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Abstract. The aim of this study was to substantiate the peculiarities of the current state of global food security.
In the process of writing the article, the following methods were applied: bibliometric analysis (using Google
Analytics, Vosviewer v.1.6.18 and SciVal), system-structural analysis and synthesis, historical, dialectical, graphical
and descriptive-statistical methods. The article clarifies the essence of the economic category ‘global food security”,
which is considered as a state of the world food system, in which all people in all regions of the world have physical,
social and economic access to an adequate volume of safe, high-quality, nutritious and wholesome food to ensure
an active and healthy life over the long term. It is noted that advancement toward fulfilling the 2" Sustainable
Development Goal ‘ending hunger” is insufficient and uneven. In 2023, more than 700 million individuals in the
world suffered from hunger,and 29% of the world’s population faced food insecurity. Forecasts show that achieving
the 2nd Sustainable Development Goal by 2030 will be impossible without increased efforts and innovation.
It has been established that the dynamics of food insecurity vary greatly between regions. The situation is the
worst in Africa, with the food insecurity rate reaching 58% in 2023. Conflict, extreme climate events, economic
crises and income inequality are the main factors that worsen the food security situation.These factors create a
synergistic negative impact, especially in countries with low and middle incomes, and require the development of
comprehensive measures to address food security issues. The study’s practical value is found in the application of
the results of the food security monitoring, which will contribute to the adoption of effective solutions to overcome
hunger and achieve the goals of sustainable development
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INTRODUCTION

One of the primary challenges of modernity is to en-
sure food security, particularly in the context of glob-
al economic and environmental change. Despite the
significant progress made in the fight against hunger,
millions of people worldwide continue to experience
malnutrition and limited access to quality food. In ad-
dition, the effects of climate change, dwindling natural
resources and economic crises are making it harder to
achieve the Sustainable Development Goals, including
goal No. 2, which is to end hunger. Scientific research
in this area is important for creating effective strat-
egies to ensure food security at the global level and
fulfil international commitments. Success in achieving
these goals depends on a comprehensive approach that
considers economic, social, and environmental factors,
which is why analysing the current state and challeng-
es is critical to formulating long-term solutions for sus-
tainable development. This cross-cutting issue remains
unresolved in 2024 and meets the most pressing needs
of the economy and society.

F.Lin et al. (2023) analysed the effect of martial law
in Ukraine on global food security trends. The authors
developed three forecast scenarios, according to which
wheat trade is expected to decline by 60%, prices to
rise by 50%, and serious food insecurity, particularly for
countries that depend on wheat imports from Ukraine.
Given Ukraine’s role in the agricultural sector, food pric-
es in some countries could rise by 10-30%, and wel-
fare losses could be 15-25%. The authors X-Y.Zhou et
al. (2023) also paid attention to the problem of weak-
ening food security due to martial law in Ukraine. The
researchers developed an improved cascading failure
model to monitor the effects of war on global food
security and stressed the need for international or-
ganisations to step up efforts to balance the needs of
large and small countries, with a particular focus on the
most vulnerable states in Africa and Asia. In the work of
A. Molajou et al. (2023) proposed a new paradigm that
expands the approach to analysis and strategy devel-
opment for macro-policy to include strategies for man-
aging vital resources, including food, water, and energy.

A. Sridhar et al. (2023) analysed that the COVID-19
viral outbreak has caused a large-scale imbalance in
all fields of the international economy, a reduction in
the workforce, in particular in agriculture and the food
industry. The closure of businesses around the world
due to quarantine has disrupted the entire supply chain,
from producer to end consumer. This study examines
the implications of COVID-19 for global food security
and its economic aspects. The authors also paid at-
tention to the introduction of sustainable agricultur-
al approaches, such as urban farming, crop rotation,
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hydroponic farming, and small-scale family agriculture,
conserve natural resources and attain the Sustainable
Development Goals. The proposed innovative solutions,
such as the use of artificial intelligence, machine learn-
ing, and blockchain, are interesting from a scientific
point of view as promising tools for developing the ag-
ricultural sector and strengthening food security.

M.O. Alabi & O. Ngwenyama (2023) highlighted
that the COVID-19 pandemic significantly impacted
food security and global food supply chains, resulting
in heightened food insecurity in Canada and the Unit-
ed States. The main challenges include a deteriorating
economic situation, labour shortages, limited access to
food, transportation difficulties and changing consum-
er preferences. The pandemic has also caused the clo-
sure of production facilities and increased uncertainty
about product quality and safety. The authors empha-
sise the need to redesign food supply chains to be re-
silient to post-pandemic challenges and propose a new
framework for creating smarter and more resilient food
supply chains in the post-COVID-19 environment. The
study by K.A. Abay et al. (2023) examines the implica-
tions of martial law in Ukraine for both global and re-
gional food security. Particular attention is paid to the
Middle East and North Africa region, which is suscepti-
ble to trade disruptions due to its high dependence on
food imports. The authors point out that the crisis will
affect poor and rich households, as well as urban and
rural populations differently.

J. Cheng & X. Yu (2024) developed a comprehen-
sive food security assessment system that includes four
main aspects: security in terms of quantity, nutrition,
environment, and capacity. China’s food security index
was assessed using the entropy method, and the spatial
and temporal dynamics of food security distribution in
seven regions was analysed using the Gini coefficient
of Dagum and its decomposition, which allowed to con-
firm the overall and contextual convergence of food se-
curity levels in different regions. O. Skydan et al. (2020),
based on an analysis of current trends in food security,
developed a new doctrine that integrates environmen-
tal, economic, organisational, social and regulatory as-
pects into a single governance mechanism. According
to the authors, the presented mechanism allows to
eliminate shortcomings in the public administration
of food security and provides a systematic approach
through the introduction of regulatory instruments that
affect the process of food security formation.

L. Stuart et al. (2024) focused on the fact that food
security is one of the key aspects of environmental
sustainability in the world, and food insecurity nega-
tively affects human health and well-being, as well as



drives mass migration, jeopardising national security
and hindering global sustainable development. It is an-
alysed that ensuring food security requires a balanced
approach to numerous issues related to atmospheric
and earth sciences, economics, agronomy, agricultural
engineering, and social sciences. The authors conclude
that the American Meteorological Society community
has significant potential to play a more active role in
the global food system in the future, which will help to
bridge scientific and technological gaps and improve
global food security.

The authors R. Dulambayeva et al. (2023) exam-
ined the potential for implementing a food security
management system in the Republic of Kazakhstan,
utilising data-driven decision-making to align with the
principles of sustainable development. The authors
note that an important external factor for Kazakhstan
is the current geopolitical situation, in particular the
invasion of Ukraine by Russian troops. The paper also
outlines various internal and external factors impacting
food security in the region and suggests a data-driven
decision-making framework for effective management.

Thus, the main aim of this study was to substanti-
ate the peculiarities of the current state of global food
security, monitor the progress made in achieving the 2™
Sustainable Development Goal, and identify key chal-
lenges to food security in the context of global eco-
nomic and environmental changes.

MATERIALS AND METHODS

The bibliometric analysis, performed using Google
Analytics, Vosviewer v.1.6.18, and SciVal, enabled the
identification of research groups that have made sig-
nificant scientific contributions to the study of glob-
al food security and the progress and challenges in
achieving the Sustainable Development Goals. The use
of Vosviewer v.1.6.18 facilitated the creation of biblio-
metric networks that encompass researchers and indi-
vidual publications in the field of global food security
monitoring, as well as to justify the feasibility of using
different approaches to strengthen it and achieve 2™
Sustainable Development Goal. These networks were
created based on the analysis of citations and biblio-
graphic links, which allowed to form a list of the main
literature sources and authors who have studied the
relevant issue.

The basis of this study (theoretical and method-
ological) was the Food and Agriculture Organization
report (2024) and FAOSTAT (n.d.) data, as well as a col-
lection of foundational and applied scientific research
by scholars in the field of food security, economic the-
ory, sustainable development, development theory, and
international relations. The study used systemic and
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structural analysis and synthesis to determine the rela-
tionship between the factors of influence (a significant
growth in the intensity and frequency of conflicts, ex-
treme climate events, economic downturns and a gen-
eral slowdown in economic growth) and the level of
food security. The issue of the systemic and structural
nature of food security arose from the need to find out
how changes in various aspects affect changes in the
overall system of tax security. Furthermore, the article
identified trends in food security levels across various
regions of the world.

The historical and dialectical approaches, along
with the method of scientific abstraction, were used to
clarify the essence of the category ‘global food security”.
Thus, a thorough study of the processes and conditions
for ensuring global food security made it possible to
identify the basic, most essential features of this cat-
egory, abstracting from others that were considered
secondary in this study. Graphical and descriptive-sta-
tistical methods were used to graphically summarise,
compare and emphasise the key characteristics of the
global food security situation. The abstract and logical
method was used at each stage of the study to identify
the current state of global food security, monitor pro-
gress towards achieving 2™ Sustainable Development
Goal, and identify key challenges to food security in the
context of global economic and environmental change.
This study monitors various food security indicators
from 2005 to 2023. Different food security indicators
are analysed for different periods of time due to chang-
es in the methodology for calculating the Food and Ag-
riculture Organization of the United Nations indicators,
the analysis of which formed the basis of this study.

RESULTS

The fulfillment of the Sustainable Development Goals
is a common goal for all countries, which should sup-
port comprehensive efforts to create a world free of
food insecurity, hunger and all forms of malnutrition by
2030. Progress towards this goal is insufficient and un-
even. While there is significant positive momentum in
some countries, food insecurity and hunger continue to
grow in many regions of the world (especially in rural
areas). In general, the factors that exacerbate the prob-
lem of malnutrition and food insecurity in the world
are conflicts, economic downturns, climate change, in-
sufficiency of access and affordability of nutritious food.

Global food security refers to a comprehensive con-
dition where all people, in every region of the world,
have physical, social, and economic access to adequate,
safe, nutritious, and high-quality food that supports
an active and healthy life over the long term. Global
food security includes stability of supply, resilience of
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food systems to external influences (such as conflicts,
climate change, economic crises) and adherence to the
principles of sustainable development, which include
preserving resources for future generations. The world
is significantly behind the schedule for achieving the

2" Sustainable Development Goal - “‘ending hunger”.
During the COVID-19 viral outbreak, the level of malnu-
trition went up significantly, and remained almost un-
changed in 2021-2023.The main indicators of the scale
of hunger in the world are shown in Figure 1.
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Figure 1. Key indicators of the scale of hunger in the world (2005-2023)
Notes: in the line chart, vertical bars show the limits of the calculated range
Source: generalised from Food and Agriculture Organization (2024) and FAOSTAT (n.d.)

Thus, Figure 1 shows that in 2023, between 713
million and 757 million people suffered from hunger
worldwide, an increase of 152 million people contrast-
ed with 2019.Since 2017, there has been a sharp growth
in the incidence of starvation in the world (the “under-
nourishment” indicator): in 2017, 7.1% of the world’s
population suffered from starvation,and in 2023, it was
already 9.1%. In addition, progress in ensuring access
to safe food has also slowed. In 2023, about 29% of
the world’s population faced food insecurity. The issue
of inequality in access to food continues to be a par-
ticularly pressing concern: more than 71% of people
who do not have access to healthy food live in low-in-
come countries. Thus, the state of global food security
remains extremely challenging. According to the Food
and Agriculture Organization (2024), by the end of the
decade, more than 580 million people worldwide will
suffer from chronic malnutrition. In 2015-2023, some
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progress was made in the fight against various forms
of malnutrition, but the problems of childhood obesity
and low birth weight remain unresolved. Considering
current trends, it is important to note that the world is
not on course to achieve any of the seven nutrition-re-
lated goals by 2030.

The world needs to introduce comprehensive ap-
proaches that will help to improve the effectiveness of
the fight against malnutrition, overweight and obesity,
and micronutrient deficiencies, addressing the com-
mon causes of various forms of malnutrition. It should
be noted that the existing problem is exacerbated by
the lack of clear data on the available volumes and ef-
fectiveness of funding aimed at achieving global food
security objectives. Due to the different systems for as-
sessing funding for food security, there are significant
discrepancies in estimates, which leads to the inabili-
ty to fully identify areas with insufficient funding and



ineffective monitoring. There is a need to clearly define
the sources and specifics of food security funding and
to standardise approaches to its evaluation.

Innovative solutions are needed to increase funding
to address global food security challenges in countries
with high levels of hunger. However, for low- and mid-
dle-income countries, the process of raising affordable
resources is quite a challenge. According to the Food
and Agriculture Organization (2024), in countries with
limited access to finance, malnutrition among children
is quite common, while in countries with optimal access
to finance, overweight is quite common. The vast ma-
jority of countries face food insecurity factors, including
extreme climatic conditions.

It is worth noting that the task of accelerating the
achievement of Sustainable Development Goals was
discussed at the “Summit of the Future 2024", which
took place in New York in September 2024.“The Summit
of the Future 2024 is a high-level event that brought
together world leaders to build an international con-
sensus on how to achieve a better present and pre-
serve the future. It was emphasised that it is necessary
to return the world to the path of fulfilling common
commitments to achieve the Sustainable Development
Goals after a significant deterioration during the COV-
ID-19 pandemic (United Nations, 2024). In addition to
improving the mechanisms for responding to global
shocks and crises, the transformation of food systems
based on the results of the 2021 UN Summit on Food
Systems is identified as a common task for all countries.
The need to create food systems that will ensure a tran-
sition to a healthy diet, promote nature restoration and
take into account climate change is emphasised. In ad-
dition, recommendations are made to create a fair and
sustainable multilateral trading system that will also
cover food and agricultural markets. Support for 2
Sustainable Development Goal is being implemented
as part of the follow-up to the Food Systems Summit,
led by the UN Food Systems Coordination Centre. The
dynamics of food insecurity indicators by region of the
world is summarised in Figure 2.

In Africa, despite all the world’s efforts, the scale
of hunger continues to grow (the aggregate level of
food insecurity increased from 45% in 2015 to 58% in
2023), in Asia it remains almost unchanged (24.8% in
2023), and in Latin America it is significantly reduced
(from 34.6% in 2020 to 28.25% in 2023). Africa is char-
acterised by the highest proportion of the population
that suffers from hunger: about 20.4% of the world’s
population is hungry in this region, 6.2% in Latin
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America and the Caribbean, and 8.1% in Asia. Accord-
ing to the Food and Agriculture Organization (2024),
by 2030, most of the world’s undernourished people
will live in Africa. In 2024, Asia will remain the leader
in terms of the number of hungry people in absolute
terms: the region has more than 384 million hungry
people, or more than half of the total number of hungry
people in the world. In Africa, 298 million people faced
the problem of hunger in 2023, and 41 million in Latin
America and the Caribbean.

However, hunger is not the only problem with the
current state of global food security. In 2024, food in-
security rates are higher than they were before the
COVID-19 pandemic, with little change between 2021
and 2024.1n 2023, around 28.9% of the global popula-
tion — approximately 2.33 billion people - experienced
food insecurity (either moderate or severe), meaning
they lacked consistent access to sufficient food. North
America and Europe report the lowest levels of both
moderate and acute food insecurity.

In order to develop measures aimed at strength-
ening food security, it is necessary to analyse the main
factors of malnutrition and food insecurity, as well as
to identify the countries most often affected by these
problems. In the period 2014-2024, there was a signifi-
cantincrease in the intensity and frequency of conflicts,
extreme climate events, economic downturns and a
general slowdown in economic growth, which weak-
ened the level of food security in the world. The impact
of these factors is exacerbated by severe income ine-
quality. The dynamics of undernutrition prevalence in
countries affected by certain factors, such as conflicts,
extreme climatic events and economic downturns, or
countries with high levels of income inequality, are
presented in Figure 3. Each of the main factors has
its own characteristics, but they are often interrelated
and create a synergistic effect, negatively affecting the
vast majority of aspects of food security (availability,
utilisation, accessibility and stability), as well as other
aspects of nutrition. This conclusion is supported by
the data on the relationship between food security and
nutrition factors and indicators (Fig. 3). Most low- and
middle-income countries are affected by at least one
of the main factors, with many experiencing several
factors simultaneously. This combination contributes
to a notable increase in hunger and food insecurity.
Figure 4 highlights the difference between the 2019
and 2023 undernutrition prevalence rates in different
groups of countries, when different numbers of factors
are taken into account.
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Figure 2. Dynamics of food insecurity indicators by regions of the world (2015, 2019-2023)
Source: generalised from Food and Agriculture Organization (2024) and FAOSTAT (n.d.)
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The data presented in Figure 4 suggests that the
presence of several factors affecting food security, in-
cluding the most dangerous ones (conflicts, extreme
climatic events and economic downturns), create a
synergistic effect, significantly weakening the level of
food security in a particular country. Thus, in today’s
environment, the agricultural sector faces numer-
ous challenges related to climate change, population
growth and limited resources. Effective agricultural
management is a key factor in protecting plants from
weeds, pests and pathogens, increasing crop produc-
tivity, and introducing innovative technologies that
can significantly affect food security.

One of the main recommendations is to adapt in-
tegrated agricultural management systems, which in-
volves the use of crop rotations, post-harvest sowing
and optimisation of fertilisation systems. These meth-
ods not only increase crop productivity, but also ensure
the preservation of soil fertility, which is critical in the

face of increasing food demand. The use of modern
management technologies, such as precision farming,
enables agricultural producers to effectively control re-
sources, which in turn reduces the cost of cultivation,
increases crop productivity and the level of profitability
of their cultivation.

Protecting plants from weeds, pests and pathogens
also requires new approaches. The introduction of bio-
logical control agents and integrated plant protection
systems based on environmentally friendly methods
can reduce the use of chemical pesticides. This will
improve product quality, which in turn will have a pos-
itive impact on public health. An important element
of food security is also the introduction of innovative
minimum tillage technologies. In addition, the use of
the latest agricultural technologies, such as hydropon-
ics, vertical farms and precision farming, can signifi-
cantly increase agricultural productivity, especially in
conditions of limited resources, such as water and land.

Ukrainian Black Sea Region Agrarian Science, 28(4), 9-20

15



16

Global food security...

These approaches ensure the stability of food resourc-
es, reducing the risks of hunger and food shortages.

The introduction of new technologies in agriculture
allows not only to increase crop productivity but also
to adapt production to changing environmental con-
ditions. This is especially important given global chal-
lenges like climate change and socio-economic crises,
which could disrupt food supplies. Investments in R&D,
as well as in farmer training, are needed to introduce
new technologies that will make agriculture more sus-
tainable and efficient. Thus, effective agricultural man-
agement, plant protection, increasing crop productivity
and introducing innovative crop production technolo-
gies are important factors that directly affect the food
security of the population. These approaches not only
ensure the stability of food resources, but also contrib-
ute to reducing the risks associated with hunger and
food shortages, thus forming the basis for sustainable
development of the agricultural sector.

DISCUSSION

The findings of E. Shahini et al. (2024) are confirmed
by the results of the authors’ research in terms of the
fact that war has catastrophic consequences for global
food security. These consequences can be long-lasting
and even irreversible, so it is important to analyse their
impact on ecosystems and look for innovative ways to
mitigate them in the future. These methods should form
the basis for planning the recovery of areas affected by
hostilities, including the restoration of ecosystems and
natural resources.

The article by O. Shebanina et al. (2024) notes that
significant soil contamination is a problem that caus-
es a decrease in the overall state of food security. It is
emphasised that the Russian invasion of Ukraine has
led to large-scale environmental pollution, the conse-
quences of which will take many years to remedy. In
order to comprehensively analyse the scale of pollution
and forecast its consequences, the author reviews soil
pollution in certain regions of Ukraine. It is emphasised
that the level of pollution varies depending on the lo-
cation and course of hostilities. The disposal of chemi-
cal waste and ongoing conflicts in eastern Ukraine have
led to soil contamination with heavy metals and pe-
troleum products. In Kharkiv region, cadmium pollution
increased by 200%, while in Kherson and Zaporizhzhia
regions, oil spills increased by 139 and 156% respec-
tively, causing health problems.

The impact of soil pollution on food security and
sustainable development was studied by a group of au-
thors I. Bulba et al. (2024), who analysed the state of
land in different regions of Ukraine. It was found that
in the Dnipro region, soil contamination levels were
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three times higher than the maximum permissible con-
centration for lead and 1.5 times higher for fluoride. In
Mykolaiv region, the concentration of lead exceeds the
permissible level by five times, while the content of zinc,
copper,fluorine and oil products exceeds the permissible
levels by 25%. In Zaporizhzhia region, lead exceeds the
standard by 11 times, the content of zinc and fluorine is
increased by 50%, and that of oil products - by 35% and
phosphates - by 30%. The paper emphasises that mili-
tary operations affect the physical and chemical proper-
ties of soils, in particular, they lead to an increase in the
acidity and density of the topsoil. The authors stress the
importance of analysing the consequences of military
operations, as well as developing and implementing
eco-friendly technologies to restore the impacted areas.

Expanding on these results, a thorough research
paper by V. Shebanin et al. (2024) published the results
of a study on the introduction of new agrotechnologi-
cal crop rotations and evaluation of their effectiveness
on degraded lands of the Mykolaiv region, where active
hostilities took place. The results showed that new crop
rotations increase gross output by 1.3 times compared
to previous figures. This is extremely important in the
context of restoring food security not only in Ukraine but
also in the global world. The results obtained can serve
as a basis for the development and implementation of
programmes aimed at restoring the structure, fertility
and quality of damaged land, strengthening food secu-
rity and achieving 2™ Sustainable Development Goal.

The study by O.A. Otekunrin et al. (2020) analysed
the readiness of African countries to achieve the goal
of zero hunger by 2030. The authors conclude that se-
rious problems of hunger in the world are caused by
ineffective governance, conflicts, and climate change.
The authors emphasise that despite the decline in child
mortality in Africa, many challenges remain in ensuring
food security. African governments are advised to focus
on implementing sustainable agricultural practices and
creating effective policies to combat hunger. In addi-
tion to these important findings, the study recommends
that data on the effectiveness of funding for global
food security be adjusted.

The authors of the study N. Rahman & R. Yas-
in (2022) emphasised that achieving the goal of zero
hunger has faced significant challenges due to the eco-
nomic impact of the COVID-19 pandemic. It was also
noted that in order to ensure the survival of vulnerable
children, there is a need to provide humanitarian assis-
tance and support agricultural production to ensure a
stable food supply. The above study also considers eco-
nomic crises in countries as a factor affecting food secu-
rity. In the publication A.Muneeza & Z.Mustapha (2021),
the authors analyse the problem of food insecurity in



conjunction with the specifics of Islam and note that
it is in line with the basic principles of Shariah, which
aim to achieve public welfare through ethical resource
management. The researchers concluded that hunger
is a problem that requires joint efforts of national gov-
ernments under the leadership of the UN. In Islam, this
cooperation is regarded as a collective responsibility,
where both government agencies and affluent individ-
uals must fulfill their duties to society. Interesting re-
sults in the field of the studied topic were obtained by
E.Mutea et al. (2022),who analysed the state of food se-
curity in Kenya and concluded that half of the country’s
population faces problems with access to food. This
study also focuses on the significant problems with
food security in Africa, which are projected to worsen.
The article by A. Poltorak (2015) assessed the food
security indicators for the period 2009-2013 in Ukraine
and determined the dynamics of the weighted average
food security indicator. The conclusions drawn about
the need to adapt state policy to ensure the stability
of food security are still relevant in 2024, as the state
of food security remains extremely unsatisfactory. Arti-
cle I. Atamanyuk et al. (2019) is devoted to the impor-
tant economic problem of forecasting grain crop yields,
taking into account unstable weather factors, which is
extremely important in the process of monitoring the
condition of food security. A flowchart of the algorithm
is proposed, which illustrates the peculiarities of cal-
culating the parameters of the forecasting model, as
well as a formula for estimating the extrapolation error,
which helps to determine the amount of information
needed to obtain the desired level of forecasting quality.
Thus, the problem of ensuring food security in the
world is characterised by a high level of urgency, and
the outcomes of scientific research confirm the exist-
ence of serious threats to global food security caused by
conflicts, environmental pollution and economic crises,
in particular in the context of the war in Ukraine. The
extent of soil contamination is worsening the situation
with access to food, and effective solutions require a
comprehensive approach, including innovative agricul-
tural technologies and adaptation of public policies. It
is important that national governments make efforts to
restore the affected areas, monitor environmental im-
pacts, and implement sustainable practices to ensure
food security and achieve global development goals.

CONCLUSIONS
It is emphasised that the process of ensuring global
food security is complicated by numerous challenges,
of which climate change, military conflicts, economic
crises and pandemics such as COVID-19 are particular-
ly critical. Numerous research studies have pointed to a
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significant deterioration in food availability and quali-
ty, especially in regions that are dependent on imports.
In addition, the impact of armed conflicts causes food
prices to rise and increases the risk of famine in vulner-
able countries. The authors stress the importance of an
integrated approach to monitoring and managing food
security, one that considers economic, environmental,
and social factors in order to achieve sustainable de-
velopment goals. The essence of the economic category
of “global food security” is clarified, which is considered
as a complex state of the global food system, in which
all people in all regions of the world have physical, so-
cial and economic access to adequate, safe, high-quality
and nutritious food to ensure an active and healthy life
over the long term.

It is analysed that achievement of the 2" Sustaina-
ble Development Goal “ending hunger” by 2030 remains
one of the most acute problems in the world. Despite
some positive changes, global progress in this direction
is insufficient and uneven. In particular, in 2023, more
than 700 million people were hungry, and about 29% of
the world’s population faced food insecurity, especially
in low-income countries. The COVID-19 pandemic has
made the situation much more complicated, exacerbat-
ing food insecurity and disrupting food supply chains.
Projected indicators indicate that the world will not
be able to achieve the 2" Sustainable Development
Goal by 2030 without intensified efforts and innovative
solutions. An important aspect is the standardisation of
approaches to assessing food security financing, as ex-
isting funding gaps and insufficient monitoring make it
difficult to identify and overcome problems.

It has been shown that the dynamics of food in-
security in different regions of the world has signifi-
cant differences and peculiarities. Africa has the worst
situation, where the level of food insecurity continues
to grow (up to 58% in 2023), while in Asia it remains
stable and in Latin America the indicators are decreas-
ing. Africa remains the most vulnerable region, with
20.4% of the population suffering from hunger, and it
is projected that starting in 2030, the majority of the
world’s food-insecure population will reside in that re-
gion. Conflict, extreme climate events, economic stag-
nation and income inequality have been shown to be
the main factors that weaken food security, often acting
in combination to create a synergistic negative impact
on nutrition and access to food. These factors primarily
affect low- and middle-income countries, leading to a
significant increase in undernutrition. Many countries
are simultaneously affected by several of these factors,
which complicates the fight against hunger and makes
it necessary to develop comprehensive measures to
overcome food security problems.
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Consideration of new environmental technologies
for the remediation of contaminated areas, analysis of
the effect of climate change on global food security,and
assessment of the effectiveness of existing government
policies in the sphere of environment and agriculture
will form the basis for further research. Additionally, an
important area will be the development of integrated
approaches to monitoring soil and water quality, which
will allow for an accurate assessment of the effects of
military conflicts.
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Mo6anbHa npoaoBosibya 6e3neka:
BUKJ/IMKU Y AOCATHEHHI WiNnen ctanoro po3BUTKY
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AHoTtauig. OcHoBHa MeTa LbOro fO0CNiAKEHHS nongrana B 06rpyHTyBaHHIi 0COBNMBOCTEN Cy4aCcHOro CTaHy rnobanbHoi
npoLoBo/bYOi H6e3nekn. Y npoueci HanncaHHs cTaTTi 6ynuM BUKOPUCTAHI Taki MeToaM, ik 6ibnioMeTpuyHuMiA aHanis
(3a monomoroto Google Analytics, Vosviewer v.1.6.18 Ta SciVal), cucteMHO-CTPYKTYpHUI aHani3 i CUHTE3, iICTOPUYHNIA,
OianekTUYHUi, rpadiyHmMin Ta OEeCKpUNTUBHO-CTAaTUCTUYHUIA METOAMU. YTOUYHEHO CYTHICTb €KOHOMIYHOI KaTeropii
«rnobanbHa NpofoBonbyYa Hesnekayr, ska po3rnaLaETbCs SK KOMMIEKCHMIA CTaH CBITOBOI MPOLOBOMbYOI CUCTEMMY,
npu SIKOMy BCi NI0AM Y BCiX perioHax CBiTy MawTb di3MYHUI, COLiaNbHUI | €KOHOMIYHUI AO0CTYN A0 AO0CTaTHLOI
KiNbKOCTi 6e3neyHunx, SKiCHMX Ta MOXMBHUX XAp4YOBMX MPOAYKTIB, WO 3abe3nevyroTb akTUBHE Ta 340POBE XMUTTA
B [OBrOCTPOKOBi MepcrneKkTUBi. 3a3HA4YEHO, WO Nporpec y AOCATHEHHI 2-i Wini CTanoro po3BUTKY «iKBigauis
ronoay» € HeloCTaTHIM i HepiBHOMiIpHUM. Y 2023 poui noHas 700 MinbiOHIB Nto4ent y CBITI CTpaxaanu Big ronoay,
a 29 % CBiTOBOro HaceneHHs 3ilUTOBXHYAUCS 3 NPOAOBOIbYOI Hebe3nekoto. [porHo3m CBifYaTh, WO OOCATHEHHS
2-i uini ctanoro po3BuTKy go 2030 poky 6yne HeMOXIMBKUM 6€3 NOCUNIEHHS 3YCWU/b T BNPOBAXKEHHS iHHOBALIMN.
BcraHoBneHo, WwWo AMHaMiKa NpoaoBONbYOi Hebesnekn CUNbHO BapitoETbCA MiX perioHamu. B Adpuui cutyauis
HaMripwa - piBeHb NpoaoBonb4oi Hebesnekn pocsar 58 % y 2023 poui. OCHOBHUMM YUHHUKAMM, LLO NOTipLIYIOTb
CMTyaLilo 3 MPOAOBONbLYOKD Oe3nekot, € KOHGMNIKTU, eKCTpeMasbHi KAiMaTU4HI SBMLLA, €KOHOMIYHI Kpu3n Ta
HepiBHicTb Aoxogis. LLi dakTopyu CTBOPIOOTE CUHEPTETUYHUIA HEFAaTUBHUIA BNAUB, 0COBNMBO B KpPAiHaX i3 HU3bKKUM i
cepenHiM piBHEM L0XOAIB, i NOTPeOYOTb pO3p0OKM KOMMAEKCHMX 3aXO04iB ANS BUPilEHHS NpobaeM NpoaoBObYOi
6e3neku. MNpakTUUHa LiHHICTb AOCNILKEHHS MONAra€ y 3aCTOCYBaHHI pe3ynbTaTiB NPOBEAEHOr0 MOHITOPUHTIY CTaHy
NpoAoBObYOT Be3neku, WO CNpUSTUME NPURHATTIO eDEKTUBHUX pilleHb ANS NOAONAHHS TON0AY i AOCATHEHHS
Linen ctanoro po3suTKy

KntouoBi cnoBa: pusnk rosiogy; HeLOCTAaTHE Xap4yyBaHHS; €KOHOMiIYHA LOCTYMHICTb NPOAOBONBLCTBA; HEPIBHICTb Y
[LOCTYnNi A0 NPOAOBOLCTBA; AOCTYN A0 6€3MeYHUX XapuyOoBMX NPOAYKTIB; KOHPIKTK i NpoA0BO/bYA KpM3a
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Abstract. The study aimed to assess the state of production of pulses and their use in the Ukrainian market. To
achieve this goal, the production, yields, sown areas, export dynamics, and structure of the use of pulses such as
beans, soybeans, and peas in 2015-2023 were analysed. The study determined that the production of exports and
consumption of pulses in Ukraine from 2015 to 2023 shows significant changes in the industry. Production and
area under pulses declined significantly from 2015 to 2022 but began to recover in 2023. The dynamics of pulse
yields in the period from 2015 to 2023 are marked by fluctuations. Pea yields ranged from 22.4 cwt/ha in 2015
to 31.3 cwt/ha in 2016, with a further decline to 18.2 cwt/ha in 2018, before recovering to 25.7 cwt/ha in 2023.
Bean yields increased from 13.5 cwt/ha in 2015 to 16.3 cwt/ha in 2023, while soybean yields increased from 18.4
cwt/ha in 2015 to 25.8 cwt/ha in 2023. In addition, the structure of pulses used in 2015-2023 also changed: the
share of consumption in the food industry decreased from 35 to 27%, while the share of livestock increased from
40 to 48%. The share of the industry remained stable at 25%. The results obtained indicate the need to develop
and support the production of legumes in Ukraine, as well as to optimise the structure of their use
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INTRODUCTION

Pulses are important for agricultural development
due to their key role in ensuring food security, stimu-
lating agricultural sector development and supporting
sustainable rural development. They are an important
component of the market with a wide range of applica-
tions in various industries. The research relevance is de-
termined by the fact that despite the growing demand
for these crops, their production and processing remain
insufficient, causing market shortages and rising prices.
In addition, the research focuses on preserving and im-
proving soil fertility, as lequmes are an important ele-
ment of the agroecosystem.

According to B. Dessalegn et al. (2022), legumes
are a highly valuable component of the diet for both
humans and animals. These crops contain 20 to 30%
of protein on a dry weight basis, which is significant-
ly higher than in other crops. In addition, pulses are a
rich source of energy that can be used not only for food
but also for industrial purposes. The ecological value of
pulses is also high, as they have a positive impact on
the environment. According to M. Behnassi & M. El Hai-
ba (2022), legumes improve soil structure and increase
soil fertility and water permeability, which facilitates
the growth of other crops. In addition, legumes are ef-
fective in combating soil erosion, as their roots can hold
soil, which prevents it from being carried away. A. Frei-
denreich et al. (2022) also note that legumes increase
biodiversity by providing food for various species of in-
sects, birds and animals. Studies have also shown that
legumes can be used to restore soils that have been
damaged by intensive agriculture. They improve soil
structure, increase its fertility and reduce degradation
(Tibagonzeka et al., 2018). In addition, legumes can be
used to create biological fertilisers that can replace
synthetic fertilisers and reduce the environmental im-
pact of agriculture (Zhao et al., 2024).

Notably, the energy industry also uses pulses to
produce biofuels, which are an alternative source of
energy for transport and various industries. According
to S. Nath (2024), biofuels have several advantages.
For example, it can be produced from local raw ma-
terials, which reduces dependence on energy imports
from other countries. H. Yatsenko (2020) also noted that
biofuels are a cleaner source of energy than tradition-
al sources, as they do not contain sulphur and other
harmful substances, rendering them a better option for
countries seeking to reduce their environmental impact
and increase energy independence. Thus, pulses are an
important element of sustainable agricultural develop-
ment and environmental protection (Fiott, 2022).

In Ukraine, growing pulses open new opportunities
for exports and economic growth. Following O. Krup-
chan & V. Korol (2022), these crops are an important
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export commodity that brings foreign exchange earn-
ings to the country and makes them an important com-
ponent of international trade. This suggests that the
development of the pulses industry could become one
of the key areas for the development of the Ukrainian
economy and increase its competitiveness in the global
market. Increased exports of pulses will also contrib-
ute to the development of agriculture and the creation
of new jobs in this sector. In this regard, A. Bohra et
al. (2022) believe that the development of pulses pro-
duction will contribute to increased investment in ag-
riculture, improved infrastructure and the overall eco-
nomic situation in Ukraine.

In the context of analysing the data from various
authors, it should be noted that there is a gap in the
collection and analysis of data on pulse production
and consumption in Ukraine. Many studies focus on
specific aspects of production, such as cultivation tech-
nologies, economic efficiency or environmental impact,
but do not provide a complete picture of the pulses
market in Ukraine. In addition, data on the production
and consumption of pulses are often outdated or un-
representative, making it difficult to conduct a reliable
analysis. Therefore, to get a complete picture of the
pulses market in Ukraine, it is necessary to conduct a
comprehensive study that includes the collection and
analysis of data on the production, yields, consumption
and trade of pulses.The study aimed to assess the state
of pulse production in Ukraine and its role in the mar-
ket. To achieve this goal, the following objectives were
set: to analyse the yields and consumption patterns of
pulses in Ukraine and to develop recommendations
for improving production efficiency and increasing ex-
ports of pulses.

MATERIALS AND METHODS

To conduct a comprehensive statistical analysis of
pulse harvests in Ukraine, including their use and role
in the agricultural sector, data from the Open Data
Portal of Ukraine (n.d.) and State Statistics Service of
Ukraine (n.d.) was used. The study was conducted us-
ing a comprehensive approach that included the use
of several statistical analysis methods to study in de-
tail the production and use of pulses in Ukraine. To
logically combine the statistical data, the information
was grouped and patterns alongside prospects of us-
ing these crops in Ukraine were analysed. The data ob-
tained were analysed to identify trends and patterns
in the production and export of pulses in Ukraine,
including production dynamics, production and ex-
port structure. The information was also systematised,
classified and analysed to identify patterns and trends
in the use of pulses.



The study conducted a detailed analysis of several
key indicators to get a definitive overview of the current
state and prospects of pulses in Ukraine, including soy-
beans, beans and peas. The focus of this analysis was on
the dynamics of production, yields, sown areas, exports
and the overall structure of pulses used in the period
from 2015 to 2023. The dynamics of pulse production
were studied to determine the general trends in pro-
duction volumes over the period. Thus, general trends
in the agricultural sector were analysed, and annual
fluctuations were determined. Yields, as an important
indicator of the effectiveness of agronomic practices,
were analysed to determine the level of productivity of
each pulse crop, which included consideration of aver-
age yields, their changes over time, and comparison of
yields of different crops with each other. The analysis of
sown areas determined the scale of pulse cultivation in
Ukraine and identified regions where pulses are most
developed and promising. Exports were analysed to as-
sess the competitiveness of Ukrainian pulses on the in-
ternational market. The overall structure of pulses used
was analysed to determine their role in the Ukrainian
economy. This data was selected due to its complete-
ness and reliability, as it was collected and validated by
government agencies.
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RESULTS
An analysis of the production and area of pulses in
Ukraine shows important changes in this sector of ag-
riculture. Thus, according to the Open Data Portal of
Ukraine (n.d.) and State Statistics Service of Ukraine
(n.d.), there is a downward trend in production and area
under these crops from 2000-2020.In 2015, the produc-
tion of pulses in Ukraine amounted to 502.1 thousand
tonnes and the area under these crops was 246.7 thou-
sand hectares, which increased to 600 thousand tonnes
and 310.3 thousand hectares in 2020. In 2021 produc-
tion continued to grow, reaching 680.6 thousand tonnes,
with a stable area of 310.7 thousand hectares. Howev-
er, the decline in pulse production to 334.2 thousand
tonnes in 2022 is of particular concern. The area under
these crops also decreased, reaching 174.1 thousand
hectares in the same year. This stagnation can be attrib-
uted to various factors, including economic difficulties,
changes in agricultural policy, climatic conditions, and
war. However, there was some growth in 2023: produc-
tion of pulses increased to 365 thousand tonnes and
the area under them grew to 201 thousand hectares,
indicating positive changes and the beginning of the
industry’s recovery after a period of prolonged decline

(Fig. 1).

Production

== Area

2022 2023

Figure 1. Production (thousand tonnes) and area (thousand hectares) of pulses, 2015-2023
Source: compiled by the authors based on the Open Data Portal of Ukraine (n.d,) and State Statistics Service of Ukraine (n.d.)

The analysis of the sown area of pulses for the
2024 harvest in Ukraine shows an overall increase in
all regions of the country. The total area under puls-
es in Ukraine in 2024 is 292.9 thousand hectares, up
41.9% compared to 2023. This significant increase in-
dicates a gradual recovery and expansion of produc-
tion after a period of decline, which may be due to
increased demand for these crops in the domestic and
foreign markets.

In most of Ukrainian regions, an increase in sown
areas is notable. In particular, the area increased by
11.6% in the Vinnytsia region, by 69.6% in the Volyn
region and by 26.9% in the Dnipro region. Zhytomyr
region showed an increase of 33.8%, and Zaporizhzhia

region — 64.1%. The increase in planted areas is also
observed in Kyiv region (21.1%), Kirovohrad region
(40.6%) and Lviv region (25.3%). The largest growth
was recorded in Mykolaiv region, where the area under
crops increased by 90.2%, and in Odesa region, where
the growth was 93.4%. Luhansk region was the only re-
gion to record a 9.6% decline in the area under pulses.
Data for the Kherson region is not available due to the
current situation in the region, which is caused by the
fact that in 2023 the Kakhovka Dam, a critical infra-
structure facility on the Dnipro River, was destroyed by
Russian militants. Overall, the increase in planted areas
in most regions indicates renewed interest in pulses
and the possibility of their sustainable development
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in the future. This positive trend indicates a potential
increase in the production of these crops, which is an

Table 1. The sown area of pulses for the harvest of 2024 in farms of all categories by region, thou hectares

Sown area
2024 2024 in % before

Ukraine 292.9 141.9
Vinnytsia region 12.2 111.6
Volyn region 6 169.6
Dnipropetrovsk region 15.9 126.9
Donetsk 2.3 109.4
Zhytomyr region 104 133.8
Zakarpattia region 1.6 106
Zaporizhia region 6.2 164.1
Ivano-Frankivsk region 4.9 104.5
Kyiv region 72 1211
Kirovohrad region 23.6 140.6
Luhansk 0.2 90.4

Lviv region 3.9 125.3
Mykolaiv region 37.2 190.2
Odessa region 72 193.4
Poltava region 124 108.9
Rivne region 2.5 159.4
Sumy region 8.9 136.3
Ternopil region 9 132.4
Kharkiv region 22.7 111.6
Kherson region N/A N/A
Khmelnytskyi region 9.7 110.3
Cherkasy region 9.4 106.8
Chernivtsi region 1.2 105.6
Chernihiv region 9.7 107.2

important factor in ensuring the country’s food security
and supporting its agricultural economy (Table 1).

Source: compiled by the authors based on the Open Data Portal of Ukraine (n.d,) and State Statistics Service of Ukraine (n.d,)

The analysis of the dynamics of pulse yields, in par-
ticular soybeans, beans and peas, for the period from
2015 to 2023 shows instability in the indicators, which
may be due to various factors, including weather con-
ditions, growing technologies and agronomic practices.
Overall, the yield of cereals and pulses increased from
41.1 cwt/ha in 2015 to 46.2 cwt/ha in 2023. The peak
yield was reached in 2019 at 49.1 cwt/ha. This growth
reflects an overall improvement in agricultural practic-
es and growing conditions.

Pea yields showed significant fluctuations dur-
ing the period under review. In 2015, the yield was
22.4 cwt/ha, rising to 31.3 cwt/ha in 2016, but then
dropping to 18.2 cwt/ha in 2018. In 2023, yields rose
again to 25.7 cwt/ha. The yield of beans increased from
13.5 cwt/ha in 2015 to 16.3 cwt/ha in 2023.The lowest
figure was in 2015, and the highest was in 2018 - with
17.7 cwt/ha. Soybean yields are also on the rise, rising
from 18.4 cwt/ha in 2015 to 25.8 cwt/ha in 2023. The
highest level was reached in 2018 and 2023 - with
25.8 cwt/ha. This relatively stable growth reflects the
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gradual improvement of agricultural practices and tech-
nologies (Fig.2). The results show that Ukrainian exports
of soybeans, peas and beans have significant potential,
but certain fluctuations could be caused by internal and
external factors, such as changes in global market de-
mand and the military and political situation. Thus, in
2015, soybean exports amounted to 2.4 million tonnes,
peaked in 2016 (2.9 million tonnes), and then declined
to 1.4 million tonnes in 2021.1n 2022, soybean exports
increased to 3.2 million tonnes, and in 2023 reached
3.6 million tonnes, the highest level for the entire period.

In 2015, pea exports totalled 340 thousand tonnes,
with growth continuing until 2018, when exports
reached 475 thousand tonnes. After that, there was a
decline to 103 thousand tonnes in 2022, but in 2023,
exports increased to 132 thousand tonnes. Bean ex-
ports grew gradually from 5 thousand tonnes in 2015
to 16 thousand tonnes in 2021. After that, there was
a slight decline to 13.4 thousand tonnes in 2022, and
in 2023, exports of the crop increased to 14 thousand
tonnes (Fig. 3).
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Figure 2. Yield dynamics of pulses, t/ha (2015-2023)
Source: compiled by the authors based on the Open Data Portal of Ukraine (n.d,) and State Statistics Service of Ukraine (n.d.)
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Figure 3. Exports of soybeans (million tonnes), peas and beans (thousand tonnes) from Ukraine (2015-2023)
Source: compiled by the authors based on the Open Data Portal of Ukraine (n.d,) and State Statistics Service of Ukraine (n.d.)

The study determined that the structure of lequme
crops used in Ukraine in 2015-2023 is characterised by
a variety of purposes and areas of use. The main uses of
pulses are in the food industry, livestock and industry.
The food industry is the largest consumer of pulses in
Ukraine, accounting for about 35% of total consump-
tion in 2015, gradually decreasing to 27% in 2023. Live-
stock is the second largest industry, with its share in-
creasing from 40% in 2015 to 48% in 2023.This growth
was driven by increased demand for pork, poultry and
cattle feed.

60
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Industry, including the production of biofuels,
chemicals, pharmaceuticals and other products, has
maintained a stable share of 25% of total pulses con-
sumption throughout the period. Exports and agricul-
ture account for about 10 and 2% respectively, with no
significant changes over the period. In the food industry,
the largest sub-sectors are the production of canned
beans, sauces, condiments, meat and bakery products, in
livestock production - the production of feed for pigs,
poultry and cattle, and in the industry - the production
of biofuels, chemicals and pharmaceuticals (Fig. 4).
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Figure 4. The general structure of pulses used in Ukraine in 2015-2023, %
Source: compiled by the authors based on the Open Data Portal of Ukraine (n.d,) and State Statistics Service of Ukraine (n.d.)
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According to the Open Data Portal of Ukraine (n.d.)
and State Statistics Service of Ukraine (n.d.), the mar-
ket for pulses in 2015-2023 demonstrated several key
trends. In particular, the demand for pulses in Ukraine,
especially soybeans, beans and peas, was growing due
to the increase in the production of feed for livestock
and food industry. The development of the domestic
pulses market has allowed farmers and producers to
sell their products on the domestic market, not just
export them. Large trading companies and chains are
playing an increasingly important role in the pulses
market, which has allowed them to control a significant
market share and influence prices.

It is important to note that the development of
e-commerce in pulses has allowed farmers and produc-
ers to sell their products online and get better prices.
The popularity of organic and environmentally friendly
pulses products grew and helped farmers to get better
prices for their products. The cooperative movement
among farmers is developing, allowing them to unite
and jointly sell their products on the market. The role of
the state in regulating the pulses market is also grow-
ing, as is its influence on prices, ensuring supply stabil-
ity and supporting farmers.

The main actors in the pulses market in Ukraine
are farmers and producers of pulses who produce and
sell their products on the market, trading companies
and networks that buy and sell pulses on the market,
the food industry that uses pulses for food production,
the livestock industry that uses pulses for animal feed
production, and government agencies that regulate the
pulses market and support farmers. In Ukraine, pulses
are sold through several key distribution channels that
ensure their availability on the market. Retail is an im-
portant link that allows farmers and producers to offer
their products directly to the end consumer through su-
permarkets, shops and markets. This ensures wide ac-
cess to pulses for ordinary consumers. Wholesale trade,
in turn, is critical to ensuring the availability of pulses
on the market. Retailers and chains purchase products
in large volumes, which allows them to supply numer-
ous retail outlets and other consumers.

Exports are another important component of the
pulses market in Ukraine. It assists Ukrainian producers
in entering the international sales market and generat-
ing revenue from the sale of their products abroad. The
food industry uses pulses to make a variety of products,
such as canned beans, sauces, condiments and other
food products. This could be used to turn raw materials
into finished products, which are then sold to consum-
ers. The livestock industry also uses pulses, to produce
feed for pigs, poultry and cattle. This increased the pro-
ductivity of animals and improved their quality.

Ukrainian Black Sea Region Agrarian Science, 28(4), 21-31

Improving production efficiency and increasing
exports of pulses in Ukraine requires a comprehensive
approach that addresses various aspects of the industry.
To achieve this, it is necessary to increase the produc-
tion of pulses by expanding the area under cultivation,
improving yields and improving product quality. The
government can support farmers by providing sub-
sidies, training and access to modern machinery and
equipment. It is necessary to develop the infrastructure
for the processing and storage of pulses, which will al-
low to produce high-quality products that will be ex-
ported to other countries.

Diversification of Ukrainian pulses exports will
also be beneficial, with exports to other regions such
as the Americas and the Middle East to be expanded.
To support exporters, the government can fund export
market research to help identify new opportunities and
increase exports and organise trade missions to other
countries to establish contacts with potential buyers
and conclude trade deals. An important step will be to
improve the quality of pulse products by implement-
ing a set of control measures. These measures include
product certification, labelling and promotion of sus-
tainable agricultural and production practices. This will
increase consumer confidence in Ukrainian products,
improve their competitiveness in the global market
and increase exports. In addition, the implementation
of such measures will help reduce risks to consumer
health, improve the environment and increase produc-
tion efficiency.

However, the war in Ukraine significantly impedes
the implementation of these recommendations. Hos-
tilities can affect the availability of resources, security
and infrastructure. In such circumstances, it is neces-
sary to focus on small but effective steps that can be
implemented even in a limited resource environment
and unstable situation. Adherence to these recommen-
dations will enable significant progress in the develop-
ment of pulse production and exports in Ukraine. This
will increase production efficiency, improve competi-
tiveness in the global market and take a leading posi-
tion among the leading players. In addition, it will im-
prove the Ukrainian reputation as a reliable supplier of
high-quality products, increase exports and revenues,
and create new jobs, stimulating economic growth in
the agricultural sector.

DISCUSSION
Ukraine is a significant link in providing food for the
world’s population, and growing crops is one of the
main areas of the agricultural sector. The country has
unique natural conditions, a large land area and a rich
history of agricultural development, which creates



favourable opportunities for the successful cultivation
of various crops, including pulses. The analysis of the
production and area of pulses in Ukraine shows signifi-
cant changes in this sector of agriculture. During 2015-
2020, there was a downward trend in production and
area under these crops. Except for 2023, when there
was a slight increase in production and area, which in-
dicates positive changes and the beginning of the in-
dustry’s recovery after a period of decline.

V. Kravchenko et al. (2019) noted a decrease in the
area and production of pulses, citing economic diffi-
culties and climatic instability as the main reasons for
this phenomenon. Similar conclusions were drawn by
M. Bacchi et al. (2021), which pointed to the negative
impact of the political situation and conflicts on the ag-
ricultural sector, leading to a decrease in the area under
crops and production of pulses. However, the analysis of
the sown area of pulses for the 2024 harvest in Ukraine
has already shown a general increase in all regions of
the country, which indicates a gradual recovery and ex-
pansion of production. At the same time, the dynamics
of yields of pulses, in particular soybeans, beans and
peas, showed a stable performance over the period
from 2015 to 2023, which could be caused by various
factors, including weather conditions, growing technol-
ogies, agronomic practices and war.

The results obtained by S. Kvasha et al. (2023)
confirm the data obtained. They attribute the grad-
ual growth and recovery of the agricultural sector to
positive developments associated with increased de-
mand for pulses and improved agronomic practices. In
addition, scholars, including S. Belete et al. (2019) and
C.K.Walker et al.(2023),confirm the upward trend in soy-
bean yields, although note problems with pea and bean
yields due to differences in growing technologies and
climatic conditions. The study established that Ukrain-
ian exports of soybeans, beans and peas have signifi-
cant potential, but certain fluctuations may be due to
internal and external factors, such as changes in global
market demand and the military and political situation.

In terms of export markets, Ukraine has the poten-
tial to increase exports of pulses to Asia and Africa, as
well as to the European Union. During the 2000s and
2020s, pulses gained significant international demand,
which led to an increase in their production and ex-
ports.As one of the leading producers of pulses, Ukraine
has also increased its participation in global exports.
According to the Open Data Portal of Ukraine (n.d.) and
State Statistics Service of Ukraine (n.d.), the most ex-
ported pulses are soybeans, peas and beans. As a con-
firmation of the research findings, several scholars, in-
cluding L.M. Portner et al. (2022) and Y. Li et al. (2024),
note that Ukraine is one of the largest producers of
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pulses in the world, with a harvest of over 2 million
tonnes per year. High harvests allow Ukraine to take a
leading position among the largest exporters of these
crops on the world market. This provides significant in-
come for agricultural enterprises and farms specialising
in pulses. Growing demand for the products encourag-
es farmers to expand the area under these crops and
introduce modern growing technologies. This trend is
driven by an increase in global protein consumption,
which creates new opportunities for Ukrainian farm-
ers (Carton et al., 2022; Yigezu et al., 2024).

M. Behnassi & M. EL Haiba (2022) also confirm
that Ukraine is one of the leading exporters of puls-
es in the world. Key export markets include the Euro-
pean Union, India, China and the Middle East. In 2022,
Ukraine exported about 1.5 million tonnes of pulses,
which brought significant foreign exchange earnings to
the national budget. In 2023, exports of pulses showed
steady growth, confirming Ukrainian high export po-
tential in this segment. The expansion of production
capacities and the active introduction of innovative ag-
ricultural technologies have helped to strengthen the
Ukrainian position in the global pulses markets.

A study by D. Rawtani et al. (2022) showed that
pulses are one of the most profitable areas of Ukraini-
an agriculture. The authors also note that Ukraine has
significant potential to increase production and ex-
ports of pulses, especially to the European and Asian
markets. This is caused by the fact that pulses play a
significant role in ensuring food security, replenish-
ing the protein balance and maintaining soil fertility.
According to M.T. Roberts (2021), pulse production in
Ukraine is not only economically important but also
socially important, as maintains employment in rural
areas, which is significant for the development of lo-
cal communities. In addition, the production of puls-
es stimulates the development of infrastructure, trade
and services in rural areas, which helps to improve the
quality of life of the population and increase their ac-
cess to social services.

However, according to I. Salim et al. (2019), there is
a risk of lower pulse yields caused by adverse weath-
er conditions such as drought or excessive moisture,
which could lead to lower pulse exports and income
losses for agricultural enterprises and farmers. Low har-
vests could also lead to higher prices for pulses on the
domestic market, which would negatively impact con-
sumers. Following E. Shahini et al. (2023), current global
changes, economic instability and geopolitical difficul-
ties pose serious challenges to Ukraine’s agricultural
sector, such as water shortages, rising energy prices,
declining soil fertility, biodiversity loss, trade barriers
and political crises.
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This opinion is also confirmed by H. Zhang et
al. (2022) and B. Xavier (2023), who believe that cli-
mate change is a serious threat to agriculture in gen-
eral. Adapting to these changes requires strategies
that include changing agricultural practices, soil con-
servation, irrigation and diversification of production.
The development and implementation of new tech-
nologies, raising awareness among farmers, establish-
ing a system for monitoring and forecasting climate
phenomena, and supporting research and develop-
ment should be implemented to adapt agriculture to
climate change.

Therefore, the study confirms the conclusions of
C. Shikovets et al. (2020), which emphasise that to en-
sure the sustainable development of plant-based food
production in Ukraine, it is necessary to address these
challenges through the introduction of innovative tech-
nologies, environmental protection, efficient resource
management, support for research and education, in-
creased financial sustainability, infrastructure develop-
ment and government support, and political stability.
In addition, the development of the pulses market in
Ukraine requires solving the problems associated with
the damaged infrastructure of ports and granaries, as
well as developing new routes for exporting pulses
from Ukraine. This will help to increase the efficiency of
pulse exports and reduce transportation costs.

At the same time, C. van der Giesen et al. (2022)
emphasise that the environmental impact of increas-
ing the production and export of pulses should not be
forgotten. Increased pressure on the ecosystem and
increased environmental pollution can be serious con-
sequences of such development. Therefore, to address
the environmental challenges associated with increas-
ing production and exports of pulses, it is necessary to
introduce environmentally friendly technologies and
practices. These technologies include organic farming,
conservation agriculture, efficient water use, biodiversi-
ty conservation, renewable energy, and pollution moni-
toring and control (Anders et al., 2020). Thus, the results
of this study confirm the findings of other researchers
regarding the potential of Ukraine to increase produc-
tion and exports of pulses, and the need for infrastruc-
ture development and investment in the agricultural
sector to achieve this potential.

CONCLUSIONS
An analysis of pulse production in Ukraine shows sig-
nificant changes in the sector. In particular, in 2015,
Ukraine produced 502.1 thousand tonnes of pulses in
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an area of 246.7 thousand hectares. By 2020, produc-
tion increased to 600 thousand tonnes, and the area un-
der these crops increased to 310.3 thousand hectares.
In 2021, the production of pulses continued to grow
and reached 680.6 thousand tonnes, while the area re-
mained at 310.7 thousand hectares. However, in 2022,
the production of pulses decreased to 334.2 thousand
tonnes and the area - to 174.1 thousand hectares. How-
ever, in 2023, there was a positive trend: production in-
creased to 365 thousand tonnes and the area grew to
201 thousand hectares, which may indicate a recovery
in the industry. The dynamics of pulse yields from 2015
to 2023 showed fluctuations in performance. Pea yields
ranged from 22.4 cwt/ha in 2015 to 31.3 cwt/ha in
2016, with a further decline to 18.2 cwt/ha in 2018 and
arecoveryto 25.7 cwt/ha in 2023.Bean yields increased
from 13.5 cwt/ha in 2015 to 16.3 cwt/ha in 2023. Soy-
bean yields have also increased from 18.4 cwt/ha in
2015 to 25.8 cwt/ha in 2023.

Exports of pulses showed significant potential.
Ukrainian soybean exports increased from 2.4 million
tonnes in 2015 to 3.6 million tonnes in 2023, reaching a
record level. Exports of peas decreased from 340 thou-
sand tonnes in 2015 to 103 thousand tonnes in 2022
but increased again to 132 thousand tonnes in 2023.
Bean exports grew gradually from 5 thousand tonnes
in 2015 to 14 thousand tonnes in 2023. The structure
of pulses used showed a variety of directions. The food
industry decreased its share of consumption from 35 to
27%,while livestock increased its share from 40 to 48%.
The industry has maintained a stable share of 25%. The
main players in the domestic market of Ukraine are
farmers, trading companies, the food industry and live-
stock, which influence the sale of products through re-
tail, wholesale and export.

The limitation of the study is that its period covers
only 2015 to 2023, which may not address long-term
trends and cycles in the production and consumption of
pulses. In addition, the war in Ukraine complicates the
accuracy and completeness of statistical data and can
significantly affect the production, storage and trans-
portation of pulses. The prospect of further research is
to develop strategies to reduce the risks for farmers as-
sociated with growing pulses.
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CTaTUCTUYHMM aHaNi3 BpOXKaiB 3epHO6060BUX KyNbTyp
i BUKOPUCTaHHS iX Ha PUHKY YKpaiHU

AHTOHiIHaA [pob6iTbKO

[oKTop cinbCcbkorocnoaapCbkmux Hayk, npodecop
MuWKoNaiBCbKMI HALIOHANbHWIA arpapHuUiA YHiBepcuTeT
54008, syn. leopris loHraase, 9, M. Mukonais, YkpaiHa
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Terana KauaHoBa
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TetaHa MaHyLKiHa

KaHaunaaT cinbCbKOrocnoaapCbKnx HayK, AOLEHT
MUWKONaiBCbKMI HALLIOHANbHWIA arpapHuiA YHiBepcuTeT
54008, syn. leopris loHraase, 9, M. Mukonais, YkpaiHa
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lMHek Py6ik

LokTop dinocodii, goueHT

YecbKuii YHIBEPCUTET NPUPOLHUUYMX HAYK

16500, Byn. Kamuupka, 129, m. Mpara, Yecbka Pecnybnika
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AHoTauif. MeTo BMKOHAHOrO AO0CHILKEHHS OYNOo OUIHMTM CTaH BMPOOGHMUTBA 3epHOB0O0BMX KynbTyp Ta iX
BMKOPUCTAHHS HA pUHKY YKpaiHu. g AOCArHEHHS NOCTaBIEHOI METU MPOaHANi30BaHO BUPOOHMLITBO, YPOXKAMHICTD,
MOCIBHI MIOLL, AMHAMIKY eKCMOpTYy Ta CTPYKTYPY BMKOPUCTAHHA TakMx 3epHOB6000BUX KynbTyp, K KBACOAS, COS
Ta ropox 3a 2015-2023 pp. BctaHoBNEHO, WO BUPOOHULUTBO, EKCMOPT Ta CMOXMBAHHS 3€epHOB060BUX KynbTyp B
Ykpaini 3 2015 no 2023 poku nokasye CyTTeBi 3MiHWM B ranysi. BupobHuuteo Ta nnowa nocisiB 3epH06060BUX
KyNnbTyp 3HauHo ckopotunucs y 2015-2022 pp., ane noyanu BigHosnoBatuca B 2023 poui. [IMHamika ypoxamiHoCTi
3epH06060BMX KynbTyp 3a nepiog 2015-2023 pp. Big3HAYaETbCA KONMBAHHAMU. YPOXKaMHICTb ropoxy BapitoBana
Big 22,4 u/ray 2015 poui po 31,3 u/ray 2016 poui, 3 noganbwmm 3HmxkeHHaM o 18,2 u/ra'y 2018 poui, a noTim
BigHoBMnacs po 25,7 u/ray 2023 poui. YpoxarHictb kBaconi 3pocna 3 13,5 u/ra'y 2015 poui go 16,3 u/ray 2023
poui, ypoxanHictb coi 36inbwmnaca 3 18,4 u/ra y 2015 poui po 25,8 u/ra 'y 2023 poui. Kpim Toro, ctpyktypa
BMKOPUCTaHHA 3epH06060BMx KynbTyp Yy 2015-2023 pokax TakoX 3MiHWMNACA: Y4acTKa CMOXMBAHHS Y Xap4yoBi
NPOMMUCNOBOCTI 3MeHWwMnaca 3 35 % pno 27 %, Toai gk yacTka TBapuMHHUUTBA 3pocna i3 40 % no 48 %. Yactka
NPOMUCNOBOCTI 3aMLumMnacs ctabinbHo Ha piBHi 25 %. OTpuMaHi pe3ynbTaTh CBifYaTh MPO HEOOXiAHICTb PO3BUTKY
Ta NiATPUMKM BUPOBHMLTBA 3epHOH6060BMX KyNbTyp B YKpaiHi, @ TaKoX ONTMUMIi3aLii CTPYKTYpH iX BUKOPUCTAHHS

KntouoBi cnoBa: ekcnopT; NOCiBHI NAIOLLI; COS; FOPOX; KBACONS; CilbCbKOroCnofapcbke BUPOOHULUTBO
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Abstract. This article overviews the major diseases affecting tomato plants (Solanum lycopersicum), caused by
viral, bacterial, and phytopathogenic microorganisms. Pathogenic microorganisms parasitising tomato plants lead
to significant crop losses in agricultural production, reducing the quality of the produce. The study aimed to
investigate the impact of microorganisms on tomato plants, the extent of their harmful effects, and methods of
controlling disease pathogens. It has been established that the primary diseases of tomato plants are caused by
fungi of the genera Fusarium (fusarium wilt), Phytophthora (late blight), Botrytis (grey mould), and Alternaria (early
blight); viruses such as tomato spotted wilt virus and tomato yellow leaf curl virus; and bacteria such as Ascochyta
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cucumis (bacterial canker of tomatoes) and Xanthomonas vesicatoria (bacterial spot). Agricultural chemicals are
recognised as an essential component in pest and disease management, and the primary means of combating
plant diseases include chemical substances such as prochloraz, thiabendazole, propiconazole, carbendazim,
benomyl, thiophanate, fuberidazole, and others. Systemic fungicides are crucial in controlling various diseases and
exhibit beneficial physiological or growth-stimulating effects on plants, including delaying leaf senescence and
increasing chlorophyll content. It has been observed that fungicides (chemical groups: strobilurin and carboxamide)
are effective in combating early blight, while the primary strategy for controlling grey mould involves chemical
management through the use of synthetic fungicides such as quinone inhibitors, benzimidazoles, carbamates,
phenylpyrroles, and succinate dehydrogenase inhibitors. Reviewing diseases and chemical control methods for
pathogens is highly valuable for agricultural applications. The practical significance of this research lies in its
ability to help agricultural producers manage their crops effectively and maintain fruit quality. Knowledge of
the major diseases affecting tomatoes enables the timely identification of symptoms and the implementation of
appropriate preventive and treatment measures

Keywords: digital technologies; electronic systems; accounting automation; economic efficiency; audit and control

INTRODUCTION

Knowledge of the diseases that can affect plant health
and crop vyield is essential for taking timely measures
to prevent and control them. The use of fungicides and
other chemical agents can be effective in combating
diseases and preserving the harvest, particularly for
tomatoes. It is important to continually update knowl-
edge on new control methods and protective measures
to safeguard agricultural crops from pests. Diseases of
Solanum lycopersicum, caused by pathogenic microor-
ganisms, are among the most dangerous biotic stress-
es, negatively impacting yield and causing significant
damage in various countries, including Ukraine. Micro-
scopic fungi, in particular, lead to substantial crop loss-
es by parasitising plants, significantly reducing both the
quality and quantity of agricultural produce.

Phytopathogens of Solanum lycopersicum produce
toxins (mycotoxins), which pose a serious threat to hu-
man and animal health, as they can cause diseases and
poisoning. This can lead to conditions such as afla-
toxicosis and ochratoxicosis. To prevent widespread
illness caused by micromycetes, it is essential to im-
plement control and preventive measures, including
the selection of resistant varieties, agronomic practic-
es, fungicidal treatments, monitoring, control, chemi-
cal and biological remediation, and further research
(Suresh et al., 2022). Researchers such as A. El-Na-
gar et al. (2020), Z. Maskova et al. (2022) and A. Sla-
ma et al. (2022) have concluded that pathogenic fungi
are the most prevalent microorganisms causing plant
diseases, affecting up to 80% of crops. This conclusion
highlights the importance of studying and controlling
these microorganisms to ensure plant health and pro-
ductivity. These research findings may prove valuable
in developing strategies to combat phytopathogenic
micromycetes and improve disease management in
agriculture.

M.Attia et al. (2020) investigated that tomato plants
can be affected by several disease pathogens, which
can develop on all vegetative organs of the plants. They
also analysed the antagonistic activity of A. solani and
recorded the plant’s metabolic resistance indicators in
response to induced systemic resistance. The results
showed that the isolates reduced disease development
in the plant by 13%, with the plant’s protective capacity
reaching 84.3%. Y. Nehela et al. (2021), while studying
the protective potential of benzoic acid and two of its
hydroxylated derivatives (hydroxybenzoic acid and pro-
tocatechuic acid) against the Alternaria pathogen, found
that all the compounds significantly reduced pathogen
development. Hydroxylated derivatives and benzo-
ic acid enhanced vegetative growth and yield. These
findings highlight the physiological and biochemi-
cal mechanisms they possess. Researchers S. Panno et
al. (2021) noted that, due to the genetic characteristics
of tomatoes, they are susceptible to numerous patho-
gens (bacterial, fungal, viral, and phytoplasmal). There-
fore, recognising symptoms and understanding the
spread of diseases, along with early detection methods
for pathogens, are key prerequisites for successful dis-
ease treatment. The scale and pace of tomato vegetable
production, as well as the degree to which the popula-
tion’s demand for vegetables is met, are determined by
the development of horticulture in the country.

Tomatoes (Solanum lycopersicum L.) hold a signif-
icant position among vegetable crops and are one of
the most popular worldwide (FAOSTAT, n.d.). Prior to the
full-scale invasion, Ukraine had up to 84.3 thousand
hectares under tomato cultivation. By 2022, Ukraine
ranked 13™ globally in tomato production (2.4 million
tonnes). However, by 2024, production had decreased
to 1.3 million tonnes, placing Ukraine 19t globally. The
production of fresh market and processed tomatoes
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faces numerous challenges caused by diseases stem-
ming from various pathogens. The main groups of path-
ogens affecting tomatoes include fungi, bacteria, and
viruses (FAOSTAT, n.d.). Due to intensive breeding, culti-
vated tomatoes have reduced genetic diversity, making
them more susceptible to over 200 diseases caused by
various phytopathogens. This vulnerability has driven
researchers to develop new varieties with greater re-
sistance (Panno et al., 2021).

This study aimed to identify and analyse the major
diseases affecting tomatoes and to investigate chemical
methods for controlling plant diseases and pathogens.
To achieve this, the research tasks included analysing
the informational basis of the study, as presented in the
materials of scientific publications by international au-
thors. These publications, indexed in databases such as
Scopus and Web of Science (e.g., International Journal
of Molecular Sciences, Biological Control, Plants, Journal of
Plant Biochemistry and Biotechnology, Biocontrol Science
and Technology), provided detailed insights into the cho-
sen topic. The analysis and synthesis of these research
enabled a comprehensive understanding of interrelat-
ed processes, leading to certain conclusions and the
resolution of the research objectives. The abstract-log-
ical method was used to highlight specific features and
patterns, facilitating theoretical generalisation based
on the obtained data. The object of the study included
tomato plants and the pathogenic microorganisms that
inhabit them. Over a year, a retrospective analysis of
scientific publications on tomato diseases was conduct-
ed. No standards, legal acts, or laws were used in the
presentation of the material in this article.

PHYTOPATHOGENIC MICROMYCETES AS DISEASE

AGENTS IN TOMATO AGROECOSYSTEMS
One of the most well-known and destructive diseases
of tomatoes is fusarium wilt, caused by Fusarium ox-
ysporum. This disease adversely affects tomato cultiva-
tion, causing significant damage at all stages of plant
growth. It infects tomato plants and leads to crop loss-
es ranging from 20% to 60, with some cases reporting
losses of up to 90%. Additionally, high infection rates
in tomato plants have been observed at temperatures
around 27°C (Hassan, 2020). For instance, Fusarium-in-
duced crop damage in Egypt reached up to 67% (Srini-
vas et al., 2019).

Fungi of the genus Fusarium spp. can also produce
secondary metabolites (mycotoxins) in food products,
which can lead to contamination in humans and other
animals (Alamri et al., 2018; Lombard et al., 2019). In
the study of S. Magar et al. (2020), it was reported that
the application of tebuconazole, and carboxin thiram
effectively suppressed mycelium growth, while cap-
tan and azoxystrobin showed minimal inhibition, with
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untreated controls revealing pathogen suppression
from ridomil.Agricultural chemicals are commonly used
for pest and disease management.Seed treatments with
fungicides significantly reduce the incidence of tomato
diseases.Keychemicals usedto control plantdiseasesin-
clude prochloraz, propiconazole, thiabendazole, carben-
dazim, benomyl, thiophanate, fuberidazole, and others.

It has been reported that benomyl was partially
effective against F. oxysporum f. sp. cubense using the
root-dipping method. This method was also applied
with carbendazim on tomato seedlings infected with
fusarium wilt, increasing yield by approximately 24%
(Hagos et al., 2020). It is worth noting that the overuse
of broad-spectrum fungicides adversely impacts the
environment and increases the resistance of pathogens
to chemical treatments (Kabas et al., 2020). Another of
the most prevalent diseases affecting tomatoes, caused
by phytopathogenic fungi, is late blight, caused by Phy-
tophthora infestans (Hagos et al., 2020). The detrimen-
tal effects of this disease on plants lead to significant
agricultural losses worldwide each year. According to
N. Jiang et al. (2018), in Mongolia, China, and the USA,
the late blight pathogen caused substantial tomato
production losses in the early 2000s. In the 21 centu-
ry, the molecular mechanisms of tomato resistance to
P infestans remain insufficiently studied, and methods
for controlling late blight in tomatoes are still not suf-
ficiently effective.

Infected tomato plants die rapidly. Under high
humidity, a light fungal spore coating appears on the
plants. Tomatoes become infected with late blight at air
humidity levels around 90% (not less than 76%) and at
an air temperature of +20°C (Njoroge et al., 2019). Sys-
temic fungicides play a crucial role in combating late
blight; however, in cases of disease and favourable en-
vironmental conditions, fungicides may not effectively
control this destructive issue. Furthermore, the regular
use of fungicides contributes to the development of
resistance in P infestans. Increased attention is being
paid to biological control of crops in the event of dis-
ease as an environmentally safe alternative to chemi-
cal pesticides. However, biological control agents alone
are not sufficiently powerful to combat the threat of
devastating late blight under field conditions (Haveri et
al.,2018). These factors suggest a need to formulate an
integrated system for disease management. Addition-
ally, researchers have explored the potential of using
antagonistic bioagents to suppress late blight in toma-
toes (Zhi et al., 2021).

In Cameroon, farmers growing tomatoes reported
that outbreaks of disease exacerbated the difficulties
in maintaining unaffected areas (Vincent et al., 2023).
Combating late blight requires aggressive protective
measures, which include a combination of host plant



resistance and the application of fungicides. Gardeners
also utilise various fungicides, such as mancozeb, agro-
laxyl, metalaxyl, copper, phosphonic acid, and ridomil
(Alamri et al., 2018; Arafa et al., 2022). Among the many
available alternative measures, the use of resistant va-
rieties is the most crucial and cost-effective approach
to managing the disease (Kassaw et al., 2021). The ap-
plication of fungicides is a common factor in the early
control and management of late blight, both in green-
house cultivation and field conditions. Additionally,
some fungicides exhibit beneficial growth-promoting
and physiological effects on plants, leading to a delay
in leaf senescence and an increase in chlorophyll con-
tent (Arafa et al., 2022). This may contribute to higher
yields. Similarly, the results of other field trials indicat-
ed that fungicides with systemic or translaminar activi-
ty were more effective than protective fungicides (Zafar
& Shaukat, 2018).

Another dangerous and damaging disease of to-
matoes is early blight, primarily impacting the foliage
of the tomato plant. High humidity and temperatures
ranging from +24 to +29°C, along with frequent rainfall,
create favourable conditions for the growth and spread
of Alternaria solani. Tomato yield losses can reach up
to 80%. To prevent infection by this disease, the use of
healthy seeds is essential. Additionally, the pathogen
A. solani can survive in plant debris and soil through
conidia and chlamydospores (Mati¢ et al., 2020). The
application of fungicides is crucial for effective control
of Alternaria leaf spot. Researchers J. Marek et al. (2018)
noted that many fungicides are registered for combat-
ing this disease, particularly those from the chemical
groups of strobilurins and carboxamides. Strobilurin
fungicides inhibit mitochondrial respiration by block-
ing electron transport, preventing the proper produc-
tion of adenosine triphosphate. Similarly, the mode of
action of carboxamides involves the inhibition of the
enzyme succinate dehydrogenase, thereby reducing the
respiratory process by blocking its supply to the fungus.

Among the dangerous diseases affecting tomato
agroecosystems is grey mould, caused by the pathogen
Botrytis cinerea. Under favourable conditions (tempera-
tures up to +20°C and humidity levels of 90%), this as-
comycete can cause devastating grey mould infections
on tomato plants, leading to yield losses of 20-40% (de
Vega et al., 2021). The phytopathogen Botrytis cinerea
can overwinter in the soil (in the form of sclerotia) and
in plant debris. The primary strategy for managing grey
mould involves the application of fungicides, including
benzimidazoles, quinone inhibitors, phenylpyrroles, and
carbamates (Yan et al., 2022). Effective control of Botry-
tis cinerea in agroecosystems is critically important for
ensuring stable production. As Solanum lycopersicum is
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a vital crop in the agricultural sector, a successful to-
mato harvest directly impacts the economic stability of
farming enterprises and food security.

PHYTOPATHOGENIC BACTERIA (BACTERIOSES)
AS PATHOGENS OF DANGEROUS DISEASES
ON TOMATO PLANTS

Bacterioses, like mycoses, pose a serious threat to toma-
to crops, causing localised epidemics and widespread
crop damage (Njoroge et al., 2019; Borzykh et al., 2022).
The most common disease is the bacterial canker of to-
matoes (caused by Clavibacter michiganensis). This path-
ogen inflicts substantial damage to tomato crops across
various countries. At optimal temperatures (+26°C), the
pathogen can lead to extensive infections and yield
losses of up to 85%. The phytopathogen C. michiganen-
sis can survive on seeds and in plant debris.

Disease symptoms usually appear between the
fruit setting period and the beginning of ripening,
making disease control critical at all stages of plant
growth and development. Biological control of patho-
genic bacteria involves the use of composting systems,
beneficial fungi or bacteria with antagonistic proper-
ties against pathogenic bacteria (certain strains of Ba-
cillus or Pseudomonas). The introduction of beneficial
microorganisms (Trichoderma spp. or Bacillus spp.) into
the rhizosphere can suppress the development of path-
ogenic bacteria through competition or antagonism
(Kulimushi et al., 2021). Additionally, the use of phyto-
pathogenic bacteria (Pseudomonas fluorescens, Bacillus
subtilis), which are natural antagonists of pathogens, is
promising. However, these biological control methods
have shown moderate effectiveness (Zhou et al., 2021).
The most recommended methods for detection, preven-
tion, and control of tomato plant pathogens are based
on: isothermal amplification, which allows for rapid
and sensitive detection of pathogen DNA; end-point
visual analysis (detection of specific antigens or anti-
bodies); limiting excess nitrogen fertilisers (optimising
fertiliser dosage helps reduce the risk of infection); and
seed treatment using high temperatures to reduce the
level of infectious load (Haveri et al., 2018; Njoroge et
al., 2019). The use of these methods can reduce envi-
ronmental risks and enable the production of environ-
mentally friendly products.

Another common bacterial disease affecting to-
matoes is leaf spot, caused by Pseudomonas syringae.
The optimal temperature range for the development
of this bacterium is between +13 and +28°C, and high
humidity further promotes its spread and proliferation
(Zhou et al.,2021). Outbreaks of bacterial leaf spots can
result in yield losses of up to 75%. The dissemination of
this pathogen occurs through infected seeds. The most
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recommended methods for the detection, preven-
tion, and diagnosis of Pseudomonas syringae include
polymerase chain reaction and isothermal amplifica-
tion, which effectively identify the DNA of pathogens
(Njoroge et al., 2019). To prevent the spread of Pseu-
domonas syringae, it is essential to use healthy seeds,
implement measures to reduce humidity in fields and
greenhouses and conduct regular monitoring of plants.
According to J. Kohl et al. (2020), the application of cop-
per-based bactericides can help reduce the level of in-
fection in tomato plants. Additionally, bacterial strains
such as P aeruginosa, P. fluorescens, P. syringae, B. strat-
osphericus, and Azospirillum brasilense enhance plant
growth and improve resistance to viruses.

PHYTOPATHOGENIC VIRUSES

IN TOMATO AGROECOSYSTEMS
Viruses exhibit a high potential for rapid adaptation to
their environment, including within tomato agroeco-
systems. This adaptability is facilitated by the high pop-
ulation density and the short generation time for re-
production and spread. When they infect tomato plants,
these pathogens lead to decreased yields and reduced
quality of cultivated crops (El-Garhy et al., 2020). The
most prevalent disease in tomato agroecosystems is
the tomato spotted wilt virus, which can cause losses of
up to 95% depending on the severity of the infection
and the developmental stage of the plants. Infection
occurs primarily through insect vectors, with mites be-
ing the main carriers of the disease (Qi et al., 2021). The
optimal temperature range for disease development is
between +18 and +27°C and higher.

The most effective methods for controlling and pre-
venting tomato spotted wilt virus include selecting toma-
to varieties that are less susceptible to the virus; con-
trolling vectors through monitoring and management of
mite populations; employing agronomic practices; using
disease-free seeds and managing plant debris. Integrat-
ing these methods creates an effective management
system that reduces the risk of virus spread and protects
yields. Chemical control of tomato spotted wilt virus in
tomato cultivation is a crucial aspect of disease man-
agement. The primary approaches to chemical control
of this virus include the use of fungicides, insecticides,
growth regulators,and herbicides. Therefore, controlling
tomato spotted wilt virus requires a comprehensive ap-
proach that encompasses not only chemical means but
also agronomic practices that help mitigate the risk
of infection and virus spread (Haresabadi et al., 2023).

According to F. Hemmati et al. (2023), a significant
threat in tomato agroecosystems is the cucumber mosa-
ic virus. This virus can adapt to changes in its environ-
ment, enabling it to damage various plant species. It is
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transmitted primarily by insects, particularly aphids,
and can result in nearly 100% vyield loss in tomatoes
(Longe et al.,2022). The cucumber mosaic virus can have
severe consequences for tomato productivity, including
reduced yield; a decrease in both the quantity and qual-
ity of fruit; diminished plant vigour and economic loss-
es. Therefore, effective management and control ne-
cessitate a comprehensive approach that incorporates
both chemical and agronomic methods. The most effec-
tive strategies for managing and controlling this virus
include the use of chemical and agronomic measures
such as insecticides, systemic insecticides, phytosani-
tary practices, management of agronomic techniques,
optimisation of plant care, regular irrigation and fer-
tilisation, sanitation of plants, and the use of resistant
varieties. Another dangerous disease posing a serious
threat is the tomato yellow leaf curl virus. Under favour-
able conditions for the pathogen, yield losses can reach
up to 100%. This plant disease is transmitted by insect
vectors and their hosts (Vincent et al., 2023).

Similar to the cucumber mosaic virus, the toma-
to yellow leaf curl virus can have severe consequences
for tomato yield, including reduced productivity; low-
er quality and size of fruit; decreased fruit quantity;
and economic losses (ELl-Sappah et al., 2022). Chemical
control of the tomato yellow leaf curl virus focuses on
managing its vectors, as the virus itself cannot be treat-
ed with chemical agents. To enhance tomato yield and
quality, the following control methods should be em-
ployed: phytosanitary measures; vector control (insecti-
cides); crop rotation; and the use of resistant varieties,
among others (Kumar et al., 2023). Implementing these
methods in conjunction with agronomic practices will
aid in more effectively controlling the virus and miti-
gating its impact on yield.

According to L.E. Gonzalez et al. (2021), the most
prevalent virus affecting tomato plants is the tomato
mosaic virus. This aggressive pathogen causes dis-
ease in tomatoes and can inflict significant damage
to yields. When cultivated tomato plants are infected,
yield losses can range from 30 to 75%. One of the pri-
mary pathways for the virus’s transmission is infected
seeds. Weather and climatic conditions can also influ-
ence the manifestation of the disease symptoms. Fur-
thermore, this virus can remain active in infected seeds
for up to ten years (Keskse et al., 2019). Research on
treating tomato plants has been conducted using zinc
oxide.The results demonstrated an enhancement in the
plant’s immunity against this disease. At 45 to 160 days
post-sowing, the plants treated with ZnO nanoparticles
exhibited improved growth and photosynthetic proper-
ties, increased activity of various antioxidant enzymes,
and higher levels of proline and protein compared to



untreated plants. The number of fruits and the yield of
plants treated with ZnO nanoparticles were also higher
(Faizan et al., 2020; Arafa et al., 2022). In contrast to
some other viral diseases, there are no effective chemi-
cal agents available for the control or treatment of the
tomato mosaic virus. Therefore, preventive measures and
control of infection are crucial.

An analytical review of the scientific and technical
literature allows for the summarisation of the main dis-
eases affecting tomatoes both in Ukraine and globally,
as well as the identification of their harmful effects. A
systematic analysis of chemical methods for controlling
phytopathogens in tomato agrocenoses enables the se-
lection of environmentally safe products, which will re-
duce pesticide contamination in agroecosystems. This,
in turn, will significantly enhance biodiversity levels in
agroecosystems, restore balance in the microbiota of
agroecosystems, and decrease the cost of plant raw ma-
terials.Such measures will reduce the risk of epiphytotics
and improve the quality of tomato raw materials. There-
fore, the integration of effective disease control and the
timely implementation of a comprehensive approach
will help mitigate ecological risks, protect yields, and
cultivate high-quality, environmentally safe products.

CONCLUSIONS
This review presents a retrospective analysis of the
literature, highlighting harmful microorganisms (vi-
ruses, bacteria, and fungi) that affect tomato plants
and negatively impact the agrocenoses of this crop.
Pathogens interact with tomato plants, attacking their
vegetative organs, which results in a decline in the
quality of plant products, loss of yield, and partial or
complete plant death. The influence of pathogens on
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factor in preventing the spread of diseases affecting to-
mato plants. The main diseases are caused by fungi of
the genera Alternaria, Fusarium, Phytophthora, and Botry-
tis. Additionally, viruses (such as the tomato spotted wilt
virus and the tomato yellow leaf curl virus) and bacteria
(including bacterial canker of tomatoes and bacterial
spot) are also covered.

Chemical control in agriculture plays a crucial role
in addressing the challenges posed by pathogens af-
fecting tomatoes. It is essential to utilise appropriate
chemical agents, taking into account the type and stage
of the disease. This approach will facilitate the effective
management of tomato plant diseases and enhance
their yield. Understanding the primary diseases that
can afflict tomatoes enables the timely identification
of disease symptoms and the prompt implementation
of preventative and therapeutic measures. Effective
plant protection substances against pathogens include
chemicals such as thiabendazole, prochloraz, benomyl,
propiconazole, thiofanate, and fuberidazole. For the
control of plants infected with Phytophthora, effective
fungicides include agrolyxil, mancozeb, ridomil, copper,
and phosphonic acid. In the fight against Alternaria, car-
bamate and strobilurin fungicides are recommended,
while for grey mould, the use of benzimidazole, phe-
nylpyrroles, and quinone inhibitors is effective. The in-
formation gathered has allowed for an analysis of to-
mato diseases and their pathogens, as well as a review
of the chemical agents used and their impact on these
diseases. This knowledge will enable agricultural pro-
ducers to promptly identify issues and take necessary
actions to cultivate high-quality yields with minimal
damage and loss.

tomatoes has been analysed, along with the degree of ACKNOWLEDGEMENTS
pest intensification in the plants, as well as methods for  None.
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AHoTauis. Y cTaTTi HaBeleHO nepenik 0CHOBHUX XBOPOO poc/iMH ToMaTiB (Solanum lycopersicum), Lo CNpUYMHAOTHCS
BipyCHUMM, BakTepianbHMMK Ta diTONaToreHHUMKU MiKpoopraHisaMamu. laToreHHi MiKpoOpraHiaMu, NapasuTyoun
Ha POC/AMHAxX TOMATIB, BUKAMKAKOTb BEAMKI BTPATM BPOXAK B CiSIbCbKOrOCNOAAPCbKOMY BUPOOHULTBI, 3HUXKYHOUM
AKiCTb Mpoaykuii. MeTo [ocnigkeHHs Oyno 39CyBaTM BM/MB MIKPOOPraHi3aMiB Ha POCAMHM TOMaTIB, CTyMiHb
iX LWKOAOYMHHOCTI Ta MeToaM 60poTbbM 3i 30yaHMKaMM xBOpob. BCTaHOBNEHO, WO OCHOBHI XBOPOOM pOCAMHM
TOMaTiB BUKAUKaHI rpubamu popy: Fusarium (dy3apios), Phytophthora (diTodTopos), Botrytis (cipa rHunb), Alternaria
(aneTepHapio3s); Bipycu Omato spotted wilt virus (Bipyc nnsaMucToro BiHeHHS), Tomato yellow leaf curl virus (Bipyc
YKOBTOrO CKPYyYyBaHHA NuCTs), bakTepii Ascochyta cucumis (6akTepianbHuit pak ToMarTiB), Xanthomonas vesicatoria
(6bakTepianbHa NAAMUCTICTb). [poaHani3oBaHo, WO CiIbCbKOrOCMOAAPChKI XiMiKaTU € BaXXIMBOK CKIAA0BOK ON14
YNpaBAiHHS LWKiGHWMKAMKM Ta XBOpobaMu, TOMy OCHOBHMM 3acoboM 60poTbbu 3 XBOpOOGAMWM POCIMH € XiMiyHi
peYoBUHM, TaKi K Mpoxaopas, TiabeHaason, nponikoHason, kapbeHaasmm, 6eHomin, TiodaHT, dybepigazon Ta iH.
LocnipkeHo, Wo CUCTEMHI QYHriLMAM BifirpatoTb BaAMBY ponb Yy 60poTbbi 3 pisHMMM xBOpoBaMu, BUSBNAKOTb
KOpUCHY di3ionoriyHy abo CTUMyNOKYY PicT Ai0 Ha POCIUHM, BKIOUYAKOUYM 3aTPUMKY CTapiHHS NIUCTS, NiABULLEHHS
BMiCTy x10po@diny. BctaHoBneHO, o y 60poTbbi 3 anbTepHapio3oM epekTUBHUM € 3aCTOCYBaHHS QYHriLMAIB (XiMiYHa
rpyna ctpobinypiH i kapbokcamia), a OCHOBHOI CTpaTerieto 60pOTbOM 3 CipOK THUIIO € XiMIYHUI KOHTPO/Ib LWASXOM
3aCTOCYBAHHS CUMHTETMYHUX bYHTiLMAIB: iHriBITOpK XiHOHY, BeH3imigasony, kapbamaTu, deHinniponu Ta iHribiTopu
cykumHataerigporeHasu. Ornan xsopob Ta METOAIB XiMiYHOrO KOHTPO/KO NATOreHiB € HaA3BMYANHO KOPUCHUM ANs
3aCTOCYBAHHS Y CiIbCbKOMY rocnogapcTBi. [MpakTMyHa LiHHICTb AOCNIOXKEHHS NONSrae B TOMY, WO LS iHPopmaLis
[OMOMarae CinbCbKOrocnoaapcbkumM BUMPOBOHMKAM edheKTMBHO YMNpaBAsiTM BPOXAEM Ta 30epirati gKicTb Nioais.
3HaHHS NPO OCHOBHI XBOPOOMU, SIKi MOXYTb YpaXKyBaTU TOMAaTW, LO3BOJISIE BYACHO BUSIBNIITU CMMMTOMM Ta BXMBATU
BIAMOBIAHI 3ax0AM ANd iX 3anobiraHHs Ta NikyBaHHS

KniouoBi cnoBa: MikpockomniyHi rpubu; ToMaTu; XiMiuHi pedoBuHM; BakTepii; BipycH; arpoLeHo3
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also revealed several challenges towards the full digitalisation of accounting, including insufficient technical
infrastructure, lack of qualified personnel, and low digital literacy. Insufficient funding and regulatory barriers
are also serious challenges for businesses. Particular attention was devoted to cybersecurity issues, which are
increasingly relevant due to the growth of digital data. The study compared the Ukrainian experience with the
experience of the European Union,the United States,and Canada,where the digitalisation of accounting has reached
a high level. The study proposed recommendations for the successful implementation of digital technologies in
accounting processes at agricultural enterprises in Ukraine, addressing the existing limitations and opportunities.
The study emphasised the importance of auditing the existing digital infrastructure, investing in equipment
upgrades, staff training, gradual introduction of new technologies, and partnerships with leading digital solution
providers. The findings emphasise the significant potential of digitalisation to increase the efficiency, transparency,
and competitiveness of Ukrainian agricultural enterprises, but achieving these goals requires a balanced approach
to the introduction of new technologies, government support, and appropriate educational training. The results
obtained in this study can be used to improve the digitalisation of accounting at Ukrainian agricultural enterprises,
increase the efficiency of financial management and adapt international standards to local conditions

Keywords: digital technologies; electronic systems; accounting automation; economic efficiency; audit and control

INTRODUCTION

Digitalisation in the modern world has become an indis-
pensable part of any part of the economy, including the
agricultural sector. Changes in financial and account-
ing processes management are caused by global digi-
tal transformation, affecting all aspects of enterprises.
Accounting, being central in enterprise management,
is also affected by these changes. As such, the issue
of digital technology implementation into accounting
becomes especially relevant. The agricultural sector is
one of the most dynamic and yet highest-risk sectors of
the economy, where proper accounting is critical in the
stability and efficiency of an enterprise. However, due
to the specifics of agricultural enterprises, especially
seasonal nature, dependency on natural conditions and
high competition, traditional accounting approaches
are often insufficiently effective. Therefore, the imple-
mentation of digitalisation is required for proper accu-
racy, speed and transparency of accounting processes.
One of such key issues is lacking most agricultural en-
terprises form overall digital transformation processes.
This is caused by several reasons, such as insufficient
funding, improper personnel training, lack of required
infrastructure and cybersecurity concerns. In addition,
there is an issue of integrating new digital solutions
with existing accounting systems, which requires addi-
tional resources and time.

Digitalisation of accounting involves the integra-
tion of modern information systems that automate
accounting and reporting processes. This includes em-
ployment of software to manage financial flows, main-
tain electronic documents and ensure timely reporting.
National and international experience in this area is
also an important aspect. Countries that are actively
implementing digital technologies in accounting are
showing significant progress in increasing the efficiency
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of agricultural production and reducing operating costs.
The use of automated accounting systems helps to uni-
fy processes and ensure high accuracy and reliability
of financial reporting. At the same time, the experience
of advanced countries can be useful for adapting these
practices in the national context.

Thus, the study of Ukrainian and international ex-
perience in the field of digitalisation of accounting at
agricultural enterprises is important for developing ef-
fective strategies for the introduction and adaptation
of new technologies, which will help to increase the
competitiveness and sustainability of the agricultural
sector. Several authors described the trends, challenges
and prospects for the introduction of digital technolo-
gies. F. Costa et al. (2023) analysed the impact of digital
technologies on the efficiency of financial accounting in
the agricultural sector. As determined, businesses that
implement automated accounting systems have few-
er errors in their financial statements and can reduce
their accounting services costs. K. Poppe et al. (2023) re-
viewed the experience of agricultural companies in the
digitalisation of accounting, focusing on the importance
of compliance with regulatory requirements. As demon-
strated, automation of accounting processes increases
the transparency of financial reporting and reduces the
risk of financial sanctions. V. Goi et al. (2023), in turn,
investigated the role of cybersecurity in the process
of digitalisation of accounting. The authors highlight-
ed that data protection is critical to maintaining the
confidentiality of financial information. D.M. Coman et
al.(2022) also analysed the digitalisation of accounting,
finding that one of the main problems is the lack of
sufficient infrastructure.

M. Petchenko et al. (2023) studied the impact of
digitalisation on the financial statements of enterprises



and concluded that enterprises that implement artifi-
cial intelligence technologies demonstrate increased
efficiency in resource management.A.M. Ciruela-Loren-
zo et al. (2020) addressed peculiarities of introducing
digital technologies into the accounting systems of ag-
ricultural enterprises. The authors identified that ag-
ricultural companies are actively integrating software
solutions to automate financial processes, but face dif-
ficulties due to the lack of adaptation of the software
to local conditions. D. Radicic & S. Petkovi¢ (2023)
analysed the impact of accounting digitalisation on
small and medium-sized businesses in the agricultural
sector. The authors noted that small businesses have
difficulty implementing digital systems due to limited
financial resources and a lack of qualified specialists.

I. Lomachynska et al. (2023) concluded that digital
technologies can help improve environmental perfor-
mance through more accurate resource planning and
accounting. M. Eulerich et al. (2024) determined that
automation of accounting processes contributes to an
increase in the level of internal control and a reduction
in financial fraud. HJ.P. Marvin et al. (2022) addressed
the role of artificial intelligence in the digitalisation
of accounting in the agricultural sector. Their results
show that the use of Al technologies can significantly
improve accounting accuracy and reduce the time re-
quired to prepare financial statements.

Previous research confirms that the digitalisation
of accounting is an important and complex process
that requires a comprehensive approach, accounting
for national peculiarities and international experience.
However, the analysed studies insufficiently address
the specifics of the digitalisation of accounting at
small and medium-sized agricultural enterprises, espe-
cially in the context of their impact on competitiveness
and long-term sustainability. There is also a lack of re-
search on the integration of artificial intelligence into
agricultural accounting systems, considering regional
peculiarities and legislative requirements.

The study aimed to analyse the impact of account-
ing digitalisation on the competitiveness of agricul-
tural enterprises, considering regional peculiarities
and legislative requirements. Moreover, the study an-
alysed the impact of accounting digitalisation on the
productivity of small and medium-sized agricultural
enterprises, as well as assessed the opportunities and
challenges of integrating artificial intelligence into ac-
counting systems in the agricultural sector, consider-
ing regional peculiarities.

MATERIALS AND METHODS
A comprehensive methodology that included both
primary and secondary sources of information was
employed. The main materials of the research were
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legislative and regulatory acts of Ukraine, analytical
reports, studies, and a review of software products
implemented by agricultural enterprises for account-
ing automation. The first step was to study the legal
framework governing accounting in Ukraine. In par-
ticular, the Law of Ukraine No.996-XIV (1999), which is
the main document defining the principles of account-
ing and financial reporting, and the Law of Ukraine
No.851-1V (2003), which regulates the use of electron-
ic documents in commercial activities, were analysed
in detail. In addition to these laws, several bylaws and
regulations address specific aspects of digitalisation,
such as electronic reporting standards, data protec-
tion requirements and other regulations that affect
the process of transition to digital accounting meth-
ods (Tax Code of Ukraine, 2010; Order of the Ministry
of Finance of Ukraine No.v0433201-13, 2013; Law of
Ukraine No. 2155-VIIl, 2017). Legislation governing
state support for the agricultural sector, including
financing and subsidy programmes, as well as rules
defining agricultural insurance mechanisms, were also
reviewed in detail (Law of Ukraine No. 1877-1V, 2004;
Law of Ukraine No.4391-VI, 2012).

Particular attention was also devoted to the
analysis of software products used by agricultural
enterprises to automate accounting. Such solutions
as MASTER, BAS ERP, QuickBooks, Xero, M.E.Doc, and
other software products that are most common on
the market were addressed. The analysis covered the
functionality of these programmes and the level of
adaptation to the needs of Ukrainian agricultural en-
terprises. The functionality of these systems, the level
of their adaptation to the needs of Ukrainian agricul-
tural enterprises, and their effectiveness in different
conditions, such as limited Internet access in rural ar-
eas or the need to work with large amounts of data,
were assessed. The current state of digitalisation of
accounting globally was also addressed, emphasis-
ing the comparison of Ukrainian achievements with
international standards. Analysis of digitalisation
practices in countries such as Estonia (Dubinina et
al., 2022), Germany (Tiberius & Hirth, 2019), Sweden
(E-Invoicing in Sweden, 2023), Italy (SDI Italy..., 2021),
USA (McCumiskey & Wolfson, n.d.), Canada (Dhaliw-
al et al., 2023) and Ukraine (Koval & Lyshak, 2024)
has revealed important aspects and new approaches
in the field of accounting. The study of practices in
these countries helped to identify opportunities for
adapting these approaches to the Ukrainian context.
The study determined which of these internation-
al practices can be effectively used to improve the
digitalisation of accounting at Ukrainian agricultural
enterprises, accounting for the specific conditions and
requirements of the local market.
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RESULTS
At a time when digital technologies are increasingly
penetrating all spheres of life, the agricultural sector
remains on the sidelines of the digitalisation process.
This is especially true in Ukraine, where agricultural en-
terprises are one of the key sectors of the economy. The
digitalisation of accounting at such enterprises is be-
coming an integral part of their operations, as it can in-
crease management efficiency, reduce operating costs,
and ensure compliance with modern regulatory require-
ments (Knudsen, 2020). One of the main trends in the
digitalisation of accounting in the agricultural sector
of Ukraine is the introduction of automated account-
ing and financial management systems. These systems
can be used to automate routine accounting processes,
reduce errors and shorten the time required to prepare
financial statements in agricultural enterprises. The use
of specialised software around the world, such as MAS-
TER,BAS ERP and other solutions, was used to integrate
all financial processes into a single system, ensuring
transparency and control over all aspects of accounting.

Another important aspect of the Ukrainian experi-
ence is the active introduction of electronic document
management. The transition from paper to electron-
ic documents greatly simplifies financial information
processing, speeds up the exchange of data between
different departments of the enterprise and ensures
more reliable data storage. This is especially true for
agricultural enterprises, where large amounts of infor-
mation require efficient management and quick access
to data. Another trend is the integration of accounting
with other enterprise information systems, such as pro-
duction, logistics and human resources management
systems. This integration allows for the creation of a
single information ecosystem where all processes are
interconnected and can be effectively managed (Syrtse-
va et al., 2022). This contributes to more accurate plan-
ning and analysis of financial flows, which is key to the
successful functioning of an agricultural enterprise in a
constantly changing market environment.

The digitalisation of accounting at agricultural
enterprises has significant potential to increase ef-
ficiency, transparency and competitiveness. However,
there are several problems and challenges on the way
to full integration of digital technologies that need
to be addressed. One of the most pressing issues is
the lack of technical infrastructure, especially in rural
areas where most agricultural enterprises are locat-
ed. Insufficient access to high-speed internet, outdat-
ed computers, and limited opportunities to upgrade
equipment pose serious obstacles to the effective
implementation of digital technologies in account-
ing. Without modern infrastructure, businesses cannot
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fully use software solutions that automate accounting
processes and integrate them with other business sys-
tems. In addition to technical limitations, the problem
of staff shortages and low levels of digital literacy is
acute. Implementation of new accounting systems re-
quires specialists who are well-versed in digital tech-
nologies and able to manage automation processes.
However, many agricultural enterprises, especially
small ones, do not have sufficient resources to train
employees or hire IT specialists. This limits opportu-
nities for full digitalisation and increases the risk of
errors in financial accounting.

Another obstacle to digitalisation is the inadequa-
cy of the legal framework and regulatory barriers. The
rapid development of digital technologies is outpacing
legislative updates, which creates legal conflicts and
complicates the work of businesses. Existing account-
ing standards are often not adapted to the digital en-
vironment, making it difficult to apply them in practice.
In addition, regulatory requirements for the storage
and protection of electronic data may be overly com-
plex or not fully defined, creating additional challenges
(Gongalves et al., 2022). As the volume of digital data
increases, another serious problem arises - cyberse-
curity concerns. Agricultural enterprises that switch to
digital accounting become more vulnerable to cyberat-
tacks, which can lead to the loss or compromise of con-
fidential financial information. Implementing effective
cybersecurity systems requires significant investment,
which is not always affordable for small and medi-
um-sized enterprises. Many companies are not suffi-
ciently aware of modern cyber threats, which increases
risks in this area (Sontowski et al., 2020).

An equally important challenge is the unwilling-
ness to change and organisational barriers that arise
in the process of digitalisation. Changes to familiar
workflows, the transition to new technologies and
the need to train employees are often met with dis-
trust and resistance. Many managers and employees
prefer traditional accounting methods, which slows
down the digital transformation process. In addition,
the high cost of implementing digital solutions is a
significant obstacle for many agricultural enterprises.
Software licences, the purchase of new equipment and
staff training require significant financial investments
(Scholkmann, 2021). For many enterprises, this be-
comes a critical barrier, forcing them to postpone the
introduction of new technologies or limit themselves
to minimal investments in digitalisation.

The level of digitalisation of accounting for ag-
ricultural enterprises in Ukraine varies depending
on the scale of the enterprises, their financial con-
dition, regional characteristics and access to modern



technologies. At large agricultural enterprises, espe-
cially those that export or cooperate with interna-
tional partners, the digitalisation of accounting has
already reached a high level. Such companies actively
employ specialised software solutions, such as Enter-
prise Resource Planning (ERP) systems, which allow
them to integrate accounting with other business pro-
cesses, ensuring automation of routine operations and
transparency of financial reporting.

The level of digitalisation in small and medi-
um-sized agricultural enterprises is much lower. The
main reason for this is limited financial resources
that do not allow investing in the implementation of
modern IT solutions. Many small agricultural enter-
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prises still use traditional accounting methods, such
as paper-based documentation and local computer
programs, which significantly reduces the efficiency of
accounting processes and increases the risk of errors.
This also creates difficulties when integrating with oth-
er management systems or when it comes to complying
with new regulatory requirements. The digitalisation of
accounting at agricultural enterprises in Ukraine is a
complex and multifaceted process that requires consid-
eration of numerous regulations (Table 1). These acts
create a legal framework for the introduction of digital
technologies, define accounting standards, regulate the
exchange of electronic data, and ensure the protection
of financial information.

Table 1. The main legal acts reqgulating the process of digitalisation
of accounting of agricultural enterprises in Ukraine

Legal act Content

Defines the basic principles of accounting, and the obligations of companies

Law of Ukraine No. 996-XIV “On Accounting and
Financial Reporting in Ukraine” (1999)

Law of Ukraine No. 851-IV “On Electronic
Documents and Electronic Document
Management” (2003)

Law of Ukraine No. 2155-VIII “On Electronic

to keep records and prepare financial statements. Allows the use of electronic
documents in accounting and sets out the rules for the use of electronic

signatures.

Regulates the procedure for creating, storing and using electronic
documents and establishes their legal force. Allows agricultural enterprises
to use electronic document management to exchange financial data with

counterparties and government agencies.

Establishes the legal framework for the use of electronic signatures, seals and
other means of electronic identification. Ensures the security and authenticity of
electronic documents used in the process of digitalising accounting.

Enables the submission of tax reports digitally, which simplifies the interaction

Identification and Electronic Trust Services”
(2017)

Tax Code of Ukraine (2010)

Order of the Ministry of Finance of Ukraine
No.v0433201-13 “On the Approval of
Methodological Recommendations for Filling
Out Financial Reporting Forms” (2013)

Law of Ukraine No. 1877-1V “On State Support of
Agriculture of Ukraine” (2004)

Law of Ukraine No.4391-VI “On the Peculiarities
of Insurance of Agricultural Products with State
Support” (2012)

Source: compiled by the authors

Digitalisation of accounting is one of the key trends
transforming modern businesses, particularly in the
European Union (EU). In this area, European countries
demonstrate advanced approaches to the introduc-
tion of digital technologies that increase transparen-
cy, efficiency and accuracy of accounting (Dubinina et
al., 2022). The experience of EU countries can be used
as an example for other countries seeking to modern-
ise accounting systems. One of the leading examples
is Estonia, which is known for its advanced digital in-
frastructure. Estonia was one of the first countries to
implement a full electronic document management
system at the state level, including accounting. All busi-
nesses can submit financial statements and other doc-
uments exclusively in electronic format through special

of agricultural enterprises with the tax authorities. This is relevant for
companies with a complex taxation system related to different types of

activities.

Approves the Methodological Recommendations for the preparation of financial
statements, accounting for the possibility of using electronic accounting
systems. Determines the specifics of reflecting financial transactions in the

reporting concerning digital technologies.

Establishes provisions on the accounting of agricultural activities that should be
addressed during the digitalisation of accounting at agricultural enterprises.

Includes provisions affecting the accounting of agricultural activities, in the
context of the digitalisation of accounting processes at agricultural enterprises.

platforms such as X-Road. This simplifies accounting
procedures and interaction with government agencies,
ensuring efficiency and convenience for business. This
approach reduces administrative costs and speeds up
inspection and audit processes.

Germany also demonstrates successful experience
in the field of digitalisation of accounting. One of the
most important initiatives is the introduction of elec-
tronic reporting through the Elektronische Steuer-
erklarung (ELSTER) system, which allows for the sub-
mission of tax returns electronically. This system is
widely used by businesses and individuals, which helps
to increase the efficiency of tax administration and re-
duce errors associated with manual data processing.
In addition, Germany is actively developing electronic
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data interchange standards, such as ZUGFeRD, which
are used to automate invoice processes (Tiberius &
Hirth, 2019).

In Sweden, a country with one of the most devel-
oped digital economies, the digitalisation of accounting
is also at a high level. Sweden actively supports the
electronic submission of accounting reports and uses
systems for automated data exchange between busi-
nesses and government agencies. For instance, using
the Pan-European Public Procurement On-Line (PEP-
POL) platform, businesses can exchange electronic
invoices and other financial documents, which simpli-
fies accounting and reporting management processes
(E-Invoicing in Sweden, 2023). Italy also introduced
mandatory e-reporting for businesses through the Sis-
tema di Interscambio (SDI) system, which is used to
submit invoices electronically. This system provides for
the automatic exchange of data between businesses
and tax authorities, which contributes to the efficiency
of accounting processes and reduces opportunities for
tax evasion (SDI Italy..., 2021).

The United States of America is a leader in the
adoption of digital technologies in accounting due to
the widespread use of cloud-based platforms and au-
tomated financial management systems. Systems such
as QuickBooks and Xero are widely used in the US to
help small and medium-sized enterprises automate
accounting processes, reduce human errors and en-
sure the accuracy of financial reports. Another impor-
tant aspect is the introduction of eXtensible Business
Reporting Language (XBRL) standards, which provide

Key systems and

technologies SO

Country

Estonia X-Road

Germany ELSTER,ZUGFeRD

(2019)

Sweden PEPPOL

(2023)

SDI Italy: The
E-Invoicing
Regulations (and
what it means for
businesses) (2021)

Sistema di

il Interscambio (SDI)
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Table 2. Comparison of accounting digitalisation features in different countries as of 2024

M. Dubinina et
al.(2022)

V.Tiberius & S. Hirth

E-Invoicing in Sweden

a standardised format for financial reports and their
automated processing. In the United States, this pro-
cess is guided by the Sarbanes-Oxley Act, which re-
quires transparency and accuracy of financial reports,
as well as the Gramm-Leach-Bliley Privacy Act, which
regulates the protection of financial information (Mc-
Cumiskey & Wolfson, n.d.). Canada also has significant
advancements in the field of accounting digitalisation.
This country actively uses platforms for electronic fil-
ing of financial statements and tax returns, such as the
CRAs My Business Account, which simplifies the inter-
action between businesses and tax authorities. In addi-
tion, Canada supports initiatives to develop standards
for the automated exchange of financial data, such as
CPA Canada’s Accounting Technology Framework. The
regulatory framework includes the Canadian Corporate
Financial Reporting Act and the Information Privacy
Act, which govern the processing and protection of fi-
nancial data (Dhaliwal et al., 2023).

In Ukraine, the main systems for digitalising ac-
counting are InfoTAX, iFin, and MASTER: Accounting,
which are widely used by enterprises. These solutions
automate the accounting of financial transactions,
electronic document management and integration with
government systems, such as the tax reporting system.
Considerable attention is paid to the use of electron-
ic signatures for the legal authenticity of documents,
as well as cloud technologies for data storage and ex-
change (Koval & Lyshak, 2024). Table 2 compares the
experience of different countries in the development of
the digitalisation of accounting.

Main features

Full electronic document management, including
interaction between government agencies and businesses,
reduction of paperwork through integration of the system
with central registries, access to all public services online,
and a high level of data protection through cryptographic

technologies.

Electronic reporting with the ability to file tax returns and
other reports online, electronic data exchange standards
that automate the exchange of information between
businesses and government agencies, and integration with
banking systems to simplify financial transactions.

Automated data exchange between companies and
government agencies, electronic invoices to reduce
paperwork, e-commerce standards that provide a unified
data format for interaction, and widespread adoption of
e-government for business convenience.

Mandatory electronic reporting for all companies,
including automatic data exchange with tax authorities,
electronic invoices, and the mandatory use of a special

platform for submitting tax documents, ensures real-time
monitoring of tax transactions.



Key systems and

technologies
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Table 2, Continued

Main features

QuickBooks, Xero,

voA XBRL Wolfson (n.d.)
CRA's My Business

Account, CPA .

Canada Canada’s Accounting S.B.Dhaliwal et

al.(2023)

Technology
Framework

UlEiine InfoTAX, iFin, MASTER:  O.Koval & O. Lyshak

Accounting (2024)

Source: compiled by the authors

The introduction of artificial intelligence and auto-
mation is one of the main trends in the digitalisation of
accounting. Artificial intelligence (Al) can significantly
improve the accuracy of financial data processing, au-
tomate routine tasks and predict financial performance
based on large amounts of data. For instance, Al can
automatically analyse invoices, detect errors or fraudu-
lent transactions, and provide detailed financial reports
(Hasan, 2021). However, the implementation of such
technologies requires large investments in software
and hardware, as well as specialised knowledge to set
up and maintain the systems. Moreover, agricultural
enterprises may face problems integrating new tech-
nologies into existing accounting systems, which may
require additional effort and time. Ukraine is charac-
terised by a large agricultural sector, with the majority
of businesses located in rural areas with limited access
to high-quality internet and modern IT infrastructures.
This poses additional challenges for Al and automation
implementation, as even the most advanced technol-
ogies require a stable and fast internet connection to
work with cloud services, update software, and main-
tain uninterrupted data exchange. For instance, in areas
with poor internet connectivity, agricultural enterprises
may face difficulties integrating Al into their accounting
systems, which can lead to delays in automation pro-
cesses and reduced efficiency.

Accounting outsourcing is substantial in the modern
business environment, especially for agricultural en-
terprises, providing effective management of financial
processes without the need for an in-house accounting
department. Businesses can focus on core functions by
outsourcing accounting to professional companies that

M. McCumiskey & A.

Cloud-based platforms for financial and accounting
management, XBRL standards for automating financial
reports, which allow for uniform formats for presenting

financial information, integration with various third-

party applications and systems to improve business
process management, and a high level of automation of
accounting processes.

Electronic filing of reports through the CRA's My Business
Account platform, standards for automated data exchange
that integrate tax systems with cloud platforms to simplify
accounting and reporting, and support for various forms of
electronic documents and payment transactions.

Implementation of systems for electronic document
management and accounting automation, integration
of accounting systems with government services for
reporting and tax payment, support for electronic
signatures for the legal force of documents, use of cloud
solutions for data exchange and information storage,
specific adaptation to the needs of the agricultural sector
in Ukraine.

ensure a high level of accuracy and compliance with
legal requirements. Accounting outsourcing can also
reduce the cost of managing accounting processes, pro-
vide access to the latest technology and expertise, and
increase flexibility in adapting to changing market and
regulatory conditions (Asatiani et al., 2019). However,
all these challenges are also accompanied by oppor-
tunities. Investments in modern technology can signif-
icantly increase the efficiency of accounting processes,
reduce human errors, and provide greater transparency
in financial transactions. Agricultural enterprises that
successfully implement these technologies can gain
competitive advantages, such as higher accuracy of fi-
nancial forecasts and optimisation of resources (Li &
Gao, 2022). Thus, although the process of digitalisation
of accounting is accompanied by certain challenges, its
potential benefits make it an important step towards
modernising the agricultural sector and ensuring its
sustainable development.

In the context of active digitalisation of business
processes, Ukrainian agricultural enterprises can signif-
icantly improve their financial reporting, management
efficiency and market competitiveness. However, these
goals require a balanced approach to the introduction
of new technologies. Based on the above information,
the following recommendations are made, which can
help agricultural enterprises successfully adapt to digi-
tal transformation. The first step towards digitalisation
is to assess the current state of the IT infrastructure.
Agricultural enterprises should conduct a detailed au-
dit of their information systems, including assessing
the condition of servers, network devices, workstations
and software. For instance, if a business uses outdated
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versions of accounting software, this can make it diffi-
cult to integrate new technologies. An audit can identify
weaknesses and be used to plan for necessary upgrades.

After the audit, IT investments are required. This
includes purchasing modern accounting software that
supports process automation and integration with oth-
er business systems. For instance, platforms such as
Debit Plus, IT-Enterprise, and Bookkeeper provide com-
prehensive solutions for automating accounting and fi-
nancial processes. They offer tools for digital document
management, which significantly reduces paperwork
and increases accounting efficiency. These systems
can also be used to integrate accounting with other
enterprise management systems, such as ERP systems,
which help better coordinate financial and production
processes. IT Enterprise supports the large amounts of
data required by large agricultural companies, while
Debit Plus and Bookkeeper are particularly useful for
medium and small enterprises, offering user-friendly
interfaces and tailored solutions for a variety of in-
dustries, including the agricultural sector. Increasing
reliance on digital technologies increases the risk of
cyberattacks, therefore effective cybersecurity is es-
sential. This includes using data encryption, installing
anti-virus software, setting up firewalls and implement-
ing multi-factor authentication for access to accounting
systems. The introduction of new technologies requires
skilled personnel who can use modern tools effective-
ly. Agricultural enterprises should invest in employee
training, providing them with the necessary knowledge
and skills. For instance, organising courses on the use of
accounting automation software or the basics of cyber-
security can significantly increase work efficiency and
reduce the risks associated with human error.

Cloud technologies can significantly simplify ac-
counting management by providing access to data from
anywhere and increasing the flexibility of business
processes. Cloud-based platforms such as QuickBooks
or Xero can be used to automate accounting, store fi-
nancial data in a secure environment, and reduce the
cost of maintaining local infrastructure. For agricultural
businesses operating in remote regions or with limit-
ed IT resources, cloud-based solutions may be the best
choice. Agricultural enterprises are advised to introduce
new technologies gradually, testing them on individu-
al business processes. This will help identify potential
problems at an early stage and avoid significant finan-
cial losses. For instance, a company may initially auto-
mate only a part of accounting operations, such as cost
accounting or invoicing, and after successful testing,
extend automation to other processes.

Cooperation with leading IT solution providers can
provide access to the most advanced technologies and
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expert support. This will allow agricultural enterprises
to implement new technologies faster and with Lless risk
(Hedvall et al., 2019). For instance, partnerships with
companies specialising in ERP systems or cybersecurity
can facilitate the digitalisation process and ensure its
success. Government programmes and grants can be an
important source of funding for the digitalisation of ag-
ricultural enterprises. Ukraine already has support pro-
grammes for small and medium-sized businesses that
can cover part of the costs of implementing new tech-
nologies. Agricultural enterprises should actively en-
gage in such programmes to get the necessary resourc-
es for modernisation. These recommendations will help
Ukrainian agricultural enterprises to successfully adopt
international experience in digitalising accounting, in-
crease their efficiency and competitiveness, and ensure
the sustainability and security of their financial systems.

DISCUSSION

The results obtained indicate significant prospects for
the digitalisation of accounting in the agricultural sec-
tor of Ukraine, but the process has its challenges that
require attention and solutions. The main trends identi-
fied in the study indicate the active implementation of
automated accounting and financial management sys-
tems that help reduce errors and increase the efficiency
of financial flow management.Specialised software such
as MASTER and BAS ERP can integrate financial pro-
cesses into a single system, ensuring transparency and
control over all aspects of accounting. M.A. Dayioglu &
U.Turker (2021) investigated the impact of digital trans-
formation on increasing the productivity of agricultural
enterprises in different regions. The authors argued that
the introduction of Industry 4.0 technologies increased
productivity. The current results partially coincide with
the authors’ findings, as productivity growth was also
recorded, which may be due to different conditions and
the degree of technology adoption in different regions.

M. Lezoche et al.(2020) studied the impact of digital
technologies on grain supply chains. The authors noted
that the use of blockchain technologies can increase
the transparency and efficiency of these chains. The
current results did not reveal such a significant impact
of blockchain. Instead, the focus was on the efficien-
cy of logistics process automation. Despite the obvious
benefits of digitalisation, agricultural enterprises face
several significant challenges that slow down this pro-
cess. One of the key challenges is the lack of technical
infrastructure, especially in rural areas where most ag-
ricultural enterprises are located. Inadequate access to
high-speed internet, outdated equipment and limited
opportunities for upgrading it pose serious obstacles
to the effective implementation of digital technologies.



This confirms the need to develop technical infrastruc-
ture in the regions as one of the priorities of state policy.

Another significant problem is the shortage of
qualified personnel and the low level of digital literacy.
The introduction of new accounting systems requires
specialists who are well-versed in digital technologies
and can manage automation processes. However, many
agricultural enterprises, especially small ones, do not
have sufficient resources to train employees or hire IT
specialists. This limits opportunities for full digitali-
sation and increases the risk of errors in financial ac-
counting. L. Xie et al. (2021), on the other hand, focused
on the challenges of digitalising accounting in small
agricultural enterprises. Authors emphasised that the
main obstacles to digital transformation are insuffi-
cient staff qualifications and limited access to the nec-
essary software. D.F. Setiawan et al. (2024) noted that
many small businesses do not have the financial means
to purchase modern software solutions and, therefore,
cannot effectively integrate new technologies into their
accounting processes. The current results partially con-
firm the authors’ conclusions, as these problems were
also identified, but in the current study, more emphasis
was placed on the need to modernise IT infrastructure,
which was less prominent in the authors’ work.

H. Guo et al. (2020) addressed the impact of digital-
isation on small and medium-sized agricultural busi-
nesses, noting the positive effect of digital solutions on
their competitiveness. In contrast to the current find-
ings, where digitalisation had a more uniform impact
on enterprises of different sizes, authors argued that
small enterprises gained the greatest efficiency gains
due to greater adaptability and flexibility in adopting
new technologies. I. Zambon et al. (2019), in turn, an-
alysed the implementation of Industry 4.0 in the ag-
ricultural sector in terms of reducing dependence on
human resources. The authors found that automation
has a significant effect on reducing operating costs, but
its results showed lower efficiency compared to other
technologies, such as drones or sensor systems, which
significantly improve resource management. This is dif-
ferent from the current results, where it was noted that
automation is a key factor in improving the overall effi-
ciency of agricultural enterprises.

In addition to technical and human resource con-
straints, inconsistencies in the legal framework and
regulatory barriers are also relevant. The rapid devel-
opment of digital technologies is outpacing legislative
updates, which creates legal conflicts and complicates
the work of businesses. For instance, existing account-
ing standards are not always adapted to the digital en-
vironment, making it difficult to apply them in practice.
This requires not only updating the legal framework
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but also raising awareness of new requirements and
standards among businesses.J. MacPherson et al. (2022)
studied the role of state support in the process of dig-
italisation of the agricultural sector. As argued with-
out active government support, the process of digital
transformation is much slower, especially in small and
medium-sized enterprises. R. Abbasi et al. (2022) also
emphasised the need for incentive programmes to
help these enterprises introduce new technologies.
The current findings confirm these conclusions but also
indicate that large agricultural enterprises, with their
resources, were able to advance in the digitalisation
process even without significant state support.

The issue of cybersecurity, which is becoming in-
creasingly relevant in the context of digitalisation, is
notable. The introduction of digital technologies in-
creases the vulnerability of enterprises to cyberattacks,
which can lead to the loss or compromise of sensitive
financial information. Implementation of effective cy-
bersecurity systems requires significant investments,
which are not always affordable for small and medi-
um-sized enterprises. This underscores the need not
only for technical solutions but also for the develop-
ment of a cybersecurity culture in enterprises. X.Yang et
al. (2021) studied cybersecurity in the agricultural sec-
tor in the context of rapid digitalisation. The study high-
lighted that with the introduction of new digital tech-
nologies in agriculture, cyber threats have increased
dramatically. Z. Angyalos et al. (2021) noted that most
agricultural companies are not prepared for such chal-
lenges, as they do not have adequate protection against
cyber threats, and there is a lack of understanding of
the importance of cybersecurity among management
and employees. The authors also emphasised that the
agricultural sector is becoming an increasingly attrac-
tive target for cybercriminals since most of the systems
being implemented are interconnected and automat-
ed, which opens new attack vectors. The current results
are consistent with their findings, showing a similar in-
crease in cyber threats, but also highlighting the need
for more cyber security training. This highlights the im-
portance of not only implementing technology but also
ensuring its security through training and competence
development in this area.

Organisational barriers and unwillingness to
change arising from digitalisation are also noteworthy.
The transition to new technologies and the need to train
employees are often met with distrust and resistance
from management and employees. The high cost of im-
plementing digital solutions is also a significant obsta-
cle for many agricultural enterprises, forcing them to
postpone the introduction of new technologies or limit
themselves to minimal investments in digitalisation.
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The results of the study highlight the complexity and
multifaceted nature of the digital transformation of
the agricultural sector. Comparison with other studies
shows that while many challenges are common, es-
pecially in terms of cybersecurity, digitalisation of ac-
counting, and the role of government support, there are
also unique aspects that require additional attention.In
particular, the successful digitalisation of agricultural
enterprises requires not only the introduction of mod-
ern technologies but also the development of human
capital through staff training and the modernisation of
IT infrastructure, which is particularly relevant for small
and medium-sized enterprises. In summary, the digital-
isation of accounting in the Ukrainian agricultural sec-
tor has great potential but requires a comprehensive
approach that includes the development of technical
infrastructure, staff training, adaptation of legislation
and cybersecurity. Only under such conditions success-
ful implementation of digital innovations that will help
increase the competitiveness of the agricultural sector
in the modern economy is possible.

CONCLUSIONS

The study of the digital transformation of accounting in
the agricultural sector of Ukraine identified key trends,
challenges and opportunities along the way. The anal-
ysis showed that the digitalisation of accounting is
critical to improving management efficiency, reducing
costs and ensuring compliance with modern regulatory
requirements. The introduction of automated account-
ing systems such as MASTER and BAS ERP have be-
come a major trend that helps agricultural enterprises
automate routine processes, reduce errors and speed
up the preparation of financial statements. The use of
specialised software was used to integrate all financial
processes into a single system, which ensures transpar-
ency and control.

Active implementation of electronic document
management is another important component of dig-
italisation. The transition from paper to electronic doc-
uments simplifies the work with financial information,
speeds up the exchange of data between different busi-
ness units and ensures more reliable data storage. Inte-
gration of accounting with other enterprise information
systems, such as production, logistics and HR, can be

frastructure and outdated equipment are substantial
problems. In addition, the lack of qualified personnel
and low level of digital literacy significantly complicate
the implementation of new accounting systems. Other
challenges include the inadequacy of legislative sup-
port for the rapid development of digital technologies
and the increased risk of cyber threats.

In Ukraine, the regulatory framework governing
the digitalisation of accounting includes legislation on
electronic documents and electronic document flow,
accounting and reporting standards, and acts regulat-
ing the activities of agricultural enterprises. Legislation
on electronic signatures and their use in electronic doc-
ument management creates the basis for automating
accounting processes. International experience, includ-
ing that of the European Union, the United States, and
Canada, demonstrates successful practices of digitalisa-
tion that can serve as a guide for Ukraine. Technologies
such as electronic document management, automated
financial systems and artificial intelligence are already
being actively used in these countries to improve ac-
counting and management efficiency.

To improve the digitalisation of accounting in the
agricultural sector of Ukraine, it is recommended to
conduct a detailed audit of the IT infrastructure, invest
in upgrading technical equipment, implement cyber-
security systems, train staff and consider the use of
cloud technologies. It is also important to actively use
government programmes and grants to support digital
transformation. These steps will help to increase the
efficiency, transparency and competitiveness of agri-
cultural enterprises, which is key to their sustainable
development in the modern market.

The study did not address the impact of regional
peculiarities of the Ukrainian agricultural sector, which
may limit the applicability of the results to all regions.
No in-depth analysis of the environmental aspects of
digitalisation was conducted, which requires a sepa-
rate study. Further research could focus on analysing
regional differences in the adoption of digital technol-
ogies, as well as on the integration of environmental
and social aspects into the process of digitalisation of
accounting in the agricultural sector.
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AHoTauifa. MeTta pocnimkeHHs — aHanis ocobnuBoCTeli BMPOBALXEHHS UMPPOBUX TEXHONOrik y cdepi
Byxrantepcbkoro 06ikyHa nignpMeMCTBax arpapHOro CEKTOPY,30KpeMa Ha aHani3 HaLioHabHOro Ta MiXXHAapOAHOTO
nocsigy. MpoaHanizoBaHo npouec umMdposisauii byxrantepcbkoro obniky Ha arpapHux NianpUeEMCTBax YKpaiHu,
KU € BAXX/IMBUM KPOKOM ANS MNiABULLEHHS e(DEeKTUBHOCTI YNpPaBAiHHSA, 3HUXEHHS onepauiMHWX BUTpAT Ta
3abe3neyeHHs BiANOBIAHOCTI Cy4aCHUM HOPMATUBHUM BMMOraM. AHani3 OCHOBHWX TeHAEHLiN Yy BNPOBaAXEHHI
aBTOMATM30BAHUX CUCTEM OyXranTepcbkoro Ta (iHaHCOBOro 06MiKy Nokas3as, WO Taki CUMCTEMM [03BOJNSANTb
arpapHvMM MigANpUMEMCTBAM aBTOMATU3YBaTU PYTUHHI MPOLLECH, 3MEHLUMTU KiNbKiCTb MOMMNOK Ta CKOPOTUTM Yac
Ha MiarotoBKy GiHAaHCOBOI 3BITHOCTI. JOCNimKEHHS TaKOX BUSBMNO HU3KY NpobneM, Ki BUHUKAKTb Ha WASXY A0
noBHOI LMdpoBi3aLii 0bniky, cepen 9KMX HeAOCTaTHSA TeXHiYHa iHPPaACTpyKTypa, 6pak KBaniikoBaHUX KaapiB
Ta HWM3bKWI piBeHb LM(POBOi rpaMoTHOCTI. HepoctaTHe diHAHCYBaHHS Ta HOPMATMBHO-NPAaBOBi Gapepu Takox
CTBOPHOIOTb CEPMO3Hi BUKAUKM Ang nignpuemcts. OcobnmBy yBary npuaineHo nuTaHHaM Kibepbesneku, aki cTaloTb
BCe Binbll aKTyanbHUMM y 3BA3KY i3 3pOCTaHHAM 06cariB LMdpoBux AaHux. MOpiBHAHO YKpaiHCbKUIM AOCBIA i3
[ocBigoM kpaiH €sponericbkoro Coto3y, CLUA Tta KaHagu, ae uudpogisauisa obniky gocarna BUCOKOro piBHsi. B
[OCNIAXEHH] 3aMpONOHOBAHO pekoMeHAauii ANg YCMNiWHOro BNpoBaXeHHs LUMAMPOBUX TEXHONOTiIN B 06MiKOBI
NnpoLecu Ha arpapHux niANpUMEMCTBAX YKpaiHW, BPaxoOBYHUM HasBHIi OOMEXEeHHS Ta MOX/IMBOCTI. 30KpeMma,
333HAYAETbCS BAX/MUBICTb MPOBEAEHHS ayAMTY iCHYHOUOI LUMDPOBOI iIHPPACTPYKTYpH, iIHBECTYBAHHS B OHOBJIEHHS
0b6nafiHaHHS, HABYaHHA NepcoHany, NOCTyNnoBOro BNPOBaAXEHHS HOBUX TEXHOJOTIM Ta NapTHEPCTBA 3 MPOBiAHUMMU
nocravyanbHukamu LUMOPoBMX piweHb. OTpUMaHi pe3ynbTaT NiAKPEC/Tb 3HAaYHUI MoTeHUian uudpoBsizauii
[Ons NiaBuLLEHHS eeKTUBHOCTI, NPO30POCTi Ta KOHKYPEHTOCMPOMOXXHOCTI arpapHuUX NiANpUMEMCTB YKpaiHu, npoTte
[OCArHeHHS umx uinen notpebye 36anaHCOBaHOro NiaxoAy L0 BNPOBAa[XXEHHS HOBUX TEXHOMOTiN, MiATPUMKHK 3
60Ky fepxaBu Ta BiANOBIAHOI OCBITHbOT NiAroTOBKU. OTPUMaHi y OCNIAXKEHHI pe3yabTaT MOXHA 3acToCyBaTH ANS
BAOCKOHaNeHHS uudpogisalii 6yxrantepcbkoro obniky Ha YKpaiHCbKMX arpapHMX MiANPUEMCTBAX, NiABULLEHHS
e(PeKTUBHOCTI yNpaBniHHA GiHaHCaMM Ta aganTalii MiXXHapOLHMX CTaHAAPTIB A0 MiCLEBUX YMOB

KniouoBi cnoBa: unMppoBi TEXHONOTIi; eNeKTPOHHI CMCTEMU; aBTOMATM3aLis 06/1iKy; eKOHOMIYHa ePEeKTUBHICTb; ayauT
i KOHTpONb
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Abstract. The territories of Polissia and Forest-Steppe are of great importance to Ukraine, offering significant
potential for the advancement of agriculture and forestry. In light of the pressing issue of global climate
change, it is imperative that the active economic utilisation of these territories be guided by a commitment
to the maintenance of ecological systems and the sustenance of ecosystem functions. The objective of this
article was to ascertain the patterns of both spatial and temporal precipitation variability and to establish the
impact of anthropogenic land transformation as a consequence of agricultural production. Within the study
area, the average precipitation level was 625 %68 mm and ranged from 535 to 1,160 mm. During the study
period (1960-2023), there was a trend of increasing and decreasing precipitation. The southeast of the region
was characterised by a decreasing trend in precipitation, while in the northwest and north, the time trend
showed an increase in precipitation. Precipitation in the Carpathian region is much higher than in other parts
of the territory. The presence of an oscillatory regularity in precipitation rhythm allows for consideration of two
practical aspects: the possibility of forecasting future precipitation dynamics based on available information
from previous years, and accounting for the fluctuating precipitation dynamics when recommending optimal
crop rotations and selecting the most suitable range of crop varieties for cultivation

Keywords: climate; spatial pattern; temporal dynamics; landscape diversity; land cover

INTRODUCTION

Increasing crop yields is a critical requirement to en-
sure food security in the face of a steadily growing
global population. Climate change is increasing the
frequency and intensity of extreme weather events,
such as droughts, floods, storms, and forest fires, all of
which can affect agricultural production. The loss of ag-
ricultural production is expected to progress in most
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European territories during the 21t century as a result
of heatwaves, droughts, and an increased risk of wa-
ter shortages. The water is the most important factor
for growing various crops. Crop water requirements are
highly vulnerable to the impacts of climate change.
Water availability significantly affects all physiological
and ecological processes in the plant world. The study
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of the spatial and temporal variability of precipitation,
to ensure the conditions for sustainable agricultural
production, represents a significant scientific challenge.

Precipitation is a critical factor in climate and hy-
drometeorology, and a major driver of hydrological
processes, as well as the structure and function of ter-
restrial ecosystems, which determine the conditions
for agricultural production, as discussed by M. Hernan-
dez-Rodriguez et al. (2023). Precipitation patterns are
highly variable, with significant differences in frequen-
¢y, duration, intensity, and overall trends over time, di-
rectly influencing the rhythm of water use by humans
and ecosystems. Changes in precipitation significantly
affect the hydrological cycle and human life, potentially
leading to floods, droughts, biodiversity loss, reduced
agricultural productivity, and soil erosion. According to
T.T. Nguyen et al. (2019), an increase in extreme pre-
cipitation events will lead to a higher risk of flooding,
especially with the rapid pace of urbanisation. High
temperatures have a negative impact on yields due to
heat stress and soil moisture deficits, and similarly, low
precipitation leads to stomatal closure, reduced carbon
uptake,and lower yields, as highlighted by E.P.Hendri &
S.Fadhlia (2024). Modern statistical procedures provide
powerful tools for predicting crop yields under global
climate change, even when the model is based solely
on climate variables such as temperature and precipi-
tation (Leng & Hall, 2020).

According to S. Benziane (2024), precipitation fore-
casting is the process of using a range of models and
data sources to accurately predict the amount and tim-
ing of precipitation, such as rain or snow, in a given
area. Subsequent forecasts are based on historical data
regarding precipitation dynamics. The author also ex-
plains that mathematical and statistical methods al-
low for the accurate prediction of future precipitation
trends, enabling the identification of patterns, chang-
es, and relationships in the data. Y-F. Sang et al. (2020)
highlight that the most common statistical methods are
trend analysis, frequency or spatial analysis, regression
models, and time series models. Additionally, they em-
phasise that identifying periodic rainfall fluctuations
is the most important aspect of rainfall modelling and
forecasting. According to O. Lobachevska & L. Karpin-
ets (2024), the seasonality of the precipitation regime
and the amount of precipitation allow for the identifi-
cation of clear spatial structures, which have significant
implications for livestock producers and future climate
change assessments.

Precipitation is a distinct field of study within cli-
matology and meteorology. However, precipitation con-
stitutes an aspect of climate that affects biological sys-
tems and is therefore a climatope (Kyyak et al., 2023).

Nykytiuk and Kravchenko

A climatope is a specific climatic regime that allows
for the formation of a spatially regular fragment of
landscape cover. Together with the edaphotope, it
forms an ecotope. It must be emphasised that, just as
an edaphic environment is not equivalent to soil, a
climatological environment is not equivalent to cli-
mate. An edaphotope is how living organisms perceive
soil. Similarly, the climatope is an aspect of how living
organisms perceive climate. The system is becoming
more complex. It is no longer sufficient to consider
only the climatic component; the biotic component
must also be taken into account. Conversely, a specif-
ic list of purely climatic issues recedes into the back-
ground. For example, this approach does not require
an explanation of the mechanisms and processes of
the dynamics of climatic phenomena. Climate can be
considered purely phenomenologically or formally.
This approach can be interpreted as ecological with-
in the framework of ecological climatology. Thus, this
study aimed to test the hypothesis that the climate of
the area under investigation exhibits spatial and tem-
poral regularity, which is hierarchically ordered. This
enables the prediction of the state of the climate in
the coming decades.

LITERATURE REVIEW

Effective water management is crucial for maximising
crop yields, particularly in areas with varying rainfall
patterns. Different crops have specific water require-
ments that are vital for their growth, with some being
more drought-resistant, such as rye, and others requir-
ing more moisture during key growth stages, such as
potatoes and rapeseed. Understanding these seasonal
water needs helps optimise crop production, as evi-
denced by the varying water demands across crops like
soybeans, sugar beet, and sunflower.

The article by G. Bodner et al. (2015) suggests
that seasonal crop water needs are essential for crop
management, especially in dry years. For maximum
tuber yield, potatoes require 500-700 mm of water
per season. Rapeseed evaporates a large amount of
water, with its transpiration coefficient in the range
of 500-700 mm, and it needs 400-500 mm of rain-
fall during the growing season. High humidity dur-
ing flowering is necessary for high yields. Excessive
rainfall and low temperatures during the reproductive
stage are unfavourable, as they reduce the number
of flowers, the number and size of the capsules, and
the seeds inside them (Moteva et al., 2018). Rye grows
well with annual rainfall of 600 to 1,000 mm and is
relatively drought-resistant: it can tolerate dry condi-
tions with annual rainfall as low as 400 mm (Basche et
al., 2016). Soybeans are water-efficient, depending
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on the weather and soil type, they use 400-700 mm
of water, either from rainfall, irrigation, or the soil,
to produce sufficient yields (Tacarindua et al., 2013).
Water is essential for many vital functions of sugar
beet, which has a relatively low water consumption of
between 500 and 800 mm, making it a suitable crop
for regions with limited water resources. Sunflower
is cultivated in a multitude of geographical regions
worldwide, whether as a rain-fed, arid, or irrigated
crop (Sposaro et al., 2010). Sunflower requires about
500-670 mm of water during the growing season. Ac-
cording to FAO (Food and Agriculture Organization),
guidelines for crop water requirements and drought
sensitivity indicate that cabbage, walnut, and onion
require 350-500 mm of water and are moderately sen-
sitive to drought. Tomatoes require 400-800 mm of
water and are moderately sensitive to drought, while
peppers require 600-900 mm of water and are also
moderately sensitive to drought. The quantity of water
required by wheat varies depending on several factors,
including the climate, the length of the growing sea-
son, soil conditions, and irrigation. In general, wheat

Ukraine

0 275 550

requires between 400 and 650 mm of water for opti-
mum yield (Tripathi & Mishra, 1986).

The regions of Polissia and Forest-Steppe represent
significant areas of Ukraine with considerable potential
for the advancement of agricultural and forestry activi-
ties. The active economic utilisation of these territories
must be undertaken in a manner that ensures the sus-
tainability of ecological systems and the maintenance
of ecosystem functions. The issue of evaluating the im-
pact of precipitation dynamics on crop yields at the re-
gional level remains unresolved. Accordingly, the objec-
tive of this study was to identify patterns of spatial and
temporal variability in precipitation and to ascertain
the influence of anthropogenic landscape modification
resulting from agricultural production.

MATERIALS AND METHODS
The spatial variability of annual precipitation within
10 administrative regions in the north and northwest
of Ukraine between 1960 and 2023 was investigated
(Fig. 1). The region encompasses both Polissia and For-
est-Steppe geographical zones.

ic steppe

2 - Cherkasy - Rivne

o
A‘\ B chemihiv. - [ | Ternopil
a [:, Khmelnytskyi - Vinnytsia
[ Kyiv I Voun
P Lviv [ Zhytomyr

Figure 1. The study area with the administrative regions of the country covered

Source: authors’ development

Prior to the 2015-2022 reform of Ukraine’s admin-
istrative and territorial structure, the environmental
characteristics were averaged across administrative
districts. This is due to the fact that the area of “tradi-
tional” rayons is smaller and more ecologically homo-
geneous than that of the new administrative units. Fur-
thermore, data on crop yields have been collected over
an extended period within the “old” administrative dis-
tricts, which is crucial for elucidating the relationship
between productive potential and climatic conditions.
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The historical data on the spatial variability of precipi-
tation were obtained from the WorldClim (n.d.) website.
A principal component analysis, Bartlett’s test of sphe-
ricity, and the Monte Carlo test were conducted using
the library stats (The R Project..., n.d.). The suitability
of the precipitation data for the principal component
analysis was evaluated using the Kaiser-Meyer-Olkin
(KMO) test (Kaiser, 1974), with the assistance of the
KMOS function from the REdaS library (Maier, 2022)
within the R computing environment. J.L. Horn’s (1965)
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technique for evaluating the components in a princi-
pal component analysis was implemented through the
paran function from the Paran library (Dinno, 2024).The
spatial database was created in ArcGIS 10.0. Descriptive
statistics, as well as cluster and cluster analysis, were
performed in StatSoft 12.0.

RESULTS

Spatial and temporal dynamics of precipitation. The av-
erage precipitation level within the study area from
1960 to 2023 was 625 £ 68 mm, ranging from 535 to
1,160 mm. The lowest amount of precipitation was ob-
served in 2005, amounting to 488 £ 59 mm, while the
highest was recorded in 1980, with 803 £ 85 mm. The
lowest precipitation level was recorded for the Chyhy-
ryn District (53579 mm), and the highest in the Skole
District (1,160% 151 mm).

A zone of local maximum precipitation is observed
within the study region, extending diagonally from the
northeast to the southwest (Fig. 2). Consequently, areas
of local minima are located in the southeast and north-
west of the region. The zone of highest precipitation
levels is situated in the southwest and corresponds to
the Precarpathian Upland. Precipitation levels in this
zone range from 658 to 1,160 mm per year. Addition-
ally, the central region exhibits elevated precipitation
levels. The lowest precipitation levels are observed in
the southeast, within the Forest-Steppe zone, where an
average of 535-573 mm of precipitation falls per year.
During the study period, a discernible trend of both in-
creasing and decreasing precipitation was noted. The
southeastern region exhibited a declining trend, where-
as the northwestern and northern regions demonstrat-
ed an increasing trend.

B s3s-s3 [ 597-607 [ 617-627 ] 642-657
— B 74-596 [ sos-616 [ o25-o41 I 555 11c0

o[ oo [ os--o4 [ o100
I 09--08[  |-06--05 [ -03--02 M o1-05T

Figure 2. Spatial variation of mean annual precipitation (mm, 1960-2023) (a)
and temporal trend of precipitation variability (b)

Source: authors’ development

Global principal component analysis. Linear regres-
sion can explain some of the variance in precipita-
tion over time. Further analysis uses the residuals of
the regression model of precipitation versus time. The
variability of these residuals is also likely to be com-
plex in nature. The variation in the residuals of a line-
ar regression model contains random noise associated
with inherent errors in the original data. Additionally, a

component associated with regular factors that may
have environmental effects can be expected in the re-
gression residuals. Bartlett’s test of sphericity (P<0.05)
indicates that principal component analysis can be ap-
plied to such data. Global principal component analysis
identified six statistically significant principal compo-
nents, which together explained 84.8% of the variation
in the detrended precipitation data (Table 1).

Table 1. Results of the global principal component analysis

Principal component Adjusted eigenvalue* Eigenvalue
1 20.35 21.66
2 14.54 15.73
3 9.06 10.16
4 4.47 5.49
5 2.40 3.35
6 1.37 2.26

Notes: * - according to J.L. Horn (1965)
Source: authors’ development

Standard deviation

Explained variation

1.31 33.84 4.64
1.19 24.57 3.96
1.10 15.87 3.18
1.02 8.58 2.34
0.95 5.24 1.83
0.89 3.53 1.50
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Years of research into the principal component distinct spatial structure. Principal Component 1 ac-
space have revealed certain patterns. The properties  counts for 33.8% of the variation in precipitation and
of the principal components can be better understood is the most sensitive to fluctuations in precipitation,
by presenting their variability in both time (Fig. 3)  with autocorrelation lags of 5 and 9 years. Spatially,
and space (Fig. 4). Each principal component con- this principal component contrasts the precipitation
trasts a particular sequence of years with anoth- rhythm in the eastern part of the region with that of
er sequence in terms of precipitation, which has a  the western part.
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Figure 3. Time variation of the loadings of principal components 1-6

Notes: a - Principal Component 1 (autocorrelation: -0.13+0.11 for lag 5, 0.13+0.11 for lag 9, and 0.90 % 0.08 for lag
12); b - Principal Component 2 (autocorrelation: -0.22*0.12 for lag 3,0.12+0.09 for lag 4, and -0.15*0.12 for lag 11);
¢ - Principal Component 3 (autocorrelation: -0.26 £0.12 for lag 8, 0.19=0.09 for lag 13); d - Principal Component 4
(autocorrelation: -0.18 *0.09 for lag 12,-0.26 £0.09 for lag 15); e - Principal Component 5 (autocorrelation:-0.39+0.12
forlag 1,0.22%0.12 for lag 2, and -0.26 £0.12 for lag 3); f - Principal Component 6 (autocorrelation:-0.25%0.12 for lag
5,-0.20%0.12 for lag 7,and 0.21£0.12 for lag 12)

Source: authors’ development
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Figure 4. Spatial variability of the principal component scores 1-6
Notes: a - Principal Component 1 (L=20.35, 33.84% of the explained variation); b - Principal Component 2 (A=14.54,
24.57% of the explained variation); ¢ - Principal Component 3 (1.=9.06,15.87% of the explained variation); d - Principal
Component 4 (A=4.47,8.58% of the explained variation); e - Principal Component 5 (.=2.40, 5.24% of the explained
variation); f - Principal Component 6 (.=1.37,3.53% of the explained variation)

Source: authors’ development

Principal Component 1 is not statistically sig-
nificantly correlated with soil properties (Table 2).
The values of this principal component are higher
in landscapes where the proportion of broadleaf
and mixed forests and meadows is greater, and the
proportion of agricultural areas is smaller. Principal
Component 2 accounted for 25.6% of the variabili-
ty in precipitation and is sensitive to the variability
components with autocorrelation lags of 3, 4, and

11 years. This principal component differentiates the
southwestern part of the region from other areas.
Principal Component 2 is positively correlated with
soil organic matter and sand but negatively correlat-
ed with clay and silt. Higher values of this principal
component are found in landscapes with a greater
proportion of coniferous, broadleaved, or mixed for-
ests, and a smaller proportion of agricultural areas
or sparse vegetation.

Table 2. Correlation between principal components and ecological properties
of the territories (correlation coefficients are statistically significant for P < 0.05)

Variables

Principal components

Soil properties

Organic matter (OM)
Clay

PC1 PC2 PC3 PC4 PC5 PC6
- 0.41 019 -0.24 -0.23 -
= -0.74 051 = = =
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Variables

Sand
Silt

Table 2, Continued
Principal components

Types of landscape cover (GlobCover)

Rainfed croplands

Mosaic croplands (50-70%) / Vegetation (grassland/shrubland/forest) (20-50%)
Mosaic vegetation (grassland/shrubland/forest) (50-70%) / Cropland (20-50%)

Closed (>40%) broadleaved deciduous forest (>5m)
Closed (>40%) needle-leaved evergreen forest (>5m)

Open (15-40%) needle-leaved deciduous or evergreen forest (>5m) -
Closed to open (>15%) mixed broadleaved and needle-leaved forest (>5m)
Mosaic grassland (50-70%) / Forest or shrubland (20-50%)

Closed to open (>15%) herbaceous vegetation
(grassland, savannas, or lichens/mosses)

Sparse (<15%) vegetation

Closed to open (>15%) grassland or woody vegetation on regularly flooded

or waterlogged soil - fresh, brackish or saline water

PC1 PC2 PC3 PC4 PC5 PCé

- 071 -041 - 018 -0.15

- -060 028 020 -025 024
015 064 023 -027 -014 -
-038 -025 -018 -  -035 -
023 -027 053 033 - -
044 049 - - - -
- 030 -035 015 028 -

049 -033 023 T
014 050 -038 - 029 -
047 - 044 030 - -
0.28 - 035 024 021 -

029 048 017 021 -  -0.29
- 019 - - -

Artificial surfaces and associated areas (urban areas >50%) - - - - - -

Source: authors’ development

Principal Component 3 accounted for 15.9% of the
variability in precipitation and was sensitive to variabil-
ity components with autocorrelation lags of 8 and 13
years. It contrasts the dynamics of oscillatory processes
in the northern region with those in the central part of
the area. Principal Component 3 is positively correlated
with soil organic carbon, clay, and silt content, and neg-
atively correlated with sand content. Higher values of
this principal component are found in landscapes with
a greater proportion of meadow and shrub vegetation
and a smaller proportion of agricultural land, conifer-
ous, or mixed forests.

Principal Component 4 accounted for 8.6% of the
variability in precipitation and was sensitive to variabil-
ity components with autocorrelation lags of 12 and 15
years. It contrasts the dynamics of oscillatory processes
along a diagonal from the northeast to the southwest,
compared with those in the northwest and southeast.
Principal Component 4 is positively correlated with silt
content and negatively correlated with organic carbon
content. It is negatively correlated with the proportion
of rainfed land or sparse vegetation cover and positive-
ly correlated with the proportion of meadows, conifer-
ous, or mixed forests.

Principal Component 5 accounted for 5.4% of the
variability in precipitation and was sensitive to variabil-
ity components with autocorrelation lags of 1, 2,and 3
years. It contrasts the dynamics of oscillatory processes
in the centre of the region with those in other areas.
Principal Component 5 is negatively correlated with
organic carbon and silt content but positively corre-
lated with sand content. This component is negatively
correlated with the proportion of agricultural land but
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positively correlated with the proportion of coniferous
forests, mixed forests, and herbaceous vegetation.

Principal Component 6 accounted for 3.5% of the
variability in precipitation and was sensitive to varia-
bility components with autocorrelation lags of 5 and 7
years. It contrasts the dynamics of oscillatory process-
es in the centre of the region with the rhythm of pro-
cesses in the north and south. Principal Component 6 is
negatively correlated with sand content and positively
correlated with silt content in the soil. This component
is negatively correlated with the proportion of mixed
forests and sparse vegetation.

Geographically weighted principal component anal-
ysis (GWPCA). The Monte Carlo test was conducted to
determine whether the eigenvalues of the data matrix
are characterised by a spatial component of variation.
The P-value for testing the standard deviation of the
local eigenvalues based on the GWPCA results is 0.01.
This value indicates that the hypothesis of spatial in-
variance of local eigenvalues can be statistically sig-
nificantly rejected; in other words, there is a high level
of spatial non-stationarity represented in the data on
the precipitation erosion factor. Before determining the
optimal pass-through window, it is necessary to decide
how many principal components to retain (Harris et
al.,2011; Gollini et al., 2015). The results of the prelimi-
nary global principal components analysis indicate that
the first two components together account for 58.4%
of the variation in the data structure. Accordingly, it is
reasonable to retain these two components for the sub-
sequent GWPCA procedure. In the process of adaptive
window selection, an optimal window of 220 nearest
neighbours was established for performing the GWPCA
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procedure. To obtain the corresponding results of the
global principal component analysis, only the first two
principal components, GWPC 1 and GWPC 2 were inter-
preted for comparison purposes.

The results of the GWPCA procedure can be visual-
ised and interpreted by focusing on two key aspects:
firstly, how the dimensionality of the data varies spa-
tially, and secondly, how the original variables influ-
ence the principal components. The proportion of
spatial variation in the total variation exhibits a nota-
ble degree of variability, with spatially homogeneous
clusters emerging in the meridional direction (Fig. 5).
In comparison to global principal component analysis,

PV, % 24°0'0"E 26°00°E

28°0'0"E
1

GWPCA has been demonstrated to be an effective and
efficient method for analysing spatial patterns of re-
gional precipitation variability, through the mapping of
the spatial variability of principal components. The first
two principal components extracted from the global
principal component analysis were found to be capa-
ble of explaining 58.4% of the variability in precipita-
tion. The GWPCA explained between 60.7 and 69.2%
of the precipitation variability. The nearest neighbours
were selected for the GWPCA procedure. To facilitate
comparison with the results of the global principal
component analysis, only the first two principal com-
ponents, GWPC 1 and GWPC 2, were interpreted.

30°0'0"E

32°0'0"E
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Figure 5. Spatial variation of the percentage of total variation of the first two principal components

Notes: PTV - percentage of total variation
Source: authors’ development

The application of cluster analysis to the admin-
istrative districts based on the GWPC 1 factor load-
ings enabled the identification of two distinct clusters
(Fig. 6). The aforementioned clusters bisect the study
area along the median meridian, delineating the east-
ern and western regions. The oscillatory process of
precipitation variability within Cluster 1 exhibits auto-
correlation lags of 1 and 6, whereas precipitation var-
iability within Cluster 2 follows an oscillatory process

Cluster
I
W

-
| 2

with autocorrelation lags of 3 and 10 (Fig. 7). The pri-
mary distinction between the oscillatory processes ob-
served in the two clusters is the presence of three dom-
inant oscillation periods in the density spectrum of the
oscillatory process within Cluster 1, in contrast to the
two most prominent periods observed in the spectrum
of the oscillatory process in Cluster 2. Furthermore, the
oscillatory processes of precipitation variability in Clus-
ters 1 and 2 occur with a phase shift.

Cluster

Figure 6. The spatial location of clusters obtained based on factor loadings GWPC 1 (a) and GWPC 2 (b)

Source: authors’ development
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Figure 7. Time variation of the loadings of the principal component GWPC 1 for Clusters 1 and 2
Notes: a - Cluster 1 (autocorrelation: -0.14+0.09 for lag 1,0.12+0.08 for lag 6, and -0.19+0.11 for lag 8); b - Spectral
Density of the oscillatory process for Cluster 1; ¢ - Cluster 2 (autocorrelation: -0. 22*0.11 for lag 3,0.10+0.07 for lag 10,
and -0.21*0.11 for lag 14); d - Spectral Density of the oscillatory process for Cluster 2; e - Phase Spectrum of oscillatory
processes within Cluster 1 and 2; f - Phase Spectrum of oscillatory processes with a shift of 3 lags between them

Source: authors’ development

The application of cluster analysis to the ad-
ministrative districts, based on the values of the
GWPC 2 factor loadings, enabled the identifica-
tion of two distinct clusters. The aforementioned
clusters delineate the study area along the medi-
an meridian, resulting in the division of the area

Ukrainian Black Sea Region Agrarian Science, 28(4), 54-67

into eastern and western sections. The oscillatory
process of precipitation variability within Cluster 1
exhibits autocorrelation lags of 4 and 11, whereas
precipitation variability within Cluster 2 follows an
oscillatory process with autocorrelation lags of 4, 5,
and 9 (Fig. 8).
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Figure 8. Time variation of the GWPC 2 principal component loadings for Clusters 1 and 2
Notes: a - Cluster 1 (autocorrelation: 0.17%0.09 for lag 4,-0.21£0.08 for lag 11 and 0.27+0.11 for lag 13); b - Spectral
Density of the oscillatory process for Cluster 1; ¢ - Cluster 2 (autocorrelation: 0.11£0.07 for lag 4,-0.16 £ 0.07 for lag 5,
and 0.18%0.11 for lag 9); d - Spectral Density of the oscillatory process for Cluster 2; e - Phase Spectrum of oscillatory

processes within Clusters 1 and 2
Source: authors’ development

The primary distinction between the oscillatory
processes observed in the two clusters is that the den-
sity spectrum of the oscillatory process within Cluster
1 encompasses the three most prominent oscillation
periods, whereas the lags of these oscillatory process-
es are shifted to the left in the spectrum of the os-
cillatory process observed in Cluster 2. Furthermore,
the oscillatory processes of precipitation variability in
Clusters 1 and 2 occur with a phase shift.

DISCUSSION
The distribution of total precipitation in the area un-
der study is the result of a combination of processes
that reflect the patterns of geographical and altitudinal
zonation, as well as geographical sectorality (meridi-
onal zonation). The Forest-Steppe zone is characterised
by a naturally lower level of precipitation compared to
Polissia. The Carpathian region exhibits considerably
higher precipitation levels than other areas within the
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territory. Polissia displays a contrast in moisture con-
ditions, ranging from regionally high to regionally low
levels. In the central part of the region, from the north
to the centre and southwest, a zone of increased precip-
itation is formed, exhibiting signs of sectoral variability.
The Forest-Steppe fraction of the study area is included
in the sub-zone of sufficient moisture, with an average
annual precipitation of 570 to 600 mm.

The phenomenon of climate change is impacting
the global water cycle, with implications for both the
total amount of precipitation and extreme precipita-
tion events. It is expected that total precipitation will
increase by approximately 2-3% for each degree Celsi-
us of global warming. Additionally, estimates indicate
that extreme precipitation may become more intense
by approximately 7% for each degree Celsius of warm-
ing (Allen & Ingram, 2002). It is anticipated that the
projected changes in daily temperature, precipitation,
wind, relative humidity, and global radiation will result
in a decline in maize yields in Europe, with an estimat-
ed reduction of between 1 and 22% by 2050. Further-
more, wheat yields in Southern Europe are anticipated
to decline by 49%. Nevertheless, in Northern Europe,
some of the adverse effects of climate change on yields
may be mitigated by elevated CO, concentrations in the
atmosphere and alterations in precipitation patterns
(Hristov et al., 2020). A decline in total annual precipi-
tation has been observed in the Forest-Steppe zone of
Ukraine, with a reduction from 616 to 584 mm from
1990 to 2010. An evaluation of water losses due to
evaporation demonstrates that even with annual pre-
cipitation exceeding 500 mm, a moisture deficit can oc-
cur. This phenomenon is observed in the Forest-Steppe
zone with a frequency of approximately 60% of the
cases studied (Petrychenko et al., 2018). These findings
align with the temporal precipitation trends previous-
ly identified in the Forest-Steppe segment of the study
area. It should be noted, however, that this trend does
not extend across the entire territory. In contrast, the
Polissia segment of the region exhibits a reversal in the
trend of precipitation variability over time. In particu-
lar, the northwest region exhibits a pronounced trend
of increasing precipitation. It is also noteworthy that
the diagonal zone within the study area represents the
boundary between the opposing trends in precipitation
over time. Consequently, this zone can be considered to
exhibit a relatively constant temporal trend.

The findings highlight an additional dimension of
precipitation variability that extends beyond a mere di-
rectional trend over time. Precipitation dynamics over
time exhibit several distinct spatial patterns, which are
identified by principal components that are statistically
independent of one another. This indicates that dispa-
rate spatial and temporal patterns of precipitation arise
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as a consequence of the influence of different factors.
It is also important to note that the contribution of the
respective patterns to the overall precipitation rhythm
decreases in the corresponding principal component
series. Consequently, their direct impact on ecological
processes and agricultural production conditions also
diminishes. If the “first” principal components are the
result of geographical factors that are regular in space
and time, then the subsequent factors in their genesis
can be considered to be generated by factors of local
environmental and landscape character.

Principal Component 1 reflects the meridional
sectoral variability of precipitation rhythms. An in-
crease in precipitation in the eastern region is accom-
panied by a decrease in precipitation in the western
region, and vice versa. Therefore, the remote sensing
data reveal a distinct meridional zonation of the ma-
rine ecosystem structure, with a markedly higher den-
sity of phytoplankton in coastal and Atlantic waters.
This structure correlates well with the complex hydro-
graphic circulation observed in the region (Mitchell et
al., 1991). The meridional zonation of phytoplankton
productivity characteristics was identified through an
analysis of the spatial distribution of primary produc-
tion in the world ocean. The latitudinal zonation of
vegetation is complemented by a meridional zonation,
which should be taken into account when identify-
ing biogeographic regions. The results demonstrate
a distinct form of zonation, characterised by rhythmic
patterns.Zonation can be defined as a sequence of ge-
ographically ordered areas of the Earth’s surface that
are quantitatively distinct in terms of specific proper-
ties. In this instance, the focus is on the cyclical vari-
ability of properties over time, which is characterised
by a sectoral spatial organisation. Principal Compo-
nents 2 and 3 show a spatial organisation that closely
resembles geographic zonation, albeit with a cyclical
rather than modal spatial pattern.

Principal Components 4-6 account for a decreasing
proportion of the variability in precipitation; yet, they
reflect more spatially detailed patterns of variability
that do not align with the patterns of geographic zo-
nation. These components are significantly correlated
with both soil properties and vegetation cover.To gain a
deeper understanding of the correlation between veg-
etation cover and precipitation variability, it is essen-
tial to distinguish between areas covered by crops and
those covered by natural or distinct vegetation types. It
can be posited that the natural variability of precipita-
tion is related to the organisation of landscape cover,
which, in turn, determines the distribution of suitable
and unsuitable areas for agricultural production. Fur-
thermore, it can be postulated that anthropogenic al-
terations to the landscape may influence precipitation



patterns and contribute to the emergence of significant
spatial and temporal patterns.

A more comprehensive examination of the hypoth-
esis that anthropogenic transformation influences the
trajectory of climate processes could potentially yield
insights that inform strategies for climate change ad-
aptation. W. Lahmer et al. (2001) emphasise that the
impact of global changes on the regional water cycle,
caused by either climate change or land-use changes,
represents a significant scientific issue. C. Stephens &
A. Ngari (2024) note that the most important sources
and drivers of global climate change are known to be
at the regional level. N\W. Arnell et al. (2019) highlight
that temperature and precipitation show significant
regional variability in the context of global climate
change. According to PS. Roy et al. (2022), transforma-
tions in land use or land cover represent a human-in-
duced systemic disturbance that exerts an influence,
either direct or indirect, on a multitude of hydrological
processes. PA. Dirmeyer et al. (2010) also point out that
the climatic features of the region exert a pivotal in-
fluence on the consequences of land-use modification.
Thus, the results allow for a reasonable assumption
that a significant oscillatory component of precipita-
tion variability in the studied region can be induced
by both natural landscape heterogeneity and anthro-
pogenic landscape transformation, primarily through
agricultural activities.

The oscillatory regularity observed in precipitation
rhythms allows for two practical considerations to be
made. This enables the forecasting of future precip-
itation dynamics based on data from previous years,
as well as the consideration of fluctuating precipita-
tion dynamics to recommend optimal crop rotations
and select the most suitable range of crop varieties
for cultivation. The established regularities provide a
basis for formulating empirical rules for the selection
of crops in crop rotation. It is well documented that
the cultivation of soybeans as a predecessor to winter
wheat in the sub-zone of sufficient moisture in For-
est-Steppe is an inherently risky venture. The crop is
highly susceptible to fluctuations in temperature and
moisture levels throughout the growing season. How-
ever, the awareness of crop characteristics is of limit-
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dation for climate forecasts and the development of
optimal crop rotations. The cultivation of sugar beet is
adversely affected by the overlap of crops in the crop
rotation, which can also be attributed to a discrepancy
between the rhythm of climatic processes and the re-
quirements of the crop.

CONCLUSIONS

The distribution of total precipitation in the study area
results from a superposition of processes that reflect
the patterns of geographical and altitudinal zonation, as
well as geographical sectorality (meridional zonation).
The mean precipitation level within the study area for
the period between 1960 and 2023 was 62568 mm,
with a range spanning from 535 to 1,160 mm. During
the study period, there was a discernible trend towards
both increasing and decreasing precipitation. The
southeastern region exhibited a declining precipitation
trend, whereas the northwest and north demonstrat-
ed an increasing precipitation trend over time. A global
principal component analysis identified six statistical-
ly significant principal components, which collective-
ly explained 84.8% of the variation in the detrended
precipitation data. The principal components exhibited
particular spatial patterns of variability and spectral
features of time variation. The established spatial and
temporal patterns of precipitation are formed as a re-
sult of the influence of various factors. Principal Com-
ponents 1-3 result from geographical factors that are
regular in both space and time. Principal Component
1 is indicative of the meridional sectoral variability of
precipitation rhythms. Principal Components 2 and 3
exhibit a spatial organisation that closely corresponds
to geographic zonation, albeit with a cyclical rather
than modal spatial pattern. Principal Components 4-6
are the result of local ecological and landscape factors.
The anthropogenic transformation of the landscape can
also impact precipitation rhythms and contribute to the
formation of relevant spatial and temporal patterns. For
future research, it is essential to determine the impact
of spatial and temporal dynamics of precipitation on
the yield of key agricultural crops in the region.
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KonusanbHa NnpocTopoBo-4acoBa MiHNUBICTb onaaiB B Monicci Ta Jlicocteny
Ta BMNJIMB arpapHoro nepeTBopeHHs naHawadTiB

HOpin Hukutiok

[lOKTOp eKOHOMIYHMX HayK, npodecop
MoniCbkui HauioHaNbHWI yHiBEPCUTET
10008, 6ynbs. Crapui, 7, M. XXutomump, YkpaiHa
https://orcid.org/0000-0001-9142-7699

OkcaHa KpaBueHko

KaHaunpaT dinocodcbkmx Hayk

MoniCbKuit HauioHaNbHWI YHiBEPCUTET
10008, 6ynba. Crapui, 7, M. XutoMmp, YkpaiHa
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Anorauis. Teputopii lNoniccs Ta Jlicocteny MatoTb BeNMKe 3HAYEHHS A5 YKpaiHW, NPONOHYKYM 3HAYHWUIA NOTeHLian
ON19 pO3BMTKY CifIbCbKOro Ta NiCOBOro rocnoaapctsa. Y CBiT/i HaranbHoi Nnpobnemu rnobanbHOi 3MiHKW KNiMaTy BKpam
BaX/IMBO, W00 aKTMBHE rOCMOAAPCbKE BMKOPUCTAHHSA UMX TEpUTOpPIM BigOyBanocsa 3 ypaxyBaHHAM 3000B93aHb
woa0 36epexxeHHs eKONOMiYHUX CUCTEM Ta NiATPUMAHHSI €KOCUMCTEMHUX PYHKLIiN. MeToto Ui€i cTaTTi 6yno 3acyBatu
3aKOHOMIPHOCTI NMPOCTOPOBOI Ta YaCOBOi MiHAMBOCTI ONaAiB i BCTAHOBMTM BMAMB aHTPOMOreHHOi TpaHcpopmauii
3eMe/lb BHACNiAOK CiNbCbKOroCnofapCbKoro BUPOOHMLTBA. Ha mocnigkyBaHin TepuTopii cepefHii piBeHb onagis
cTaHoBMB 625 % 68 MM i konuBaBeca Big 535 no 1160 mm. MNpotarom gocnigxyeaHoro nepiogy (1960-2023 pp.)
cnoctepiranacs TeHAeHUis gK A0 36inblieHHs, Tak i A0 3MEHLIEeHHs KinbKOCTi onagis. [MiBAEHHUIM CXig perioHy
XapaKTepu3yBaBCs TEHAEHLIEN A0 3MEHLLEHHS KiIbKOCTi ONaAiB, TOAi K HA MiBHIYHOMY 3ax0f4i Ta NiBHOYi YaCOBMM
TpeHA, NoKasyBaB 36ibLeHHS KinbkocTi onaais. KinbkicTb onaais y KapnaTtcbKoMy perioHi 3Ha4HO BULLA, HiXK B iHLIMX
YyacTuHax TepuTopii. HasBHICTb KONMBANbHOI 3aKOHOMIPHOCTI B pUTMi ONafiB A03BONSE PO3MNSAATU ABA MPAKTUYHI
acneKT: MOX/IMBICTb MPOrHO3yBaHHS MalbOyTHbOI AMHAMIKM OMaAiB HA OCHOBI HasiBHOI iHdOpPMaLii 3a nonepegHi
POKM Ta BPaxXyBaHHS KOMMBaNbHOT AUHAMIKM OMAfiB NpY peKOMeHAaLisX ONTUManbHUX CiBO3MiH i nigbopi Hanbinbw
NPUAATHOIO ACOPTUMEHTY COPTIB CilbCbKOrOCMOAAPCHKMUX KY/bTYP 415 BUPOLLYBAHHS

KntouoBi cnoBa: kiiMaT; NpoCTopoBa CTPYKTYpa; YacoBa AMHAMIKA; NaHAWAdTHE Pi3HOMAHITTS; POC/IMHHUI NOKPUB
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Abstract. The purpose of the study was to investigate the collection of soft winter wheat varieties selected by
four research institutions of Ukraine, covering Steppe and Forest-Steppe soil and climatic zones. As a result of
the study, indicators of the yield structure and grain quality of 53 varieties of soft winter wheat were analysed.
The obtained data allowed assessing the stability of productivity elements and identifying varieties with high
indicators for further use in breeding. Based on the results obtained, tables and graphs were compiled that
reflect the difference in structural indicators between varieties over the years of research, and an estimate
of the frequency of distribution of such parameters as: the length of the ear rod, the weight of the ear, the
number of spikelets per ear, the number of grains in the ear, the weight of grains from the ear, and the weight
of 1,000 grains. Statistical analysis using ANOVA and construction of confidence intervals (significance level of
0.05) confirmed significant differences between varieties in terms of the indicators under study, which helped
to identify varieties with high stability of grain yield and quality. When using correlation analysis, relationships
between structural indicators were established. Special attention was paid to homeostatic varieties that showed
high indicators during 2021/2022-2023/2024 studies, namely: the length of the ear rod, the number of spikelets
per ear,and the weight of 1,000 grains, which are key breeding indicators to increase yields. Such indicators were
determined by the specificity of genotypes, environmental conditions, and their interaction. After calculating the
regression coefficient, varieties with a high level of adaptability were determined. The best varieties in terms of
the parameters under study were recommended for further use in breeding programmes aimed at increasing
productivity and improving the quality of soft winter wheat grain in the context of climate change

Keywords: weight of 1,000 grains; grain quality; protein; gluten; correlation; adaptability; homeostatic

INTRODUCTION
Wheat is one of the main food crops in Ukraine and the face of population growth, increased demand for
the world. Increasing the productivity and adaptability  grain, and climate change. Yield is one of the main in-
of varieties directly affects food security, especially in  dicators of productivity of a variety, which depends on
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various structural components, such as the number of
ears per plant, the number of grains in the ear, and the
weight of 1,000 grains. Evaluation of these parameters
determines the most productive varieties adapted to
specific growing conditions, considering climatic, soil,
and agrotechnical factors. High-yielding varieties help
to increase production efficiency, as they to get a sta-
ble yield with optimal use of resources. Grain quality
is an equally important indicator, as it affects the nu-
tritional and processing value of products. The main
indicators of grain quality are the protein content, raw
gluten, grain nature, and other parameters that affect
its suitability for the bakery, confectionery, and other
industries. The quality of grain also affects the possibil-
ity of its long-term storage and transportation, which is
important for agro-industrial enterprises. The creation
of modern wheat varieties requires a combination of
inversely dependent characteristics in one genotype,
such as productivity and quality, and the effectiveness
of breeding will depend on the availability of genetic
sources (Kyrylchuk & Kovalchuk, 2021). Therefore, it is
the analysis of the crop structure and grain quality that
allows breeders to identify varieties with optimal char-
acteristics that increase the efficiency of agricultural
production and meet modern market requirements (Lo-
tysh & Kardash, 2021).

I. Shpakovych & H. Kovalyshyna (2023) investigat-
ed that the introduction of new varieties and species,
in particular, the genus Aegilops as sources of valuable
agricultural traits such as adaptability, and their inclu-
sion in the scheme of the breeding process is an im-
portant condition for breeding. However, an important
place in breeding for productivity remains for local va-
rieties, especially in the context of climate change, soil
degradation, and ecosystem destruction, including due
to the consequences of military operations that do not
avoid agricultural land. A. Ficiciyan et al. (2018) found
that local varieties show high resistance to regional cli-
matic conditions (droughts, high temperatures, frosts,
etc.), which makes them stable in unstable and extreme
weather conditions. In addition, such varieties are more
adapted to local agroecosystems, and their study is the
key to increasing the productivity of soft winter wheat
varieties in modern conditions. The need to create new
varieties adapted to changing climatic conditions with
high yield and quality indicators determines the rele-
vance of this study.

Numerous researchers have conducted studies to
evaluate soft winter wheat varieties for yield and qual-
ity, and the results of their work have been used in the
selection of modern wheat varieties.Z. Guo et al. (2018)

Havryliuk and Kovalyshyna

investigated the impact on yield of various manipula-
tions regarding the structure of the ear, namely, indi-
cators of the structure of the wheat crop and how they
can predict the yield and change the architectonics
of the crop to increase the yield. S. Ebrahimnejad &
V. Rameeh (2016) found a high coefficient of variation
between the characteristics of ear weight and plant
biological yield. Accordingly, the effectiveness of using
such dependence in breeding for productivity will be
high. In their studies, M. Lozinskiy et al. (2021) estab-
lished the features of the development of the length of
the main ear under various environmental conditions.
They investigated the influence of the length of the
main ear on the development of the number of spike-
lets per ear, the number of grains in the ear, and the
weight of grain from the main ear, and based on the re-
sults obtained, they established the adaptability of soft
winter wheat varieties under study.

Adaptability should be understood as the ability of
a variety to combine a sufficiently high yield with sta-
bility in the face of climate change, while genotypes
with hyperreaction to growth conditions should be con-
sidered sensitive (Lytvynenko et al., 2013). According to
M. Helguera et al. (2020), wheat grain quality indica-
tors are a determining factor in its further use and the
quality of products obtained on its basis. Therefore, in
addition to yield indicators, grain quality indicators oc-
cupy an important place in the selection of soft winter
wheat. Thus, one of the indicators used for selection
in hybrid nurseries is the content of protein and raw
gluten (Khan, 2019).

The purpose of the study was to analyse the struc-
ture of the crop and grain quality indicators of soft win-
ter wheat varieties selected by various breeding and
research institutions of Ukraine.

Objectives of the study:

to establish the interdependence between crop
structure indicators and grain quality;

to identify sources of valuable traits in the vari-
eties under study.

MATERIALS AND METHODS

The study analysed 53 varieties of soft winter wheat
developed by 4 research institutes in Ukraine (Table 1).
The study was conducted in accordance with the ethical
standards provided for by the Convention on Biological
Diversity (1992) and the Convention on the Trade in En-
dangered Species of Wild Fauna and Flora (1973). The
provisions of these documents aimed at protecting Bi-
ological Diversity and preventing threats to the species
under study were observed.
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Table 1. List of soft winter wheat varieties created in research institutions

Names of varieties

Spivanka Poliska, Kesaria Poliska, Namysto, Pyriatynka,
Myroliubna, Pamyati Hirka, Krayevyd, Efektna, Merezhka,
Poliska 90, Liubito, Polisianka, Vodohrai, Fortetsia Poliska,
Shchedrivka Kyivska
MIP Yuvileyna, Svitanok Myronivskyi, Hratsia Myronivska,
MIP Assol, Berehynia Myronivska, Hospodynia Myronivska,
MIP Lada, Estafeta Myronivska, Oberih Myronivskyi, MIP
Kniazhna, MIP Vyshyvanka, MIP Dniprianka, MIP Valencia
Legenda Bilotserkivska, Tsarivna, Perlyna Lisostepu,
Hratsia Bilotserkivska, Ros, Romantyka, Kvitka Poliv, Lisova
Pisnia, Rozumnytsia, Vodohrai Bilotserkivskyi, Vidrada,
Hadzynka, Lybid, Charodiyka Bilotserkivska
Aksioma Odeska, Nota Odeska, Duma Odeska, Fortetsia,
4 Versia Odeska, Mudrist Odeska, Sich, Oktava Odeska,

Doskonalist Odeska, Optyma Odeska, Palitra

Source: compiled by the authors

2

The research was conducted during 2021/2022-
2023/2024 in the fields of a separate division of the
National University of Life and Environmental Sciences
of Ukraine “Agronomic Experimental Station”, located
in the Forest-Steppe soil and climate zone of Ukraine.
The main indicators for evaluating soft winter wheat
varieties were: the length of the ear rod, the weight of
the ear, the number of spikelets per ear, the number of
grains in the ear, the weight of grain from the ear, the
weight of 1,000 grains, the content of protein and glu-
ten. The assessment was carried out in accordance with
generally accepted methods, which allowed comparing
varieties in terms of the main structural indicators and
grain quality indicators and identifying the most prom-
ising ones for use in the selection of soft winter wheat.
Grain quality indicators of soft winter wheat varieties
were determined on the FOSS “Infratec 1241 Grain Ana-
lyzer” express whole grain analyser (Denmark) using
the method of Z. Kyienko et al. (2017).

The quality class of wheat grain was determined
according to DSTU 3768:2019 (2019). Statistical anal-
ysis of the data was performed using Microsoft Excel
software and the online ANOVA Calculator. Basic calcu-
lations were performed using Excel, in particular, sum-
mation, calculation of average values, standard devia-
tions, coefficients of variation, and the least significant
difference (LSD) between indicators. ANOVA Calcula-
tor was used to analyse variance (ANOVA) to compare
groups. Differences in the confidence level p < 0.05
were considered statistically significant.

Overall adaptive capacity was determined based on
the calculation of the regression coefficient. If:

= b =1 - it was considered that the variety was
medium-adaptive;

= b, >1 - variety was high-yielding only under op-
timal growing conditions;

Ukrainian Black Sea Region Agrarian Science, 28(4), 68-84

Number of
varieties

Originators of varieties

Institute of Agriculture of the

b National Academy of Agrarian Sciences of Ukraine

Myronivsky Institute of Wheat

13 named after V.M. Remeslo

Bila Tserkva Experimental and Breeding Station of
14 the Institute of Bioenergy Crops and Sugar Beet of
the National Academy of Agrarian Sciences

Plant Breeding and Genetics Institute — National
11 Centre of Seed and Cultivar Investigation of the
National Academy of Sciences of Ukraine

« b, <1 -variety was resistant to stressful environ-
mental conditions.

Field experiments were conducted on plots of 6 m?
each, with silage maize as the predecessor in all years
of the study. Pre-sowing tillage included the introduc-
tion of a compensatory rate of fertilisers in the amount
of N, P, K. . The plots were not fertilised during the

90" 60 90"

study period.

RESULTS AND DISCUSSION

As a result of three-year studies of 53 varieties of soft
winter wheat, the main indicators of the crop structure
and grain quality were analysed (Fig. 1). The length
of the spike rod of plants in the experimental sample
varied from 4.10 to 10.25 cm. The highest indicators
were recorded in the varieties Legenda Bilotserkivs-
ka (the average length over the years of research was
9.08 cm) and Spivanka Poliska (the average indicator
was 8.47 cm), which suggests their potential to form a
larger number of spikelets per ear, and accordingly, a
larger number of grains from the ear.

The number of spikelets per ear of the crop varie-
ties under study ranged from 11.00 to 26.80 units. The
number of spikelets per ear can be a limiting factor in
the yield of a variety. This indicator was highest in the
varieties Legenda Bilotserkivska (21.30 units), Fortetsia
Poliska (19.90 units) and Kesaria Poliska (20.30 units).
The number of grains in one spikelet is an indicator
of seed development in a particular year under certain
weather conditions and cultivation technology and
directly affects the yield of the crop, and is a varietal
feature of soft winter wheat. The number of grains in
the ear over the years of research in varieties varied
from 17.80 to 56.50 units. This indicator was high-
est in the following wheat varieties: Legenda Bilot-
serkivska (46.43 units), Spivanka Poliska (45.79 units)
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and Shchedrist Odeska (44.70 units). It is worth not-
ing that in the 2023/2024 growing year, there was no

significant difference between varieties, relative to the
average number of grains by variety.

Kubok 6:93mmi670mm 41.50 H 42.75 -
Doskonalist Odeska 609mmitom: 28.65 H 43.92 -
Sich 6:69mmt640mm 38.36 i 37.97 B

Versia Odeska 5:81mmi:90m 34.75 i 43.89 -

Duma Odeska 6:30mmii6i30mm: 35.50 B 45.18 B

Aksioma Odeska 681 immli6:50mm! 40.93 H 42.79 -

Nota Odeska 67Z5mul340m! 33.98 H 48.75 B
Shchedrist Odeska 6:84immiiG:75mm 4470 B 42.16 B
Hratsia Myronivska 16:82mmii5:70mmi 35.60 i 50.97 =
Estafeta Myronivska 5i94mmmt:8:30mm 27.95 = 47.51 -

Balada Myronivska 17:93/mml6:85mm 34.65 il 48.69 B
MIP Yuvileyna 741 mmmiZ:50mms 35.90 H 56.22 B
MIP Lada 6itemmte70m: 28.35 il 51.12 -
MIP Assol 7.05Ii420m 31.64 H 53.85 B
Svitanok Myronivskyi 69268 0mm 36.77 I 49.37
Oberih Myronivskyi S imeia0@ms:27:03 = 4899 B ,
MIP Kniazhna 624mmtiSssme27.73 48.14 ® Length of the spikelet
MIP Dniprianka S/3QmESHOm 2507 46.02 - ¥ Number of spikelets per ear
MIP Vyshyvanka 7:18mmS:50mmi 27.13 H 4472 i Number of grains per ear
MIP Valencia 5:38mi3:80m 23.95 H 47.12 - B Weight of 1,000 grains
Hospodynia Myronivska 644ii640m! 31.00 H 47.69
Berehynia Myronivska 6:85mmmi6i90mm: 34.80 ] 44.36
Poliska 90 5:83mmi4s90mi 26.10 el 47.54 =
Kesaria Poliska 17:02mms20:30mmm 29.37 H 64.11
Merezhka 6rMmNSI60MN 30.83 5 42.36 B
Namysto 6198mmmli7s80mm! 36.43 ] 46.17 -
Fortetsia Poliska 5:78mmm19:90mmm: 25.67 ] 40.15 -
Liubito 692780 29.75 H 41.73
Pyriatynka 6:86mmmi680mm: 33.20 H 4747 B
Efektna 6:09mmml8i30mmm 33.20 i 41.56
Polisianka 6:02mmirxti7ami 30.27 H 40.74 -
Spivanka Poliska 1847/ mmig:00mm 4579 i 48.03
Vodohrai 5iGmsid60ms 26.10 H 45.50 -
Myroliubna  17:56mmmt7s30mm 37.43 H 41.26
Pamyati Hirka Z:32/mm17:20m 34.07 i 42.51
Krayevyd 6:60mml660mm: 31.77 = 46.35
Liryca Bilotserkivska /7:59immiz55mm 39.75 H 48.69 -
Zoria Laniv  7:35mmi5:85mm 36.80 H 65.12
Hadzynka [7:83i8:50mmi 33.20 il 44.90 -
Zorepad Bilotserkivskyi 7:07musiGi87m 35.65 H 4479 -
Ros 7:u7mesti7a20mm 38.90 H 45.58 o
Tsarivna [7:321i7:50mm 40.27 H 51.25
Hratsia Bilotserkivska 6:54mml6i50mm 37.43 H 49.07 -

Romantyka 7:34 6w 0mm: 36.50 H 50.07 B

Rozumnytsia 6:46mmt5:50m 32.82 = 51.46 i
Perlyna Lisostepu 7:23 16200 38.85 H 50.17 EH

Vodohrai Bilotserkivskyi 7:36mu5:50m 36.45 H 47.14 EH

Lisova Pisnia 17:29mesi7:90mmm 36.03 H 49.40 -

Kvitka Poliv 77314900 36.87 H 48.05 B

Legenda Bilotserkivska "9;08 213 0mmm 46.43 H 60.77
Charodiyka Bilotserkivska 6yommiS7mms 25.63 = 53.71
Lybid 6:88mmi6r30ms 33.10 H 43.82
Vidrada 643540 30.97 il 52.75 =

Figure 1. Indicators of the yield structure of soft winter wheat varieties

Source: compiled by the authors
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Compared to previous indicators, the weight of
1,000 grains best reflects the quality and size of seeds.
During the years of experiments, it ranged in varieties
from 38.89 to 92.53 g. Thus, despite not significant
previous indicators, high seed fullness and potentially
high quality, due to the weight of 1,000 grains, were
noted for a number of varieties: Vidrada (52.7 g), Char-
odiyka Bilotserkivska (53.7 g), Legenda Bilotserkivs-
ka (60.77 g), Perlyna Lisostepu (50.17 g), Rozumnytsia
(51.46 g), Romantyka (50.07 g), Tsarivna (51.25 g), Zo-
ria Laniv (65.10 g), Kesaria Poliska (64.11 g), MIP Assol
(53.85 @), MIP Lada (51.12 g), MIP Yuvileyna (56.22 q),
and Hratsia Myronivska (50.97 g). There was no signif-
icant difference between the varieties in this indica-
tor in 2021/2022 and 2023/2024, which may indicate

Kubok memssssss o
Doskonalist Odeska g 1.19

Sich sy e—
Versia Odeska 205
Duma Odeska sy o7
Aksioma Odeska my g5

Nota Odeska w7

favourable growing conditions in these years in con-
trast to the 2022/2023 growing year.

Ear weight (Fig. 2) of soft winter wheat varieties un-
der study were in the range of 0.85-3.85 g. For varieties
with a high ear weight, both a high number of grains
and the weight of grain from the ear were noted. These
varieties include Spivanka Poliska (average weight
2.92 g) and Svitanok Myronivskyi (3.39 g). The weight
of grain from the ear varied according to the varieties of
soft winter wheat from 0.70 to 4.71 g.In the 2023/2024
growing year, soft winter wheat varieties did not have a
significant difference in grain weight per ear relative to
the average value for the year. The largest grain weight
significantly different from the average value was ob-
served for Legenda Bilotserkivska variety - 2.89 g.

Shchedrist Odeska s 1.87

Hratsia Myronivska msssssssssspigms
Estafeta Myronivska sz

Balada Myronivska s e 1.69
MIP Yuvileyna sz 203

MIP Lada sy
MIP Assol g gz

Svitanok Myronivskyi msssss e — 1.82

Oberih Myronivskyi sy
MIP Kniazhna sssssepgzms

MIP Dniprianka messsssspses s 115

MIP Vyshyvanka sz s

MIP Valencia mssspssm s 113
Hospodynia Myronivska s
Berehynia Myronivska msssssssssss s

Poliska 90 w57
Kesaria Poliska s pogms
Merezhka psssssgzgm

Namysto

Fortetsia Poliska ws gz 1.04
Liubito g5

Pyriatynka s pogmm——

Efektna pomsssss o
Polisianka s g

W Weight of ear, g
Weight of grain in the ear, g

134

1.23

Spivanka Poliska s gy 218

Vodohrai sssssssspsomm—
Myroliubna s gom—
Pamyati Hirka s pggms
Krayevyd sy o7

Liryca Bilotserkivska pssssssss sz 1.94

Zoria Laniv e

Hadzynka sy
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Zorepad Bilotserkivskyi

Figure 2, Continued

222 1.81
Ros 246 1.83
Tsarivna 2,62 2.06
Hratsia Bilotserkivska 248 1.84
Romantyka 2.25 1.82
Rozumnytsia 210 175
Perlyna Lisostepu 242 1.96
Vodohrai Bilotserkivskyi 2.83 172
Lisova Pisnia 235 179
Kvitka Poliv 218 179
Legenda Bilotserkivska 2.55 2.89
Charodiyka Bilotserkivska 191 1.39
Lybid 1.95 1.47
Vidrada 197 1.67

Figure 2. Yield of soft winter wheat varieties

Source: compiled by the authors

The variability of crop structure indicators de-
pending on the year of research demonstrates that
the 2023/2024 growing year was the most favourable
for the development of soft winter wheat - all indi-
cators are at a high level, while 2022/2023 was the
least favourable. Homeostatic of the indicators un-
der study (Table 2) indicates that the varieties of this
sample have relatively stable indicators in the years
of research in terms of the length of the ear rod, the
number of spikelets per ear, and the weight of 1,000
seeds. Such structural indicators as the weight of the
ear, the number of grains in the ear, and the weight

of grain from the ear for most varieties have a high
variation (>30%), respectively, it can be assumed that
they depend on the environmental conditions of a
particular year and cultivation technology. Several
varieties of soft winter wheat were identified that
strongly respond to changes in growing conditions in
many respects: Legenda Bilotserkivska, Perlyna Liso-
stepu, Zorepad Bilotserkivskyi, Krayevyd, Pamyati Hir-
ka, Posilianka, Liubito, Fortetsia Poliska, Merezhka, and
Kesaria Poliska. These varieties have low homeostasis,
so it is better to grow such varieties in regions with
optimal growing conditions.

Table 2. Homeostatic indicators of the yield structure of soft winter wheat varieties

Coefficient of variation by indicators, %

Variety . . number of number of grainweight  weight 1,000
spike rod length  ear weight . X .
spikelets per ear  grains per ear per ear grains
1 Vidrada 9.37 23.79 8.70 18.23 36.31 21.31
2 Lybid 12.32 20.65 5.62 20.00 28.13 10.66
g SEmye 19.04 29.64 71.87 14.86 21.84 8.89
Bilotserkivska
4 _ legenda 6.58 12.86 49.37 10.95 54.71 45.49
Bilotserkivska
5 Kvitka Poliv 19.63 36.91 17.60 34.46 37.03 474
6  Lisova Pisnia 15.15 21.80 311 10.97 17.45 9.06
) VCCEEl 15.13 26.83 492 19.15 2752 16.45
Bilotserkivskyi
8  Perlyna Lisostepu 26.50 33.18 11.43 32.89 35.19 10.75
9 Rozumnytsia 18.53 42.30 9.37 28.57 43.10 19.70
10  Romantyka 6.31 572 5.49 7.46 6.34 10.11
o MBS 14.44 21.52 278 1071 14.26 5.40
Bilotserkivska
12 Tsarivna 7.42 20.48 10.37 21.68 20.72 476
13 Ros 21.45 23.82 8.18 29.70 43.64 1716
14  “2orepad 19.32 62.25 17.68 44.63 60.72 20.56
Bilotserkivskyi
15 Hadzynka 19.15 41.28 6.23 27.43 48.01 22.69
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Table 2, Continued

Coefficient of variation by indicators, %

Variety . . number of number of grain weight weight 1,000
spike rod length  ear weight . . o
spikelets per ear  grains per ear per ear grains
16 Zoria Laniv 13.38 20.67 17.40 22.29 20.56 41.00
Liryca
17 Bilotse’;kivska 7.27 1.43 0.49 1.60 1.10 2.70
18 Krayevyd 17.66 45.41 29.45 43.93 40.84 10.55
19 Pamyati Hirka 30.33 50.61 29.75 41.16 51.77 11.54
20 Myroliubna 3.62 21.57 11.88 18.05 24.93 8.04
21 Vodohrai 16.87 29.63 10.51 2718 36.38 10.26
22 Spivanka Poliska 18.31 27.71 4.40 24.41 24.88 15.68
23 Polisianka 9.38 55.38 18.11 52.72 48.38 422
24 Efektna 17.55 18.14 14.56 18.82 15.72 7.20
25 Pyriatynka 1235 8.23 12.32 7.33 8.42 1.24
26 Liubito 18.59 39.18 12.45 37.83 34.94 6.02
27 Fortetsia Poliska 27.23 40.48 32.45 36.57 40.81 4.22
28 Namysto 14.82 18.66 8.28 21.43 27.82 8.59
29 Merezhka 21.83 45.00 16.06 42.26 50.77 11.46
30  Kesaria Poliska 1271 59.03 28.98 41.75 39.29 30.84
31 Poliska 90 12.60 35.68 18.86 29.15 37.53 9.11
32 Berehynia 5.70 12.03 6.51 1747 14.16 22,07
Myronivska
33  Hospodynia 1633 35.38 3.00 2742 2750 1125
Myronivska
34 MIPValencia 19.19 27.37 1230 3.25 1571 18.91
35  MIP Vyshyvanka 9.40 13.82 5.95 10.68 11.28 116
36 MIP Dniprianka 9.49 17.20 15.37 1245 1478 1333
37 MIP Kniazhna 7.24 6.15 7.03 2455 16.24 8.65
38 Oberih 8.56 19.82 312 6.52 8.95 7.66
Myronivskyi
39 SUIEER 6.25 56.06 343 8.61 16.69 7.86
Myronivskyi
40 MIP Assol 19.06 10.82 3.50 14.94 24.60 38.60
41 MIP Lada 333 345 145 10.73 5.24 5.36
42 MIP Yuvileyna 13.27 11.06 0.81 3.55 22.70 19.23
43 ik 277 8.05 11.33 13.26 15.90 266
Myronivska
44 Estafeta 2667 18.83 11.24 430 11.70 7.41
Myronivska
45 RIS 32.48 61.67 2.70 12.31 17.09 483
Myronivska
46 Shchedrist 279 8.85 10.55 13.29 151 1179
Odeska
47 Nota Odeska 11.43 33.89 1.06 22.17 26.76 473
48  Aksioma Odeska 2.54 10.35 3.87 371 14.91 11.22
49  Duma Odeska 4.49 2255 23.93 17.93 28.81 11.17
50  Versia Odeska 1.46 6.90 10.44 7.12 1571 8.64
51 Sich 1.28 24.77 0.92 24.49 23.57 071
5y  Doskonalist 5.57 5.35 11.03 23.94 22.58 45.30
Odeska
53 Kubok 1.63 217 127 175 1.99 0.24

Notes: varieties with a high level of variability are highlighted in bold
Source: compiled by the authors

Soft winter wheat varieties with high homeostatici-  Bilotserkivska, Lisova Pisnia, Vodohrai Bilotserkivskyi,
tyare important for breeding programmes, especiallyfor =~ Romantyka, Hratsia Bilotserkivska, Tsarivna, Zoria
regions with unstable climates. Homeostatic varieties in ~ Laniy, Liryca Bilotserkivska, Myroliubna, Vodohrai, Spiv-
the years of research turned out to be: Lybid, Charodiyka  anka Poliska, Efektna, Pyriatynka, Namysto, Berehynia
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Myronivska, MIP Valencia, MIP Vyshyvanka, MIP Dni-
prianka, MIP Kniazhna, Oberih Myronivskyi, MIP Lada,
MIP Yuvileyna, Balada Myronivska, Estafeta Myronivs-
ka, Shchedrist Odeska, Aksioma Odeska, Duma Odeska,
Versia Odeska, Sich, and Kubok. The most variable indi-
cators of the structure of the yield of soft winter wheat
were the number of grains in the ear and the weight of
grains from the ear. The most stable indicators were the
length of the ear rod and the number of spikelets per ear.

Since the influence of year conditions on the struc-
tural indicators under study is established, it is advis-
able to determine statistically significant differences
over the years of research using the Tukey HSD test.
Based on the data of the analysis of soft winter wheat

Average difference

between the HEREE]

Pair of years error, SE

test,Q

compared groups

Table 3. Comparison of indicators of the structure of the yield of soft winter wheat by years of observation (ANOVA)

Tukey’s range

Havryliuk and Kovalyshyna

varieties by the length of the ear rod, the weight of the
ear, the number of spikelets per ear, the weight of grain
from the ear, and the weight of 1,000 grains (Table 3),
the following conclusions can be drawn: over the course
of three years, a significant increase in the studied in-
dicators was observed, especially between the second
and third years. This may indicate an improvement in
growing conditions or an improvement in agrotechni-
cal measures, which contributed to an improvement in
these indicators of soft winter wheat in the last year
of research. However, between the 2021/2022 and
2022/2023 growing years, the differences in indicators
are not significant, which may indicate stable or similar
conditions during these periods.

Critical
average

Confidence interval limits

by the length of the spike rod

xI-xlI 0.2611 0.1813 1.4405 -0.3462 0.8684 0.6073 0.5664
xI-xI1 0.6787 0.1704 3.9832 0.1078 1.2497 0.5709 0.01527
xI-x111 0.9398 0.1747 5.3789 0.3544 1.5253 0.5854 0.0006207
by ear weight
xI-xll 0.1037 0.09391 1.1041 -0.211 0.4183 0.3146 0.7155
xI-xI1 0.4271 0.08866 4.8169 0.13 0.7242 0.2971 0.002474
xI-x111 0.5308 0.0909 5.8393 0.2262 0.8353 0.3046 0.0001846
by the number of spikelets per ear
xI-xlI 0.2644 0.1581 1.6718 -0.2655 0.7942 0.5298 0.4658
xI-xIl 0.812 0.1493 5.4388 0.3118 1.3123 0.5003 0.0005335
xI-x111 1.0764 0.1531 7.0323 0.5635 1.5893 0.5129 0.000005748
by weight of 1,000 grains
xI-xlI 4.2114 1.2653 3.3283 -0.02833 8.4511 4.2397 0.05197
xI-xI 4.7673 1.1947 3.9903 0.7642 8.7705 4.0031 0.01506
xI-x111 0.5559 1.2248 0.4539 -3.548 4.6599 4.1039 0.9448
by the number of grains in the ear
xI-xlI 6.8646 1.2181 5.6355 2.7831 10.946 4.0814 0.000319
xI-xI1 2.8242 1.1501 2.4556 -1.0295 6.6779 3.8537 0.1954
xI1-xI11 9.6888 1.1791 8.2172 5.7381 13.6395 3.9507 1.232e-7
by grain weight per ear
xI-xll 0.1648 0.07508 2.1952 -0.08675 0.4164 0.2516 0.27
xI-xI 0.2764 0.07089 3.8989 0.03887 0.5139 0.2375 0.01808
xI-x111 0.4412 0.07268 6.071 0.1977 0.6848 0.2435 0.00009746

Source: compiled by the authors

The previous trend is changing for the number of
grains in an ear, because the indicators did not have
a significant difference in 2021/2022 and 2023/2024,
while in the 2022/2023 growing year such a differ-
ence was observed. This indicates the similarity of
weather and climatic conditions during the flowering
period of soft winter wheat in the first and last year
of research. A large proportion of soft winter wheat
varieties in 2021/2022 and 2022/2023 g.y. had a spike
rod length of 6-7 cm, while in the 2023/2024 growing

year this indicator increased to 7-8 cm (Fig. 3a). A sig-
nificant proportion of varieties had a grain weight
in 2021/2022 g.y. (growing year) in the range of 1-2.
5 g,in 2022/2023 - 2-2.5 g, in 2023/2024 - 2-3 G
(Fig. 3b). The number of spikelets per ear of a sig-
nificant proportion of varieties during three years of
research was in the range of 15-17.5 units (Fig. 3c).
Figure 3d shows a significant variation between varie-
ties in terms of the number of grains in the ear. A sig-
nificant proportion of varieties had 35-40 grains per
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ear in 2021/2022 g.y., in 2022/2023 this number de-
creased to 20-25 grains,and in 2023/2024 it increased
to 40-45 grains. Given that the number of spikelets
per ear has not changed significantly over the years of
research, it can be assumed that the decrease in seed
setting in 2022/2023 g.y. was caused by unfavoura-
ble weather conditions, and a significant increase in
the number of seeds in the ear in 2023/2024 g.y. was
caused by favourable conditions. The weight of grains

a Histogram
20

3 4 5 6 7 8 9 10 1
I 2021 (count) 2022 (count) [N 2023 (count)

C  Histogram
40

20

0 —
75 10 125 15 175 20 225 25 275 30
I 2021 (count) 2022 (count) M 2023 (count)

e Histogram f

40

20 I I
0
05 1 1.5 2 25 3 35
I 2021 (count) 2022 (count) I 2023 (count)

in the ear of most varieties in 2021/2022 g.y. was 1.5-
2.0 g, in 2022/2023 it decreased to 1.0-1.5 g, and in
2023/2024 g.y. it increased again to the limits of 1.5-
2.0 g (Fig. 3e), which also indicates the impact of ad-
verse weather conditions on the indicator. The weight
frequencies of 1,000 grains of soft winter wheat are
quite dense over the years of research - this indicates
that most varieties have similar values, namely in the
range of 40-50 g (Fig. 3f).

Histogram
40
20 I
0
0.5 1 1.5 2 2.5 3 3.5 4 4.5
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Figure 3. Distribution of frequencies of indicators of the yield structure
of soft winter wheat varieties for 2021/2022-2023/2024
Notes: a) by the length of the ear rod; b) by the weight of the ear; ¢) by the number of spikelets per ear; d) by the number
of grains in the ear; €) by the weight of grains from the ear; f) by the weight of 1,000 grains. ANOVA Calculator was used

to build diagrams
Source: compiled by the authors

Analysis of confidence intervals for 95% of the sig-
nificance level indicates fluctuations in the values of
indicators of the structure of the crop of soft winter
wheat by year (Fig. 3). It follows that the most stable
indicator by year for all the crop varieties under study is
the number of spikelets per ear (Fig. 4c), because only
for this indicator can the average value be within ac-
ceptable limits for all years of research. By the length of
the spike rod (Fig.4a), the weight of the ear (Fig.4b),and
the weight of grains from the ear (Fig.4e) in 2023/2024
g.y.,the values of indicators went beyond the confidence
intervals of previous years, which may indicate a posi-
tive impact of this year’s weather conditions on these

Ukrainian Black Sea Region Agrarian Science, 28(4), 51-62

indicators. However, the development of the number of
grains in the ear was negatively affected by the weath-
er indicators of 2022/2023 g.y. (Fig. 4d), since the con-
fidence intervals in the studied years do not coincide.
Confidence intervals for the weight of 1,000 grains also
fluctuated over the years (Fig. 4f). The largest range of
indicator values was found in 2022/2023 g.y., while in
2021/2022 the weight of 1,000 grains was the lowest,
and in 2023/2024 the values were within the range of
the previous year. Hence, it can be assumed that the
weather conditions of 2023/2024 g.y. were favourable
for the gradation of wheat varieties according to the
best seed fullness.
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Figure 4. Confidence intervals (0.05 significance level) for average structural yield indicators
of soft winter wheat varieties for 2021/2022-2023/2024
Notes: a) by the length of the ear rod; b) by the weight of the ear; c¢) by the number of spikelets per ear; d) by the number
of grains in the ear; €) by the weight of grains from the ear; f) by the weight of 1,000 grains. ANOVA Calculator was used

to build diagrams
Source: compiled by the authors

The protein content in the grain of soft winter
wheat varieties in 2021/2022-2023/2024 ranged from
8.5 to0 13.3% (Table 4), with an average value of 10.07%.
According to DSTU 3768:2019 (2019), the first class of
wheat includes a grain that has a protein content of at
least 14%, and a raw gluten content of at least 28%.
Over the years of research on the quality indicators of
seeds of soft winter wheat varieties, not a single variety
was identified that would belong to class 1, which is
conditioned by the specificity of the soil and climatic
conditions of the zone. The highest quality indicators of

Protein content, %

Variety 2022-  2023-

2023 2024
1 Vidrada 12.30 9.10 9.60 10.30
2 Lybid 12.10 9.40 9.30 10.30

Charodiyka
Bilotserkivska 12.30 8.30 9.10 9.90
Legenda

4 Bilotserkivska 12.50 10.50 9.40 10.80
5 Kvitka Poliv 12.90 7.80 8.30 9.70
6  Lisova Pisnia 12.30 9.00 10.70 10.70

Table 4. Grain quality indicators of soft winter wheat varieties over the years of research

crop varieties were observed in the 2021/2022 growing
year. Most varieties of soft winter wheat this year had
seed quality corresponding to class 3, and Poliska 90 -
class 2 (protein content of 13.3% and gluten content of
24.2%.1n 2022/2023 g.y., the seed quality indicator for
all varieties was quite low, so the grain was classified
as feed. However, MIP Kniazhna (protein content 11.0%,
gluten content 19.6%), MIP Lada (11.2 and 19.6%, re-
spectively) and Hratsia Myronivska (11.0 and 18.8%)
varieties had higher grain quality indicators, which cor-
responded to class 3.

Gluten content, %

2022- 2023-

2023 2024
16.71 22.00 16.40 17.10 18.50 16.49
15.42 21.30 16.70 16.90 18.30 14.21
21.38 21.70 15.90 16.50 18.03 17.69
14.55 22.30 18.10 15.90 18.77 17.33
28.98 22.40 15.90 11.90 16.73 31.67
15.42 22.70 17.40 20.20 20.10 13.19
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Table 4, Continued

Protein content, % Gluten content, %
2022-  2023- . 2022-  2023-
2023 2024 2023 2024
g SEREIET g e 8.40 1100 1030 1616 2000 1610 1870 1827 1087
Bilotserkivskyi
8 Perlyna 12.60 8.00 1150 1070 2245 2210 1600 1970 1927 1595
Lisostepu

9  Rozumnytsia 12.70 8.30 12.00 11.00 21.49 21.70 16.00 20.20 19.30 15.31
10  Romantyka 10.50 9.00 11.20 10.20 11.02 19.20 17.20 21.10 19.17 10.18

G5, AR 11.50 9.20 1200 1090 1370 2010 1620 2240 1957  16.02
Bilotserkivska
12 Tsarivna 11.30 8.60 1080 1020 1408 2010 1640 2040 1900  11.73
13 Ros 13.20 8.80 1050  10.80 2054 2250 1630 1840 1907 1654
14 Zorepad 4 4, 8.90 1000 1010 1241 1980 1620 1740 1780  10.30
Bilotserkivskyi
15  Hadzynka 10.80 9.50 8.70 9.70 1093 1810 1660 1580  16.83 6.94
16 Zorialaniv 1070 9.20 8.70 9.50 1096 1830 1660 1630 1707 6.32
By 1080  10.20 8.90 10.00 971 1790 1700 1620  17.03 4.99
Bilotserkivska
18 Krayevyd 8.80 8.70 8.10 8.50 445 1570 1610 1570  15.83 146
19 PamyatiHirka  9.90 8.90 9.20 9.30 5.52 1520 1560 1570 1550 171
20 Myroliubna 9.40 8.30 8.50 8.70 6.74 1610 1600 1610  16.07 0.36
21 Vodohrai 10.20 8.70 10.70 9.90 1051 1660 1580 1910 1717  10.03
22 SFE’C')‘{E'I‘(';‘S' 11.00 9.50 8.70 9.70 1204 1910 1650 1600 1720 9.68
23 Polisianka 1140 1020 10.80 7.86 1950 1730 18.40 8.45
24 Efektna 9.60 10.70 8.40 9.60 1198 1650 1800 1600  16.83 6.18
25  Pyriatynka 9.60 9.70 9.00 9.40 403 1710 1710 1660  16.93 1.70
26 Liubito 9.60 9.40 8.50 9.20 6.37 1640 1660 1590  16.30 221
g TR 1030 9.20 8.90 9.50 7.76 1910 1690 1650  17.50 8.00
Poliska
28 Namysto 1090  10.00 9.40 10.10 7.48 1910 1730 1690 1777 6.60
29 Merezhka 1130  10.20 9.70 10.40 7.87 1960 1750 1720  18.10 7.22
30 Kesaria poliska  9.50 8.30 8.90 9.53 1640 1570 16.05 3.08
31 Poliska90  13.30 1010 1130  11.60 1394 2420 1740 2060 2073 1641
3y  Berehynia 1210  10.30 8.90 1040 1542 2150 1780 1640 1857 1419
Myronivska
33 Hospodynia 4,00 ggg 910 1030 1454 2080 1780 1650 1837 1201
Myronivska
34  MIPValencia  11.80 9.30 1060 1668  19.80 1640 1810  13.28
35 Al 1060  10.30 8.80 9.90 9.74 1810 1780 1620 1737 5.88
Vyshyvanka
36 MIP 11.80 9.80 8.90 1020 1455 2060 1730 1610 1800  12.95
Dniprianka
37 MIPKniazhna 1270  11.00 9.50 1110 1442 2290 1960 1730  19.93 1412
38 Oberih 1580 1020 1000 1030 4.04 1880 1740 1750  17.90 4.36
Myronivskyi
5p  OMENES g 1040 1000  10.10 262 1770 1820 1820  18.03 1.60
Myronivskyi
40 MIPAssol 10.00 9.70 9.90 214 17.30 1740  17.35 0.41

41 MIP Lada 11.10 11.20 10.10 10.80 5.63 19.30 19.60 17.60 18.83 5.73
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Protein content, %

Table 4, Continued
Gluten content, %

2022- 2023-

2022-  2023-
2023 2024
42 MIPYuvileyna  10.00 9.80 1050  10.10
43 Balada 10.60 9.50 10.10
Myronivska
g EEEIEE 970 1070 970  10.00
Myronivska
45 Hratsia 1090  11.00 9.60 10.50
Myronivska
dp SRS 9.50 1030 9.30 9.70
Odeska
47 NotaOdeska  10.20 9.40 9.50 9.70
Aksioma
48 Oitocts 9.80 9.60 8.00 9.10
49 DumaOdeska 1060  10.20 8.50 9.80
50 VersiaOdeska 10.80  10.30 8.80 10.00
51 Sich 9.90 10.90 8.60 9.80
5y PESONELRE g e 8.60 10.10
Odeska
53 Kubok 10.60 1070 1070
% 11.01 9.63 9.54 10.07

Source: compiled by the authors

Based on the above data (Table 2; Figs. 3, 4) it is
possible to distinguish varieties that can maintain sta-
ble productivity and quality under various environmen-
tal conditions (Table 5). High adaptive ability according

2023 2024
3.57 17.90 17.60 11.20 15.57 24.31

770 18.10 16.70 17.40 5.69
5.77 17.00 18.70 17.40 17.70 5.02
744 18.10 18.80 16.90 17.93 5.36

5.46 16.50 18.00 16.80 1710 4.64
4.49 16.80 16.80 19.00 17.50 72
10.84 16.10 17.20 15.30 16.20 5.89

11.38 19.50 18.10 15.90 17.83 10.18
10.41 19.40 18.20 16.10 17.90 9.33
11.77 17.40 19.00 15.90 17.43 8.89

14.43 19.80 1770 16.10 17.87 10.39

0.66 18.70 18.60 18.65 0.38
11.05 19.17 17.20 16.89 1776 9.91

to the indicators under study was established for the
following varieties: Romantyka, Liryca Bilotserkivska,
Pyriatynka, MIP Vyshyvanka, MIP Lada, Estafeta My-
ronivska, and Kubok.

Table 5. Adaptability of soft winter wheat varieties by grain weight of the main ear and grain quality
General adaptive capacity, b,

Varieties

ear weight
1 Vidrada 1.39
2 Lybid 0.53*
3 Charodiyka Bilotserkivska 0.74*
4 Legenda Bilotserkivska -1.04
5 Kvitka Poliv 1.36
6 Lisova Pisnia 1.66
7 Vodohrai Bilotserkivskyi 0.03*
8 Perlyna Lisostepu 2.08
9 Rozumnytsia 2.44
10 Romantyka 0.22%
11 Hratsia Bilotserkivska 1.89
12 Tsarivna 0.87*
13 Ros 0.33*
14 Zorepad Bilotserkivskyi 297
15 Hadzynka 2.19
16 Zoria Laniv 1.19
17 Liryca Bilotserkivska -0.09*
18 Krayevyd 213
19 Pamyati Hirka 3.47
20 Myroliubna 1.08
21 Vodohrai 1.50

protein content gluten content
2.06 2.58
1.93 2.22
2.51 2.71
1.81 2.64
3.39 4.23
1.69 1.90
1.22 1.26
1.94 2.06
1.73 1.73
0.25* -0.01*
0.59* 0.33*
1.09 0.80*
2.46 2.52
1.35 1.47
1.20 0.95*
1.23 0.92*
0.90* 0.65*
0.29* -0.09*
0.59* -0.22*
0.70* 0.02*
0.32* -0.45*
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Table 5, Continued

General adaptive capacity, b,

Varieties
ear weight
22 Spivanka Poliska -0.63*
23 Polisianka 3.04
24 Efektna 1.20
25 Pyriatynka 0.53*
26 Liubito 2.12
27 Fortetsia Poliska 1.64
28 Namysto 1.05
29 Merezhka 2.23
30 Kesaria poliska 4.06
31 Poliska 90 1.98
32 Berehynia Myronivska 0.21*
33 Hospodynia Myronivska 2.15
34 MIP Valencia 241
35 MIP Vyshyvanka 0.85*
36 MIP Dniprianka 0.38*
37 MIP Kniazhna -0.24*
38 Oberih Myronivskyi 1.01
39 Svitanok Myronivskyi -3.68
40 MIP Assol 1.24
41 MIP Lada 0.17*
42 MIP Yuvileyna 0.70*
43 Balada Myronivska 0.53*
44 Estafeta Myronivska 0.89*
45 Hratsia Myronivska 6.34
46 Shchedrist Odeska 1.20
47 Nota Odeska 4.18
48 Aksioma Odeska 1.20
49 Duma Odeska -2.65
50 Versia Odeska -0.80"
51 Sich -2.77
52 Doskonalist Odeska 0.44*
53 Kubok 0.20*

protein content gluten content

1.34 141
0.85* 1.10
0.07* -0.23*
0.19* 0.13*
0.47* 0.08*
0.88* 1.19
0.85* 0.99*
0.95* 111
0.85* 0.35*
1.80 2.53
1.78 2.18
1.77 1.81
1.73 1.66
0.76* 0.56*
1.73 1.94
1.74 222
0.49* 0.66"
-0.20* -0.25*
0.21* -0.05*
0.33* 0.37*
-0.12* 1.79
2543 25.78
-0.33* -0.50*
0.44* 0.14*
-0.19* -0.43*
0.52* -0.56”
0.73* -0.06*
0.90* 1.25
0.90* 1.13
0.14* 0.01*
1.46 1.45
-0.07* 0.05*

Notes: * - no influence of adverse environmental factors on this indicator, that is, a high indicator of adaptability of the

variety for this feature
Source: compiled by the authors

For successful breeding of soft winter wheat for
yield and quality, it is advisable to establish a rela-
tionship between the indicators under study. Using the
correlation analysis of grain quality indicators and the
structure of the yield of soft winter wheat varieties for
2021/2022-2023/2024, a strong direct relationship
was established between the number of grains in the
ear and the weight of grains from the ear (0.84), be-
tween the weight of grains from the ear and the length
of the ear rod (0.78), between the weight of grains from
the ear and the weight of the ear (0.77), between the
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number of grains in the ear and the weight of the ear
(0.76), and with the length of the ear rod (0.74) (Table
6). The average positive correlation should be noted be-
tween the indicators of the length of the ear rod and
the number of spikelets per ear (0.50) and the weight of
the ear (0.65). The weight of 1,000 grains is character-
ised by an average positive correlation with the length
of the ear rod (0.32), the weight of the ear (0.32), and
the weight of grains from the ear (0.59). For the number
of grains in the ear, a positive average correlation was
established with the number of spikelets per ear (0.38).
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Spike rod

Ear weight  spikelets

per ear

length

Spike rod length 1.00
Ear weight 0.65 1.00

Number of spikelets per ear 0.50 0.27 1.00
Number of grains per ear 0.74 0.76 0.38
Grain weight per ear 0.78 0.77 0.44
Weight 1,000 grains 0.32 0.32 0.21
Protein content -0.16 0.05 -0.27
Gluten content -0.13 0.06 -0.06

Source: compiled by the authors

The obtained results demonstrate the plasticity
of the indicator of the number of spikelets per ear
of soft winter wheat during the studied years, and
its variability, depending on the genotype (variety).
Yu. Chernobai (2023) noted that the number of spike-
lets per ear is the most plastic indicator. According
to L. Khudolii (2019), there is a direct relationship
between the number of spikelets and weather con-
ditions, the fertiliser system, and plant protection el-
ements. Therefore, observations of varieties in these
studies, which indicate a low variability of this indi-
cator, suggest that the weather conditions during ear
differentiation were similar. The effect of the fertiliser
system and plant protection elements on the num-
ber of spikelets was not recorded, since these factors
remained constant. The study by M. Lytus & V. Stary-
chenko (2018) also confirmed that the number of
spikelets per ear largely depends on genetic factors,
in particular, on the genotype.

V. Morgun et al. (2015), based on many years of ex-
perience, came to the conclusion that the number of
spikelets per ear is the most stable indicator, and the
number of grains from the ear is the most variable. The
same conclusion was obtained in the current study. In
addition, the length of the ear rod and the weight of
1,000 grains were attributed to stable indicators in the
years of research, and the weight of the ear and the
weight of grains from the ear were attributed to vari-
able indicators. Z. Guo et al. (2018) found a significant
association between yield and weight of 1,000 grains.
Based on these data, it can be assumed that the varie-
ties under study with a high value of this indicator also
have a high yield potential.

V. Lykhochvor (1999) argued about the direct influ-
ence of grain weight from the main ear on wheat yield.
S. Ebrahimnejad & V. Rameeh (2016) found a high co-
efficient of variation between the characteristics of ear
weight and plant yield, which is also confirmed by the
results of the current research, namely, a strong direct
relationship between ear weight and grain weight from

Table 6. Interdependence between the indicators under study
Number of Number of

Grain
weight per
ear

Weight
1,000
grains

Gluten

grains per content

ear

1.00

0.84 1.00

0.07 0.59 1.00

-0.06 0.08 0.21 1.00

-0.05 0.05 0.14 0.83 1.00

the ear.A.Polyovyi et al.(2022) analysed the indicators of
the moisture-temperature regime of the forest-steppe
soil - climate zone in order to predict climate change
in the coming years and concluded that there is a slight
increase in temperature and a noticeable decrease in
precipitation (as a result of drought), especially during
the summer period - the growing season of most agri-
cultural crops. According to M. Shtakal et al. (2022), cli-
mate change does not currently pose a critical threat to
the high yields of modern varieties of soft winter wheat,
but these varieties do not have sufficient adaptive po-
tential to effectively counteract weather changes dur-
ing the research period. However, according to the re-
sults of the research during 2021/2022-2023/2024, the
influence of weather conditions on elements of wheat
productivity was revealed.

A positive average correlation (0.38) was found be-
tween the number of ears and the number of grains per
ear. The same conclusions were obtained by L. Burde-
niuk-Tarasevych & M. Lozinsky (2013), based on which
a positive correlation was established between the in-
dicators of the length of the main ear, the number of
spikelets in the ear, the number and weight of grains
from the ear. This relationship of indicators is proba-
bly conditioned by the influence of weather conditions
during flowering on the tying process. L. Prysiazhniuk et
al. (2022) in their studies established a significant ef-
fect on the protein and gluten content of soft winter
wheat under the conditions of the growing year, which
is confirmed in this study and is a consequence of the
influence of moisture supply and air temperature dur-
ing grain filling and maturation on the synthesis and
accumulation of nutrients.

The average correlation between the length of the
ear rod and the number of spikelets in the ear (0.50) and
the weight of the ear (0.65) can be explained by the fact
that as the length of the ear rod increases, the number
of spikelets also increases. This, in turn, contributes to
the setting of more grains in the ear of wheat and the
development of more ear weight.

Ukrainian Black Sea Region Agrarian Science, 28(4), 68-84
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CONCLUSIONS

As a result of a three-year study of soft winter wheat
varieties in the Forest-Steppe of Ukraine, according
to the indicators of the yield structure, the follow-
ing donors of traits that will potentially increase the
yield of new varieties were identified: by the length
of the ear rod - Legenda Bilotserkivska and Spivanka
Poliska varieties; by the weight of the ear - Spivanka
Poliska and Svitanok Myronivskyi; by the number of
spikelets in the ear - Legenda Bilotserkivska, Fortetsia
Poliska, and Kesaria Poliska; by the number of grains
in the ear - Legenda Bilotserkivska, Spivanka Poliska,
and Shchedrist Odeska; by the weight of grain from
the main ear - Legenda Bilotserkivska; by weight of
1,000 grains - Vidrada, Charodiyka Bilotserkivska, Leg-
enda Bilotserkivska, Perlyna Lisostepu, Rozumnytsia,
Romantyka, Tsarivna, Zoria Laniv, Kesaria Poliska, MIP
Assol, MIP Lada, MIP Yuvileyna, and Hratsia Myronivs-
ka; by grain quality indicators - Rozumnytsia, Poliska
90, and MIP Kniazhna.

wheat. Therefore, these varieties can be recommended
for use in breeding programmes aimed at increasing the
yield of this crop. Based on correlation analysis, it was
found that there is no strong influence of crop structure
parameters on grain quality indicators in specific con-
ditions. High adaptive capacity in the years of research
was established for the following varieties: Romantyka,
Liryca Bilotserkivska, Pyriatynka, MIP Vyshyvanka, MIP
Lada, Estafeta Myronivska, and Kubok. These varieties
have maintained the stability of grain yields and quality
indicators under stressful conditions, so they can be do-
nors of resistance to adverse environmental conditions.
The prospect of further research may be to identify the
interdependence of specific weather conditions on the
development of crop structure indicators. It is also ad-
visable to study the nature of inheritance of the traits
under study for use in the selection of soft winter wheat
for productivity and quality.
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XapaKTepunCcTUKa COpTIiB NeHuULUi M'aKoi 03MMoi
3a NOKAa3HMKAaMMU CTPYKTYPU BPOXKaAIO Ta AKOCTi 3epHa

IpnHa laBpuniok

AcnipaHt

HauioHanbHuMI yHiBepcuTeT BiopecypciB i MpUPOLOKOPUCTYBAHHS YKpaiHu
03041, Byn. lepois O6opoHH, 15, M. Knig, YkpaiHa
https://orcid.org/0000-0003-2595-4620

laHHa KoBanuwmHa

[okTop CinbCbKOrocnoaapcbkmux Hayk, npodecop

HauioHanbHuMI yHiBepcuTeT BiopecypciB i MpMPOLOKOPUCTYBAHHS YKpaiHu
03041, syn. lepois O60poHu, 15, m. Kuis, YkpaiHa
https://orcid.org/0000-0002-2715-7679

AHoTauif. MeToto gocniaxkeHHs 6yno BUBYUEHHS KOSIEKLLiT COPTIB MWEHMLL M'KOT 03MMOi cenekLii YHoTMPbOX HayYKOBO-
[OCNIAHUX YCTaHOB YKpaiHu, Wwo oxonntotoTe CrenoBy Ta JlicocTenoBy rpyHTOBO-K/iMaTUUHi 30HKW. Y pesynbrarti
[OCNipKeHHs Byno NpoaHani3oBaHO MOKA3HMKM CTPYKTYpPU BPOXKAK Ta SKOCTi 3epHa 53 COPTiB MWweHuLi MAKOoi
03uMoi. OTpMMaHi AaHi A4O3BONUAN OLIHUTM CTABINbHICTb eNeMeHTIB NPOAYKTUBHOCTI Ta BUAINUTU COPTU 3 BUCOKMMM
NoKasHUKaMM AN NOAANbLLUONO BMKOPUCTAHHS Y cenekuii. Ha ocHOBI opepaHux pesynbratiB 6yno cdopmoBaHo
Tabnuui Ta rpadiku, Wo BigoOPaAKAKTb Pi3HULIO Y CTPYKTYPHUX MOKA3HMKAX MiXK COPTAaMM 33 pOKaMM AOCAIOXKEHD,
a TaKoX MPOBEAEHO OLLiHKY YaCTOTM PO3MOAiNy TaKMX NapameTpiB, 9K: JOBXMHA KONOCOBOrO CTPUXKHS, Maca Konoca,
KiNIbKiCTb KOMOCKIB Y KONOCI, KiNIbKiCTb 3epeH y KOM0Ci, Maca 3epeH i3 konoca Ta Maca 1000 3epeH. CraTcTUuHUMA
aHani3 i3 3actocyBaHHsM ANOVA Ta nobyaoBa AoBipunx iHTepBanis (piBeHb 3HavywocTi 0,05) nigTBepannm cyTTeBi
BIAMIHHOCTI MiX COpTaMu 3a A0CNIAXYBAaHUMM NOKA3HWKAMMW, LLLO A03BOINI0 BUSBUTU COPTU 3 BUCOKOH CTabiNbHICTIO
BPOXAWHOCTI Ta 9KOCTi 3epHa. 3a BMKOPWUCTAHHS KOPEnsAUiMHOrO aHanisy BCTAHOBMEHO B3AEMO3BA3KM MixX
CTPYKTYPHMMM NokasHukamu. Ocobnusy yBary 6yno npuaineHo roMeocTaTMyHMM COpTaM, SKi 4EMOHCTPYBANM BUCOKI
nokasHuku ynpogosx 2021/2022-2023/2024 pp. pocnipkeHb, @ caMe: LOBXMHY KOMOCOBOrO CTPUXKHS, KiNbKiCTHO
KONTIOCKiB Y Konoci Ta Macy 1000 3epeH, Wo € KIYOBUMM 03HAKaMM ANs CenekLlii Ha NiABULLEHHS BpOXaMHOCTI. Taki
NMOKa3HMKM 3yMOBJIEHI 0COBNUBICTIO reHOTUMIB, yMOB HABKOJIMLLHIM CepefoBULLEM Ta iX B3aEMofi€r. Po3paxyBasLum
KoedilieHT perpecii, BU3HaUMIM COPTU 3 BUCOKUM piBHEM afanTUBHOCTI. Kpalli 3a gocnigxyBaHMMu napamMeTpamu
COpPTU PEKOMEHAO0BAHO 415 NOAANbLIOr0 BUKOPUCTAHHS Y CENeKLiiHUX NporpaMax, CnpaMOBaHMX Ha MiABULLEHHS
NPOAYKTUBHOCTI Ta NOKPALLEHHS AKOCTi 3epHa NWeHMLi M’AKOT 03MMOi B YMOBaXx 3MiH KnimMaTy

KntouoBi cnoBa: maca 1000 3epeH; siKicTb 3epHa; 6in0K; KNeMKOBUHA; KOpensiLis; aAanTUBHICTb; TOMEOCTaTUUHICTb
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Abstract. The study aimed to investigate the impact of modern vineyard cultivation technologies on reducing
pesticide consumption and increasing yields. The study evaluated the effectiveness of using AgriSpray
5000 sprayers and DJI Agras T30 drones in agronomy, particularly in viticulture. The research methodology
included an analysis of pesticide consumption and grape yields before and after the introduction of these
technologies. For this purpose, a comparative analysis was carried out with traditional methods of processing,
in particular by hand. The use of AgriSpray 5000 sprayers and DJI Agras T30 drones has reduced pesticide
consumption by 30 and 25%, respectively, thanks to the precise distribution of solutions and the automation
of field processing. The main results of the study showed that AgriSpray 5000 sprayers reduced the number of
diseased grape plants by 40%, which led to a 15% increase in yield. At the same time, DJI Agras T30 drones
reduced the number of diseased plants by 35% and increased yields by 12%.The integration of new technologies
has reduced the overall cost of vineyard cultivation by 20%, in particular, due to lower pesticide and labour costs.
The study findings show that the introduction of modern sprayers and drones significantly optimises vineyard
processing, reduces costs and increases yields. The AgriSpray 5000 and DJI Agras T30 technologies provide a
high level of precision in the application of agrochemicals, which has a positive impact on the environment
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and economic results. The results confirm the effectiveness of the latest technologies as an important tool for
increasing the competitiveness of Ukrainian vineyards and improving product quality

Keywords: pesticides; sustainable development; irrigation; crop production; agriculture; diseases

INTRODUCTION
In modern viticulture,the mechanisation of plant protec-
tion processes is an important aspect of increasing the
efficiency of agronomic practices and ensuring the sus-
tainable development of the industry. Traditional meth-
ods of vineyard cultivation often require significant hu-
man resources and can be inefficient due to irregularity
and incomplete coverage of cultivated areas. In this re-
gard, there is a need to introduce new mechanised tech-
nologies that can ensure more accurate and cost-effec-
tive application of pesticides and other agrochemicals.

The research relevance is determined by the need
to adapt modern technologies to improve the efficiency
of vineyard protection. Due to global climate change
and growing demands for environmentally friendly ag-
ronomic practices, traditional cultivation methods are
becoming less effective and often do not meet modern
standards. Mechanisation, including the latest spraying
and monitoring systems, can ensure precision and effi-
ciency in pesticide application while reducing environ-
mental impact.

The problem of the study is the gap between tradi-
tional methods of plant protection and modern techno-
logical advances. While the latest systems show great
potential, there are gaps in their integration and prac-
tical application. It is necessary to assess their impact
on plant resistance to diseases, economic efficiency
and the overall condition of vineyards, which will allow
agronomists to better implement these technologies to
achieve maximum results.

There are several important aspects of improving
the process of plant protection mechanisation in grape
growing that have already been studied by various au-
thors. The issue of increasing the resistance of grapes to
diseases such as black rot was addressed by Q. Kong et
al. (2024), who found that UV irradiation could improve
grape resistance by regulating the synthesis of phenol-
ic compounds. At the same time, M. Karim et al. (2024)
focused on improving the classification of grape leaf
diseases using a lightweight convolutional neural net-
work architecture, which showed potential for real-time
disease diagnosis. P.Wang et al. (2021) proposed an im-
proved grape leaf disease recognition methodology
based on enhanced attention, which achieved high ac-
curacy in disease detection.

A study conducted by K. Pandey & A.Chandak (2024)
addressed deep-learning techniques used to detect
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grape diseases. This study not only confirms the rele-
vance of the latest approaches in the mechanisation of
plant protection but also emphasises the importance
of introducing modern technologies into agronomic
practice. Detecting diseases at early stages is critical to
ensuring vineyard health and increasing yields, making
these technologies extremely valuable to farmers. In
addition, R. Patil & A.More (2023) conducted a detailed
technical review of grape disease prediction methods
using machine learning. Their study pointed out a wide
range of technologies that can be integrated into the
process of mechanising protection, including algo-
rithms for data analysis and modelling, which allows
for more accurate prediction of disease epidemics. This
opens up new opportunities for agronomists to plan
protection measures and optimise processing costs.

P. Sindhu & G. Indirani (2022) also demonstrated
the effectiveness of using optimisers and deep neu-
ral networks to classify grape diseases. This shows the
great potential for integrating the latest technologies
into agronomic practices, which can significantly im-
prove the accuracy and speed of disease detection. The
use of such innovative solutions can not only increase
the effectiveness of plant protection but also reduce
the environmental impact of the agricultural sector, en-
suring the sustainable development of viticulture.

Despite these achievements, there are gaps in
the development of integrated systems for mecha-
nised protection, in particular combinations of bio-
control agents and chemical fungicides, as reported by
L. Ons et al. (2020). Z.S. Asgarian et al. (2024) investi-
gated the effect of calcium and zinc spraying on berry
quality during storage, which highlights the importance
of integrating new protection methods into the grow-
ing process. The study by X. Zhou et al. (2024) showed
that new quantitative indices of grape quality can im-
prove the assessment of quality parameters. Thus, the
main gaps in research relate to the integration of new
technologies and mechanisation methods to improve
the sustainability and quality of grapes.

This study focused on improving the process of
mechanisation of plant protection in grape growing by
introducing new models of sprayers, drones for agrono-
my and monitoring systems. Study goals include:

1. Evaluate the effectiveness of new mechanised
systems for vineyard cultivation.



2. Determine the impact of new technologies on
plant health and protection against diseases and pests.

3. Develop recommendations for optimising plant
protection processes based on the results obtained.

MATERIALS AND METHODS

The study was conducted from May 2024 to September
2024 in the vineyards of the Vinogradnaya Gora farm,
which is located in the southern region of Ukraine. A
vineyard area of 10 hectares was selected for the ex-
periments, which was used to obtain representative
data on the impact of new mechanical systems on
various aspects of cultivation. The sample included a
variety of grape varieties (Arcadia 1995, Bianca 2007,
Perseus 2020, Kishmish 2007, Kobzar 2009, Iskor-
ka 2015, Isabella 2017,Aromatic 2009) that were subject
to treatment with new mechanical protection systems,
which was used to assess their effectiveness in different
conditions. The study also included an analysis of the
impact of mechanisation on crop quality and plant re-
sistance to diseases. Robotic sprayers (AgriSpray 5000 -
the United States of America); drones for agronomy (DJI
Agras T30 - China); innovative sensors for plant mon-
itoring (AquaSpy 9000 - Germany); precision farming
systems for data monitoring and analysis (Trimble Ag
Leader 360 - the United States) were used in the study.

An experimental methodology was used to assess
the effectiveness of new sprayers and drones by com-
paring their performance with traditional methods of
cultivation. The analytical methodology was used for
the analysis of the collected data to determine the
level of pesticide consumption reduction and improve-
ment of the grapes’ condition. Technical specifications
of sprayewrs: AgriSpray 5000 (USA) - tank volume:
500 litres; processing range: up to 12 metres; weight:
1,200 kg; Global Positioning System (GPS) for precise
application. DJI Agras T30 drones (China) - tank ca-
pacity: 30 litres; maximum treatment area per charge:
40 hectares; automatic control and programming of
routes; a camera for monitoring the condition of plants.

All experiments and data collection were carried
out under the supervision of the agronomic service of
the Vinogradna Gora farm, using the farm’s developed
methods and processing protocols. The study com-
plies with ethical standards and adheres to the Con-
vention “On Biological Diversity” (1992). Regulation
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of the European Parliament and of the Council
No. 1107/2009 (2009), which regulates the conditions
and procedures for the registration and use of pesti-
cides in the European Union, was taken into account.
Chemicals for plant protection: Systemic fungicide
“Kuproksat” (Active ingredient: Kuproksat; intended for
control of fungal diseases on grapes (Israel)); Insecti-
cide “Keltis” (Active ingredient: Lambda-cyhalothrin; in-
tended for control of insect pests in vineyards (France)).

RESULTS

The AgriSpray 5000 sprayer and the DJI Agras T30 drone
are innovative solutions for modern agriculture that fo-
cus on increasing the efficiency of crop processing and
reducing the negative impact on the environment. The
AgriSpray 5000 is a sprayer equipped with a GPS naviga-
tion and mapping system that ensures precise position-
ing and uniform coverage of the field, avoiding re-treat-
ment and skipping parts of the field, which reduces
pesticide consumption. The system automatically adjusts
the spraying height and solution flow to ensure opti-
mum plant coverage. It also includes pressure regulators
and nozzles with variable droplet sizes for even appli-
cations. The precise distribution of pesticides reduces
the total amount of pesticide used and minimises water
and soil contamination. The intuitive automatic control
system and mobile monitoring apps ensure ease of use.

The DJI Agras T30 is a drone equipped with an
advanced automated control system that can be used
to plan routes and spray with high accuracy. Sensors
and mapping technologies ensure precise positioning
and control of the spraying process. The DJI Agras T30
can cover up to 40 hectares on a single battery charge,
which significantly reduces the need for manual labour.
It can also be used to operate in hard-to-reach areas,
increasing overall efficiency. By precisely managing
pesticide and fertiliser consumption, the drone helps to
avoid excessive amounts of solutions and reduces the
likelihood of soil and water pollution. Both solutions
provide significant benefits in crop production, par-
ticularly through high precision and automation, which
reduces costs and minimises negative environmental
impact. Table 1 illustrates a comparison of the costs
of cultivating fields using the latest methods, showing
that the use of drones can achieve significant cost sav-
ings due to their high productivity and accuracy.

Table 1. Impact of new technologies on pesticide consumption

Pesticide consumption before
implementation

100 litres/ha
100 litres/ha

Technology

AgriSpray 5000
DJI Agras T30

Source: compiled by the authors

Pesticide consumption after
implementation

70 litres/ha 30
75 litres/ha 25

Reduction (%)
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The use of AgriSpray 5000 sprayers significantly re-
duced the number of diseased grape plants - by 40% (Ta-
ble 2). This is the result of precise pesticide application

using advanced solution distribution systems, which
ensures uniform coverage of each plant and eliminates
problems associated with uneven protection.

Table 2. The number of diseased plants before and after applying the latest technologies

Number of diseased plants

Iy before treatment (per 10 ha)
AgriSpray 5000 2,000
DIl Agras T30 2,000

Source: compiled by the authors

Among fungal diseases such as powdery mildew
and grey rot, a significant reduction in their manifes-
tations was observed due to precision spraying, which
reduces the number of affected berries, which is impor-
tant for maintaining crop quality. The reduction in the
number of diseased plants has had a positive impact on
the overall condition of the vineyards. The plants had
healthier leaves, and less yellowing and stunting, which
contributed to their normal growth and development.
After the introduction of AgriSpray 5000, an increase
in grape yields of 15% was noted. This is due to the
increased health of grape plants and a reduction in the
number of dead berries due to diseases, which leads to
an increase in the number of productive shoots.

DJI Agras T30 drones demonstrated a significant re-
duction in the number of diseased plants by 35% due
to the introduction of automated control and precise

25

Number of diseased plants
after treatment (per 10 ha)

Reducing the number of
diseased plants

1,200
1,300

-40%
-35%

programming of processing routes. This state-of-the-
art technology solution effectively covered even hard-
to-reach areas of vineyards that are traditionally diffi-
cult to cultivate. Due to the high speed and accuracy of
spraying, drones have been able to significantly reduce
the occurrence of dangerous diseases such as oidium
and mildew. This, in turn, led to a reduction in overall
yield losses and improved berry quality, which is an im-
portant factor for growers. The introduction of drones
for vineyard treatment not only had a positive impact
on the overall condition of the plants, but also pro-
vided better and more even coverage of the pesticide,
which significantly reduced the risk of disease, increas-
ing plant viability and, consequently, their productivity.
Thus, drone technology is becoming an integral part of
modern agricultural production, contributing to the ef-
ficiency and quality of grape growing (Fig. 1).

B Number of diseased plants (%)

20

15
10

5

0

Traditional

AgriSpray 5000

DJI Agras T30

Figure 1. Reducing the number of diseased plants using new systems

Source: compiled by the authors

The cost analysis carried out as part of the study
showed that the introduction of the latest vineyard cul-
tivation technologies does indeed lead to a significant
reduction in overall costs. In particular, the integration

of the AgriSpray 5000 sprayer system in combination
with DJI Agras T30 drones has reduced vineyard pro-
cessing costs by an impressive 20% compared to tradi-
tional methods (Table 3).

Table 3. Comparison of costs before and after implementing new methods

Processing method

Traditional
AgriSpray 5000
DJI Agras T30

Source: compiled by the authors
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Total costs (thousand UAH/ha)

Difference (%)

-20
-18.75



This positive result not only illustrates the reduc-
tion in pesticide costs but also indicates a reduction in
labour costs, as process automation reduces the need
for manual labour. The use of drones and modern spray-
ers has significantly reduced the time required to pro-
cess vineyards, which has increased overall production
efficiency. Thus, the introduction of these technologies
is not only cost-effective but also helps to optimise ag-
ronomic processes in viticulture.

Traditional vineyard management methods used
for many years often involved manual labour to apply
pesticides and fertilisers. This process was not only
labour-intensive but also required significant effort
on the part of the workers, leading to fatigue and re-
duced efficiency. Manual application of pesticides was
time-consuming, which increased the overall cost of
vineyard management. The high labour costs in this sit-
uation were a serious challenge for growers, as they had
to spend significant financial resources on hiring labour.

Manual application of pesticides did not always
guarantee the accuracy and uniformity of the solution
distribution. The conventional sprayers used in such
cases were less accurate, resulting in uneven coverage
of the plants. This caused pesticide overspending, as
some areas were overtreated while others were left in-
sufficiently protected. Such shortcomings required ad-
ditional treatments, which further increased the costs
and time required to care for the vineyards. As a result,
traditional treatments were not only economically un-
profitable but also less effective in ensuring vineyard
health and productivity.

The AgriSpray 5000 sprayer has become an impor-
tant tool for farmers as it ensures accurate and efficient
application of pesticides. This has not only improved
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the quality of crop treatment but also reduced the cost
of using chemical plant protection products. The high
accuracy and uniform distribution of the solution led
to a 30% reduction in pesticide costs. As a result, farm-
ers were able to significantly optimise their costs while
maintaining the effectiveness of their crops.

DJI Agras T30 drones, in turn, provided automated
control and precise programming of processing routes,
which significantly optimised field processing. This has
reduced labour costs, as drones can perform tasks with
high productivity without the need for many employ-
ees. Pesticide costs have also been reduced by 25% due
to the high accuracy of processing and the ability to
access hard-to-reach areas that previously required sig-
nificant effort and resources to process.

The introduction of modern technologies, such as
AgriSpray 5000 and DJI Agras T30, has allowed farmers
to significantly reduce the cost of vineyard cultivation.
This has a direct impact on reducing overall production
costs, which, in turn, increases the competitiveness of
products on the market. Thus, the use of these innova-
tive solutions contributes not only to cost savings but
also to the overall efficiency of agricultural production.
This included savings on pesticides, reduced labour re-
quirements and reduced processing time.

Experimental data obtained as a result of the re-
search shows that the latest technologies introduced
in viticulture have a significant positive impact on
grape yields. In particular, the use of the innovative
AgriSpray 5000 equipment has led to an impressive
15% increase in yields (Fig. 2). This demonstrates the
effectiveness of this device in optimising crop process-
ing, which in turn helps to improve the quality and
quantity of the harvest.

15

B Yield (t/ha)

14.5
14

135

13

12.5
11.5 -

Traditional

AgriSpray 5000

DJI Agras T30

Figure 2. Changes in grape yields by different cultivation methods

Source: compiled by the authors

In addition, the use of drones for monitoring and
processing vineyards also proved to be effective, as
yields increased by 12%. The use of drones allows for
high accuracy in the distribution of fertilisers and plant
protection products, which significantly reduces losses

and increases the overall productivity of vineyards.
These results confirm that the integration of modern
technologies into agriculture is an important step to-
wards achieving sustainable development and increas-
ing the efficiency of the agricultural sector (Table 4).
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Table 4. Influence of the latest technologies on the yield of different grape varieties

Grape variety Processing method Yield before treatment Yield after treatment Difference (%)

Arcadia AgriSpray 5000 80 t/ha 94 t/ha +18%
DJI Agras T30 80 t/ha 90 t/ha +13%

Bianca AgriSpray 5000 75 t/ha 85 t/ha +14%
DJI Agras T30 75 t/ha 82 t/ha +10%

Perseus AgriSpray 5000 70 t/ha 81 t/ha +16%
DJI Agras T30 70 t/ha 78 t/ha +11%

Kishmish AgriSpray 5000 85 t/ha 95 t/ha +12%
DJI Agras T30 85 t/ha 93 t/ha +9%

Kobzar AgriSpray 5000 90 t/ha 103 t/ha +15%
DJI Agras T30 90 t/ha 101 t/ha +12%

Iskorka AgriSpray 5000 78 t/ha 89 t/ha +14%
DJI Agras T30 78 t/ha 86 t/ha +10%

lsabella AgriSpray 5000 82 t/ha 95 t/ha +16%
DJI Agras T30 82 t/ha 91 t/ha +11%

Aromatic AgriSpray 5000 77 t/ha 87 t/ha +13%
DJI Agras T30 77 t/ha 84 t/ha +9%

Source: compiled by the authors

The introduction of modern mechanised systems
in the field of crop protection is an important step to-
wards optimising agronomic processes, as it will sig-
nificantly reduce the cost of crop processing. This, in
turn, will increase the overall effectiveness of crop pro-
tection, which has been confirmed by numerous stud-
ies and practical trials. ALl the results obtained in the
course of research show that new technologies not only
reduce the cost of pesticide use but also significantly
improve the condition of plants, which has a positive
impact on their health and development. In addition,
the introduction of such systems helps to increase
yields, which is an important factor in ensuring food se-
curity. This confirms the validity of the hypothesis and
demonstrates the high efficiency of the implemented
mechanised systems, which can become the basis for
further development of the agricultural sector. Based
on the results obtained, which indicate the significant
potential of new technologies, it is recommended to
implement innovative solutions to reduce costs and
increase the efficiency of vineyard processing. Among
such technologies, it is worth highlighting the use of
robotic sprayers and drones that can ensure the accu-
racy and speed of agronomic tasks, including spraying
plants and monitoring the condition of the crop.

Farmers should account for the long-term econom-
ic benefits of investing in new technologies that not
only reduce processing costs but also significantly in-
crease labour productivity. Investing in automation and
digitalisation of processes can lead to a significant re-
duction in labour costs, which is an important aspect in
the current market environment. This helps to reduce
the cost of crop protection products, as new technolo-
gies allow for more precise and efficient application of
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agrochemicals, which not only reduces costs but also
has a positive impact on the environment. In addition,
the introduction of modern technologies can significant-
ly improve the quality of products, which undoubtedly
opens new opportunities for sales and increased com-
petitiveness in the market. Strategic investment in inno-
vation can be a key success factor for farms in the future.

These results can serve as a basis for further re-
search and practical application in the field of viticul-
ture, contributing to the development of innovative
approaches and increasing the competitiveness of
Ukrainian winemakers in the international market. The
introduction of new technologies will allow Ukrainian
producers not only to maintain but also to increase
their market share, responding to the growing demands
of consumers for quality and environmental friendli-
ness of products.

DISCUSSION

A detailed study of the resilience of European wine re-
gions to climate change was conducted by S. Tscholl et
al. (2024), who focused on the importance of adapting
technologies to new, changing conditions. In their work,
they emphasised that climate change can have a signif-
icant impact on wine production, so winemakers should
take steps to adapt their technologies. The results of the
current study support their conclusions, demonstrating
that improved spraying technologies can be effectively
adapted to increase the resilience of vineyards to the
negative impacts of climate change, which in turn can
contribute to the sustainability of wine production in
the face of global warming.

S. Mehretie et al. (2024) developed an innovative
ultrasonic sensor that allows predicting the quality



of grape bunches at different stages of maturity. This
approach is revolutionary in the field of grape quality
assessment, as it provides more accurate data on the
condition of the product. These findings support the
current study, confirming that new technologies can
significantly improve grape quality through more accu-
rate monitoring, which in turn can increase the compet-
itiveness of wineries in the market. A study conducted
by LY. Park et al. (2023) focused on the impact of plant
growth regulators and bunch thinning on the quality of
Shine Muscat grapes. This study found that the use of
mechanisation in agronomy can significantly contribute
to the optimisation of plant processing, which in turn
leads to an increase in grape quality. This emphasises
the importance of using modern technologies in viti-
culture to achieve high standards of product quality.

The significant effect of growth regulators and
bunch thinning on the overall productivity of grapes
was investigated by S. Choi et al. (2023). The findings
confirm that these factors are crucial for achieving op-
timal yield quality and quantity. The conclusions of this
study indicate that the introduction of improved mech-
anisation in the cultivation processes can significantly
improve control over product quality, which in turn con-
tributes to the competitiveness of viticulture farms in
the market. M. Li et al. (2024) assessed the current state
of plant protection mechanisation technologies in Chi-
na and identified an urgent need to improve these tech-
nologies to increase the efficiency of crop treatment.
These results confirm the importance of innovation, as
they demonstrate the positive impact of new technolo-
gies on reducing pesticide consumption, which in turn
contributes to improved vineyard protection.

The introduction of agrochemical technologies in
viticulture was studied by D.G. Bhalekar et al. (2024a),
who emphasise the importance of the safety and ef-
ficiency of the spraying process. The results of their
work also confirm the conclusions about the need to
improve technologies to ensure not only high efficiency
but also safety for the environment and human health.
Research by O. Nefti et al. (2024) focused on the possi-
bility of partial pesticide phase-out in viticulture. They
found that the latest technologies being introduced
into the industry could provide such an alternative. The
findings support their conclusions, demonstrating that
advanced spraying can reduce pesticide use without
negatively impacting grape quality, which is an impor-
tant consideration for producers and consumers. Thus,
these studies highlight the importance of integrating
new technologies into viticulture practices to achieve
sustainable development in the agricultural sector.

A. Bjernavold et al. (2022) conducted an in-depth
study analysing the reasons why France is not achieving
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its goals in reducing pesticide use. Scholars addressed
the socio-economic bargaining power of farmers, which
often becomes an obstacle to the implementation of
new environmental practices. The findings indicate
the positive impact of new technologies that can sig-
nificantly reduce pesticide costs, which in turn can be
useful in overcoming such problems in agriculture.
This study emphasised the importance of integrating
innovative technologies into the agricultural sector to
achieve sustainable development.

The mechanical removal of leaves was studied by
B.Hed & M. Centinari (2024), which is an important as-
pect of improving the control of bunch rot. This study
confirms the basic idea that new technologies are ef-
fective in reducing pesticide use. The authors note that
mechanical technologies not only increase the effi-
ciency of plant processing but also significantly reduce
the need for chemical plant protection products. This
discovery is important for agronomists and farmers, as
the introduction of such technologies can contribute to
environmentally friendly agriculture and improve prod-
uct quality. E. Fouillet et al. (2024) demonstrated that
reducing the use of pesticides not only does not reduce
yields but also does not affect labour intensity, which
is an important aspect of the agricultural sector. The
study also confirms that the introduction of improved
technologies can significantly reduce pesticide costs
without compromising overall crop productivity. This
opens new opportunities for sustainable development
of agricultural production, as reducing the chemical
burden on the ecosystem is an important task.

The development of a combined effector for bunch
removal was carried out by S. Sui et al. (2024), which
also confirms the effectiveness of mechanical technol-
ogies in viticulture. This study demonstrates that the
mechanisation of processes can significantly reduce the
need for manual labour and increase the efficiency of
vineyard processing. The introduction of such innova-
tive solutions not only optimises work processes but
also contributes to the economic efficiency of produc-
tion, which is critical in today’s competitive agricultural
market. A. Le Roux (2024) addressed in detail the issue
of improving equipment for spraying crops by recycling
excess solution through modifying the airflow. The re-
search provides strong evidence that the introduction
of such innovations can significantly increase the effi-
ciency of spraying processes, reducing the cost of crop
protection products and improving their uniform dis-
tribution. This opens new opportunities for optimising
agricultural production and increasing yields.

L.S. de Oliveira et al. (2024) focused on the use of
aerial spraying for mildew control in vineyards using
an unmanned aerial vehicle (UAV). The results of this
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work confirm that UAV technology can be extremely ef-
fective in the vineyard treatment process, ensuring the
accuracy and speed of application of protective agents.
This can reduce the risks associated with traditional
spraying methods and increase overall viticulture pro-
ductivity. F. Ahmad et al. (2020) also studied the effec-
tiveness of using UAVs for spraying rice fields, finding
a positive impact of such systems on the uniform dis-
tribution of the spray. The results show that UAV tech-
nologies can not only be effective in vineyards but can
also be successfully applied in other agricultural sec-
tors. This highlights the potential of drone technology
to transform traditional agriculture by providing more
efficient solutions for crop protection and agricultural
resource management.

The water consumption and drift of fungicides
used for mildew control in grapes were studied by
B. Bajagic et al. (2022). This work provided important
data that support the conclusions about the need to
optimise pesticide and water consumption. This study
emphasises the importance of rational use of resourc-
es in viticulture, which can significantly reduce costs
and increase the effectiveness of plant disease control.
F.K. Carvalho et al. (2020) studied the problems associ-
ated with the use of aircraft and drones for crop spray-
ing. Their study analysed the technical and practical
challenges that arise when using these modern tech-
nologies. The results confirm their findings regarding
the difficulties faced by agronomists and farmers seek-
ing to incorporate UAVs into their field operations and
highlight the need for further improvements in these
methods. C. Michael et al. (2022) evaluated the effec-
tiveness of low-volume spraying in vineyards, which
is consistent with the results of this paper. Their study
demonstrates that the use of low-volume spraying
technologies can significantly reduce the cost of pesti-
cides, as well as reduce the risk of their negative impact
on the environment. These results confirm the impor-
tance of introducing innovative vineyard management
practices to increase productivity and sustainability.

The use of UAVs for crop spraying was studied by
J.0. Silva Neto et al. (2021), focusing on their ability to
reduce pesticide use and improve accuracy. Their find-
ings support their conclusions about the effectiveness
of unmanned technologies, indicating that the use of
UAVs can not only reduce processing costs but also re-
duce the negative impact on the environment through
more precise application of chemicals. G. Wang et
al. (2020) investigated the effectiveness of low-volume
pesticide application in rice fields, focusing on reducing
water consumption and increasing yields. The results
of the study support these findings, demonstrating a
similar positive effect in vineyards, where the use of
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low-volume spraying leads to improved crop quali-
ty and reduced risk of plant diseases. D.G. Bhalekar et
al.(2024b) optimised the configuration of spraying sys-
tems, focusing on improving fluid distribution mech-
anisms and reducing losses during treatment. These
results support their findings that pneumatic spraying
systems are more efficient than traditional methods,
providing more uniform coverage of plants and increas-
ing overall treatment efficiency. Overall, the results of
the study confirm that the integration of new tech-
nologies into vineyard protection mechanisation can
significantly increase efficiency and reduce pesticide
consumption. They are also consistent with research
showing the positive impact of new technologies on
grape quality and processing efficiency.

CONCLUSIONS

The study confirmed the effectiveness of the intro-
duction of AgriSpray 5000 sprayers and DJI Agras T30
drones in vineyards, which led to a reduction in pesti-
cide consumption and an increase in yields. Specifical-
ly, the use of sprayers reduced pesticide consumption
by 30% and increased yields by 15%. Drones, in turn,
reduced costs by 25% and increased yields by 12%.
Qualitative indicators include a 40% reduction in plant
disease with sprayers and 35% with drones, indicating
improved plant health and reduced disease. The re-
sults of research confirm that the introduction of mod-
ern viticulture technologies can significantly improve
the efficiency of vineyard cultivation. This is achieved
through process optimisation, which reduces pesticide
costs and significantly increases yields. The use of inno-
vative methods, such as precision farming, automation
and plant health monitoring, opens new opportunities
for agronomists. In addition, these technologies have
a significant potential to reduce the negative impact
on the environment, as the reduced use of chemicals
helps to preserve ecosystems and improve soil quality.
Thus, the integration of modern technologies not only
increases the economic efficiency of production but
also contributes to the sustainable development of the
agricultural sector.

To further improve agricultural outcomes, especially
in the context of drones and sprayers, there is a need to
focus on improving the technologies that ensure their
effectiveness. This includes improving the precision of
pesticide application, which is critical to reducing pes-
ticide losses to the environment and minimising nega-
tive impacts on beneficial organisms. It is necessary to
adapt these technologies to different types of vegeta-
tion and specific climatic conditions to ensure optimal
treatment results. Longer and more detailed field trials
are also recommended to assess the long-term impacts
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of drone and sprayer use on soil quality and ecosystem  of the study include the limited number of surveyed
integrity. This includes monitoring changes in biodiver-  sites and the potential impact of unforeseen weather
sity,vegetation and overall ecosystem health,which will  conditions that could affect the accuracy of the results.
help identify possible negative impacts and develop

recommendations to avoid them. Thus, the integration ACKNOWLEDGEMENTS

of new technologies into agriculture should be accom-  None.

panied by a comprehensive analysis and assessment of

environmental aspects, which will ensure the sustaina- CONFLICT OF INTEREST

ble development of the agricultural sector. Limitations  None.
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AHoTauis. Metoo pobotn 6yno pocnianty BNAMB Cy4aCHUX TEXHONOTIM 06pOOKM BMHOrPAAHMKIB HA 3MEHLUEHHS
BMTPAT MeCTUUMAIB Ta NiABULEHHS BPOXAWHOCTI. [Mig Yac [OCNiIOKEHHS OUiHEHO e(EeKTUBHICTb BMKOPUCTAHHS
obnpuckysauis «AgriSpray 5000» Ta gpoHis «DJI Agras T30» B arpoHOMii, 30KpeMa y BUHOrpagapcrsi. Metogonoria
LOCNIOKEHHS BKKOYANA aHaNi3 BUTPAT NECTULMAIB | BPOXKAMHOCTI BUHOrpaay A0 i Nicns BNPOBAAXKEHHS 3a3HAYEHMX
TexHonorii. Ona uboro 6yno npoBeneHO NOPIBHAMNbHUIA aHanis 3 TpaguuiiHMMU MeToaaMu 06pobku, 3oKpeMa
BPYYHY. 3acTocyBaHHS obnpuckyBadiB «AgriSpray 5000» Ta apoHis «DJI Agras T30» LO3BOAUIO 3MEHLWMUTU BUTPATU
nectuumais Ha 30 % i 25 % BianoBiaHO, 3aBASKM TOYHOMY PO3MOAINY PO34YMHIB i aBTOMaTM3aLii 06pobku nonis.
OCHOBHI pe3ynbTaTM AOCNILKEHHS MOKasanw, Wwo obnpuckysadi «AgriSpray 5000» 3MeHWMAM KinbKicTb XBOPUX
BMHOIPagHUX pocsivH Ha 40 %, Wwo npmeeno Ao 36inbleHHS BpoxarHocTi Ha 15 %. BoaHouac, opoHu «DJI Agras
T30» 3a6e3neunnm 3MeHLLEHHS KifIbKOCTI XBOPUX POCAMH Ha 35 % i nigBuwmnmn BpoxanHictb Ha 12 %. IHTerpauis
HOBMX TEXHONOTI A03BOMIMMA 3MEHLWMWTK 3arabHi BUTPATM Ha 06pobKy BUHOrpagHUKiB Ha 20 %, 30KpeMa 3aBasKM
3HWXXEHHIO BUTPAT Ha nectuumaun Ta pobouy cuny. BUCHOBKM AOCNifKeHHS CBiAYaTb Mpo Te, WO BMNPOBAaLXKEHHS
Cy4yaCHUX 06MNpUCKYyBaYiB i APOHIB CYTTEBO ONMTUMI3ye Mpouecu 0OpoOKM BMHOMPALHMKIB, 3HWXKYE BWUTPATU Ta
NiABULLYE iXHI0 BpoXaiiHicTb. TexHonorii «AgriSpray 5000» i «DJIAgras T30» 3a6e3neuytoTb BUCOKMIA piBEHb TOYHOCTI
Y 3aCTOCYBaHHI arpoximikaTis, WO MA€E MO3UTUBHUIA BMNAMB Ha EKOJOTiYHY CMTYaLit0 Ta €KOHOMIYHi pe3ynbraTtu.
Pesynbtatn nipTBEpPAXKYIOTh €(EKTUBHICTb HOBITHIX TEXHOMOTM SK BAX/JMBOrO iHCTPYMEHTA ANS NiABULLEHHS
KOHKYPEHTOCNPOMOXHOCTi BUHOTPaAHMX roCcnofapcTB B YKpaiHi Ta NOKPALLEHHS SKOCTi NpOAyKLii

Kniouosi cnosa: necTMunam; CTanui PO3BUTOK; 3pOLLUEHHA; POCTUHHULUTBO, cinbcbke rocnoaoapcTeo; XBOp06VI
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Abstract. The economic system of a society involves the constant movement of goods, services, money, securities,
and labour. The coordinated interaction of market mechanism elements is achieved through their balanced
development. It is impossible to increase the efficiency of the agricultural sector of the country’s economy without
improving rural infrastructure. The article is devoted to the study of theoretical and practical provisions for
accelerating the development of rural infrastructure, ensuring access to it for all segments of the rural population
and developing recommendations for improving the living standards of rural residents. The main research
methods used were analysis of scientific literature, analysis of statistical data, comparative analysis, and expert
assessments. The research paper examined the main indicators of improving the living standards of rural residents
in terms of political, social and economic aspects. In order to adjust the goals of sustainable development, the
article characterised the losses caused to infrastructure as a result of theft, destruction or damage to facilities. It
is shown that the impact of economic growth on poverty alleviation increases with the growth of human capital,
but weakens with significant income inequality. Particular attention was paid to indicators of improving the living
standards of rural residents in terms of political, social and economic aspects. Conclusions were also drawn on
the main tasks facing rural communities to ensure their sustainable development. The practical value of the
study lies in the empirical results obtained, which can be used to develop and implement the state policy of
rural development. The developed recommendations may be useful for local governments, public organisations
and other entities involved in rural development. It is proposed to use the experience of Poland on the way to
inclusive rural infrastructure development
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INTRODUCTION
The development of any country is impossible without
improving the well-being of its citizens, especially in
rural areas. This process is closely linked to the rapid
growth of national income per capita and the improve-
ment of overall living standards. A well-developed rural
infrastructure plays an important role in this process,
ensuring access to basic services for all segments of the
population, stimulating economic activity in rural areas
and making them more attractive for living.An inclusive
approach to the development of rural infrastructure in-
volves creating equal conditions for all rural residents,
regardless of their social, age or gender characteristics.
Such an approach is a prerequisite for social integration
and the harmonious development of rural communities.

Infrastructure changes not only improve material
living conditions, but also help create new jobs, attract
investment and reduce social inequality between ur-
ban and rural areas. Infrastructure development has a
multiplier effect, covering all sectors of the economy
and territorial units of the country. This, in turn, stim-
ulates the development of agricultural production and
improves the quality of life in rural areas. Particularly
important components of rural infrastructure are the
transport network, water and wastewater systems, elec-
tricity supply, as well as educational, healthcare and
cultural institutions. The development of these infra-
structure elements not only improves the living stand-
ards of rural residents, but also creates the basis for
economic growth and social development in the region.
In addition, the development of digital infrastructure
in rural areas is of particular importance in today’s en-
vironment. Access to high-speed Internet and modern
information and communication technologies opens up
new opportunities for education, work and business in
rural areas, facilitating their integration into the global
economy and reducing the digital divide between ur-
ban and rural areas.

As noted by Yu. Kormyshkin & I. Moskal (2023), the
insufficient level of development of social, communal,
household, information and communication infrastruc-
ture leads to a low level of meeting modern human
needs and the quality of life of rural residents, as evi-
denced by the scientific works and aspects revealed in
the above study. In addition, there is a steady trend to-
wards a significant deterioration in demographic indi-
cators and the human development index in rural areas.
There has been a significant decline in labour potential,
rising unemployment and poverty among the popula-
tion. The migration outflow of young people from rural
areas to cities and abroad further exacerbates this neg-
ative phenomenon.

In their research, O. Dovgal et al. (2022) focused on
increasing the competitiveness of staff, highlighting
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such factors as motivation, management, and social
aspects. The authors emphasised the importance of in-
novative development of Ukrainian enterprises through
continuous professional development of employees and
improvement of the education system. However, the is-
sue of inclusive staff development, especially in rural
communities, remained outside the scope of their study.
A.Poltorak et al. (2021) demonstrated the effectiveness
of modified approaches to managing the financial secu-
rity of the state using a polynomial extrapolation algo-
rithm.The correlation-regression model they developed
allows considering such key indicators as the effective-
ness of innovative development, the level of corruption,
and debt dependence. However, the researchers did not
assess the impact of rural infrastructure development
on the financial security of the state.

O. Lazarieva (2019) considered the issue of rural
infrastructure development in the context of ensur-
ing sustainable development of the country. She em-
phasised the importance of not only economic factors,
but also environmental and social aspects, in particu-
lar the development of infrastructure in the areas of
water supply, sanitation and energy. O. Borodina &
I. Prokopa (2019) studied the impact of information and
communication technologies on rural development.
The authors noted that access to modern technologies
allows rural residents to be integrated into the national
and global economy, creating new opportunities for de-
velopment and improving the quality of life.

The purpose of the study was to develop both the-
oretical and practical provisions to accelerate the inclu-
sive development of rural infrastructure and to develop
recommendations for improving the living standards of
the rural population.

MATERIALS AND METHODS
A wide range of theoretical and empirical methods
were used to conduct a comprehensive study of inclu-
sive rural infrastructure development. The choice of
methods was driven by the need to ensure a compre-
hensive analysis of the problem, taking into account
its multidimensional nature. A detailed analysis of sci-
entific publications, reports of international organisa-
tions, and national strategic documents was conduct-
ed to identify current trends, theoretical approaches,
and empirical evidence on inclusive rural develop-
ment. Particular attention was paid to research on the
drivers of rural infrastructure development, the role
of institutional factors, and the experience of other
countries. A systemic approach was used to identify
the interrelationships between different components
of the rural system (economy, social sphere, infrastruc-
ture, natural environment) and to identify key factors
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that influence inclusive development. A comparative
analysis of the experience of different countries (in
particular, the European Union) in rural development
was carried out to identify best practices and potential
directions for Ukraine.

To quantify the state of rural infrastructure and the
dynamics of its development, statistical data from Min-
fin (n.d.), State Statistics Service of Ukraine (2023), Na-
tional Institute for Strategic Studies (2024) and other
official sources were analysed. The indicators studied
include employment rates, incomes, investments in ag-
riculture, and infrastructure development. Based on the
empirical material, a list of tasks faced by communities
is outlined, taking into account the programmes of in-
clusive sustainable development of rural infrastructure.
The main indicators of rural development for the period
from 2005-2022 are assessed. The introduction of mar-
tial law in Ukraine in February 2022 made it difficult
to obtain complete operational statistical information,
and additional uncertainty factors made it impossible
to analyse some indicators for 2023-2024. With this in
mind, the main challenges facing the socio-economic
development of rural areas and the infrastructure sec-
tor were identified.

Political aspect

Stimulating economic growth
and improving living standards

The choice of research methods was driven by the
need to provide a comprehensive and in-depth analysis
of the problem. Theoretical methods helped to form the
theoretical basis of the study and define key concepts.
Empirical methods provided quantitative and qualita-
tive data on the state of rural infrastructure and the
factors influencing its development.

RESULTS AND DISCUSSION

Ahigh level of economic development in countries does
not always guarantee a corresponding standard of liv-
ing in rural areas. Economic growth does not automat-
ically lead to an improvement in the living standards
of poor and low-income families. Research by M. Ty-
moshenko (2014) has shown that the impact of eco-
nomic growth on poverty reduction increases with the
growth of human capital, but weakens with significant
income inequality. In Ukrainian practice, the focus has
been on the growth of the agricultural sector and its
export potential. As a result, the majority of vulnerable
groups in rural areas are left out of the programmes de-
veloped by the government. Improving living standards
is one of the conditions for sustainable rural develop-
ment, based on the aspects shown in Figure 1.

Social aspect

through the creation of new
jobs, development of small and
medium-sized businesses, and
private households.

infrastructure.

Ensuring well-being and a high
standard of living for rural
residents, including access to
quality education, healthcare,
social services, and inclusive

Economical aspect

Ensuring the participation of all
segments of the population in
decision-making related to rural
development through

transparent, and accountable
resource management.

Figure 1. Indicators of improving the living standards of rural residents

Source: compiled by the authors

These living standards indicators are the main cri-
teria that determine the degree of development of rural
areas. Inclusive development helps to create better liv-
ing conditions in Ukraine, ensure equal opportunities,
and build a fair and prosperous society. Ukraine is im-
plementing a number of programmes to ensure inclu-
sive development of rural infrastructure:

1) reconstruction and construction of social infra-
structure facilities is carried out in accordance with
the requirements of barrier-free access. For example,
as part of the implementation of Decree of the Presi-
dent of Ukraine No. 533/2020 (2020), equal opportu-
nities are created for all groups of the population in
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education, medical care, self-realisation, employment
and other areas of life;

2) adapted services for people with disabilities are
being introduced. For example, according to the UN
Convention on the Rights of Persons with Disabilities,
access to all spheres of life, including the physical en-
vironment, transport, information, communication, ed-
ucation, employment, healthcare, and participation in
political and public life, is ensured for people with dis-
abilities (United Nations Convention, 2006);

3) information materials on rural development
are being developed in various forms. For example,
pursuant to a decision of the Government of Ukraine,



special sections for people with disabilities are being
created on the websites of local governments and
other institutions providing services in rural areas,
where information can be presented in Braille, audio
or video, etc. (Ministry of Education and Science of
Ukraine, 2021).

The implementation of these programmes should
contribute to the achievement of sustainable rural de-
velopment and improvement of living standards. The

Bilichenko et al.

constant empowerment of local communities poses
new challenges for them in terms of harmonisation
and further development of territorial communities, as
0. Pavlov (2009) wrote. This requires taking into account
the interests and initiatives of every resident of rural
areas, since only joint efforts can achieve high produc-
tion efficiency, preserve the environment and improve
the quality of life. Rural communities face a number of
tactical challenges (Table 1).

Table 1. List of tasks for communities in terms of their sustainable development

Tactical tasks of territorial
communities

Development of
agricultural production

Improving the quality of

Expected results from the implementation of tactical tasks

Through decentralisation and the involvement of local communities in decision-making, rational use
of resources will be achieved, innovations will be introduced, labour productivity will be increased, and
new jobs will be created, making life in rural areas more comfortable and attractive.

The development of infrastructure will improve the quality of housing, educational, medical, transport,

life information and communication services, as well as participation in political and social activities.

Environmental protection

Source: compiled by the authors

A key element in the development of the country’s
agricultural sector is the comprehensive development
of rural areas aimed at ensuring appropriate progress in
agriculture, improving working conditions, living con-
ditions and the environment. In the current econom-
ic, financial and social environment, the creation of a
self-sufficient and self-regulating system of socio-eco-
nomic development of rural areas remains problematic.
Achieving the intermediate and ultimate goals of sus-

Conscious attitude to nature and rational use of resources are the key to preserving the environment

for future generations.

tainable rural development is complicated by many fac-
tors.This is especially true for the so-called frontline and
adjacent areas. The impact of rural areas on socio-eco-
nomic development requires the attention of state and
local authorities. To achieve this goal, effective man-
agement technologies and tools are needed to preserve
and expand the potential of rural areas. This will help
to increase the competitiveness of the national econo-
my and improve the welfare of rural residents (Table 2).

Table 2. Dynamics of indicators of agricultural sector development in Ukraine by components

Average during

Indicators

2005-2010 2010-2015 2015-2020

Economic component

Share of the industry in GDP, %

Gross value added of the industry, USD billion
Share of the industry in value added, %
Public expenditures on the industry, UAH million
Trade openness (share of exports), %
Annual capital investments, million USD
including for the 1%t enterprise, thousand USD

Social component

Salaries of employees in the industry per month, UAH
including in % to the average in the economy

Share of people employed in agricultural production, %

Relative level of rural poverty (by expenditures), %

Environmental component

Ploughed agricultural land, %
Amount of mineral fertilisers applied per 1 ha, kg
Area treated with pesticides, %
Area under organic production, %
Carbon dioxide emissions, million tonnes

Share of water used for production needs in agricultural production, %

11.9 9.3 6.7
10.9 14.4 119
14.2 10.8 111
1,636.3 4,665.0 7,693.7
31.8 38.3 44.8
1,380.7 1,879.8 2,378.9
30.4 39.5 48.6
3,309 9,734 16,159
74.8 84.0 93.2
17.5 171 16.7
279 43.8 59.7
78.4 79.5 80.6
98 152 206
42.6 914 954
19.0 7.0 3.0
161.1 150.5 139.9
20.3 21.8 233

Source: compiled by the authors on the basis of data from I. Kryukova & S. Stepanenko (2022)
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Not only are there no financial opportunities to
restore infrastructure in the war-affected settlements,
but existing infrastructure facilities are being further
destroyed, leading to an increase in the problems of
technogenic and environmental safety (contamination
of territories with explosive devices, destroyed build-
ings). In Ukraine’s agriculture, the war caused the great-
est losses to agricultural machinery, warehouses and
stocks of produce (Table 3).

The problem of socio-economicrecovery of the terri-
tories affected bythe war is gaining national proportions,
which requires the implementation of a comprehensive
social policy at the state level to effectively address it.
As aresult, the key element is the creation and practical
implementation of strategic planning aimed at the so-
cio-economic development of each specific rural settle-
ment. Such strategic planning should meet the interests
of every resident of rural areas (Dunayev et al., 2024).

Table 3. Structure of losses caused to Ukrainian agriculture by the war

Category Total cost, million USD

Agricultural machinery
Storage facilities
Animal husbandry
Perennial crops
Production factors (fuel, fertilisers, plant protection products)
Manufactured products
Total

Notes: data as of 15.09.2022

2,885.4
1,062.5
362.5
348.7
954
872.0
6,626.8

Source: compiled by the authors based on data from R. Neiter et al. (2022)

Rural areas continue to lose their attractiveness
not only because of the low level of housing with basic
amenities, but also because of the absence or inacces-
sibility of such services as social, medical, educational,
information and communication services. A significant
number of residents of rural areas are also deprived of
access to such services due to the dilapidated state of
the road transport infrastructure. This negatively af-
fects the ability to provide timely services (Belei, 2021).
Further development of rural areas in Ukraine is com-
plicated by a number of negative factors. These include:
lack of coordination and control over the implementa-
tion of rural development measures, low financial ca-
pacity of territorial communities, insufficient financial
and credit services, formal attitude to the development
of development strategies and programmes, low in-
vestment attractiveness and weak branding of rural
areas, underdeveloped social infrastructure, unsatis-
factory wages, high unemployment and lack of quali-
fied specialists (Dovgal et al., 2022). Eliminating these
problems requires joint efforts of the government and
society to implement development strategies and pro-
grammes, attract investment, improve social infrastruc-
ture and ensure the development of non-agricultural
activities. It is also necessary to attract and provide
adequate training for qualified professionals who can
use the latest technologies and make effective man-
agement decisions to solve problems at the local level.

Rural areas are heavily dependent on transport ser-
vices for the supply of inputs and logistics in the pro-
cess of selling products or providing services, which is
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essential for ensuring the proper efficiency of agricul-
tural production and the quality of life in rural commu-
nities (Borko et al., 2022). The low level of development
of transport networks serving rural areas reduces their
investment attractiveness and limits the possibility of
introducing innovative development of promising ac-
tivities, such as tourism, recreation, and others. Insuf-
ficient development of social, communal, household,
information and communication infrastructure lead to
a low level of meeting the modern needs and quality of
Life of rural residents.

Economic relations are the basis on which the de-
velopment of all spheres of life - social, cultural, politi-
cal and others - rests. This is especially evident in rural
areas. The decline of the rural economy leads to the
destruction of other important areas of life. There is a
steady trend towards a significant deterioration in de-
mographic indicators and living standards in rural are-
as.They are experiencing a significant decline in labour
potential, rising unemployment and poverty among
the population. The migration outflow of young people
from rural areas to cities and abroad further exacer-
bates this negative phenomenon. Another problem for
rural development is the low level of wages. The level
of wages in agriculture is determined by national stand-
ards (minimum wage, taxation) and cannot be lower
than the level established by law for a fully worked day.
However, in order to minimise labour costs, employers
use the practice of part-time employment and dismissal
after the end of the employment contract, which makes
full-time employment impossible (Yekimov et al., 2024).



One of the factors affecting wages is the qualifica-
tions of employees. About 60% of people working in the
agricultural sector perform the simplest jobs, so their
wages are determined by the lowest tariff category. In
2021-2023, the cost of labour and social measures in
the structure of agricultural production costs averaged
6.1%. In 2019-2024, this figure decreased by almost
40% (National Institute for Strategic Studies, 2024).
Employers explain low wages in agriculture by insuffi-
cient labour productivity. However, labour productivity
depends to a greater extent on the employer itself: its
ability to organise production, introduce modern tech-
nologies, and provide advanced training for employees
By saving on modernisation, investment, and innova-
tion, employers reduce profitability and, as a result,
eliminate the possibility of raising wages for employees.

Research by S. Yekimov et al. (2023) shows that the
low share of wages in production costs is associated
with the raw material nature of agricultural produc-
tion, low levels of added value, and the rise in the cost
of logistics services. Farmers are business owners but
formally belong to the corporate sector. However, due
to the small share of production (8.7%) and addition-
al goals (meeting the needs of their families and rural
communities), their profitability is much lower than that

Bilichenko et al.

of owners of large agricultural enterprises. Farming can
be seen as the most optimal model of management
in the agricultural sector in terms of inclusiveness, as
farmers independently determine the forms and meth-
ods of management, as well as the use of the results
of their production activities. Hired workers are not in-
volved in production management, profit distribution,
and are not liable for losses. Their inclusion is limited.
On the one hand, they are included in the production
process, enjoy socio-economic protection and other le-
gal guarantees of formal employment, but on the other
hand, receiving a fixed salary, they are not entitled to
share in the results of economic activity.

The war is having a severe impact on the country’s
economy and employment. Part of the rural population
is forced to leave their homes and go abroad, and those
who remain join the ranks of the unemployed. The cur-
rent demographic situation in rural areas is character-
ised by depopulation of the rural population, decreased
life expectancy and birth rates, increased mortality, and
an increase in the migration outflow of rural residents,
resulting in a shrinking settlement network. There are
more than 200 million unemployed people in the world.
Due to the full-scale war, Ukraine is among the coun-
tries with the highest unemployment rates (Table 4).

Table 4. Number of registered unemployed in Ukraine, 2010-2022

Years Total population, thousand people
2010 45,795.9
2015 42,774.6
2020 41,629.9
2021 41,208.1
2022 41,167.3

Number of registered unemployed, thousand people
452.1
461.1
459.2
295
186.5

Source: compiled by the authors based on data from Minfin (n.d.)

It should be noted that in 2010-2022, Ukraine has
been experiencing a steady downward trend in the
country’s population. The main reasons for this are,
first and foremost, the negative impact of military ag-
gression by the Russian Federation and, as a result, the

out-migration of citizens. Since the beginning of the
full-scale invasion, as of September 2022, 6.98 million
people have become internally displaced in Ukraine.
The negative population growth rate also has a nega-
tive impact on the country’s population (Table 5).

Table 5. Dynamics of natural population change in Ukraine, thousand people

Number of births

2010 497.7
2015 411.8
2020 2935
2021 273.8
2022 207.0

Number of deaths

Natural increase, population decline

698.2 -200.5
594.8 -182.6
616.8 -323.3
7143 -440.5
541.7 -334.7

Source: compiled by the authors based on How Ukraine’s population... (2024)
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Employment rates in urban and rural areas differ
significantly. According to the data for 2021-2024, the
employment rate in cities is significantly higher and
shows positive growth dynamics. In contrast, the oppo-
site trend is observed in rural areas: the employment
rate is lower and tends to decline. Employment and un-
employment rates are important indicators of the coun-
try’s socioeconomic development and the state of the
labour market. Unemployment causes not only the eco-
nomic decline of rural areas, but also the moral impov-
erishment of people, which ultimately suppresses the
economic activity of the rural population (Minfin, n.d.).

The economically active population of rural areas
is the part of the working-age population that offers
its labour for production or service provision. The de-
gree of participation in labour activity and employment
opportunities reflects the level of economic activity of
the rural population. The most active in registering as
unemployed, as well as in looking for work, are people
aged 35 to 40. Young people in Ukraine are more flex-
ible and ready for social change. They also have great-
er potential for career growth and are willing to work
longer hours. Therefore, it is important to have an active
employment policy aimed at stimulating youth employ-
ment, especially during and after the military conflict.
A significant proportion of rural residents are forced
to engage in private farming in the face of a declining
supply of paid work. Most of them are aged between 50
and 60 years (State Statistics Service of Ukraine, 2023).

Given the significant shrinkage of the production
sector in rural areas, agriculture remains the main
source of employment. Deeper specialisation of produc-
tion, concentration of land use, and growth in the size
of business entities in the corporate sector have not
been accompanied by an increase in employment due
to economies of scale. This is due to the focus on mon-
oculture production and the decline of labour-intensive
industries. The best employment option depends on
the needs and circumstances of each individual. If flex-
ible working hours are required, part-time employment
is the most appropriate choice. If it is a stable job with
a high salary and social guarantees, employment under
an employment contract is the most suitable. Seasonal
work is a viable option when employment is effectively
secured for a short period.

Diversification of the rural economy is the way to
its socio-economic sustainability, development, and
overcoming depression and territorial disproportions. It
involves the use of all available resources in rural areas
to create jobs, enter new markets, support regional spe-
cialisation and realise local competitive advantages.
Diversification includes sustainable and inclusive de-
velopment of rural areas, implementation of effective
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development tools, such as building infrastructure and
ensuring access to relevant services; a new vision of
the use of natural and climatic resources, and intensi-
fication of the development of the service sector. This
will improve the living standards of rural residents, re-
duce their dependence on agriculture, create new jobs,
stimulate the development of small and medium-sized
businesses, and make villages more attractive places to
live and work.

The issues of stimulating the diversification of the
rural economy, creating a favourable investment cli-
mate, and developing public-private partnerships re-
quire appropriate regulatory changes and additions in
terms of defining preferential conditions and modes of
operation for business, especially in the context of the
construction and operation of facilities related to the
provision of social services to rural areas. Strategic and
current planning is a powerful tool that can help ac-
celerate the process of rural development, taking into
account the principles of inclusiveness and content.
However, it should be noted that not all communities
have developed and approved development strategies,
even after amalgamation. In addition, existing strate-
gies are based on different methodological approaches
and differ in structural changes and content. There-
fore, it is necessary to develop unified methodological
guidelines for professionals to use when determining
priorities and current tasks for the development of ter-
ritories. It is also necessary to establish a mechanism
for analysing the effectiveness of the implementation
of local development strategies and current plans,
as well as a procedure for approving amendments to
these documents.

Despite the fact that local authorities have their
own powers and responsibilities for the socio-economic
development of their territories, there may be problems
with uneven distribution of resources and different lev-
els of economic development of individual territories.
Therefore, it is necessary to monitor the development
of rural areas and make appropriate management de-
cisions to reduce inequalities, which is discussed in de-
tail in O. Dovgal et al. (2024). The effectiveness of plan-
ning as an important tool for managing inclusive rural
development depends on financial resources and the
willingness and ability of managers to attract addition-
al resources. Financial decentralisation has provided
local governments with opportunities to increase lo-
cal budget revenues by boosting economic activity and
increasing tax revenues. Local governments also have
the opportunity to develop inter-municipal cooperation
and receive additional funding through the State Fund
for Regional Development. However, the main problem
is the lack of strategic vision and the unpreparedness



of managers to work in the new business environment,
as well as the lack of qualified professionals who can
justify management decisions and prepare project
documents. Therefore, the issue of encouraging highly
qualified specialists to work in rural areas is relevant.

The socio-economic changes that took place in
Ukraine between 1991 and 2024 could not have spared
rural areas. As a result of the reforms, rural residents
became hostages not only to the modernisation of so-
ciety and the bankruptcy of agricultural enterprises,
but also to a sharp decline in income and reform of
rural social infrastructure. The transformation process-
es place greater demands on the financing and organ-
isation of rural infrastructure. Improving employment
and reducing unemployment in rural areas depends
on the quality of education and increasing its funding.
The organisation of education in rural areas has its own
specifics compared to urban areas. Due to the lack of
students willing to study in grades 10-11, the period of
study in schools is shortened as much as possible. This
leads to the fact that young people do not acquire the
necessary knowledge and skills for successful employ-
ment (Figs. 2, 3).

Lack of qualified teachers

Insufficient amount
of modern equipment
and materials

Low level of student
motivation

Figure 2. Reasons for the low quality
of education in rural areas
Source: compiled by the authors

Low wages
Poor infrastructure
development

L imited opportunities
for business development

Insufficient provision
of social services

Figure 3. Impact of limited funding for rural areas
Source: compiled by the authors
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Pre-school education in Ukraine is the first ele-
ment in the structure of continuing education, forming
the continuity of upbringing and education of a child
in the kindergarten, family and school. This level re-
quires physical and moral education, skills, training,
care and health of a preschool child based on sup-
porting his or her individuality, respecting his or her
interests and needs, and developing his or her crea-
tive abilities. As of 2024, rural schools are part of the
national education system. Its main goals, functional
tasks and key indicators are not determined by the
village. For schools in rural areas, there are no exclu-
sively “rural” curricula, training programmes, textbooks
and teaching methods. Social requirements for the
professional and pedagogical activities of teachers in
rural and urban schools are generally the same. At the
same time, rural schools function under the influence
of demographic, psychological, socio-cultural, envi-
ronmental and legal factors.

The deterioration of the situation in rural educa-
tion is evidenced by the fact that 153 schools were
closed in rural areas between 2021 and 2023, half
of which were primary schools (State Statistics Ser-
vice of Ukraine, 2023). Schools with a small number
of students are transformed into branches of a hub
educational institution (usually primary or secondary
schools). In this case, high school students are trans-
ported to neighbouring settlements by school bus, but
it should be noted that not every school is provided
with the necessary transport, which creates additional
problems and is one of the reasons that prompts fam-
ilies to change their place of residence.

To improve the situation with employment and
unemployment in rural areas, it is necessary to im-
prove the quality of education, i.e. to provide educa-
tional institutions with qualified personnel, to update
the material and technical base of schools, to motivate
students to study, to increase the level of wages in ru-
ral areas and to develop infrastructure (Honcharenko
& Honcharenko, 2023). The situation is similar in the
healthcare sector. Rural areas employ 5.3% of doctors
and 11.5% of junior and middle-level medical staff.
However, more than 55% of the equipment in health-
care facilities is recognised as outdated. The healthcare
sector in Ukraine is constantly undergoing ongoing re-
forms, closely linked to political and socio-economic
transformations in the country. At the same time, the
rural healthcare system is a relatively autonomous so-
cial entity that has the property of inertia in relation to
the ongoing reforms. The inertia is determined by both
resource factors (low living standards in rural areas,
lack of education, insufficient funding, shortage of per-
sonnel, territorial remoteness, sparse information flows,
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etc.) and traditions of the rural population’s way of life,
a certain conservatism of life attitudes.

The rural healthcare system has a number of pe-
culiarities in contrast to urban healthcare. Medical
support for rural residents is provided in various types
of institutions. Hospital care is provided in inpatient
facilities of central district hospitals, district hospitals
and district hospitals. The outpatient stage includes
polyclinics, rural medical outpatient clinics, general
medical practices, and paramedic and obstetric sta-
tions. Small medical institutions that are significantly
distant from each other prevail. The majority of rural
residents served by such healthcare facilities are un-
employed pensioners. The population of rural areas has
virtually no choice of healthcare facilities, as in small
settlements medical care is usually provided by a single
doctor or paramedic. Specialised medical care, which
is less accessible to the rural population, is provided
mainly in district and regional hospitals.

Further reforms of the healthcare system should
not lead to the destruction of the historically estab-

lished practices of providing medical care to the rural
population. It is necessary to improve medical care in
rural areas by expanding its infrastructure and chang-
ing the content of the work of a particular type of in-
stitution. Therefore, one of the most important tasks of
healthcare in rural areas in the current development
environment is to use the available financial resourc-
es of communities to achieve the best possible result.
The modern Ukrainian village requires not only the ex-
pansion and strengthening of social infrastructure fa-
cilities, but also fundamentally new approaches to the
problem of engineering arrangement, primarily from
the standpoint of their comprehensive solution and ur-
gency. A comprehensive approach is needed to address
the issues of gasification, heating and water supply in
rural areas. Providing rural residents with housing and
relevant communal services is a priority task of the
state policy on the revival of rural areas. The military
aggression of the Russian Federation has caused the
greatest direct losses and destruction to residential
buildings and infrastructure (Fig. 4).

M Residential buildings
Infrastructure
B Enterprise assets, industry
Agricultural sector and land resources
B Transport vehicles
B Education
Energy industry
M Forest
Other

Figure 4. Direct losses from destruction and damage by sector, USD billion

Source: compiled by the authors based on USAID (2023)

The main problems of housing construction in rural
areas as of 2024 include: lack of budget funds for the
construction of social housing; rising prices for con-
struction materials; and low incomes of rural citizens.
The poor development of rural infrastructure leads to
the following negative consequences:

vulnerability of rural areas and reduced efficien-
cy of the existing resource potential;

limited employment opportunities and depend-
ence on the degree of infrastructure development in
the settlement;

increased risks of job losses for rural residents;

pronounced seasonality in income generation
and its low level;

dependence of household income on weather
conditions.
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It is worth highlighting the drivers that contribute
to the development of rural infrastructure (Fig. 5).

Market transformations have shown that the rural
economy is inert to new challenges and opportunities.
However, having become part of an open global eco-
nomic space, rural areas cannot remain aloof from glob-
al processes, such as a reduction in the number of peo-
ple employed in agricultural production, an increase in
international trade, digitalisation of all spheres of hu-
man life, increased migration, and the spread of remote
and other forms of employment. When looking for ways
to solve the problem of inclusive rural infrastructure
development, it is worth looking at the European expe-
rience. Rural development benchmarks that meet the
principles of sustainable and inclusive development
can be successfully applied in Ukraine.
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Drivers of inclusive rural infrastructure development

Polarity and climate-smart agricultural orientation

Decentralisation of industrial production

Alternative energy

Improving digital communication

Online shopping and cloud services

Figure 5. Drivers of inclusive rural infrastructure development

Source: compiled by the authors

It seems unlikely that the indicators of countries
with developed rural infrastructure (France and Ger-
many) will be achieved in the near future. Therefore,
the indicators of countries with similar development
conditions, such as Poland, can serve as target bench-
marks. Poland has succeeded due to several factors that
should be taken into account: high labour productivity,
an effective system of support for national agricultur-
al producers, developed infrastructure, stimulation of
research and development, active integration into Eu-
ropean and global markets, and development of rural
tourism. The challenges faced by Poland on the way to
inclusive rural infrastructure development should also
be taken into account. It is about the loss of labour
force, which migrates to countries such as Germany and
France in search of higher wages. However, through
effective public policy, widespread implementation of
scientific and technological progress, integration into
the global market, and preservation of traditions, rural
development can be achieved. As of 2024, Poland has
become an active importer of labour from Ukraine. A
large number of Ukrainians are employed in rural areas
for seasonal work. This is due to limited employment
opportunities in Ukraine (especially in rural areas) and
higher wages in Poland.

It is important for Ukraine to study and adapt the
experience of European countries to achieve inclusive
development of rural infrastructure, promote farming,
increase wages and improve working conditions in ag-
riculture, and reduce dependence on raw material ex-
ports and increase exports of processed products. Im-
proving the efficiency of agricultural production will be
a source of increasing its competitiveness. The Global
Donor Platform for Rural Development considers inclu-
sive agribusiness as a key perspective for understanding
and stimulating transformations in the agricultural and
agro-industrial sectors. The source of finance plays an
important role in the development of the private sec-
tor, from small local enterprises to large international
corporations. Drawing on the experience of developed
countries, it should be noted that an integral part of
the modern infrastructure support of the rural market
sector is agricultural logistics.

The study has shown that the current conditions
of rural infrastructure development require its inclu-
sive orientation, as well as the transformation of ap-
proaches to wartime conditions and possible post-war
recovery. Given the needs of society in the current sit-
uation, the authors of this study support the opinion
of A. Kliuchnyk & N. Halunets (2021) about the im-
portance of using internal and additionally attracted
external sources of development of territorial commu-
nities. The issues of stimulating the diversification of
the rural economy, creating a favourable investment
climate, and developing public-private partnerships
require appropriate regulatory changes and additions
in terms of defining preferential conditions and modes
of operation for business, especially in the context of
the construction and operation of facilities related to
the provision of services to rural areas and social ser-
vices to the population.

The importance of maintaining the gradual imple-
mentation of the European experience of higher educa-
tion institutions is described in V. Shebanin et al. (2024).
In this paper, the authors’ conclusions were supple-
mented by the problems of preserving school education
at the level of territorial communities. The situation in
the field of medical care in rural areas was analysed. It
is determined that the healthcare system has similar
problems, which are manifested in the quantitative re-
duction of institutions, deterioration of their logistical
support, optimisation of the system of institutions, and
in the case of further reforms - to the destruction of
the historically established practice of providing medi-
cal care to residents of rural areas.

The source of further economic development of
rural areas is the overcoming of depressive dispro-
portions by diversifying production based on sustain-
able development. The development of infrastructure
support industries should take place in the context
of the rational use of available budget funds of rural
communities and additional attraction of investment
resources. The development of strategic and current
plans is an effective tool for accelerating the process of
rural development based on inclusiveness. The direc-
tions of socio-economic development of rural areas are
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described in S. Oneshko et al. (2022). Based on this
source, this scientific study has supplemented the anal-
ysis of losses caused by the military aggression of the
Russian Federation and pointed out the main aspects
of further diversification of the agro-industrial com-
plex to ensure food security. Thus, attention was paid
to fundamentally new approaches to the engineering
arrangement of villages, the introduction of integrated
solutions to energy efficiency in gasification, heating
and water supply, which should become the priority
tasks of state policy. Attention is focused on the need
to restore logistics links and high-quality transport
links, develop economic activity of rural residents and
provide jobs. The author analyses the dynamics of in-
frastructure indicators for the period from 2005-2020
by grouping them into five-year periods. In addition to
the general information, an analysis of changes in the
number of registered unemployed in the country is car-
ried out. The dynamics of natural population movement
under the influence of changes in the number of births
and deaths on the total population of Ukraine is char-
acterised. In turn, the study by M. Kovalenko & N. Oni-
kiyenko (2018) focused on the issues of infrastructure
provision of the social sphere of rural areas. The author
emphasised that the availability of high-quality edu-
cational and medical institutions, cultural and sports
facilities in rural areas stimulates population retention
and growth, which, in turn, contributes to maintaining
social stability and strengthening communities.

The peculiarity of the approach to any implemen-
tation of scientific work lies in the conceptual subdivi-
sion of drivers of inclusive directness according to the
following criteria: political, social, economic. This made
it possible to look at the current processes of develop-
ment of territorial communities; The situation is that
the rural territories are facing a position of infrastruc-
tural security, as well as the influx of destructive fac-
tors resulting from military aggression on the further
economic development of the agro-industrial complex.

CONCLUSIONS
Acceleration of the inclusive orientation of the devel-
opment of rural infrastructure is not particularly rele-
vant at the current stage. To achieve the specified goal,
it is necessary to take comprehensive measures, such as
diversification of the economy, modernisation of infra-
structure and investment in research and development.
It is also important to ensure the participation of lo-
cal residents in decision-making and to study the ex-
perience of European countries. An inclusive agribusi-
ness sector involves using resources from donors and
development agencies as a catalyst for market-based
solutions aimed at poverty alleviation. Government
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investment and incentive policies playan importantrole
in this, as the private sector cannot succeed on its own.

In rural areas, there is a certain variety of organisa-
tional forms of management, but there is a lack of labor
force. Unemployment is an extremely negative social
phenomenon. The highest level of unemployment is
observed among persons aged 35 to 40 years. Young
people are more flexible and ready for changes in social
terms. They also have better potential for career growth
and are ready to handle a greater workload. Therefore,
it is important to implement an active employment
policy aimed at stimulating the employment of young
people, especially during and after a military conflict.

Increasing the efficiency of agricultural production
is key to ensuring competitiveness. Creating a self-suf-
ficient system of socio-economic progress and achiev-
ing the goals of sustainable development of rural areas
are important tasks for improving living conditions and
ensuring the prosperity of communities. To improve the
situation with employment and unemployment in rural
areas, it is necessary to increase the quality of education,
providing educational institutions with qualified teach-
ing staff, updating the material and technical base of
schools,motivating students to study,increasing the lev-
el of wages in rural areas, and developing infrastructure.

Itis necessaryto improve medical care in rural areas
by expanding its infrastructural support.One of the most
important tasks of health care is the use of available fi-
nancial resources of communities. The modern Ukrain-
ian village needs not only the expansion and strength-
ening of infrastructure facilities of the social sphere,
but also fundamentally new approaches to the problem
of engineering arrangement, first of all, from the stand-
point of their comprehensive solution and urgency. An
optimal approach is needed in solving issues related
to gasification, heating and water supply of rural areas.

It is important for Ukraine to study and adapt the
experience of European countries to achieve inclusive
development of rural infrastructure. Indicators of Po-
land’s sustainable development can serve as target
benchmarks. Inclusive agribusiness creates new jobs,
increases incomes and improves access to food for the
poor. In addition, it promotes economic growth, infra-
structure development and social services in rural are-
as.The inclusive orientation of rural areas also contrib-
utes to the improvement of the quality of manufactured
products. All this makes inclusion an indispensable tool
for the sustainable development of rural areas and im-
proving the quality of life of the population.

In the future, it is necessary to focus attention on
several factors: the economic efficiency of inclusive
models, social impact, environmental aspects, the
role of institutional factors, innovations in agriculture.
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AHoTauis. EKoHOMIYHa cucTema cycninbCTBa nepenbdayvae nocTiiHMIA pyx TOBApPIiB, NOCAYT, FPOLLEN, LLIHHMX Nanepis,
poboy0i cunun. 3naroakeHa B3aEMOLisl e1EMEHTIB PUHKOBOIO MEXaHi3My AOCAraeTbCs ix 36aaHCOBAaHNM PO3BUTKOM.
HemMoxn1Bo nifBuwmTH ePeKTUBHICTb PYHKLIOHYBAHHS arpapHOro CeKTopa eKOHOMIKM KpaiHu 6e3 BOOCKOHaNEeHHS
CinbecbKoi iHdpacTpykTypu. CTaTTd NpUCBAYEHA BUBYEHHIO TEOPETUYHUX | NPAKTUYHUX MOJIOXKEHb WOA0 NPUCKOPEHHS
PO3BUTKY iHOPACTPYKTYPU CiNbCbKUX TEPUTOPIKA, 3abe3neyeHHI0 AOCTYNY A0 Hei YCiX BEPCTB CiflbCbKOrO HACeNeHHs
Ta po3p0b6/EHHI0 peKOMeHAALiM WoA0 NiABULLEHHS PiBHS XMUTTA censH. OCHOBHUMMM MeToaaMM AOCNiAXKEHHS Bynu
aHani3 HayKoOBOI NliTepaTypu, aHaNi3 CTAaTUCTUYHUX AAHUX, MOPIBHSNbHUIM aHANI3, eKCNEPTHI OLiHKK. Y HAayKOBIv poboTi
LOCNIAKEHO OCHOBHI iHAMKATOPU NOKPALLEHHS PiBHS XUTTS MELWKAHLIB CifIbCbKMX TEPUTOPIN Y pO3pi3i NONITUYHOrO,
CoLiaNbHOro Ta EKOHOMIYHOIO acnekTiB. s KOperyBaHHS Linen ctanoro po3euTky 6yn0 oxapakTepusoBaHO BTpaTH
3aBAaHi iHpaCTpyKTypHOMY 3abe3neyeHHI0 Yepe3 BUKPAAEHHS, 3HULLEHHS abo nowkoaxeHHs 06ekTiB. [okasaHo,
WO BM/JMB €KOHOMIYHOro 3pOCTaHHA Ha NOAOAAHHS 6iAHOCTI NMOCMAIOETBCS 3 POCTOM JIOACHKOrO Kanitany, ane
cnabwae npu 3HauHik HepiBHOCTI poxoais. OcobnuBy yBary 6yno NpuAaineHo iHAMKATOPaM MOKPALLEHHS PiBHS
XWUTTS MELKAHLiB CiNIbCbKMX TEPUTOPIN Y po3pi3i NONITUYHOrO, COLLIANIbHOIrO Ta €KOHOMIYHOr0 acnekTiB. Takox 6yno
3p061eH0 BUCHOBKM LLOA0 OCHOBHUX 3aBAAHb, WO CTOSATb Nepes, CiibCbKMMM rpoMaaamMu Ans 3abesneyeHHs iXHboro
CTanoro po3suTKy. [MpakTUYHA LiHHICTb LOCNIIKEHHS NONSTAE B OAEPXaHUX EMMIPUYHUX pe3ynbTaTax, Lo MOXYTb
6yTM BMKOPUCTaHI Ans po3pobku Ta peanisauii Aep)KaBHOI MOAITUKM PO3BUTKY CiNbCbKMX TepUTOPii. Po3pobneHi
pekoMeHAaLii MOXyTb OYTM KOPUCHMMU NS OpPraHiB MiCLLEBOro CaMOBPSAYBaHHSA, rPOMafCbKMX OpraHisauin Ta
iHWWX CyDEKTIB, AKi 3aMMatOTbCs MUTAHHAMU PO3BUTKY CiIbCbKOI MiCLLEBOCTI. 3aNpONOHOBAHO BUKOPUCTAHHS AOCBIAY
MonbLwi Ha WASXy A0 iIHKAIO3MBHOMO PO3BUTKY CiNbCbKOI IHPPACTPYKTYpH
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