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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. 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.

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

Introduction. The global food crisisis growing  on the territory of Ukraine. Therefore, more and
every year due to global climate change. The year more agricultural producers in the Steppe and
2022 showed that the lives of almost 120 million  Forest-Steppe zones of Ukraine are switching to
people depend on agricultural products produced irrigated agriculture to obtain guaranteed stable
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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 100-150 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 II quality class “limitedly
suitable”accordingtoagronomiccriteriaincreased
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 quantitative
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
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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).

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 m®/ha,
respectively. Irrigation water belongs to the
II 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).

Samara river

(source of 1 on)

o Research area

v

Fig. 1. The place of research

1. Chemical composition of irrigation water by years of research

No Main indicators (irrigation source — Unit of Results of water analysis by year
B reservoir on the Samara River) measurement | First year | Second year | Third year
1 pH — 8.10 8.01 8.33
2 Rigidity meg/dm’ 23.9 24.7 25.2
3 Alkalinity meq/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
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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
casily 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,

2. Scheme of the field experiment

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.I. 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
areserve 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

Providing moisture | Variant The rate of phosphogypsum application
Without irrigation | 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
Without irrigation V4 With the introduction of phosphogypsum under cultivation in the spring
at the rate of 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
With irrigation V7 With the introduction of phosphogypsum under 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
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1.4 and 3 t/ha) and in the fall for 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 II 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.

Over the years of observation, there was
a decrease in sulfate ions in the control variant
during irrigation (Table 1, variant V2). 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 SO,
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
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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 meq/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 meq/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 meq/100 g of
soil in the control without irrigation. The content
of SO, in 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 HCO, ™' 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 HCO;! 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
HCO, 'indicators 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
HCO;™ at the rate of application of 3 t/ha to 3%
compared to the rate of 1.4 t/ha, and a decrease of

107

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 cqorn [14].
Whereas sulfur, which is part of the 4 1on,
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 meq/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.
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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.

The degree of soil salinization can also be
determined according to FAO standards by the
sodium-adsorption ratio (SAR) [38]:

Na*
Jos(Ca* + Mg’

where Na*, Ca* and Mg** — the content of the
corresponding ions in the water extract of the
soil, meq/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.

Thelowest SAR indicators were observed inthe
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

SAR =

of 3 and 6 t/ha with irrigation and without it at all
rates (recommended rate of 6 t/ha).

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

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/cm’, 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/em?’.

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

3. Cheminism and the soils salinity degree of the experimental site

Research variant Vi V2 V3 V4
5 g 5 g 5 g % g
Degre_e of salinity / g E N g ™ g :g A @ ™ g :g A g ™ g 7‘5 A z: ™
chemistry (type) of | = | 2% |2 g ~ | 2|8 g = | 2 |E g = | A E g
salinity 3 % % g IS % % D IS S % g IS > % et
A ¢ Ist [0.61 (021 |SST|[139| 0.3 | ST [1.39/037| ST |1.39]|0.39| ST
rezz:;% 2nd | 1.39]032| ST [1.69]/0.35| ST [1.49[038 | ST |1.52]039] ST
3rd [0.76 1029 | ST [199]036| ST |1.63|1035| ST |196|037| ST
Research variant V5 V6 V7 V8
. o |4 |E o |4 |E o |4 |E o |4 | &
Degree of salinity / 215,122 2|5 .22 2|5 .22 2 |5._./22
chemistry (type) of | = | 2| E S| S | 2SI ES| S |SS|ES S | ES|ES
salinity 3 % % ~ @ % % @ c% Sé ~ @ c% % ~
A ¢ 1st 1.7 1 04 | ST | 1.6 |058| ST | 1.5 ]1042| ST | 1.5 041 | ST
re}s,Z:;c(;l ond | 1.62]038| ST [1.51] 041 ST |1.41|041| ST [1.48]041| ST
3rd | 1.881038 | ST [1.75] 04 | ST [1.56| 04 | ST | 148|041 | ST
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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
Vi 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 4.61
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
Vo6 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
A% second 7 1.73
third 7.38 1.61
5. Change of physical indicators of soil according to research options (soil layer 0-30 cm)
Research | Density of soil structures, g/cm? Soil porosity, % Soil permeability, mm/min
variant | 1year | 2“year | 3Myear |I%year|2"year|3" year| 1% year | 2" year | 3" year
Vi 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 47.28 | 47.20 | 47.10 1.10 1.14 1.10
V3 1.24 1.25 1.20 52.00 | 52.00 | 52.35 | 2.48 245 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 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. .,
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 %.
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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
oftheecological 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. [7106a1bHi 3MiHU KAIMAmMy 8 6a2ambox KpaiHax ceimy npuzeoosms 00 He0OXIOHOCMI BUKOPUC-
MANHA 3POUEHHS K PYWIUHO020 (hakmopy 01 OMPUMAHHS 2apaAHMOBAHUX | CMADINLHUX 8POICAI8 CLTbCh-
Kozocnooapcwbkux Kynemyp. Ilonusu 600010 piznoi akocmi npuszgo0ams He quule 00 NiOSUWEHHS 8POICAl-
HoCcmi, a U 00 3MIHU CONbOBO2O CKAOY 8 IpyHmi. 3HAUHO weuoue 8i00Y8arMvbCs SMIHU COTbOBO2O CKAADY
6 IpYHMI Npu 3pOuleHHi MiHepanizoearnoio 800010, W0 NpU3800UMb 00 HAKONUUEHHS PO3YUHHUX COJell
6 OpHOMY wapi ma NO2ipuieHHs: CKAady IPYHMO8020 80UpHO20 Komnaekcy. Haxonuuenns iownie nampiio
npU3800UMb 00 3ACONEHHS 3POULYBAHUX TPYHMIB. 3YRuUHUMU a0 NPUSYRUHUMU NPOYECU 3ACONEHHS MOXHCHA
WLAXOM NPOBEOEHHAM XIMIUHOI Meniopayii 8UKOPUCTOBYIOUU KANbYIE8MICHI Meniopanmu. B axocmi
makoeo meniopanmy 6 yiii pobomi 3anponoHo8aHo SUKOPUCMANHA NOOIUHO20 NPOOYKMY GUPOOHUYMEA
MiHepanrbHux 0obpue — gocgoeincy. Bin micmumsv 3nauny Kinbkicms xanvyiro (00 95 %) ma 30amuuii
SAMIHUMU OOMIHHULL HAMPIU Y IPYHMOBOMY NOTUHANbHOMY Komniekci. Hagedenumu 00cnioxceHHAMU
6CTNAHOBIEHO ONMUMANLHI PO3PAXYHKOGI HOPMU I CMPOKU 8HECEHHA (ocgo2incy, 1020 enaue Ha 3MiHy
KOMNOHEHMI8 TPYHMOBOI cONb0BOI BUMANCKU. J]OCTIONCEHHA NPOBOOUNU HA IPYHMAX, WO MPUBAIUL 4aC
(nonao 50 poxis) 3poutysanucs MiHepanizoeanow 6000w 3 piuku Camapa (Yxpaiuna). 3a xinvxicmio ooMin-
HO20 HAMPII0 TPYHMU 00CAIOHUX OLIAHOK HALEHCAAU 00 MATOHAMPIEGUX 13 (I3UUHUMU O3HAKAMU NPOYeci8
3acConents, a 3a GMiCmom MOKCUUHUX cOllell — 00 cepeonbo3aconeHux. /s euxopucmanius gocgozincy
8 IPYHMOBO-MeNIopamusHux ymosax nigniunozo Cmeny Yxpainu pospaxoeani menriopamueni, azpoHOMIiuHi
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ma exonociuHo be3neuni Hopmu eHecenHs: Hagechi ma socenu. Cxema 0ocnidie nepedbauana éapianmu 3i
3powenHaAM uisxom oougysantist i 6esz noausgy. Ckaaod 600HOI 6UMANICKU GUSHAYATU 3d NOKAZHUKAMU MICHLY
anionie-kamionis. 11io uac docniddcenv cnocmepieanu NOCMYRoO8e 3MEHULeHHsL KIIbKOCMI Cyibghamis. Ha
1,5 % na Opyeuii pix nicis enecenns @ ipynm, ma Ha 7,5 % na mpemiti pix nicis enecenHs gocghoeincy.
Ha 3powysanux niowax, de sHocuscs gocgoeine, Kinbkicmb 2IOpoKapOOHamie 3MeHuy8anacs, d Ha
OIISIHKAX, Oe 3POulenHsl He NPpOoBOOWIL, Cnocmepieanu nioguujents ix emicny. Bapianmu na nonusi xapax-
mepu3y8aIUCch 3HAYHUM 30IIbUEHHIM 8MICIY IOHI8 XJIOPY, W0 NOSACHIOEMbCSA HAOXOOICEHHAM YUX IOHI8
BUKJIIOYHO 3 NOAUBHOIO 600010. Cmyninb cononocmi eusnauanu 3a pH i koegiyienmom adcopoyii nampiio
(SAR). 3a yumu noxasHukamu 6CMAHOBIEHO, WO Y 6CIX 8APIAHMAX O0CAIOI6 TPYHMU GUABUIUCS C1AD03A-
conenumu. Y peszynomami nposedenux 6aecamopiunux 00caioxicensb 8i03HA4eHO NO3UMUGHUL NIUG (Pocgho-
2incy K Meniopanma Ha aniOHHO-KAMIOHHUU CKAA0 600HOT BUMSIICKU MA CHYNIHb 3ACONIeHHS IDYHMIB, WO
NOAUBANU MIHEPATI308AHOI0 800010 NPOMALOM MPUBALO20 HACY. 3a AHIOHHUM CKAAOOM XIMIUHUL CKAAO
IPYHMIB HA OOCTIOHUX OLIAHKAX ) 6aPIAHMAX i3 6HeCeHHAM (ocghocincy i gecemayitinumu NOAUSAMU MA HA
oinAnKax oe3 3poutents Oy6 cyibpamHuum, a Ha KOHMPOIbHUX OLIAHKAX (De3 eHecenHs (hocgozincy ma b6e3
noaugig) — c00080-cynvbhamuum. Ximiunuii CKaao IpyHmie Ha OOCHIOHUX OLISIHKAX 34 KAMIOHHUM CKAAO0OM
0y6 Hampicsum y 6Cix sapianmax 00cniois. 3a nampit-adcopoyitinum xoepiyiecnmom (SAR) cmynins 3aco-
JIeHHSL IPYHIY 8IOHOCUMbCSL 00 CLAD03ACONEHO20 MUNY, MOOI SIK HA KOHMPOIbHUX OLISIHKAX 0e3 hocghozincy
3anUUABCA CePeOHiti MUN 3ACONEHHS.

Knruosi cnosa: aHioHno-kamionHutl ck1ao0, 600HA UMANCKA IPYHMY, pocghoeine, koegiyicum adcopoyii
Hampiio
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