)8
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CyIbhamuum, a Ha KOHMPOIbHUX OLIAHKAX (be3 HecenHs ocghocincy ma be3 noaueie) — co008o-
cynbpamuum. XimiuHuii CKAa0 IPYHmMI8 HA OOCHIOHUX OLIAHKAX 34 KAMIOHHUM CKIA0OM 0V8
Hampieeum y 6Cix eapianmax 00cniois. 3a Hampiti-adcopoyitinum Koegiyiecnmom (SAR) cmyninw
3ACONEeHHA TIPYHMY BIOHOCUMBCA 00 C1AO03ACONEHO20 MUNY, MOOI AK HA KOHMPOIbHUX OLIAHKAX De3
Gococincy 3anuwascs cepedHii mun 3aconeHHs.

Kniouosi cnosa: anionno-kamioHnutl cKiao, 600HA eumsdicka Ipywmy, Gocgoeinc,
Koeghiyienm aocopoyii Hampiro



