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lonoBHWi1 pepakTop
B'ayecnas LLle6aHiH

PepakuinHa Konerisa

[1-p TEXH. HayK, npodecop, pekTop, MMKoNnaiBCbKMIM HaLLiOHaNbHWI arpapHuii yHiBepcuTeT, M. Mukonais,
YkpaiHa

HauioHanbHi unexun peakonerii

MapuHa [y6iniHa
IpuHa KcboHXuMk
Anacracisa NonTtopak
Harans CipeHko
Onena 3aitueBa
3opsaHa Mauyk
Onbra BuwHeBscbka
AnboHa KniouHuk
Harans Motpusaesa
OneHa We6aHiHa
Muxaiino ®epopuyk

Katepuna [laBuaneHko

Bitaniit Jlio6uu

Onekcanap Xykos

Irop KoBaneHko
Bitaniit Niuypa

Nipia MiweHko
BaneHTnHa lamatoHoBa

B'auecnas Ciukap

Ceprivi YopHuit
BikTop LLlep6akos
Paica Boxerosa
Cepriit KpamapeHko
Cepriit Py6aH
OneHa depota
CsitnaHa KoBTyH
Biktop banaubkuii
Borpan lyTui

TetaHa AuMaHb
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Muxaitno Mnb
Terana Mignana
Ceprivi Jlyrosuii
AnToHiHa MaHdpinosa
Banepiii bynak
Anppiit CraBUHCbKKIA
Bauecnas lMpyc
lanuHa KonppareHko
Onekcin Kosnos
Bonoaumup
KoHppateHko
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Harans MosapoBa

Csitnana Xanatyp
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Bitaniit bex

Maeno Wekk
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the arable soil layer, signs of salinization (exchangeable sodium content of 3.64%), and unsatisfactory physical
condition of the soil in the research areas. The application of phosphogypsum led to an increase in sulfate
anions,as observed in the soil’s sulfate chemistry, while the control areas exhibited a soda-sulfate type of salinity.
The pH level of the water extract remained within neutral values throughout the years of the study. Positive
changes were observed regarding the degree of soil salinity. Specifically, the application of phosphogypsum at
rates of 3 and 6 t/ha in irrigated areas resulted in a change from moderate to slightly saline salinity levels. The
research also demonstrated a positive effect on the sodium-adsorption ratio, particularly when phosphogypsum
was applied during irrigation in the third year. The sodium-adsorption ratio decreased by 69% compared to
the control options, indicating a better ameliorative effect of phosphogypsum during irrigation. Under the
conditions of using water of class Il quality for irrigation, the optimal application of phosphogypsum was found
to be at doses of 3 t/ha for spring cultivation and 6 t/ha for the main cultivation in autumn. These application
rates effectively reduced the degree of soil salinity and improved the ecological and meliorational conditions
of the irrigated area

Keywords: land reclamation; irrigation; salinization; phosphogypsum; sodium-adsorption ratio; degree of salinity

INTRODUCTION

In contemporary agricultural practices, achieving relia-
ble and consistent crop yields is unattainable without
irrigation.While irrigation plays a vital role in enhancing
agricultural productivity, it can also trigger unfavorable
soil degradation processes. Prolonged irrigation with
subpar water quality induces long-lasting alterations in
the physical and mechanical properties of soils, as well
as their salt composition.

Starting from the previous century, hydrotechnical
land reclamation has been developed in Ukraine, re-
sulting in about 5.5 million hectares of reclaimed land,
with over 2.2 million hectares currently irrigated. How-
ever, due to inadequate exploitation, insufficient fund-
ing, and aging infrastructure, as of 2021, only 0.6 mil-
lion hectares were irrigated. The long-term irrigation
of large areas in the southern region of Ukraine with
deteriorating water quality for more than 50-70 years
caused soil degradation through salinization (Chornyy
& lsaeva, 2023). To restore the meliorative systems
and produce high-quality agricultural products, it is
necessary to improve the ecological and meliorative
state of irrigated soils. One potential solution to limit
or mitigate the negative effects of salinization is to in-
vestigate the use of phosphogypsum in chemical rec-
lamation, which is the focus of the research presented
in the article.

The world practice of irrigation with mineralized
surface and underground waters has shown that such
irrigation is always accompanied by salinization of soils,
leads to deterioration of their physical properties and a
significant decrease in fertility. The use of gypsum as a
chemical meliorant during irrigation with mineralized
water is a long-known technique in the practice of irri-
gated agriculture, which is covered in many scientific
works (McKenna et al., 2019; Makarova et al., 2021).
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In Ukraine, studies on plastering of soils irrigated
with mineralized waters were conducted by various sci-
entists (Menshov & Kruglov, 2023). As a result of these
studies, it was established that melioration by plas-
tering increases the content of exchangeable and ab-
sorbed calcium and significantly reduces the amount of
absorbed sodium. But even with high doses of gypsum,
it is not possible to bring the degree of the soil solu-
tion saturation with calcium to the required level in
the absence of watering. Ukrainian scientists, European
and Asian researchers established patterns of changes
in soil properties under the influence of irrigation and
developed techniques to mitigate the adverse impact
of poor-quality irrigation water on soils (Cuevas et al.,
2019; Baliuk et al., 2021). Plastering and deep planta-
tion plowing remain the most studied. Moreover, it was
emphasized that plastering is a technique that limits or
weakens the process of salting, but does not eliminate
it completely (Bello et al., 2021)

Considering numerous scientific studies in the field
of chemical melioration of irrigated soils and water,
this problem remains insufficiently studied and rele-
vant. Questions about the expediency and effective-
ness of plastering chernozems with a weak degree of
salinization remain unresolved. There are objections
to the approaches to calculating doses of ameliorants
and the quantitative component of the interaction of
gypsum with soil and water is insufficiently covered.
The ecological aspects of the ameliorants use have not
been well developed, which necessitates the search for
new, more effective measures from the point of view of
resource and energy saving and environmental safety
(Tsapko et al., 2017).

The need for chemical reclamation of irrigated lands
is due to salinization of soils and their degradation -



compaction,destructuring,crust formation,etc.(Filipciuc
et al., 2019). Irrigation with water of inadequate quality
and non-compliance with the ecological components
of farming cause the processes of soil degradation and
the deterioration of the ecological and meliorative
state of agricultural landscapes (Rudakov et al., 2020;
Andrieiev et al., 2022; Hapich et al., 2023). Unfounded
regimes of chernozem soils irrigation lead to negative
processes associated with excessive accumulation of
harmful salts in the upper layer of the soil, acidifica-
tion, raising the level of groundwater, over-compac-
tion, etc. These processes encourage further research
into the agromelioration state of irrigated soils when
irrigated with water that is limited in use (Rudakov &
Hapich, 2019).

The effect of chemical ameliorants is to squeeze
out, or create an obstacle for the entry of sodium into
the soil absorption complex, due to which the phys-
ical properties of the soil change in the direction of
a favorable regime for increasing the productivity of
agricultural crops. Due to the displacement of the soil
absorption complex of sodium by calcium or other two-
or three-charged cations, the mobility of soil colloids
decreases, the content of nutrients (N, P, K) increases,
alkalinity decreases, and microbiological processes in
the soil are activated (Syed et al., 2021).

According to the results of scientific research con-
ducted in the conditions of the Northern Steppe of
Ukraine, the peculiarities of the degradation processes
occurring in irrigated soils were established, which are
determined by the quality of irrigation water, initial
physical properties of soils, anti-saline buffering capac-
ity, depth of occurrence and mineralization of ground-
water (Makarova et al., 2020).

Analyzing modern scientific publications, we can
conclude that in order to save resources and increase
efficiency, chemical land reclamation should be based
on new conceptual provisions, namely: in the first place,
soils with a medium and strong degree of salinity are
subject to land reclamation; it is necessary to introduce
ameliorants into the soil in the form of a solution or
suspension, as well as locally along the contours of sa-
line soils in periods of maximum salinity; application
in a complex of hydrotechnical, chemical and agrotech-
nical land reclamation on irrigated soils (Cuevas et al.,
2019; Syed et al., 2021).

The object of research are soils irrigated for 50
years, and the processes of changing their fertility
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indicators depending on the dose of phosphogypsum
application.

The subject of research is the change in the chem-
ical composition of the water extraction of irrigation-
ally saline soils when using phosphogypsum as a
chemical ameliorant.

The purpose of the research was an ecological im-
provement assessment of the state of irrigated soils, as
well as the improvement of existing measures to repro-
duce the fertility of salinized irrigated soils by applying
different doses of phosphogypsum. To accomplish the
intended objective, several tasks need to be addressed,
including: 1) scrutinizing the global and Ukrainian
practices of utilizing phosphogypsum to ameliorate sa-
line and salinized soils; 2) conducting a sequence of
experiments under varying doses, durations, and con-
ditions of implementing the ameliorant; 3) substanti-
ating the ideal technological guidelines for employing
phosphogypsum to deter soil degradation processes in
areas irrigated with mineralized waters.

MATERIALS AND METHODS
To solve the main tasks proposed in this scientific work,
the methods used in existing research were analyzed
through a systematic approach to solving the problem
of improving the ecological condition of irrigated lands.
Methods of analysis and synthesis were used to estab-
lish the optimal method of combating soil salinization;
conducted experimental studies in field and laboratory
conditions. Field experiments were conducted to study
the effect of chemical reclamation on the physical prop-
erties of the soil,and laboratory experiments were con-
ducted to determine the physical and chemical proper-
ties of the soil and meliorants. Statistical methods were
used to assess the reliability of the obtained research
results. All research was conducted in compliance with
current ethical and environmental standards (Law of
Ukraine No. 962-1V, 2003; Thompson, 2017).

The research was provided in 2010-2021 near the
village of Oleksandrivka on the territory of the Exper-
imental Farm of the Dnipro Experimental Station of
the Institute of Vegetable and Melon Growing of the
National Academy of Agrarian Sciences of Ukraine, in
the Dnipro district of the Dnipropetrovsk region. The
experimental fields of this farm are located near a
lake on the Samara River, and field experiments were
conducted on an area of 60 hectares, which is shown
in Figure 1.

Ukrainian Black Sea Region Agrarian Science, 27(2), 9-20

11



Prevention of degradation processes of soils irrigated with mineralized water through plastering

N48°33*

CE 35°10'12"

N4ge31:4g= S\

Samara river

|+ (source ofirrigation)
!

E 35°12'36" ~

TIE 35151
i
\ A}_-._--l o
Resgarch area

\

Figure 1. The place of research
Source: developed by the authors based on data from the Google Earth Pro service

The experimental plots are represented by ordinary
chernozem, and the parent rock is loam loess, as ev-
idenced by agrochemical and physical-mechanical in-
dicators. The soils are classified as low-humus, as the
content of the organic part reaches 2.5% (in the arable
layer of the soil), and at a depth of 105 cm, its content
is only 0.3%.

The hydrogen index of the soil in the experimental
areas is in the range of 6-7.5. The total amount of toxic
salts is 0.35-0.48%. In the soil absorption complex, the
percentage content of exchangeable sodium is 3.64%
with an absorption capacity of 23.29 meq per 100 g of
soil. The salt composition of the soil and the content of
the soil-absorbing complex indicate the development
of salinization processes with a medium degree of sa-
linity. According to N.A. Kachynskyi (Kovda, 1979) the
granulometric composition of the soil belongs to light
loam, since the arable layer contains 72.51% of physical
sand, and 27.49% of physical clay. The mineralization of
groundwater reaches 15 g/l with a depth of up to 5 m.

These soils on the experimental site were watered
for 50 years with mineralized water (more than 2 g/l)
from the Samara River. During vegetation watering
with mineralized water, the soil swells, becomes plas-
tic, viscous, sticky and peptized. With this unsatisfactory
physical and chemical condition, the drying soil quickly
compacts and becomes impermeable.

Unsatisfactory physical and mechanical condition
of the soils in the experimental areas is a cause for
concern, so it became necessary to study it. many years
of field experiments to choose ways to improve and
eliminate salinization have been established. It was
also planned to monitor the physical and mechanical
indicators and the chemical composition of the water
extract of the soil, to control the quality of irrigation
during the period of observation.

Climatic conditions during the years of research
were characterized by a hydrothermal coefficient of
0.95-3.52. With regard to weather conditions, precipi-
tation fell extremely unevenly, mainly in the hot season
and had a rather intense nature, which created a small
supply of moisture for the growth and development of
agricultural crops. The extreme change in air tempera-
ture during the years of research also did not increase
the reserves of available moisture in the soil. Irtek
sprinkler hose-drum machine was used for watering.

To improve the quality of ordinary salted chernozem,
a calcium-containing ameliorant from a by-product of
the mineral fertilizers production (phosphogypsum)
was chosen.

The research scheme is shown in Table 1.According
to the proposed recommendations, phosphogypsum
was applied as a reserve for 3 years with and without
irrigation.

Table 1. The field research scheme

Conditions for providing moisture

Norm/methodology for calculating the application of phosphogypsum

Variant

without adding phosphogypsum (control) V1

Without irrigation

introduction of phosphogypsum under cultivation in the spring at the rate of

V3

1.4 t/ha / Pfeffer's method as modified by Molodtsoy, Ignatova, 1990

Ukrainian Black Sea Region Agrarian Science, 27(2), 9-20
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Table 1, Continued

Conditions for providing moisture

introduction of phosphogypsum under cultivation in the spring at the rate of

Norm/methodology for calculating the application of phosphogypsum

Variant

3 t/ha / O.M. Grinchenko method, 1980 V4
Without irrigation
introduction of phosphogypsum in the fall under the main tillage at the rate V5
of 6 t/ha / the method of B.I. Laktionov, 1963
without adding phosphogypsum (control) V2
introduction of phosphogypsum under cultivation in the spring at the rate of V6
1.4 t/ha / Pfeffer’s method as modified by Molodtsov, Ignatova, 1990

With irrigation introduction of phosphogypsum under cultivation in the spring at the rate of V7

3 t/ha / O.M. Grinchenko method, 1980
introduction of phosphogypsum in the fall under the main tillage at the rate V8

of 6 t/ha / the method of B.I. Laktionov, 1963
Source: developed by authors based on O.V. Morozov et al. (2008)

The established norms were determined according
to the methods of calculation of ameliorative, agro-
nomic and ecologically safe doses of phosphogypsum
application. None of the calculated doses exceeded
10 t/ha, which is environmentally safe for this locally
produced phosphogypsum.

The chemical composition of the aqueous extract
of the soil (anion-cation content) characterizes its sa-
linity type. To establish the chemistry of salinization,
preference was given to negatively charged particles of
the arable layer of the soil (30 cm) (Instruction of the
State..., 2002).

All analyses were carried out in certified laborato-
ries in Dnipro in accordance with the regulatory and
methodological base in force in Ukraine (DSTU ISO
10390:2022,2022; DSTU 1SO 11260-2001, 2003; DSTU
ISO 8466-1-2001, 2003; DSTU 7912:2015, 2016).

RESULTS AND DISCUSSION
Dnipropetrovsk region is characterized by a high per-
centage of arable land in agricultural land. Modern
climatic features encourage the use of irrigation as

the main intensifier of production. This causes uncon-
trolled irrigation both in terms of norms and quality
of irrigation water. Previous experiments proved that
watering with water suitable for irrigation can also
have a negative effect on the physical, mechanical
and other properties of soils (Makarova et al., 2020). As
for water that is limited for irrigation, its influence on
the salt and exchange composition of the soil is much
stronger compared to irrigation with fresh water. As
a result of long-term irrigation with water of differ-
ent quality in the territory of the Northern Steppe of
Ukraine, an acute problem of secondary salinization
and salting of lands arose. A change in the natural
state leads to the degradation of soils, their removal
from their intended purpose due to the loss of fertility
(Onopriienko et al., 2019).

As a result of the investigations, the anionic-cati-
onic composition of the aqueous extract of the arable
layer of the soil was determined in all experimental
areas. The results of the average indicators of water ex-
tract analyzes for soil anions and cations in mEq/100 g
of soil in the experimental areas are shown in Table 2.

Table 2. Indicators of soil water extraction in the first three years of research

Anionic composition,

Ukrainian Black Sea Region Agrarian Science, 27(2), 9-20

Research &Ze:f;::::rf Hydrogen meq/100 g of soil cation comp?);i:iooi?, mea/io0s az::::;:n
variant index

phosphogypsum hydrocarbons chlorides sulfates calcium magnesium sodium ratio

first 74 0.324 0.99 2.306 0.621 0.58 242 3.12

V1 second 7.2 0.59 0.7 2.507 0.597 0.49 2.71 3.68
third 7.4 0.348 0.897 2421 0.573 0.47 2.623 3.63

first 7.5 0.22 1.215 2.990 0.253 0.156 4.016 8.87

V2 second 7.4 0.575 1.248 2.75 0.313 0.278 3.982 7.33
third 7.5 0.34 1.27 2.65 0.32 0.284 3.656 6.65

first 7.17 0.169 1.158 3.17 0.73 0.363 3.404 4.61

V3 second 6.7 0.546 0.987 2.788 0.7 0.424 3.197 4.26
third 7.2 0.28 1.198 2.694 0.678 0.395 3.104 4.24

13



14

Prevention of degradation processes of soils irrigated with mineralized water through plastering

Anionic composition,

Table 2, Continued

Research Y% pydrogen meq/100 g of soil ] _oodim
variant index |?t|on

phosphogypsum hydrocarbons  chlorides sulfates calcium magnesium sodium ratio

first 7.29 0.297 1.095 3.299 1.024 0.628 3.039 3.34

V4 second 6.89 0.486 1.0 2.8 1.0 0.395 2.891 3.46
third 7.26 0.273 1.098 2.776 0.987 0.401 2.76 3.31

first 7.37 0.289 1.122 3.325 1.56 0.687 2.488 2.35

V5 second 6.97 0.256 0.879 3.0 1.478 0.364 2.292 2.39
third 7.34 0.258 0.898 2.845 1.425 0.389 2.188 2.30

first 7.22 0.318 0.982 2.742 1.124 0.520 2.398 2.64

V6 second 6.75 0.48 0.627 2.7 1.1 0.45 2.257 2.56
third 7.21 0.315 0.85 2.521 1.092 0.366 2.228 2.61

first 7.36 0.37 0.898 3.038 1.579 0.427 2.3 2.30

V7 second 6.91 0.434 0.621 3.019 1.52 0.465 2.089 2.10
third 7.3 0.291 0.856 2.764 1.489 0.42 2.002 2.05

first 743 0.369 0.876 3.424 2.157 0.267 2.246 2.04

V8 second 7.0 0.567 0.612 3.366 2.1 0.477 1.968 1.73
third 7.38 0.249 0.797 3.175 2.0 0.439 1.782 1.61

Source: developed by authors

On the control option where irrigation was carried
out (V2), a tendency to decrease SO, ion indicators was
observed, which is explained by the leaching of sulfates
together with irrigation water. On the contrary, an in-
crease in sulfates by 0.20 mEg/100 g of soil in the sec-
ond year, compared to the first,and a further decrease in
their amount in the third year were seen on the control
plots without irrigation. The second year of research was
characterized by increased air temperature compared to
the average long-term values, which, as it is supposed,
caused the arrival of sulfates from the lower layers of the
soil profile during this period of research.

The anionic indicators of the aqueous extraction of
the soil (Table 2) were marked by an increase in the
amount of SO, compared to the control option where
irrigation was not carried out and phosphogypsum was
not applied during the entire period of research. The
average annual amount of SO.? ions in the irrigated
options during the observation period increased by 15-
18% compared to the non-irrigated control options of
the experiments.

This fact can be explained by the ingress of SO,
ions into the arable layer of the soil together with ir-
rigation water. This is confirmed by the results of the
observations, since the number of SO,? ions was signif-
icantly lower in the control variants in the absence of
irrigation. The exception was the second year of obser-
vations, in which the amount of sulfates was the high-
est — 2.51 meqg/100 g of soil.

The maximum concentration of SO,? (V8, Table 2)
was obtained in the irrigated areas with the introduction
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of the largest dose of phosphogypsum compared to the
control areas without irrigation with the use of phos-
phogypsum. According to the data in this table, the av-
erage annual indicators of SO,* concentration are 3.18-
3.43 mEq/100 g of soil, which is 0.87-0.92 mEqg/100 g
of soil more than the control options without irrigation.
Application of phosphogypsum in different doses on
irrigated areas (V6, V7, V8) led to the accumulation of
SO,? ions in proportion to the increase in the dose of
its application. Analyzing the changes in the number of
sulfate ions in these variants of the experiments, ac-
cording to the years of research, a pattern of decreasing
SO,” ions was observed to 2.5 meq/100 g of soil (V6),to
2.8 meq/100 g of soil (V7) and to 3.2 meq/100 g of soil
(V8) in the third year (Table 2).

A tendency to increase the content of sulfate ions
was observed in variants with phosphogypsum when
irrigated compared to the non-irrigated control. Com-
paring the two control options (with and without irri-
gation) and options with phosphogypsum application
during irrigation, an increase in average annual SO,’
ions by 0.42 meq/100 g of soil was observed. In are-
as where phosphogypsum was applied without irriga-
tion, the content of SO,? ions increased when the dose
of phosphogypsum application was increased. At a
dose of phosphogypsum application of 1.4 t/ha, there
were 3.17 meqg/100 g of soil sulfate, while at a dose of
6 t/ha - 3.33 meq/100 g of soil in the first year after the
action. During the years of the meliorative effect, the
amount of sulfate ion gradually decreased by an aver-
age of 15% in the third year after the effect. Compared
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to the control irrigated options, the content of SO, ions
increased by only 0.42 meq/100 g of soil with the intro-
duction of a dose of phosphogypsum of 6 t/ha during
irrigation, while at lower doses such a trend was not
observed. For doses of phosphogypsum application of
6 t/ha during irrigation in the third year, the content of
sulfate ions also increased by 0.53 meg/100 g of soil
compared to the control plots. This is explained by the
arrival of SO,? ions with mineralized irrigation water
and their content in phosphogypsum. The gradual de-
crease in the number of ions in the third year after the
application of phosphogypsum is explained by the re-
moval of the formed sodium sulfate into the lower soil
horizons (Onopriienko et al., 2019)

During the research period, no corresponding de-
pendence was observed in the change in the amount
of HCO;%. An insignificant decrease in the content of hy-
drocarbons was noted in the areas where irrigation was
carried out and different amounts of phosphogypsum
were applied. The absence of watering and phospho-
gypsum in the experimental areas led to an increase in
the content of HCO," ions.

In the areas where irrigation was carried out and
phosphogypsum was applied in relation to the control
irrigated areas, the content of HCO,* ions differed by
0.04-0.06 meg/100 g of soil according to the average
annual values. On the control plots without irrigation,
up to 0.07 meqg/100 g of soil more hydrocarbons were
noted in comparison with variants V3,V4 and V5 where
phosphogypsum was applied, but without irrigation.

The content of HCO,! ions in the water extract of
the soil did not show a clear dependence on the dose of
phosphogypsum application. In the areas where irriga-
tion was carried out and without irrigation, the highest
concentration of hydrocarbons was obtained at a dose
of phosphogypsum application of 3 t/ha. The highest
value of this ion content was recorded in the second year
after the action in the options where irrigation was car-
ried out (V6) — 0.567 meq/100 g of soil, as well as in the
areas without irrigation (V3) - 0.55 meq/100 g of soil.

During the research, the dependence of irrigation
on the increase in the concentration of Cl ions in the
soil was established. In the experiments, chlorides

entered the soil only during irrigation with mineralized
water. The content of Cl ions increased by one and a
half times when irrigated with water from the Samara
River compared to non-irrigated control variants. Ap-
plication of phosphogypsum and irrigation compared
to the control options without irrigation reduced the
chloride content in the soil by 34%. The lack of irriga-
tion due to the introduction of phosphogypsum did
not affect the change in the concentration of chlorine
ions. In the control plots during the research years, this
indicator was 0.86 meq/100 g of soil. When applying
phosphogypsum at a dose of 1.4 t/ha, the content of
chlorine ions was 1.11 meq/100 g of soil, and at doses
of 3 and 6 t/ha - 1.0 meq/100 g of soil.

The amount of chlorine ions did not depend on
the dose of phosphogypsum during the entire period
of research. In the absence of irrigation after the ap-
plication of phosphogypsum, the lowest indicators of
chloride content were noted in the second year after
the action at a dose of phosphogypsum application of
6 t/ha, which is 10% lower than the application dose of
1.4 t/ha. This tendency was also preserved in the irri-
gated areas with the introduction of phosphogypsum,
only with a decrease in the total content of chlorides by
35-48% compared to the control irrigated options. This
regularity is explained by the redistribution of chlorine
anions to sulfate ions.

The type of soil salinity was determined by the
ratios of the maximum values of the content of ani-
ons-cations, the results of which are shown in the Ta-
ble 3. According to the chemical composition of the an-
ionic component of the water extract of the soil from
the experimental plots, the sulfate type of salinization
was established in variants with phosphogypsum on ir-
rigated and non-irrigated plots. In the control variant
(V1), the soda-sulfate type was installed only in the
first year of observations. In the future, on this variant,
self-improvement of non-irrigated soil changed the
chemistry to sulfate. By combining anions and cations
into hypothetical molecules of the appropriate amount
(meqg/100 g of soil), the degree of salinity equivalent to
chlorine and the amount of toxic salts in percent were
determined for all variants of experiments.

Table 3. Type and degree of soil salinization

Research
variant

The degree of salinity is equivalent to Cl, meq

V1 o salts? 20
Chimism (type)
The degree of salinity is equivalent to Cl, meq
V2 S %

tox. salts ?

Chimism (type)

Degree of salinity/chemism (type) of salinity

Ayear of research

second
0.61 1.39 0.76
0.21 0.32 0.29
sodium sulfate sodium sulfate sodium sulfate
1.39 1.69 1.99
0.3 0.35 0.36

sodium sulfate sodium sulfate sodium sulfate

Ukrainian Black Sea Region Agrarian Science, 27(2), 9-20
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Research

Degree of salinity/chemism (type) of salinity

Table 3, Continued

Ayear of research

variant

The degree of salinity is equivalent to Cl, meq

V3 tox. salts ? %
Chimism (type)
The degree of salinity is equivalent to Cl, meq
V4 tox. salts ? %
Chimism (type)
The degree of salinity is equivalent to Cl, meq
V5 Stox. salts ? %
Chimism (type)
The degree of salinity is equivalent to Cl, meq
L tox. salts ? %
Chimism (type)
The degree of salinity is equivalent to Cl, meq
V7 Sto)n salts ? %
Chimism (type)
The degree of salinity is equivalent to Cl, meq
V8 %

tox. salts ?

Chimism (type)

second

1.39 1.49 1.63

0.37 0.38 0.35
sodium sulfate sodium sulfate sodium sulfate

1.39 1.52 1.96

0.39 0.39 0.37
sodium sulfate sodium sulfate sodium sulfate

1.7 1.62 1.88

0.4 0.38 0.38
sodium sulfate sodium sulfate sodium sulfate

1.6 1.51 1.75

0.58 0.41 0.4
sodium sulfate sodium sulfate sodium sulfate

1.5 1.41 1.56

0.42 0.41 0.4
sodium sulfate sodium sulfate sodium sulfate

1.5 1.48 1.48

0.41 0.41 0.41

sodium sulfate

sodium sulfate

sodium sulfate

Source: developed by authors

According to FAO standards (1988), the degree of
soil salinization depends on the sodium-adsorption ra-
tio (SAR). In a particular case, based on the received

SAR
10.00
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

first year

second year
1 W2 m3 W4 m5 mé

cation indicators, SAR values were obtained in the first
three years of research, the values of which are shown
in Figure 2.

third year

7 m38

Figure 2. Indicators of the SAR according to research options in the years of research

Source: developed by authors

It was established that the degree of soil salinity
depends on the values of the pH and SAR indicators,
and for all variants of research it is characterized as
slightly saline, and for the first variant of experiments
(V1) salinity is characterized by an average degree.Ana-
lyzing the indicators of the control plots in the variant
without irrigation, an increase in the SAR indicator by
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0.56 units was observed in the second year. This trend
also occurred with SO,? ions. This indicates the influx of
sodium sulfate from the lower layers of the soil profile
into the arable layer during this period.

The change in the SAR indicator in the third year
after the effect of chemical reclamation at a depth of
0-105 cm (Fig. 2) is characterized by minimal indicators.



The effective indicators of SAR reduction correspond
to options where mineralized water was irrigated and
phosphogypsum was applied at doses of 3 and 6 t/ha,
as well as without irrigation, where phosphogypsum
was applied at the recommended dose of 6 t/ha.

The restructuring of the water management sector,
particularly in agricultural irrigation reclamation, has
resulted in reduced funding and the cessation of rec-
lamation science development. This is exemplified by
a substantial decline in scholarly works on the topics
of reclamation soil science and the effects of irrigation
water quality on soils, despite the necessity of these
studies being undisputed among experts. The most
recent fundamental research conducted in Ukraine re-
garding these concerns is a decade or more old, and
the quality of both irrigation water and water resources
in general continues to deteriorate, a trend that is also
observable globally (Kuzminskyi & Natalchuk, 2004).

The research conducted by R.O. Babushkina (2006)
reports the outcomes of a study examining the impact
of chemical land reclamation (limestone applied at
rates of 5, 10,and 15 t/ha and phosphogypsum applied
at rates of 12, 24, and 36 t/ha) and irrigation on the
primary physical and physicochemical properties of
black soil that is typically found in the irrigated regions
of southern Ukraine. O. Nosonenko et al. (2022) have
established the patterns of the effect of various doses
of gypsum on the physicochemical and saline indica-
tors of slightly saline dark-chestnut soil in the Kherson
region. In contrast to the above-mentioned soil types,
which are dark-chestnut and southern chernozems, re-
search has focused less on the effectiveness and tech-
niques of calcium ameliorant application on ordinary
chernozems. Questions pertaining to the feasibility and
efficacy of using gypsum on chernozems with mild de-
grees of salinization are still debatable, and there is a
lack of defined approaches for calculating ameliorant
dosages, insufficiently clarified quantitative indicators
for the interaction between gypsum, soil, and irrigation
water, and poorly developed ecological aspects of us-
ing chemical ameliorants. The issues surrounding the
chemical reclamation of irrigated chernozems, which
are frequently affected by salinization due to the use of
Class | and Il waters for irrigation, and their subsequent
degradation (e.g. compaction, destructuring, and crust
formation), remain unresolved.

Allanions and cations contained in the water extract
of the soil are bound into the corresponding chemical
compounds. Some obtained compounds have a negative
effect on the growth of plants and their physiological
state. Such chemicals include compounds of carbonates
and chlorides. Chlorides slow down plant growth and
are toxic substances for most agricultural crops, for ex-
ample, for corn (Cui et al., 2019).Na,SO, ions can also be
a restraining factor in the development of some plants,
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but this substance dissolves very well in water and con-
tains sulfur, which takes part in redox reactions, the cre-
ation of protein molecules, energy exchange and is a
building material for plant cells (Peng et al., 2008).

Therefore, one of the elements that should be in-
corporated into the revitalization (restoration) system
of hydrotechnical reclamation is the study of issues re-
lated to the improvement of the ecological and recla-
mation state of soils and its impact on the production
of high-quality agricultural products.

CONCLUSIONS

Studies have shown that the introduction of phospho-
gypsum as a chemical ameliorant on irrigated saline
chernozems improves the anion-cation composition of
water extract and the degree of soil salinity. In all ver-
sions of the experiments, according to the cationic
composition of the aqueous extract of the soil, the
sodium type of salinization was established. Reme-
dial measures by applying phosphogypsum under ir-
rigation conditions change the anionic composition of
the soil aqueous extract in the direction of increasing
sulfate ions, which characterizes the sulfate chemis-
try of the soil. In the absence of irrigation and without
the introduction of phosphogypsum, the soils had a
soda-sulfate type of salinity.

The reaction of the soil solution during the years of
observation was close to neutral (6.7-7.9). The degree
of soil salinity in the experimental areas was deter-
mined by the “total effect” of hypothetically bound toxic
ions. The variants of experiments with the application
of phosphogypsum at the rate of 3 and 6 t/ha during
irrigation, where the degree of salinity changed from
medium to slightly saline, responded best. The SAR in
the third year after the application of phosphogypsum
in relation to the control parameters without irrigation
decreased by 10%. Application of phosphogypsum and
irrigation of vegetation in the third year after the effect
led to the best results, that is, there was a decrease
in SAR indicators in relation to the control variants by
69%.This confirms the theory of increased ameliorative
effect of phosphogypsum under irrigation conditions.

Based on the SAR value, the degree of salinity of the
experimental plots was characterized as a weakly saline
type in the variants with phosphogypsum application,
and moderately saline in the control variant with irriga-
tion. According to the SAR indicators, the best options
for irrigation with water of the Il quality class were the
doses of phosphogypsum for cultivation in the spring -
3 t/ha and in the fall for the main tillage - 6 t/ha.

Future scientific research should be based on a
comprehensive approach to solving optimization prob-
lems related to chemical melioration of irrigation wa-
ter, introducing calcium meliorants into the soil as a
solution or suspension, local application along the

Ukrainian Black Sea Region Agrarian Science, 27(2), 9-20
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AHoTauif. TpuBane 3pOLIEHHS 3HAYHUX NAOLW, CTENOBOI 30HM YKpaiHW HEesKICHOK Ta MiHepanizoBaHOK BOAO
npu3senu 40 AerpajauiMHnx nNpoLecis, MOB'A3aHMX i3 3aCONEHHSM Ta OCOMOHLIOBAHHAM IPYHTIB. [ns obMexeHHs
abo nocnabneHHs uMx NpoueciB AOCNIAXKEHO MOX/MBICTb 3aCTOCOBYBAHHS XiMiYHOI Meniopauii WASXOM BHECEHHS
docdorincy. JocnigkeHHs NnpoBeaeHi B yMoBax niBHiyHoro Creny YKpaiHW Ha AOCNIAHUX LiNSHKAX, PO3TallOBaHUX
6ins cena OnekcaHppiBka [IHinpoBcbkoro paroHy JHinponeTpoBcbkoi obnacTi. bynu 3aknapeHi 6aratopiyHi nonboBsi
pocniamn 3 BHeceHHaM docdorincy sk xiMiyHoro MeniopaHTy. Cxema gocnigis nepenbayana BHeceHHs docdorincy y
pi3Hi nepioan poky meniopatuBHMMKn HopMamu 1.4,3.01a 6.0 7/ra.Bindip npo6,1abopaTopHi aHaNi3M Ta ONpaLoBaHHS
OTPUMAHMX pe3ynbTaTiB BMKOHAHO i3 3aCTOCYBaHHAM CTAaHAAPTM30BAHUX MeETOLIB AOCNimKeHb. Ha minsHkax
[OCNioKeHb BCTAHOBIEHO BUCOKMI BMICT coner B opHoMy wapi rpyHTy (0.35-0.48 %), 03HaK1 0CONOHLIIOBAHHS (BMICT
0OMiHHOrOo HaTpito 3.64 %) Ta He3a[0BINbHKUIA di3UUYHMIA CTaH rPyHTY. BHeceHHs docdorincy npueeno Ao 36inblieHHs
aHIiOHIB cynbdaTy, WO Bifobpaxanocs Ha Cynb@aTHOMY XiMi3Mi IpyHTY, @ Ha KOHTPOJbHWUX AiNsiHKax 36epirascs
COA0BO-CyNbdaTHMI TUN 3aconeHHs. BctaHoBneHO, Wo piBeHb pH BOAHOI BUTSXKKM 33 POKM AOCAIAXKEHb 3HAXOAMBCS
B MeXaX HeWTpasbHMX 3HaueHb. [T03UTUBHI 3MiHKM CNOCTepirany Npu BU3HAYEHHI CTYMNeHs 3aCONEHHS IPYHTY, @ came
npw BHeCeHHi docdorincy HopMamu 3 Ta 6 T/ra Ha NONMBHUX AiNSAHKAX CTYNiHb 3aCONEHHS 3MiHIOBABCS 3 CEpefHbOro
[0 cnabKo 3aconeHoro. 3a pesynbTaTaMy 3MEHLLEHHS HATPiEBO-aACOPOLIMHOMO BifAHOWEHHS AOBEAEHO NO3UTUBHY
Lit0 BHECEHHS (pocdorincy npu 3poLLeHHi Ha TPeTI pik nicnaaii. BigMivyaeTbes kpalla MeniopaTnBHa Aiga gocdorincy
npy MONMMBAX 33 PaxyHOK 3MEHLUEeHHS MOKa3HWKAa HaTpi€BO-afCcopOLIAHOMO BiSHOWEHHS LWOAO0 KOHTPOAbHMUX
BapiaHTiB Ha 69 %. 3a ymoB nonuey Bogot |l knacy SKOCTi HaWKpaLLMM BapiaHTOM BHeCeHHs docdorincy € 103U
3 1/ra nip KynbTMBALLO HaBecHi Ta 6 T/ra nif OCHOBHMI 06pobiTOK BoceHW. Lle 3abe3neuye 3HMXKEHHS CTyneHs
33COJIEHHS 'PYHTIB Ta 4,03BOJISIE MOKPALMTM EKONOr0-MeNniopaTMBHUIA CTaH TEPUTOPIi MPU 3pOLLEHHI

KntouoBi cnoBa: Meniopalis 3emMesb; 3pOLLEHHS; OCONOHLIKOBaHHS; hocdorinc; HaTpieBo-aacopbuiliHe BiGHOWEHHS;
CTYMiHb 3aCONEHHS!
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Abstract. The use of herbicides can significantly affect the processes of plant photosynthesis, as it leads to
inhibition of pigment production, impairs the transport of electrons in the respiratory chain and carbon fixation.
The purpose of the study is to determine the effect of herbicide application on weediness and photosynthetic
activity of soybeans. On the basis of a field study in the conditions of the Educational and Scientific Center of the
Lviv National University of Nature Management, the dependence of soybean yield on the level of weediness of the
culture was established. The highest yield of soybeans - 29.0 t/ha was obtained in the application of the herbicide
Primekstra TZ Gold 500 SC c.s. (4.5 l/ha), the smallest — 27.3 t/ha among the experimental variants was obtained
with the post-emergence application of the herbicide Pulsar s.c. (1 |/ha). Application of herbicide Primekstra TZ
Gold 500 SC c.s. did not affect the intensity of photosynthesis, and the number of pigments in soybean leaves was
not significantly different from the indicator in the control. The use of drugs Kommand k.e. and Pulsar s.c. led to a
slight decrease in the number of pigments in the first days after application and their gradual stabilization. Use of
the herbicide Concur c.s. had the effect of weakening photosynthetic activity and reducing the number of pigments.
This indicates that the active substance metribuzin is not absolutely selective with regard to the effect on soybean
plants, that is, in the case of its use, there is a probability of suppressing the culture. The practical significance of
the obtained results lies in revealing the possibilities for choosing effective herbicides with increased selective
phytotoxicity, which provide effective control of the number of weeds with a minimal probability of a negative
impact of herbicides on the soybean agrocenosis
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INTRODUCTION

Photosynthesis is an important process for plant life,as it
provides the synthesis of organic compounds necessary
for plant growth and development. Herbicides can have
a significant negative impact on the photosynthetic ac-
tivity of plants and lead to a decrease in yield, deteriora-
tion of product quality, and threaten the ecosystem. The
application of herbicides can have different effects on
the photosynthetic activity of plants, since these agents
are designed to control weeds and other unwanted
plants,and not to directly affect crops. Depending on the
used herbicide, dose, time of application and environ-
mental conditions, the effect may be different.

Herbicides that affect the synthesis of amino acids
or proteins can reduce the level of photosynthetic pig-
ments and limit the ability of plants to photosynthesize.
They can cause oxidative stress in the plant, which can
cause cell damage and reduce photosynthetic activity
(Nosek et al., 2017; Han et al., 2022).

One of the key reactions of photosynthesis is pho-
tochemical electron transport, which is carried out by
photosystem complexes centered on chloroplast mem-
branes, herbicides can inhibit the processes of photosyn-
thesis by delaying this electron transport (Gamayunova
& Panfilova 2019).

Research by A.T. Taylor & E.P.C. Lai (2021) stab-
lished that, when entering the plant, the active sub-
stance glyphosate inhibits the production of the EPSP
synthetase enzyme. Inhibition of the activity of this en-
zyme blocks the formation of aromatic amino acids by
plants, important for their growth and components of
many plant pigments, the structure and activity of chlo-
roplasts is reflected in the reduced amount or absence
of photosynthetic pigments.

However, there is an assortment of herbicides that
do not have a negative effect on the photosynthetic ac-
tivity of plants or can even enhance it. In particular, her-
bicides that reduce competition with weeds can help
plants increase the availability of light, water and nu-
trients and make them more efficient at photosynthesis
(Gomes et al., 2014).

G.B.P.Braz et al. (2022) show that herbicides can af-
fect the photosynthetic activity of soybeans by slowing
photosynthetic electron transport. Such a process can
lead to a weakening of the photosynthesis process and,
accordingly, to a decrease in the production of organic
substances necessary for plant growth and develop-
ment. Herbicides can also affect the development of
chloroplasts and other cell organelles that affect pho-
tosynthetic activity.

Research by J. Constantin et al. (2020) established
that the introduction of herbicides can reduce the pho-
tosynthetic activity of soybeans, in particular, due to a
decrease in the amount of chlorophyll in the leaves
and an increase in the concentration of reagents
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that cause oxidative stress in the plant. However, as
S. McCown et al. (2018) point out, the effect of herbi-
cides on photosynthetic activity may be small or even
absent, depending on the specific herbicide and soy-
bean growing conditions.

The purpose of the research was to determine the
herbicidal effect on soybean agrocenosis and its photo-
synthetic activity. To achieve the set goal, the following
tasks were completed:

1.The effectiveness of weed control in soybean crops
depending on the use of herbicide was investigated.

2. The influence of herbicides on the yield of soy-
bean seeds was established.

3. The effect of herbicides on the pigment content
and photosyntheticactivityof soybeanswas investigated.

MATERIALS AND METHODS
Research on the effectiveness of herbicides on weed-
iness and photosynthetic activity of soybeans was
carried out during 2021-2022 in the conditions of the
educational and scientific center of the Lviv National
Environmental University.

For the study, the precocious soybean variety Ustya
was used (originator — NSC “Institute of Agriculture of
the National Academy of Sciences of Ukraine”). Soy-
beans were sown in the usual row method with a row
width of 15 cm, with a sowing rate of 650,000 similar
seeds per hectare at a soil temperature of 10-12°C at
the depth of seed wrapping. The soybean fertilization
system included application of 140 kg/ha of ammonium
nitrate and 100 kg/ha of ammonium sulfate.

The soybean protection system against weeds
involved the application of herbicides with differ-
ent mechanisms of action, namely: the soil herbicide
Primekstra TZ Gold 500 SC (active substance - Metol-
achlor, Terbuthylazine) before the appearance of seed-
lings of cultivated plants and post-emergence - in
phase 1-3 trifoliate leaves in crops: Kommand (active
substance - Clomazone), Pulsar (active substance - Im-
azamox), Concur (active substance - Metribuzin).

The experiment included four options with 3 rep-
etitions: Variant 1 - control (without application of
herbicides); Variant 2 - Primekstra TZ Gold 500 SC c.s.
(4.5 I/ha); Variant 3 - Kommand k.e. (0.2 l/ha ha); Vari-
ant 4 - Pulsar s.c. (1 l/ha); Variant 5 - Concur c.s. (0.7 l/t).
The area on which the experiment was laid is 0.5 ha
with randomized placement of plots, the distance be-
tween them is 0.4 m.

The level of weediness was measured using a quan-
titative method with overlapping frames with an area of
0.25 m?in four places diagonally. The species diversity
of weeds was determined in the seedling phase, flow-
ering and at the time of soybean harvest. The obtained
results were compared to the control (variant without
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herbicide application). The actual weediness of crops
was evaluated in points according to the visual-quan-
titative method of A.G. Maltsev. At the same time, the
weediness score was determined both for all types of
weeds in general and for their individual types.

The photosynthetic activity of soybeans was deter-
mined by CO, (carbon dioxide) gas exchange, which was
measured using an infrared optical-acoustic gas ana-
lyzer. The content of photosynthetic pigments was de-
termined by the method of extracting a portion of plant
material in a water bath at a temperature of 67°C for
3 hours (Pradhan et al., 2018). The content of pigments
was calculated in pg/mg mass of raw material.

Soybean productivity was calculated by continu-
ous manual harvesting with preliminary mowing of
the above-ground mass of plants. Processing of the ob-
tained research results for reliability was carried out
using the multivariate MANOVA method of variance
analysis using Microsoft Excel software and the Statis-
tica 10 program package. Differences in the obtained
results are possible at the level of significance P<0.05
according to the Student’s test.

4% 10%

6%

The research was conducted in accordance with
ethical requirements. Experimental plant studies, in-
cluding collection of plant material, followed institu-
tional and international guidelines. The research also
adhered to the standards of the Convention on Biolog-
ical Diversity (2022).

RESULTS

During the years of research, it was established that the
agrocenosis of soybeans was dominated by one-year
weed species, namely: Setaria glauca L., Chenopodium
album L., Echinochloa crus-galli L, Amaranthus
retroflexus L., Raphanus raphanistrum L. etc. Of the peren-
nial weed species were Sonchus arvensis L., Equisetum
arvense, Elytrigia repens, Convolvulus arvensis (Fig. 1).

The share of annual weed species in general was 53-
68% of all species, in particular: Chenopodium album oc-
cupied 10% in the structure of annual weeds, Convolvulus
arvensis — 12%, Amaranthus retroflexus L.- 19%, Galinsoga
parviflora Cav. - 10%, Polygonum convolvulus L. - 13%.
About 9-11% were perennial rhizome weeds, in particu-
lar Equisetum arvense L.and Elymus repens.

m Chenopodium album

u Equisetum arvense
Setaria glauca

W Galinsoga parviflora

B Polygonum convolvulus

W Elytrigia repens

® Amaranthus retroflexus

® Convolvulus arvensis
Sonchus arvensis

W Others

Figure 1. Main types of weeds in soybean crops, % (average for 2021-2022)

Source: developed by authors

Root weeds accounted for 17-22%, among them
were Sonchus oleraceus, Convolvulus arvensis L., and
dandelion Taraxacum officinale.

Over the years of the study, during the growing sea-
son of soybeans, records of the dynamics of weediness of
crops were made, which made it possible to determine
the structure of weediness and to apply herbicides in

Variant

Control (without application of herbicides)
Primekstra TZ Gold 500 SC c.s. (4.5 l/ha)
Kommand k.e. (0.2 l/ha ha)
Pulsar s.c. (1 I/ha)
Concur c.s. (0.7 /t)
Source: developed by authors

Table 1. Dynamics of weediness of soybean crops, pcs./m? (average for 2021-2022)

time and prevent the development of weeds. In the op-
tion of using the pre-emergence herbicide Primekstra
TZ Gold 500 SC c.s. in the seedling phase of soybeans,
there were, on average, the fewest weeds (7 pcs./m?).
This is due to the introduction of post-emergence her-
bicides in the phase of 1-3 trifoliate leaves in soybeans
(Table 1).

Weed accounting period

seedling phase flowering phase harvesting
23 62 113
7 15 22
16 19 24
19 22 26
18 20 24

Ukrainian Black Sea Region Agrarian Science, 27(2), 21-27
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At the time of harvesting soybeans, the least weeded
on average over the years of the study (22 pcs./m?) were
the crops in the variant of the experiment with the
pre-emergence application of the herbicide Primekstra
TZ Gold 500 SC c.s. at a rate of 4.5 I/ha, which is 80.5%
less compared to the control (113 units/m?). This intro-
duction made it possible to effectively control grass and
dicotyledonous weeds in soybean crops. For post-emer-
gence application of Pulsar s.c. (1 I/ha) at the time of soy-
bean harvest, among the variants of the experiment, the
largest number of weeds was established - 26 pcs./m?.

Observations of the dynamics of the appearance of
weeds showed that most of them germinate in the pe-
riod from the phase of soybean seedlings to budding,

Variant

2021

Control (without application of herbicides) 24.5
Primekstra TZ Gold 500 SC c.s. (4.5 l/ha) 28.7
Kommand k.e. (0.2 l/ha ha) 27.1

Pulsar s.c. (1 I/ha) 26.9

Concur c.s. (0.7 Wt) 26.8

LSD 1.24

05
Source: developed by authors

The highest yield of soybean grain on average for
2021-2022 was obtained in the variant of using the her-
bicide Primekstra TZ Gold 500 SCc.s.(4.5 l/ha) - 29.0 t/ha,
which is 20.3% higher than the control (24.5 t/ha). It was
the smallest (27.3 ¢/ha) in the variant of post-emergence
application of the herbicide Pulsar s.c. (1 l/ha). Thus, the
yield of soybeans depends on the level of weediness of
crops, and the use of herbicides can prevent not only
crop yield losses, but also increase it.

The study of the effect of herbicides on the pho-
tosynthetic activity of soybeans showed that the in-
troduction of the herbicide Primekstra TZ Gold 500
SC c.s. did not affect the decrease in the intensity of

Table 2. Effect of herbicides on soybean yield, ¢/ha

then the culture can compete with weeds and inhibit
their development. In addition, the lowest indicator of
weediness in the seedling phase of soybeans was es-
tablished at 1-2 points in the variant of using the her-
bicide Primekstra TZ Gold 500 SC c.s. During this period,
annual early spring and late spring types of weeds be-
gan to emerge. In the flowering phase of soybeans, in
all variants of the experiment, weediness of the crops
was 2-3 points. At the time of soybean harvest, weedi-
ness of the crops was the highest. The study of the ef-
fectiveness of herbicides in soybean crops of the Ustya
variety established the effect not only on reducing the
number of weeds, but also on increasing the yield of
soybeans compared to the control (Table 2).

Year
T ,;Bgrla?zeofzozr % to control, %
237 241 -
29.3 29.0 +20.3
28.6 279 +15.8
27.7 27.3 +13.3
279 274 +13.7
1.32

photosynthesis, and the number of pigments in soy-
bean leaves was not significantly different from the
control. However, in the case of the use of the drugs
Kommand k.e. and Pulsar s.c. a slight decrease in the
number of pigments in the period after the application
of herbicides, which was accompanied by their stabi-
lization, was established on average over the years of
the study. And the introduction of the herbicide Concur
c.s. led to a weakening of photosynthetic activity and a
decrease in the number of pigments (Table 3; Table 4).

Therefore, the active substance metribuzin is not
absolutely selective for soybeans, that is, in the case of
its use, there is a probability of suppressing the culture.

Table 3. Pigment content (ug/mg raw substance) in soybean leaves (average for 2021-2022)

2021 2022
Variant chlorophyll  chlorophyll carotenoids chlorophyll chlorophyll carotenoids
a 8 a ]
Control (without application of herbicides) 1.78 0.64 0.86 1.88 0.71 0.92
Primekstra TZ Gold 500 SC c.s. (4.5 I/ha) 1.69 0.74 0.95 1.92 0.83 0.86
Kommand k.e. (0.2 l/ha ha) 1.76 0.71 0.88 193 0.79 091
Pulsar s.c. (1 l/ha) 1.80 0.75 0.89 1.89 0.75 0.87
Concur c.s. (0.7 l/t) 1.56 0.35 0.54 1.63 0.39 0.61
LSD 1.19 1.08 1.31 1.36 1.29 1.46

05
Source: developed by authors
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Table 4. Photosynthetic activity of soybeans, mg CO /(dm?xh)

Variant
Control (without application of herbicides)
Primekstra TZ Gold 500 SC c.s. (4.5 l/ha)
Kommand k.e. (0.2 l/ha ha)
Pulsar s.c. (1 l/ha)
Concur c¢.s. (0.7 l/t)
LSD

05
Source: developed by authors

Application of soil herbicides prior to soybean and
weed emergence increases the effectiveness of weed
control, soybean yield, and herbicide selectivity relative
to the crop.

DISCUSSION

Herbicides are widely used in agriculture to control
weeds on agricultural and other lands. However, the re-
search of A. Panfilova et al. (2019) proves that the use of
herbicides can have a negative effect on the photosyn-
thetic activity of plants. Herbicides can disrupt the natu-
ral process of photosynthesis by interfering with key pro-
cesses such as electron transport, carbon fixation, and
pigment production, which also correlates with the study.

The effect of herbicides on the photosynthetic ac-
tivity of soybean depends on the type of herbicide and
the application rate. Some active substances, such as
glyphosate, suppress the production of certain amino
acids important for protein synthesis, which leads to a
weakening of plant growth and photosynthetic activity.
Also, glyphosate can reduce the activity of the enzyme
ribulose-1.5-bisphosphate carboxylase/oxygenase (Ru-
bisco), which is necessary for carbon fixation in the pro-
cess of photosynthesis. This can lead to reduced photo-
synthetic efficiency and reduced plant growth and yield
(Korpita & Shuvar, 2020; Soares et al., 2020) In addition,
active substances such as atrazine and metribuzin have
been shown to disrupt the electron transport chain in
photosynthesis, leading to a decrease in energy produc-
tion and photosynthetic activity (Corréa & Alves, 2010;
Shuvar et al., 2022). Certain herbicides can disrupt the
electrontransport chain in photosynthesis,which can lead
to reduced energy production and photosynthetic activ-
ity. For example, atrazine alters the electron transport
chain, leading to reduced ATP (Adenosine triphosphate)
production and ultimately reduced photosynthesis in
plants (Banerjee et al., 2022; Shuvar & Korpita, 2023).

According to the results of the research by
S. Kaeoboon et al. (2021) and R. Cruz de Carvalho et al.
(2022), the use of herbicides can affect the processes of
CO, gas exchange in plants and the efficiency of photo-
synthesis. Studies have shown that the use of herbicides
can reduce the stomatal conductance of plants, thereby

2021 2022 Average for 2021-2022
34 36 35
35 38 36.5
37 36 36.5
36 39 375
31 29 30
1.26 1.64 143

limiting the supply of CO, to the leaves and accompanied
by a decrease in growth and yield of agricultural crops
and a weakening of photosynthetic activity, which is also
reflected in the performed study. On the other hand, it
was established that some herbicides have a positive ef-
fect on CO, gas exchange. For example, some systemic
herbicides can increase the rate of CO, assimilation by
leaves, which can lead to improved growth and increased
crop yields (lummato et al., 2019; Cavaco et al., 2022).

Cytokinin-based herbicides can actually increase
chlorophyll production in plants. Cytokinins are plant
hormones that promote cell division and growth and
can also stimulate the production of chlorophyll in
plants. In addition, certain herbicides can affect the
production and activity of photosynthetic pigments,
such as carotenoids, which can also affect photosyn-
thesis and plant growth (Jain & Sandhu, 2019).

However, it is worth noting that the effect of her-
bicides on soybeans can also depend on factors such
as plant age and environmental conditions. For exam-
ple, young soybean plants tend to be more sensitive to
herbicides than mature plants, and high temperatures
and drought stress can exacerbate the negative effects
of herbicide applications. Also important is that the ef-
fect of herbicides on photosynthetic activity can vary
depending on the specific herbicide, application rate
and timing, plant species, and environmental condi-
tions such as temperature and humidity. Therefore, it
is extremely important to carefully consider the use of
herbicides in agriculture and minimize their negative
impact on photosynthesis and plant growth, which is
confirmed by the research carried out.

CONCLUSIONS
It has been established that the yield of soybean de-
pends on the weediness of the crops, and when using
herbicides, it is possible to prevent crop yield loss and
increase its growth. Over the course of the two-year
study, it was found that the highest average yield of soy-
bean grain, 29.0 tons per hectare (t/ha), was obtained
when using the herbicide Primekstra TZ Gold 500 SC
c.s. at a rate of 4.5 liters per hectare (l/ha). The lowest
yield rate of 27.3 t/ha among the herbicide options was
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obtained when the herbicide Pulsar 40 s.c. was applied
post-emergence at a rate of 1 l/ha.

The application of the herbicide Primekstra TZ Gold
500 SC c.s. did not result in a reduction of photosyn-
thesis, and the number of pigments in soybean leaves
did not show a significant difference compared to the
control. However, in the variants where the herbicides
Kommand k.e. and Pulsar s.c. were used, a slight de-
crease in pigment levels was observed immediately

active ingredient metribuzin lacks complete selectivity
for soybeans, implying that there is a potential for crop
suppression when it is applied.

Prospects for further research consist in studying
the use of tank mixtures and compositions for apply-
ing soil herbicides with post-emergence herbicides in
soybean crops.
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AHoTauis. 3actocyBaHHS repbiuuniiB Moxe CyTTEBO BMIMBATM Ha Npouec GOTOCUHTE3Y POC/IUH, OCKiNbKM NPU3BOAUTD
[10 NMPUTHIYEHHSN YTBOPEHHS MIrMEHTIB, NMOTipLUYE TPAHCMOPT EN1EKTPOHIB Y AMXaNbHOMY NaHLLI3i Ta dikcaLito ByrneLto.
MeTa foCNioKEHHS — BUSHAUUTU BMIMB 3aCTOCYBAHHS repbiumaiB Ha 3a0yp'aHeHICTb Ta POTOCUMHTETUYHY aKTUBHICTb COI.
Ha ocHoBI N0n1b0BOro foCNiAKEHHS B yMOBaxX HaBYanbHO-HAyKoBOro LeHTpy JIbBiBCbKOMO HALLIOHANIbHOMO YHIBEPCUTETY
NPUPOLOKOPUCTYBAHHS BCTAaHOBEHO 3aNEXHICTb YPOXXAMHOCTI COi Big piBHA 3a0ypsTHEHOCTI MOCIBIB KyNnbTypu.
Harbinbwy BpoxaiHictb coi — 29,0 T/ra 6yno oTpMMaHo npu 3acTocyBaHHi repbiunay Primekstra TZ Gold 500 SC c.s.
(4,5 n/ra), HanmeHLwWwy - 27,3 T/ra cepep, BapiaHTiB fociay 6yn0 oTpMMaHo Npu NicnScXo40BOMY 3aCTOCyBaHHI repbiunay
Pulsar s.c.(1 n/ra). 3actocyBaHHs repbiumay Primekstra TZ Gold 500 SC c.s. He BNAMBaNO Ha iIHTEHCUMBHICTb POTOCKMHTE3Y,
a KiNbKiCTb NirMEHTIB Y IMCTKAX COi LOCTOBIPHO He BiApi3HANACS Bif MOKA3HMKA HA KOHTPO/I. 3aCTOCYBaHHS Npenaparis
Kommand k.e. Ta Pulsar s.c. npn13B0AMN0 4O HE3HAYHOrO 3HMXKEHHS KiNIbKOCTi MIrMEHTIB Y NepLi AHI NiCNs BHECEHHS
Ta NOCTYyNoBOI ix CTabinizauii. 3actocyBaHHs repbiumay Concur C.s. NpU3BOAMIO A0 NOCNAbNEeHHS POTOCUMHTETUYHOI
AKTMBHOCTI Ta 3MEHLUEHHS KiNbKOCTI NirMeHTiB. Lle cBiauMTb Npo Te, Wo Aito4a peyoBMHA MeTpUby3nH He € abCONOTHO
MpakKTMYHA 3HAYMMICTb OLEPXKAHUX Pe3YNbTATIB NONArA€ Y PO3KPUTTI MOXIMBOCTEN BUOOPY edeKTUBHUX repbiumnais
3 MiABULLEHOI CENEKTUBHOK (ITOTOKCUMYHICTIO, iKi 3a6e3mneuytoTb epekTUBHUIA KOHTPONb YMCENbHOCTI BypsaHiB 3a
MiHIManbHOI MMOBIPHOCTI HEraTMBHOIO BNAMBY repbiumaiB Ha arpoLeHo3 Coi

KniouoBi cnoBa: cos; nirMeHTH; Aito4a pevyoBuHa; GOTOCUMHTES; BYpsiHU; NPOAYKTUBHICTb
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Abstract. Before the full-scale invasion of the russian federation, the agricultural sector of Ukraine developed
dynamically and played a leading role in ensuring domestic and global food security, employment of the
population, and the formation of foreign exchange earnings from product exports and state budget revenues.
The active phase of the war on the territory of the country radically changed the conditions for the functioning of
agricultural enterprises. The purpose of the article is to characterize and assess the influence of certain elements
of the external environment on the activities of agricultural enterprises. The research is based on the dialectical
method of learning economic processes and the following methods are used: monographic, abstract-logical, PEST
analysis, SWOT analysis. The study analyzed the works of Ukrainian scientists on the problems of the functioning of
agricultural enterprises and identified the main political,economic, social and technological factors of the influence of
the external environment on their activities in the conditions of martial law. It has been established that the political
factors of the environment affect the activity of agricultural enterprises mainly positively, economic factors have a
mainly negative effect on them, and social and technological factors have different directions. The assessment of the
main strengths and weaknesses, opportunities and threats of the environment of agricultural enterprises showed
the existence of prerequisites for the quantitative growth of gross volumes of their production and the need to
develop a comprehensive strategy of agricultural policy for long-term growth in the conditions of post-war recovery,
the key tasks of which should be ecologically oriented nature management, the development of dual education for
training highly qualified workers, increasing the volume of production and export of organic and ready-made food
products, technical and technological modernization of the production base. Priority stimulation of investments in
increasing the volume of production of organic food products, development of primary and advanced processing of
agricultural raw materials inside the faucet is proposed. The practical significance of the research lies in the fact that
its results can be used by state institutions responsible for the development of the agrarian sphere, when developing
a strategy for its development and substantiating measures for its implementation, by agricultural enterprises -
when developing marketing strategies, by scientists — when further researching the problems of the influence of the
external environment on the development of agricultural production
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INTRODUCTION

The agricultural sector plays an important role in the
national economy of Ukraine. The enterprises included
in it are forced to work under the constant influence of
factors of the external macro- and microenvironment.
With the beginning of the full-scale armed invasion of
the russian federation on the territory of Ukraine, the
conditions for the functioning of the economy changed
radically, and new challenges arose arising from the
war. Constant monitoring of changes in the external
environment, uncontrolled by individual business en-
tities, allows them to develop their own strategies for
further activities aimed at minimizing the consequences
of negative impact factors and maximizing the use of
favorable factors. Tracking and forecasting the possi-
ble consequences of environmental influences on the
economic behavior of agrarians and the results of their
activities is the basis for the development of economic
policy measures for the maximum use of the potential
of the agrarian sector in the conditions of martial law.

If consider the enterprise as a system, then its ex-
ternal environment is understood as a set of all com-
ponents that do not belong to this system and whose
changes can cause the system to transition to a state
different from the current one (Drabik, 2022). The exter-
nal microenvironment consists of factors in the imme-
diate environment of the enterprise that affect its activ-
ities. These include suppliers, marketing intermediaries,
competitors, customers and the public. The macro en-
vironment consists of larger social elements that in-
fluence all factors of a company’s micro environment,
such as demographic, economic, natural, technical, po-
litical, and cultural influences (Singh et al., 2022). The
complexity of the external environment is reflected
not only by the number of its factors, but also by their
regional differences and dynamism. The same factors
shape different environments in different geographic
regions and, at the same time, are quite variable over
time (Manic et al., 2017).

All factors of the enterprise’s external environ-
ment are directly interconnected. Political factors de-
termine the institutional environment of the function-
ing of the economy, the importance and influence of
which on the development of the agricultural sector of
Ukraine lies in the possibility of providing enterprises
with investment resources through the use of appro-
priate economic mechanisms (Bakhur, 2020; Zoria et al.,
2020; Kravchenko, 2020). This environment determines
the presence of innovative technologies through the
regulation of the processes of formation and use of
innovative knowledge, the state of the market for in-
novative products, and the level of protection of intel-
lectual property objects (Tesheva, 2020). Collectively,
this determines the trends in the development of so-
cial capital in the agrarian sphere (Hrytsaienko, 2020).

Penkova and Kharenko

The military actions on the territory of Ukraine radically
changed the conditions of the external business envi-
ronment, which actualizes the chosen research topic.

The purpose of the article was to determine the
most influential factors of the external environment of
Ukrainian agricultural enterprises during the full-scale
invasion of the russian federation and to assess the na-
ture of their influence.

MATERIALS AND METHODS

The research is based on the dialectical method of
understanding economic processes, which determined
its logic and stages. At the first stage, using the mon-
ographic method, the works of Ukrainian and foreign
scientists on the problems of analyzing the external
environment of enterprises and the development of the
agrarian sector of the economy were analyzed, as well
as analytical information of the Ministry of Agrarian
Policy and Food of Ukraine, the State Statistics Service
of Ukraine, the National Institute of Strategic Studies
and materials of periodicals.

At the second stage, using the PEST analysis, the
main political, economic, social and technological fac-
tors of the influence of the external environment on
the functioning of agricultural producers were identi-
fied and the nature of this influence was determined.
The choice of this method is due to the fact that PEST
analysis is a powerful and widely used tool for under-
standing strategic risks. It allows identifying changes
and the impact of the external macro-environment on
the competitive position of enterprises. Quantitative as-
sessments of the impact of environmental factors were
not used due to the significant diversity of product spe-
cialization, size,and location of agricultural enterprises.

At the third stage, based on the results of the gen-
eralization of the work of Ukrainian scientists regarding
the factors that contribute to or complicate the conduct
of agrarian business and the results of the PEST analysis,
the main strengths and weaknesses, opportunities and
threats of the external and internal environment of
agricultural enterprises were determined by the SWOT
analysis method. On its basis, potential growth oppor-
tunities (opportunities) and external factors that may
pose risks (threats) are determined. This information is
critical to developing strategic plans, setting goals, and
making informed decisions to maximize agribusiness
productivity. In the study, agricultural enterprises are
understood as a set of economic entities engaged in
agricultural production and related enterprises for the
processing of agricultural raw materials into food prod-
ucts and into raw materials for further industrial use,
which cover the stages of reproduction — the produc-
tion and distribution of the produced product between
processing industries. The result of the conducted
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research is the formulation of conclusions and recom-
mendations using the abstract-logical method.

RESULTS
In order to understand the threats and opportunities of
the external environment for agricultural enterprises,
during the PEST analysis, Ukrainian scientists in the
pre-war period distinguished a different composition of
factors within four main groups of macro-environmen-
tal factors: political, economic, social and technological.
V. Khodakyvskyy & M. Mysevych (2017) structure each
group into six components, and identified economic
factors as the most favorable for the development of
agribusinesses, while social factors are the most threat-
ening. |. Gorbacheva (2016) assesses the impact of the
external environment as mostly negative and identi-
fies six components within economic factors, five polit-
ical factors, two technological factors, and three social
factors. A different approach was used by N. Sirenko &
K. Mikulyak (2020), who identified three favorable and
three threatening factors within each of the groups. Ac-
cording to the results of their assessments, the threats

of the economic bloc have the greatest impact on the
development of the agrarian sector. There are no funda-
mental contradictions in the list of factors in the cited
studies, only the degree of their detailing differs. Dif-
ferences in estimates are due to the fact that scientists
used the method of expert evaluations and the result
was determined by an optimistic or pessimistic vision
of the potential result of the influence of factors.

The views of the agrarians themselves regarding the
factors most restraining agricultural activity partially re-
flect the results of the survey of agricultural commodity
producers conducted periodically by the State Statistics
Service of Ukraine (2023) (Fig. 1). According to them, for
the 1st quarter of 2023, weather conditions were noted
by a higher percentage of respondents than lack of finan-
cial resources. At the same time, the negative influence
of ‘other factors” under which the majority of respond-
ents point to the war with the russian federation, which
complicated the logistical component of exporting prod-
ucts, and therefore negatively affected the price offers
of buyers of certain types of products, exacerbated the
personnel problem (mobilization of workers).

(data are seasonally adjusted)
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Figure 1. The results of a survey of agricultural commodity producers regarding factors that complicate the conduct of
agricultural business

Notes: data for 2023 are provided for the 1st quarter

Source: developed by the authors based on the State Statistics Service of Ukraine (2023)

Political factors of influence. To mitigate the negative
impact of the war on agribusiness, Ukrainian govern-
ment officials and foreign partner countries developed
a number of measures. Thus, in 2022, four laws and 11
resolutions of the Cabinet of Ministers of Ukraine (CMU)
were adopted, aimed at exempting goods used for the
storage of grain and/or oilseed crops, simplifying land
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relations, registration procedures for agricultural ma-
chinery, and seed certification from import duties, farm-
ers’ access to fuel, pesticides and agrochemicals, import
of food and feed, products of animal and plant origin,
genetic material, pesticides and agrochemicals. State
financial support programs for agribusiness were also
implemented, in particular, within the framework of



the grant program for the creation of greenhouses and
gardens, according to the Ministry of Agrarian Policy
and Food of Ukraine, in 2022, grants in the amount of
UAH 421.3 million were provided. In March 2022, the
CMU expanded the “5-7-9% Available Loans” program.
Farmers received up to UAH 60 million at 0% annual
interest, and state guarantees were provided for 80%
of the amount. Under this program, in 2022, more than
34,500 farmers received loans worth UAH 73 billion
351 million. (Ministry of Agrarian Policy and Food of
Ukraine, 2023). In 2023, the Ukrainian authorities con-
tinued the operation of special programs aimed at
supporting Ukrainian producers of agricultural prod-
ucts. Agricultural producers will be able to apply for
state subsidies, targeted, subsidized credit programs,
loans and technical assistance from the EU and other
international donors on the online platform State
Agrarian Registry (n.d.).

The assistance of the governments of the partner
countries to Ukrainian farmers during martial law con-
sisted in the simplification of export rules, in particular
the cancellation by the EU for one year of all customs
duties and quotas for exports from Ukraine, the launch
of “Solidarity Paths” and the allocation of 1 billion eu-
ros for their development, the introduction of various
financial assistance programs. For example, since Sep-
tember 1, the State Agrarian Register has started ac-
cepting applications within the framework of the new
program of assistance to small agricultural producers
for a total amount of more than 1.5 billion hryvnias,
which is financed from EU budget support (Gromov,
2022). The Food and Agriculture Organization of the
United Nations (FAO) also implements programs to
support small Ukrainian farmers. They received winter
wheat seeds to ensure production needs for the 2023
harvest, as well as grain sleeves (more than 30,000 plus
105 sets of special equipment for their loading/unload-
ing) to ensure storage and protection of the crop this
season. FAO provides animal feed, multipurpose cash
assistance and vouchers for the purchase of other in-
puts to rural households. In 2022, FAO allocated $2.4
million to purchase vegetable seeds, grain seeds, and
potatoes for Ukrainian farmers (Ministry of Agrarian
Policy and Food of Ukraine, 2022).

Against this background, from a political point of
view, the growth of Ukraine’s authority in the interna-
tional arena, its support by international organizations,
and the consolidation of political forces in the middle
of the country are positive. The aggression of the rus-
sian federation pushed the population of Ukraine on
the path of unification, growth of national self-aware-
ness, popularization of cultural and historical values.
During the martial law, a large part of citizens and civil
servants realized that overcoming corruption is an
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extremely important task, because this will be the basis
for further victory, effective reconstruction and full and
rapid integration into the European Union (Motlyakh,
2022). At the same time, if at the first stage of the war
the problems of corruption decreased in urgency due
to the scale of security threats, they gradually became
relevant again. This was facilitated by the suspension
of the public work of the register of electronic decla-
rations of officials and officials, the permission of the
Cabinet of Ministers to enter into direct contracts for
public procurement, disregarding competition, restric-
tions on the operation of open data portals, websites of
local self-government bodies and their divisions, which
reduced the amount of available information about the
work of local self-government bodies, in including in
the part of decisions regarding the conclusion of lease
agreements, provision of residential premises, pur-
chases, etc. (Transparency International Ukraine, 2022).

Economic factors of influence. According to the results
of 2022, the Ministry of Economy of Ukraine estimated
the fall in GDP to 29.2%, which was a consequence of
the destruction of some industrial enterprises in the
east of Ukraine, crop theft in the occupied territories and
other consequences of the war (GDP fell by..., 2023). At
the same time, in 2023, as a result of the relaxation of
part of the enterprises, the adaptation of business en-
tities to conducting business in war conditions, as well
as the effective actions of the Armed Forces of Ukraine
(AFU) to de-occupy the territories, a small increase in
the Gross Domestic Product (GDP) is predicted, which
is provided for by Law of Ukraine No. 2710-1X (2022)
in the amount of 3.2%, forecast by the National Bank
of Ukraine (NBU) (2023) by 0.3%. At the same time,
the international rating agency Moody’s predicts that
Ukraine will experience a slight reduction in real GDP
by 2% in 2023 (Moody’s downgrades Ukraine’s..., 2023).
The consequence of a possible further recession of the
economy may be a reduction in the business activity of
agro-enterprises; instead, the slight revival of the econ-
omy as a whole predicted by government institutions
will not lead to significant growth.

According to the National Bank of Ukraine (n.d.), the
consumer price index for 2022 reached 26.6% (Decem-
ber to December of the previous year), and according
to the forecast of the Ministry of Economy of Ukraine
at the end of 2023, the inflation rate will be 24% (The
Ministry of Economy predicts..., 2023). Therefore, it can
be expected a further decrease in business income and
savings, an increase in production costs, and an in-
crease in the cost of loans.

Predominance in the pre-war period in the struc-
ture of the export of products of the agricultural sec-
tor of the raw material component in combination with
significant logistical problems of its supply to foreign
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markets in conditions of war, dependence on the oper-
ation of the so-called “grain corridor” when selling to
the traditional sales markets of Asian and African coun-
tries, limited capacity the European boundaries of the
volume of demand in combination with the reduction
of Ukrainian elevator capacities to preserve the har-
vest creates a threat of increasing disparity in purchase
prices for export products of agricultural enterprises and,
as a result, a significant underachievement of profits.

The threat outlined above is partially offset by the
consistently high and growing demand for agricultural
products on international markets, which is due to the
increase in the global population, which, according to
UN forecasts, will reach almost 10 billion people by 2050
(United Nations, n.d.). Given the limited amount of agri-
cultural land, it is impossible to significantly increase the
global food supply in the short term,which leads to an in-
crease in market prices. For example, the FAO cereal price
index increased by 17.9% in 2022 (De La Hamaide, 2023).

An additional test for Ukrainian farmers is a perma-
nent shortage of resources: fuel in the spring of 2022,
electricity in the fall of 2022 and in the winter of 2023.
It is clear that these deficits were overcome by the abo-
lition of state regulation of fuel prices and the purchase
of generators, but this led both to the loss of part of the
production and to an increase in its cost price. As for ni-
trogen fertilizers, some farmers had stocks for the 2022
sowing season, and at the beginning of the 2023 sowing
season, their deficit on the market amounted to more
than 60%. According to Taras Vysotskyi, First Deputy Min-
ister of Agrarian Policy and Food of Ukraine: “if a farmer
applies 30% less fertilizer or more, then the fall in yield
may be twofold” (Fertilizer deficit: Yields..., 2023). It is
possible to predict the negative consequences of the dis-
ruption of interregional production ties for the volume
and structure of agricultural production in the future.

Military operations also had a negative impact on
the work of food processing enterprises, some of which
temporarily stopped their business at the beginning of
the war and began to look for various options for re-
storing and continuing their activities (How Ukrainian
food..., 2023). The destruction of production capacities
and the breakdown of logistics chains, the reduction
of domestic consumption also affected the demand for
the corresponding agricultural products.

Social influencing factors. A key factor in the ef-
fective functioning of the branches of the national
economy is the availability of highly motivated labor
resources, which is manifested through their satisfac-
tion with a decent level of income, the development of
social infrastructure, a positive psychological climate at
the workplace, etc. According to the International Labor
Organization, before the beginning of the military ag-
gression of the russian federation, 15-17 million people
of working age lived in Ukraine. A significant number of
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them lost their jobs in 2022, as hostilities take place
in areas where industrial production was mainly con-
centrated (Vinokurov, 2022). It is quite difficult to accu-
rately determine the number of such people, due to the
lack of relevant studies by statistical authorities, how-
ever, according to the estimates of the National Bank
of Ukraine, the level of unemployment in the country,
as of the beginning of 2023, was about 30% (2.0 mil-
lion people are looking for work in the middle of the
country and more 2.7 million abroad from those who
got there as a result of the war, and before that were
actively involved in the economy of the state) (Unem-
ployment rate in Ukraine..., 2023). This state of affairs
deepens the problem of pension provision for the rel-
evant population. The situation is complicated by the
demographic component, which is characterized by a
clear tendency towards the aging of the nation.

Thus, according to the UN, Ukraine is among the
five countries in the world with the highest rates of
population aging (Heyets et al., 2019). Under such a
development of the situation, producers of agricultural
products are the most vulnerable component of the na-
tional economy, since workers in this field already have
a fairly high average age, which is rapidly approaching
the retirement age. Mobilization had a negative impact
on the supply of labor resources, especially machine
operators. Farms carrying out economic activities on
more than 1,000 hectares of arable land had the oppor-
tunity to issue reservations for 50% of employees, while
smaller ones were deprived of this (Order of the Ministry
of Agrarian Policy and Food of Ukraine No. 223, 2023).
Both the former and the latter had to solve the problem
of the shortage of relevant personnel independently,
and the first step was to involve in the implementa-
tion of technological processes people of retirement
age who had previously worked for these employers.
A significant migration of internally displaced persons
from the south-eastern regions of Ukraine should have
a positive impact on the state of affairs in rural areas,
but the vast majority of them do not have relevant work
experience in the agricultural sector.

The state, in the form of executive authorities,
and Ukrainian and international public organizations
to support displaced persons provide them with vari-
ous support, including financial support. However, the
amounts of payments, as a rule, do not reach the level
of the previous incomes of such categories of the pop-
ulation, covering only partially their needs for a grocery
basket, housing, etc. (Kurinna, 2023). The situation is
also negatively affected by the development of infla-
tionary processes in Ukraine, which exerts pressure on
the purchasing power of the population. Thus, the au-
thor’s analysis of the current state of the food market
indicates a significant increase in the level of consumer
prices and a decrease in the range of presented product



items, especially for products with a high added value.
The reason for this is the loss of part of the produc-
tion and infrastructure capacities, interruptions in the
supply of energy resources, constant missile attacks
and other factors, the root cause of which was the war.
Another factor in the formation of such a situation is
the decrease in the purchasing power of the popula-
tion, according to experts’ calculations, by an average
of 40-45% (Druhov, 2022). So, if in 2021 the average
monthly income in Ukraine was the equivalent of 500
US dollars, then at the beginning of 2023 it will be 375
(Shapoval, 2022). Under this development, most poten-
tial buyers will prefer cheaper products belonging to
the basic category (flour, bread, oil, etc.), while reducing
the consumption of dairy products, meat (cattle, pigs)
and its processing products, in primarily the premium
segment, etc. The specified structural shifts in the
consumer basket of the lion’s share of the population
forced food industry enterprises to optimize their prod-
uct portfolio, which led to a decrease in the volume of
purchases of certain types of grain from agricultural
producers, namely those that are raw materials for the
production of products oriented to the domestic market
(How the main sectors ..., 2022).

The deepening of stratification of population strata
in Ukraine by income level has significant negative con-
sequences for the national economy. Because it affects
not only the level of purchasing power, but also the sup-
ply of individual industries with labor resources. Thus,
according to UN research, under modern conditions
of ensuring competitive advantages for the economic
growth of both the country as a whole and individual
spheres, 64% depends on human and social potential,
20% on natural resources and 16% on capital (Chala
et al.,2018). Especially vulnerable in such a situation is
agriculture,which is losing its traditional base of human
resources due to their migration to cities. This process
is caused not only by the amount of wages, but also by
the lack of proper development of the components of
the social infrastructure. The development of the agri-
cultural sector of Ukraine is positively influenced by the
presence of a wide network of specialized educational
institutions for the training of the entire spectrum of
labor professions and specialties, which continued their
activities even in wartime, according to the needs of
employers.Thus, as of January 1,2022, 21 institutions of
higher agricultural education and 104 colleges of the
corresponding profile and a large number of vocational
and technical lyceums were operating in the country
(Nikolaienko & Nikolaienko, 2021). However, during the
last decade, there has been a steady trend towards a
reduction in the number of applicants, which is re-
lated to both demographic factors and the possibility
of educational and labor migration of the population to
other countries.

Penkova and Kharenko

The mentality of managers and employees, which
is characterized by a low level of tax culture and a
tendency to shadow incomes, has a significant impact
on the development of agrarian business. This situa-
tion complicates the work of legal Ukrainian agrarian
businesses due to a decrease in their competitiveness,
which negatively affects budget revenues and the de-
velopment of rural areas. Also, this has a significant
impact on the deterioration of Ukraine’s image, as in-
ternational partners are familiar with such facts and
do not support such approaches to doing business. Ac-
cording to experts (Lebed, 2021), the biggest risk of the
existence of the shadow market is that its share will
continue to grow further, which will lead to a decrease
in investments in promising areas related to the forma-
tion of added value.

Technological factors of influence. By the end of
December 2022, as a result of military operations in
Ukraine, about 20% of agricultural land was damaged.
They are either mined, or contaminated with oil prod-
ucts and chemical compounds, or damaged by machin-
ery. The area of such lands continues to increase in
2023, and their return to full economic use will take
decades (Decyk, 2022). Such a situation will have a
particularly negative effect on territorial communities,
whose budgets are formed, mainly, at the expense of
income from agrarian business. The next element of re-
source provision of agricultural production, which suf-
fered the greatest losses, is the appropriate machinery,
tools and equipment. Damages caused are estimated
at $2.9 billion or concern more than 84,000 positions.
In addition, grain storage facilities with a total capacity
of 9.4 million tons (excluding those operating in the
occupied territories) were damaged, which requires ap-
propriations at the level of $1.1 billion (Naiter, 2022).
According to the Ministry of Agrarian Policy, 15-20% of
cattle, pigs and poultry were lost due to military oper-
ations (Rusan, 2023). Total direct losses of the agri-
cultural sector, including stolen and destroyed finished
products, during the year of military operations, accord-
ing to experts’ calculations, amounted to $6.6 billion,
which is 23% of the total value of assets of Ukrainian
agricultural enterprises (Naiter, 2022). The formation of
the added value of agricultural products was negatively
affected by the loss of significant amounts of processing
capacity. This was especially noticeable in relation to
the oil and fat industry, which forced farmers to export
oilseeds rather than vegetable fats and other related
products (Penkova & Kharenko, 2023). The situation in
agrarian business was complicated by logistical prob-
lems associated with the limited involvement of sea
transport in export operations and the sharp increase
in the cost of railway services (Zakharchuk et al., 2021).
This led to a situation where a significant proportion of
commodity producers sold grain almost at cost price.
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At the beginning of the second decade of the 21
century, the supply of agricultural goods producers with
equipment and tools was in an unsatisfactory state.
Thus, their availability in farms decreased by 40-50%
compared to 1990, and the degree of wear and tear was
approaching a critical limit. The growth in subsequent
years of the productivity of crops and animals, as well
as sales prices, primarily of export-oriented types of
products, contributed to the increase in the efficiency of
agrarian business, which made it possible for business
entities to massively direct resources to the purchase of
modern models of the necessary equipment. The level
of concentration of the land bank became a determining
factor in the orientation of farmers to the country of ori-
gin of the equipment (Vitiuk & Smetaniuk, 2020). Large-
scale enterprises, generating greater profits, preferred
new models of foreign-made equipment, and small-
scale enterprises — Ukrainian ones. At the same time,
in the future, the latter reoriented themselves to the
previously used foreign-made equipment, believing that
although it costs much more than the Ukrainian one, it
is superior to it in terms of quality parameters. A similar
situation is observed in relation to seed material and
plant protection products. The only difference is that
with regard to plant protection products (PPPs), large
farms buy original drugs, and small producers buy ge-
nerics. The qualitative and quantitative increase in the
technical potential of agricultural producers contributed
to the increase in labor productivity and product quality,
automation and mechanization of production processes,
which had a positive effect on the cost price of the
obtained products. At the same time, a negative point

for the national economy is the tendency of Ukrainian
farmers to use foreign models of both equipment and
agricultural machinery with seed material, provided that
appropriate Ukrainian products are available.

During the last decade, farmers began to actively
pay attention to the quality parameters of the prod-
ucts they produced, as well as the formation of their
management system. They were prompted to do so by
growing demands from food industry enterprises and
traders, which are subjects of foreign economic activity,
and therefore focus on the relevant standards in force
in importing countries or those with international sta-
tus. Another reason is the close relationship between
quality parameters and the level of purchase prices.
The establishment of close, constructive cooperation
between product manufacturers and educational and
scientific institutions had a positive effect on the im-
plementation of this task regarding: optimization of
technological processes of product production, its pri-
mary processing, storage; approbation of crop varie-
ties (hybrids) taking into account regional natural and
climatic conditions, doses of fertilizers, use of various
plant protection systems; training of personnel in ad-
vanced approaches to the performance of professional
functions; those.

PEST analysis. Evaluating the impact of environ-
mental factors on the development of agricultural en-
terprises in general, one should note their multi-vector
orientation (Table 1). Each additional month of the war
will intensify negative trends in the economic, social
and technological environment of the functioning of
agribusiness.

Table 1. PEST analysis of factors of external influence on the development of agricultural enterprises

Impact factor

Political
1.War with the Russian Federation =
2. Increasing authority of Ukraine in the international
arena

3. Support of international organizations, including the
UN

4. Harmonization of Ukrainian legislation with relevant
aspects of EU countries

5. Improvement of the institutional environment for
conducting business and foreign trade

6. Presence of desire in society for positive changes in
the country

7. Presence of facts of corruption =

Social

1. Problems with the labor force: internal and external
migration, mobilization to the Armed Forces, rising
unemployment, psychological problems of personnel
(work in constant stress and anxiety)
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Direction of
action (+/-)

Direction of
action (+/-)

Impact factor

Economic

1. Recession of the economy of Ukraine -
2. Inflationary processes in the country -

3. Predominance in the structure of the export
of products of the agricultural sector of the =
raw material component

4. Stable high demand for agricultural sector
products on international markets

5. Problems with material and technical
support, as well as rising prices for means of -
production in the agricultural sector

6. Disruption of interregional industrial
relations

7.High investment attractiveness (availability
of credit resources)

Technological
1. Loss of a part of land, production,

processing and logistics resources due to -
military actions



Impact factor

Direction of
action (+/-)
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Table 1, Continued

Direction of

Impact factor action (+/-)

2. Growth in the number of food consumers in the world +

3. High level of education of the population and
qualification of personnel

4. A decrease in the purchasing power of the majority
of Ukrainians and, as a result, a change in consumer
behavior to limit consumption to the minimum
satisfaction of needs

5. Growing national self-awareness of the population,
‘economic patriotism” in consumption and rapid
adaptation of business entities to changing
environmental conditions

6. Deepening the processes of stratification of
population strata by income level

7. Low level of tax culture of the population, tendency
to shadow incomes

2. Fast rates of renewal of fixed assets +

3. Strengthening the relationship between
education, science and production needs of +
commodity producers

4. Automation and mechanization of all
production processes

5. Increasing the general level of quality of
agricultural sector products

6. Low demand for domestic scientific and
technical and innovative developments

7. Reduction of requirements for the quality
of part of the resources used in agricultural
production (fuel, pesticides, etc.) during the
martial law

Source: Compiled by authors based on M. Dergaliuk (2017), N. Pryshliak (2018), G. Pruntseva (2021), M. Nehrey &

O. Trofimtseva (2022)

Realization of the potential of positive factors will
be determined, first of all, by the terms of Ukraine’s vic-
tory in the war and the unchanging support of the gov-
ernment and the support of foreign partner countries
and international organizations. This allows us to hope
for the further effective development of this key sector
of the economy for Ukraine, as it will be able to become
a locomotive of post-war reconstruction in the future.

SWOT analysis. According to the obtained results,
they have a significant potential for their further de-
velopment in the context of increasing production
volumes (favorable natural and climatic conditions,

relatively cheap production resources) and further dis-
tribution (geographical location of the country, growing
demand in the world). This helps attract investment re-
sources, which makes it possible to create new jobs and
new added value. All this will affect the improvement
of the economic and social situation in Ukraine. Weak-
nesses of the agricultural sector include an imperfect
regulatory framework, the lack of a systematic approach
from the point of view of financial and economic sup-
port for commodity producers, and the low productivity
of the use of resources by a significant number of en-
terprises (Table 2).

Table 2. SWOT analysis of agricultural enterprises of Ukraine

Strengths Weak sides

- availability of fertile land suitable for conducting highly
efficient agricultural business;

- the terrain is suitable for large-scale production of plant
products;

- favorable climatic conditions;
- low level of land rental cost and cheap labor force;

- favorable geographical position of Ukraine from the point
of view of logistics;

- Ukraine’s strong position on international food markets
(especially grain and oil);

- wide use of advanced global technologies by all subjects
of economic activity, regardless of the scale of business;

- the management of agrarian enterprises actively adopts
advanced international experience both in the field of
production and processing, logistics, etc.;

- introduction of electronic commerce;

- one of the highest levels of profitability in the world;

- a high share of the export of agricultural products in the
national dimension;

- the presence of various industry associations and
representatives in legislative and executive bodies, which
provides opportunities for lobbying interests.

Internal environment

- the land market is not sufficiently developed;

- deterioration of the quality of land resources due to non-
compliance with technologies and crop rotation;

- the need for highly qualified workers is intensifying;

- low level of labor productivity compared to EU countries;

- lack of effective financial (including credit) and economic
support mechanisms for commodity producers as a whole system,

which is manifested in the imperfection of the existing long-term
strategy for the development of the agricultural sector;

- a significant share of production and processing enterprises
(mainly small and sometimes medium-sized ones) use old
technologies, slowly update the material base;

- the presence of dominant players in certain types of products,
which are gradually turning into monopolists (especially in the
case of animal husbandry products);

- the legal framework is imperfect and has many “bottlenecks”;
- imperfection of production and market infrastructure, with a
low level of development of its marketing component;

- being significant players on the international grain and oil
markets, Ukrainian commodity producers practically do not
influence pricing in relation to them.
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Table 2, Continued

Opportunities Threats

- constantly growing demand on international markets;

- increasing productivity of agricultural crops and animals

with simultaneous improvement of quality parameters;

- significant personnel potential on the labor market;

- access to new segments of the international food market
(including organic products);

- attraction of investments in the agricultural sector due to
the development of the land market and demonstration of
its consistently high profitability;

- ensuring support from international financial
organizations and the state of Ukraine.

Environment

- high level of inflation;

- the escalation of military operations on the territory of Ukraine
and, as a result, the aggravation of the political, economic and
social crisis;

- loss of resource potential due to the outflow of personnel and
deterioration of the quality of land resources, which will lead to
a decrease in its productivity;

- permanent deficit on the market of certain types of resources;
- existence of miscalculations in legislative, organizational and
other areas of sector regulation;

- degradation of the agrarian sector due to a decrease in
profitability and curtailment of production of certain types of
products;

- low level of income of the population and a drop in the
solvency of domestic demand;

- further tinization of business.

Source: compiled by the authors based on V. Khodakyvskyy & M. Mysevych (2017), N. Pryshliak (2018), N. Sirenko &

K. Mikulyak (2020), G. Pruntseva (2021)

The use of the potential of the internal environ-
ment and the favorable opportunities of the external
environment allows only to increase the total volume
of production of agricultural enterprises of Ukraine in
the short term. For long-term growth, it is necessary
to systematically overcome weaknesses and threats,
which requires systematic actions of the government to
develop a comprehensive strategy for the development
of the agricultural sector, the key tasks of which should
be ecologically oriented nature management, the de-
velopment of dual education for the training of highly
qualified workers, increasing the production and export
of organic and ready-made food products, technical and
technological modernization of the production base.

DISCUSSION

The obtained results of this study differ from the conclu-
sions of |. Gorbacheva (2016) regarding the most nega-
tive impact on the activities of agricultural enterprises
of the social environment and N. Sirenko & K. Mikulyak
(2020), who identified the economic environment as
the most threatening. This is due to a radical change in
the operating conditions of Ukrainian agricultural en-
terprises during the active phase of the war with the
russian federation. The conducted analysis showed that
it is the war that generates most of the problems in
the economic environment, which, in turn, cause nega-
tive trends in the social environment. However, the au-
thors of this study fully share the opinion of M. Nehrey
& O. Trofimtseva (2022), who, based on the results of
the analysis of the agricultural sector of Ukraine during
the war, believe that new challenges create not only
difficulties, but also open up new opportunities for the
Ukrainian agricultural sector.

As was substantiated in this paper, all factors of the
external environment are mutually determined. There-
fore, conceptually, one cannot agree with the greatest
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estimates of the influence of the economic factors of
the environment, given in the work of V. Khodakyvskyy
& M. Mysevych (2017), devoted to the analysis of the
functioning of agricultural enterprises in the context
of their economic efficiency. This approach corresponds
to their equal importance for the development of ag-
ricultural enterprises, which was used in the study of
N. Sirenko & K. Mikulyak (2020), aimed at substantiat-
ing the methodological toolkit of strategic analysis and
developing recommendations for the development of
the agrarian sector of the Ukrainian economy in chang-
ing environmental conditions.

Agreeing with the list of factors of external influence
on the development of the agro-industrial complex (APC)
of the regions given in the work of M. Dergaliuk (2017), it
can be noted that some of them have lost their relevance
precisely because of the dynamism of the external envi-
ronment over time. These are, for example, the once-cur-
rent WTO restrictions on entering the world market for
Ukraine’s agro-industrial complex products, or the possi-
bility of an increase in aggregate demand for domestic
agro-industrial complex products in the regions at the
expense of population income growth.

The conclusion of the work based on the results of
the SWOT analysis confirms the position of G. Pruntseva
(2021), who, analyzing the problems of the institutional
mechanism of food security, determined that the exist-
ing formal and informal institutions need significant re-
form and improvement, as they should ensure the stim-
ulation of production, the competitiveness of Ukrainian
products as on domestic and foreign markets, financial
availability of agricultural products for citizens.

Therefore, the dynamism of the external environ-
ment of the functioning of agricultural enterprises de-
termines the actualization and growth or reduction of
the influence of its individual factors on the effective-
ness of their activities.



CONCLUSIONS
The transformation of the operating conditions of
Ukrainian agricultural enterprises during the active
phase of the war with the Russian Federation forced
business and government officials to take a number of
adaptation measures to continue production and sale of
products not only for the sake of domestic food security,
but also to satisfy external demand, filling the critically
short state budget. The PEST analysis of factors of ex-
ternal influence on the development of agricultural en-
terprises showed a mostly positive influence of political
factors, which is due to the consolidation of business,
the state, partner countries and international organi-
zations in creating prerequisites for the preservation of
Ukrainian agricultural production. It can be predicted
that in the post-war period, the level of support for
agrarians will decrease somewhat, since the vast major-
ity of institutional measures adopted during the active
phase of the war were of a temporary reactive nature.
The most unfavorable are the economic conditions for
conducting business, the complex effect of which leads
to a significant increase in the cost of production and
the unpredictability of opportunities for obtaining profit
from its implementation, which is also confirmed by the
results of a survey of agricultural producers, according
to which among the factors that complicate the conduct
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the problems of forming personnel potential and raising
the level of citizens’ incomes. Among the technological
factors, the problem of the loss due to military actions
of a part of land, production, processing and logistics
resources and the deterioration of the ecological con-
dition due to the reduction of quality requirements for
some of the resources used in agricultural production
will retain their negative influence in the long term. The
SWOT analysis revealed that in the conditions of post-
war recovery, it is not enough to quantitatively restore
the volume of Ukrainian agricultural production. Ensur-
ing the long-term growth and competitiveness of its
products requires directing limited investment resources
to increase the volume of production of organic food
products, the development of primary and advanced
processing of agricultural raw materials inside the tap,
which will allow enterprises to receive higher incomes,
contribute to the growth of employment of the popu-
lation and, as a result, increase revenues to the state
budget . Prospects for further research are the substan-
tiation of the parameters and mechanisms of structural
transformations of the agricultural sector of Ukraine,
taking into account the challenges of the external and
internal environment of its functioning.
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AHoTauis. ArpapHuii cektop YKpaiHu A0 noBHOMacWTabHOro BToprHeHHs PO auMHamiuHO po3BMBaBCS i BigirpaBaB
NpoBigHY ponb Yy 3abe3neyeHHi BHYTPIWHbOI Ta rnobanbHOi NPOAOBONLYOI He3neKku, 3aMHATOCTI HaCeNneHHs,
(OpMyBaHHI BaNOTHUX HAAXOOXKEHb Bif, €KCMOpTy NPOAyKLii Ta AOXOAIB AepXaBHOro 6raxeTty. AKTMBHA (asa
BiMHW Ha TepuTOpii KpaiHW KapAMHANbHO 3MiHMAA YMOBM (YHKLIOHYBaHHA arponignpueMcTB. MeTow CTaTTi €
XapaKTepUCTMKA Ta OLiHKA BMIMBY OKPEMUX €1E€MEHTIB 30BHILLHBOr0 CEPefOBMLLA HA AiSNbHICTb arponianpueEMCTB.
B ocHoBY gocnigkeHHs NOKNaAeHO AianeKTUYHMIA METOA, Ni3HAHHS €KOHOMIYHMX NPOLLECiB Ta BUKOPUCTAHO METOAM:
MOHoOrpadiyHui, abcTpakTHo-norivHmii, PEST — aHanizy, SWOT-aHanisy. B pocnigxeHHi 6yno npoaHanisoBaHo npadui
YKPaiHCbKMX HAYKOBLLiB 040 NP06/1eM PYHKLiOHYBAHHSI arpapHMX MigNPUEMCTB Ta BUOKPEMIEHO OCHOBHI MONMITUYHI,
€KOHOMIYHi, couianbHi M TEXHONOMYHI YMHHUKM BMAMBY 30BHILUHLOIO CEpefoBMILA HA X LiSNbHICTb B yMOBaX
BOEHHOMO CTaHy. BctaHoBNEHO, WO NONITMYHI (aKTOPKU CepenoBULLA BMAMBAKTbL HA AiSNbHICTb arponiaAnpuUeEMCTB
nepeBaXKHO MO3WUTUBHO, EKOHOMIYHI HAKTOPW 34IMCHIONTb NEPeBaXHO HEraTMBHMM BMIMB HA HUX, @ COLiaNbHI i
TEXHOMOriYHI pi3HOCNpAMOBaHO. OLiHKa OCHOBHMX CUNbHUX | CNABKMX CTOPiH, MOX/IMBOCTEN Ta 3arpo3 cepenoBmLLa
arponignpuveMCTB MoKasana HasBHICTb NepesyMOB A5 KiNbKiCHOrO 3pOCTaHHSA BanoBMX 06cCAriB iX BUpOOGHMUTBA
Ta HeobXigHiICTb po3pobneHHs LinicHOi cTpaTerii arpapHOi NONITUKM AN8 AOBFOCTPOKOBOrO 3pOCTaHHA B YMOBax
NMOBOEHHOIO BiHOBNEHHS, KIIHOYOBMMU 3aBAAHHAMM SKOi MOBUHHI OYTW €KONOroOpiEHTOBAHE MPUPOLOKOPUCTYBAHHS,
PO3BMTOK [yasnbHOi OCBITM ANS MiATOTOBKM BMCOKOKBaNiikoBaHMX POBITHMYMX KaApiB, HApOLLyBaHHS 06csriB
BMPOOHMLTBA Ta €KCMOPTY OPraHiyHMX i rOTOBMX Xap4yOBWMX MPOAYKTIB, TEXHIKO-TEXHONIONYHA MOAEpHi3auis
BMPOOHMYOT 6a3M. 3aNpONOHOBAHO NPiOPUTETHE CTUMYMIOBAHHS iIHBECTULIN B HApPOLLYBaHHS 0OCAriB BUPOOHMLTBA
OpraHiYHMX MpOAYKTIB XapyyBaHHS, PO3BUTOK MEPBMHHOI ¥ MOrMMbieHoi nepepobkM CinbCbKOrocnoaapcbkoi
CUPOBWHU BCepeaMHi KpaHW. [pakTUUYHE 3HAYEHHS [OCNIIKEHHS MONSrae B TOMY, L0 MOro pe3ynsTatM MOXYTb 6yTu
BMKOPUCTaHI AEPXKABHUMMU iHCTUTYLLISIMU, BiNOBIAANIbBHUMM 33 PO3BUTOK arpapHoi cepu, npu po3pobneHHi cTpaTerii
ii po3BMTKY Ta 0BrpyHTYBaHHI 3axofiB 3 ii peanisauii, arponianpuemcTeamm — npu po3pobieHHi MapKeTUHTOBUX
CTpaTerin, HAyKOBLUAMM — NPW NOAANbLIOMY AOCIAXKEHHI Npo6iemM BNAMBY 30BHILIHLOMO CEpeaoBMLLA HA PO3BUTOK
arpoBMpobHMLTBA

KntouoBi cnoBa: arpapHa cepa eKOHOMIKM; MPOAYKTU XapyyBaHHS; YUHHUKM 30BHILIHbOMO CEPEfOBULLA; BOEHHMI
CTaH
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Abstract. In global practice, there is a tendency towards uneven distribution of income, and therefore research
on many aspects of this topic should be expanded. This study raises the pressing issues of uneven distribution of
incomes,which, in turn, creates poverty and social tension among different segments of the population. The purpose
of this scientific work is to consider the main reasons for the uneven distribution of income at the end of the 20®
and the beginning of the 21 century, which is expressed in the reduction of tax progressivity, the weakening of
trade unions, the reduction of competition and monopolisation, globalisation, tax evasion, an ineffective education
system, and weak corporate governance laws which allow company management to set unlimited high salaries
and much more. To achieve the purpose, the following research methods were used: statistical and economic,
abstract and logical, comparative analysis, typological approach,and generalisation. As a result, methods of solving
the above-mentioned problems were proposed, including progressive taxation, creation of equal opportunities
for obtaining higher education and high-paying work, consideration of state investments in the social sector,
creation of means of social mobility, etc. The consequences that uneven income distribution can lead to include
political instability, reduced social mobility, crime, low life expectancy, financial instability, economic crisis, etc.
This article also includes analytical study of indicators of income distribution equality using the Gini coefficient in
different countries. The study represents value for the scientific community and researchers of the issue of income
distribution in the conditions of a socially oriented economy
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INTRODUCTION

The market-based mechanisms of the population’s in-
come distribution in society change as a result of the
economic system’s transformation, which creates the
conditions for the population’s income inequality to in-
crease. Qualitative and structural changes occur, lead-
ing to several social issues because incomes, or rather
their uneven distribution, ultimately lead to poverty,
one of the most controversial social issues. Addition-
ally, this issue is relative, therefore, there is a need to
research the above-mentioned topic in the scientific
works of scientists who have studied this issue.

According to K. Mehta et al. (2020), although at var-
ying rates, economic inequality has risen over the past
few decades in almost every nation, which suggests
that institutions and policies play a role in determining
disparity. Income disparity has quickly risen in North
America, China, India, and Russia since 1980. In Europe,
inequality has gradually increased. From a broad histor-
ical standpoint, this rise in inequality signals the col-
lapse of a postwar egalitarian government that existed
in these areas in various ways. The broad pattern is not
always true. Income disparity is still at exceptionally
high levels in the Middle East, sub-Saharan Africa, and
Brazil. These areas established the “inequality frontier”
for the entire world because they were exempt from the
postwar egalitarian system.

In the study by K.A. Dolan & C. Petherson-Withorn
(2022), who have investigated the issue of wealth, it is
noted that the global income distribution by quintile
was depicted in a chart by the United Nations Devel-
opment Programme in 1992. The resulting illustration,
which resembled a “glass of champagne”, came to rep-
resent the wealth gap. The income of the poorest 20%
of the population is still less than 2% nearly 30 years
later. While this is happening, the income of the richest
1% of the world’s population has increased from 18% in
1990 to 22% in 2016, with a $32,000 income threshold
being set as the cutoff for this group.

According to T. Piketty (2022), who investigated
the historical aspects of inequality, for instance, since
the latter part of the 1970s, income inequality in
English-speaking developed nations has once more
reached the high levels noted one hundred years ago.
The indicators have not increased significantly in the
countries of continental Europe.

In turn, T.A. Tsalis et al. (2020) argue that the 2030
Agenda for Sustainable Development, which consists
of 17 objectives for creating more just, peaceful, and
sustainable societies, was adopted by world leaders
in 2015. One of the goals, Goal 10, is focused on re-
ducing inequality, especially inequality of opportunity,
income, and influence because it threatens long-term
socioeconomic development, can result in violence,
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cause disease, and degrade the environment. M. Serra
(2022) notes that most of both America, except Canada,
is a country with uneven income distribution, according
to the UN Secretary general’s special adviser on poverty,
forgiveness of the poorest countries and control over the
spread of diseases in developing countries Jeffrey Sax.

The relevance of this study lies in addressing the
pressing issue of income inequality, which has been
exacerbated since the 1990s and continues to impact
various segments of society. Given the above facts, the
purpose of the study is to investigate the main aspects
of income inequality in the late 20" and early 21 cen-
turies. The study aims to examine the main factors con-
tributing to this uneven distribution of income, such
as reduced tax progressivity, weakened trade unions,
limited competition, globalization, tax evasion, ineffec-
tive education systems, and weak corporate governance
laws allowing excessive executive salaries.

MATERIALS AND METHODS
Using the economic and statistical method of research,
the processes of uneven distribution of income in the
global economic sphere were investigated, and trends
and patterns of their development in a socially ori-
ented economy were identified. Using the aforemen-
tioned method, the study has identified the main aspects
of the quantitative impact of the decisive factors on the
unbalanced distribution of income, and has also identi-
fied the key factors that contributed to the establishment
of this economic phenomenon. This method was used
to determine poverty levels and income growth sce-
narios in countries with different economic potentials.

The abstract and logical method was used to form
theoretical generalisations and conclusions about
the unbalanced distribution of income in society. This
method was used to summarise the findings and to find
ways to address the issue of unbalanced income distri-
bution. Using the abstract and logical method of study
of the issue of unbalanced distribution of income in the
framework of a socially oriented economy, the paper
formulates the main concepts and conclusions on the
above issue.

Using the method of comparative analysis, the
countries were considered by ranking the value of
the Gini coefficient. The Gini coefficient is a statistical
measure used to evaluate the level of inequality in the
distribution of any variable on a numerical scale from O
to 1. The coefficient equals O if all values are equal (ab-
solute equality), and equals 1 if one value is the maxi-
mum and the rest are equal to O (absolute inequality).
In the context of household income, the Gini coefficient
measures the level of inequality in the distribution of
income in a given country or region: the closer to one



the coefficient is, the more unequally distributed in-
come is. That is, if all income within the country is dis-
tributed evenly, the coefficient is zero,and if one person
has everything, and the rest is nothing, the coefficient
equals one. Using the method of comparative analysis,
the issue of balance and non-compliance with the re-
quirements of world income distribution was consid-
ered through the prism of socially oriented economy.
In accordance with the method of comparative analysis
used in this paper,a comparison of the ways of creating
and interpreting the economic status of different layers
of society in the period of the 20™-21% centuries was
highlighted and presented. Moreover, relying on this
method, the paper investigated specific features of the
socially oriented economy. Using the method of com-
parative analysis, the nuances and main aspects of the
modern economic environment and future prospects
for its development were highlighted.

By using a typological approach in the study of the
issue of unbalanced distribution of population income
through the prism of socially-oriented economy, the
basic aspects of creating the appropriate conditions
for creating economic stability were revealed. In addi-
tion, using the typological approach, it was possible to
determine the relative nuances of the current state of
the population’s income distribution in the period from
the end of the 20" to the beginning of the 21 cen-
tury. With the help of this approach, it was possible to
observe the main aspects of this issue in the study of
unbalanced income distribution in the conditions of a
socially oriented economy. The method of generalisa-
tion allowed considering a number of problems of un-
balanced distribution of income in society, through the
prism of a socially-oriented economy, and also, based
on the above-mentioned method, when studying the
conditions of a socially-oriented economy.

RESULTS

The issue of unbalanced distribution of economic re-
sources requires considerable attention and study by
21 century researchers. The modern socially oriented
economy is an important aspect for shaping the bal-
ance of the economic sphere. From the 1990s to the
2020s, more than a billion people have been liberated
from the chains of extreme poverty, demonstrating the
significant progress the global community has made in
the fight against poverty (The World Bank, 2023). The
share of the poorest half of humanity’s income has
barely changed over this time, despite the fact that
global production has more than tripled since 1990
(Purdie, 2019). Economic progress is hampered by ine-
quality, and as a result, the social gap that results from
inequality widens, therefore, this issue should be stud-
ied more thoroughly.
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From the 1990s to the 2020s, inequality has in-
creased in many nations while declining in others
(United Nations, 2022). Although inequality rates are
still high, there has been a sizable decline in Latin
America and the Caribbean. Analyzing the relatively
low indicators mentioned earlier, the level of inequality
has slightly increased in many industrialized countries.
Political changes have caused the level of inequality
in @ number of Eastern European nations to sharply
increase. Even though the gap between various pop-
ulation segments has shrunk overall in some parts of
the Middle East, it has nonetheless widened for some
sections of the population.

In comparison to trends within regions, there are
more parallels between emerging market economies,
landlocked developing nations, and rural and urban
areas in Africa and Asia. Globally, there are currently
more than two thirds of the world’s population who
are living in increasing income and wealth inequality,
which seriously jeopardizes the chances of sustainable
development. Children still make up a sizable portion
(roughly half) of the world’s poor population, despite
the fact that targeted efforts to lower child mortal-
ity and raise educational standards have produced
more effective results in the majority of regions of the
world. Other groups that continue to face discrimina-
tion and social exclusion include indigenous peoples,
migrants, refugees, and other minorities (United Na-
tions, 2019a).

The effects of inequality go beyond just purchas-
ing power. Access to essential services like health,
education, water, and sanitation can be hampered by
inequality, which can also affect a person’s life expec-
tancy. For instance, discrimination, abuse, and lack of
access to the legal system can limit human rights. High
inequality limits human development, impedes social
and economic mobility, and slows economic growth. It
also makes feelings of vulnerability, insecurity, and ap-
prehension more entrenched, erodes confidence in in-
stitutions and the government, fuels social unrest and
tension, and leads to violence and conflict (ITU, 2017).

There is mounting evidence that the extreme
wealth and income inequality contributes to the emer-
gence of chauvinistic and extremist-nationalist atti-
tudes. The capacity of people and societies to support
efforts to adapt to and mitigate climate change is also
compromised by inequality. It will become increasingly
challenging to take significant action to combat cli-
mate change without addressing the underlying causes
of inequality, as demonstrated by populists’ response to
the introduction of a carbon tax (Lawson, 2018). When
it comes to communication, access to financial services,
trade, and public services, technology can be a powerful
equalizer. However, those who are not yet able to use it
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risk experiencing even greater social exclusion, espe-
cially as progress stalls or even reverses in some areas
(World Inequality Lab, 2018).

In many parts of the world, there is a growing con-
sensus that a narrow focus on economic growth - while
ignoring the effects of its distribution - entails a high
level of income and wealth inequality. A tenuous rela-
tionship exists between poverty and levels of economic
inequality, according to the data from the Multidimen-
sional Poverty Index for 2019 (United Nations, 2019a).
The data show that middle-income nations are currently
home to two thirds of the world’s poor Its goals include
eliminating discriminatory laws and policies, enhanc-
ing methods for regulating international financial mar-
kets, promoting safe, orderly, and legal migration, and
ensuring that all nations have a greater voice in de-
cision-making at the national and international levels.
The poorest 40% of the population’s income increased
more quickly than the overall population between
2010 and 2016 in 60 of 94 countries with data (United
Nations, 2022). Accordingly, inequality is neither inevi-
table nor irreversible.

Numerous factors, including the stagnation of
wages and a decline in the share of labor income, the
deterioration of social conditions in developed nations,
the lack of social protection in developing nations,
changes in the taxation system, the deregulation of fi-
nancial markets, the rapid advancement of technology,
and the automation of production, all contribute to the
growing income and well-being inequality.

The variety of trends seen across nations since
1980 demonstrates how different national, institu-
tional, and political circumstances influence the dy-
namics of income inequality. The various paths taken
by China, India, and russia - all former communist or
highly regulated nations - illustrate this. As a result
of the deregulation and opening-up policies imple-
mented over the past few decades in these nations,
the rise in inequality was particularly fast in russia,
moderate in China, and relatively gradual in India
(Sinquefield & Trump, 2022).

Uneven ownership of capital, which can be either
privately or publicly owned, is a major cause of eco-
nomic inequality. It can be demonstrated that, whether
in affluent or developing nations, there have been very
significant transfers of wealth from the public to the
private sector since 1980. Public wealth in wealthy na-
tions is currently negative or very near to zero even if
national wealth has significantly expanded. This might
restrict governments’ ability to address inequality, and
it undoubtedly has significant effects on how equally
wealthy people are (Gramm et al., 2022). Countries have
become richer over the past few decades, but govern-
ments have gotten worse off.
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The relationship between net private wealth and
net national income provides information on the over-
all amount of wealth that individuals in a nation con-
trol relative to the public wealth that is held by govern-
ments. National wealth is equal to the total of private
and public wealth. The ratio between public and private
wealth is a key factor in determining the degree of ine-
quality. Since 1980, wealth disparity between individu-
als has risen at varying rates depending on the nation
(Biewen & Flachaire, 2018).

Individual wealth disparity is rising as a result
of rising income inequality and significant transfers
of public wealth to private ownership over the pre-
vious forty years. However, neither in Europe nor in
the United States has wealth disparity yet reached
the heights it did in the early 20" century (Gornick
& Jantti, 2013). In spite of this, wealth inequality has
increased significantly in the US, where the wealth
share of the top 1% increased from 22% in 1980 to
39% in 2014.The emergence of the top 0.1% of wealth
owners was primarily to blame for that spike in in-
equality. Due in part to the middle class’ expanding
home wealth and France and the UK’s and the United
States’ lower levels of income inequality, the rise in
top-wealth shares in these countries over the past for-
ty years has been more moderate (Drennan, 2019).

Following their transitions from communist to
more capitalist economies, China and russia have like-
wise seen significant increases in top-wealth shares.
Between 1995 and 2015, the wealth of the top 1% dou-
bled in China and russia, going from 15% to 30% and
22% to 43%, respectively (Keeley, 2019). The growth in
wealth disparity among people has been spurred by a
mix of significant privatizations and rising income ine-
quality within nations. The increase in wealth disparity
has been more extreme in russia and the US than it has
been in Europe. In wealthy nations, wealth inequality
has not yet reached the exceptionally high level of the
early 20" century (Alford & Reilly, 2019).

Even with relatively strong income growth projec-
tions for Africa, Latin America, and Asia over the next
three decades, the level of global income disparity will
rise if countries continue down the route of increasing
income inequality that they have been on since 1980.
If all nations adopt the high-inequality track that the
United States adopted between 1980 and 2016, then
global income inequality will rise even more. However,
if other nations follow the EU’s inequality track from
1980 to the present, worldwide inequality will only
slightly decline (Green et al., 2019).

Up until 2050, there are numerous possible scenar-
ios for income and wealth disparity. Global inequality
will rise higher if “business as usual” is maintained in
the future. Alternatively, if in the upcoming decades all
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nations follow the moderate inequality trajectory of
Europe during the past few decades, then there may be
a significant improvement in the eradication of global
poverty and worldwide income disparity may be low-
ered (Postma, 2016).

As it can be concluded, there is still a trend in the
world to increase the level of uneven distribution of
income. This has been especially noticeable since the
mid-1990s. For example, as already mentioned, over
20 years (from 1995 to 2015), the income of the rich-
est 1% of people in China and russia has only doubled.
Although such a trend has been outlined since the
early 1980s. In general, over forty years, as has also
been said, the incomes of the richest 1% of the world’s

World map of income inequality Gini
coefficients by country. Based on World
Bank data ranging from 1992 to 2020
M Above 50%

Ml Between 45% and 50%
M Between 40% and 45%
I Between 35% and 40%

Between 30% and 35%
Below 30%
No data

people have doubled compared to the total incomes
of the poorest half of humanity. For the most part, this
is explained by the collapse of egalitarian regimes af-
ter the end of the cold war and mass privatization.
Although it is that the level of income inequality has
not yet reached the level that it was at the beginning
of the 20* century. An important aspect of solving the
issue of balancing the distribution of income in so-
ciety and ensuring social equality is the tax policy of
the state, as a result of which it is even possible to
achieve full employment, and spend significant accu-
mulated funds on creating jobs and social assistance
to socio-economically vulnerable sections of the pop-
ulation (Fig. 1).

Figure 1. List of countries by income equality

Source: These countries have... (2023)

As it can be observed, among high-income nations
there are some with a sizable middle class, including
Western Europe and the Scandinavian nations. Western
Europe and the Scandinavian nations prioritize social
welfare policies and progressive taxation, leading to
relatively higher levels of income equality compared
to other regions. These countries have implemented
comprehensive welfare systems, education, healthcare,
and social services to mitigate income disparities and
promote social cohesion. Despite these efforts, some
disparities still exist,emphasizing the need for ongoing
initiatives to ensure fair and equitable income distri-
bution. Canada has a relatively uniform distribution of

income compared to Sweden, Norway, and Denmark. In-
equality is also present in Africa and most of Southeast
Asia, compared to India. 50 years ago in China, everyone
was equal in their poverty. But the rapid development of
the economy, the expansion of the gap between those
living in urban areas, and those living in a rather poor ru-
ral area led to the fact that inequality in China has grown
to a level similar to what is marked in the United States
(United Nations, 2020). There are various ways of devel-
opment. So, Northern Europe is on the way to preserve
social equality. At the same time, there are also high-in-
come countries with high Gini coefficients, where there
is a large gap between rich and poor (Fig. 2).
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Figure 2. Gini’s coefficient by countries according to the Organization of Economic Cooperation and Development
(OECD)

Source: OECD (2015)

Nearly every region of the world has seen an in-
crease in income disparity in recent decades, but at var-
ying rates. The fact that inequality levels vary so widely
amongst nations, even when those nations have com-
parable levels of development underlines the signifi-
cant roles that national institutions and policies play in
determining inequality. Evidently, regional differences
in income disparity are significant. Europe has the low-
est levels and partly the South America has the highest.

Inequality in the distribution of income can also
affect the ability of consumers to purchase goods and
services, which reduces market demand and leads to a
decrease in production and employment. Thus, an un-
balanced distribution of income can threaten economic
growth and stability.

The conditions of a socially oriented economy,
aimed at ensuring the well-being of all citizens, require
taking measures to ensure a fair distribution of income
and reduce inequality. This may include establishing a
minimum wage, increasing social benefits and assis-
tance to the poor and marginalized groups, developing
a tax system that ensures a fair distribution of taxes, and
supporting the development of small and medium-sized
enterprises that can create jobs and provide economic
growth in local communities.

DISCUSSION
Unbalanced distribution of income is a socio-economic
phenomenon, which implies a discrepancy between the
incomes of different strata of the population. In such a
situation, some groups of people receive significantly
more income than others, which can lead to increased
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social differences and inequalities. Inequality is a seri-
ous problem that threatens the stability and prosperity
of society. Governments and organisations must pay at-
tention to solving this problem and take bold steps to
ensure greater equality in society. One of the key meas-
ures may be to ensure access to quality education and
opportunities for professional growth for all citizens. In
addition, it is necessary to ensure equal working condi-
tions and career development opportunities for women
and men in order to reduce gender inequality. It is also
important to pay attention to the problem of popula-
tion ageing and ensuring quality care for the elderly,
which may become one of the key problems in the fu-
ture. Focusing on profit and wealth should not be the
main goal of the economy and society, and the well-be-
ing and care of people should come first. The question
of generation and distribution of resources has been
investigated by a significant number of researchers
all over the world. It is worth considering the views of
some of them and comparing them with the results ob-
tained in this study.

In a study by F. Alvaredo et al. (2018), attention is
paid to the issue of inequality in 2018. Researchers
claim that due to factors like income, location, gender,
age, ethnicity, disability, sexual orientation, class, and
religion, inequality still exists within and between na-
tions and has an impact on opportunities and results as
well as access to benefits. This gap is becoming more
apparent in some parts of the world. The coverage of
new services like the Internet and mobile technolo-
gies, however, has gaps. Comparing the research data
with the findings of this study, it is worth noting that



inequality in access to opportunities and benefits is a
serious problem in the modern world, as the latest dig-
ital technologies can be a powerful tool for reducing
inequality, but remain inaccessible to many people due
to various factors.

J. Hasell (2018) notes that inequality can have dif-
ferent manifestations depending on the country, re-
gion, time, and the specific aspect under consideration.
Therefore, it is important to study inequality in different
aspects and in different contexts to have a complete
picture. The authors of this study agree with this state-
ment, as an unbalanced approach to the distribution of
economic resources is unique to each individual case.

According to C. Coffey et al. (2020), inequality takes
different forms and significantly different in different
countries. While the objective lay the basis for further
action, the fight against inequality should be taken into
account the context, economic priorities and political
realities of specific countries. There is no universal ap-
proach. To eliminate the harmful effects of inequality in
all forms and manifestations, the decisive importance
will continue to be awareness-raising and providing
greater support for policy issues, targeted use and
placement of other priorities for public spending to re-
duce access to benefits and opportunities, reorientation
of tax and fiscal systems to reduce income inequality
and wealth among the representatives of one genera-
tion and between different generations and the use of
rapidly changing technologies to benefit all. According
to the results of this study, the wealthy stratum of so-
ciety is quite often involved in the distribution of eco-
nomic resources, but this situation should be changed
and balanced in favour of the population in need of
economic support.

E. Ortiz-Ospina & M. Roser (2018) note the fact
that both societies and families exhibit inequality.
Domestic inequality can account for up to 30% of in-
come inequality. Women continue to be in a much more
precarious position from an economic, legal, political,
and social standpoint, despite the fact that gender ine-
quality is decreasing - for instance, the gender pay gap
has shrunk over the past few decades (United Nations,
2019b). The study agrees with this statement, as it may
be related to discrimination, stereotypes about the
roles of women and men in society, limited availability
of support services for parents and other factors.

In turn, according to M. Van Ham et al. (2021) de-
spite China’s rapid expansion, inequality has increased
significantly on a worldwide scale since 1980. Due to
Asia’s rapid growth (especially in China and India), the
world’s poorest half has witnessed a huge increase in
income. However, since 1980, the world’s top 1% rich-
est people have enjoyed twice as much growth as the
poorest 50% of people due to substantial and rising
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intra-country inequality. For people whose incomes
fall between the bottom 50% and top 1% of the global
income distribution, income growth has been slow or
perhaps non-existent. This covers all lower - and mid-
dle-income classes in North America and Europe. The
authors agree with the statement, as gender pay ine-
quality between men and women remains an important
aspect of the social economy.

Based on the study by T. Piketty (2019), OXFAM
estimates that if the inequality persists, it will take a
175-fold increase in global GDP for everyone to have a
daily income of more than $5. In order to achieve sus-
tainable development, inclusive, equitable, and growth
that balances the economic, social, and environmental
facets of development is clearly necessary. Thus, given
the globalisation of resources and the development of
the digital economy, the issue of equity requires inclu-
siveness and equal distribution of resources.

Researchers of income inequality in America
S.M.Jones & R.S. Rycroft (2023) argue that massive ed-
ucational disparities, along with a tax system that be-
came less progressive despite an increase in top labour
compensation since the 1980s and in top capital in-
comes in the 2000s, are the main causes of the income
inequality trajectory seen in the United States. While
wage inequality was also curbed by educational and
wage-setting policies that were comparatively friend-
lier to low- and middle-income groups, continental
Europe experienced a slower drop in tax progressivity.
Income disparity between men and women has de-
creased in both regions, although it is still very notice-
able at the top of the distribution.

The unbalanced distribution of income in a socially
oriented economy in the world is a complex issue and
is considered by a large number of researchers, but it
is worth noting the fact that the study of the economic
sphere is an important aspect of stabilising the global
economy, which is oriented towards the values and re-
quirements of the times. Important steps need to be
taken to address the problems of economic and gender
inequality and to protect the rights and interests of the
poorest and most marginalised groups. This can only be
achieved through cooperation between governments,
civil society, and business.

CONCLUSIONS
Creation of a socially oriented economy that works for
all citizens should be one of the top priorities of gov-
ernments and corporations. This phenomenon implies
doing business not only in the interests of increasing
profits, but also for socially-oriented purposes, which
would include the balanced development of the inter-
ests of different social groups. Such an economy in-
volves the use of public funds to provide social services
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and programs aimed at improving the quality of life of
the population: ensuring access to education, health-
care, housing, adequate income, and other types of so-
cial protection.

Gender inequality remains a significant issue de-
spite progress. Women face economic, legal, political,
and social disadvantages. Cooperation among govern-
ments, civil society, and business is essential to address
this and protect marginalized groups. Education, equal
working conditions, and career opportunities are key in
reducing gender disparities.

As a result of the study, the issue of understanding
the pattern of inequality and its reasons is necessary to
find ways to create such societies as Western Europe
and the Scandinavian, where there is a well-developed
middle class and a high chance of every child bornin a

a global scale.As a result, it was revealed that many na-
tions require laws relating to corporate governance, ed-
ucation, and pay setting need to be reviewed. Transpar-
ency of data is also crucial. Notably, unbalanced income
distribution can threaten the socially oriented economy,
which aims to ensure the well-being of all citizens and
reduce inequality.

The paper managed to investigate the issue of un-
balanced income distribution in the socially oriented
economy of the late 20* and early 215t centuries from
various aspects, but there is still a need to find ways to
develop stabilisation of the digital sphere of economic
stability and balance of society, as the digital sphere is
at the stage of rapid development.
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AHoTauif. Y CBIiTOBiA MpakTWLi CNOCTEPira€TbCsl MOMITHE 3POCTAHHS HEPIBHOMIPHOrO pO3MOAiNny AOXOLIB i Lg
TEHAEHLIS MPOAOBXYE 36epiraTmcs,y 383Ky i3 YUM [OCNiIAKEHHS 6araTbOX aCMeKTiB i€l TEMM NOBUHHI PO3LIMPUTHUCD.
[aHe pocnipkeHHs MOPYLIYE akTyanbHi MUTaHHS HEPIBHOMIPHOMO pO3MOAiNy AOXOMIB, L0, CBOEK Yeprot, MOPOAXKYE
6ifHiCTb Ta couianbHy HaNpyry y pi3HWX BepCTB HaceneHHs. MeTa Li€i HayKoBOi pob0oTv NONArae y po3rnsai OCHOBHMX
NMPUYMH HEPIBHOMIPHOrO pO3MoAiNny AOXOAiB HanpukiHui 20 — noyatky 21 CToniTTA, WO BMPAXKAETHCS Y 3HMKEHHI
NpOrpecMBHOCTI NoAATKIB, 0CNabneHHi NPo@CninoK, 3SHWXKEHHI KOHKYPEHLi Ta MOHOMNOAI3aLii, rnobanisauii, yxuneHHi
Bif, CNNATU NOAATKIB, HeeDEKTUBHIM CUCTEMI OCBITH, CTABKMX 3aKOHAX NPO KOPNOPATMBHE YNpaBiHHS, L0 LO3BONSAOTb
KepiBHMLTBY KOMMAHil BCTAaHOBNOBaTM COBOi HEOOMeEXXEeHO BMCOKi 3apnnaTtu Ta 6araTo iHworo. [Ing 4oCArHEHHS METH
6ynM BUKOPUCTaHi HACTYMHi METOAM LOCAIOKEHHS: CTaTUCTMKO-EKOHOMIYHMI, aBCTPAaKTHO-NOTYHM, MOPIBHANBHOIO
aHani3y, TMNONOriYHMI NiAXia, y3aranbHeHHs. Y pe3ynbraTi 6yn10 3anponoHOBaHO CNOCO6M po3BA3aHHS BULLLE 3rafaHoi
npobnemMaTtuku, cepes KUX NporpecMBHe onoAaTKyBaHHS, CTBOPEHHS PIBHUX MOX/IMBOCTeW 3000yTTS BULLOI OCBITH
Ta BMCOKOOMAA4YyBaHOi pobOTH, po3rnan iHBECTULIN Aep)KaBW Y COLiaNbHUIM CEKTOP, CTBOPEHHS COLia/ibHUX NidTiB
Towo. Hacniaku, 0o SKMX MOXe NPU3BECTM HEPIBHOMIPHUI pO3MOLin A0XO04iB, BKNHOUYAKTb MONITUYHY HECTAbINbHICTD,
3HMXKEHHS COLLiaNbHOT MOBINBbHOCTI, 3/I04MHHICTb, HU3bKY TPMBANICTb XMUTTS, PiHAHCOBY HECTABINbHICTb, EKOHOMIYHY
Kp13y TOLWO. Y JaHii CTaTTi TaKOX BUKOHAHO aHaNiTUYHY poboTy 3 AOC/iIAXKEHHS MOKa3HMKIB PiBHOMIPHOCTI po3noginy
[LOXOAiB 3 BMKOPUCTAHHAM KoediuieHTa [DkuHI y pi3HMX KpaiHax. PoboTa npenctaBnsie UiHHICTb AnS HAyKOBOI
CNiNbHOTM Ta AOCNIAHMKIB MUTAHHA PO3NOAINY AOXOAIB B YMOBAX COLiaNbHO-OPiEHTOBAHOI EKOHOMIKM

KntouoBi cnoBa: 6e3pobiTTa; AepXaBHe peryntoBaHHS; 3aMHATICTb; 3apobiTHa nnata; koediuieHT [KWHI; piBeHb
XWUTTS CyCninbCTBa
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Abstract. During the years of Ukraine’s independence, the provision of fodder to the livestock industry and their
effective use remained a difficult and unsolved problem. The military aggression of the russian federation on the
territory of Ukraine, economic, geopolitical, climatic instability, global food crisis exacerbated the pre-war problems
and led to the emergence of new threats and challenges in fodder production. The purpose of the study is to
assess the state and main trends of the feed market of Ukraine, the problems of the feed industry in the context
of modern threats and challenges. The research uses generally accepted methods of scientific economic research,
in particular: bibliometric, scientific abstraction and hypothesis, systematic and economic analysis, monographic,
analysis and synthesis, complex, abstract-logical, induction and deduction, comparison and logical generalization.
The main problems of Ukrainian fodder production were considered: the increase in the cost of material resources,
energy resources, the increase in the cost of harvesting and storage of domestically produced fodder, the shortage
of labor force due to migration and mobilization, extreme climatic conditions that affect the yield of fodder crops,
the quantity and quality of fodder, non-compliance with crop rotation, low feed quality, regional redistribution
of feed production and consumption, shortage of working capital, problems with reimbursement of value added
tax, delays in customs clearance of imported material resources, high inflation, fixed exchange rate, problematic
insurance/letter of credit instruments under export contracts, destruction of the main supply chains in Ukraine,
change in the geography of exports, blockade of sea ports, high cost of created logistics chains, difficult access
to the market of European countries from the point of view of import and product certification, limitation of
throughput capacity of European logistics centers, etc. Attention is focused on the problems of fodder production
in the de-occupied and front-line territories: a shortage of resources due to the loss of funds and property due
to shelling and theft by the russian military, the destruction of crops, the inability to export products, the death
of farm animals due to military actions, damage and destruction of agricultural infrastructure and equipment,
the impossibility of conducting technological operations, negative consequences for the land fund as a result of
mining, artillery shelling, movement of heavy equipment, etc. The main results of the research can be used for
scientific developments and in the practical activities of agricultural producers, assessing the impact of risks and
threats on the fodder production industry of Ukraine
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INTRODUCTION

In solving the problems of socio-economic development
of the country, each of the branches of the economy
has an important and appropriate place. Some directly
create national resources, others create conditions and
infrastructure for their production, availability, maxi-
mum benefit to all sections of the population. Agricul-
tural production is not only one of the key sectors of
the Ukrainian economy, ensuring national food secu-
rity, but also directly affects the world agro-food sector
and global food security. The invasion of the russian
federation into Ukraine increased the negative impact
after the COVID-19 pandemic, extreme climatic events
on the sustainability of the world food system, while
recently the role of the Black Sea region in the world
food markets has been growing (Abay et al., 2023).

F.Lin et al. (2023) analyzed the potential impact of
military aggression with duration uncertainty on global
food security using a general equilibrium trade model.
M. Al-Saidi (2023) notes that the war in Ukraine has
led to a serious global food crisis due to complex prob-
lems in the supply and increase in prices of agricultural
products that arose due to COVID-19 and political and
economic difficulties. Crisis phenomena in the global
food and fertilizer markets related to the hostilities in
Ukraine have large-scale and long-term consequences
for price policy and global food security (Hassen & El
Bilali, 2022).

In the report “Assessing Food Insecurity in 2022/23
at National and SubNational Levels in 50 Countries
Vulnerable to the Effects of the Ukraine-russia Crisis”
published by FAO (2022), it is noted that the current
conflict between Ukraine and the russian federation
increases the risks of further deterioration of the situa-
tion with food security at the global level.

In the work of V. Petrychenko et al. (2021) stated
that the modern feed market is characterized by a reori-
entation towards the production of high-protein crops
to solve the problems of food and feed protein with a
steady trend towards the development of agricultural
technologies, production and processing. The increase
in the productivity of farm animals and the profitability
of animal husbandry products requires balanced rations
and a reduction in the cost of feed in the cost structure
due to the use of high-protein feed. It is important for
Ukraine to promote the development of the high-pro-
tein and loose feed market on an industrial basis, as
well as the development of the production of organic
feed and animal husbandry.

Fodder production is one of the elements of the
national food chain, which provides livestock with
high-quality and safe feed. Taking into account the dy-
namic development of the agricultural sector, the feed
market, economic, geopolitical and climatic challenges,
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there is a need to research trends in feed production
taking into account the risks and threats of modernity.
Therefore, the task of this study was a detailed study
of the situation in the feed market of Ukraine, as well
as an analysis of economic, political, food, global chal-
lenges and problems of agricultural production.

MATERIALS AND METHODS

The theoretical and methodological basis of the re-
search is a set of techniques and methods of scien-
tific research, modern economic theory. The informa-
tion base of the research is scientific developments of
Ukrainian and international scientists on the econom-
ics of fodder production, legislative acts of Ukraine, offi-
cial statistical materials of Ukraine, the USA and the EU.

To achieve the goal of the research, general scien-
tific and special methods were used: bibliometric - to
determine the state of the researched problem, scien-
tific abstraction and hypothesis; system and economic
analysis — to assess the state of the fodder industry;
monographic - for assessing the state of feed produc-
tion in dynamics; analysis and synthesis — to assess
the export potential of feed production in Ukraine,
determine the factors affecting the feed market; ab-
stract-logical method, method of induction and deduc-
tion, comparison and logical generalization, complex
method - for summarizing challenges, threats and
problems of the fodder production industry of Ukraine,
tabular - for illustrating the obtained results, graphic -
for visual presentation of economic data, theoretical
and methodological research material.

RESULTS AND DISCUSSION

The current state of fodder production is characterized
by a decrease in its potential, which occurs against the
background of a general decrease in the pace of de-
velopment of animal husbandry, a decrease in labor
productivity in this field due to the limitation of oppor-
tunities to update the material and technical base and
an increase in the share of the cost of feed in the cost
of animal husbandry products (Korniychuk et al., 2021).

The primary task on the way to the formation of
a system of sustainable development in Ukraine is to
increase the volume of production of animal hus-
bandry products. Ukrainian animal husbandry develops
in two ways: extensive and intensive. The first involves
the suspension of the process of reducing the number
of agricultural animals and the formation of a highly
productive herd, the necessary fodder base and decent
maintenance. The second is based on increasing the
productivity of farm animals due to the effective use
of high-quality feed and balanced diets. Today, both the
first and the second method remain relevant, since the



situation in animal husbandry is critical and requires
not only qualitative, but also quantitative changes.

During the period 2000-2023, the cattle population
decreased by 75.6% (including cows by 72.6%), pigs by
34.7%, the poultry population increased by 36%, 2%.
However, as a result of the russian invasion of the terri-
tory of Ukraine in 2022, compared to the previous year,
15-20% of the livestock of agricultural animals was
lost, in particular, the relative decline of the livestock
on January 1, 2023 compared to the data on January 1,
2022 was: 15% cattle, of which 12.4% are cows, 10% are
pigs and 13% are poultry (Ministry of agrarian policy...,
n.d.). In such a situation, producers are forced to reori-
ent themselves, to look for alternative ways to restore
the industry. Increasing the number of farm animals for
the purpose of solving food security is an extensive way
of development, therefore it should take place within
rational limits, taking into account the prospects of
maximum use of the genetic potential of farm animals.

The livestock sector plays an important role in the
development of the agrarian sector of Ukraine, however,
in 2021 it occupied an insignificant share in the struc-
ture of gross agricultural production - 18.6% against
29.5% in 2010. Its main industries are cattle breeding,
pig breeding, poultry farming and sheep farming In
2021, the production of meat and livestock products
amounted to UAH 71.6 billion (10.7% more than the
level of 2010) or 10.1% of agricultural production at
constant prices in 2016. During the period 2015-2019,
an increase was observed production of meat of all
kinds (State statistics service of Ukraine, n.d.).

The production of poultry meat has achieved a sig-
nificant increase, which in 2022/2023 MR accounted
for 55.2% of the country’s meat balance, which is 6.8%
more than in 2015/2016 MR. Pork occupies the second
place - 30.8%, which is 2.6% less than in 2015/2016
MR. During the period 2015-2023, the production of
all types of meat in Ukraine decreased by 9%, in par-
ticular, pork by 16.1% and beef by 29.7%, while chicken
increased by 3.8% (United States department...,n.d.).

The dairy industry has also undergone funda-
mental changes, the reduction in the number of cows
leads to a decrease in gross milk production, the vol-
ume of which in 2022 was 7,160 thousand tons, which
is 32.5% less than in 2015. The majority of milk is
produced by households - 66.1% in 2022, which is
8.7% less than in 2015 (United States department...,
n.d.). The main factors of the decline of the industry
are: the unsatisfactory state of material and technical
support (including feed) of producers, the imperfec-
tion of the mechanism of state and innovative sup-
port, the low level of solvency of consumers, cyclical
changes in the market, insufficient development of
market infrastructure, etc.

Voronetska and Yurchuk

At the same time, research by scientists
V. Petrychenko et al. (2021) and the practice of individual
farms shows that this industry is quite profitable and a
priority for Ukraine. Along with the negative trends listed
above, there is an increase in the productivity of cows,
over the past seven years, the productivity of cows in all
categories of farms has increased from 4644 kg per year
to 5435 kg, or by 17%, even in the conditions of war in
2022, the increase in productivity amounted to 5.4% pre-
vious year 2021. 1t is clear that in agricultural enterprises
the productivity of cows grows at faster rates by 14%
and 4.5%, respectively (State statistics service of Ukraine,
n.d.; United States department..., n.d.). The unstable
price situation on the milk market reduces the interest of
households in the development of dairy farming.

The main tasks for improving the market of milk
and dairy products are: creation of an effective legisla-
tive framework for milk processing enterprises; form-
ing a market for high-quality safe feed, stopping the
reduction of dairy production, developing a protection-
ist policy, creating conditions for healthy competition
and protecting consumers from low-quality products
(Dzhedzhula et al., 2018; Hladiy & Prosovych, 2022).

The development of livestock agribusiness has un-
dergone a complex process, which is associated with an
increase in the concentration of the industry in large
farms and a decrease in small and medium-sized ag-
ricultural enterprises. One of the main tasks for agri-
cultural enterprises specializing in animal husbandry
is the organization and formation of the fodder base,
which directly affects the level of productivity of farm
animals, which depends on their feeding by 50-80%.

Historically, Ukrainian fodder production has never
developed as an autonomous industry, although world
practice convinces of the real possibilities of producers
of various types of fodder to act as independent sub-
jects of both the internal and external agrarian market,
focusing on the market environment, the needs of con-
sumers (as producers - animal breeders, as well as var-
ious intermediary structures of the trade chain), as well
as own production potential and the results of internal
marketing research. In contrast to them, households
function at the expense of self-sufficiency and the use
of public pastures, and in this way maintain a relative
balance in the fodder market. However, in general, the
transfer of production capacities to households has
negative consequences, as it is characterized by an ex-
tensive method of management and is based primarily
on the high labor intensity of the production process.

The fodder industry is divided into two main areas:
field and grassland fodder production. The state of de-
velopment of field fodder production in Ukraine has re-
mained unchanged over the past few years and is char-
acterised by a reduction in the area under fodder crops.
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During the period 1990-2021, the area under fodder
crops decreased from 11.9 million hectares to 1.5 mil-
lion hectares, or by 87%, and during the period 2000-
2021 by 78.2%. Over the past 12 years, the area under
grasses has significantly decreased: perennial grasses -
by 2036.7 thousand ha or 71.2%, annual grasses - by
1489.3 thousand ha or 84.9%. However, the share of
perennial grasses in the total area under fodder crops
increased by 12.9%, while annual grasses decreased by
7.6%. In general, the share of fodder crops in the total
sown area decreased from 26% to 5.4%, or by 20.6%,
in 2000-2021 (Fig. 1). The fodder production sector is
divided into two main areas: field and grassland fodder
production. The development of field fodder production
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in Ukraine has remained unchanged over the past few
years and is characterised by a reduction in the area
under fodder crops. During the period 1990-2021, the
area under fodder crops decreased from 11.9 million
hectares to 1.5 million hectares, or by 87%, and during
the period 2000-2021 by 78.2%. Over the past 12 years,
the area under grasses has significantly decreased: per-
ennial grasses — by 2036.7 thousand ha or 71.2%, annual
grasses — by 1489.3 thousand ha or 84.9%. However,
the share of perennial grasses in the total area under
fodder crops increased by 12.9%, while annual grasses
decreased by 7.6%. In general, the share of fodder crops
in the total sown area decreased from 26% to 5.4%, or
by 20.6%, in 2000-2021 (Fig. 1).
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Figure 1. Share of fodder crops in the total sown area in Ukraine
Source: developed by the authors according to the State statistics service of Ukraine (n.d.)

Modern approaches to the development of fodder
production in Ukraine have remained constant, focused
exclusively on the course of development of Ukrainian
animal husbandry, which determines both quantitative
and qualitative criteria for fodder production, its direc-
tions, volumes, and prospects. Under such isolated con-
ditions of development, Ukrainian fodder production
is deprived of the status of an independent branch of
agriculture, which entails gaps in the state’s policy re-
garding the introduction of stabilizing and stimulating
measures. At the corporate level, there are also no eco-
nomic motives for investment interest from both inter-
nal business entities and external ones.

Onion-pasture production in Ukraine is just be-
ginning to develop, 7.7 million hectares of fallows,
hayfields and pastures require cultivation and the use
of agro-innovative technologies. To ensure food se-
curity, Ukrainian commodity producers must produce
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8,230,000 tons of milk, 135,000 tons of beef, 600,000
tons of pork, 1,620,000 tons of poultry meat,and 14,100
million pieces of meat. eggs With rational feeding of
agricultural animals and poultry, 1 ton of fodder should
ensure the production of 1 ton of milk with appropriate
quality indicators, 0.13 ton of cattle meat, 0.3 ton of pig
meat, 0.45 ton of poultry meat and 5.5 thousand eggs.
Under such conditions, consumption of livestock prod-
ucts per capita in Ukraine will reach: meat 54 kg (born
83 kg), milk 200 kg (born 380 kg), eggs 280 pcs. (born
290 units). Therefore, in 2023, in order to produce the
forecasted volumes of livestock products, the fodder in-
dustry must ensure the procurement of bulk fodder at
the level of: 1.7 million tons of hay; 7.6 million tons of si-
lage and 8.5 million tons of silage (Hadzalo et al., 2022).

In the structure of the cost of livestock production,
feed accounts for the main share of costs, so in the cost
of milk, the share of feed is 50-55%, the cost of beef is



65-70%, the cost of products in pig and poultry produc-
tion is 70-80%, therefore the quality and price of feed
directly affect financial condition of animal husbandry.
The procurement of high-quality feed that meets the
physiological needs of animals and has a high nutri-
tional value is a direct way to reduce the cost of meat
and dairy products and improve the economy of the in-
dustry. In order to ensure obtaining high-quality grass
fodder, it is necessary to strictly follow the basic rec-
ommendations for early spring care of fodder areas.
(Sidorov et al., 2023).

Provision and effective use of fodder is a complex
and unsolved problem of the entire period of reforming
the livestock industry, which is constantly in the field of
view of scientists and producers. The problems that ex-
ist in the field of animal husbandry can be realistically
overcome by applying new approaches to intensifica-
tion in the direction of increasing the level and quality
of feeding, transfer of innovations. The basis of the feed
base in animal husbandry is concentrated feed, which
is evidenced by the dynamics and structure of livestock
and poultry feed costs in all categories of enterprises.

The share of concentrated feed in the structure of
all feed costs is gradually increasing, which is explained
by several factors, including: their high energy value
due to the highest protein content among all feed re-
sources; valuable mineral and vitamin composition; the
possibility of importing concentrated feed (especially
combined) and using it within reasonable limits as an
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alternative to other types of feed; revival of domestic
feed mills. The use of concentrated feeds in animal hus-
bandry has tripled over the period from 2000 to 2021,
and their share has exceeded the level of the indica-
tor in 1990. However, the structure of the consumption
of concentrated fodder by the livestock industry has
changed. According to experts’ estimates, in 2020-2022,
about 60% of compound feed will be consumed by
poultry farms and about 25% by pig enterprises. Cattle
account for less than 20% of the combined feed con-
sumed. This is explained by the rapid growth of the
poultry population in Ukraine over the past few years
and the decline in cattle production and its decline
(State statistics service of Ukraine, n.d.). The fodder in-
dustry of Ukraine is the key to the development of ani-
mal husbandry. The technology of compound feed pro-
duction includes various types of operations that must
be carried out in order to achieve the maximum reali-
zation of the potential feed value of feed components.
The compound feed market has changed significantly
in recent years - many new companies have appeared;
fierce competition promotes the development of the
feed industry; the main stimulating factor is “price -
quality” The production of industrial feed increased
over the past seven years until 2019, and from 2020,
due to the pandemic, it began to decrease. In general,
the total production of compound feed decreased for
the period 2015-2021 in all categories by 8.6%, and of
feed premixes by 36.4% (Table 1).

Table 1. Production dynamics of the main types of industrial feed in Ukraine, thousand tons

Types of feed Change, %
Compound feeds in total 6192 6232 5984 6025 6464 6302 5657 8.6
- for pigs 1395 1440 1107 1210 1229 1236 1264 9.4
- for cattle 722 738 592 724 701 744 645 10.7
- for poultry 3884 4032 3745 4091 4534 4322 3748 3.5
Premixes for farm animal feed 60.2 52.8 55.3 67.9 78.6 60.0 38.3 36.4

Source: compiled by the authors based on data from the State statistics service of Ukraine (n.d.)

The most important task for the development of
industrial fodder production in modern conditions is
the restoration and improvement of industrial and
economic relations both with suppliers of grain and
industrial waste during the processing of agricultural
products, and with consumers of compound feed. Ac-
cording to experts (Petrychenko et al, 2021), the growth
of feed production is adequate to the growth of animal
husbandry needs, and their deficiency will still be cov-
ered by the import of feed components.

In this case, regulatory and legal support of fod-
der production plays an important role. In 2020, Law

of Ukraine No. 2264-VIII “On the safety and hygiene of
fodder” (2017), which defines the legal and organiza-
tional principles of guaranteeing the safety of fodder
in the process of its production, circulation and use, in
particular, establishes requirements for hygiene, labe-
ling, packaging and presentation of fodder, regulates
relevant public relations between market operators and
state authorities.

In the last decade, poultry farming began to de-
velop within large holding agro-formations created on
the basis of vertical integration. Such complexes also
include combined feed plants, which independently
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supply livestock units with fodder, including combined
feed. About half of the production of compound feed in
Ukraine is accounted for by such compound feed plants.
The raw material base for feed mills is formed by pro-
ducers of grain (corn, fodder wheat) and oil crops (soy-
bean, sunflower, rapeseed). If in 2000, Ukraine produced
10.2 million tons of wheat, of which 16.7% was used for
livestock and poultry feed, and only 0.8% was exported,
then in pre-war 2021, production increased to 33 mil-
lion tons (almost in 3 times), for feed - 12.1%, export -
57.1%. Russian aggression on the territory of Ukraine
in 2022 caused a sharp decrease in production to 21

million tons (36.4%), the share of domestic consump-
tion increased to 19%, and exports to 64.3% (State sta-
tistics service of Ukraine, n.d.).

A similar situation developed on the corn grain
market (Fig. 2). During the period 2000-2021, Ukraine
increased the production of this crop from 3.8 million
tons to 42 million tons or 11 times, exports increased
from 10.3% to 64%, and domestic consumption from
57.2% to 18.5%, and overall domestic consumption de-
creased by 50%. In the last year of 2022, production
decreased in relation to the previous year 2021 by 36%,
consumption by 48.5%, exports by 16.6%.

Corn for grain
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Figure 2. Production, consumption and export of corn for grain, thousand tons
Source: developed by the authors based on the State statistics service of Ukraine (n.d.), United States department... (n.d.)

Disruption of logistics, export problems, block-
ade of sea ports, occupation of commodity production
zones are the main reasons for destabilization of the
grain sector in 2022. In general, during the years of in-
dependence, the oil and fat industry developed, where,
along with the traditional culture of sunflower, the pro-
duction of soybeans and rapeseed is developing. The
increase in the production potential of these crops
occurred due to the expansion of sown areas and in-
creased yields. For the economy of Ukraine, these crops
are of strategic importance as both food (oil) and feed
crops (meal, cake). Ukrainian sunflower, meal and oil are
in demand on the world market and form a significant
part of the balance of feed protein on the European
market. The value of protein-oil crops as the most im-
portant source of vegetable protein and oil increases
in connection with the growth of the population, in
the formation of food resources, adequate nutrition,
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improvement of health and prolongation of human life.
EU countries import up to 14 million tons of soybeans
and 18.3 million tons of soybean meal from the USA,
Brazil, Canada, and Paraguay. Ukraine provides EU coun-
tries with 37% rapeseed, 73% sunflower meal and 28%
rapeseed oil. The use of meal of protein-oil crops in
feeding animals and poultry is a new era, the main and
strategic direction in the supply of high-protein feed,
ensuring complete feeding and increasing their pro-
ductivity (Petrychenko et al., 2021). In the structure of
world meal production, soybean meal makes up 68.4%
of all meal. Soybean meal differs from other high-pro-
tein ingredients in its balanced amino acid composi-
tion, and has feeding features that are still little known
in Ukraine. In terms of fodder benefits, soybean meal
surpasses all other vegetable sources of protein, has
the highest nutritional value, the widest use in feeding,
is suitable for all types of animals, poultry and fish.
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The use of sunflower and rapeseed meal in the rations
of feeding cows, which leads to an increase in the protein
content, helps to strengthen the metabolic processes in
the animal’s body, improves their physiological condition
andincreases milk productivity.The practice ofusingthese

types of meal is quite common in European countries
(European Union, n.d.). It is preliminarily estimated that
the export of sunflower meal from Ukraine in 2022/2023
MR will make up 77.5% of gross production, which is
4.1% more than the level of 2021/2022 MR (Table 2).

Table 2. Production, consumption and export of sunflower seed meal, thousand tons

Sunflower seed meal

Share of exports in

production, %

Production Domestic consumption Exports
201072011 3296 390 2927 88.8
2015/2016 4811 1000 3817 79.3
2016/2017 6030 1300 4807 79.7
2017/2018 5679 1300 4238 74.6
2018/2019 6112 1350 4808 78.7
2019/2020 6455 1350 5181 80.3
2020/2021 5679 1275 4396 774
2021/2022 4460 1200 3275 73.4
2022/2023 4130 1050 3200 77.5
Growth index 1.25 2.69 1.09 *
Absolute growth, * 834 660 273 11.3

Source: compiled by the authors based on data from the State statistics service of Ukraine (n.d.), United States

department... (n.d.)

Since 2010, the total export value of sunflower
meal has increased by 9.3% with a 25% increase in
production. Ukraine has long held a leading position
in the world market of sunflower meal: in 2020/2021
MR - 28%, in 2021/2022 MR - 23.4%, in 2022/2023 it
is expected to be at the level of 20.1%.

Canola meal provides an amino acid balance that
targets the required amino acid profile of the pig bet-
ter than any other plant protein (Hein, 2020). The pro-
duction of rapeseed meal for the period 2010/2011 MR
2022/2023 MR is expected toincrease morethan 2 times,
domestic consumption by only 33%, export by 59%.

Due to the significant volume of solvent demand,
the market of the European Union is able to continue
to absorb products produced in Ukraine. The needs of
the countries of the European Union are covered in
protein by only 38% (European Union, n.d.). Taking into
account the current trends, we can safely predict a fur-
ther increase in the volume of deliveries to this market.
However, there is a threat that Ukraine will be limited
only by production capacity. Therefore, there is a need
to shift the emphasis on the processing of grain and oil
crops, in particular soybean and rapeseed.

The pre-war problems and challenges of fodder
production were complicated by the military aggres-
sion of the russian federation from February 2022.

Economic, political and ecological instability, the ag-
gravation of the global food problem, led to the emer-
gence of new threats and challenges for fodder produc-
tion in Ukraine.

Research by scientists V. Petrychenko et al. (2022)
testify that under the conditions of martial law in
Ukraine, logistical connections for the supply of fodder
and the sale of livestock products are disrupted, which
prompts producers to look for alternative options.
Ukraine imported some feed and veterinary drugs, but
due to the war and logistical problems, their purchase
is currently limited. Production of the projected amount
of fodder is complicated by a shortage of energy and hu-
man resources, as well as unstable weather conditions.

The current state of the Ukrainian market of fodder
and fodder resources calls into question its effective
performance of the function of ensuring the food secu-
rity of the state in terms of the production of livestock
products. Feed supply is based on the use of domes-
tically produced feed, increased competition between
Ukrainian commodity producers and suppliers of bi-
ological feed additives, and the low level of develop-
ment of industrial feed production (Voronetska et al.,
2020). Thus, it is possible to identify a number of key
factors inhibiting the development of fodder produc-
tion in Ukraine (Fig. 3).
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Related to
production

Related to
financing

Related to
logistics

4 N

e the increase in the cost of material resources (fuel and lubricants, mineral fertilizers,
preservatives, plant protection products, machinery and equipment) leads to an increase in the
cost of feed and a decrease in the profitability of the industry;

erising prices for feed additives;

e increase in the cost of procurement and storage of own-produced fodder;

e power outages, shortages and high cost of electricity destabilize the work of feed producers,
lead to an increase in the cost of production, loss of productivity and disruption of technological
processes, therefore modernization of equipment for work on alternative types of energy is
necessary for energy independence;

« labor shortage due to migration (according to international estimates, the number of internally
displaced persons exceeds 7 million people and more than 4 million people registered for
temporary protection in Europe) and mobilization, which reflects a huge loss of labor force;

« extreme climatic conditions that affect the productivity of forage crops, the quantity and quality
of fodder;

« adjustment of crop rotations by agricultural producers due to high costs, problems with the
sale of products, giving preference to the cultivation of highly profitable crops, which led to a
reduction in the area sown under fodder crops. In addition, the households of the population
grow little or no fodder crops;

e unharvested corn, soybeans, sunflower, which causes the problem of unharvested plant residues,
and accordingly, the areas are not ready for sowing;

« low quality of feed, due to a high share of cereals in the raw material (for cattle), a low share
of alternative types of raw materials, high cost of premixes and additives, which leads to a low
balance of feed;

e regional redistribution of feed production and consumption.

/

4 N

« deficit of working capital due to the increase in the cost of production, high inflation, unsold
harvest of previous years, low price of agricultural products, increase in the price of bank lending
due to the increase of the NBU discount rate, etc.;

¢ high level of inflation;

e problems with VAT refunds: blocking of tax invoices, significant delays with VAT refunds;

e delays in customs clearance of imported material resources (mineral fertilizers, plant protection
products, feed additives);

¢ a fixed exchange rate creates additional restrictions, because agricultural means of production
are often purchased with a reference to the market rate, while the foreign exchange revenue
received by exporters is sold at the interbank rate, which is close to the official rate of the NBU;

e distressed instruments of insurance/letters of credit under export contracts.

- /

4 N

e destruction of the main supply chains in Ukraine;

e change in the geography of exports due to the disruption of traditional logistics routes;

e blockade of sea ports (before the full-scale invasion, 95% of exports were carried out by sea);

e created logistic chains, characterized by high cost, due to high cost of transportation, inflation;

e restrictions on land routes: lack of drivers for road transport; low capacity of railway stations on
the border with European countries; different track widths in Ukraine and the EU;

e difficult access to the market of European countries from the point of view of import and product
certification; lack of a sufficient number of European wagons for grain transportation;

e limiting the capacity of European logistics centers.

/

Figure 3. Problems and challenges of the fodder production industry in Ukraine

Source: compiled by the authors according to Agribusiness of Ukraine during the war... (2022)

The military aggression of the russian federa- production costs. Issues related to the neutralization
tion in Ukraine led to an increase in feed and energy  of the consequences of hostilities in de-occupied re-
prices, a shortage of feed raw materials, and prob- gions and front-line territories require special atten-

lems in logistics

chains, which lead to an increase in  tion (Fig. 4).
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products;

Associated
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means of production;

combat zone;

the de-occupied
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territories

of heavy equipment;

actually consume these services;

elack of resources due to loss of funds and property due to shelling or theft by the russian
military, destruction of crops, untimely harvest, low prices for products or inability to export

« the death of farm animals due to hostilities;

e damage and destruction of agricultural infrastructure and equipment: warehouses, granaries,
fodder storage facilities, agricultural machinery and equipment;

e occupation of enterprises, theft and removal of crops, machinery, equipment and other

« the impossibility of carrying out technological operations (introduction of chemical
fertilizers, fertilizing, harvesting, irrigation) due to the mining of fields and proximity to the

e negative consequences for the land fund as a result of mining, artillery shelling, movement

e part of the sown areas, which was not cultivated last year, is characterized by increased
weediness, pollution by pests and diseases;

e agricultural producers in the front-line territories do not have the opportunity to take
advantage of preferential taxation and preferential lending;

e lawsuits for non-payment of credit debts;

e lawsuits for accrued utility services for enterprises that were under occupation and did not

\-increased level of risks of logistics operations in de-occupied and front-line territories. Y,

Figure 4. Problems and challenges of fodder production in the de-occupied and frontline territories
Source: compiled by the authors according to Agribusiness of Ukraine during the war... (2022)

In order to provide animal husbandry with
high-quality fodder balanced by the content of nutri-
ents, it is necessary to develop the fodder production
system, including the field and onion-pasture direction
(Yurchuk et al., 2022). Increasing the productivity of for-
age crops can be achieved in two ways: by optimizing
the structure of forage crops on irrigated and non-irri-
gated lands and by using energy-saving technologies
for their cultivation (Holoborodko et al., 2020).

Databases of promising breeding material of fodder
crops have been formed in Ukraine (The state register
of plant varieties..., n.d.). Every year, Ukrainian scientists
and breeders create and introduce new high-yielding
varieties of forage crops, legqumes and grasses with in-
creased quality indicators and productivity. In addition,
fodder crops can be used for reclamation of degraded,
unproductive and technologically polluted lands, or-
ganic farming, etc.

The experience of other countries shows that in the
conditions of globalization, commodity fodder produc-
tion is developing, as the most optimal way of market
orientation is the formation of specialized fodder pro-
duction enterprises to meet the needs of small and me-
dium-sized agribusiness (Sprynchuk, 2020).

I. Cherevko (2022) proposes to apply the Polish
experience in the development of fodder production
and the provision of livestock feed in Ukraine. Noting
that based on the key trends in the development of
fodder production in the world, the main ways of its
further development in Ukraine relate to increasing
the level of their ecological safety, developing the use

of active feed additives, in particular of a medicinal
nature, optimizing the structure of fodder and feed-
ing animals, improving the quality of fodder and the
possibility of changing their structure production,
intensification of fodder production by households, -
increasing the efficiency of fodder use, specialization
in fodder production, innovation and digitalization
of the industry, which will become fully possible in
Ukraine after the end of hostilities and ensuring the
possibility of safe farming in the de-occupied territo-
ries (Cherevko, 2022).

To ensure the sustainability of agriculture, local
resources for agricultural production and feed produc-
tion, such as land, forests, water ecosystems, must be
protected from pollution and over-extraction of nutri-
ents. It is necessary to improve sustainable agricultural
practices by increasing the efficiency of nutrient use, in-
creasing nutrient recycling, reducing waste, increasing
agricultural production, reducing greenhouse gas emis-
sions, and increasing agricultural productivity through
the integration of industries. The integration of agri-
cultural production has enormous potential to improve
nutrient recycling or recovery (Adegbeye et al., 2020).
Research confirms that the transfer of innovations of
self-renewing agriculture allows for the rational use
of natural resources both in terms of ecological and
economic components and to achieve effective and
long-term growth (Petrychenko et al., 2022).

The significant potential of the feed production in-
dustry of Ukraine allows us to meet not only our own
needs for feed protein, but also to enter the global

Ukrainian Black Sea Region Agrarian Science, 27(2), 51-62



60

Fodder production in Ukraine: Trends, problems and prospects

feed market as a supplier of deep processing products.
A comprehensive approach with support at the local,
state and international levels is necessary to solve the
problems and challenges of fodder production and
to restore the activities of agricultural producers. It is
necessary to carry out the restructuring of sown are-
as, agro-technological approaches to the technology
of growing fodder, use special equipment for demining
agricultural lands, consolidate at the international and
state levels support for the fodder industry, develop
special programs to stimulate the development of an-
imal husbandry, first of all dairy cattle breeding in the
small and medium segment agribusiness It is necessary
to develop sustainable ecologically safe fodder produc-
tion, which will contribute to the development of all
branches of agriculture and create opportunities for the
development of value-added production.

CONCLUSIONS
Animal husbandry of Ukraine plays an important role
in ensuring food security and the development of the
agricultural sector, although the share of the livestock
industry in the structure of gross agricultural produc-
tion in 2021 is only 18.6%. Cattle population decreased
by 75.6% (including cows by 72.6%), pigs by 34.7% dur-
ing the period 2000-2023. The decrease in the number
of cows causes a decrease in gross milk yield, the vol-
ume of which in 2022 was 7,160 thousand tons, which
is 32.5% less than the level of 2015. The level of pro-
ductivity of farm animals depends on their feeding by
50-80%, so the main the task of producers is to provide
high-quality fodder for farm animals. The development
of field fodder production in Ukraine is characterized by

of the fodder base of animal husbandry, their use in
2021 compared to 2000 has increased three times. The
raw material base for concentrated feed is grains (corn,
fodder wheat) and oil crops (soy, sunflower, rapeseed).

The military aggression of the russian federation
in Ukraine led to deepening of the problems of the ag-
ricultural sector, in particular, fodder production. The
projected increase in the demand for livestock products
requires an increase in feed production. Fodder plays a
central role in ensuring adequate feeding of animals.
A diet balanced in terms of all nutrients and at a level
that meets the production goal, taking into account
the animal’s physiological state, is a prerequisite for
achieving high and sustainable animal productivity.

The production of the projected amount of fodder
in the conditions of martial law is complicated by the
shortage of energy and human resources. In Ukraine,
it is necessary to increase its own production of feed,
increase its effective use, which will reduce depend-
ence on imported feed ingredients, as well as reduce
the cost of feeding. In conditions of limited resources,
the problem of fodder shortage can be solved thanks
to sowing of annual and perennial grasses, grain-leg-
ume mixtures, grass mixtures, because scientifically
based mixtures of fodder crops will be able to almost
completely provide nutrients to farm animals and form
their own market for fodder. Prospects for further scien-
tific research consist in the formation of measures for
the restoration and development of fodder production
in Ukraine under the influence of threats created by the
military aggression of the russian federation.
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KopMoOBMpPO6GHULUTBO B YKpaiHi: TeHAEeHLUii, npo6sieMU i nepcneKTUBmU
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AHoTauif. 3a pokM HesanexHocTi YkpaiHuM 3abe3neyeHHs KOpMaMM Tanysi TBApMHHMUTBA Ta iX edeKkTUBHe
BMKOPUCTAHHS 3a/IMLLANNCA CKNALHOK i HEBMpIWEHO npobnemoto. BilicbkoBa arpecisa pd Ha TepuTtopii Ykpainu,
€KOHOMiYHa, reononiTMyHa, KNiMaTMyHa HecTabinbHiCTb, rnobanbHa NPOAOBOMbYA KpU3a 3arocTpuia LOBOEHHI
npobnemu i 3yMoBMMa BUHUKHEHHSI HOBMX 3arpo3 i BUK/MKIB Y KOPMOBMPOOHULTBI. METOK JOCNIAXKEHHS € OLiHKa
CTaHy i OCHOBHMX TEHAEHLLiI pUHKY KOPMIB YKpaiHu, npobneM KopMOBMPOOHMYOI rany3i B KOHTEKCTi Cy4aCHMX 3arpo3
i BUKMKIB. Y LOCNIAXEHHI BUKOPUCTAHO 3arasibHOMPUIHATI METOAM HAYKOBUX €KOHOMIYHWUX AOCNIAKEHb, 30KpeMa:
6ibnioMeTpUYHKMIA, HAYKOBOI abCTpaKkLii Ta rinoTesmn, CUCTEMHOTO Ta EKOHOMIYHOTO aHai3y, MOHOrpadivyHuMI, aHanisy
i CMHTE3Y, KOMMNNEKCHMIA, abCTPaKTHO-NOTIYHMIA, IHAYKLIT Ta AefyKLii, TOPiBHAHHS Ta IOMYHOro y3aranbHeHHs. byno
PO3MNISIHYTO OCHOBHI MpobneMu yKpaiHCbKOro KOPMOBMPOGHMLITBA: 3pOCTaHHS BapTOCTi MaTepianbHUX pecypcis,
eHepropecypcis, 340p0OX4YaHHS MpoLEeCiB 3aroTiBni i 36epiraHHa KOpMiB BNacHOro BUpOOHULUTBA, AediunT poboyoi
CUNIM BHACNIZOK Mirpauii i Mobinizauii, eKCTpeManbHi KNiMaTUUHI YMOBMU, SIKi BMIMBAKOTb HA YPOXKAMHICTb KOPMOBUX
KYNbTYp, KifIbKiCTb Ta SKiCTb KOPMiB, HEAOTPUMAHHS CiBO3MiH, HM3bKa SKiCTb KOPMIB, PerioHasbHUI Nepepo3noin
BMPOOHMLTBA i CMOXMBAHHS KOPMIB, AediumuT 06iroBMx KOWTiB, Npob6aeMM 3 BiAWKOAYBAHHAM MOAATKY HA A0AAHY
BAPTiCTb, 3aTPUMKM 3 MUTHMM O(OPMNEHHSIM IMMOPTOBAHMX MaTepianbHUX PecypciB, BUCOKMM piBeHb iHOAsLII,
(iKCOBaHWI BaNKTHWIA Kypc, NPO6MeMHI iHCTPYMEHTU CTpaxXyBaHHS/aKpeoUTUBIB 3@ €KCMOPTHUMM KOHTPAKTaMM,
pYMHYBaHHS OCHOBHMX NIAHLOTIB MOCTa4YaHHs B YKpaiHi, 3MiHa reorpadii ekcrnopTy, 6n10kafa MOpPCbKMX MOPTIB,
BMCOKA BapTiCTb CTBOPEHWUX NOTICTUYHMX NAHLIOXKKIB, YCKNAAHEHWUI [OCTYN HA PUHOK KpaiH €BponuM 3 TOYKK 30py
iMnopTy Ta ceptudikauii NpoayKuii, 0BMexXeHHs NMPONyCKHOI CMPOMOXHOCTI EBPONENCbKMUX NOTICTUYHUX LEHTPIB,
TOWO. 30CepesKeHo yBary Ha npobneMax KOpMOBMPOOHWMLTBA HAa [LEOKYMOBAHMX i MPUPPOHTOBUX TEPUTOPINX:
nediuMT pecypciB yepes BTpaTW KOLWTIB i MalHa BHACNiIAOK 0OCTPiNiB i KPagiKoK pOCIiMCbKMMU BIMCbKOBMMMU,
3HULLLEHHS MOCIBIB, HEMOX/IMBOCTI BMBE3TU MPOAYKLIl0, 3arubenb CinbCbKOroCnoAapCbKMX TBAPUH Yepe3 BOEHHI
Oii, NOWKOMXEHHSA M PYWHYBAaHHS arpapHOT iIHOPaACTPYKTYpu Ta TEXHIKM, HEMOX/IMBICTb NPOBEAEHHS TEXHONOTMIYHMX
onepaLin, HeraTMBHI HaCNiAKKM AN 3eMenbHOro GOHAY BHACNIAOK 3aMiHYBaHHS, apTObCTPiNiB, pyxy BaXKoi TEXHIKM,
Towo. OCHOBHI pe3ynbTaTM [OCNIOKEHHS MOXYTb OYTM BMKOPUCTAHI AN HAayKOBMX PO3pObOOK i Yy MpaKTUYHIN
LiSNbHOCTI arpoBMpPOOHMKIB, OLLIHIOBAHHI BNAMBY PU3MKIB | 3arpo3 Ha KOPMOBUPOOHUYY rany3b YKpaiHu

KniouoBi cnoBa: kopmMoBa 6a3a; KOPMOBI KynbTypu; NOroNiBs CifibCbKOrOCNOAapPChbKMX TBAPUH; PUHOK KOPMIB
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Abstract. The issue of rational waste management in Ukraine is quite acute. The system is in a state of decay,
because about 94% of waste ends up in landfills and, at the same time, has a negative impact on the environment.
That is why the issue of building a perfect management system and applying marketing communications in
Ukraine is quite relevant, because proper waste management with the help of marketing measures will not only
save the environment, but also attract secondary raw materials to energy or further production. The purpose of
this work was to research and generalize the aspects of marketing communications in the context of the optimal
model of the national pattern system of waste management in Ukraine. The research used a system method, an
analysis method, and complex and integrative methods. It was determined that the level of volumes of generated
and accumulated waste in Ukraine is quite high. It has been established that it is necessary to develop and improve
measures for the disposal of acid, alkali or salt waste, other mineral waste, chemical waste, industrial waste
sludge, ferrous metal waste and mixed and undifferentiated materials. Necessary waste disposal measures have
been determined, which in turn should provide an opportunity to organize complex waste processing measures
and ensure the use of their energy potential. The marketing communications established in the study will help to
implement measures to stimulate recycling enterprises by the state, to establish relationships between producers
and consumers of secondary products, to provide informational support for waste processing through the media, to
create a marketing complex around secondary products and to reproduce the use of secondary products in energy
efficiency. The recommended structure of marketing communications for running a waste management business
in Ukraine will bring recycling to a new level and increase its efficiency. The practical significance of the study is
that the identified waste disposal measures and accompanying marketing communications can be used in Ukraine
to improve the effectiveness of the waste management system
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Marketing communication in the context of the optimal model...

INTRODUCTION

The environment is in a permanent system of a closed
cycle, which in turn is accompanied by the transition
of substances from one state to another. The function-
ing of economic processes is based on the circulation
of resources, which consists in their production, use
and generation of waste. Since the 2010s, the issue of
waste management has intensified, because imperfect
management in this area has a negative impact on the
environment. M.O. Barinov et al. (2021) determined that
the rational management of waste is quite important
today, because it can not only be destroyed, but also
processed and used as raw materials for subsequent
sales products. Waste management is considered by
the authors as a systematization of waste manage-
ment methods and measures, which should primarily
be the most favorable for the environment. At the same
time, waste management should take place as close as
possible to the source of its generation, prevent envi-
ronmental risks, have large-scale efficiency, ensure the
independence of disposal processes and be based on
joint responsibility.

Waste management at the global level is one of
the biggest challenges. A. Saad et al. (2022) believed
that quality waste management can be a means of re-
ducing the destruction of human health and nature. The
increase in population, together with economic growth
and development of consumption, is accompanied by an
increase in the volume of waste worldwide. The expan-
sion of the world economy, the industrial revolution and
cultural development are accompanied by an increase in
goods, which in the future also become the main factors
in the growth of waste volumes. Accordingly, against the
background of climate change, problems with the global
accumulation of waste are emerging.

G.Odhiambo (2022) also supported the view that un-
systematic and ineffective waste management can lead
to the accumulation of garbage and increase the level of
environmental pollution. In the future, it is expected to
reduce the negative impact on the environment of the
poorly developed waste management system. E. Taelman
et al.(2018) established that it is very difficult to recreate
the improvement of waste management, because envi-
ronmental, economic, social, geographical spheres of ac-
tivity must be involved in this direction.

Companies that provide waste disposal services are
business structures and, accordingly, need marketing
activities for development. R. Patel (2023) found that
in today’s competitive market, it is marketing that plays
an important role in shaping the success of a waste dis-
posal company. In accordance with the development of
environmental awareness of consumers, the pickiness
in choosing waste disposal services is increasing. In ad-
dition, a waste management business owner can differ-
entiate their own services and create a brand of reliable
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and trusted supplier according to the industry. Effec-
tively implemented marketing also helps to increase
customer loyalty and retain them. By communicating
the value of their services and engaging with existing
customers through various marketing channels, a waste
disposal company can build strong and long-lasting re-
lationships with them. Accordingly, such measures will
allow you to retain the client base and expand the vol-
ume of referrals, which in the future will be a major
factor in the long-term growth and success of the waste
disposal firm (Patel, 2023).

0. Kayode (2022) determined that targeted interac-
tion with customers using mass media (for example, di-
rect mail, television, newspapers and magazines, radio,
Internet, billboards, etc.) is carried out at the expense
of marketing communications. That is, there is an ex-
change of information about the products and services
of waste disposal organizations between them and
the recipients. After all, before positioning the product
in the mind of the buyer, it is necessary to first build
awareness with the help of an advertising set to such
a level that the buyer creates a positive image of both
the services themselves and the entire waste disposal
company (Kayode, 2022). That is why there is a need
to organize effective sales of waste disposal services
through the development of marketing communications.

The purpose of the study was to analyze current
trends in waste management in Ukraine and to identify
directions for improving marketing communications in
the context of the optimal waste management model.

METHODS AND MATERIALS

The theory and research methodology are based on
the main studies of scientists from Ukraine, the United
States of America, the Arab Emirates, Great Britain,
Japan, Germany, Spain and Portugal regarding the de-
velopment of marketing communications in the waste
management system. The research used a systematic
method to determine the category of “waste manage-
ment”, establish the essence of waste disposal and
processing, and determine the main aspects of mar-
keting activities in the context of waste management
(Chakraborty et al., 2021).

With the help of the analysis method, the current
state of waste management in Ukraine was considered,
data was systematized regarding the indicators of vol-
umes of waste generated, waste disposed of, waste in-
cinerated, volumes of waste removed to specially des-
ignated places and objects, available waste in places of
temporary storage of waste at the end year, volumes of
waste accumulated during operation, in specially des-
ignated places and facilities. Also, during the study of
the state of waste management in Ukraine, a structural
method was used to determine the share of specific



waste in the total volume. This method was also used
to determine the characteristics of the participation of
various types of waste.

When the dynamics of waste volumes were deter-
mined, the method of mathematical relative analysis
was applied, which helped to establish the peculiarities
of changes in the percentage value during the studied
period of indicators of the volumes of generated waste,
disposed waste, incinerated waste, removed waste to
specially designated places and objects, existing waste
in places of temporary storage of waste at the end of the
year, waste accumulated during operation, in specially
designated places and facilities. The integrated method
provided an opportunity to substantiate the areas of im-
provement of waste management measures based on
marketing communications. With the help of the integra-
tive approach, the main measures for waste disposal
and marketing communications were determined in
the context of the optimal model of the national part-
ner system of waste management in Ukraine. And the
method of mathematical modeling made it possible
to establish the peculiarities of the dependence of the
supply of primary energy from the source of biofuel and
waste on the generation of waste in Ukraine.

The information base was based on articles and re-
search by experts from Coventry University, Beirut Arab
University, University of Mississippi and Polytechnic
University of Valencia, University of Oxford. Information
from the Ministry of Environmental Protection and Nat-
ural Resources of Ukraine (2023), European Commis-
sion (2018) was also used to identify the features of
waste disposal processes. Data from the State Statistics
Service of Ukraine (2023) were used as the basis for the
analysis of the state of waste management in Ukraine,
which made it possible to consider indicators of various
types of waste.

RESULTS

In Ukraine, an imperfect waste management system
causes soil, water, and air pollution and harms health,
because 94% of waste is not processed, but sent to the
landfill. That is why it is important to focus on the ex-
pansion of recycling activities in terms of their man-
agement (Zaklekta & Mochuk, 2021). Processing of
waste is considered to be any technological operations
based on changing the physical, chemical or biological
properties of waste. The purpose of such actions is to
prepare waste for its disposal, removal or environmen-
tally safe storage and transportation. That is, processing
can be considered a preliminary stage for carrying out
further measures to use waste as secondary energy or
material resources, or to burn it to obtain electrical or
thermal energy. At the same time, in European coun-
tries, the main part of waste is subject to secondary pro-
cessing (Jardosh et al., 2020).

Nesterenko and Rosokhata

And in Ukraine, these methods of working with
waste are at the stage of study, because there is no es-
tablished industry for processing and disposal of waste
in the country. High-quality processing of waste con-
sists in separate collection, that is, it should take place
on the basis of their sorting into types exactly at the
place of their origin. In Ukraine, the culture of distrib-
uted collection of household waste is almost absent
among the population. Only episodic implementation
of similar systems is observed, which in turn does not
bring any benefit. The sector of waste disposal of elec-
tronic equipment is important, because it contains sub-
stances dangerous for the environment and humans.
Used batteries pose the same threat. But in Ukraine,
there is still no enterprise that would be aimed at
proper processing of waste.

If pay attention to European countries, they process
20-25% of the total volume of municipal waste through
incineration (Zaklekta & Mochuk, 2021). In recent years,
plastic recycling has become a very relevant issue in
the European Union. Accordingly, there is a long-term
strategy for the circular recycling of plastics, which will
allow the development of concrete actions that extend
to national and regional authorities, cities, the plastics
industry and all relevant stakeholders, who must com-
mit to decisive and concrete actions (European Com-
mission, 2018).

An example of a successful waste management
system is Japan, where about 65% of the total amount
of municipal waste is processed by incineration. At
the same time, the share of recycled waste increased
to 17%, and buried waste decreased to 18%, which is
more than two times less than 25 years ago. Recycling
in Japan is based on 73% of waste paper and up to 83%
of glassware, but the degree of plastic recycling is only
40%, which can be considered insufficiently equal, be-
cause the country has a huge total mass of plastic bot-
tles (Zaklekta & Mochuk, 2021).

The field of waste processing in Ukraine is at the
stage of formation and is promising from the point of
view of investment. An inadequate waste management
system in the country causes the loss of millions of tons
of valuable resource materials that are in waste and
that could potentially be used in economic circulation
every year. Nevertheless, Ukraine is trying to implement
decisive steps to improve the waste management sys-
tem, focusing on European principles in this field. Order
of the Cabinet of Ministers of Ukraine No. 820-r (2017)
has a number of principles that are oriented towards
European standards (Fig. 1). This plan consists in the
introduction of economic stimulation measures for the
implementation of ecologically clean production tech-
nologies and the expansion of the direction of process-
ing with the provision of facilities for the processing of
various wastes.
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Waste prevention, preparation for reuse without pretreatment

Waste recycling, other types of utilization, including the use

of waste as secondary energy resourses

pverious steps of the hierarchy

Deletion (burial) only if it is not possible to complete the

Figure 1. Principles of National Waste Management Strategy in Ukraine until 2030

Source: compiled by the authors

In connection with the adoption of Law of Ukraine
No. 2320-IX (2022), Ukraine started implementation
of Directive 2008/98/EC of the European Parliament
and of the Council (2008), which is the main factor in
establishing new European rules of operation in the
direction of waste management. Effective implemen-
tation of innovations requires the involvement of re-
sponsible business. Today, activities are being carried
out in 4 main areas to improve the waste management
system in Ukraine. That is, the development of sec-
toral legislation regarding the effective management
of waste from the extractive industry, the introduction
in Ukraine of the broad responsibility of the producer
himself, the establishment of economic means of

stimulating the development of the industry and the
increase of the level of administrative responsibility
for violations of the adopted rules. The only sure way
for the successful functioning of the waste manage-
ment system is the introduction of waste manage-
ment reform based on European standards with the
use of the latest technologies, which should depend
not only on the state, but also on business (Ministry
of Environmental Protection and Natural Resources of
Ukraine, 2023). In the aspect of researching the waste
management system, it is advisable to consider the
dynamics of indicators of the volume of generated
waste in Ukraine based on the latest data from the
country’s statistical sources (Table 1).

Table 1. Dynamics of indicators of volumes of generated waste in Ukraine during 2019-2020, thousand tons

Volume of generated waste 2019 2020 Growth rate, %

total 553.0 532.0 -3.8

total 258.1 2438 -5.5

The amount of waste transferred by for disposal 212.1 183.0 -13.7
producers to the side including to remove 27.6 40.7 47.5
individuals for use 18.4 20.1 9.2

The amount of exported waste 2.2 0.1 -95.5

The amount of imported waste 3.6 1.5 -58.3

The amount of disposed waste 252.1 228.2 -9.5

The amount of incinerated waste 10.6 10.6 0.0

The amount of waste removed to specially designated places and objects 93.3 103.6 11.0
The amount of available waste in temporary waste storage facilities at the end of 1282 1283 01

the year
The amount of waste accumulated during operation in specially designated places 123051 12194.8 0.9

and objects

Source: compiled by the authors based on State Statistics Service of Ukraine (2023)

Such trends indicate a low level of development
of disposal measures in Ukraine, which is accompa-
nied by the accumulation of large volumes of waste.
The statistics shown in Table 1 are presented as of
the period before the full-scale invasion of Ukraine,
but the dynamics as of 2023 have not changed. That
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is, despite the reduction of the population of Ukraine
due to hostilities and the large number of refugees
who left abroad, the proportion still remains relevant
in 2023. Therefore, it is rational to consider the pecu-
liarities of waste generation in Ukraine according to
types (Table 2).
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Table 2. Dynamics of indicators of volumes of generated waste in Ukraine according to types in 2020, thousand tons

Volume Volume of waste
Volume of
of waste accumulated

Volume of Volume of removed CIEIELIUE L during operation

Volume of . . in temporary . .
Type of waste generated disposed waste disposed to speually waste storage in speually
waste waste designated designated
places at the
places and end of the vear places and
objects y objects
Total 553.0 252.1 10.6 95,3 128.2 12305.1
Waste acids, alkalis or 155.7 951 49 52.7 49 2484.9
salts
Used oils 14.2 15.2 2.2 0.0 6.4 0.5
Chemical waste 16.4 3.2 1.1 8.1 35.2 915.8
S lLCEC I VD 2438 8.1 0.0 15 177 980.6
effluents
Medical and biological 02 00 01 00 01 01
waste
Waste of ferrous metals 1171 18.7 - 0.0 41.8 68.8
Waste of non-ferrous 46 19 _ 0.0 14 0.0
metals
Mixed waste of ferrous 07 00 00 0.0 08 03
and non-ferrous metals
Rubber waste 1.8 0.0 0.0 0.0 16 0.1
Wood waste 1.8 0.1 0.2 0.0 14 2.7
Waste containing
polychlorodiphenyls 0.3 0.1 0.0 0.1
Waste of plant origin 1.1 0.9 0.1 = 0.0 =
Animal excrement, urine 201 136 _ _ 03 _
and manure
Household and similar 01 _ _ _ 0.0 03
waste
Mixed and
undifferentiated 73.5 58.5 0.5 8.8 4.9 183.4
materials
Sorting remnants 0.1 = = = 0.2 =
Normal sediment 6.3 3.4 - 0.3 0.6 160.9
Other mineral waste 57.0 2.7 0.0 0.6 2.3 6753.6
Combustion waste 16.5 1.5 0.0 9.7 0.7 380.0
Solidified, stabilized or
vitrified waste; mineral 99 _ 03 95 01 2991

waste generated after
processing

67

Source: compiled by the authors based on State Statistics Service of Ukraine (2023)
Accordingly, such a composition of waste in Ukraine  course of further research, the structure of the most im-

in 2020 indicates the need to develop measures aimed  portant types of waste according to the generation in
at improving the waste management system. In the 2020 was considered (Fig. 2).
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Figure 2. The structure of generated waste in 2020, %
Source: compiled by the authors based on State Statistics Service of Ukraine (2023)

It can be seen from Figure 2 that among the vol-
umes of generated waste in 2020, the highest volumes
were waste of acids, alkalis or salts, because their share
in the total volume was 30.26%. At the same time, fer-
rous metal waste in the structure of generated waste
accounted for 13.57%, and mixed and undifferentiated
materials together with other mineral waste accounted
for 11.50%. Also, in the structure of generated waste,
other mineral waste occupied 9.74%, and industrial
waste sludge - 9.21%. Chemical waste (3.29%), used

oil (3.57%), combustion waste (3.27%), animal excre-
ment, urine and manure (4.04%), waste of animal origin
(2.69%) were characterized by somewhat lower shares
in the structure of generated waste in 2020. and solid-
ified, stabilized or vitrified waste (1.56%). Other waste
in the structure of generated waste occupied 7.29%. In
the course of further research, it is advisable to estab-
lish the structure of the volumes of waste accumulated
during operation in specially designated places and ob-
jects (Fig. 3).

e

\l/

= Other waste
Other mineral waste
= Waste of ferrous metals
= Chemical waste
Normal sediment

= Solidified, stabilized or vitrified waste
= Combustion waste

= Industrial wastewater sludge

= Waste acids, alkalis or salts

Figure 3. Structure of volumes of waste accumulated during operation
in specially designated places and facilities in 2020, %
Source: compiled by the authors based on State Statistics Service of Ukraine (2023)

It can be seen from Figure 3 that in the structure
of the volume of waste accumulated during operation,
in specially designated places and facilities in 2020,

the highest share was occupied by other mineral waste.
Also, the waste of acids, alkalis or salts had a rather
heavy specific weight in relation to the volumes of
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waste accumulated during operation in specially des-
ignated places and objects. At the same time, chem-
ical waste and sediment from industrial effluents each
accounted for less than a tenth of the total volume of
accumulated waste. By the end of 2020, ferrous metal
waste, ordinary sludge, combustion waste, solidified, sta-
bilized or vitrified waste, mineral waste generated after
processing and other waste accounted for a relatively
small percentage of the accumulated waste in Ukraine.
Thus, the considered trends of the latest dynamics
and structure of the features of the waste management

Nesterenko and Rosokhata

system made it possible to establish that measures for
the disposal of the following waste need development
and improvement:

e waste of acids, alkalis or salts;

e other mineral waste;

e chemical waste;

e sludge from industrial effluents;

» waste of ferrous metals;

* mixed and undifferentiated materials.

Further, the peculiarities of waste generation by
source were considered (Table 3).

Table 3. Dynamics of generated waste in Ukraine by sources for 1995-2020, thousand tons

A total of thousands of tons of
waste was generated

176400.2

184192.4

including

Agriculture, forestry and fisheries 642.2 1251.3
Mining and quarrying = =
Processing industry - -

Supply of electricity, gas, steam

and air conditioning S

10066.1

19.1
1025.6

54.8
28925.4

Construction
Other types of economic activity

Volume of waste collection from
households

GDP (gross domestic product) at
purchasing power parity (PPP) in
constant 2011 prices

260.6 235.9

The amount of generated waste
from economic activity per unit of
GDP at purchasing power parity in

constant prices of 2011

676.9 780.8

Volume of waste collection from
households per person

231189.5 4225499 312267.6 462373.5
2593.0 8304.5 8736.8 5315.4
161817.6 3474423 257861.9 391077.9
54800.8 47676.5 31000.5 52311.0
8104.7 8636.4 6597.5 5333.7
198.7 326.7 376.2 14.5
3674.7 3795.8 1641.4 23713

- 6367.7 6053.3 5949.7
341.3 358.9 319.8 =
6774 1159.6 9575 -

= 138.7 141.4 142.7

Source: compiled by the authors based on State Statistics Service of Ukraine (2023)

During 1995-2020, there is an increase in the
amount of generated waste, which is accompanied
by an increase in the amount of waste from agricul-
ture, forestry and fishing, the mining industry and the
development of quarries. Although at the same time,
the volumes of generated waste from construction,
processing industry, supply of electricity, gas, steam
and air conditioning, other types of economic activity

and from households decreased. Although there is an
increase in the volume of waste collection from house-
holds per person. According to the identified most sig-
nificant generated and accumulated waste in Ukraine,
it is advisable to propose the following measures for
disposal and marketing communications in the aspect
of improving the country’s waste management system
(Table 4).

Table 4. Measures for waste disposal and marketing communications in the context of the optimal model of the
national pattern system of waste management in Ukraine

Types of the most significant
accumulated and generated waste

Removal of substances in any form, including by
special transport; ensuring complete safety during
waste collection and transportation; carrying out the
correct disposal of waste by means of its preliminary
treatment or processing; ensuring neutralization of
the negative impact of waste on the environment.

Acid, alkali or salt waste and
chemical waste

Necessary disposal measures

Marketing measures

Implementation of measures to
stimulate the state of these enterprises.
Informational support for waste
processing through mass media
Creation of social videos about the need
for proper disposal of this waste
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PSS @1 S EE: ST i Necessary disposal measures
accumulated and generated waste y disp
Other mineral waste and sludge
from industrial effluents

Implementation of comprehensive recycling
measures

Dismantling of structures and collection of
metal waste; transportation of waste to a
processing enterprise; inspection of metal waste
(including dosimetric waste); final waste control;
transformation of waste into finished raw products
or commercial metal scrap, ready to be used for
metal smelting

Waste of ferrous metals

Table 4, Continued
Marketing measures

Establishing relationships between

producers and consumers of secondary

products

Informing consumers of services and
potential buyers of secondary raw
materials regarding the full range of
services for the collection, removal
and further utilization of metal waste
and the availability of the appropriate
license

Mixed and undifferentiated
materials

The activity is aimed at using
of waste

Creation of a marketing complex around
secondary products. Use of secondary
products in energy efficiency

the energy potential

Source: compiled by the authors based on M.C. Xenya et al. (2020), K. Thibuy et al. (2020), Ch. Mbama et al. (2023)

It is important to carry out marketing activities in
the direction of developing advertisements for the use of
secondary raw materials in energy. This practice of con-
verting waste into energy is quite relevant and effective
in Europe and can be an example for Ukraine (Cameron,
2015). In Ukraine, the practice of involving consumers in

The main task of marketing
communications in the field of waste
management

¥

A derivative task of marketing
communication in the area of waste
management, aimed at strengthening
the main marketing complex by
highlighting the environmental basis

>

>

the process of manufacturing secondary products is gain-
ing momentum. Or the use of waste for the formation of
the interior, means of decoration or improvised things is
observed (Zaklekta & Mochuk, 2021).To develop a waste
disposal business, it is necessary to carry out marketing
communication of the following structure (Fig. 4).

/ N
Providing access to information to the
consumer (advertising, sales promotion,
public relations, own sales)

\

Introducing eco-friendly advertising
media, informing the public about
the environmental significance of
recycling and promoting the “fashion” for
consuming products made from them
. /

/1

generators

Measures aimed at waste

Formation of environmental culture
of the population to minimize waste
generation

_

>

Measures aimed at creating

Measures aimed at waste
collection companies

Fostering a culture of waste
collection and public awareness

u

long-term relationships
with environmental actors 4
to maximize the quality

Measures aimed at

processing enterprises

>

for the need to improve their skills

of life

Measures of local
governments

waste management

|::>[ Training of employees to improve

recycled products

>

Measures for consumers of

Preraring employees of enterprises]

|:|,> Thematic educational advertising,
tools social marketing tools

Figure 4. The structure of marketing communications for waste management business in Ukraine

Source: compiled by the authors
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The main task of marketing communications in
the aspect of running a waste management business
in Ukraine should be the implementation of effective
measures to inform the country’s population about the
importance and necessity of this direction. It is impor-
tant to develop ecological media for advertising, to
provide accessible information about the ecological
importance of proper waste disposal and introducing
the habit of consuming secondary products. In addi-
tion, at the stage of waste generation, it is important
to carry out marketing communications in the direction
of building a culture of citizens and enterprises regard-
ing environmental measures to minimize waste (Jadli
& Hain, 2020). At the same time, processing enterprises

are recommended to increase the level of qualification
and awareness of employees with the help of market-
ing communications, and self-government bodies also
need to improve the awareness of employees regarding
waste management.

It is also important to develop measures for con-
sumers of secondary raw materials using thematic ed-
ucational advertising and social marketing tools. This
structure of marketing communications for running a
waste management business in Ukraine will bring re-
cycling to a new level and increase its efficiency. It is
expedient to pay considerable attention to indicators of
the volume of generated waste of potential secondary
raw materials of Ukraine (Table 5).

Table 5. Dynamics of indicators of volumes of generated waste of potential secondary raw materials of Ukraine
according to types in 2020, thousand tons

Volume
of waste
disposed

Volume of waste
transferred by
manufacturers

Volume
of waste
generated

Waste

Waste of non-

ferrous metals 245 259 >4
Mixed waste
of ferrous and 103 98 00
non-ferrous
metals
Glass waste 21.0 15.8 7.1
Paper and
cardboard 140.8 102.9 0.0
waste
Plastic waste 40.8 31.2 15.1
Textile waste 219 210 0.9
Unsuitable 5.0 42 0.8
equipment
SUEIE 10 1.0 0.0
vehicles
Accumulators
and battery 4.2 3.6 29.0
waste
Animal waste
and mixed 405.4 1779 203.4
food waste

Volume of Volume of
. Volume of waste
waste removed available waste
Volume of . . accumulated
. to specially in temporary . .
incinerated ; during operation in
designated waste storage . .
waste specially designated
places and places at the laces and obiects
objects end of the year P )
0.0 0.0 122 4.0
0.0 0.0 3.4 1.7
0.0 0.4 1133 128.3
0.3 4.3 8.3 228.2
0.3 3.2 10.7 110.4
0.1 1.1 1.0 222
0.1 0.2 11 1.8
= = 0.7 -
- 0.0 4.0 0.0
4.5 19 3.2 45.1

Source: compiled by the authors based on State Statistics Service of Ukraine (2023)

It can be seen from Table 5 that the volumes of
generated waste of potential secondary raw materials
of Ukraine in accordance with the types in 2020 are
mostly transferred to producers on the side, accordingly,
the volumes of waste accumulated during operation in
specially designated places and objects are insignificant.
Non-ferrous metal waste and mixed ferrous and non-fer-
rous metal waste, unusable equipment and unusable

vehicles have the greatest demand for further produc-
tion. Waste batteries and batteries, animal waste and
mixed food waste are being disposed of quite actively.
Compared to other methods of waste management of
potential secondary raw materials, incineration is practi-
cally not carried out, i.e.,a low proportion of waste, which
is unsuitable for further processing, is incinerated. At the
same time, by the end of 2020, glass waste is stored in
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significant quantities for further processing. The volume
of waste accumulated during operation in specially desig-
nated places and objects is characterized by a significant
amount of plastic waste,glass waste, paper and cardboard

Communication and
marketing promotion at
the national level

/

1. Develop an information campaign
that informs the public about the
importance of waste sorting and

the use of sorted waste for the
restoration of the energy sector

2. Implementation of a national waste
sorting day

- /

waste, and textile waste. Accordingly, it is advisable to
single out a number of marketing measures that should
be aimed at promoting waste as a potential secondary
raw material at the national and local levels (Fig. 5).

Communication and
marketing promotion at
the local level

/1. Collaborate with local authorities and
organizations to develop a comprehensive
program to promote waste sorting and the

use of sorted waste
2.0rganize networking events to share ideas
and provide accessible rationale on waste
sorting and energy recovery

3. Supporting environmental initiatives at
the local level

Figure 5. Marketing communications are aimed at promoting waste as a potential secondary raw material at the
national and local levels

Source: compiled by the authors

State authorities are recommended, in addition
to developing an information campaign that informs
the public about the importance of waste sorting and
the use of sorted waste to restore the energy com-
plex, it would be advisable to implement, for example,
National Waste Sorting Day. It is important to spend
this day simultaneously with various activities and
contests that will help attract public attention to this
topic. At the local level, it is expedient to hold, for
example, seminar events, lobbies, presentations and
discussions for the exchange of ideas and accessible
reasoning about waste sorting and restoration of the

4500
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1500 150000
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0 0

energy complex. At the same time, it is important to
have environmental initiatives, that is, to create sort-
ing points, to register in energy complex recovery pro-
grams, to promote social projects that promote waste
sorting (Khan & Ali, 2021).

Implementation of high-quality waste sorting will
help improve the country’s energy balance, which is
quite relevant at the stage of martial law. If consider
the dynamics of the supply of primary energy from the
source of biofuel and waste together with the dynam-
ics of the generation of waste itself, the tendency to
increase both indicators can be followed (Fig. 6).

500000
450000
400000
350000
300000
250000
200000

2014 2015 2016 2017 2018 2019 2020

—\\/aste generated, thous. tons

Figure 6. Dynamics of primary energy supply from biofuel and waste sources and waste generation in Ukraine,
during 2007-2020
Source: compiled by the authors based on State Statistics Service of Ukraine (2023)

The construction of a one-factor regression helped
to consider the dependence of the supply of primary
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energy from the source of biofuel and waste on the
generation of waste in Ukraine (Table 6).
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Table 6. Results of the construction of the dependence of the supply of primary energy from the source of biofuel
and waste on the generation of waste in Ukraine

Regression statistics

Multiple R
R-square
Normalized K-square
Standard error

Observations

0.25
0.06
-0.02
904.77
14.00

Variance analysis

df ss MS oo Dlanif
Regression 1.00 650709.55 650709.55 0.79 0.39
Remainder 12.00 9823231.67 818602.64 - -
Total 13.00 10473941.21 - - -
Coefficients  Standard error t-statistic P-value Low 95% Top 95%
Y-crossover 1094.08 1330.27 0.82 0.43 -1804.32 3992.49
The variable X 1 0.0031 0.00 0.89 0.39 0.00 0.01

Source: compiled by the authors

From Table 6, it can be determined that there is
a direct and weak relationship between the supply of
primary energy from a biofuel source and waste from
waste generation in Ukraine. At the same time, the in-
crease in the amount of waste in the country per unit
is accompanied by an increase in the energy of biofuel
and waste by 0.0031 tons. That is, there is a connec-
tion between waste and the generation of energy from
sources of secondary raw materials. Accordingly, an
established waste sorting system will help introduce
potential waste reduction and increased availability of
recycled materials for energy production, as well as im-
proved environmental and public health outcomes.

DISCUSSION
For Ukraine, the issue of marketing communications in
the waste management system is quite new and poorly
researched, because the waste disposal structure itself
is imperfect. An example for the development and im-
plementation of a waste management system is the
peculiarities of disposal measures in Europe. After all,
for example, when in Ukraine there is only a slight
competition among companies in this direction, then in
Europe companies are already being created that focus
on minimizing the amount of waste.

P. Munten & J. Vanhamme (2023) note that a seri-
ous global environmental problem is both the increase
in the amount of waste and the demand for its disposal.
Such trends contribute to the development of sustaina-
ble strategies for waste management. The authors prefer
long-term solutions in the aspect of waste management,

that is, they recommend optimizing the average life of
consumer goods, rather than resorting to recycling and
re-production, in order to prevent the generation of un-
necessary waste. It is their repair that can increase the
service life of goods, which is a viable long-term solution.
Although relative to sustainable waste management, the
repair aspect is rarely explored. To reduce the amount
of waste, managers are recommended to strengthen and
improve their own waste management processes and to
encourage the repair of goods. The authors of this article
agree with the conclusions obtained as a result of the
study of P. Munten & J. Vanhamme (2023) and believe
that by combining these two works, it is possible to de-
velop a comprehensive waste management strategy that
will take into account current problems and long-term
goals of sustainable waste management.

Sh. Vishwakarma et al. (2022) conducted research
to review the characteristics of e-waste generation and
identify the main aspects of its management according
to the various challenges and opportunities associated
with the sector of sustainable e-waste management. In
order to reduce the level of e-waste problems, the re-
searchers developed and implemented a “use case dia-
gram”, which consists of interaction between people of
different positions and roles with the e-waste manage-
ment processes themselves. The diagram is built on the
interaction between users and the system. The sector
of information and computer technologies is one of the
main factors influencing the country’s economic growth,
because its development is accompanied by an in-
crease in GDP, an increase in the number of jobs and an
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increase in foreign currency income. At the same time,
electronic waste management itself is a significant risk
for the technical world. The authors determined that
several policies of a corporate nature and stakeholder
management strategies have been formed by the rel-
evant industries in order to combat the problems of
e-waste. Accordingly, the study recommends that the IT
sector develop a well-managed e-waste management
system through stakeholder engagement. The authors
determined that under the condition of developing a
comprehensive strategy for the management of elec-
tronic waste, which takes into account technical, eco-
nomic, ecological and socio-cultural aspects, it is pos-
sible to capitalize their transformation into wealth. In
summary, the authors add that various initiatives have
been launched around the world to address the prob-
lem of e-waste (Vishwakarma et al., 2022). Neverthe-
less, the authors of this article can agree that in recent
years, with the development of technologies, the issue
of electronic waste management has intensified.

DJ.C. da Silva et al. (2022) in their study developed
an optimal model of waste management in the field of
construction based on the implementation of recycling
and subsequent reuse of aggregates. In order to gener-
ate empirical evidence, the authors conducted a case
study in the south of Brazil. They explained the need for
such a model by the fact that with the increase in cities
in the world, construction is gaining momentum, and
accordingly, the amount of waste is increasing. Accord-
ingly, the study showed that there are a diverse number
of alternative options for construction waste through the
use of a waste recycling method. The main goal of the
developed model is the improvement of the solid waste
management system. The authors detailed the roles of
each participant in the construction waste management
model in accordance with the coordination of municipal
bodies. At the same time, the developed model does not
take into account territorial features, and, accordingly,
can be applied in other regions, companies and indus-
tries (da Silva et al., 2022). Researchers see the partner-
ship between various participants as the basis of suc-
cessful waste processing.According to the authors of the
current article, although this model does not consider
marketing aspects, it allows building a simplified system
for managing large volumes of waste.

M. Tanveer et al. (2022) carried out a large-scale
study of the peculiarities of waste management in the
conditions of a cyclical economy and the development
of green technologies. The authors considered 1,118
scientific articles covering the period from 2000 to
2021. The study covered topics related to the specifics
of plastic, electronic and construction waste manage-
ment. Aspects of biological waste management were
also determined and the impact of the life cycle on the
environment was established. The authors established
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that in developed countries the waste management
system is established and in general allows them to
improve not only the ecological environment, but also
their global system in the direction of a sustainable
environment. Effective monitoring of human activity
in the direction of impact on the environment contrib-
utes to such trends. Researchers identified low effective
waste management in developing and underdeveloped
countries. Thus, the researchers established that the
movement towards effective implementation of waste
management in an intelligent system is accompanied
by an increase in the environmental sustainability of
the country (Tanveer et al., 2022). The authors of this
study agree that circular economy and green technolo-
gies should be present in the chain of waste manage-
ment in Ukraine, but M. Tanveer et al. (2022) do not pro-
vide specific recommendations, which makes it difficult
to improve this system.

C-A. Vargas-Terranova et al. (2022) conducted re-
search on the optimal design of waste management
systems in low-income municipalities. The developed
model allows low-income organizations in the aspect
of waste management to make calculations based on
two scenarios that allow integrating the assessment
of socio-cultural dynamics. In addition, the proposed
model includes the analysis of other variables that
are mostly considered in solid waste management
schemes. That is, it takes into account the reduction of
the carbon impact based on the transportation of waste
to be processed and through the formation of leachates
and greenhouse gases, which occurs when the number
of associated processors and sampling routes increases
(Vargas-Terranova et al., 2022). The authors of this arti-
cle note that the results obtained using the constructed
C-A.Vargas-Terranova et al. (2022) models, which differ
from previous results based on the linear economy ap-
proach. It is also impossible to assess the optimality of
the described model, because the researchers did not
take into account the economic aspect.

The waste management system in Ukraine is at the
initial stage of development compared to other Europe-
an countries. Despite this, there has been some progress
in the implementation of effective waste management,
in particular through the development of sectoral leg-
islation, the establishment of economic incentives and
an increase in the level of administrative responsibility.
However, there is a need for further development and
improvement of measures for disposal of various types
of waste, in particular chemical, construction, electronic
and other, as well as reduction of accumulated waste
during operation.

CONCLUSIONS
Therefore, the analysis of the theoretical aspects of the
features of the waste management system in Ukraine



showed that waste disposal is at an initial stage of de-
velopment compared to other European countries. To-
day, the development of sectoral legislation regarding
the effective management of waste from the mining
industry is just beginning. Wide responsibility of the
producer himself is being introduced in Ukraine, and
economic means of stimulating the development of the
industry are being established. At the same time, meas-
ures are being implemented to increase the level of ad-
ministrative responsibility for violations of the adopted
rules. The introduction of waste management reform
on the basis of European standards with the use of the
latest technologies, which should depend not only on
the state, but also on business, is considered the only
true way for the successful functioning of the waste
management system. The waste analysis carried out
showed that there is an increase in the amount of waste
transferred by producers to the party for removal and use,
which is accompanied by a decrease in the amount of
waste disposal of this direction of management. At the
same time, the amount of waste accumulated during
operation in specially designated places and objects is
quite large, which indicates a low level of development
of disposal measures in Ukraine.The conducted analysis
of trends in the latest dynamics and structure of the
features of the waste management system allowed us
to determine the need for development and improve-
ment of measures for the disposal of acid, alkali or salt
waste, other mineral waste, chemical waste, industrial
waste sludge, ferrous metal waste and mixed and un-
differentiated materials. The waste disposal measures
identified in the study will make it possible to organize
comprehensive recycling measures, to reproduce the
use of the energy potential of waste. At the same time,
the proposed marketing measures will help to imple-
ment state incentives for recycling enterprises, provide
informational support for waste processing through
mass media, establish relationships between producers
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and consumers of secondary products, create a market-
ing complex around secondary products and recreate
the use of secondary products in energy efficiency. Also,
the proposed system of marketing communications for
conducting waste management business in Ukraine
will provide an opportunity to increase the efficiency of
disposal and bring it to a new level with the help of en-
vironmental advertising events. It has been established
that an established waste sorting system can contribute
to the reduction of waste and should be accompanied by
an increase in the availability of recycled materials for
energy production, which will collectively help improve
the country’s environment.

The conducted research on the types of waste and
secondary raw materials was carried out with the aim
of building high-quality marketing communication, on
the basis of which measures are planned for a positive
impact on society. Further research should be based on
the development of new methods of evaluating the ef-
ficiency of waste disposal based on their use as energy
products of the zones and should be focused on the in-
troduction of measures to evaluate the effectiveness of
the proposed marketing measures aimed at attracting
investors to the waste disposal business.
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AHoTauif. [TMTaHHS CTOCOBHO pauioHaNbHOro YNpaBniHHA Bigxoaamu B YKpaiHi cToiTb goBonsi roctpo. Cuctema
3HaxoOMTbCs Y CTaHi 3aHenapy, agke 6nu3bko 94 % BiOXOLIB MOTPaNAsOTb HA CMITTE3BA/MLLIA Ta TUM CaMUM
HeraTMBHO BMIMBAIOTb HA HABKONMLILHE cepeaoBuile. CaMe TOMY MUTaHHS NO6YLO0BM LOCKOHANOi CUCTEMM YNPABiHHS
Ta 3aCTOCYBaHHSA NPU LbOMY MapKeTUHIOBMX KOMYHIiKaLii B YKpaiHi € LOCUTb aKTYaNbHUM, a)Ke HaNeXHe ynpaBiHHS
BiAX0OA4AMM 33 AOMOMOroK MapKeTMHIOBMX 3aX0AiB A03BOMMUTL HE TiNbKM 36epertM HaBKOMMLWHE CepefoBuLle, a M
3a/1y4YUTH BTOPUHHY CMPOBMHY B EHEPreTUYHE YM nodanblie BUpOOHMLTBO. MeTo AaHoi poboTH 6yno AOCNiAXKEHHS
Ta y3ara/JibHEeHHN aCneKkTiB MapKeTUHIOBMX KOMYHiKaLiM B KOHTEKCTI ONTUManbHOI MOAENi HaLiOHaNbHOrO naTtepHy
CUCTEMM YNPaBNiHHA BiAXoAaMu B YKpaiHi. Y focnifxeHHi OynmM BUKOPUCTaHI CUCTEMHUIA METOA, METOL aHanisy Ta
KOMMNEKCHUI I iHTerpaTMBHUIA MeToau. byno BM3HAYEHO, LLO piBEHb 06CAriB YTBOPEHUX Ta HAKOMUYEHMX BiAXOLIB
B YKpaiHi € 40CUTb BUCOKMM. BcTtaHoBnEHO, WO HeobXiAHO pO3BMBATM Ta YAOCKOHAMOBATU 3aX0AM 3 yTunisauii
CcaMe BiAXOAiIB KWUCNOT, NYriB YM CONEW, iHWMX MiHEpPaNbHUX Ta XiMiYHMX BiAXOAiIB, OCa4iB NMPOMWUCIOBMX CTOKIB,
BiAXOAIB YOpPHMX METaNiB Ta 3MillaHMX Ta HeaMdepeHLuinoBaHMX MaTepianiB. BusHaueHo HeobOXigHi 3axoau 3
yTUni3auii Biaxonis, SKi y CBOK Yepry MatoTb HaAaTW MOX/IMBICTb OpraHi3yBaT NpOBEeAEHHS] KOMMIEKCHMX 3aX0/4iB
3 nepepobku Biaxoais Ta 3abe3neyarb BUKOPUCTAHHS iX eHepreTM4YHOro noteHuiany. BctaHoBneHi y AOCNIIKEHHI
MapKeTUHIOBi KOMYHIKaLii AONMOMOXYTb 34IMCHUTK BNPOBAMKEHHS 3aXOAiB 3i CTUMY/IOBAHHA 3 OOKY Aepasu
niANPUEMCTB 3 YTWUAI3aL,ii, TPOBECTU HAaNAroAXXeHHs B3aEMO3BA3KiB MiXX BUPOOHMKAMM Ta CNOXMBAYaMU BTOPUHHOIT
NPOAYKLUii, HagaTH iHdopMaLiviHy NiaTpMMKY nepepobKu Biaxoais yepes 3MI, 34iNCHUTU CTBOPEHHS MAPKETUHIOBOTO
KOMMJEKCY HAaBKOJ1I0 BTOPMHHOT NPOAYKLi Ta BiATBOPUTU BUKOPUCTAHHS BTOPMHHOI NPOAYKLi B eHeproedeKTUBHOCTI.
PekomeHp0BaHa CTPYKTypa MapKeTUHIOBMX KOMYHIKaLiM ANns BeLeHHS Gi3Hecy 3 ynpaBniHHS Bigxoaamu B YKpaiHi
[03BONUTL BUBECTM HA HOBUM PiBEHb YTUAI3aLLtO Ta NiABUWMTY ii eeKTUBHICTb. [TpakTMYHA 3HAYMMICTb LOCNIAKEHHS
NONSiIra€e B TOMY, O BU3HAYEHI 3aX04M 3 yTUAi3aLii BiAXo4iB Ta CynpoBigHMX MAPKETUHIOBUX KOMYHIKALLI MOXYTb
6yTM BUKOPUCTaHi B YKpaiHi 3 METOI NiABULLEHHS Pe3ynbTaTUBHOCTI CUCTEMM YNPaBiHHS BiAX0oAaMu

KntouyoBi cnoBa: MapkeTMHIroBa KOMyHiKaLisi; ynpaBaiHHS BigX04aMu; peknama; TpeHam; TpaHchopmalis CyCcninbHMX
LiHHOCTEN
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Abstract. Sheep breeds originating from arid and semi-arid regions are known for their ability to adapt to the rural
environment, climatic fluctuations, and lack of resources. Water scarcity, which is often combined with heat stress,
is an urgent problem for sheep farmers in arid regions, which these animals face, causing physical disorders and
affecting animal productivity. The purpose of this work is to determine the impact of this problem on this branch
of animal husbandry and to find steps to reduce the negative impact of high temperatures and humidity. In the
course of writing this article, theoretical general scientific research methods and data analysis from universities in
the USA, Brazil, Kazakhstan, Australia, Turkey and Mongolia were used. After analysing the studies and summarising
them, the article also provides information on the peculiarities of zoning and climate of Ukraine, which affects
the sheep industry. The degree of influence of high wind humidity and temperature on the emergence of scours
in sheep is considered. It was found that heat stress is the most important climatic factor that negatively affects
livestock production and sometimes even threatens the survival of animals. Among the climatic components that
can cause stress on different sheep qualities are ambient temperature, humidity wind movement, photoperiod,
solar radiation, wind speed, etc., of which ambient temperature is the most important variable. Although the
influence of the season can be significant, the following general responses to drought and heat stress can be
identified using animal behavioural data Reduced feed intake and weight loss, increased cooling by evaporation
through respiration, production of small amounts of highly concentrated urine, haemoconcentration, high blood
salinity and immunosuppression. Improving the heat state of animals by physical, physiological and/or nutritional
methods, in addition to following good management practices at the appropriate time, can help animals exposed
to heat stress to realise their genetic potential in hot and arid regions, which is of practical value

Keywords: warm zone; productivity; ambient temperature; fat tail; natural and agricultural zoning of the territory

INTRODUCTION

Livestock farms and enterprises of the arid region make
a living from sheep breeding, which has served as a
constant source of livelihood for people living in arid
and semi-arid areas since ancient times. Sheep can be
fed low-quality biomass during periods of raw mate-
rial shortage, and they are able to convert it into brown
products such as milk, meat and wool. In the current per-
spective of global climate change, it is very important to
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understand the impact of environmental changes on the
organism, as well as the adaptive mechanisms in their
arsenal to combat them. The semi-arid environment is
one of the main agro-ecological zones of the tropics,
and within the borders of Ukraine it corresponds to the
Steppe zone.There is a direct relationship between agro-
climatic conditions, population density, agricultural sys-
tems and animal husbandry (Antonenko et al., 2019).
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Global temperatures are expected to rise by more
than 1.5°C, and drought will become one of the most
common and severe disasters affecting humans. The
fact that the average annual temperatures on the
planet are increasing was again stated in the latest re-
port of the Intergovernmental Panel on Climate Change
AR6 Climate Change 2021 (lvanyuta & Yakushenko,
2022). And this means that the topic of heat loss in all
food animals is becoming more and more relevant. It
can be detected by several characteristic signs - feed-
ing behavior changes, the animal breathes more often,
secretes more mucus, productivity drops. Heat stress
level indicators are measured on the THI scale (tem-
perature-humidity index), the heat stress index (Heat
stress..., 2019) is also used.

Morphological adaptations are observed even in
sheep adapted to arid and semi-arid regions. The type
of fleece and the color help protect against heat and
minimize water loss due to evaporation. Native breeds
in arid and semi-arid areas, such as Marwari, Omani,
Barbarin and Awachi, all have carpet-type wool. This
type of wool, compared to denser types of wool, ap-
pears to provide protection from solar radiation while
providing effective evaporative cooling of the skin at
night (Bonin et al., 2023).

For comparison, sheep of the woolly fleece type
are less thermally resistant in hot conditions compared
to their woolly counterparts. In tropical conditions of
high temperature and high humidity, scientists came to
the conclusion that sheep of the fleece type were bet-
ter adapted than wool breeds. In addition, light fleece
provides better reflection of solar radiation, thus keep-
ing the skin below cooler compared to darker fleece
(McManus et al., 2020).

An anatomically adapted characteristic of heavy
breeds of sheep from arid and semi-arid regions is a
fat tail. Such external localization of fat allows for bet-
ter heat dissipation from the rest of the body, since the
body is less insulated by fatty tissue. In addition, the fat
stored in the tail is a store of energy that can be mobi-
lized during the lack of food. The concept of tail fat as a
metabolic water reserve has been discredited, and it is
now believed that its primary role is to provide energy
when dietary energy intake is inadequate, leading to
some metabolic formation of water, which can partially
help to fill the animal’s water needs. The contribution
of water intake, which may be derived from metabolic
sources, has been found to be approximately 8.5% in
Yanka sheep, while others have reported losses of up to
15% in sheep in general. This effect is influenced by the
level of dependence on the catabolic mobilization of
fat and protein body tissue (Silva et al., 2023).

In Ukraine, namely in the Steppe zone, the topic of
climate influence is more relevant than ever. It is already
possible to observe such phenomena as extremely high
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air temperature, increased humidity and, in addition, the
impoverishment of pastures for feeding flocks. All this
creates problems that do not improve the livestock in-
dustry, and may even lead to its decline: climate warm-
ing, overgrazing, and land reclamation lead to the deg-
radation of pastures, which, in turn, reduces the scale
of feed and walking areas and the yield of agricultural
crops. cultures Further, the expansion of the scale of
animal husbandry and the scale of reclamation is pre-
dicted, which will inevitably lead to the acceleration of
pasture degradation and the risk of desertification (Li
etal.,2023).

In this article, the works of Ukrainian, Turkish, Mon-
golian, Australian and Brazilian researchers in the field
of sheep breeding, as well as the work of scientists
from the USA and Kazakhstan, were studied in order to
study the impact of heat stress and water shortage on
sheep, as well as ways to make life easier and animals
to realize their potential thanks to adherence to cer-
tain methods and diets. It was planned to present some
methods of work of foreign scientists in arid climate to
managers and employees of sheep farms in Mykolaiv
and Kherson regions.

MATERIALS AND METHODS
For this study, several general scientific methods were
chosen, such as description (from empirical), analysis,
synthesis, abstraction, generalization, explanation
(from theoretical), as well as a system method.

The advantage of the first is that empirical methods
are applied at the stage of data and information collec-
tion, which means that they are easy to implement and
can be applied in any direction. The disadvantage is the
lack of practical verification of the collected material.
The convenience of the methods of analysis, synthesis
and generalization lies in the fact that, first, a large
amount of unsystematized information can be studied
by dividing it into separate elements, and then, after
choosing the necessary fragments, combine them into
awhole logical conclusion. There are no disadvantages,
since these are basic methods without which no the-
oretical or practical work is possible. The method of
abstraction was chosen due to the possibility of using
transitions from specific elements to general concepts
and laws of development. It is used everywhere in
scientific research, which is also an advantage. Expla-
nation, as a method, is taken to describe cause-and-
effect relationships, for example, what will happen to
the Steppe zone under the influence of global warm-
ing. The disadvantage is the difficulty of explaining
some aspects of the studied phenomena and whether
they are at all related to each other. The last used
system method has the advantage of being able to
consider the animal as a model in the system, which
allows you to imagine and explore the connections of
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sheep with nature, man, technology, ecology and the
biosphere in general.

Among the materials and sources, in addition to
articles, information on the natural and agricultural
zoning of the territory of Ukraine, created by the Bi-
oModel Group (n.d.) — a group of experts in biogeo-
informatics, spatial modeling of biodiversity using

GIS (geoinformation) technologies, and Earth remote
sensing data, was used.

According to the scheme of natural and all-pur-
pose zoning of the territory of Ukraine, five natural
and all-purpose zones (Polissya, Forest Steppe, Steppe,
Steppe Dry, and Dry Steppe) and two mountain o blacti
(Carpathian and Crimean) (Fig. 1).

Nature-Agricultural Zoning of Ukraine
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Figure 1. Scheme of natural and agricultural zoning of the territory of Ukraine

Source: BioModel.info (n.d.)

The territory of the Mykolaiv and Kherson regions
is located in the South-Buzka-Ingul district of the Right
Bank province of the Steppe natural resource zone. The
climate is characterized by the accumulation of con-
tinentality, a decrease in the influence of Atlantic air
masses and an increase in the role of continental east-
erlies, a shorter frost-free period.

Average monthly temperatures in July fluctuate
between +23.5-34.5°C, and in January - 3.0-5.0°C. The
frost-free period lasts 185-200 days, the vegetation
period lasts 210-215 days. The annual sum of active
temperatures is 3,000-3,200°C. 425-450 mm of precip-
itation falls per year. The winter is short and with little
snow, the average height of the snow cover is 10 cm
(Konishchuk & Yehorova, 2018).

Animals can adapt to a hot climate, but the corre-
sponding mechanisms are useful for survival, but harmful
for the productive and reproductive system. The temper-
ature-humidity index (THI) is a measure of the combined
effect of temperature and relative humidity of the ani-
mal’s microenvironment. It is a scientifically proven tool

for assessing the potential risk of heat stroke in animals.

According to the recommendations, a THI with a value
less than 68 indicates the absence of heat loss,and a THI
in the range of 80-89 determines a loss from moderate
to severe. Values of 90 and higher constitute a complete
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heat loss, which has irreversible consequences for ani-
mals, and often fatal ones (Popov & Shish, 2022).

The temperature-humidity index (THI) is calculated
using the Kibler formula:

THI = 0.8 - TVI + (%’ (TSE — 14.4)) + 46.4,

where TSE (T) — temperature of the surrounding envi-
ronment, °C; RAH (W) — relative air humidity, %.

RESULTS

The effect of heat stress on animals. The mouth, body
weight and physiological productivity of the animal
depends on hyperthermia. The main means of cooling
the body of small ruminants (endothermy, homeother-
my, tachymetabolism, heat conduction, convection) are
less effective when the temperature of the surrounding
environment increases, animals rely more on evapora-
tion non-cooling in the form of sweating and breathing.
An increase in air temperature, a temperature-humidity
index, and an increase in rectal temperature above the
critical level are associated with a decrease in dry matter
consumption. Strec suppresses the speed of the mouth
on the camphor due to a decrease in feed consumption,
as well as due to the effect on digestion and metabo-
lism (Kushnerenko et al., 2019).



Animals that find themselves in conditions of heat
stress have several coping mechanisms. They help an-
imals survive the heat, but have a very negative effect
on their productivity. The consequences differ greatly
for each species of animal and each species within
the same species. Each object has a different ability
to recover from thermal shock. Therefore, to combat
heat stroke, it is necessary to select special methods,
taking into account the peculiarities of each animal.
Electrolyte balance and osmoregulation are impor-
tant mechanisms that should be taken into account
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during heat stroke. They can be controlled with the
help of nutrition and appropriate feed additives
(Nezhlukchenko et al., 2019).

As part of research at Georgia State University,
humidity and air temperature were measured every
30 minutes during the summer in arid regions. It ap-
pears that in a quarter of all summer days, the THI
index exceeds the mark of 80. This is a high indicator
that portends problems for the health of livestock
and for the economic stability of the entire livestock
enterprise (Fig. 2).
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Figure 2. Temperature and humidity index in livestock production
Source: D.M. Amaral-Phillips (2021)

According to the data obtained, the decrease in the
consumption of dry matter in the diet was 6-30%, the
decrease in milk productivity was 15-20%, and the de-
crease in reproductive functions was 40-50%. Animal
mortality increased by 1.72%.

Especially under the influence of heat (Schuller
etal.,2013):

» food intake decreases, as a result of which less
mucus is produced and it is insufficient to neutralize
scar acid; with an increase in the content of concen-
trates in the diet to compensate for the decrease in
food consumption, sheep consume more feed, eat large
portions and irregularly;

« the frequency of breathing increases, respiratory
alkalosis occurs, which leads to excess release of CO,

from the body; the concentration of HCO, in the blood
and saliva decreases;

« with an increase in the frequency of breathing,
salivary secretion decreases - an additional loss of the
buffer effect;

« eating behavior changes. In the process of fodder
fermentation, heat is produced in the rumen, and in or-
der to maintain a stable body temperature in the heat,
the sheep eats less.

In order to maintain vital activity and functioning
of the organism in a stable state, homeothermy works.
Deviation from the specified level of body tempera-
ture in the conditions of a hot and humid environment
leads to interference in physiological processes and, as
a result, negatively affects the productivity of animals.

Ukrainian Black Sea Region Agrarian Science, 27(2), 78-86

81



82

The impact of a warm, dry climate on sheep

Properties of the skin and fur, sweating and breathing ca-
pacity, tissue insulation, ratio of surface area per unit of
body mass or uniform lung size, endocrine profiles and
metabolic heat generation are these factors affecting heat
loads (Key et al.,2014) . For example, in cattle, even a small

heat loss at a temperature of 22°C and relative humid-
ity of 50% leads to a loss of 1.1 kg/head/day. With strong
thermal stress (30°C and 75% relative humidity), this indi-
cator increases to 3.9 kg/h/day. The health of animals also
suffers, their reproductive performance decreases (Fig. 3).

Effect of heat stress and feeding on milk production

50
45
40
35
30
25
20

In normal circumstances

Days

In the midst of heat stress

Figure 3. Influence of warmth and feeding on milk production of cows

Source: M. Rhoads et al. (2009)

Holstein Breed cows in mid-lactation were either
subjected to heat stress (THI=~80 for 16 h/day) for 9
days, or remained under normal conditions (THI=~64
for 24 h/day) but received the same amount of dry sub-
stances, as animals under heat stress, that is, the same
level of feed consumption was maintained. Experimental
cows were housed on a farm at the University of Arizona
and individually fed an ad Llibitum mixed diet consisting
of alfalfa hay and flaked corn that met or exceeded nutri-
ent requirements (Rhoads et al., 2009). Production losses
in domestic animals are largely associated with increased
costs of maintaining requirements associated with main-
taining a constant body temperature and changing feed
consumption (Nezhlukchenko, 2013; 2016). The methods
of feeding domestic animals are universal and help the
animal to deal more easily with the threat of heat stress.

Recommendations for alleviating the condition of
animals from heat stress. A. Yashnikov (2021) defined 6
steps on the way to reducing the negative impact of
high temperatures and humidity. The first step is to
regulate the number of livestock. Actually, this is one
big zootechnical event, when the available resources
are rationally redistributed and used. Step number two
should be active ventilation of the premises. The pres-
ence of ventilators is not a whim, but an urgent neces-
sity. They must be present to ensure air circulation and
a normal microclimate. Step number three - increas-
ing the frequency of feed distribution, it is about full-
fledged work with feeding.

Ensuring access to water is the logical fourth step,
zootechnical standards must be met in relation to the
front of the filling and the optimal speed of filling the
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drinking troughs must be observed, responsible offi-
cials must be appointed to control them cleaning The
fifth step is high-quality fresh feed. If the technology of
fodder preparation is not observed, if inoculants and pre-
servatives are used, then at elevated air temperatures,
the fodder will not be able to show the characteristics of
thermal stability, it will quickly spoil and lose nutrients.

And the last, sixth step is work with a ratio. Some
companies (Lallemand Animal Nutrition, Burgos and
Collier) offer solutions related to the use of antioxi-
dants and yeast, but at the moment of heat stress, anti-
oxidants reduce the production of free radicals, which
negatively affect the animal’s immunity, which, in par-
ticular, means on reproductive functions. Heat-stressed
yeast in camphor is necessary to maintain the functions
of the rumen, help the rumen to digest fiber and reduce
the production of heat energy. As a result of their treat-
ment, pH indicators improve, rumination is stimulated
(Heat stress affects..., 2013).

Also according to N.D. Olshevska (2018) there are
other possibilities of providing animals with comforta-
ble conditions without thermal stress:

1. Water. During the heat stroke, the requirements
for the provision of water for sheep are met, among
which the following should be noted:

« Fresh, clean, high-quality water with a tempera-
ture of +10...+20°C;

* Protection of pumps with shadow canopies;

* Additional pumps.

2. Feeding. During heat stress, it is critically impor-
tant to improve feeding management. The main meas-
ures include:



* Distribution of fresh feed during cooler periods
of the day;

» Adherence to the adequate feeding front;

» Smooth covering of the feed table. Protection of
feed tables with shade canopies;

» Adaptation of diets during heat stress;

* Absence of secondary fermentation (heating) of feed,;

e Thorough and timely cleaning of feed residues
from feeders.

3.Shady nightingales in open enclosures. It is critically
important to protect animals from direct sunlight in feed-
ing and resting areas. For this, it is necessary to ensure:

« Covered area - 3.5-4.5 m?;

« The height of the lateral open space is 4.3 m or more.

e Uniform temperature inside the room for main-
tenance;

* Protection against flies.

4. An effective measure to reduce the negative im-
pact of heat stress is proper ventilation and cooling, the
purpose of which is to ensure the appropriate frequen-
cy of air replacement in the animal housing and prevent
them from overheating.

5. Spontaneous removal of manure, which creates
additional heat.

Levucell SC holds the leading positions in the mar-
ket of yeast probiotics in France, Germany, Great Britain,
and the Netherlands. It is a live yeast strain specially
selected for its effectiveness on the rumen environ-
ment. This yeast is able to stimulate the mechanisms of
disposal of excess lactic acid in the rumen, optimizing
the pH of the rumen environment, as well as to dispose
of rumen, which suppresses the cinnamon microflora of
the rumen. In general, feeding Levucell SC, stimulating
the development of the cellulolytic microflora of the ru-
men, makes it possible to obtain more energy from the
volumetric part of the diet (The only rumen yeast..., n.d.).

Substances with pronounced antioxidant proper-
ties are used for the prevention of radiation damage: vi-
tamins C, E, carotenoids. Effective microelements: zinc,
copper and selenium. Selenium, for example, is a part of
glutathione peroxidases, which perform the functions
of regulating circulatory processes in the body. Sele-
nium also improves the effect of vitamin E, but usually
it is not enough in the feed and additional introduction
of this element into the feed is required. The problem
with selenium also lies in the fact that in ruminants,
mineral salts containing selenium are absorbed half as
effectively as in poultry and pigs. This is caused by the
interaction with the microflora of the rumen. The way
out of this situation could be the use of organic forms of
selenium. For example, Alkosel R397,it is an inactivated
yeast grown in an environment that is poor in zinc, but
contains selenium. Such yeast contains selenium-con-
taining amino acids, which, without destroying the mi-
croflora of the rumen, are incorporated into the protein
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composition of the cow’s body, releasing selenium as
needed. The guaranteed high concentration of organic
selenium in combination with the high availability and
assimilation of this form ensures the full effectiveness
of Alkosel R397 (Selenium-enriched inactivated..., n.d.).

Therefore, in order to prevent the occurrence or al-
leviate the state of heat stress, it is necessary to pay at-
tention to the diet, its balance and nutrition, parameters
of the microclimate of livestock premises, distribution
of cattle yards, water regime, organization of walks, etc.

DISCUSSION

When the ambient temperature approaches the sheep’s
body temperature, the high RH% of the ambient relative
humidity reduces evaporation, overloading the sheep
and their cooling capacity. This is related to the negative
effect of high RH% on the dissipation of body heat, due
to a decrease in the effectiveness of radiation, conduction
and convection, in addition to a decrease in the effective-
ness of evaporative cooling, which is necessary to main-
tain the heat balance. Such stresses can disrupt the phys-
iology and productivity of animals (Heat stress..., 2020).

Heat loss affects the productivity of small rumi-
nants at all stages of production. The degree of impact
of this measure on productivity will differ in different
agro-ecological regions and between production sys-
tems. The level of productivity achieved by a certain
genotype in the environment depends on the appear-
ance and manifestation of many signs, which can be
divided into those directly related to production and
adaptation (Key et al., 2014).

Traditionally, breeders are guided by knowledge
about the regularity of the inheritance of biological
and economic traits, and the existing level of produc-
tivity, which is determined by hereditary factors and
environmental conditions. The rational use of knowl-
edge largely determines the result of the technological
selection process (Mamedoyv, 2021).

Current sheep breedersV.Sukharliov & O.Derevyanko
(2003) note that the available sheep breeding technol-
ogies are more intensive compared to the last century.
But they draw attention to the fact that the appropriate
values of animal productivity indicators: a high level of
productive signs and the ability to provide high-quality
production are determined by genetic factors. Accord-
ing to the requirements of intensive production, sheep
must have a strong constitution, resistance to diseases,
and be well prepared for breeding in the conditions of
various technologies. It is also important to be short-
lived and to be able to compensate for feed consump-
tion with good production.

At the physiological level,sheep adapted to one diet
demonstrate a high ability to concentrate feces. This is
achieved with the help of the kidney, which has the
same medulla, which can produce highly concentrated
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urine up to 3900 mOcm/L in the native pustule ram and
3244 mOcm/l in the A sheep. compared with values
of about 769 mOcm/l in the feces of the Avaci sheep,
which got drunk At the same time, the loss of water
with feces is minimized, since dehydration slows down
the transit of feed in the digestive tract, which leads
to greater reabsorption of water and hardness of feces
(Hijazi et al., 2014).

Sheep breeds are distinguished by their ability to
overcome water shortages; The ibex (Ovis canadensis
nelsoni) can survive the absence of water for up to 15
days, while Barki sheep in Egypt can survive 3 days
without drinking. The rumen plays an equally impor-
tant role in water conservation in animals adapted to
dry conditions, thanks to which it can act as a water
reservoir to replenish lost blood volume. Rehydration of
adapted water-deprived sheep activates a coordinated
cascade of events from the rumen, kidney, and salivary
glands under hypothalamic control to conserve water,
restore homeostasis and appetite, and prevent water
toxicity. Finally, animals adapted to humid conditions
can tolerate a slight increase in body temperature dur-
ing the hottest part of the day with subsequent cooling
of the body at night due to conduction and radiation.
The ability to tolerate this increase in body temperature
means that less water is needed for evaporative cooling
(Chedid et al., 2014).

Animals that adapt well to environmental con-
ditions are highly productive. The best adaptation
to climatic conditions is noted in local local breeds,
such as the traditional breeds of Turkey: Akkaraman,
Morkaraman, Daglic, ivesi, Kivircik and others (Aytekin
& Oztiirk, 2012). Sheep are characterized by their small
size, excellent endurance, and the ability to provide
offspring, wool, milk and meat in conditions of limited
feeding. A number of scientists call the Romanov breed
of sheep the world leader in terms of reproduction and
productivity, based on one ewe, technological features
such as shortness, polyelectricity, rich fertility,combined
productivity and the ability to adapt to various climatic
and technological conditions, the ability to transmit ac-
cumulated characteristics to offspring (lovenko, 2017).

The period of reproductive development may de-
pend on dehydration. Animals suffering from water
loss often reduce their feed intake, which, according to
a study by a group of Australian scientists W.H.EJ. van
Wettere et al. (2021), causes delay in the mouth of
ovarian follicles. In arid and semi-arid regions, where
differences in daylight, as well as in the availability of
food and water, are clearly visible, the breeding season
usually lasts from June to October. Therefore, lambing
occurs mostly between February and April, when food
and climate are more favorable for newborn survival
and milk production. Heat stress impairs the repro-
ductive performance of sheep, and in today’s climate
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is a significant risk to the efficiency of meat and wool
production, with impacts increasing as global tem-
peratures rise. Results from field and environmental
chamber studies demonstrate that the effects of high
temperatures (232°C) on ewe fertility (estrus, fertiliza-
tion, embryo survival and lambing) are most devastat-
ing when experienced 5 days before and 5 days after
estrus. Temperature-controlled studies also show that
ram fecundity, as measured by fertilization rate and em-
bryo survival, is reduced when mating occurs between
14 and 50 days after severe heat (Wettere et al., 2021).

Therefore, in sheep adapted to a hot climate, mor-
phological changes are observed to preserve water in
the body (fleece type and color, presence of a fat tail,
ability to concentrate feces and have dry excrement,
etc.). Also, they have a certain adjusted “schedule” of
breeding, which allows for better preservation of new-
born lambs along with the availability of feed.

CONCLUSIONS

Global climate changes associated with the variability
of weather conditions affect agricultural production in
general and livestock production in particular. The pri-
ority in the context of world food security is the imple-
mentation of urgent measures and the search for long-
term strategies to prevent the possible consequences
of climate change. Research shows a direct relationship
between the temperature-humidity index and indicators
of animal body temperature, frequency of respiratory
movements and pulse, which are widely used to assess
the clinical condition during heat stress. In tropical and
equatorial climates and during the summer in temper-
ate regions, overheating is the same threat as cold. In
hot conditions, many warm-blooded animals, including
sheep and goats, increase heat loss by increasing respi-
ration, evaporating moisture in the lungs,and increasing
blood flow through the skin. Reducing or preventing the
manifestation of heat stroke in sheep is possible when
using physical, physiological, and nutritional methods
(regulation of livestock density, access to clean water,
preservation of feed from heating, ventilation of prem-
ises, etc.). This study is of great value when planning and
designing sheep farms or enterprises in the south and
east of Ukraine, keeping sheep flocks in an arid climate.
In further work, it is planned to investigate the com-
ponents that can benefit the sheep farming areas and
to practically test the above mentioned technologies to
reduce the thermal stress of sheep.
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Bnnaue Tennoro nocywsinBoro KniMaTy Ha oBelb
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AHoTauis. MNopoau oBeup, SKi NOXOAATH i3 MOCYWAMBUX | HAMIBNOCYLWAMBUX PEriOHIB, BiAOMi CBOEI 34ATHICTIO
a[anTyBaTMCS A0 CiNbCbKOrO CepefoBuMLLa, KNIMAaTUYHUX KOMMBAHb, @ TAaKOX A0 HecTaui pecypcis. Jediunt Boaw,
SIKMI 4aCTO MOEAHYETHCA 3 TENNOBMM CTPECOM, € aKTyalbHOK NMPoBAeMOto BiB4apCTBA NMOCYLLIMBUX PETIOHIB, 3 SKOHO
CTUKAKTLCS L TBAPWHU, CNPUYMHSAOYM Di3i0NOriYHi NOPYLEHHS Ta BNIMBAKOYM Ha NPOAYKTMBHICTb TBApMH. MeTo
pob0TK € BU3HAUYEHHS BNAMBY Lii€i NpobneMu Ha faHy ranysb TBAPUHHMLTBA | MOLWYK KPOKiB Ha WASXY A0 3HUXKEHHS
HEraTMBHOIO BMJIMBY BMCOKMX TeMMepaTyp i Bonorocti. B xoai HanucaHHa cTaTTi 6yN10 BMKOPUCTAHO TEOPETUYHI
3arasbHOHAYKOBi MeTOAM AOCNimKeHHS i aHani3 paHux 3 yHiBepcuteTiB CLUA, Bpasunii, KasaxcraHny, Asctpanii,
Typuii Ta MoHronii. [Micng npoeeaeHoro aHanisy A0CNIAXKeHb Ta iX y3aranbHeHHs, TakoX HafA€ETbCs iHPopMaLis
npo 0CoBAMBOCTI paloOHyBaHHS | KAiMaTy YKpaiHM, WO BNAMBAE Ha rany3b BiBYapcCTBa. Po3rngHyTo CTyneHi
BM/JIMBY BMCOKOI BOJIOrOCTi MOBITPS i TeMNepaTypu Ha nosBy CTpecy y oBelb. BcTaHOBNEHO, WO TENNOBUIA CTpeC €
HaMBaXUBILLMM KNiIMAaTUYHUM (DAKTOPOM, SIKUIA HEraTMBHO BMJIMBAE HA TBAPMHHMUTBO, @ iHOAI HABITb 3arpoXye
BMXXMBAHHIO TBapuH. Cepen KNiMaTMYHMX KOMMOHEHTIB, SIKi MOXYTb CMPUYMHUTM CTPEC Ha pi3Hi 9KOCTi oBeLb, €
TeMnepaTypa HaBKO/MLLIHbOIO CepefoBuLLa, BONOTiCTb, pyX NOBITPs, poTonepion, COHSYHA paaiaLis, WBMAKICTb BITPY
TOLLO, 3 IKUX TEMMEepaTypa HABKOMMLIHLOIO CepefoBULLA € HAMBAXK/MBILLOK 3MIHHOI. He3BaXatoum Ha Te, Lo BNAMB
nopoau Moxe 6yT1 3HaYHUM, MTPU BUKOPUCTAHHI METOLY CMOCTEPEXEHHS 33 NMOBELIHKOI TBAPUHM MOXHA OKPECIUTU
HaCTYMHi 3aranbHi peakuii Ha NOCyXy Ta TEMNOBMUI CTPEC: 3HUXKEHHS CMOXMBAHHS KOPMY Ta BTpaTa Baru, NOCUNIEHHS
OXONOOXKEHHSI Yepe3 BMMAPOBYBAHHA NPV OMXAHHI, yTBOPEHHS HEBEIMKOI KiNbKOCTi BUCOKOKOHLEHTPOBAHOI Ceui,
reMOKOHLEHTPALLisl, BUCOKA OCMONS/IBbHICTL KPOBi Ta iMyHocynpecis. [onerweHHa TENI0BOro CTpecy TBAapMH 3a
fonomoroto QisnuHuX, @isionoriuHnx Ta/abo xapuoBUX METOAIB, HA AOAATOK [0 AOTPUMAHHS HANEXHUX NPaKTUK
ynpaBAiHHS y BiANOBIAHMI Yac, MOXe OOMOMOITU TBApWMHAM, 9Ki 3a3HanW TenAOBOro CTpecy, peanisyBatu CBik
reHeTUYHMIM NOTEHLIaN Y CMEKOTHMX i NOCYLWIMBUX PerioHax, WO i € NPAKTUYHO LiHHICTIO

KniouoBi cnoBa: TennoBuii CTpec; NpoayKTMBHICTb; TeMNepaTypa HABKOMMLWHLOIO CepefoBULLA; KMPOBUI XBICT;
NPUPOAHO-CiNbCbKOroCnoAapcbKe pakoHyBaHHS TepUTopii
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Abstract. Sunflower requires a sufficient amount of nutrients for growth and development. Therefore, it is important
to determine the impact of sunflower cultivation on the soil nutrient regime, taking into account the frequency of
its return to the previous place. The aim of the study was to determine the influence of the share of sunflower in
short rotation crop rotations on the soil nutrient regime. The research was conducted at the experimental field of
the Kharkiv V.V. Dokuchaev National Agrarian University, which is located in the Left-Bank Forest-Steppe of Ukraine.
The research and accounting were carried out on typical heavy loamy chernozem in accordance with generally
accepted methods. The experimental scheme included five-field crop rotations with sunflower saturation of 0, 20,
40 and 60%. The research results show that an increase in the share of sunflower in short rotation crop rotations
does not lead to a deterioration in the nutrient regime of the topsoil. There was no significant difference between
the variants in the content of nutrients. The most supplied with nutrients was the topsoil in the control variant
(crop rotation without sunflower). With an increase in the share of sunflower in crop rotations, the amount of
nutrients in the tilth layer of soil decreased slightly. Regardless of the studied crop rotation options, the availability
of easily hydrolysable nitrogen was low, mobile phosphorus was average, and exchangeable potassium was high.
Increasing the share of sunflower in short rotation crop rotations led to a decrease in the yield of the crop itself.
The yield of sunflower seeds was at the same level in the variants with 20 and 40%. There is a close relationship
between sunflower yield and its saturation, which significantly depends on the soil nutrient regime. The yield
level is most affected by the content of phosphorus and potassium in the topsoil. The correlation is 0.91 and 0.98,
respectively. The practical value of this study is due to the possibility of using the obtained results to justify the
feasibility of increasing the share of sunflower in the structure of crop rotations

Keywords: saturation; structure of crop rotation; fertility; correlation dependence; nutrients; typical chernozem

INTRODUCTION

It is known that plants primarily require a sufficient
amount of nutrients. Optimising the supply of nu-
trients during the growing season of crops results in
more efficient use of moisture, regardless of the con-
ditions prevailing during the growing years (Pinkovsky
et al., 2019). This was determined during research
with various crops, including sunflower (Domaratskiy
et al., 2019; Gamayunova et al., 2019). Data obtained
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by scientific institutions indicate that sunflower should
occupy no more than 20% of the crop rotation struc-
ture (Tkalich et al., 2018). Under current farming con-
ditions, increasing the share of sunflower in short rota-
tion crop rotations is quite common. Increased profits
from sunflower cultivation encourage most farms to
abandon science-based technologies, which is mani-
fested in a high degree of saturation of crop rotation
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with sunflower. Under current agricultural conditions,
intensive saturation of short rotation crop rotations
with sunflower is often practiced. Usually, it can be
returned to the previous place of cultivation after 2-3
years (Bojko & Borodan, 2000; Shevchenko et al., 2001).
However, in this case, the yield may decrease to 0.9 t/ha
in the third year of cultivation (Hanhur et al., 2015).
Some studies show that an increase in the share
of sunflower in the crop rotation above the recom-
mended level leads to negative consequences for the
water and physical properties of the soil, the phytosan-
itary condition of crops, and the emergence of infec-
tions. In addition, if fertilisers are not applied in the
required amount, there is a significant decrease in the
content of nutrients (including nitrogen, phosphorus and
potassium) in the soil. In this case, the humus content
in the soil decreases, which leads to other degradation
processes (Poliakova & Topchiy, 2013; Tsyliuryk, 2018).
The nutrients in the soil have a significant impact
on the growth and development of sunflower, as well
as on its productivity. Depending on the phenological
stage, sunflower requires different nutrients. At the be-
ginning of sunflower growth and development, nitro-
gen is needed in the first place. From this point on, it
accumulates in the stems and leaves, and later in the
baskets. The absorption of nitrogen ends at the time
of flowering, after which this element is transported
through the plants in the form of amino acids. Providing
plants with sufficient nitrogen contributes to the forma-
tion of more flowers, slower aging of leaves after flow-
ering and greater accumulation of protein compounds
in seeds. Phosphorus provides the energy basis for bi-
ochemical processes in sunflower plants. It is a compo-
nent of nucleic acids, nucleotides, enzymes and prod-
ucts of the photosynthetic and respiratory cycles (Getie
et al., 2021). Phosphorus is absorbed by sunflower from
germination to flowering. It contributes to the formation
of a powerful root system, the laying of reproductive or-
gans with a larger number of embryonic flowers in the
basket, accelerates plant development, and increases
drought resistance. Despite the high potassium require-
ment of sunflower, it has an average effect on yields
(Hospodarenko, 2018). Many scientists believe that an

increase in the share of sunflower in crop rotation nega-
tively affects the balance of nutrients in the soil.

Scientifically based crop rotation in time and space
ensures high yields and productivity of crop rotations.
For example, researchers note that crop rotations with
20% of fallow land and 10% of sunflower and corn for
silage have the highest productivity. At the same time,
out of 60% of grain crops, winter crops accounted for
40% (wheat and barley), and peas and corn for 10%
each (Sayko & Boyko, 2002; Giannoulis et al., 2009).

The aim of the study was to determine the effect of
short rotation crop rotations with different proportions
of sunflower on soil nutrient supply.

MATERIALS AND METHODS

The field research was conducted at the stationary of
the O.M. Mozheiko Department of Agriculture of the
Dokuchaevske Experimental Field Educational and Re-
search Centre. The soil cover of the experimental field is
represented by typical heavy loamy chernozem on loess
loam. In terms of agrophysical and agrochemical prop-
erties, it is one of the most favourable soils for growing
field crops. It is characterised by a high level of fertil-
ity. The topsoil (0-30 cm) of a typical black soil contains
4.9-5.1% humus (according to Tyurin), 81 mg/kg of easily
hydrolysable nitrogen (according to Kornfield), and 100
and 200 mg/kg of mobile phosphorus and exchangea-
ble potassium (according to Chirikov). The content of ex-
changeable cations: calcium - 37.8%, magnesium - 6.6%,
sodium - 0.49%, potassium — 0.5%. Soil reaction — pH:
water - 7.0, salt - 5.2-5.6. Groundwater is located at a
depth of about 18 m (Tykhonenko & Dehtiaroy, 2016).

The sunflower hybrid is Cruiser LG59580. The ex-
periment was replicated three times, with a sequential
arrangement of variants. The size of the sowing plot
was 750 m?, the accounting plot was 100 m2 The re-
search conducted with sunflower was carried out in
accordance with international ethical standards, in par-
ticular The Convention on Biological Diversity (2022).
Variants of short-rotation (5-field) crop rotations with
different proportions of sunflower in the structure of
sown areas were studied (Table 1). The control variant
was a five-field crop rotation without sunflower.

Table 1. Crop rotation structure, %

Peas Winter wheat Corn
20 20 20
20 20 =

- 20 -
20 40

Source: developed by the author

The content of nutrients in the soil was determined
in accordance with generally accepted methods: the
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Winter rye Pure fallowing Sunflower
20 - 20
20 = 40
20 - 60
20 20 0

content of easily hydrolysable nitrogen — by the Korn-
field method (DSTU 7863:2015, 2016), the content of



mobile phosphorus and potassium compounds - by
the modified Chirikov method (DSTU 4115:2002, 2003).
Statistical processing of the data was carried out using
the CORREL function, which is part of the data analysis
package in MS Office Excel 2017.

Moisture conditions and temperature have a par-
ticularly important impact on the efficiency of nutrient
fixation in the soil (Liu et al.,2011; Rymuza et al., 2020).
The research was conducted in an area with a temper-
ate continental climate. It is characterised by elevated
air temperatures and low precipitation compared to
long-term averages.

Data from the weather station of Kharkiv National
Agrarian University show that during the growing sea-
son of sunflower (May-September), the average long-
term rainfall was 278 mm and the air temperature was
+17.7°C. The peculiarity of the conditions in 2020-2021,
during the period of determination of NPK (nitrogen,
phosphorus, potassium) in the soil, was insufficient mois-
ture. During the growing season of sunflower in 2020,
precipitation was 114 mm less than normal, and the av-
erage air temperature was 19.8°C, which is 2.1°C above
the climatic norm. The precipitation during the growing
season of sunflower in 2021 was of a stormy nature in
June - 81.9 mm, which was 22.9 mm above the average
long-term norm. In July and August, they were less than

160

150
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130

mg/kg soil

120

110

control 0-10 | \ .\t
20% 0-10
40% 0-10
60% 0-10
control 10-20
20% 10-20
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the long-term average by 51.5 and 44.2 mm, respec-
tively. In 2021, precipitation totalled 197.7 mm, which is
81.3 mm less than the long-term average, and the in-
crease in average daily air temperature was 2.5°C above
the long-term average. Having analysed the weather
conditions, we can conclude that heat and moisture sup-
ply significantly influenced the growth and development
of sunflower, and ultimately its yield and seed quality.

RESULTS

The research results allow us to determine the level of
soil nutrient supply under conditions of different satu-
ration of short-rotation crop rotations with sunflower.

Nitrogen. In the phase of full ripeness of sunflower,
the studied samples were characterised by low supply
of easily hydrolysable nitrogen in all variants (Fig. 1).
Depending on the proportion of sunflower in the crop
rotation, this indicator varied within 151-123 mg/kg of
soil. Its highest content (151 mg/kg of soil) was found in
the surface (0-10 cm) soil layer at 40% saturation of the
crop rotation with sunflower, and the lowest (123 mg/kg
of soil) in the layer 20-30 cm in the variant with a share
of sunflower of 60%. The nitrogen content in the soil in
the plots with other variants varied only slightly. The
content of this element was relatively higher in the
0-10 cm soil layer - 145-151 mg/kg of soil.

130 | 131

131

132

40% 10-20
60% 10-20
control 20-30
20% 20-30

60% 20-30

o
M
o
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=

Soil layer, cm/variant

Figure 1. The content of easily hydrolysable nitrogen in the soil depending on the saturation
of the crop rotation with sunflower, mg/kg of soil

Source: developed by the author

Phosphorus. The processes of biological accumula-
tion of phosphorus in the bedrock affect the content
of its mobile compounds throughout the soil profile.
Thus, the studied samples were characterised by an av-
erage supply of mobile phosphorus forms in all variants
(Table 2). The content of PO, in the arable layer of typ-
ical black soil in sunflower crops was almost equal in

the experimental variants. It should be noted that the
content of this macronutrient was significantly higher
in the upper (0-10 cm) soil layer than in the lower part
(20-30 cm) of the tilth layer. Compared to the control, a
significant decrease in P,0O, was recorded in the variant
with a crop rotation saturation of 60% with sunflower,
by 1.4 times.

Ukrainian Black Sea Region Agrarian Science, 27(2), 87-95

89



90

Nutrient regime of the soil depending on the share of sunflower in short-rotational crop

Share of sunflower in crop

rotation
20% 100
40% 99
60% 66
0% 97

Source: developed by the author

Potassium. Sunflower is known to use potassium in-
tensively. Samples of the tilth layer of typical chernozem
were characterised by an increased availability of mobile
potassium compounds in all variants, and their content
naturally decreased with depth from 81 to 115 mg/kg of
soil. In the surface soil layer, the highest content of po-
tassium was observed in the variant without sunflower -

Table 2. The content of mobile phosphorus in the soil depending on the saturation of crop rotation with sunflower

P,0, content, mg/kg by soil layer

10-20 cm 20-30 cm
66 65
64 64
63 54
73 74

115 mg/kg of soil (Table 3). In the crop rotation with a
share of sunflower of 40%, the content of exchangeable
potassium compounds in the 0-10 cm soil layer was al-
most at the level of the control - 113 mg/kg of soil. There
was no significant difference between the K,O content of
other variants in this layer: 107 mg/kg soil (20% satura-
tion) and 103 mg/kg soil (60% saturation).

Table 3. Exchangeable potassium content in soil depending on the saturation of crop rotation with sunflower

Share of sunflower in crop

K,O content, mg/kg by soil layer

rotation
20% 107
40% 113
60% 103
0% 115

Source: developed by the author

With a depth of 20 cm, a decrease in the content of
exchangeable potassium was observed in all variants. In
the soil layer of 10-20 cm, the highest content was found
in the control variant at 94 mg/kg of soil. Similar results
were obtained in other crop rotations and were in the
range of 83-86 mg/kg of soil. In short-rotation crop ro-
tations, a decrease in the content of exchangeable po-
tassium compounds was observed in the soil layer of 20-
30 cm, depending on their saturation with sunflower. In
the soil of the control variant, the content of this element
was 90 mg/kg of soil, which is 9 mg/kg more than in the

Share of sunflower in crop
rotation

2020 year
20% 3.73
40% 3.77
60% 3.24

Source: developed by the author

In 2021, the high yield of sunflower (3.36 t/ha) was
ensured by a five-field crop rotation with a share of 40%.
When the crop rotation was saturated with sunflower up
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Table 4. Sunflower yield in different short rotation crop rotations

10-20 cm 20-30 cm
85 82
86 84
83 81
94 90

variant with 60% sunflower saturation.An increase in the
share of sunflower in the crop rotation to 40% increased
the content of exchangeable potassium in the soil by
2 mg/kg of soil and by 3 mg/kg of soil at 60% saturation.

Sunflower yield. In the course of research in 2020,
a relationship was established between the level of
sunflower yield and its saturation in crop rotations (Ta-
ble 4). It is worth noting the high yield of sunflower at
40% of its saturation in crop rotation - 3.77 t/ha. Sat-
uration of the five-field crop rotation with 60% of sun-
flower reduced the yield to 3.24 t/ha.

Yield, t/ha

2021 year
3.13

3.36
3.17

to 20% and 60%, there was a slight decrease in sunflower
yield by 0.23 and 0.19 t/ha. On average, in 2020-2021, the
highest sunflower yield (3.57 t/ha) was recorded in the
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five-field crop rotation, where its share was 40%. When
the crop rotation was saturated with 20% of sunflower,
there was a slight decrease in its yield - by 0.14 t/ha.

3.60 T
340 1
3.20 +
3.00
2.80 +
2.60 +
240 1
220 T

343

Yield, t/ha

Saturation of the crop rotation with sunflower up to 60%
led to a significant decrease in its yield by 0.36 t/ha com-
pared to the best variant of the experiment (Fig. 2).

3.57

2.00
20%

40%

60%

Share of sunflower in crop rotation, %

Figure 2. Sunflower yield depending on its share in crop rotation, t/ha (average for 2020-2021)

Source: developed by the author

Dependence of sunflower yield on NPK content. The
statistical analysis showed a close correlation between
sunflower yield and the content of macronutrients in the
soil in crop rotation areas with different soil saturation.
The equation for the correlation coefficient between
sunflower yield and soil nutrient content is as follows:

-0 y-y)

Correl (X,Y) = 2200 _
orrel (V) = Reomo-97

where x - yield, t/ha; y - nutrient content in the soil,
mg/kg soil.

The data obtained indicate that sunflower yields
are most closely related to soil K,O content. The cor-
relation coefficient between these indicators was the
highest and amounted to 0.98. The content of mobile
phosphorus in the soil was equally important for sun-
flower yield, with a correlation coefficient of 0.91. There
was a direct correlation between sunflower yield and
soil nitrogen content - 0.66.

DISCUSSION

It is known that nitrogen assimilation through the sym-
biosis of microorganisms with plants provides the soil
with 90-170 million mg of nitrogen annually (Ishizuka,
1992; Koztowski et al., 2011; Tsyliuryk, 2018). This is
70-80% of the total amount of nitrogen accumulated
in the soil in the process of nitrogen fixation by all mi-
croorganisms (symbiotic and free-living) (Peoples &
Craswell, 1992; Cheng, 2008; Martyniuk, 2012). The ef-
ficiency of atmospheric nitrogen reduction in symbiotic
systems usually reaches up to 200 kg N ha* (but some-
times even 500 kg N ha?) per year (Duzdemir et al.,
2009; Hauggaard-Nielsen et al., 2010).

Previous studies have shown a significant re-
duction in nitrogen content under no-till sunflower

cultivation in the 0-20 and 20-40 cm soil layers: 8.9
and 6.6 mg/100 g of soil, respectively. Zonal crop ro-
tation provided a high phosphorus content in the soil:
10.4 mg/100 g in the 0-20 cm layer and 7.7 mg/100 g in
the 20-40 cm layer, and the lowest content in virgin soil
(5.8 mg/100 g in the 0-20 cm layer and 4.8 mg/100 g in
the 20-40 cm layer). The studied variants of crop rota-
tion did not have a significant effect on the content of
exchangeable potassium in the soil,and its amount was
quite high in all soil samples (8.0 mg/100 g to 13.3 mg
per 100 g of soil). It should be noted that permanent
sunflower cultivation provided the topsoil with an in-
creased potassium content (Poliakova & Topchiy, 2013).
Soil nutrient regime largely depends on the satu-
ration of crop rotations with sunflower. Researchers say
that an increase in the share of this crop in crop rota-
tion causes an increased level of nutrient removal from
the soil. This can have a negative impact on the growth
and development of subsequent crops.According to the
results of research by A. Kokhan et al. (2018) found that
a crop rotation with 14% sunflower provided a higher
content of nutrients in the 0-10 c¢cm soil layer than a
crop rotation with 50% of this crop. The total removal of
NPK by sunflower was 75.3 kg/ha. It was found that for
growth and development during the growing season,
sunflower requires the most exchangeable potassium
(178.8 kg/ha). At the same time, only 20% of the po-
tassium is removed with the harvest, while the rest re-
mains in the soil with non-commodity products. There-
fore, to compensate for the macronutrients removed
from the soil by sunflower, it is necessary to leave crop
residues on the field. This will help prevent degradation
processes and help maintain soil fertility.
Someresearchers point out thata significant portion
of the total nutrient content absorbed and accumulated
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by sunflower plants remains in the field after harvest-
ing in the form of crop residues. After mineralisation
of crop residues, these nutrients are easily available to
the next crop, which is very important in a crop rotation
system (Castro et al., 2014). Depending on the amount
of nutrient removal with the crop, the crops included in
the studied crop rotations are distributed in the follow-
ing order sugar beet - 163.2 kg/ha, maize — 97.5-156.5,
soybeans - 111.3-115.1, winter wheat - 108.9-131.6,
spring barley - 102.1-112.9, vetch-oat mixture - 112.9,
sunflower - 85.3-109.7, peas - 72.4-79.6 kg/ha; in terms
of phosphorus removal - corn for grain - 37.6-56.2 kg/ha,
winter wheat - 41.0-48.9, sunflower — 36.6-45.0, sugar
beet - 41.9, vetch-oat mixture — 38.6, spring barley -
32.5-38.0, soybeans - 33.3-33.9, peas for grain - 19.2-
31.1 kg/ha; in terms of potassium removal - sugar beet -
187, vetch-oat mixture - 115.3, sunflower - 72.1-103.2,
corn for grain - 65.8-103.0 kg/ha

Yu.l. Tkalich (2017) emphasises that the larg-
est biological nitrogen removal is caused by corn
(106.06 kg/ha), followed by rapeseed (92.29 kg/ha),
winter wheat (82.54 kg/ha), sunflower (73.12 kg/ha),
and spring barley (52.4 kg/ha). Corn consumes the most
mobile phosphorus compounds (25.78 kg/ha), followed
by rapeseed (24.57 kg/ha), slightly less winter wheat
(21.16 kg/ha), and even less sunflower (17.68 kg/ha)
and spring barley (16.28 kg/ha). Corn also absorbs the
most exchangeable potassium (18.35 kg/ha), followed
by rapeseed, sunflower and winter wheat (17.89, 14.28
and 14.01 kg/ha), and spring barley (10.78 kg/ha).

In the experiments of S. Kudria (2020), no clear
dependence of nutrient content on crop rotation was
found. According to O. Tsyliuryk (2018), sunflower re-
moves 120-140 kg/ha of nitrogen, 50-65 kg/ha of phos-
phorus and more than 300 kg/ha of potassium from the
soil to form 2.0-2.5 t/ha of yield. Some authors point out
that saturation of crop rotations with sunflower over
50% negatively affects the level of its yield (2.21 t/ha),
while a decrease to 33% contributes to an increase in
crop productivity by 0.29 t/ha. At the same time, the
level of sunflower yield in this variant is 0.12,0.21 and
0.24 t/ha lower than in crop rotations saturated with
the crop, respectively, by 25, 20 and 14.3% (Bilenko &
Baranenko, 2018).

Similar results were obtained in the fields of the
Institute of Steppe Agriculture of the National Acad-
emy of Agrarian Sciences of Ukraine (Pohribnyi &
Mashchenko, 2021). It has been established that grain
and fallow crop rotations with sunflower saturation of
20% and the use of an organic-mineral fertilisation sys-
tem provide high stress resistance of plants to abiotic
factors. This, in turn, ensures a high yield of 2.63 t/ha.

According to V. Hanhur (2016), high culture of
farming, adherence to scientifically sound crop rota-
tions, and the use of highly productive hybrids allow
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saturating field crop rotations with sunflower at the
level of 14-15% of the total sown area. Under such con-
ditions, there is no significant decrease in the produc-
tivity of both the sunflower and the crop rotation as a
whole. At the same time, it allows for the possibility of
a one-time increase in the share of sunflower in the
structure of crop rotation areas up to 20%.

Some scientists state a decrease in sunflower seed
yields (2.19 t/ha) in case of increasing the share of sun-
flower in crop rotation to 50%. Crop rotations with 33.3
and 25% saturation provided sunflower yields of 2.49-
2.61 t/ha. If crop rotations are saturated with sunflower
by only 20 and 14.3%, a fairly high yield can be obtained:
2.70 and 2.75 t/ha. This is by 0.26-0.56 t/ha higher than
when the crop rotation is saturated with sunflower by
50.0% and 33.3%. These data are confirmed by parallel
studies on growing sunflower in crop rotations. Kokhan
et al.(2015) noted a gradual decrease in yields when the
crop rotation was saturated with sunflower to 20,25,33.3,
and 50%. Especially in two- and three-crop rotations: by
0.55 and 0.27 t/ha. According to long-term data from the
Mykolaiv State Agricultural Experimental Station, when
sunflower was returned to its previous place in the crop
rotation after 10, 6 and 4 years, its yield was 2.01, 1.33
and 1.11 t/ha, respectively (Popova et al., 2004).

The research conducted during 2020-2021 shows
the expediency of studying the issue of the share of
sunflower in short rotation crop rotations. Analyses of
the NPK content in the topsoil show that, in general,an
increase in the saturation of crop rotations with sun-
flower to 60% does not reduce the availability of soil
nutrients. In turn, the yield data confirm the results of
other authors regarding the inexpediency of increas-
ing its share in crop rotation. After all, the yield slightly
decreased in the variant with 60% saturation of crop
rotation with sunflower to 3.21 t/ha compared to 20%
saturation, where the yield is 3.43 t/ha, and at 40% sat-
uration - 3.57 t/ha.

CONCLUSIONS

The increase in the share of sunflower in short rotation
crop rotations did not lead to a deterioration in the nutri-
ent regime of the tilth layer of soil. There was no signif-
icant variation in the content of nutrients between the
variants. The most nutrient-supplied topsoil was in the
control variant (crop rotation without sunflower). With
increasing saturation of crop rotations with sunflower,
the amount of available forms of nutrients in the tilth
layer of soil slightly decreased, but within the limits
of availability were at the same level according to the
experimental variants: easily hydrolysable nitrogen -
low; mobile phosphorus - medium; exchangeable po-
tassium - increased.

It was proved that an increase in the share of
sunflower in short rotation crop rotations leads to a
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decrease in the yield of the crop itself by 0.22-0.36 t/ha.  of sunflower residues to calculate the balance of these
The yield of sunflower seeds was at the same level at 20  elements in the soil, taking into account the frequency of
and 40% saturation (3.43 and 3.57 t/ha). The relationship ~ sunflower return to its original place.

between sunflower yield and its saturation in the crop

rotation is noticeable, but it depends significantly on the ACKNOWLEDGEMENTS

soil nutrient regime. The yield level is most influenced by  None.

the content of phosphorus and potassium in the topsoil,

with correlations of 0.91 and 0.98 respectively. Further CONFLICT OF INTEREST

research will be aimed at determining the NPK content  None.
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MOXXMBHUM PEXXUM 'PYHTY 3a/1€)XHO Bifj YaCTKU COHALUHUKY
Y KOPOTKOpPOTaUWiMHMNX CiBO3MiHax

3inaipa OnekciiBHa JertapboBa

AcnipaHT

[epxxaBHuMI BIOTEXHONOTIYHMIA YHIBEPCUTET
61002, Byn. AnueBcbkux, 44, M. XapkiB, YKkpaiHa
https://orcid.org/0000-0002-1055-4811

AHoTauis. 119 pocTy i pO3BUTKY COHALIHMKY HEOOXiAHA LOCTATHS KiNbKiCTb MOXUBHUX PEYOBUH. TOMY BCTAHOB/IEHHS
BM/IMBY BUPOLLYBAHHS COHSILUHWMKY HA MOXMWBHWUIA PEXWMM I'PYHTY, 3 ypaxyBaHHAM 4acTOTM MOr0 MOBEPHEHHS Ha
nonepegHe Micue, € akTyanbHUM. MeTolo po60TH 6yN0 BU3HAUUTU BMAMB YACTKU COHSILLIHMKY Y KOPOTKOPOTALLIMHUX
CiBO3MiHax Ha MNOXWMBHUI pexum rpyHTy. [ocnigkeHHS nNpoOBOAMAMCS HA AOCAiAHOMY noni XapKiBCbKOro
HaLioHanbHOro arpapHoro yHiBepcuteTy iM. B.B. [lokyyaeBa, ske po3tawoBaHe B JliBobepexHomy Jlicocteny
Ykpainu. [ocnigxeHHs Ta o6niku 6ynn npoBegeHi HA YOPHO3EMi TUMOBOMY BaXXKOCYIIMHKOBOMY 3riAHO i3
3aranbHONPUIAHATUMKU MeToaMKaMu. CxeMa gocnify nepenbavana maTUNiNbHI CIBO3MIHM i3 HACMUYEHHAM COHSILLHUKY
0, 20, 40 i 60 %. Pe3ynbtaT JOCNiOXeHb CBifYaTh, WO 30iNblUEHHS YACTKM COHSLIHUKY B KOPOTKOPOTALLiAHMX
CiBO3MiHaxX He NpU3BOAMTb A0 MOTiPLUEHHS MOXMBHOIO PEXMMY OPHOTO LWapy IPYyHTY. He BUSIBNEHO CYTTEBOI Pi3HMLA
MiX BapiaHTaMu y BMICTi eleMeHTIB XXuBneHHs. Halbinbw 3abe3neyeHnM NOXMBHUMK enieMeHTaMu OyB OpHMIA Wwap
IPYHTY Yy KOHTPO/IbHOMY BapiaHTi (CiBO3MiHa 6e3 COHSALWHUKY). 3 NiABULLEHHSM YaCTKM COHSALWHMKY Y CiBO3MiHAX,
KiNIbKiCTb €/1IEMEHTIB XMBJIEHHS B OPHOMY LAPi I'PYHTY AELLO 3HMXKYBanacs. HesanexHo Bif AOCNIAKYBaHUX BapiaHTIB
CiBO3MiH, 3abe3neyeHicTb NErkorigponisHMM a3oToM Oy/na HU3bKOK, pyxoMmUM (HOCOpOoM — cepefHbo, OBMiIHHMM
KanieM — MNigBULLEHO. 36iNblIEHHS YaCTKM COHSLUHMKY B KOPOTKOPOTALiMHMX CiBO3MiHAaX NMPU3BENO A0 3HUKEHHS
BPOXAMHOCTI CaMOi KynbTypu. YPOXKaWHICTb HACIHHA COHALIHMKY 3HAaX0AMMacs Ha OOHOMY piBHI y BapiaHTax i3
yactkamm 20 Ta 40 %. BigMiveHO TiCHMI 3B'A30K MiX YPOXAMHICTIO COHSILLHUKY Ta MOr0 HACMUYEHHAM, WO 3HAYHO
3aN1€XWTb Bif, MOXMBHOIO pexumy rpyHTy. Hainbinblie Ha piBeHb BPOXAK BMJIMBAE BMICT B OPHOMY Wapi FPyHTY
docdhopy Ta Kanito. [Mpyu LboMy KopensuiiHui 38930K cTaHoBKuTb 0,91 Ta 0,98 BignoBigHO. MpakTUYHA LiHHICTb LbOro
LOCNiKeHHS 06yMOBIeHa MOX/IMBICTIO BUKOPUCTOBYBATM OTPUMAHI pe3yNbTaTy Nif Yac 06rpyHTyBaHHS AOLINBbHOCTI
30iNbLUEHHS YACTKM COHSILLHMKY Y CTPYKTYPi CiBO3MiH

KntouoBi cnoBa: HacM4eHiCTb; CTPYKTypa CiBO3MiHM; POAIOYICTb; KOPensauinHa 3aNeXHiCTb, MOXMBHI €1eMeHTH;
YOPHO3€EM TUMOBUM
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