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Abstract. Given the role of the agricultural sector in the development of the Ukrainian economy, it is important
to find methods to improve the efficiency of its operation. Since one of them is the introduction of a circular
economy, the study of cases of its application in the country is relevant. The purpose of the study was to show
an example of the implementation of this concept in Ukraine, depicting the advantages and disadvantages of
its application. The main research methods were analysis, comparison, and forecasting. The most significant
example of implementing the principles of circular economics at the enterprise, namely the company Myronivsky
Hliboproduct, was evaluated. It was shown that the company’s approach is based on processing waste into biogas
and using it as energy. This process not only helps to avoid increasing CO, emissions into the atmosphere, but
also makes much more efficient use of the available resources. In addition, the features water recycling and
existing trends in this area were described. Special attention was paid to the difficulties that the company faced
during the start of the full-scale Russian invasion in 2022, and what actions were taken to improve the situation.
Conclusions were also drawn about the likely opportunities for the company to achieve its goals in the context of
the circular economy, considering current trends in the development of Ukraine. The practical value of the study
lies in its usefulness for developing recommendations for enterprises to implement the concept of a circular
economy. In addition, data from the study can be used by state representatives to improve the effectiveness of
policy implementation in the agricultural sector

Keywords: biogas; water resources; finance; public administration; sustainable development

INTRODUCTION
Circular economics is a management concept that is are sequential stages, while in a circular economy, a
developed to reduce waste and maximise resource effi-  closed loop is formed in which resources are used more
ciency (Barros et al., 2020; Morseletto, 2020). In a tradi-  efficiently and waste is reduced or completely recycled
tional (linear) economy, production, use and emissions  for use in a new production cycle. This allows achieving
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some of the main advantages, namely, the possibility
of long-term use of resources (saving them), increasing
the environmental friendliness of production. However,
the use of this method has its drawbacks: despite the
possibility of saving money in the long term, at the ini-
tial stage, the company is forced to invest in technology,
equipment purchase and training of qualified employ-
ees. This leads to the fact that not all companies are
able and willing to apply such principles (Mehmood et
al., 2021; Corvellec et al., 2022). Thus, the study of cas-
es of implementation of this concept by companies re-
mains relevant, especially in the practice of Ukrainian
companies in the agricultural sector, because this area
is the most promising for using this concept.

A significant number of researchers have investi-
gated the environmental component of development in
Ukraine as a whole. Thus, H. Zelinska et al. (2022) exam-
ined innovative features of the country’s development,
including in the context of sustainable development.
Researchers paid considerable attention to the fact that
innovative technologies should help achieve the prin-
ciples of this concept, but almost did not provide clear
examples of their use. The use of digital technologies in
accounting at livestock enterprises was investigated by
M.Misiuk & M.Zakhodym (2023).They described the im-
portance of introducing digitalisation in accounting to
increase the efficiency of enterprises and, in particular,
improve their condition in the context of achieving the
sustainable development goals. A. Berxolli et al. (2023)
investigated innovations in Ukrainian agriculture to
mitigate the impact of war. Although the proposals can
improve the efficiency of agricultural enterprises, even
ensuring their more sustainable development, it is only
the beginning of this extensive process. Implementa-
tion of the concept of circular economy in the context of
regions on the example of the Kharkiv region was stud-
ied by S. Strapchuk & O. Mykolenko (2021). Researchers
have identified new approaches to production and con-
sumption within the framework of this concept to max-
imise the efficiency of production at each stage of the
life cycle. In addition, special attention was paid to the
interregional development of the circular economy, but
trends at the level of individual enterprises were not as-
sessed. M. Zlotnik (2022) assessed the problems in im-
plementing the digital economy model in Ukraine. The
researcher noted the main barriers to implementing the
concept, including: financial difficulties, undeveloped
infrastructure, low level of ecological culture. Howev-
er, the findings do not provide clear recommendations
for the development of the national policy in this area.

The purpose of the study was to consider the prac-
tical case of using the concept of circular economy in
Ukraine on the example of the Myronivsky Hliboproduct
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company, which will allow drawing conclusions about
what advantages and disadvantages exist in this con-
cept, and what are the features of its use in Ukraine.

MATERIALS AND METHODS
The study used some sources that provide access to sta-
tistical information, one of which is the website of the
Ministry of Finance (n.d.). This is not the official website
of the Ministry of Finance of Ukraine, but it provides
separate useful statistical information about the cur-
rent functioning of the country.

Myronivsky Hliboproduct (MHP) was chosen as a
case study for the analysis of the circular economy. The
reason for the choice was that this company provides
the most information in the context of actions aimed
at sustainable development, and also achieved a no-
ticeable improvement in its own activities in this area.
The data was taken from the company’s financial state-
ments related to the achievement of the sustainable
development goals (MHP, 2022). The study evaluated a
significant number of indicators that characterise the
methods used by MHP aimed at achieving the sustaina-
ble development goals, in particular, more active use of
renewable energy sources and reuse of water resources.
However, it is worth paying attention to the fact that
data on the company is available only until 2021. It can
be assumed that this is conditioned by the beginning
of a full-scale Russian invasion of Ukraine in 2022.This
has led to a complication of the company’s functioning
capabilities, and therefore, the achievement of sustain-
able development goals and even the development of
such reports. Given the situation in the country, it can
be assumed that in the conditions of war, the compa-
ny’s ability to comply with the principles of the circular
economy has worsened, but full-fledged conclusions
can be formed only after the end of the war. The com-
pany provided information separately about Ukrainian
and foreign enterprises in its reports, so it is necessary
to clarify that this study uses data only on the facilities
located on the territory of Ukraine. All constructions
and calculations were generated using Microsoft Excel.

One of the main research methods used in the
study was analysis. It was used to assess a significant
amount of data sources aimed at investigating features
of development of the circular economy in Ukraine. This
method also allowed drawing conclusions about how
past trends in Ukraine’s development in the field of ag-
riculture enabled it to achieve results that are relevant
for 2024. Using the comparison, various principles of
achieving a circular economy were evaluated, with spe-
cial attention to forming an understanding of the ad-
vantages and disadvantages of each of them.The meth-
od of forecasting, in turn, allowed making estimates of



how the MHP can develop in the context of achieving
its own strategic goals of sustainable development in
the long term, taking into account the war, the possibil-
ity of its end, and the state’s actions in the new condi-
tions. The tabular method was used to display informa-
tion and make it easier to understand.

RESULTS

The case of MHP is one of the most famous examples
of the circular economy concept in Ukraine. It active-
ly uses innovative technologies for converting organic
waste (in this case, chicken manure) into biogas. This
process not only reduces CO, emissions, but also gener-
ates clean energy, heat and steam, contributing to ener-
gy security. By-products include organic fertilisers that
support soil fertility and position Ukraine as a global
player in the agricultural market. This is also particu-
larly relevant, given the country’s development during
the war: according to estimates of the Bioenergy Asso-
ciation of Ukraine, internal resources can replace about
20 billion cubic metres of gas, or UAH 160 billion (pro-
vided the average gas price is UAH 8) (Circular economy
is..., 2020; Ministry of Finance, 2023). Representatives
of the company themselves suggest that the existence
of urgent problems with significant amounts of waste
can be beneficial for the country in the future, when
technologies for their processing become more com-
mon and affordable.

Representatives of the company often attend var-
ious conferences where they talk about their own ap-
proaches to achieving the sustainable development
goals. For example, Oleksandr Dombrovsky, Chairman of
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the Board of Global 100% RE Ukraine, President of MHP
Eco Energy, during the third International Conference
“National Challenge: Soil Degradation or Restoration
of Soil Fertility”, stressed the potential of implement-
ing circular economy principles to solve the problem
of soil fertility in Ukraine (An environmental revolu-
tion..., 2021). He stressed that the circular economy
model is crucial for the “green” transformation, which is
in line with the practices of the European Union. MHP
adheres to the basic principles of this model, and its
division MHP Eco Energy, in fact, is engaged in process-
ing industrial waste into clean energy and fertilisers,
contributing to reducing carbon emissions, increasing
clean energy production, and improving environmen-
tal, food, and energy security. In addition, he called on
other companies and organisations to adhere to this
approach, in order to switch Ukraine to more environ-
mentally friendly production methods.

In order to assess some of the components of im-
plementing the principles of circular economics at
MHP, it is worth examining the data that characterise
their transition to sustainable development. Until 2022,
the company annually prepared a “Sustainable Devel-
opment Report”, which contained sufficient data that
characterised the company’s approach and results to
achieving the sustainable development goals. However,
the publication of such data stopped in 2022 due to the
beginning of a full-scale Russian invasion of Ukraine.
Within the framework of Table 1, it is possible to eval-
uate the data that characterise the company’s use of
certain types of conventional fuel in dynamics (n terms
of CO, emitted during their combustion).

Table 1. Data characterising the use of certain types of conventional energy sources
by MHPs in terms of CO, emissions from their combustion in the period from 2016 to 2021, metric tonnes of CO,

2016 2017

2018

Total Year-per-

2019
year change

change

Combustion of natural gas 226,964 161,930 186,414 160,107 165,289 212,491 -6.4% -1.1%
Diesel fuel use 181,771 167,507 151,620 155,296 142,464 148,446 -18.3% -3.3%
Gasoline fuel use 16,415 14,529 12,356 8,335 8,464 1,065 -93.5% -36.6%
Use of compressed/liquefied gas
propane butane methane 0 0 0 2,526 5,211 4,401 74.2% 20.3%
and their mixtures
Total 425,150 343,766 350,390 328,579 321,428 373,673 -12.1% -2.1%

Source: compiled by the authors based on reporting data of MHP (2022)

As can be seen from Table 1, the company
is rapidly reducing emissions from propane-bu-
tane-methane fuel sources, such as natural gas, die-
sel, and gasoline (a decrease of 6.4,18.3 and 93.5%,
respectively, since 2016). However, compressed/

liquefied gas, which is considered to be more envi-
ronmentally friendly than other traditional sources,
has become more widely used. Table 2 also shows
CO, emissions from various sources of renewable
energy in dynamics.

Ukrainian Black Sea Region Agrarian Science, 28(1), 9-18
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Table 2. Data on the use of certain types of renewable energy sources
by MHP in terms of CO, emissions from their combustion in the period from 2016 to 2021, metric tonnes of CO

Year 2016 2017 2018 2019 2020 2021 ol Yearpervear
change change

Combustion of biomass 33,530 36,067 42,260
Combustion of sunflower 44,251 55.778 54453

husks and pellets
Total 77,251 91,845 96,713

35,308 103,342 80,097 138.9% 15.6%
52,812 47,309 54,199 22.5% 3.4%
88,120 150,651 134,296 73.8% 9.7%

Source: compiled by the authors based on reporting data of MHP (2022)

Table 2 shows that CO, emissions from renewable
energy sources are gradually increasing. However, due
to the fact that this is associated with the transition to
renewable sources, this trend can be considered posi-
tive. Data on the total amount of CO, emitted into the
atmosphere (separately from renewable and non-re-
newable sources and in total) is shown in Table 3. The
company’s CO, emissions remained virtually unchanged
over the period under study. Nevertheless, the fact that

the company is switching to the production of energy
from renewable sources, that is, the existing structural
changes in energy production,can already be considered
a positive factor in the country’s development in this
area. It is the increase in emissions in the reports that is
attributed to increased poultry production and changes
in the use of natural gas for production purposes. Trends
in the types of resources used to manufacture the com-
pany’s products (e.g. packaging) are shown in Table 4.

Table 3. CO, emissions from renewable
and non-renewable energy sources between 2016 and 2021, metric tonnes of CO

2016 2017 2018

Year-per-

2019
year change

2020 2021

Total change

CO, from traditional sources 425,150 343,766 350,390 328,579 321,428 373,673 -12.1% -2.1%
CO, from renewable sources 77,251 91,845 96,713 88,120 150,651 134,296 73.8% 9.7%
Total 502,401 435,611 447,103 416,699 472,079 507,969 1.1% 0.2%
Source: compiled by the authors based on reporting data of MHP (2022)
Table 4. Use of different types of materials in the production
of MHP products in the period from 2017 to 2021, tonnes
Year 2017 2018 2019 2020 2021  Totalchange _'ear-per
year change

Non-renewable, tonnes 390,264 404,632 364,858 317,801 419,194 7,41% 1.4%
Renewable, tonnes 3,399,295 3,721,033 4,120,266 4,027,223 4,180,192 22.97% 4.2%
Total, tonnes 3,789,559 4,125,665 4,485,124 4,345,024 4,599,386 21.37% 3.9%

Non-renewable, % 10.3% 9.8% 8.1% 7.3% 9.1% X X

Renewable, % 89.7% 90.2% 91.9% 92.7% 90.9% X X

Source: compiled by the authors based on reporting data of MHP (2022)

Renewable energy sources occupy mainly a large
share in the production of MHP products, and, in addi-
tion, this share is gradually increasing, which indicates

the existing positive trends in this area. Table 5 con-
tains data describing the use of energy from renewable
and non-renewable sources.

Table 5. Energy consumption from different sources by MHP in the period from 2016 to 2021, TJ

Year 2016 2017 2018

Natural gas 3,852 2,895 3,333

Diesel 2,173 2,274 2,061
Petroleum 240 207 176
Compressed/liquefied gas X 24 29

Electricity 112 1,471 1,647

Total fron;onuorz(;;enewable 7385 6,871 7.246
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2019 2020 2021  Totalchange _Year-per
year change
2,864 2,957 3,802 -1.3% -0.2%
2,111 1,936 2,018 71% -1.2%
152 121 119 -50.4% 11%
42 88 75 212.5% 25.6%
1,892 1,858 1,902 1,598.2% 60.3%
7,061 696 7,916 7.2% 1.2%
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Biogas 34 479 562
Sunflower husk combustion 489 661 670
Total fr:::”rceensewable 573 114 1,232
Total energy consumption 7,908 8,011 8,478

From renewable sources, % 7 14 15

Table 5, Continued

2021  Total change ML
year change
469 137 1,065 3,032.4% 77.5%
672 580 626 28% 4.2%
1,141 195 1,691 223.3% 21.6%
8,202 891 9,607 21.5% 3.3%
14 22 18 157.1% 17.0%

Source: compiled by the authors based on reporting data of MHP (2022)

As can be seen from Table 5, production from
non-renewable sources increased by only 7%, while
from renewable sources — by more than 200%.The share
of renewable energy production in general has also in-
creased significantly.Notably,the companyis engagedin
the sale of generated energy: and although these values
are not significant (131 TJ in 2017 and 429 TJ in 2021),
however, the fact that the company has the ability to
sell energy indicates positive trends in its development.

In its sustainability reports, the company constantly
emphasises that it is committed to environmental re-
sponsibility, for which is the responsibility of the com-
pany’s board of directors. Each MHP facility in Ukraine
has a full-time environmental protection specialist,

while the European operating segments have different
environmental management structures. Key aspects of
MHP’s environmental policy include a plan to achieve
carbon neutrality by 2030, integrating environmental
considerations into core business decisions, complying
with environmental legislation, continuously improv-
ing environmental management efficiency, reducing
emissions, reducing waste, preserving fresh water, pre-
serving biodiversity, and using renewable energy. In the
future, the company plans to increase the use of renew-
able energy, focusing on the development of biogas
production facilities. Separately, it is worth considering
how MHP uses water resources. This can be estimated
by analysing the data from Table 6.

Table 6. Data on the use of water resources by MHP in the period from 2016 to 2021, thousands of cubic meters

Surface water 3,872 3,739 4,810
Ground water 5,929 6,040 6,417
Wastewater ffom.thlrd-party 0 34 438
organisations
Municipal and other water 109 111 286
supply systems
Total 9,909 9,924 11,952

2021  Total change VEELTEET
year change
6,093 6,982 6,742 74.1% 9.7%
6,997 6,878 7,111 19.9% 3.1%
438 439 438 1,194.98% 66.9%
288 250 251 130.5% 14.9%
13,816 14,549 14,542 46.7% 6.6%

Source: compiled by the authors based on reporting data of MHP (2022)

MHP is gradually increasing the use of water re-
sources, despite the fact that it considers reducing
the negative impact on water to be one of its goals.
However, in their report, they note that the activities
of MHP enterprises do not affect the water balance in
the regions, since they strictly adhere to the relevant

regulations, including restrictions on the use of land
adjacent to coastal strips. Although the general trend
was to increase the use of income, in 2021 its volumes
decreased. MHP performs actions to ensure the reuse
of water resources. Some data on this issue are shown
in Table 7.

Table 7. Data on water waste disposal by MHP in the period from 2016 to 2021, tonnes

Year 2016 2017 2018

Reuse 4,441 60,408 9,117

Composting 7,642 3,479 3,443

Isolation of valuable 51,799 1,279 1111
components

Combustion 7,642 3,479 3,443

Disposal to landfill 5,968 17,087 17,574

Storage at MHP enterprises 483 1,343 123

Year-per-

2019 2020 2021 Total change

year change
70,732 81,143 63,017 1,319% 55.6%
16,829 7,269 3,283 -57% -13.1%
112 102 59 -99.9% -67.7%
2,610 987 16,308 113.4% 13.5%
13,143 11,754 11,412 91.2% 11.4%
529 4,432 2,484 414.3% 31.4%
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2016 2017 2018

Transferred to contracted

third parties 61,086

28,586 25,843

Total 131,534 112,281

139,280

Table 7, Continued
Year-per-

2019 2020 2021 Total change
year change
25,219 24,096 28,867 -52.7% -11.7%
129,174 129,783 125,430 -4.6% -0.8%

Source: compiled by the authors based on reporting data of MHP (2022)

As can be seen from Table 7, the total utilisation
of water resources by the company has also decreased,
which is not a good indicator of the achievement of
the sustainable development goals. Thus, the main area
in which MHP works to achieve the sustainable devel-
opment goals and achieve a circular economy is the
synthesis of biogas from broiler chicken waste and its
use as alternative energy sources (Kumar et al., 2023;
Kristia & Rabbi, 2023). In the future, there are plans to
switch to the production of biomethane (a renewable
analogue of natural gas) and biodiesel (respectively, an
analogue of diesel). In general, this approach to waste
recycling in the industry is quite effective, and the
company should continue working in this line, solving
problems that may arise along the way (Ebrahimian et
al., 2022; Kalita et al., 2023). As of 2024, the biggest
problem for MHP is the war in Ukraine. At the beginning
of the invasion, the company quickly began to take ac-
tive actions in supporting Ukrainians, ensuring cooper-
ation with other companies and international partners.

It is important that the state, as one of the impor-
tant actors influencing the development of enterprises,
also helps companies achieve sustainable develop-
ment goals. Although active conduct of such activities
is unlikely in a war, however, after it ends, government
officials should begin to pay more attention to such
companies and their environmental initiatives. Com-
prehensive state support should include financial as-
sistance, namely access to subsidies and financing for
agricultural enterprises that implement circular prac-
tices. Other important components are the provision of
information support and advice for farmers and the cre-
ation of favourable legislation, the creation of appro-
priate infrastructure for the development of renewable
energy, the possibility of waste disposal, processing of
raw materials from agricultural enterprises, etc. Such a
set of measures will contribute to the sustainable and
environmentally responsible development of agricul-
ture in the context of a circular economy.

DISCUSSION
The concept that MHP uses is just one of the options
for how the company can achieve circular develop-
ment. For example, instead of using waste as sources
for fertiliser production (Neeraj et al., 2022; Pajura et
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al., 2023), it is possible to use waste collection to pro-
duce products for other industries: one option is the
production of packaging from recycled materials (Ibra-
him et al,, 2022). There are more such examples, but
each company should choose the option that it con-
siders the most effective, which will be influenced by
both the financial capabilities of the company and the
long-term development strategy: it is likely that it will
be formed by using several options for waste process-
ing at once (for example, simultaneous production of
energy and fertilisers).

In general, cyclical economics in agriculture was
studied by T. Selvan et al. (2023). Researchers empha-
sised the negative impact of traditional food production
methods on the environment and their contribution to
the development of non-communicable diseases. The
paper describes the degradation effects that occur due
to the use of a conventional production model, and
speaks about the need to switch to a circular one. Re-
searchers also noted the importance of investigating
various practices of organic agriculture and agrofor-
estry (biodynamic agriculture, regenerative practices of
agroforestry) for the possibility of their use in the future.
Given that these practices mimic natural ecological pro-
cesses, they can simultaneously provide a high level of
efficiency in the context of manufactured products and
have a positive impact on the environment. Ultimately,
researchers note the importance of providing compa-
nies with financial support in order to enable them to
implement such methods. In the framework of the study
on the circular economy in Ukraine, such methods of
influencing the environment in the agricultural sector
were not evaluated. This is due to the fact that they are
not common within the country; however, it is expected
that with their more active use in other countries, these
methods will be used in Ukraine as well.

The circular economy in the agricultural sector was
studied by J.F. Velasco-Munoz et al. (2022). The results
indicate a growing interest in this area of research with
a focus on environmental aspects. Researchers empha-
sised the existence of problems with feeding a growing
population, the negative impact of agriculture on the
environment, and the potential of a circular economy
to solve these problems. Circular economy is evaluated
as a solution for reducing resource consumption, waste



generation, and negative impact on the environment in
the agri-food system. The economic and social benefits
of implementing the principles of a circular economy,
and the potential to increase gross domestic product
(GDP), create jobs and increase the profitability of farm-
ers, were evaluated. The study highlights the impor-
tance of moving from a linear to a cyclical economic
model in food production. As part of the assessment
of the situation with the circular economy in Ukraine,
the importance of developing this concept in the long
term was also described. However, it is necessary to pay
attention to the fact that such initiatives are likely not
to have significant support from the state, since as of
2024, the primary problem in the country is war.

The introduction of a cyclical economy in the ag-
ricultural supply chain based on data from Indonesia
was studied by R. Nattassha et al. (2020). The study
highlights the importance of a circular economy in the
agricultural supply chain, and emphasises its role in
reducing food waste, improving production efficiency,
and promoting sustainability. As part of the study, the
researchers proposed a conceptual model aimed at
improving the efficiency of agriculture in the circular
economy: it functions based on understanding the cir-
cular economy as a whole system of seven areas that
companies should pay attention to when implementing
the model. The importance of using state support to
support “green” producers was also described. As noted
above, state support is indeed an important component
of the qualitative development of such companies. En-
terprises with a circular economy can effectively resist
the negative impact on the environment. However, only
if these two components interact can qualitative results
be achieved in the context of achieving the sustainable
development goals.

The path of sustainable development of agriculture
based on the concept of circular economy was inves-
tigated by L. Zhenjian et al. (2021). Researchers have
shown that significant efforts have been made in China
to modernise agricultural production. The development
of the agricultural circular economy has become an
important strategy for stimulating this modernisation
process and is an integral part of achieving sustainable
development in the agricultural sector. Thus, research-
ers note that the concept of circular development is an
important component of the future development of the
economy of any country. However, certain features of its
implementation should be personalised depending on
the cultural, social, and economic characteristics of the
state. The importance of the circular economy concept
was also assessed in this paper on its implementation
in Ukraine. Given the need to pay much more atten-
tion to environmental issues, applying the concept of a
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circular economy can be one of the most effective ways
to improve the situation.

A system for assessing the state of transition to
sustainable development at cyclical agricultural en-
terprises was developed by S. Rodino et al. (2023).
Researchers emphasised the heterogeneity of the
circular economy in agriculture, drawing attention to
the diverse consequences of its implementation and
the need for a diverse set of indicators to effectively
measure the state of implementation of this concept.
These indicators should cover the following aspects:
resource use, waste management, assessment of envi-
ronmental sustainability, and overall efficiency of the
agricultural system. Their research drew considerable
attention to the fact that international cooperation
with other countries plays a significant role in this
area. It was also noted that there is a need to develop
more accurate measurement methods adapted to the
specifics of agriculture in different regions, in order
to form more objective assessments of the ecologi-
cal state of enterprises. Although this study did not
focus on the development of such assessment meth-
ods, the authors agree that this may help the state in
the future to assess compliance with the concept of a
circular economy by individual enterprises and thus
regulate the amount of their support.

CONCLUSIONS
Myronivsky Hliboproduct is an example of successful
integration of the principles of circular economy into
a large agricultural enterprise. The company’s innova-
tive approach to converting organic waste, in particular
chicken manure, into biogas demonstrates its commit-
ment to achieving the sustainable development goals,
which goes beyond simple responsibility for the envi-
ronment. This process not only reduces CO, emissions,
but also generates clean energy, heat and steam, which
significantly contributes to Ukraine’s energy securi-
ty. Despite a break in the publication of sustainability
reports due to the beginning of a full-scale Russian
invasion, the data available and analysed in the study
until 2022 show significant progress of MHP in the con-
text of the development of the circular economy. The
trends in biogas production and the unchanged level
of CO, emissions despite the company’s overall expan-
sion demonstrate the effectiveness of the policy. MHP’s
commitment to becoming carbon neutral by 2030 and
integrating environmental considerations into busi-
ness decisions reflect the company’s long-term plans
to achieve its sustainable development goals. The com-
pany’s approach goes beyond energy production and
covers water management. Although some steps have
already been taken in this area, the efficiency of solving
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these problems is relatively lower than in the field of
energy production from biomaterials.

The main problem of the company’s development
as of 2024 is the consequences of a full-scale Russian
invasion of Ukraine. As part of the study, it is difficult
to assess exactly how it affected the company in terms
of achieving a circular economy, but considering other
areas of its activities, the company helped Ukrainians
from the very beginning of the war, especially in the
field of food security support, demonstrating compli-

state support, which plays an important role in achiev-
ing sustainable circular production, and with the im-
provement of the situation in the country in all its areas
in general, the restoration of the company’s strategic
goals in this area will continue. That is why a promising
area for future research is to analyse the achievement
of circular economy principles by other Ukrainian and
global companies to compare their approaches.
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AHoTauif. 3Baxalumn Ha ponb arpapHOro CeKTopy ANs pO3BUTKY EKOHOMIKM YKpaiHW, BaX/IMBO 3HAaX04WUTW MeToau
NiABULLEHHS ePEKTUBHOCTI MOro MyHKLioHyBaHHS. OCKiNbKM OLHUM i3 HUX € BMPOBAXKEHHS LUPKYNAPHOT EKOHOMIKM,
TO LOCNIAXEHHS KeMCiB ii 3aCTOCyBaHHSA B KpaiHi € akTyanbHMM. LLinno foCnifxeHHs CTano nokasaty npuknag
BMPOBAaMXKEHHS AAHOI KOHUenuii B YKpaiHi, 306pasuBlUM BUroaM Ta Hemoniku Big, ii 3actocyBaHHS. OCHOBHUMM
METOAAMU LOCNILXKEHHS CTanu aHani3, NOpiBHAHHA Ta NPOrHo3yBaHHs. B paMkax poboTtn 6yno npoBeneHo OLiHKY
HanbiNbWw BAaroMoOro MNpuKAaAy BMNPOBAIKEHHS MPUHLMMIB UMPKYASIPHOI €KOHOMIKM Ha NiANpPUMEMCTBI, a caMe
KOMMNaHii «MuUpoHiBCbkMit XnibnpoaykTt». byno nokasaHo, Wo OCHOBOK Niaxody KOMMaHii € nepepobka Biaxomis
Ha 6ioras Ta BUKOPUCTAHHS MOro B SIKOCTI eHeprii. Lleii npouec He nuwue 003BONSE He 36iNbluyBaTU BUKUAU CO2 B
atMocdepy,ane 1 3Ha4YHO eeKTUBHILLE BUKOPUCTOBYBATM HasiBHI B Hei pecypcu. KpiM Toro, onncyBanmcs ocobnmsocTi
BTOPUHHOT NepepobKun BOAHUX PecypciB Ta iCHytui TeHAeHUIi B LboMy Hanpsmky. OcobnvBa yBara 3BepTanacs Ha
Te, 3 SIKUMU CKNAAHOLWAMM CTUKHYNACA KOMMAHIf Nif 4ac noYaTKy noBHOMaclwTabHoro BToprHeHHs Pocii 2022 poky,
Ta AKi 4ii 6ynm BXMTI AN NOKPaLLEHHS cuTyauii. Takox 6yno 3po6ieHo BUCHOBKM CTOCOBHO TOr0, IKUMW € BipOriaHi
MOX/IMBOCTI OOCArHEHHS KOMMAHIEK Linen B po3pi3i LUMPKYNSPHOI EKOHOMIKM, 3BAXKAKOUM HA Cy4aCHi TeHAeHLUii
po3BUTKY YKpaiHuW. [pakTUYHa LiHHICTb pOoBOTH NONSiIra€e y KOpUCTi a9 hopMyBaHHS peKOMEeHAALIM NignpUEMCTBAM
WOL0 BMNPOBAMXKEHHS KOHUENLUii LMPKyNspHOi eKoHoMiku. KpiM Toro, faHi 3 poboTu MoXyTb 6yTM BUKOPUCTaHI
npencTaBHUKaMU AEPXaBK AN NiABULLEHHS eDeKTUBHOCTI BNPOBAAXKEHHS MONITUKM B arpapHin cdepi
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Ukrainian Black Sea Region Agrarian Science, 28(1), 9-18


https://orcid.org/0000-0003-3353-4749
https://orcid.org/0000-0002-9781-6529

UDC: 631.31:633.15 Ukrainian Black Sea Region Agrarian Science
DOI: 10.56407/bs.agrarian/1.2024.19 Vol. 28, No. 1

Modern cultivation technologies in improvement of corn quality

Antonina Drobitko

Doctor of Agriculture, Professor

Mykolaiv National Agrarian University

54008, 9 Georgiy Gongadze Str., Mykolaiv, Ukraine
https://orcid.org/0000-0002-6492-4558

Tetiana Kachanova’

PhD in Agriculture, Associate Professor

Mykolaiv National Agrarian University

54008, 9 Georgiy Gongadze Str., Mykolaiv, Ukraine
https://orcid.org/0000-0003-0032-3996

Nataliia Markova

PhD in Agriculture, Associate Professor

Mykolaiv National Agrarian University

54008, 9 Georgiy Gongadze Str., Mykolaiv, Ukraine
https://orcid.org/0000-0001-6169-6978

Vira Malkina

Doctor of Technical Sciences, Professor

Dmytro Motornyi Tavria State Agrotechnological University
69063, 66 Zhukovskyi Str., Zaporizhzhia, Ukraine
https://orcid.org/0000-0002-2076-2032

Abstract. Research on the development of sustainable and productive methods of corn cultivation is becoming
relevant due to the growing demand for food resources and the need to optimise agrotechnical processes. The study
aims to conduct a comparative analysis of maize cultivation under different tillage methods. A field experiment
was conducted to achieve this goal, phenological observations of corn plant development was made, and grain
quality was studied. The results of the maize yield analysis show that ploughing to a depth of 30 cm produces the
highest maize yield of 91.6 c¢/ha while disking to a depth of 15 cm results in the lowest yield of 80.6 c/ha. The
study proved that the method of tillage affects grain quality indicators, in particular, the content of crude fibre,
starch, protein and crude fat. Thus, when ploughing to a depth of 30 cm, the starch content in the grain was 70.9%,
crude fibre - 2.12%, protein - 10.2%, and crude fat — 4.225%. The correlation and regression analysis showed that
the coefficient of determination (R?) for tillage is about 0.9, which means that the model accurately describes
the available data, and for grain quality indicators, R? is in the range of 0.66-0.99, which also indicates a strong
relationship between the factors under study. The practical significance of the research results is that they can serve
as a basis for optimising the agronomic processes of maize cultivation to increase yields and improve grain quality
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Modern cultivation technologies in improvement of corn quality

INTRODUCTION

Modern agriculture is constantly evolving, relying on
advanced technologies to achieve high productivity
and crop quality. One of the key crops that is impor-
tant for food and feed production is corn. The growing
demand for this crop puts great pressure on agricul-
tural systems, requiring improved tillage practices to
maximise the quality and quantity of maize produced
(Korchak et al., 2023).

V.Dumych et al. (2023) note that one of the key chal-
lenges for farmers is the need to ensure a high-quali-
ty crop to meet the needs of the population. Modern
tillage technologies can optimise sowing, irrigation
and crop care, reducing resource consumption and in-
creasing production efficiency. The competitiveness
of Ukrainian agricultural production is closely linked
to the introduction of innovative approaches and the
use of advanced technologies. According to Yu.V. Mash-
chenko & I.M. Sokolovska (2023), precision agriculture
provides an opportunity to individualise approaches
to soil cultivation, considering its properties and the
needs of a particular site. Modern monitoring and auto-
mation systems allow farmers to obtain accurate data
on soil and plant conditions, assisting in informed deci-
sion-making to improve crop yields and quality.

V.M. Kabanets et al. (2023) and T. Marchenko et
al. (2023) also emphasise that alternative tillage sys-
tems, such as no-till or minimum tillage, can sometimes
contribute to higher yields than conventional methods,
such as mouldboard tillage, depending on the soil type.
The authors’ research also indicates the impact of dif-
ferent tillage systems on maize grain quality, including
size and nutrient content. At the same time, environ-
mental aspects are becoming increasingly important
in the agricultural sector. Modern technologies can
reduce the environmental impact of agricultural pro-
cesses, preserving natural resources and reducing the
risk of soil and water pollution. In this context, PV. Lyk-
hovyd and V.0. Sharii (2023) emphasise the complexity
and contextuality of issues related to maize cultivation.
Therefore, it is essential to address the specifics of the
terrain and specific agronomic factors when choosing
the optimal tillage system to achieve the best results.

I.M. Masik et al. (2021) note that improving tillage
technologies in the agricultural sector is an important
area for achieving not only economic stability but also
sustainable development, ensuring food security and
addressing environmental sustainability. In this con-
text, the use of modern tillage technologies to improve
the quality of corn appears to be a necessary element
of the strategy for sustainable development of the ag-
ricultural sector and meeting the needs of modern so-
ciety. Despite the numerous scientific research availa-
ble, the study of modern tillage technologies for maize
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cultivation is an important area of research, as there
are aspects that remain unexplored and require further
clarification. These include the specific properties of
different soil types, the effectiveness of technologies in
extreme weather conditions, the environmental impact
of technologies and their impact on food quality and
safety. A detailed study of these aspects is key to devel-
oping more comprehensive and sustainable approaches
to maize production. Such a comprehensive approach
will contribute to the sustainable development of the
agricultural sector and ensure food security in the face
of current challenges.

Thus, insufficient consideration of tillage and maize
cultivation technologies can cause significant prob-
lems in agriculture. This includes negative impacts on
the ecosystem, possible crop losses and product con-
tamination, inefficient use of resources, environmental
pollution by chemicals and lack of innovation. Solving
these problems requires in-depth scientific and tech-
nological research, as well as the implementation of
effective approaches to agricultural production. There-
fore, in the modern agricultural sector, research aimed
at improving soil cultivation technologies that contrib-
ute to the efficiency of growing high-quality corn grain
is becoming increasingly important.

The study aimed to conduct a comparative analy-
sis of corn cultivation under different tillage methods
in the western forest-steppe of Ukraine. The following
objectives were set: to determine how the selected till-
age methods affect corn yields and to assess the impact
of different tillage methods on grain quality indicators:
crude fibre, starch, protein and crude fat content.

MATERIALS AND METHODS

To determine the productivity and quality of maize grain
during 2021-2023, a field experiment was conducted
with phenological, laboratory and field observations
of the growth and development of plants grown un-
der different soil cultivation conditions in the western
Forest-Steppe of Ukraine. The study was conducted on
sod-podzolic light loamy soil. The amount of humus in
this type of soil varies from 1% to 1.4%, the humus is of
fulvate type.Thereaction of the soil solutionisacidic:the
pH of KClranges from 4.6 to 6.1,and the hydrolytic acid-
ity is 1.7-2.9 mg-eq/100 g of soil. Nutrient reserves are
very low: nitrogen content ranges from 0.06% to 0.09%,
phosphorus from 0.05% to 0.09%, and potassium from
1% to 1.5%.There are also low levels of trace elements.

Plots of different tillage systems were laid out for
the experiment: variant 1 - ploughing to a depth of
30 cm, variant 2 - chisel tillage to a depth of 45 cm,
and variant 3 - disking to a depth of 15 cm. The exper-
iment was replicated three times, with a total plot size



of 350 m? and an area of 100 m? per plot. The maize
predecessor in the experiment was soybeans. Corn was
sown when the top (0-10 cm) soil layer was warmed up
to a temperature of 10-12 degrees Celsius. The optimum
seeding depth was 6-8 cm, plant density was 60 thou-
sand/ha, seeding rate was 20-25 kg/ha, and row spac-
ing was 70 cm. In the experiments, the seed material of
the mid-early maize hybrid Phenomenon (FAO 220) by
Syngenta was sown. It is important to note that miner-
al fertiliser, diammonium phosphate (NH,), HPO,, was
also applied at a rate of 140 kg/ha for the main tillage.

Maize growth parameters, such as plant height, cob
height and number of leaves, were determined directly
in the field during periodic phenological observations.
The length of the cob and the weight of 1000 kernels
were obtained directly at harvest by measuring and
weighing. Grain quality indicators, including crude fibre,
starch, protein and crude fat content, were determined
by refractometric method using an Atago PAL-3 refrac-
tometer (Japan). Corn yields were calculated manually,
from each plot separately. Accurate measurements and
records were made following all necessary protocols
and methodologies to ensure data reliability (Order of
the Ministry of Agrarian Policy of Ukraine No.250,2003;
Determining the quality..., 2023).

Furthermore, during the data analysis, a correlation
and regression analysis of the impact of tillage on the
yield and quality of maize grain was conducted. The re-
sults obtained were processed to determine their relia-
bility using the multivariate analysis of variance MANO-
VA method. For this purpose, Microsoft Excel software
and Statistica 10 software packages were used. Differ-
ences between the results obtained were determined
at the significance level of P<0.05 using the Student’s
t-test. The authors adhered to the standards of the Con-
vention on Biological Diversity (1992) and the Conven-
tion on International Trade in Endangered Species of
Wild Fauna and Flora (1979).

RESULTS
The morphological and biometric parameters of maize
plants, such as plant height, cob height, number of
leaves, number of cobs per 100 plants and cob length,
play an important role in determining the physiological
structure and size of plants. These parameters are key
to assessing the growth and productivity of the maize
crop. The use of modern tillage technologies can have
a significant impact on these parameters. For example,
the optimal tillage method can provide better accessi-
bility of nutrients, water and air to plants, which con-
tributes to their more active growth and development.
According to the results obtained, the assessment of
morphological and biometric parameters indicates that
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ploughing to a depth of 30 cm leads to the highest
values of most parameters. In particular, the height of
plants under this treatment was 281 cm, which is 8 cm
and 18 cm, respectively, more than in the variants of
chisel tillage and disking.

An important indicator of maize development is the
number of leaves, as it determines the plant’s ability to
photosynthesise and the efficiency of using light en-
ergy potential. The more leaves a plant has, the more
surface area it has for photosynthesis, which increas-
es the synthesis of organic matter and energy storage.
Modern tillage practices can influence the number of
leaves by improving soil structure, ensuring plant ac-
cess to nutrients and optimising growth conditions.
Ensuring optimal leaf growth in terms of quantity and
quality is important to maximise photosynthesis and
thus ensure high quality and yield of maize. In addition,
the number of leaves can serve as an indicator of the
overall health of the plant and its adaptation to the
environment. Appropriate use of modern tillage prac-
tices ensures favourable conditions for maize growth
and can influence its physiological state, including leaf
quantity and quality.

In the study, the largest number of leaves (15.4)
was formed by ploughing to a depth of 30 cm, while the
number of leaves was also at the optimum level and
amounted to 14.7 when chisel tillage was performed
to a depth of 45 cm. It is worth noting that in areas
with lower rainfall, deeper cultivation can help to pre-
serve moisture and reduce the risk of plant desiccation.
In wet areas, where water resistance may be a problem,
shallower tillage may be advisable.

The number of cobs and their quality are key factors
for maize yield and quality. Typically, a higher number
of cobs per plant results in a higher total grain yield.
However, it is important to keep in mind that to achieve
maximum yields, sufficient nutrition and optimal con-
ditions for each cob should be provided. Increasing the
number of ears per plant can be considered one of the
strategies to reduce the impact of stressful conditions
such as drought or other abnormal weather conditions.
The optimal number of cobs per plant can contribute to
a more even distribution of nutrients. This can lead to
an increase in cob size, weight and grain. The number of
cobs can also affect grain quality, shape, colour, struc-
ture and chemical composition. However, it is important
to maintain a balance between quantity and quality, as
excessive cob density can also result in smaller cob size
and grain. Taking these aspects into account, optimal
management of the number of ears can help to achieve
the desired balance between yield and grain quality of
maize. Careful monitoring and maintenance of optimal
growth conditions are key to achieving maximum effect.
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According to the data obtained, the largest num-
ber of heads of cabbage per 100 plants was formed by
ploughing to a depth of 30 cm and chisel tillage to a

. Header
Soil cultivation method BT mounting
cm .
height, cm
Ploughing to a depth of 30 cm 281 96.4
Chisel tillage to a depth of 45 cm 273 95.9
Disking the soil to a depth of 15 cm 262 93.7

Source: compiled by the authors

Thus, the results obtained indicate that the choice
of tillage method has an important impact on the de-
velopment and characteristics of maize. Ploughing to
a depth of 30 cm was the most effective among the
methods considered. Grain productivity indicators, such
as grain yield, grain weight and weight per 1000 grains,
determine the efficiency of maize cultivation and grain
quality. Grain yield indicates the proportion of useful
product in the total weight of the ear,while grain weight
per ear and weight per 1000 kernels are determined by

Table 1. Morphological and biometric parameters of maize plants (average for 2021-2023)

depth of 45 cm and was 106 and 104 pcs, respectively.
The length of the head of cabbage was also the largest
for ploughing and was 24 cm (Table 1).

Number of  Number of heads of cabbage Head length,
leaves, pcs. per 100 plants, pcs. cm
154 106 24
14.7 104 236
13.6 103 23.2

genetic and agronomic factors. Evaluation of grain pro-
ductivity indicators indicates that ploughing to a depth
of 30 cm shows the highest grain yield (83.7%) and the
highest grain weight per ear (82 g). This method of cul-
tivation is also marked by the highest weight of 1000
grains - 290 g. Compared to ploughing to a depth of
30 cm, disking the soil to a depth of 15 ¢cm showed
lower grain productivity. The grain yield was 82.8%, the
weight of grain per ear was 78 g, and the weight of
1000 grains was 94 g (Table 2).

Table 2. Corn grain productivity indicators (average for 2021-2023)

Soil cultivation method

Grain yield, %.

Ploughing to a depth of 30 cm 83.7
Chisel tillage to a depth of 45 cm 83
Disking the soil to a depth of 15 cm 82.8

Source: compiled by the authors

Given the results of the analysis of corn yields over
three years, it can be determined that ploughing to a
depth of 30 cm is the most productive technology,which
provides 91.6 c/ha of yield. This method was used to
achieve stable and high crop yields. The least efficient

Grain weight, g Weight
From one cob From one plant of 1000 grains, g
82 113 290
79 100 285
78 94 273

in this case was disking the soil to a depth of 15 cm, with
this method of cultivating the soil yielding 80.6 c/ha
and some instability of results compared to other tillage
methods. Thus, the choice of the optimal tillage method
is important for successful maize cultivation (Table 3).

Table 3. Corn yield, tonnes per hectare

Soil cultivation method

2021

Ploughing to a depth of 30 cm 91.9
Chisel tillage to a depth of 45 cm 89.1
Disking the soil to a depth of 15 cm 80.5
HIP, . 2.25

Source: compiled by the authors

Modern soil cultivation technologies can signif-
icantly improve corn production and grain quality. An
important indicator of corn grain quality is starch con-
tent, especially in the context of its use in fuel process-
ing. Over the years, research has shown that the starch
content in grain averaged 64.3-70.9%. The maximum
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Year Average
2022 2023 for 2021-2023
91.3 91.5 91.6

89.2 89.3 89.2

80.4 80.9 80.6

1.98 2.19 2.06

starch content in the grain (70.9%) was recorded when
ploughing to a depth of 30 cm. In the context of the main
tillage methods, chiselling to a depth of 45 cm and es-
pecially disking to a depth of 15 cm indicate a decrease
in protein and crude fat content compared to plough-
ing. At the same time, the impact of these methods on
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the fibre content of grain was not detected (Table 4).
Thus, modern tillage methods, in particular ploughing,
can affect the quality of maize grain by ensuring the op-
timal content of starch and other chemical components.
According to the results of the study, ploughing to a
depth of 30 cm demonstrates the highest values among

the tillage methods considered for all parameters un-
der consideration - crude fibre, starch, protein and crude
fat content. Such indicators characterise the high qual-
ity and nutritional value of the crop, which can be an
important factor for feed producers, the food industry
and other industries that use corn in their operations.

Table 4. Chemical composition of corn grain depending on the method of soil cultivation, % (average for 2022-2023)

Soil cultivation method
Raw fibre

Ploughing to a depth of 30 cm 2.12
Chisel tillage to a depth of 45 cm 2.1
Disking the soil to a depth of 15 cm 2.09

Source: compiled by the authors

Thus, the method of soil cultivation affects the
morphological and biometric parameters, grain produc-
tivity and yield of maize. This emphasises the impor-
tance of choosing the optimal method to achieve the
desired results in the cultivation of this crop. However,
to verify the reliability of the results obtained, a cor-
relation and regression analysis was conducted. This
highly effective statistical method is used to identify
relationships between different variables. In this study,
correlation and regression analysis were used to deter-
mine the relationship between the tillage method and

Content in grain, %.

Starch Protein Raw fat
70.9 10.2 4.22
69 9.8 4.18
64.3 9.3 3.53

yield, as well as between the tillage method and grain
quality of corn. This analytical approach allows us to
find out how significantly the selected tillage methods
affect the yield and quality of the crop. According to
the correlation and regression analysis, the reliability
value for 2021 was R=0.9206, for 2022 - R=0.8881, and
2023 - R=0.8976, which means that the model accu-
rately describes the available data. For the grain quality
indicators, the coefficient of determination (R?) is in the
range of 0.66-0.99, which also indicates a strong rela-
tionship between the factors (Fig. 1).

y=5.3x+76.633

% y=545x +76.067 3

90 y=57x+75767 R? = 0.8881 R?=0.8976
R%=0.9206

85

80
70 -

Disking the soil to a depth of 15 cm

m2021 m2022

Chisel tillage to a depth of 45 cm

Ploughing to a depth of 30 cm
2023

=-33x+74.667

80

R%=0.9434

70

60

50

=-0.345x + 4.6667

40 y = -0.45x + 10.667

y =-0.16x + 2.3867

30 R2=0.9959

R?=0.968

20

10

0 T
Ploughing to a depth of 30 cm

= Raw fibre W Starch

Chisel tillage to a depth of 45 cm

Disking the soil to a depth of 15 cm

Protein m Raw fat

Figure 1. Correlation and regression analysis of the influence
of the tillage method on corn yield and quality (average for 2021-2023)

Source: compiled by the authors
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The results of the study of maize cultivation and the
impact of tillage methods point to important aspects
of agricultural practice. Ploughing to a depth of 30 cm
stands out as the optimal method for ensuring high
yields and grain quality. Not only does this approach
contribute to higher grain yields, but it also improves
the chemical composition of the grain, particularly the
high starch content, which is key in the context of fuel
production. On the other hand, chiselling and disking
were less effective, resulting in less grain and lower
quality in terms of chemical composition. Such a thor-
ough analysis of tillage practices in terms of grain pro-
ductivity and quality provides agronomists and farmers
with a basis for making informed choices about the
best maize cultivation practices depending on specific
conditions and production goals.

Summarising the data presented, it is important to
note that maize cultivation is a complex process that
requires attention to various aspects, including soil
tillage. Based on the data presented, 30 cm ploughing
can be recommended as the optimal tillage method for
achieving maximum yield and grain quality of maize in
the western forest-steppe of Ukraine.

DISCUSSION

Ukrainian agriculture plays a key role in the produc-
tion of plant-based food products. Thanks to favourable
climatic conditions, vast land area and long-standing
agricultural traditions, Ukraine is actively developing
the cultivation of various crops, including corn, which
is growing steadily. However, agricultural production
faces serious challenges, including climate change,
efficiency and environmental friendliness, which must
be addressed to ensure the sustainable development
of plant-based food production in Ukraine. Current
trends in the cultivation of plant-based food products
in Ukraine demonstrate the need to integrate the lat-
est technologies, comply with environmental standards
and adapt to global challenges. Important aspects in-
clude ensuring product quality, efficient use of resourc-
es and creating a sustainable agricultural sector that
meets the requirements of modern consumers and con-
siders environmental aspects.

Due to the rapid development of modern tillage
technologies, especially in the agricultural sector, the
choice of the optimal method can significantly affect the
yield and quality of any crop, including corn. Research
conducted by scientists and our results also reveal im-
portant aspects of the impact of different tillage meth-
ods on corn production and quality.Y.Wang et al. (2021)
indicate that tillage depth can affect the development
of the corn root system. Deeper tillage methods can
stimulate the development of plant roots, which helps

Ukrainian Black Sea Region Agrarian Science, 28(1), 19-28

them to penetrate deeper soil layers and better supply
the plant with water and nutrients. M. Korchak (2022)
and O. Tsyliuryk et al. (2023) emphasise that the choice
of tillage method plays a key role in maize cultivation
and achieving optimal yield and product quality results.
The integration of innovative methods that consider
modern requirements and standards in agriculture can
help achieve more efficient and sustainable results in
growing the crop. This study identifies the importance
of selecting optimal agronomic practices to achieve
successful results in agriculture.

According to G.P. Kovacs et al. (2023), proper till-
age improves soil structure and ensures the availability
of nutrients for plants. This can have a positive impact
on the development of maize, as it provides important
conditions for its growth and the formation of a quality
crop. In addition, according to A. Kundu et al. (2024), ef-
ficient tillage creates optimal conditions for the growth
of vegetative mass and plant roots. This is a key aspect
in maintaining plant resistance to stressful conditions,
and a healthy and well-developed root system helps
plants to better adapt to environmental changes and
ensures their optimal physiology, which is also demon-
strated in the study.

J.Li & Q. Lin (2023) add that the use of modern
tillage technologies can help increase soil permeability
and regulate soil moisture, which is important for maize
growth in different climates. This research confirms that
the right choice of tillage practices is key to optimising
crop conditions and maximising its potential. Given the
variety of agronomic methods and technologies, it is
important to choose those that meet specific business
conditions and contribute to higher yields and product
quality. This approach considers the individual charac-
teristics of soils, climatic conditions and other factors
that may affect the cultivation of specific crops. M. Van-
dyk’s (2023) research focuses on the biological activity
of the soil, which can vary depending on the method of
cultivation. The general approach is to use agricultural
practices in a balanced way that promotes the develop-
ment of beneficial biota and preserves soil structure to
maintain yields and environmental sustainability.

T. Sullivan et al. (2023) point out that some tillage
practices can have an impact on limiting weed spread
and pest development. For example, deep ploughing
can be an effective method of weed control compared
to other methods. The deep rotation of the soil can
help to plough weeds to a greater depth, reducing their
ability to germinate and compete with crops. Another
confirmation of the study can be found in the state-
ments of other scientists who have investigated the
impact of different tillage methods on corn production.
R.K. Adhikari et al. (2023) and J.D. Clark et al. (2021)



pointed out the significant effect of ploughing on the
depth of the topsoil on grain yield and quality of maize.
Similar to our results, they confirm that this method of
cultivation contributes to high grain yield, high grain
weight per ear, and high weight per 1000 kernels.

The study also agrees with H.S. El-Beltagi et
al. (2022) and M.N. Harish et al. (2022), who suggest
the importance of modern tillage practices for improv-
ing maize quality and yield. The results indicate that
traditional methods, in particular, shelf ploughing to a
depth of 30 cm, are optimal for achieving the highest
grain productivity. These findings emphasise the impor-
tance of proper tillage for achieving optimal results in
agriculture, particularly in the context of maize produc-
tion. Optimised tillage can improve not only soil struc-
ture, but also provide favourable conditions for plant
growth and development, increasing their resistance to
stress and contributing to yield growth (Taranenko et
al., 2019; Auzins et al., 2023). Furthermore, consider-
ing the research of scientists such as .M. Kovalenko &
[.M. Masik (2018), it is possible to argue that innovative
approaches to soil cultivation and the use of modern
technologies can also have a significant impact on maize
cultivation. Their views on the importance of develop-
ing stress-tolerant varieties and hybrids and the use
of precision farming systems highlight the need to ex-
pand the arsenal of methods to achieve optimal results.

In support of this, according to W. Hassan et
al. (2022), it is necessary to integrate different tillage
approaches in the context of maize cultivation. The au-
thors emphasise the importance of considering individ-
ual soil characteristics and soil structure when choos-
ing a tillage method. They also emphasise that the use
of modern technologies, such as precision farming and
monitoring systems, can help to optimise the process
of growing corn and increase its productivity. Thus, con-
sidering the opinion of scientists and researchers, it can
be noted that improving tillage methods and introduc-
ing modern technologies in agriculture can contribute
not only to increasing yields but also to creating a sus-
tainable and efficient environment for corn cultivation
(Wang & Hu, 2021; Halko et al., 2023).

When discussing the findings of the study, it is im-
portant to consider an integrated approach to maize
cultivation and tillage, ensuring a balanced impact on
the plant, soil and environment. Many of these findings
are compatible with general trends in agriculture and
highlight the importance of choosing the right tech-
nologies to optimise corn yield and grain quality. Such
results from different scientists confirm the conclu-
sions of the study. Thus, in summary, it is possible to
state that the choice of the optimal tillage method is
becoming a key aspect for achieving the best results in
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maize cultivation, which is of practical importance for
agronomists and farmers in improving the productivity
and quality of this important crop.

CONCLUSIONS

Implementation of optimal soil tillage is a key element
in modern agriculture, in maize cultivation. The study
results show that tillage has a decisive impact on the
development and yield of maize. Optimising the con-
ditions for photosynthesis, water supply and nutrient
supply to plants are key aspects that can be achieved by
choosing the right tillage method. Ploughing to a depth
of 30 cm proved to be the most favourable for the for-
mation of the optimal number of leaves - 15.4 pcs.and
the number of cobs per 100 plants - 106 pcs., which
determines the overall success of corn cultivation.

The results of the maize cultivation analysis in-
dicate that the yield increases when ploughing to a
depth of 30 cm, reaching a maximum value of 91.6 cwt/
ha, compared to the less efficient method of disking
the soil to a depth of 15 cm, where the yield is only
80.6 cwt/ha. The study also confirms the impact of till-
age on grain quality. For example, the grain obtained by
ploughing to a depth of 30 cm had a starch content of
70.9%, crude fibre content of 2.12%, protein content of
10.2% and crude fat of 4.22%. These results emphasise
the importance of choosing the optimal tillage method
to achieve not only high yields but also improved grain
quality. Correlation and regression analysis confirm a
significant relationship between tillage practices, yield
and quality of corn. The model used for the analysis
accurately reflects the available data, which underlines
the reliability of the results. Thus, to achieve maxi-
mum yield and grain quality of maize in the western
Forest-Steppe of Ukraine on sod-podzolic light loamy
soil, it is recommended to use ploughing to a depth of
30 cm as the optimal tillage method. This study can
serve as a basis for an informed choice of maize culti-
vation technology, providing practical value for farmers
and agronomists in choosing optimal agronomic solu-
tions. Future research should examine the effectiveness
of tillage under stressful conditions, such as drought or
extreme temperatures, to help determine how different
methods may affect crop resilience. Limitations of the
study include the area of the study and the type of soil,
which may limit the generalisability of the results to
other regions with different climates and soils.
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Anotauis. [locnigkeHHS po3BUTKY CTIMKMX Ta MPOAYKTUBHUX METOAIB BUPOLLYBAHHSA KYKYPYA3WU CTA€E aKTyaslbHUM
3aBOAHHSAM Yy 3BA3Ky i3 3pOCTAlO4MM MOMMTOM Ha MpPOAOBO/bYI pecypcu Ta HeobXigHiCTO onTuMizauii
arpoTexHiYHMX npoueciB. MeTa [OCNIOKEHHS — MPOBECTU MOPIBHANbHMIA AHaNi3 BMPOLLYBAHHA KYyKYpyA3u 3a
pi3HMX cnocobiB 06pobiTKy rpyHTY. s AOCATHEHHS Li€i MeTu Byno 3akfafeHO NONbOBWMI O0CAIA, 34IMCHEHO
(eHONOoriYHI CrocTepeXXeHHs 3a PO3BUMTKOM POC/IMH KYKYPYA3W Ta BUMBYEHO AKICHI MOKasHWKM 3epHa. OTpuMaHi
pe3ynbTaTh aHani3dy BPOXAMHOCTI KYKYpyA3M CBifUaThb, WO 3@ NPOBEAEHHS OpaHKK HAa rnbuHy 30 cM dopMyeTbCa
Halbinblua BPOXaMHiCTb KyKypyA3un — 91,6 1/ra, a 3a AMCKYBAHHSA IPYHTY Ha MUMOKUHY 15 cM BCTAHOBNEHO HAaMEHLLY
ypoxanHicte — 80,6 u/ra. 3a pe3ynbrataMu AOCNIOXKEHHS A0BEAEHO, WO crnocib obpobiTKy FpyHTY BNAMBAE Ha
MOKA3HMKM SKOCTi 3epHa, 30KpeMa: BMICT CMPOi KNITKOBUHM, KPOXMAJIO, NPOTEiHY Ta CMPOro XMPpY. Tak, 32 OpaHKK
Ha rnbuHy 30 cM BMICT KpoxManto B 3epHi ctaHoBuB 70,9 %, cnpoi knitkoBuHM — 2,12 %, npoteiny - 10,2 %,
a cuporo xupy - 4,225 %. BukoHaHuMIA KopensuiiHO-perpecinHMi aHani3 [oBiB, WO KOedilieHT aeTepMiHauii
(R%) pns 0bpobiTKy FpyHTYy cTaHOBWUTb 6am3bko 0,9, Le 03HauaE€, WO MOAESb TOYHO OMUCYE HasBHI AaHi, a Ans
MOKa3HMKIB sIKOCTi 3epHa R? nepebysae B gianasoHi 0,66-0,99, W0 TakoX XapaKTEPU3YE HABHUIA CUNTbHUIA 3BI30K
MiX [OCNiAKYBaHUMU DakTopamu. [TpakTUYHE 3HAYEHHS OTPUMAHMX pe3ybTaTiB AOCNIAKEHHS NOASTAE B TOMY, WO
BOHM MOXYTb C/yryBaTM OCHOBOK A/15 ONTMMIi3aLii arpoTeXHIYHUX MPOLECIB BUPOLLYBAHHS KYKYpyA3W 3 METOH
36i/bLIEHHS BPOXXAMHOCTI Ta MOKPALLEHHS SKOCTI 3epHa

KniouoBi cnoBa: BpoXalHiCTb; XiMiYHMIA CKNaf, 3epHa; opaHKa; Mopdonoro-6ioMeTpuyHi NOKa3HMKKU; arpoTEXHIYHI
pilleHHS; CinbCbKe rocnoaapcTeo
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Abstract. The analysis of literature sources shows that the production of seed material for vegetable and melon
crops is one of the most important problems that exists in the field of agricultural processing. The production
of cucumber and melon seeds is an urgent issue in view of the volume of their cultivation in Ukraine. To study
the processes of fruit grinding and seed production in agriculture, the key parameters are the dynamic friction
coefficient, the volume deformation coefficient and the static load coefficient, but existing methods and equipment
are limited to determining the limit values of the indicators, not allowing a full study of the dynamics of changes
in properties at different stages of the technological process. To solve this, it is proposed to develop new methods,
in particular, the use of computer modelling, which will allow a more detailed study and optimisation of physical
and mechanical properties and their changes. The aim of the article was to study the physical and mechanical
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properties of vegetable fruits, which have the greatest impact on the quality of the technological process of fruit
seed grinding and preliminary seed extraction. The study was conducted in the problematic research laboratory of
the Faculty of Engineering and Energy of Mykolaiv National Agrarian University. Experimental setups were used
to determine the dynamic coefficient of friction of melon and cucumber seeds, a device for determining the initial
density of seed fruits, and a device for determining the dependence of seed deformation on compressive load.
Experimental data show that the most optimal values of the static coefficient of friction, depending on the type of
surface, for cucumber and melon seeds are perforated sieves, the values of which are 0.75 and 0.85, respectively.
Optimal values of dynamic friction coefficients for cucumber have a surface made of perforated sieve - 0.69 and
for melon made of aluminium - 0.88. The dependence of the linear deformation of seed fruits on the specific
pressure increases from 0.9 to 3.6. The values of fruit deformation from compressive load vary from 4.1 to 24.6.The
research presented in the article is of practical importance and can be used in the field of agricultural production

and in the development of new engineering solutions

Keywords: seed; experimental studies; surface; dependence

INTRODUCTION

The global agricultural technology market is constantly
evolving. Countries with developed agriculture are ac-
tively using mechanised and automated processes for
seed preparation, which leads to increased productiv-
ity and reduced costs. In Ukraine, given its agricultural
potential and role in the global agricultural sector, it is
important to improve the technology for selecting and
preparing vegetable and melon seeds. This will improve
the quality and efficiency of production, ensuring stabil-
ityinthe agricultural sector and contributing to the com-
petitiveness of Ukrainian products on the global market.

The production of seed material for vegetable and
melon crops is one of the most important problems in
the field of agricultural processing. The issue of obtain-
ing cucumber and melon seeds is quite acute, given
the volume of their cultivation in Ukraine (Havrysh et
al,, 2022). An integral part of the development of tech-
nology and technological equipment for seed produc-
tion is the study of the physical, mechanical and di-
mensional and mass characteristics of seed fruits and
seeds of vegetable and melon crops (Fang et al., 2020).
The combination of qualities of seed fruits and seeds of
vegetable and melon crops is an important basis for the
design of working bodies and the machine as a whole.
Technological equipment that provides a mechanised
process of producing melon and cucumber seeds in-
volves not only its theoretical substantiation in order
to choose the right forms, machine designs and work-
ing bodies, but also experimental studies to confirm the
theoretical premises (Pathania et al.,, 2022).

V.Shebanin et al. (2019) note that to study the pro-
cesses of fruit crushing and seed production, it is im-
portant to know such indicators as the dynamic friction
coefficient, the coefficient of volumetric deformation of
the seed fruit and the coefficient of static load (crushing
force). Y. Yang et al. (2021), when studying the physical
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and mechanical properties of materials for the research
and optimisation of technological processes, found that
most existing methods and laboratory equipment are
aimed at determining the critical values of the relevant
parameters.However,these research tools do not always
provide opportunities for in-depth analysis of patterns
and establishing links between the deformation force
and the deformation itself, especially in the context of
different stages of the technological process, such as
the grinding of seed fruits of vegetables and melons.

In light of the need to increase the efficiency of
vegetable and melon seed production, modernisation
and improvement of the seed fruit chopper and other
processing equipment is becoming an important task.
Modern requirements for seed quality and technolog-
ical standards require that the production process be
in line with them. In order to reduce seed losses and
improve seed quality, Z. Stropek & K. Gotacki (2020) fo-
cused on the research and implementation of the latest
solutions in the technological field, which will optimise
production processes and ensure market competitive-
ness. In addition,J. Hou et al. (2021) emphasise that cur-
rent trends in agriculture determine the increased de-
mand for high-quality seeds to achieve optimal yields.

Therefore, improving the technical characteristics
and functionality of seed treatment equipment is of
strategic importance for producers. Furthermore, in the
context of sustainability, reducing losses in the process
can also contribute to reducing resource consumption
and increasing the environmental efficiency of produc-
tion. Such improvements can contribute not only to in-
creased production efficiency, but also to sustainability
and competitiveness in the vegetable and melon indus-
try. Irrational operating modes of vegetable and mel-
on seed crushing machines lead to a decrease in the
quality of seed and irreversible seed losses, requiring
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the identification and resolution of design flaws and
improvement of the technological process. The pur-
pose of the study was to investigate the physical and
mechanical characteristics of vegetable fruits, focusing
on the parameters that most affect the quality of the
technological process of seed grinding and prelimi-
nary seed extraction. To achieve this goal, the following
tasks were performed: analysis of the influence of phys-
ical and mechanical parameters of seeds; development
of an experimental approach; determination of optimal
parameters for the technological process.

MATERIALS AND METHODS
The study complies with ethical standards and adheres
to the Convention on Biological Diversity (Secretariat of
the..., 2011). The determination of the size and weight
characteristics of the seeds and seeds was carried out
during the final period of harvesting cucumber and
melon fruits, when the seeds reached their maturity. It
is during this period - their biological ripeness - that it
is advisable to conduct research. Fruit length and fruit
diameter were determined using a caliper SHC-1 with
a division price of 0.05 mm. Fruit weight was deter-
mined on a balance with an accuracy of 1 g (Fig. 1, 2)
(DSTU 8439:2015,2017). Seeds of such crops as cucum-
ber and melon are similar in size and weight character-
istics (Ternavskyi et al., 2022). This is evidenced by the
results of his study, the main generalised statistical in-
dicators of which are given in Tables 1 and 2. All exper-

Figure 1. Determination of the size and weight
characteristics of seedpods and seeds of melon fruit
Source: authors’ photo

imental data were statistically processed, with the ac- Figure 2. Determination of the size and weight
curacy of the experiment being 5% and the confidence characteristics of seedpods and cucumber seeds
interval being 0.95 (Devi & Mani, 2017). Source: authors’ photo

Table 1. Summary size and weight characteristics of melon and cucumber seeds

Length, cm Thickness, cm Weight, g
Culture, variety ' . '
max max min aver. min
Cucumber
Nizhynskyi 12 10.75 8.85 9.78 4.3 2.5 3.4 1.8 1.3 1.55 49 3.3 417
Koncurent 10.85 8.65 9.75 4.15 2.65 34 1.85 1.2 1.52 5 35 4.25
Melon
Kolgospnytsa 124 104 11.35 6.46 456 5.51 2.05 1.10 1.56 6.8 4.2 5.47
Ukrainka 12.7 10.2 11.45 6.25 4.25 5.25 1.95 1.15 1.55 6.6 4.1 5.35

Source: developed by the authors

Table 2. Size and weight characteristics of melon and cucumber seeds

Length, mm Diameter, mm Weight, kg
Culture, variety _ _
max max max

Cucumber

Koncurent 116 141 128.5 48.0 73.0 58.4 0.210 0.255 0.232
Nizhynskyi 12 114 144 129 45.0 75.0 60.0 0.215 0.265 0.240

Melon
Kolgospnytsa 150 260 205 180 215 197.5 0.45 1.45 0.95
Ukrainka 165 255 210 186 226 206 0.52 1.72 1.12

Source: developed by the authors
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Absolute weight refers to the weight of 1,000 seeds
in grams at standard moisture content. In the process
of seed production, it is very important to have data on
the absolute weight of the newly separated seeds at
the stage of separation. This indicator is used to make a
control assessment of the grown seeds before mechan-
ical extraction. It is known that the sowing qualities
of seeds and their productive properties are directly
dependent on the absolute weight of seeds (Neamtal-
lah et al., 2017). To study such physical and mechanical
properties of fruits as the dynamic friction coefficient,
volume deformation coefficient and static load coeffi-
cient, appropriate installations were made in the prob-
lematic research laboratory of the Faculty of Engineer-
ing and Energy of Mykolaiv National Agrarian University.

The technological process of the installation for
determining the dynamic coefficient of friction (Fig. 3)
is as follows: the product under study is placed in front
of the cut-off plate 2 in the initial position; the approxi-
mate time (to the hundredth of a second) of the product
passing from the cut-off plate to the laser beam 7 is set
using the timer; when the “Start” button of the timer 6
is pressed, the cut-off plate 2 is raised by an electro-
magnet and, at the same time, the timer 6 starts count-
ing down; when the product passes through the laser
beam 7, the electrical circuit is opened and the time
countdown stops; using further mathematical transfor-
mations, the friction-slip coefficient is calculated.

Figure 3. Dynamic friction coefficient determination unit
Notes: 1 - inclined surface, 2 - cut-off plate, 3 - device
for changing the angle of inclination of the surface, 4 -
balance sensor, 5 - angle meter, 6 - timer, 7 - laser, 8 -
phototransistor,9 - path measurementscale,10 -electronics
Source: authors’ photo

To increase the versatility of the installation, the
following adjustment is provided for the purpose of
realising the possibility of studying various types of
products. By means of the lifting device 3, the angle of
inclination of the surface 1 is changed and, by chang-
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ing the position of the laser 7 and phototransistor 8,
the path of the product from the cut-off plate 2 to the
laser beam is changed, which in turn leads to a change
in time, and, accordingly, leads to a change in the fric-
tion-sliding coefficient. On the inclined surface, it is
possible to install any type of material whose friction
coefficient is to be investigated.

The following formula is used to obtain the dynam-
ic friction coefficient:

f = cosa

(sina — %) =tga — T cosa’ (1)
where f - the dynamic coefficient of friction; s — the
distance travelled by the product under study, m; t - the
time for the product to travel the distance s,sec; a - the
angle of inclination of the surface to the horizon, deg.
The coefficient of volumetric compression (defor-

mation) of seed fruits is defined as:

P

K, ==, v)
where P__ - the compressive load, H; AV - the reduction
of the volume of the seed fruit under study when a load
is applied P_, m®.

The determination of the coefficient of volumet-
ric deformation of the fetus was carried out on a spe-
cially manufactured device (Fig. 4), which is similar
in principle to the Znamensky device. It consists of a
compression chamber and a piston with a plate on the
rod for placing weights. The Znamensky apparatus is a
measuring device used to determine the coefficient of
volumetric deformation of materials, in particular, in
this case, fruits. This device uses the principle of com-
pressing a material with a piston and measuring the
change in its volume. The description of the Znamen-
sky device includes a compression chamber and a pis-
ton that performs the compression. Usually, a plate is
placed on the piston to add weights, which are used
to create standard compression conditions. This device
measures the degree of compression of a material and
records the change in its volume under the force. The
Znamensky apparatus is an important tool for studying
the mechanical properties of materials, and its use in
experimental studies provides data on the volumetric
deformation of fruits and their resistance to compres-
sion. The amount of linear deformation A is controlled
by an indicator mounted on a plate arm, the stem of
which interacts with a stop on the compression cham-
ber. Before the start of each experiment, the fruits were
weighed, and after placing them in the chamber and
pre-compressing them with a piston, the volume V, at
zero load was determined. The obtained values were
used to determine the initial density of seed fruits.



Figure 4. Device for determining
the volume strain coefficient
Source: authors’ photo

The dependence of linear strain on specific pres-
sure was determined by the expression:

A=6g=45-107q, &)

where ¢ - the inverse of the volume strain coefficient
(obtained using the least squares method); g - the spe-
cific pressure.

To determine the dependence of the deformation
of the seed on the compressive load, a special device
was developed and manufactured (Fig. 5), which con-
sists of posts fixed to the base, on which a rocker arm
suspended on pins is installed. The rocker arm has a
compression plate and a load plate. The test object is
mounted on a height-adjustable platform. The amount
of deformation is determined by the indicator.
| | IR
1 " Wi ( 'f'
1 B

1l ! 2 i

Figure 5. Setup for determining the effect
of a compressive static load on the seed
Source: authors’ photo

Changing the load acting on the seeders is done
by increasing the number of weights mounted on the
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plate or moving it along the length of the rocker arm.
Balancers are used to balance the rocker arm when the
compressive force is set to zero at the beginning of the
load (Zhang, 2022).

In fact, the load acting on the seed fruit is calculat-
ed by the expression:

Pom = 252, (4
)

where m_ - the weight of the loads mounted on the
plate; [, - the distance from the load plate to the rocker
armrolling axis; [, - the distance from the seeder mount-
ed on the platform to the rolling axis of the rocker arm.
In the process of loading the seeder, the indicat or
measures the amount of its deformation Act, which cor-
responds to the applied force.Accordingly,the static load
factor will be determined by the following equation:

A, =XP_=041P_, (5)

where X - the coefficient of fruit yield obtained by the
least squares method, mm/H.

The experimentally obtained data are approximat-
ed by a first-order equation using the least squares
method, followed by checking the mathematical de-
scription of the experimentally obtained data for ade-
quacy using the Fisher criterion.

RESULTS

In the context of a growing population and climate
change, the importance of improving agricultural tech-
niques and varieties of vegetables and melons is be-
coming increasingly important. The study of the me-
chanical and technological properties of seed fruits
is an important component for the development and
implementation of new methods of cultivation and pro-
cessing aimed at improving agricultural efficiency and
product quality. Vegetables and melons are of great im-
portance as a source of food rich in vitamins, minerals
and other nutrients. Ensuring high quality and quanti-
ty of seeds is becoming a key aspect for ensuring food
security and responding to global market challenges
(Gorzelany et al., 2022).

The study of mechanical and technological prop-
erties includes a comprehensive approach focused on
the study of physical, chemical and biological aspects
of seed fruits. This allows not only to determine the
optimal conditions for their cultivation, but also to de-
velop technologies for harvesting, storage and process-
ing aimed at maintaining high quality and commercial
value. Mechanical and technological properties include
physical, chemical and biological characteristics of
seed fruits. Physical parameters, such as size, weight
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and hardness of the seed coat, affect the efficiency of
harvesting, processing and transportation. The chemical
composition of the seed determines its nutritional and
economic value, as well as its resistance to disease. Bio-
logical characteristics, such as the seed fruit’s tightness
and germination ability, are important to ensure normal
plant development. Technological aspects, such as stor-
age,transport and handling methods, also have a signif-
icant impact on seed quality and value (Xia et al., 2021).

One of the main challenges is to address disease
resistance, optimise growth and yield, and develop va-
rieties suitable for different agroclimatic conditions.

High-precision studies of the mechanical and tech-
nological properties of seed fruits are a key tool for
achieving these goals and creating sustainable and
productive crops (Serhiienko et al., 2023). The re-
sults of the studies of the static friction coefficients
of melon and cucumber seeds made on different sur-
faces (perforated sieve, galvanised iron, aluminium
plate) are presented in Table 3. Taking into account
the choice of friction surfaces and the use of spokes
to avoid seed rolling, the study allowed to determine
the optimal conditions for the interaction of seeds of
both crops.

Table 3. Static friction coefficients of melon and cucumber seeds

Perforated sieve

Culture, variety

max aver.
Cucumbers:
Nizhynskyi 12 0.6 0.9 0.75
Koncurent 0.58 0.88 0.73
Melons:
Kolgospnytsa 0.79 0.95 0.87
Ukrainka 0.77 0.93 0.85

Source: developed by the authors

Experimental data show that the most optimal in-
dicators of the static coefficient of friction depending
on the type of surface for cucumber and melon seeders
are perforated sieves, the values of which are 0.75 and
0.85, respectively. Analysis of this table can reveal cer-
tain trends and differences between crops and types of
surfaces. In particular, both cucumber varieties (Nizhyn-
skyi 12 and Koncurent) have similar average values of
static friction coefficients on different surfaces. The
lowest values are observed for galvanised iron, which
may indicate less friction in contact with this surface.
The melon varieties (Kolgospnytsa and Ukrainka) also
show similar average static friction coefficients. The
highest values are observed on the aluminium surface,
which may be important for the production process
where friction can affect the movement and handling
of the seedpods.

Types of surfaces

Galvanised iron Aluminium
max max
0.52 0.72 0,62 0.5 0.84 0.67
0.48 0.68 0.58 0.48 0.82 0.65
0.71 0.81 0.76 0.73 0.85 0.79
0.55 0.65 0.60 0.73 0.83 0.78

Thus, according to the results of static studies, it
was found that perforated sieves are the most optimal
surfaces for cucumber and melon seeders, having static
friction coefficients of 0.75 and 0.85, respectively. Anal-
ysis of the table shows certain trends and differences
between crops and types of surfaces. Cucumber varie-
ties show similar values of static friction coefficients on
different surfaces, with the lowest values for galvanised
iron. Melon varieties also show similar values of static
friction coefficients, with higher values on the alumin-
ium surface. In general, the analysis of static friction
coefficients allows to draw conclusions about the in-
teraction of seed drills with different surfaces, which is
important for optimising the technological processes
of seed grinding and processing. Table 4 shows the re-
sults of dynamic indicators of the friction coefficients of
melon and cucumber seeds.

Table 4. Dynamic friction coefficients of melon and cucumber seeds

Perforated sieve

Culture, variety

max
Cucumbers:
Nizhynskyi 12 0.62 0.76 0.69
Koncurent 0.58 0.72 0.65
Melons:
Kolgospnytsa 0.75 0.91 0.83
Ukrainka 0.69 0.85 0.77

Source: developed by the authors
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Types of surfaces

Galvanised iron Aluminium
max max
0.41 0.57 0.49 0.35 0.69 0.52
0.34 0.50 0.42 0.29 0.63 0.46
0.63 0.75 0.69 0.63 0.81 0.72
0.47 0.59 0.63 0.79 0.97 0.88



The analysis of the data in the table can indicate
the nature of the interaction between seeds and dif-
ferent materials and help to optimise technological
processes. Cucumber varieties have average dynamic
friction coefficients that range from 0.35 to 0.76.The
lowest friction coefficient is observed on aluminium
surfaces and the highest on galvanised iron. Melon
varieties also have average dynamic friction coef-
ficients that range from 0.47 to 0.97. The minimum
coefficient of friction is recorded on an aluminium
surface, and the maximum - on galvanised iron. The
optimum values of dynamic friction coefficients for
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cucumber are 0.69 on a perforated sieve surface and
0.88 on an aluminium melon surface. These data
make an important contribution to understanding the
dynamic friction properties of cucumber and melon
seeds on different surfaces. Equation (3) describes
the dependence of the linear strain on the specific
pressure, which is shown in Figure 6. The depend-
ence of linear deformation of seed fruits on specific
pressure increases from 0.9 to 3.6. The values of fruit
deformation from compressive load vary from 4.1 to
24.6.Figure 7 shows a graphical interpretation of the
dependence A =f(P_).

3.6

27

g, kN / kg

Figure 6. Dependence of linear deformation of seed fruits on specific pressure

Notes: A =4.5-107-q
Source: developed by the authors
30
25
20
Z.: 15

Y 10 123

5 8.2

0

4.1

246

205
16.4

16 20 24

As, mm

Figure 7. Dependence of fetal deformation on compressive load

Source: developed by the authors

The values of fruit deformation under compres-
sive load vary from 4.1 to 24.6. These ranges of fruit
deformation under compressive load indicate a large
variability in the physical and mechanical properties of
plant material. Low strain values, such as 4.1, may in-
dicate high resistance of certain fruits to compressive
stress, while high values, such as 24.6, may indicate less
resistance and a pronounced ability of the material to
change shape under load.

DISCUSSION

In Ukraine, as in many other countries, the develop-
ment of the agricultural sector is one of the key sectors
for food security and economic growth. Vegetable and
melon farming is an important part of the agricultural
sector, providing a significant share of vegetable pro-
duction for domestic consumption and export.

This study can be compared with the research
of Y. Fang et al. (2020), who emphasise that in the
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context of growing vegetables and melons, the use of
high-quality and viable seeds is of great importance.
Optimal seed selection and preparation is a key step
in growing high-quality products. The mechanical and
technological aspects of seed handling, such as sort-
ing, separation and preparation, can affect the yield and
quality of the crops grown.

Comparing the study with the results of the au-
thors, in particular Yu. Kononov & A. Lymar (2020), it is
important to note that there are problems in obtain-
ing high-quality seeds of vegetable and melon crops.
The authors identify the need to expand the dialogue
and take comprehensive measures to modernise seed
production in Ukraine, which is also reflected in the
study. The development of technological solutions and
the introduction of the latest equipment should solve a
number of problems that relate not only to the quality
of the final product, but also to ensuring the efficiency
of production in general. One of the main obstacles is
the backwardness of the equipment used in the pro-
cess of growing and processing seeds. With this in mind,
the works of many authors, including G. Hu et al. (2021)
and Y.Yi et al. (2021), confirm that it is important to
improve seed selection and preparation technologies,
as well as mechanised separation and sorting process-
es, to ensure maximum seed quality and purity. One of
the key aspects is the study of the physical and me-
chanical properties of seed fruits. This includes analys-
ing the strength of the shell, size, shape and weight
of the seeds. The study of these parameters allows for
the development of optimal mechanical processing
methods, such as sorting and separation, to ensure
efficient selection and preparation of seeds for high
quality cultivation, which is also reflected in the study.

Z.Zheng et al. (2022) also note that mechanised
seed separation and sorting processes are important
for selecting the most viable and plantable spec-
imens. Technologies that use optical sensors and
other advanced methods can quickly and efficiently
determine seed quality, as well as detect possible de-
fects or diseases. The study of mechanical and tech-
nological properties also contributes to the devel-
opment of new varieties and hybrids that meet the
requirements of mechanised production. This may
include the creation of hybrids with improved resist-
ance to mechanical stress and increased yields, as
revealed by the study.

Asimilar opinion is expressed by N.Kim et al. (2013),
who note that in order to obtain high-quality seed mate-
rial,the technological process should involve equipment
that minimises its injury and loss and meets the require-
ments for the quality of the final product. The absence
of such equipment requires a mandatory solution to this
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problem by developing new technological equipment.In
addition, according to the data obtained, it is necessary
to consider the possibility of using modern methods of
seed processing and storage to increase its shelf life.
An important aspect is to ensure a high level of ener-
gy saving and rational use of labour in seed production.

This study correlates with the work of V. Havrysh et
al. (2022), according to which, for the successful imple-
mentation of improved technologies for the selection
and preparation of vegetable and melon seeds, it is
important to establish an effective mechanism for co-
operation between all stakeholders. Authorities should
ensure favourable regulation and create incentives for
the introduction of new technologies in agriculture.
Producers should be actively involved in the process of
introducing new methods and techniques, and provide
feedback on their effectiveness and practicality in the
field. Scientists, in turn, play a key role in conducting ex-
perimental studies that allow for a deeper understand-
ing of the mechanical and technological properties
of seeds and establish optimal parameters for mech-
anised processes. It is important to take into account
the best practices and experience of countries where
a high level of mechanisation in seed production has
been achieved, in particular in the European Union and
the United States (Li et al.,, 2022).

Stakeholders may also include representatives of
agricultural businesses, farmers’ associations, and other
groups with an interest in improving seed production
processes. This broad collaboration will facilitate the
exchange of experience, resources and innovations,
which in turn will contribute to the rapid adoption of
advanced technologies. In summary, an integrated ap-
proach is key to the successful implementation and
improvement of vegetable and melon seed production
technologies in Ukraine.

CONCLUSIONS

Experimental studies of the working processes of ob-
taining cucumber and melon seed material are pecu-
liar, since the mechanised technological process of
seed separation largely depends on the parameters
and operating modes of the pressure-separating ma-
chine. Scientific substantiation of this process becomes
impossible without a detailed study of the mechanical
and technological properties of the seed mass and the
peculiarities of operations related to the destruction
of the seedpods and separation of seed-plant material.

The study included separate stages aimed at a de-
tailed study of the mechanical and technological prop-
erties of the seed mass, which is important for a proper
understanding of the seed separation process. At the
same time, the focus was on the study of operations



related to the destruction of the seed pods and the sep-
aration of seed-plant material using a pressure-separat-
ing machine. Experimental studies of the working pro-
cesses of obtaining cucumber and melon seed material
revealed significant features of the interaction of seeds
with different surfaces, which determines the efficiency
of technological processes of seed processing and grind-
ing. The static friction coefficients showed that the per-
forated sieve is the most optimal surface for cucumber
(0.75) and melon (0.85) seeds. Dynamic friction coeffi-
cients confirmed these results, indicating average values
in the range of 0.35-0.76 for cucumber and 0.47-0.97 for
melonondifferentsurfaces.The studyoffruitdeformation

Hruban et al.

The dependencies and data on the size and weight
and physical and mechanical characteristics of seed
fruits and seeds of vegetable and melon crops obtained
in this article are important for further design of the
grinding device and study of the quality of the tech-
nological process of seed separation. Prospects for
future research may include a more detailed study of
the interaction of different varieties and types of vege-
tables with pressure-separating machines and further
improvement of technological parameters to optimise
the process.
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AHoTauis. AHani3 niTepaTypHUX mXepen CBiAYMTb, WO BMPOOHMLTBO HACiHHEBOrO MaTtepiany oBoye-HawTaHHUX
KYNbTYp € OOHI€ 3 BAXNMBMX Mpobnem, ske iCHYe B ranysi nepepobku CifibCbKOroCnoAapcbKoi MpoayKLii.
AKTYanbHMM NUTAHHAM € OTPMMAHHS HACIHHA Oripka Ta AMHI 3 Mornsgay Ha 06carn ix BMpOLLYBaHHS B YKpaiHi.
[na pocnipxeHHs npoueciB nogpibHEHHS NAoAIB Ta OTPUMAHHA HACIHHA Y CiNbCbKOMY rOCNOAapPCTBiI KAOYOBUMM
napamMeTpamm € AMHaMiyHMIi KoedilieHT TepTs, KoediuieHT 06€MHOI medopMauii Ta KoediuieHT CTaTMYHOrO
HaBaHTAXEHHS, ane iCHyK4i MeToam Ta 061aiHaHHS 0OMEXYIOTbCS BU3HAYEHHSM FPAHUYHUX 3HaYeHb NOKAa3HMKIB, He
[03BONSIIOYM MOBHOLHHE BUBYEHHS AMHAMIKM 3MiH BNACTUBOCTEN HA Pi3HMX eTanax TexHonoriyHoro npouecy. [1ns
BUPIiLLEHHS LLbOro, MPONOHYETHCS PO3p06OKa HOBMX METOAMK, 30KPEMA BUKOPUCTAHHSI KOMM'KOTEPHOrO MOAENOBAHHS,
O [03BOAMUTL AeTaNbHille BMBYMTM Ta ONTMMI3yBaTM (i3MKO-MEXaHiYHi BNAacTMBOCTI Ta iX 3MiHW. MeToto CTaTTi
6yno npoBecTy pochigKeHHs di3MKOo-MexaHiYHMX BNAaCTMBOCTEN NAOAIB OBOYEBUX KYNbTYP, AKi MatOTb HANBINbLLMIA
BM/IMB HA SKiCTb TEXHOMOTYHOrO npouecy noapibHeHHS HaCiHHS NAOAIB Ta MOMNepeaHbOro OTPUMAHHS HACIHHS.
LocnipkeHHs npoBoAMIOCS B NpobB/IEMHIM HAayKOBO-AOCNIAHI nabopaTopii iHKeHepHO-eHepreTMYHOro GakynbTeTy
MuKoNaiBCbKOro HaLiOHaNbHOro arpapHoOro yHiBepcuteTy. BukopuctoByBanucs ekcnepuMMeHTanbHi YCTAaHOBKU A1
BM3HAUYEHHS AMHAMIYHOrO KoedilieHTa TepTa HACiHHA AMHI Ta OripKa, Npunag AN BU3HAYEHHS NOYATKOBOI LWLiNbHOCTI
HaCiHHEBMX NNOAIB Ta NPUNAL AN9 BU3HAYEHHS 3aneXHOCTi AedopMaLlii HAaCiHHA BiA CTUCKAKOUYOrO HaBaHTAXKEHHS.
EkcnepuMeHTanbHi paHi CBigYaTh, WO HAMONTUMANbHILII NOKA3HMKM CTAaTMYHOIO KoedilieHTa TepTa B 3aN€XHOCTI
Bif, BUAY NOBEPXHi AN HACIHHUKIB Oripka Ta AMHI € nepdopoBaHi pelleTa, 3HaYEHHS SKMX BiANOBIAHO CKIAAA0Thb —
0,75 T1a 0,85. ONTMManbHi 3HAa4YeHHS MOKA3HMKIB AMHAMIYHMX KOEiUi€HTIB TepTs AN Oripka MaE NOBEPXHS
3 nepdopoBaHoro peweta - 0,69 Ta ans auHi 3 antoMinito — 0,88. 3anexHicTb NiHiMHOI AedopmaLii HAaCiHHEBUX
NNoLiB Big NUTOMOro TUCKY 36inbluyetbes 3 0,9 oo 3,6. 3HaueHHs aedopMalii nnoay BifL CTMCKAOYOro HaBaHTAXKEHHS
3MiHIOITBCA B Mexax Bif 4,1 no 24,6. [locnigxXeHHs, WO HAaBeAEHHI B CTaTTi MakOTb MPAKTUUYHE 3HAYEHHS | MOXYTb
6yTV BUKOPUCTaHi B ranysi CinbCbKOrocnoAapcbKoro BUPobHMLTBA Ta Npu po3pobLi HOBUX iHKEHEPHUX pilleHb
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Abstract. The benefits of international economic integration have led to an increase in the number of integration
groups. The sensitivity of the agri-food sector to liberalisation and its importance have led to the allocation of
a separate chapter in regional trade agreements. The importance of foreign trade and food security, as well as
their special significance for Ukraine, which has signed dozens of regional trade agreements and is one of the
largest exporters of certain types of agri-food products, confirm the relevance of the study. The aim of the article
is to analyse the theoretical foundations of international economic integration with a focus on the agricultural
sector, identify its specific features and develop relevant proposals. To achieve this goal, the author used the
methods of theoretical generalisation, abstract and logical, specification, analysis, and synthesis, which allowed to
study the features of international economic integration in the agricultural sector, to formulate conclusions and
proposals. The information base was based on scientific research, regional trade agreements, etc. As a result of
the work carried out, the development of international economic integration was analysed with due regard to the
agricultural sector. The article suggests allocation of the main goals of integration, their classification, definition
and substantiation of risks. Among the main objectives of integration in the agricultural sector, it is proposed
to allocate the following: ensuring the domestic demand for food of the required quality at an affordable price,
taking into account the comparative advantages of the member states, increasing exports to third countries, based
on the potential of the member states, and solving social problems. Taking into account the goals of sustainable
development and global problems of mankind, it is proposed that the main goals should also include environmental
issues and rational use of resources. The goals of integration are defined as one of the main prerequisites for its
successful development, which is confirmed by the content of the relevant treaties and agreements. In practice,
international economic integration can contribute to solving the problem of food security and development of
the agricultural sector, production, in particular through the inflow of new technologies, foreign investment, etc.
The development of intra- and extra-regional trade is envisaged as a result of harmonisation of product quality
standards, increase of its competitiveness, etc. This should be facilitated, first of all, by a clear definition of goals,
theirimplementation through an appropriate set of measures defined by country,and monitoring of implementation
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INTRODUCTION
International economic integration (IEl) is essential for  related to foreign trade, including competitiveness,
the economic development of countries. Its influence  environment, etc. That is why it is advisable to study
is growing, as it covers a wide range of issues directly the consequences of integration for certain sectors
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of the economy, in particular the agricultural sector,
given its importance for food security in Ukraine and
the world, and the specifics of production and trade
in agri-food products. This is evidenced by the func-
tioning of the Common Agricultural Policy (CAP) of the
European Union (EU), and since the beginning of the
grouping’s activity. The relevance of the study is also
confirmed by the importance of Ukraine’s agricultural
sector for the country’s economy (since a significant
share of exports of goods is accounted for by agri-food
products) and for the international community (since
Ukraine is one of the main exporters of certain types
of agri-food products). The desire to benefit from the
[El is driving the growth of integration groups in the
world, and the issues in this area have been studied by
scholars for decades.

N.Voloshko & I.Kurinna (2019) note that objective
factors encourage IEls, and among the main ones are:
the conjunctural attachment of participating countries
to the world and regional markets, market maturity and
sustainability of countries in terms of their economic
development, the existing commonality of problems
of socio-economic and scientific and technological
development, etc. O. Zayats (2020) believes that the
development of integration leads to the formation of
huge economic and competitive spaces, which lead to
an increase in the scale of production among member
countries and, as a result, strengthening the power of
the integration grouping as a whole. Moreover, each
expansion of the grouping increases its economic pow-
er in the global economy, and it redistributes global
integrated competitive power.

Some studies are also focused on the integration
processes of individual integration groups, regions and
countries, depending on their level of economic devel-
opment and economic sectors. The results allow to de-
velop the necessary proposals and recommendations
for further integration and the use of methods. Howev-
er, it is necessary to take into account the difference in
positions and conclusions of different scientists. Thus,
T. Burlai (2018) notes that the study of the modern ex-
perience of Central and Eastern European countries
shows that despite a number of advantages of such
a multisystemic development institution as European
integration, its effectiveness has clear limits. This was
particularly evident in the context of the eurozone cri-
sis, when the processes of economic convergence be-
tween the “old” and “new” EU members slowed down
significantly and the latter’s “margin of safety and com-
petitiveness” became apparent.

Due to the accession of new members,the EU is also
facing certain difficulties. A. Kobylianska (2018) high-
lights such a specific part of its policy as the Eastern
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Partnership, which is an initiative of the grouping to-
wards six Eastern European countries — Moldova, Geor-
gia, Belarus, Armenia, Azerbaijan and Ukraine. Thus,
promoting the establishment and strengthening of
multilateral cooperation between the EU and the par-
ticipating countries is one of the main objectives of
the programme. By the way, the Eastern Partnership
is similar to the EU’s Southern Partnership (which in-
cludes EU and North African countries). This leads to a
broader study of this issue.

Given the importance of the IEl and globalisation,
it is worth noting that O. Pavlov (2022) confirms the
hypothesis of their kinship and opposition, pointing to
the difference in functions and overlap, which is most
evident in the object dimension, which is expressed
through various components of the internationalisa-
tion of economic activity. At the same time, world trade
is attributed a key role, and its dynamics is constantly
changing under the influence of the international di-
vision of labour, increased competition, specialisation,
fragmentation of global value chains, and accelerating
foreign direct investment. N. Patyka (2019) notes that
the agricultural sector is increasingly involved in the IEI
processes and highlights the historically significant role
of agriculture in the development of Ukraine’s economy.

There are the many benefits of international eco-
nomic integration of countries in general, and in par-
ticular for certain sectors of the economy, which con-
tributes to its development. T. Ilchenko (2020) believes
that European integration for Ukraine is a key direc-
tion of modernisation and formation of an innovative
model of socio-economic development, attraction of
innovative technologies and investment resources, ex-
pansion of sales markets, increase of competitiveness
of producers, and creation of new jobs.

Ye.Redziuk (2021) argues that integration econom-
ic unions, which guarantee appropriate mechanisms
and instruments of institutional, financial and eco-
nomic support for national economies, increase their
resilience to external negative influences, improve in-
tra-integration interstate flows of resources, including
human, technological, and investment. These group-
ings contribute to a more systematic and powerful so-
cio-economic growth of countries through synergy, as
well as reduction of unproductive costs, prohibitions,
and restrictions. It is emphasised that with the growth
of the EU’s gross domestic product (GDP) by USD 1 per
capita, the foreign trade turnover of all goods will in-
crease by 0.887 USD. The bilateral turnover of agricul-
tural goods will increase by 1.693 USD. However, the
increase in Ukraine’s GDP has a much smaller impact,
which is explained by the difference in the size of the
economies of Ukraine and the grouping.

Ukrainian Black Sea Region Agrarian Science, 28(1), 40-51

41



42

Agrarian integration: Theoretical foundations

The purpose of the study was to analyse the de-
velopment of international economic integration with
due regard to the agricultural sector, the specifics of
individual integration groups, and to develop proposals
for classifying the goals of integration and identifying
its risks. The methodological basis of the work was the
dialectical method, which allowed for a comprehensive
study of agrarian integration, taking into account its
impact on activities within the economic process. The
methods of historical and economic analysis were also
used to study the development of agrarian integration,
in particular, to identify the causes and features of its
evolution in Western Europe. To achieve this goal, the
abstract and logical method was also used to study the
theoretical foundations of agrarian integration, and the
historical method was used to analyse the development
of IEl and to formulate relevant scientific views. The
methods of theoretical generalisation, specification,
analysis and synthesis allowed to identify the features
of international economic integration in the agricultur-
al sector, summarise the results of the work, draw con-
clusions and develop proposals for further research and
development.The material basis of the work was formed
by scientific works of Ukrainian and world scientists, re-
gional trade agreements in general and with the par-
ticipation of Ukraine, statistics of international organi-
sations (TradeMap..., n.d.), materials of the World trade
organisation (n.d.). The study paid special attention to
the issues of agrarian integration, determining its im-
portance for the development of the economies of the
member countries of integration groups, in particular in
terms of production, addressing the issue of domestic
food security, deepening foreign trade, employment, etc.

DEVELOPMENT OF THEORETICAL
APPROACHES TO THE STUDY
OF INTERNATIONAL ECONOMIC INTEGRATION
The development of international economic integration
has led to a deepening of its study by scholars from
different countries. B. Balassa (1962) made a signifi-
cant contribution to the development of the IEI theory
by identifying individual forms of integration and also
studied the European common market. J. Viner (1950)
analysed in depth the peculiarities of the customs union
(CU), highlighted the effects of trade creation and rejec-
tion. G. Myrdal (1969), in addition to economic issues,
paid special attention to social issues. The scientist ar-
gues that an economy is not integrated if all paths are
not open to everyone, and if the remuneration for pro-
ductive services is not equal for everyone, regardless of
racial, social and cultural differences. R.G. Lipsey (1957),
analysing the CU, takes into account trade distortions
and notes the welfare gains and consequences for the
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consumer. P. Sabluk et al. (2010), studying regional in-
tegration, analyse the common goals of the groupings,
trade in agricultural products, etc.

Since international economic integration has
reached its greatest development in the EU, much of
the research focuses on this grouping. For example,
O. Bilorus (2008), studying the impact of globalisation
on European integration processes and the compar-
ative competitiveness of European integration struc-
tures, notes that the growing role of international un-
ions and groups in the world economy is one of the
most important consequences of globalisation. The
scientist considers EU integration strategies as a factor
of increasing the competitiveness of the economy, and
also assesses the consequences of EU enlargement for
the members of the grouping and Ukraine. O. Shnyrk-
ov (2005) draws attention to the contradictory im-
pact of free trade agreements on the development
of trade liberalisation, analysing the EU trade policy.
K.Mann (2015) describes how the process of European
integration of Central and Eastern European countries
since the 1990s has affected their GDP growth and
concludes that it has been beneficial.

Other scholars have focused more on Ukraine’s in-
tegration. Thus, M. Puhachov & A. Melnyk (2014) note
that in case of creation of a free trade area with the EU,
Ukraine will receive a number of benefits, including an
increase in the level of technological support of agro-in-
dustrial complex (AIC) enterprises, acceleration of the
development of institutional and market support of AlC
enterprises, etc. O. Yatsenko et al. (2017) predicted the
impact of the free trade area with the EU on the agricul-
tural sector of Ukraine, in particular, they used a gravity
model and identified new opportunities. Among the ad-
vantages are new opportunities for cooperation, inte-
gration of agricultural policy into the European one, etc.

Integration affects the development of individual
industries, so sectoral integration is also being studied
due to the benefits of international economic integra-
tion, including foreign trade liberalisation, prospects
for new technologies, increased competitiveness, etc.
However, the possible losses for individual industries
should also be taken into account, so it is advisable to
emphasise the importance of sectoral integration and
its impact on the overall integration. Particular atten-
tion should be paid to agricultural integration, given
the importance of the sector, its impact on related
industries, and its importance, first and foremost, for
Ukraine, which is one of the world’s largest exporters
of certain types of agri-food products. A. Filipenko &
V. Filipenko (2013), studying the theories of the IEl,
note that the concept of selective integration allows
grouping members and third countries to participate in



certain integration activities, depending on economic
and political circumstances.

The concept of partial membership, according to
which a country may participate in certain areas, does
not require full participation in comprehensive integra-
tion,and is correlated with Schuman’s theory of sectoral
integration, which was popular in the first half of the
1950s (he initiated the creation of the European Coal
and Steel Community and Euroatom, which later joined
the European Economic Union) (Fedoryshyn, 2007). The
concept of partial membership, which provides for the
possibility of countries’ participation in certain areas
(e.g., joint foreign trade), is close to this theory (Filipen-
ko & Filipenko, 2013). In the work of V. Ruban (2016)
discusses the views of various scholars on this issue.
For example, D. Mitrani believes that sectoral integra-
tion is gradually transforming into a new system with
an autonomous institutional structure (his theory is
confirmed by the evolution of European integration re-
lations from the sphere of coal, steel and nuclear en-
ergy (European Coal and Steel Community, Euroatom)
to the broad competence of European communities in
the field of foreign economic relations of the European
Economic Community and later the EU. E. Khaas, who
first introduced the theory of neofunctionalism, which
linked integration to the revival of social processes and
the activities of political groups, noted that integration
processes change not only the form but also the con-
tent of activities, and the phenomenon of sectoral inte-
gration is gradually evolving into a new system with an
autonomous institutional structure (Ruban, 2016).

L. Sadula (2012) considered the views of the sci-
entist Zh. Mone, the initiator of the European Atomic
Energy Community (Euroatom). He believed that Euro-
pean unification should start with the economy, and de-
fended “sectoral integration” rather than general inte-
gration, since integration in one sector would stimulate
neighbouring sectors, which would eventually lead to
general integration. The latter, under the right condi-
tions, would replace sectoral integration as the engine
of European unification (Sadula, 2012). A. Mokii, the au-
thor of the sectoral-regional model of integration, notes
that this model corresponds to the tendency to formal-
ise the inter-corporate division of labour, in which the
most effective forms of territorial and production coop-
eration, industrial and commercial associations, special
economic zones and economic activity regimes spread
over a certain territory, industry, field of activity, etc.
are the most effective (Fedoryshyn, 2007). A study by
the Razumkov Centre (2020) considered sectoral inte-
gration as a large-scale, multi-speed and multi-vector
process. Thus, sectoral integration is important for the
economic development of countries and international
economic integration in general.

Kryvenko

AGRICULTURAL INTEGRATION: DIFFERENCES
IN THE PROCESS IN DIFFERENT REGIONS
OF THE WORLD AND THE EU

Agrarian integration has a special place, given the im-
portance of the sector and the specifics of agri-food
trade.V.Sidenko (2008) notes that sectoral integration
develops largely under the influence of the develop-
ment of direct, not necessarily market-based, linkages,
and is usually closely linked to the respective sectoral,
namely industrial or agricultural policy, with their in-
herent measures to regulate markets and competition.
And this alternative type of integration, up to a cer-
tain limit, is fully compatible with market integration
of the economy as a whole, as evidenced by the EU’s
experience in implementing the Common Agricultural
Policy and the Common Industrial Policy in a number
of problematic sectors, including coal and metallurgy.
Yu. Khan (2016) believes that the goal of integration
is to increase mutually beneficial activities and gain
competitive advantages in the agricultural market for
the free movement of goods, technologies, labour, cap-
ital, etc. To a large extent, the level and dynamics of
the agricultural sector’s development determine the
growth opportunities for related industries, resources
for the agricultural sector, the processing industry and
the agri-food market. An important integration com-
ponent in this system is the grain market.

J. Goto (1997) studied the impact of integration
on agricultural trade and suggested that the higher
the degree of pre-integration protection and the low-
er the degree of product differentiation, the greater
the impact of integration. This was tested in two EU
enlargements — the accession of Greece in 1981 and
Spain and Portugal in 1986 - and the evidence gen-
erally supported the theory. 0.A. Shobande (2019) an-
alysed the impact of economic integration on agricul-
tural exports in selected West African countries and
found that increased openness has a positive impact
on the countries of the region. According to the study,
population growth, the level of openness to interna-
tional trade, etc. were among the most reliable factors
determining agricultural exports in West Africa, but a
negative impact was also identified.

0. Radchenko (2019), studying the IElI of the
agro-industrial complex of Ukraine, notes that the
process of integration into the European economic
space will allow to implement market economic re-
forms and overcome the crisis that is typical for al-
most all sectors of the economy; to join forces to solve
ecological and environmental problems, etc. D. Krysa-
nov (2018) believes that of all the problems that need
to be solved to intensify the integration of Ukraine’s
agricultural sector into the EU internal market, it is ad-
visable to divide them into two: those that are already
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being completed and those that require deeper analy-
sis and detail. It is worth noting that there have been
positive developments, in particular, in the formation
of a single regulatory space and gradual progress to-
wards the integration of Ukrainian agricultural entities
into the EU internal market. T. Zhytnyk (2018) analyses
innovations in the agricultural sector in the context of
European integration, noting that European countries
such as the Netherlands and Germany are among the
leaders of global innovations in Agritech.

Integration affects not only the development of
trade, but also individual industries. This is also con-
firmed by the regional agreements concluded be-
tween the countries, which have separate sections,
in particular on the agricultural sector. For example,
in the fifth section of the Association Agreement be-
tween... (2014): economic and sectoral cooperation,
in particular in the field of energy, including nuclear
energy (Chapter 1), environment (Chapter 6), science
and technology (Chapter 9), agriculture and rural de-
velopment (Chapter 17); in the Agreement “On Free
Trade...” (2018), which refers to special protection
measures and export subsidies for agricultural prod-
ucts, the establishment of a Subcommittee on Agri-
culture (Chapter 2), and the environment (Chapter 12);
the Free trade agreement between...(2010) states that
“the parties shall establish a free trade area by con-
cluding this Agreement and additional Agreements on
Agriculture”. Ukraine has also concluded these trade
agreements, which confirms that the study of the ag-
ricultural sector and the development of internation-
al economic integration is quite relevant, as it is one
of the largest exporters of certain types of agri-food
products: cereals (5.2% of world exports, 8th position),
sunflower seeds (26.2%, 1st position), honey (5.2%,
5th position), etc. (Trade Map..., n.d.). In addition, the
agreements separately highlight issues of the agricul-
tural sector, trade policy, etc.

The EU’s agrarian integration has allowed it to
achieve its goals and remain among the world’s larg-
est exporters for decades. Therefore, it is advisable
to analyse it, paying attention to the EU’s Common
Agricultural Policy. Thus, I. Klymenko et al. (2011) ar-
gue that the EU CAP in a broad sense is a direction
of the grouping’s common policy, which is focused on
the adoption of economically feasible and effective
regulations that contribute to the competitiveness of
agriculture and rural development, improvement of
legal regulation of relations in the agricultural sector,
etc. P. Nesenenko & K. Tonia (2021) note that the im-
plementation of the EU’s Common Agricultural Policy
was based on the preconditions formed by the conse-
quences of the Great Depression of 1929-1933 and
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the state of the economy in the postwar period.

N. Stezhko (2014) emphasises that the historical
preconditions for the development of Western Europe
became the basis for the introduction of international
cooperation experience in the agricultural sector. The
countries had narrow domestic markets and a high
level of economic development. Seeking to remove
the obstacles to the unification of internal markets
and common economic policies, the countries sought
to overcome the contradictions caused by existing na-
tional barriers that prevented effective engagement
in the international division of labour (IDL) and trans-
nationalisation of production and capital. They had
roughly the same level of income, a high level of inter-
regional trade, a high degree of industrialisation, and
favourable conditions for intra-industry specialisation
and cooperation, which allowed them to resolve the
existing contradictions. Thus, the ruling circles of
Western European countries were concerned about
the trends in the development of the agro-industri-
al complex, which led to a way out of the situation
with the help of international economic unions and
agreements. N. Stezhko (2014) also believes that the
IEI creates favourable conditions for the development
of the world food system and solving food problems of
countries at different levels of economic development,
as well as new export opportunities,and enhances the
flow of technology and foreign capital. Value chains
are also connecting markets on a global scale, and
a new agriculture of high-value goods has emerged.
Regional markets are also opening up for traditional
crops, in particular in the Common Market of South
America (Mercosur) and Africa.

S. Piasetska-Ustych (2016) points out that the
stages of formation and development of the CAP are
inextricably linked to the processes of integration
from simple to complex forms, i.e. from the preferen-
tial food trade area to the common economic mech-
anism for regulating the agricultural sector. Thus, at
the inception of the CAP, national governments had
autonomy to influence their agricultural sector, but
later supranational institutions for regulating agri-
cultural production were formed. The highest form of
integration is already the delegation of CAP powers to
special governing bodies and other institutions of the
grouping. Moreover, the CAP is constantly being mod-
ernised. Since the 2000s, the leading idea of the CAP
has been to ensure the sustainable functioning of the
grouping’s agricultural sector by financing rural de-
velopment and strengthening environmental protec-
tion and agricultural product safety requirements. By
the way, the CAP has changed at different stages. For
example, V. Lypchuk & N. Lypchuk (2012) identify the



main priorities of the CAP, which were defined by the
European Commission in a communication of Novem-
ber 2010: payback of food production, balanced use
of natural resources, and balanced territorial develop-
ment. That is, the CAP covers not only trade and pro-
duction issues.S.Kvasha & K.Kvasha (2013),analysing
the development of agriculture in the EU, summarise
the consequences of changes in the CAP: despite the
small size of farms, producers in the grouping have
achieved extremely high productivity, and the trend
towards increasing production scale remains.

At the same time, S. Kvasha et al. (2014), consider-
ing the general factors of EU agricultural development,
noted that during the implementation of the Common
Agricultural Policy, special attention was paid to the
issues of agricultural support. T. Zinchuk (2008), stud-
ying the issues of European integration and adapta-
tion of the agricultural sector, noted the division of
agricultural policy into agricultural and food policy.
V. Lypchuk & N.Lypchuk (2012) point out proposals for
changes in the main instruments of the CAP (regarding
the use of direct payments, market-based instruments,
and rural development). The proposal is to introduce
a so-called “green” payment component for producers
who fulfil three tasks: diversification of agriculture, i.e.
farms with an area of more than 3 hectares should
produce at least three crops, and each of them should
not exceed 70%; preservation of natural fodder lands;
and designation of at least 7% of the land used for
nature conservation activities.

Increasing the food supply
of a single country

Solving social problems

Objectives
of agricultural

Development of related industries

Kryvenko

PREREQUISITES FOR EFFECTIVE DEVELOPMENT
OF AGRARIAN INTEGRATION AND
ENVIRONMENTAL PROTECTION IN EU POLICY

A country’s economy is a complex structural organism
that unites various industries, internal regions, and in-
stitutional sectors, the potential and structure of which
differ. Each of them is characterised by its own process-
es of generation and distribution of effects, which the
macroeconomic effect usually masks. A significant dis-
crepancy between the global (macroeconomic effect)
and some local optima (for certain industries and re-
gions) may undermine the stability of the economy in
free trade zones even if the total macroeconomic effect
is positive (Shnyrkov et al., 2013).

For the effective development of integration, the
correct setting of goals is of particular importance.
Thus, P. Nesenenko & K. Tonia (2021) note that almost
40% (€59 billion per year) of the EU budget is spent an-
nually to achieve the CAP goals, with the total budget
expenditure proportional to the agricultural production
of the grouping countries and the size of the cultivat-
ed area. France (29 million hectares), Spain (24 million
hectares) and Germany (about 17 million hectares) have
the largest cultivated agricultural area. Therefore, con-
siderable attention should be paid to the development
of IEIl in the agricultural sector, its impact on trade, pro-
duction, as well as product quality and social issues.
Agrarian integration involves achieving a number of
goals, and it is proposed to highlight the priority ones,
which are presented in Figure 1.

Accelerating the harmonisation of national
standards with international ones

Increasing of food
supply for the group

Increasing competitiveness

Development of trade
relations within the group

integration

Growth of investments from member
states and third countries

Increasing positions
in the global market

Improving legislation

Raising the level of scientific research
and introducing new technologies

Promoting the development
of organic production

for the agro-industrial complex

Imports of products that are not consumed
in the country due to the impossibility
of production and high trade barriers

Solving the environmental problem

Helping poor countries

Increasing imports
of cheaper resources

Increase in the product mix
of finished goods exports

Figure 1. Goals of international agricultural integration

Source: author’s development
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At the same time, the goals of integration are
one of the determining prerequisites for its effective
development, which can be confirmed by the con-
tent of regional trade agreements (RTAs). PA. Sam-
uelson (1993) noted that the argument in favour
of free trade is based on the fact that international
specialisation makes it possible to increase labour

productivity in accordance with the law of compar-
ative advantage. This makes it possible to increase
the volume of world production, and all countries
can raise their living standards. This confirms the ex-
pediency of trade liberalisation in integration groups.
The classification of agricultural integration goals is
shown in Figure 2.

Objectives of agricultural integration
depending on the impact on:

Production
Consumer

Specialisation

Solving global problems
Co-operation

Food aid
(aid to poor countries)

Energetic

Environmental

Trade
Manufacturer

Intra-regional

Addressing social issues

in the countries of the With third countries

Unemployment

Development of rural areas

Figure 2. Classification of goals of international agricultural integration

Source: author’s development

Agrarian integration is proposed to be defined
as the unification of agricultural markets to increase
their competitiveness, harmonise quality standards,
and jointly solve the food problem of the grouping and
partly the world, taking into account the comparative
advantages of the member states, their production
and export potential. In addition, integration can con-
tribute to the development of the agricultural sector
and production in general, in particular through in-
creased foreign investment, new technologies, etc. At
the same time, it is worth considering the possibility of
a decrease in production, which may be caused by the
liberalisation of foreign trade and decisions taken in
integration groups.

Along with the introduction of new technologies
and increased labour productivity as a result of integra-
tion, there is a possibility of a reduction in employment
in agriculture. Thus, IEl can have a significant impact on
the economic development of the country as a whole
and its individual sectors, and it can also lead to certain
threats. Risks from IEl are an important factor in deter-
mining the feasibility of integration. V. Sidenko (2008)
concludes that the optimal use of potential benefits
from integration, as well as the neutralisation of new
risks, depend on the extent to which national policies
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of the participating countries focus on ensuring inno-
vation and national competitiveness in an open eco-
nomic environment. S.V. Piasetska-Ustych (2016) notes
that an additional risk for the CAP is that no reliable
mechanism has been developed to prevent the trans-
formation of agriculture in less developed countries
into a raw material zone of the “old core” of EU leaders.

A. Nin-Pratt & X. Diao (2014) assessed the impact
of the Southern African Development Community free
trade agreement on agriculture. They found negative
welfare effects for regional importers due to increased
imports from inefficient regional producers, and to in-
crease the benefits, it is necessary to implement region-
al policies that go beyond regional agreements, in par-
ticular those aimed at increasing investment, product
diversification and agricultural productivity.

O. Popko (2019) notes that Ukraine’s involvement
in integration and global processes has new opportu-
nities, but also risks and threats, and it is impossible
to formulate a national strategy for integration into
the world economic space if they are not taken into ac-
count. In addition, an assessment of the real state of the
country’s economic complex, its individual sectors and
its own capabilities is a prerequisite for a timely and
appropriate response to such challenges, reorientation



of producers to new international markets with an in-
crease in exports of value-added goods. I. Klymenko et
al.(2011) point out that the Common Agricultural Policy
combines elements of foreign trade, regulatory, market,
price and structural policies and argue that the CAP is
both a “best practice” and a risk factor for Ukraine. This
is true for virtually all countries that integrate or join an
already functioning grouping.

In view of the above, integration risk in the con-
text of agricultural integration, and international eco-
nomic integration in general, should be viewed as the
probability of losses at the macro, meso, or micro levels.
Risks can be: 1. rejection of trade; 2. reduction of ex-
ports to third countries (prevention - do not increase
trade barriers for them); 3. risk of lost opportunities
due to the inability to integrate with another grouping;
4. risk of losses when leaving the grouping; 5. risk of
reform costs, and even the possibility of their ineffec-
tiveness. Risks may arise from a harsh protectionist pol-
icy towards third countries, rapid liberalisation within
the grouping, etc. Risks of agricultural integration are
growing as the sector depends on natural and climatic
conditions, price fluctuations, etc. Therefore, it is advis-
able to investigate the possibility of specific risks and
try to avoid them at the stage of concluding the RTA, as
well as by developing appropriate mechanisms to be
applied in case of their occurrence.

The Treaty establishing the European Communi-
ty (1957) states that the common market covers agri-
culture and trade in agricultural products (Article 32),
and defines the objective of the common agricultural
policy (Article 33). This means that the importance of
the agricultural sector and trade in agri-food products
in the EU is not decreasing, which is confirmed by the
grouping’s policy both at the initial and subsequent
stages of integration. However, the higher the level
of integration, the deeper and wider its impact on the
agricultural sector, related industries and the devel-
opment of the economy as a whole, and not only the
economy, but also, for example, the environment. By the
way, V. Kachuriner (2022) emphasises that achieving a
balance between compliance with environmental reg-
ulations and competitive agricultural products is a key
focus of EU policy. In addition, the link between agricul-
ture and the environment is based on the concept of
“sustainable agriculture”.

N. Bobytskyi (2020) mentions the EU’s European
Green Deal (EGD) programme, which primarily concerns
the agricultural sector and industry, and aims to make
the European continent environmentally neutral by
2050. The scientist assumes that EU companies will be
protected by phytosanitary regulations and carbon tar-
iffs,aswellas receive significant financial support,which

Kryvenko

will increase competition for Ukrainian producers. It is
worth noting that the EGD will stimulate organic farm-
ing in the agricultural sector, and Ukraine is a leader in
exporting organic products to the grouping. Moreover,
while the latter has limited opportunities for extensive
expansion of its agribusiness, Ukraine has a significant
growth margin. N. Fedorchuk (2021) concludes that
most of the obligations under the EGD are financially
unaffordable for agricultural producers, so the EU is al-
locating just over a trillion euros by 2050 to implement
the agreement for producers in the grouping alone.

S. Shcherbyna (2021) states that in the field of ag-
ricultural production, the EU’s top priorities are to re-
duce environmental impact and comply with European
quality standards. Although the pace of EGD implemen-
tation has slowed due to the priority of responding to
COVID-19, the European Commission has emphasised
that the recovery should be focused on a more sus-
tainable, green and digital Europe, with solutions that
benefit the economy as well as the environment. This
approach was supported by a number of EU countries,
including France and Germany. This shows that agricul-
tural integration has a significant impact on the eco-
nomic development of member states, the agricultural
and related sectors of the economy, as well as trad e,
and the higher the level of integration, the wider and
deeper the impact.

Taking into account the significant impact of agrar-
ian integration in different periods, which is confirmed
by the research of various scholars, it is of particu-
lar importance to define the goals of integration, the
methods to achieve them, in particular the possibility
of developing individual programmes for specific coun-
tries, taking into account their comparative advantages,
as well as monitoring their implementation and results.
This will allow adjusting the relevant measures and
setting new goals.

CONCLUSIONS
The analysis shows the existence and expediency of
studying agrarian integration as a component of in-
ternational economic integration. Thus, agrarian inte-
gration is a consequence or goal of the association of
countries through liberalisation of foreign trade within
the grouping, development of strategies and introduc-
tion of appropriate mechanisms, with the aim of im-
proving food security of the grouping, increasing ex-
ports both within and outside the grouping, increasing
labour productivity, applying new technologies and
improving the living standards of the rural population
and agricultural workers. The article reveals that one of
the main prerequisites for the effective development of
integration in the agricultural sector is the definition of
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its objectives, as evidenced by the articles of certain re-
gional trade agreements. In addition to the importance
of defining the goals of integration, its development
largely depends on the development of methods for
achieving them, with the definition of programmes, tak-
ing into account the characteristics of member coun-
tries and mandatory control over their implementation
and results. The development of the agricultural sector
is particularly influenced by international economic in-
tegration, which is driven by changes in trade policy,
increased access to new technologies, increased for-
eign direct investment, increased competition, etc. The
impact of integration may also affect the volume of ag-
ricultural production, with growth or decline depending
on the decisions made within the associations. Agrarian
integration is proposed to be viewed as the unification
of agricultural markets to increase their competitive-
ness, harmonise quality standards, and jointly solve
the food problem of the grouping and partly the world,

sector. The impact of agrarian integration can have a
significant impact on foreign trade in agri-food prod-
ucts within and outside the grouping, so it requires
harmonisation of quality standards, increasing its com-
petitiveness, identifying products that need the most
protection at the beginning of integration, etc. Particu-
lar attention should be paid to identifying the risks of
agricultural integration, the likelihood of their occur-
rence, and the justification of methods and measures to
reduce or eliminate them. In the future, it is advisable to
deepen the theoretical foundations of agrarian integra-
tion, its impact on international economic integration
in general, methodological approaches to assessing the
integration of agricultural markets, the specifics of re-
gional trade agreements on trade in agri-food products
between partner countries and their importance for the
development of the IEI.
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ArpapHa iHTerpauia: TeopeTU4Hi 3acagm

Hagpis BacunisHa KpuseHko

KaHanpaT eKOHOMIYHUX HAYK, CTapLUMIA HAYKOBMI CNiBPOBITHUK
HauioHanbHMI HAyKOBUI LLEHTP «IHCTUTYT arpapHOi EKOHOMIKM»
03127, Byn. lepois O6opoHu, 10, M. Kunis, YkpaiHa
https://orcid.org/0000-0003-3439-432X

AHoTtauif. Buroam Big MiXkHapoOHOI €KOHOMIYHOI iHTerpauii 3yMOBMAM 36inblUEHHSI KiNbKOCTI iHTErpauinHmMx
yrpynyBaHb. YyTnunBiCTb arponpofoBObYOr0 CEKTOpPY [0 Nibepanisauii Tamoro BaXIMBiCTb 3yMOBUAW BUAINEHHS
OKPEMOro po3AiNny B perioHaNbHUX TOProBeibHUX Yyroaax. BaxknMBiCTb 30BHILLHbOI TOPriBAi, NPOA0BONLYOI He3nekwy,
a TAKOX iX 0CO6NMBE 3HaUeHHs AN YKpaiHu, aKa Nignucana AecaTku perioHanbHUX TOProBeSIbHUX Yrof Ta € O4HUM 3
HaMbiNbWMX eKCNOpTepPiB OKPEMMUX BUAIB arponpoaoBObYOi NPOAYKLIi, NiATBEPAXYOTb aKTyanbHICTb AOCNIAXKEHHS.
MeToto CTaTTi € aHANi3 TEOPETUYHMUX 3aCaL MiXXHAPOAHOT EKOHOMIYHOI iHTErpaLii 3 BUAINEHHSM arpapHOro CEKTopy,
BMSB/IEHHS 0CO6/MMBOCTEN Ta po3pobka BiANOBIAHWMX NPOMO3UUIN. [ns AOCATHEHHS METM BUMKOPWUCTOBYBASIUCH
MEeTOAM TEOPETUYHOro Yy3arajibHeHHS, abCTPaKTHO-NOTiYHMIA, KOHKpeTM3aLii, aHanily, cuHTe3dy, fKi [403BOAUAU
[OCniguTM 0COBAUBOCTI MiXKHAPOAHOI €KOHOMIYHOI iHTerpauii B arpapHoMy cekTopi, ChOpMyBaTM BMCHOBKM Ta
npono3uuii. IHhopmauiiHo 63300 CyryBanu HaykoBi AOCNILXKEHHS, perioHanbHi TOproBenbHi yroam Ta iH. B
pe3ynbTaTi NpoBeAeHOi poboTH MpoaHani3oBaHO PO3BMTOK MiXKHAPOAHOI €KOHOMIYHOI iHTerpauii 3 BpaxyBaHHAM
arpapHoOro CekTopy. 3anponoHOBAHO BMAINEHHS OCHOBHMX Linen iHTerpauii, ix knacudikauito, ii BU3HAUYEHHS
Ta 06rpyHTOBaHO pu3mkn. Cepen OCHOBHMX LUinen iHTerpauii B arpapHoMy CEKTOpi MPOMOHYETbCS BUAINATU
3abe3neyeHHs BHYTPIlIHbOI NOTpebu y NpoaoBONLCTBI HEOOXiAHOI AKOCTI 33 AOCTYMHOK LiHOK 3 BpaxXyBaHHSM
NOpPIBHANBHUX NepeBar KpaiH-uneHiB 06€QHaHHS, 30iNbLIeHHs eKCnopTy A0 TPeTiX KpaiH, BUXOASUYM 3 MOTeHLiany
KpaiH-y4acHM1Lb, Ta BMPILLEHHS couianbHMX npobnem. BpaxoBytoun Lini ctanoro po3suTKy Ta rnobanbHi npobnemu
N0ACTBA, NPOMOHYETHCA A0 OCHOBHMX Linen BiAHOCUTM TAKOX MUTAHHS €KONOorii Ta paLioHanbHOr0 BUKOPUCTAHHS
pecypcis. Llini iHTerpauii BU3Ha4YeHO 9K O4HY 3 OCHOBHMX NepeayMOB ii YCMilWHOrO pO3BUTKY, WO NiATBEPAXKYETLCS i
3MICTOM BiZNOBIAHMX AOrOBOPIB, yroA. Ha npakTuui, MixkHapOAHa EKOHOMIYHA iHTErpauia MoXe CNpuUsTU BUPILLEHHIO
npobaeMu NpoaoBosibdOi 6e3nekn Ta po3BUTKY arpapHOro CEKTOpY, BUPOOHMLITBY, 30KpEMA Yepe3 HAAXOKEHHS
HOBMX TEXHOMOTiN, iIHO3EMHUX iHBECTMLIN Ta iH. MNepenbayvyaeTbcs PO3BMTOK BHYTPILIHbO- Ta MO3aperioHanbHOi
TOpriBni BHaCNiAOK rapMoHi3alii cTaHAapTiB SKOCTI MPOAYKLUii, NiABULLEHHS §i KOHKYPEHTOCMPOMOXHOCTI Ta iH.
LiboMy, nepeayciM, MatoTb CNPUSTU YiTKE OKpECNeHHA Linen, ix peanisauis yepes BignNoOBiAHWMI KOMNIEKC 3aXO0AiB,
BM3HAYEHMX NO KpaiHax, Ta KOHTPOJb 3@ peani3aLi€l

KntouyoBi cnoBa: MixXHapoaHa eKOHOMIYHA iHTErpaLia; arpapHUi CekTop; Wini; pusmnk
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sources of income. Therefore, the study of possible cross-sectoral adaptations of farms is a relevant research topic.
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into the formation of adaptation mechanisms in the strategic perspective. The author substantiates the need
for systematic and continuous monitoring of threats and invasions by systematising traditional and forecasting
new risks. The key determinants of foresight adaptation under the influence of global trends are formulated. The
mechanism of its implementation is presented through the identification of areas of intersectoral adaptation.
The study is of practical value, generating information for farms, rural communities, stakeholders and potential
investors who can benefit from the foresight of prospects and expectations formed in the context of cross-sectoral

adaptation of farms in the post-war period

Keywords: innovations; diversification; foresight adaptation; economic security; inter-sectoral partnership;

agrotourism; land management

INTRODUCTION

In today’s world, climate change, market and techno-
logical transformations pose new challenges for rural
producers. Understanding and improving the cross-sec-
toral adaptations of Ukrainian farms is key to ensuring
the productivity, efficiency and sustainability of the ag-
ricultural sector, especially in the context of growing
military threats and losses from military aggression.
Therefore, the study of intersectoral adaptations of
farms is relevant.

The key role of farms in the development of the
economy of territorial communities and the country as
a whole is confirmed both in the academic field and
by the government’s stimulating policies. For example,
G. Kukel et al. (2020) emphasised the significant social
role of farming, which contributes to the creation of a
significant number of jobs in rural areas. Farming as a
source of investment in infrastructure, development of
the rural economy, as well as contributing to the sus-
tainability of local communities through taxes paid is
reflected in the works of N. Bakhur (2020) and N. Bulav-
inova et al. (2021). The multiplier effect of developed
farming (in particular, the positive impact on food pro-
cessing, logistics, trade, transport, tourism, etc.) is ana-
lysed by P. Bhattacharyya (2022).

The intersectoral adaptation of farms in the context
of war is a complex and relevant topic, especially in the
context of the current situation in Ukraine. The topic
presented is cross-disciplinary, as it is at the intersec-
tion of scientific approaches of the agro-industrial com-
plex and a set of industries that diversify farm activities:
technology and innovation; transport and logistics; ag-
ritourism; food processing and consumption; marketing
and outsourcing; land management; financial institu-
tions; healthcare, etc. Therefore, research papers that
consider areas of cooperation and partnership with
other sectors of the economy that contribute to the for-
mation of additional sources of income for farms and
the development of rural (local) communities are valu-
able for the study. Thus, there are many developments
in the agricultural sector in the academic field. Current

research covers digitalisation (Bacco et al., 2019) and
the use of artificial intelligence (Holzinger et al., 2023).

The escalation of a full-scale war on the territory
of Ukraine poses challenges for farms and agriculture
in general. Thus, online analytics shows the adaptabil-
ity and ability to overcome war risks: Ukraine increased
the share of agricultural imports to the European Union
by 11% in January-September 2023 compared to last
year (Tomczyk, 2023) and became the third largest sup-
plier of agricultural products after Brazil and the United
Kingdom (Prysiazhna, 2023). It is an indisputable fact
that the war has had a significant negative impact on the
agricultural sector and agriculture in the country: de-
struction of agricultural production and processing in-
frastructure; agricultural machinery, crops and animals;
loss of labour potential due to displacement and mobi-
lisation; destruction of grain storage facilities and stor-
age infrastructure; logistical difficulties; contamination
and unusable land; embargoes on European markets -
all these factors make it important to develop strategies
to ensure the sustainability of the agricultural sector.

The need to develop mechanisms for adapting to
the challenges of war and restoring agriculture in the
post-war period is generating relevant interests among
scientists, professionals and local communities. From a
scientific point of view, these mechanisms need to be
developed with the understanding that the “non-stand-
ard” reality of the Ukrainian economy, new problems
and challenges cannot be solved by traditional ap-
proaches, and therefore require innovative thinking.
First and foremost, this concerns Ukraine’s positioning
in the global world as an agrarian and digital state,
which is characterised by the integrated development
of industries and intellectual potential. Therefore, an
empirical study of cross-sectoral adaptations is an im-
portant task for the recovery of agriculture, a signifi-
cant share of which is represented by farms in Ukraine.
Accordingly, the aim of the study was to examine the
strategies and mechanisms used by farms in Ukraine
to successfully adapt to the challenges posed by the
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military conflict. The article is aimed at identifying the
best ways to support and develop the agricultural sec-
tor in the face of unpredictable economic and social cir-
cumstances, contributing to the sustainable function-
ing of the industry in the context of military instability.

MATERIALS AND METHODS
The study is based on the interpretation of the theory and
practice of intersectoral adaptations of farms in Ukraine.
In this context, the research methodology is aimed at in-
terpreting operational definitions and modelling key ap-
proaches to the formation of intersectoral adaptations of
Ukrainian farms in the context of war.

The semantic analysis and contamination of the defi-
nitions of “adaptation” and “foresight” allowed to estab-
lish a link between the concepts and formulate an un-
derstanding of the context of “foresight adaptation” The
application of an integrated approach to the research
methodology, consistent with the concept of “foresight
adaptation”, allowed not only to analyse the aspects of
farm survival during martial law, covering economic, so-
cial, environmental and other factors, but also to identify
hypothetical areas of their adaptation through the use of
cross-sectoral activities.Accordingly,the key approaches to
intersectoral adaptation of Ukrainian farms were formed,
which determined the focus of the study and priorities
in the formation of foresight adaptations. A partnership
model was also constructed, which focused on the key
actors in the process of intersectoral adaptation of farms.

The analysis of the functioning of farming in Ukraine,
which is seeking ways to survive and adapt during the war,
is a multidimensional task complicated by a large num-
ber of factors affecting agriculture. The applied method
of statistical data analysis allowed to get an idea of the
dynamics of the number of farms, their activities, and to
highlight the problems, needs and strategies for survival
during the war. It is important to keep in mind that the
data obtained is not fully representative, and only field
research and on-site observations can provide more de-
tailed information about the conditions faced by farmers
during the war. This is due to the lack of complete offi-
cial statistical reports. In determining the prospects for
farm development, the dynamics of the number of farms
during the military timeframe was analysed: from the be-
ginning of the war in Ukraine to the date of the study
(2014-2024), which operated under the threat of escalat-
ing hostilities and formed strategies for adaptation and
development. The article assesses the stimulating in-
teractions between the agro-industrial complex and the
state based on the analysis of expenditure items from the
Ukrainian budget for the agro-industrial complex in 2024.

The application of the horizon scanning method
confirmed the positive prospects for the development of
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farming in the post-war period. Based on the analysis of
global trends in agriculture, digital innovations, etc., the
directions of revitalisation of the agricultural sector were
identified. The reference modelling helped to identify ar-
eas for inspiring cross-sectoral adaptations of Ukrainian
farms and diversification of their activities. The main risks
and areas of their management, in particular through in-
tersectoral partnerships,were characterised.Arobust pro-
cedure for exploratory and confirmatory analysis of the
study of cross-sectoral adaptations was applied to a data-
set collected through the processing of official statistics
(Ministry of Agrarian Policy and Food of Ukraine, 2022;
Ukrstat, 2024), as well as online data sources.

It should be noted that this study has a number of lim-
itations that reveal issues that require additional research.
Firstly, as of the beginning of 2024, many areas of priority
agricultural development are under occupation and suf-
fer from destruction. Therefore, it is difficult to assess and
predict the extent of the damage. Secondly, due to the un-
certain timeframe of the war escalation and the impossi-
bility of quantifying losses and damage to land resources,
material and technical resources, and the infrastructure
of the agricultural sector, statements of foresight adap-
tations remain a priori probabilistic. Thirdly, analytics on
agriculture during martial law is incompletely reflected,
so analytics can only be generated from online sources.

RESULTS
The expediency of cross-sectoral adaptation, which is
based on the entrepreneurial idea of using achievements,
skills, technologies or strategies that have already been
successfully used in other industries or areas of activity,
is to achieve the goal of improving productivity, competi-
tiveness or overcoming environmental challenges by busi-
ness entities, including farms. The formation of cross-sec-
toral adaptations of farms is an important strategic task,
as it allows to ensure the sustainability and development
of the agricultural sector under martial law in Ukraine.
The theoretical aspects of this process should be sub-
stantiated by the following approaches (Fig. 1). The sys-
temic approach involves considering a farm as a complex
system that interacts with other sectors of the economy
in creating and organising the consumption of agricultur-
al products. The synergistic approach, in turn, aims to cre-
ate synergies, i.e. interactions that lead to a positive effect
for all participants, including diversification of business
income sources. The emphasis on innovation and techno-
logical progress is key to shaping cross-sectoral adapta-
tions, as the introduction of the latest technologies, such
as the Internet of Things, artificial intelligence, drones,
and others, can improve production efficiency and ensure
innovative development of farms in the production, ser-
vice and logistics of agricultural products and services.
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Figure 1. Key approaches to cross-sectoral adaptation of farms

Source: authors’ development

The development of partnerships between farms
and other sectors, such as industry, finance, tourism, edu-
cation, etc., is important for the effective exchange of re-
sources, ideas and experience. Strategizing for cross-sec-
toral adaptation involves developing long-term visions
and plans that take into account not only internal but
also external factors that may affect farms. Considera-
tion of sustainability and resilience, flexibility and adapt-
ability approaches build the necessary competencies of
farmers to operate in a dynamic crisis environment and
respond effectively to threats and risks. They determine

[ Patterns of business contacts
Outsourcing, business

mentoring,
crowdfunding

Information technology, online
platforms, maps, artificial
intelligence

Manufacturers, distributors of
machinery, machinery, equipment

the success of farms in the current economic climate of
Ukraine, where change has become the norm. Under-
standing and applying these concepts allows farmers
not only to survive, but also to successfully adapt to the
new conditions of military threats and innovate for sus-
tainable development. Based on this, it can be stated
that cross-sectoral adaptation of farms can include co-
operation and interaction with different industries and
sectors of the economy to achieve greater resilience and
efficiency. Such cross-sectoral partnerships would be
based on communication and comparative links (Fig. 2).
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production and trade in raw
materials, processed food and
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Agro- Producers of fertilisers, Financial, insurance produclzs, di . d
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organisation of exhibitions,
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festivals, fairs, etc;)
distribution, retail;
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State and local
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unions

Public and volunteer
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and grant funds

State land management
bodies land banks, grain

Dynamic business contacts
1 The farm as a CLIENT/PARTNER

Other farms

restaurant and hotel business;

e-commerce;

affiliate and representative
marketing;

start-ups, etc.

Transport
logistics and infrastructure
Dynamic business contacts
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Figure 2. Model of partnership in cross-sectoral adaptation of farms

Source: authors’ development

Ukrainian Black Sea Region Agrarian Science, 28(1), 52-65



56

Intersectoral adaptation of Ukrainian farms in the context of war

In the context of farming, the industries with which
partnerships are formed are also comparators - those
with which certain aspects of agriculture can be compared
to gain important information, learning or best practices.
Such benchmarking can help farmers improve their meth-
ods, optimise processes and achieve greater productivity.

In view of the above, it is reasonable to operation-
alise the term “foresight adaptation” as a tool for fore-
casting and strategizing anti-crisis and stress-resistant
patterns of intersectoral adaptation of farms. The se-
mantic analysis of the term “adaptation” in the works
of M. Turko (2016), A. Voronina & A. Zenina-Bilichen-
ko (2016) and Ya. Sikora (2022) revealed its consistent in-
terpretation as a behavioural response to changes (chal-
lenges) in the environment. As for the term “foresight’,
the Cambridge Dictionary (n.d.) defines it as the ability to
judge the expected future correctly and plan your actions
based on this knowledge. Foresight as a comprehensive
competence-based approach to forecasting, which oper-
ates with a system of methods and tools for processing
the information field to determine possible scenarios of

60,000

49,169

43,743
40,000
30,000

20,000

10,000

2014 2015 2016 2017

44,409 45,035

2018

events, assessing the future state of a particular object
(micro/macro system) and formulating strategies for the
development of certain economic units, is described in
the studies by L. Bovsh et al. (2023) and M. Bosovska et
al.(2023). As a result, the contamination of terms allows to
formulate foresight adaptation as a comprehensive com-
petence-based approach to the formation of strategic be-
havioural responses of a business entity (farm) to chang-
es (challenges) in the environment to determine possible
scenarios for the unfolding of events in a certain frame.
The developed theoretical approaches allow to
form the basis for considering practical insights into
the intersectoral adaptation of farms in Ukraine and to
determine further prospects for their development in
the sector in intersectoral partnership. Before Russia’s
full-scale invasion of Ukraine, farm entrepreneurship
and private households were actively developing. When
considering the statistics on the development of farm-
ing in Ukraine, there is a tendency to increase the num-
ber of farms since 2016, when this figure has sharply
decreased due to foreign policy factors (Fig. 3).

48,861
45654 46,929

32452 35 143

2019 2020 2021 2022 2023

Figure 3. Dynamics of farming development in Ukraine, 2014-2023, units
Source: compiled by the authors based on I. Slobodianyk (2023); Ukrstat (2024)

During the pandemic crisis, the number of farms
has been steadily increasing. Thus, in 2019, 45,654
units were recorded, in 2020 - 47,803 units; in 2021,
respectively, 48,868 farms (Ukrstat, 2024), which in-
dicates the prospects for the development of farming
and its investment attractiveness. With the outbreak
of a full-scale war, a share of farms ceased opera-
tions due to being in the combat zone, in the tem-
porarily occupied territories, or in the territories that
have been de-occupied but are mined, destroyed, and
in need of fundamental restoration. Thus, the risks
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and threats are deepening and are determined by
the uncertainty of both the timing of the end of the
war and the forecasting of losses and damage to the
ecosystem and agricultural land of Ukrainian territo-
ries. Therefore, it is important to study global trends
and their impact on Ukrainian farms. It is proposed to
summarise the main trends based on complementing
the views presented in the scientific literature and
online sources. For this purpose, the horizon scan-
ning method was applied, the results of which are
shown in Table 1.
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Table 1. Markers for scanning the horizons of global trends in Ukrainian farms

Horizon scanning, 2019-2021

monitoring the condition of plants and
soil; decision-making based on Data
Science; remote control of facilities
(irrigation systems); automation of growing
and harvesting processes (autonomous
tractors and drones for spraying fertilisers
or processing the field); use of sensors
and biometric systems to monitor animal
health and behaviour; accurate plant
inventory and variety recognition using
cameras and sensors; weather monitoring;
integration with smart markets and digital
communication and sales platforms

Horizon scanning, 2022-2023

development of artificial
intelligence and data analytics,
overcoming the logistical
challenges of war on digital
communication platforms and
marketplaces;

further introduction of automated
technologies (robots to perform
tasks in the field), which
improves efficiency and reduces
labour costs in the face of «staff
shortages» and physical harm to
workers; the need to demilitarise
agricultural land; cybersecurity
threats

Prospects (post-war)

increasing the number of sensors
to monitor various parameters,
such as soil quality, plant health,
weather and animal health;
increasing the number of digital
markets and platforms that bring
together farmers, buyers and
other participants to exchange
information and agricultural
products; expanding the use of
drones, robots and cobots

total digitalisation started in 2019 during the lockdown and continued during the full-scale invasion: e-commerce
and online trading platforms; mobile applications and web services; online sales of craft farming products;
platforms for hiring freelancers and organising crowdsourced tasks; expansion of financial platforms and electronic
payment systems for convenient online payments and transfers; the vigorous development of social media,
blockchain technologies, agro- and IT technologies; business monitoring platforms for start-ups; government

financial support for farms

optimisation of field management, plant
monitoring, efficient use of resources and
sustainable production: use of global
positioning systems (GPS) and global
navigation satellite systems (GNSS) to
accurately determine the location of tractors,
equipment and plants; automatic driving
technology; electronic mapping systems
to create detailed field maps that help to
effectively manage land resources
improvement of genome editing
technologies, in particular the CRISPR/
Cas9 system, to increase plant yields and
resilience; to create crop and livestock
products with certain properties (increased
nutrient content, quality); application

of biotechnology to develop new plant
varieties that can be grown in different
climatic conditions and be resistant to
extreme factors

the trend towards healthy eating (healthy
properties of agricultural products, absence
of chemical fertilisers and pesticides);
growing attention to educating farmers
about the benefits and techniques of organic
farming, as well as training generations of
farmers; increasing popularity of organic
viticulture and winemaking

spreading the concepts of vegetarianism,
veganism, etc. (struggle for the market of
meatless alternatives); introduction of new
products of plant origin (vegetable proteins,
dairy alternatives, etc.); increasing consumer
interest in traceability of products, ethical
production and sustainable development

- the practice of using smart labels and QR
codes on product packaging; research and
development of new flavours, ingredients
and combinations

impossibility of use due to
significant amounts of mined
land, losses from the explosion of
the Kakhovka hydroelectric power
station, damage from shelling
and risks of physical destruction;
prevalence of partially automated
farming

creation of genetic jars and banks
of varietal plants for biodiversity
conservation

increasing the popularity of local
and community initiatives that
promote resource conservation
and local development;
development of new methods

in the field of organic livestock
farming that ensure sustainable
animal husbandry and welfare

promotion of products

from local farmers, organic
farming and products from

the region, including due to

the logistical problems of the
military timeframe; search for
channels for exporting products,
embargoes of European markets,
etc.

continuation of pre-war trends
and the use of GPS and GNSS
systems for field demining and
land cultivation; technologies for
precession tillage; improvement
of cobots and drones for
production processes

transition to eco-technologies
for biodiversity conservation,
improving plant resistance to
stressful conditions, increasing
productivity and reducing
environmental impact, improving
Gene Drive technologies to
control pest populations and
spread desirable genetic
properties in natural populations
continuation of pre-war

trends; increase in the area for
organic farming; improvement
of production methods and
sustainable farming practices
(crop rotation, use of green
fertilisers and restoration of

soil fertility, etc.); expansion of
certification systems for organic
production, obtaining organic
status; increased participation of
organic farmers in health markets

improving the use of smart
technologies, artificial
intelligence and blockchain to
improve the technical aspects of
supply and quality of agricultural
products; increasing exports and
expanding markets

Ukrainian Black Sea Region Agrarian Science, 28(1), 52-65

57



Intersectoral adaptation of Ukrainian farms in the context of war

Key areas of focus Horizon scanning, 2019-2021

Horizon scanning, 2022-2023

Table 1, Continued

Prospects (post-war)

increasing popularity of direct sales of
products from farmers to consumers through
consumer markets, rural fairs and direct sales
from farms; intensification of agritourism
(excursions, participation in agricultural
work and rural recreation programmes,
development of agritourism routes);
expansion of agro-farmers’ markets and
specialized stores that sell the products of
farmers and artisans

Direct sales and
agritourism

main sources of risks: weather, price,
production, financial, trade;

objects of insurance: crops and livestock;
insurance of trade and commercial risks;
liability

Risk management
and insurance

increasing interest in local

food and local taste traditions,
continuing trends in agritourism
development

insurance solutions for life, health
and safety on the farm prevail,

covering injuries and emergencies;

property; cyber security

continuation and development
of pre-war trends, creation of
diversified farms, support of local
communities in the development
of agritourism and improvement
of rural infrastructure

continuation of previous trends;
development of insurance

and incentive programmes for
farmers aimed at reducing risks
and promoting sustainable
development

cooperation with universities and training centres, separate video lessons in social media, webinars and mobile

Education and
support

«digital farming», etc.), support for women’s farming

development of methods aimed at preserving
soil fertility, avoiding erosion and reducing
the use of chemicals; introduction of
«digital farming» for the point application
of resources (water, fertilisers, pesticides)
and optimisation of field cultivation; energy-
efficient irrigation systems, solar panels,

and energy-saving technologies to reduce
emissions and dependence on unsustainable
energy sources; increased attention to
recycling and waste management to

reduce negative environmental impact;
development of strategies to optimise water
use in agriculture, including technologies for
rainwater conservation and use, as well as
water management techniques; identifying
and implementing risk management
strategies that take into account possible
risks associated with climate change and
ensure the flexibility and resilience of
agriculture in new conditions

Developing
strategies to adapt
to climate change

and reduce the

environmental
impact of
production

Source: authors’ development based on V. Burkynskyi et al.

Thus, the trends in farming, activated by the lock-
downs of the coronavirus pandemic, indicate the use
of digital technologies in communications and agri-
cultural production, which provides consumers and
farmers with new opportunities for interaction and
development. Such technologies allow farmers to
optimise their operations, reduce costs and increase
yields, making precision agriculture a key component
of modern agriculture. In addition, these aspects indi-
cate a growing interest in organic farming and social-
ly responsible sustainable production in 2019-2023.
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overcoming the ecocide caused

by the explosion of the Kakhovka
hydroelectric power station and
the flooding of agricultural land,
identifying and implementing

risk management strategies that
take into account possible military

applications for training and development of farmers aimed at mastering the following competences: use of digital
communication technologies; financial literacy; risk management and use of insurance instruments; use of innovative
technologies (digital systems, robots (cobots), drones, artificial intelligence, modern agricultural technologies and

creation of agroecosystems to
restore biodiversity and soil
cover; agroecological practices
(introduction of compatible crops,
use of natural enemies of pests,
avoidance of chemical pesticides);
hydroponics and aeroponics
systems (growing plants

without using traditional soil);
intensification of rural ecotourism
as a way to generate income

risks, as well as derivative risks
associated with climate change
and soil fertility; developing
strategies for adaptation to
external threats, pandemics and
man-made disasters

for farms and promote the
conservation of natural resources;
development and implementation
of economic incentives for agro-
ecological farms, («green loans»);
involvement in global initiatives
and work on sustainable
agriculture standards to jointly
address climate change and
ensure sustainable production

(2022); R. Abbasi et al. (2022); O. Tabenska (2023)

These trends reflect the need for constant adaptation
and implementation of the latest approaches to en-
sure the effective development of farming in the face
of climate change, military and environmental chal-
lenges. The state and government agencies, through
the legislative framework, budgeting and quota sys-
tems, create the basis for the development or hinder-
ing of agribusiness. In the second year of the full-scale
war, the Government has allocated at least UAH 4.2
billion in the 2024 budget to support the agricultural
sector (Table 2).
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Table 2. Expenditure items from the Ukrainian budget for the agricultural sector in 2024

Directions of budgeting

Volume, UAH million Share, %

Humanitarian demining 2,000 47.5
The program of partial compensation of the cost of agricultural machinery 1,000 23.8
Subsidies per hectare of agricultural land for activities in the de-occupied
o 796 18.9
territories
Support of organizations of water users and farmers who use reclaimed land 205 4.9
Fish breeding complexes and raising of fry for stocking reservoirs, compliance
: ) o . - o 125.3 3.0
with financial obligations to international organizations
Loans for farms on MTB 80 1.9
In total 4,206.3 100.0

Source: developed by the authors based on the Ministry of Agrarian Policy and Food of Ukraine (2022); Agroreview (2023)

The priority of state support is the reintegration of
the territories affected by the hostilities into the na-
tional agricultural sector. In particular, almost half of
the budget is allocated to compensate for the costs of
humanitarian demining of agricultural land,and 19% to
restore operations in the de-occupied territories.

The government plans to allocate an addition-
al UAH 1.37 billion in non-refundable grants for the
creation or development of processing enterprises, in-
cluding in the areas of horticulture, berry growing, vit-
iculture and greenhouse construction. However, large
agricultural enterprises and farmers are in no hurry to
apply for the grant programmes because of the current
format of subsidies:

= remains a situational measure of assistance, not
a systemic regulatory and controlling activity for the re-
sponsible operation of the agro-industrial complex (AIC);

« does not play a key role in shaping the business
model of large agricultural holdings and medium-sized
agricultural companies due to the lack of such a need
or the fact that their business does not meet the pa-
rameters of assistance programmes;

= creates bureaucratic obstacles to the prepara-
tion and submission of a package of documents;

« it is not always conducive to their involvement
due to the current state requirements for granting, ac-
cording to which the decision to issue a grant is made
by the Employment Centre, not a banking institution or
a specialised committee. The farmer is forced to spend
the funds won on creating additional jobs and increas-
ing wage/taxation costs rather than investing in pro-
cessing, developing material and technical resources,
agricultural technologies and promising areas of activ-
ity to create added value.

Thus, in the perspective of the post-war recov-
ery of Ukraine’s agricultural sector, the state of land
and agricultural resources, the consequences of in-
frastructure destruction within the affected terri-
torial communities, the spread of artificial intelli-
gence and the reduction in human resource needs
should be taken into account, so it is necessary to
review approaches to state support for agricultur-
al producers and the procedure for obtaining grants.

Based on the rationale for the term “foresight adap-
tation” and global trends in agriculture, the directions
for inspiring the development of farming in Ukraine,
which is the basis for inter-sectoral partnership, are
systematised (Fig. 4).
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INTERINDUSTRY PARTNERSHIP

Information support

Implementation of modern equipment
and technologies

Implementation of environmentally sustainable
farming methods, use of modern practices that
promote biodiversity and soil protection

Certification of products and services
E-commerce and direct sales

Implementation of modern technologies in
processing and storage of products to extend
the shelf life and ensure quality

Development of efficient water use systems,
including drip irrigation and moisture
conservation technologies

Intersectoral adaptation of Ukrainian farms in the context of war

FARMING

Agricultural product

Resource:

material (agricultural

resources, machinery,
buildings and structures,
machines and equipment,
inventory, etc.);
intangible (permits
patents, quality
certificates, goodwill,
image, brand, contracts);
financial (own,
involved, loan);
personnel (soft and

INTER-INDUSTRY
DIVERSIFICATION

Expanding the product range

Combining animal husbandry
and crop production

Production of organic products,
access to new markets

Own production, processing and
labeling of products to increase
their competitiveness

Renewable energy sources
for own use and sale

Provision of farm consulting
and project services

Support and stimulation of youth
entrepreneurship in the agricultural sector
through the provision of financial and advisory
support

Development of international cooperation and
integration into global agro-industrial chains
to increase exports and attract investments

Education, training, HR-mentoring

hard skills)
Making partnership agreements,
creating cooperatives with other
farms to share resources
Prospects and opportunities

resources,;

=T 9,

joint programs;

and reduce costs

attraction of .
Launch of beekeeping

for the production of
products and apiservices

investments, grants,

economic/social

Rural, agritourism

Figure 3. Reference model of inspiration for the development of farming in Ukraine
Source: authors’development based on Y.Chomei & T. Nanseki (2018); S. Neogi & B.K.Ghosh (2022); A. Bernzen et al. (2023)

Figure 4 shows that the prospects for diversification
of farming development are described in many ways. Of
particular note is the multidirectional expansion of the
production range, which includes exotic or niche crops,
environmentally friendly and organic crop and livestock
products, which is a current trend.

Rural tourism and agritourism, as promising areas
of adaptive development, also have many areas for or-
ganising additional sources of income and cooperation.
World practice shows that the integration of farming
and tourism activities is an integral part of the com-
prehensive socio-economic development of rural areas,
and will also serve as an additional income for farm-
ers, especially in the difficult socio-economic condi-
tions of the military timeframe in Ukraine. And given
the current realities, farmers need to quickly study de-
mand, prepare interesting offers, effectively advertise
them, establish quality service at reasonable prices, and
cooperate with tour operators. Organising gastronomic
tours and trips to farms with accommodation in rural
green estates attracts tourists because it is a unique
opportunity for them to:
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« to be in an environmentally friendly environ-
ment and consume environmentally friendly products;

« to communicate with flora and fauna;

« learn about local traditions, customs and cul-
ture;

« get involved in agricultural work, including api-
ary, mowing, grazing, grape harvesting, etc;

« witness and participate in craft production;

« take part in recreational activities (e.g., wagon or
boat rides, bird watching, fishing, etc.)

For entrepreneurs, this is one of the opportunities
to organise a multi-vector mutually supportive busi-
ness, which in the context of the crisis caused by the
war can be an effective way of survival, as they can not
only produce agricultural products, provide gastronom-
ic and hospitality services, but also sell new knowledge
and emotions about rural development, nature, ecology,
landscape, etc. Such activities involve organising rec-
reation on the basis of a farm using all resources as a
base for tourist attractions.

In general, the theoretical and practical aspects
of cross-sectoral adaptation of farms in Ukraine have



shown the possibilities of restoring agriculture and the
Ukrainian economy in the post-war period. After all, the
cross-sectoral nature of farming demonstrates the pos-
sibility of creating new businesses and start-ups involv-
ing both business and NGOs, as well as local commu-
nities and the government, which is a prerequisite for
overcoming the war and post-war crisis, macroeconom-
ic problems of unemployment and poverty.

DISCUSSION

The study aimed to develop hypotheses about the im-
portance of farming in Ukraine for the development
of local communities and the country. Accordingly, the
question of the prospects of farming as a component
of economic recovery policy in the war and post-war
period became a matter of debate. The scientific sourc-
es studied confirmed this hypothesis with practical in-
sights from other researchers. In particular, O. Vitryak
& V. Tkachuk (2021), assessing the effectiveness of
small farms, stated their key role in rural development.
I. Bezhenar & O. Hryshchenko (2023) defined farming
as a form of management that has become one of the
leading in the world practice of developed countries
due to its uniqueness and ability to adapt to the cur-
rent challenges of the global economy, which is open to
innovation and multi-vector development. The global
scale of agricultural production as the most important
pillar for human survival is emphasised in the article
by X. Liu (2023). The prospects of farming as a high-
ly profitable and fast-growing sector are annotated in
S. Felix (2020). In addition, some authors also note the
importance of farming as a social aspect in rural devel-
opment. K.R. Terzano (2021) proves the psychological
benefits, in particular for the development of school-
children in the process of their socialisation and envi-
ronmental education. A collinear view is traced in the
work of E.L. Chaverest (2023), where farms are consid-
ered in terms of volunteer assistance to communities:
they provide food and employment for local residents,
teach the younger generation about relationships with
nature, etc. This confirms the view that farming has a
positive social and economic impact.

However, farming is a seasonal activity. Accordingly,
it needs financial support to maintain employees and
fixed assets during periods of inactivity. This can be
seen in the article by A. Bonanno (2019), which notes
the unstable nature of the availability of jobs and in-
come of agricultural enterprises, as well as the work
by N. Patyka et al. (2023), which states that the devel-
opment of Ukrainian rural areas is possible through
the support of farming by rural territorial communities.
Therefore, it is advisable to agree and emphasise the
importance of intersectoral adaptations of farms, which
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create significant opportunities for the development
of farming and rural areas through diversification and
partnership, as well as the use of the latest technol-
ogies. Since the main idea of cross-sectoral adapta-
tion is to use the achievements, skills, technologies or
strategies that are already successfully used in other
industries or areas of activity and apply them in your
own field in order to improve productivity, competitive-
ness or solve new problems, it is also worth agreeing
with these arguments of researchers S.H. Chin (2022),
J.K.L. Chan (2023) and K. Dashper (2023).

Consideration of the aspects of intersectoral adap-
tation of farms in Ukraine has brought up the aspect
of diversification. The key studies are those of H.l. An-
soff (1957), who introduced the term “diversification”
into the scientific vocabulary and developed a ma-
trix used in decision-making on diversification, and
L. Bovsh et al. (2020), who determined that the purpose
of diversification of a business entity is to manage cap-
ital (investments) in order to distribute economic risk
and create additional sources of financing. The pros-
pects of the proposed measures as an effective way
to diversify activities are confirmed by modern farms.
Thus, in Ukraine, farms with integration into tourism
are most common in Western Ukraine. One of the most
popular is the “Western Snail” tourist route, which offers
a full-fledged gastronomic tour with a farm tour (Hor-
bohory, n.d.). They bring together producers who are
ready to organise product tasting at the enterprise or in
a tasting room. The cognitive and gastronomic purpose
of the trip is promoted by Dooobraferma (Dooobrafer-
ma Official Website, n.d.), where the owner offers hard
cheeses, honey, poultry, and Zinka (Zinka Official Web-
site, n.d.), a brand focused on dairy goat farming, crop
production, animal husbandry, gardening, and process-
ing of animal products, etc.

However, studies have shown that farms do not
always consider rural green tourism and the organi-
sation of rural green homestays for tourists on their
territory as one of the areas of business development,
because the introduction of additional activities of
farmers in the form of rural green tourism requires
high-quality management, to see the real opportu-
nities and risks from the introduction of this type of
activity. Since the issue of farm development is closely
related to the management of strategic resources
(land, water, forests, etc.), which are subject to regu-
latory mechanisms and strict state control over their
distribution and use, it is predicted that the directions
of intersectoral adaptation of farms, including in terms
of agritourism development opportunities, will corre-
late with changes in legislation in the field of land
and natural resources (Water Code of Ukraine, 2023;
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Land Code of Ukraine, 2024). Thus, analysing the re-
sults of research by S. Nikitchenko et al. (2022), it can
be concluded that the intersectoral adaptation of
Ukrainian farms in the context of war through the in-
troduction of rural green tourism practices can be a
significant support for the farm business as a whole.

Despite the fact that the implementation of inter-
sectoral adaptive areas of farm development is expect-
ed to generate additional financial revenues, entrepre-
neurs face a number of problems: lack of experience;
difficulty in finding the necessary information; uncer-
tainty at the legislative level; remoteness of farm rec-
reation centres from tourists (poor transport links); in-
sufficient advertising; lack of support at the state level.
Therefore, partnership support, based on the associa-
tion of farm owners, is important - the All-Ukrainian
public non-profit organisation “Union of Rural Green
Tourism of Ukraine” (n.d.). Farm business owners have
the opportunity to integrate into the tourism sector by
diversifying their activities and business mentoring.

Thus, the analysis of studies on inter-sectoral ad-
aptations of Ukrainian farms has shown that, while em-
phasising the main advantages of the sectoral activity
itself, a sustainable search for new ideas, development
opportunities through diversification and inter-sectoral
partnerships is an integral part of scientific research.
The main results of the study are similar and consistent
with those presented in the works of other researchers.

CONCLUSIONS

The post-war recovery of Ukraine’s economy is expect-
ed to be based on the traditionally developed and ex-
port-oriented sector of activity, which is agriculture.
As an integral chain in shaping the food security of
Ukraine and the world, it includes various areas: agri-
culture, livestock, fisheries, forestry, etc. Farming busi-
ness has unique opportunities for development. Given
Ukraine’s favourable climate, land, landscape, and la-
bour resources, the activities of agricultural entities,
including farming, should be aimed at preserving and
developing its financial independence, profitability, and
export potential, which requires a scientific approach to
developing appropriate tools.

The article scientifically substantiates the key ap-
proaches to intersectoral adaptation of farms, which
are based on the principles of systemicity, synergy, in-
novation, sustainability, resilience, flexibility and ad-
aptability of a business entity (farm). As a result of the
study of patterns of intersectoral adaptation of farms, it
is stated that it may include cooperation and interac-
tion with various industries and sectors of the economy
to achieve greater sustainability and efficiency. At the
same time, the main goals (survival and development
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of a farm) can be ensured by developing a foresight
adaptation mechanism in the form of a comprehensive
competence-based approach to the formation of strate-
gic behavioural responses of a business entity (farm) to
changes (challenges) in the environment to determine
possible scenarios of events in a certain frame. This hy-
pothesis was confirmed by analysing the dynamics of
the number of farms in 2014-2023, which shows an up-
ward trend despite the logistics crisis and military risks.
A study of trend markers using the horizon scanning
method showed that national farms should take into
account global trends and agricultural development
trends, as they will determine the preferences of ag-
ricultural consumers and the export goals of recipient
countries in the future. In addition, the innovations pre-
sented here greatly simplify operations by optimising
physical labour costs, minimising the risks of working
on land with a potential mine risk, improving the qual-
ity of agricultural products, etc. However, like any in-
novation, they require financial support from state and
local authorities, as well as private investment. This pa-
per analyses the planned areas of expenditure to sup-
port the development of farming in Ukraine in 2024. In
particular, to compensate for the costs of humanitarian
demining of agricultural land and to receive non-re-
fundable grants for the creation or development of
processing enterprises, including in the areas of horti-
culture, berry growing, viticulture and greenhouse con-
struction. For the effective use of state grants, attracted
investments, etc., the reference model of development
inspiration, which includes both business partnerships
and diversification of activities, is proposed for practi-
cal use by farms. At the same time, diversification areas
have been selected from practical insights — the activ-
ities of successful farms, which include the production
of various types of agricultural products and position
them both in direct sales and e-commerce.
Thus,overcoming the environmental and infrastruc-
tural damage, material and human losses, and some-
times critical destruction caused by the war, requires
balanced state legislative and financial support, includ-
ing changes to the regulation and organisation of land
management, budgeting and the procedure for receiv-
ing grants by farms. The recommendations presented
here are intended to facilitate the effective develop-
ment of farms in the future. At the same time, it creates
a basis for further research and discussion to address
gaps in existing theories, improve understanding of
new phenomena and trends in the macro environment,
and explore fundamental issues that have not yet been
addressed. Further research on adaptation mechanisms
for agribusiness development could be aimed at iden-
tifying and substantiating theoretical and practical
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AHoTauis. B cyyacHux ymMoBax rocnofaptoBaHHsl, depmepcbKi rocnofapcTBa MOBWMHHI pearyBaTv Ha BUKJIMKK
30BHILUHbOrO CepeaoBMLLA Ta WYKATU MEXaHI3MM afanTalii M BUXOAY 3 KpU3K, @ TaKoX AmBepcudikauii 6isHecy sk
[OAATKOBUX mxepen aoxony. ToMmy onpautoBaHHS MOXIMBUX MiXrany3eBux aganTauin pepMepcbKMX rocnoaapcrs
€ aKTya/bHOK TEMOK AOCNiZKeHHS. BigTak, MeTow [AaHoi CTaTTi CTano HAaykoBe OOrPYHTYBAaHHSA NpeamKaTiB
amBepcudikauii gianbHOCTI GepMepCcbKMX rocnogapcTB y MNOAOMAHHI BUKAMKIB BiviHM. MiarpyHTAM [OCNioKEHHS
CTaNnu KNACKUYHI NiAX0AM MEHEOXKMEHTY | MapKeTUHry, GopcanT-npeamKaTy po3BUTKY arpapHoi cepu. IHTepnpeTaLito
3MICTy afanTauiiHMX HanpsaMiB po3BUTKY GpepMepCbKMX rocnoaapcts 6yno 34iMcHEHO 33 4ONOMOroK eMMipUYHUX
MeToAiB. B cTaTTi 34iMCHEHO aHani3 mKepen pu3nKiB Ta 3arpo3, BU3HAYEHO LiNIbOBI OPIEHTMPU Ta KNHOYOBI aCneKkTH
(QOpMyBaHHS Mixrany3eBoi aganTtauii pepMepcbKMX rocnofapcTB: METPMKM, Wini Ta dopcanT-KOMMNETEHTHOCTI.
B pesynbrati onpautoBaHHA MakpoTpeHAiB 6e3neku arpapHoi ranysi 6yno cdopMOBaHO TiMOTETUYHI AHANITUYHI
y3arasibHEHHS, WO MOBA3aHO 3 HEBU3HAYEHICTIO TaMMdpernMy BiiHM Ta HEMOXJ/IMBICTIO MPOPAXYHKY OYiKyBaHMX
36uTKiB. TaKMM YMHOM, NpOBeAEHE AOCNIIKEHHS [03BOANN0 CHOPMYNHOBATU TEOPETUYHI Ta MPAKTUYHI IHCATHU WOA0
($OpMyBaHHA aflanTauiiHMX MeXaHi3MiB B CTpaTeriyHii nepcnektusi. OBrpyHTOBaHO HEOOXiLHICTb CMCTEMHOMO ¢
6e3nepepBHOro MOHITOPMHIY OCEPEAKiB 3arpo3 Ta iHBa3ii WASXOM CMCTeMaTMU3aLlii TpaguUiMHMX Ta NPOrHO3YBaHHS
HOBITHiX pu3ukiB. ChopMyNbOBAHO KKOYOBI AeTepMiHaHTM dopcanT-aganTauii nig BNAMBOM rnobanbHUX TPEHAIB.
MexaHi3M ii peanizauii npeactaBneHo yepes igeHTUdIKaLil0 HaNpsMiB MixXranyseBoi agantauii. JocnigpkeHHs Mae
NPakTUYHY LiHHICTb, dopMytouM iHdopMaLito ang pepMepCcbKMX rocnoaapcTs, CilbCbKMX FPOMaf, CTEMKXONLAEPIB Ta
NOTEHUiMHMX IHBECTOPIB, AKi MOXYTb OTPMMATH BUroAYy Bif nepenbayyBaHb NepCnekTUB Ta O4iKyBaHb, WO GOPMYHTHCS
B pO3pi3i Mixrany3eBoi afanTauii pepmMepcbKnx rocnoaapcTs y NOCT-BOEHHUI Nepiog,
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Abstract. Mushrooms are consumed because of their nutrients and therapeutic bioactive compounds, historically
used in medicine, and representatives of the genus Pleurotus are edible species rich in dietary fibre, vitamins,
micro- and macroelements, and carbohydrates. The aim is to theoretically substantiate the vacuum frying of
oyster mushroom pieces and to obtain a crispy product with optimal consumer characteristics. In the course of
the study, the methods of vacuum low-temperature frying, organoleptic study, orthogonal test, single-factor and
statistical analysis were used. The factors affecting the quality of vacuum roasting of oyster mushrooms: pre-drying
time, temperature and roasting time are analysed. The relationship between oil content and sensory evaluation
is described and analysed. The optimal technological parameters of vacuum frying were determined. Pleurotus
eryngii with a thickness of 2 mm were completely inactivated under boiling conditions for 90 s at 80°C, and for
10 s at 90 and 100°C. If prolonged cooking takes place, the oyster mushroom texture becomes soft and is not
amenable to further processing under vacuum at low temperature. Therefore, in order to save production energy
and reduce the loss of flavour and nutrients, cooking at 80°C for 90 s was chosen. It has been shown that the
treatment of Pleurotus eryngii with maltodextrin before vacuum frying reduces the oil content after frying, provides
a homogeneous structure, good taste and crispiness of the product. Optimal parameters were obtained: 2 mm
slices, mass fraction of maltodextrin 15%, sonication duration 15 min. The influence on the sensory evaluation
of the primary and secondary order is described: frying temperature > pre-drying time > frying time. The specific
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parameters for which the product will obtain the best sensory characteristics were indicated, namely: frying for
10 min, pre-drying for 20 min, frying temperature of 90°C. The factors influencing the oil content were analysed:
pre-drying time > frying time > frying temperature. It was found that the product can obtain the lowest oil content
when pre-drying for 30 minutes and frying at 80°C for 10 minutes. The practical value of the study lies in the
optimal conditions of the process under investigation: pre-drying time with hot air 20 min, frying temperature

80-90°C, frying time 10 min, frying vacuum 0.08-0.09 MPa

Keywords: oyster mushroom; quality; one-factor test; orthogonal test; sensory evaluation; blanching; oil

INTRODUCTION

Roasting fresh Pleurotus eryngii is a new way of eating
that further meets the needs of different consumers. At
the same time, roasting plays an important role in im-
proving the quality of the food. After frying, the shape
shrinks and becomes hard and brittle. A layer of gold-
en yellow gradually forms on the surface, releasing the
unique flavour of fried food, which is crispy and tasty.

A. Pérez-Montes et al. (2021) noted in their work
that the use of edible mushrooms in the food industry
is explained by their physicochemical composition and
economic availability. Pleurotus eryngii is rich in bacte-
ria, crispy and delicate in texture, white in colour, has
a unique almond aroma and abalone flavour, which is
why it is called the almond abalone mushroom. It is na-
tive to Southern Europe, North Africa and Central Asia.

The nutritional value of mushrooms depends on the
conditions of their cultivation. According to F. Ayimbila
& S. Keawsompong (2023), the protein content ranges
from 18 to 37%. In the studies of J. Raman et al. (2021),
the content of proteins, carbohydrates and dietary fibre
was 15.4-28.6,61.3-84.1, 33.3%, respectively. Scientists
H. El-Ramady et al. (2022) concluded that every 100 g
of dried Pleurotus eryngii contains 11.95-35.5% protein,
39.85-63.03% carbohydrates, 36.78 g of total sugar,
1.06-7.50% fat, 6.20-28.29% dietary fibre, 2.97-10.7%
ash, which is suitable for diabetics and the elderly.

Pleurotus eryngii is rich in nutrients. It contains a
lot of protein, carbohydrates, and many vitamins and
minerals. It has a crispy and delicate taste, and has
the effects of lowering blood sugar, lowering blood
fat, preventing cancer, enhancing immunity, antioxi-
dant, antibacterial and anti-aging effects, as well as
anti-fatigue and anti-aging. According to the analysis
of A. Gonzalez et al. (2020), Pleurotus eryngii protein
contains 18 types of amino acids, and the content of
8 types of essential amino acids of the human body is
42.0% of the total amino acids, which is in line with
the reference protein model proposed by the Food and
Agriculture Organization, World Health Organization. A
study on mice conducted by Y.Zhao et al.(2020) showed
a decrease in animal body weight when eating Pleuro-
tus eryngii. A review article by S.K. Dubey et al. (2019)

analysed the use of mushrooms in the treatment of
diabetes and obesity. This opinion was also confirmed
in research by J. Slusarczyk et al. (2021). They drew at-
tention to polysaccharides, which exhibit immunoreg-
ulatory and antitumour properties by activating the
body’s immune system. Currently, most mushrooms are
fresh foods, and a small portion is processed into dried
products (Fang et al., 2021). At the same time, scientists
J-W. Bai et al. (2023) pay considerable attention to the
study of drying methods and conditions: hot air drying,
infrared drying, microwave drying.

Vacuum low-temperature frying technology, ac-
cording to D. Yang et al. (2020), mainly refers to using
the principle of lowering the boiling point of water in a
negative pressure vacuum and using vegetable oil with
strong antioxidant ability as the medium to achieve the
process of frying and dehydration under low tempera-
ture conditions. Compared with conventional pressure
frying, it can better retain the original colour, taste and
nutrients of the material, and at the same time can re-
duce the degree of degradation of oil oxidation and
carcinogen formation. In addition, it is easy to form a
loose and porous structure and crispy taste.

Fresh Pleurotus eryngii has an extremely high wa-
ter content and soft and delicate tissues. After the pro-
cesses of colour protection, blanching and dipping, the
moisture content of the tissues will increase further
due to the destruction of some tissue cells. If vacuum
frying is carried out directly, the high water content will
result in a high oil content in the product; if vacuum
frying is carried out after freezing treatment, although
it is beneficial for the flatness of the product, it will
result in an increase in oil content. A. Ren et al. (2018)
believe that the ice crystals that form during freezing
will make the structure of the vacuum fried product
fluffier. During the vacuum frying process, the ice crys-
tals are directly evaporated, so the product will have a
certain expansion effect, but the space formed by the
expansion will be replaced by the oil phase, causing the
product to have a high oil content. A study by J.R. Bar-
bosa et al. (2020) found that vacuum frying is carried
out directly after freezing. At this time, the temperature
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difference between the material and the fat is large,and
the structure of the material after freezing is more loose,
which is conducive to the penetration of the oil phase,
which also leads to high oil content in the product.

It is generally believed that there are two ways of
fat adsorption in the vacuum frying process: one is the
contact and adsorption of fat with the material surface;
the other is the replacement of the water phase with
the oil phase during the mass transfer process during
vacuum frying. The greater the surface tension, the
harder it is for the oil to be adsorbed by the product,
as confirmed by J. Zhang & L. Fan (2021). For the first
method of adsorption, the surface tension of the materi-
al can be changed to reduce oil adsorption, for example
by adding a surfactant. For the second method, the goal
of reducing oil adsorption can be achieved by reducing
the aqueous phase space. Typically, the method used to
reduce the oil content is to increase the soluble solids
content and reduce the moisture content before frying.

The aim of the work was to create a theoretical ba-
sis for quality control of vacuum frying of crispy oyster
mushroom slices in a vacuum.

MATERIALS AND METHODS

The study used vacuum low-temperature frying tech-
nology to process the Pleurotus eryngii slices, and hot
air impregnation and pre-drying to increase the dry
matter content and decrease the moisture content to
reduce the oil content of the product. A one-factor test
was used to investigate the moisture and oil content
of Pleurotus eryngii slices during vacuum frying and to
determine the appropriate test range for the orthogo-
nal test. The moisture content, oil content and sensory
evaluation were used as indicators to determine the
optimal frying parameters and degreasing parameters
during the vacuum low-temperature frying process of
Pleurotus eryngii slices.

The following instruments and equipment were
used: TP-200D electronic scales (manufacturer: Xiangyi
Balance Instrument Equipment Co., Ltd.); VF-40C vac-
uum fryer (manufacturer: Zhong Shan VK Vacuum Ma-
chinery Co, Ltd.); HH-S constant temperature oil bath
(manufacturer: Jiangsu Jintan Huanyu Scientific Instru-
ment Factory); SZT-06A fat meter (manufacturer: Su-
zhou Tianwei Instrument Co., Ltd.); drying cabinet type
101-2 (manufacturer: Shanghai Experimental Instru-
ment Factory); KQ-50B ultrasonic cleaner (manufactur-
er: Kunshan Ultrasonic Instrument Co, Ltd.).

The sequence of the study was as follows: (1) Fresh
Pleurotus eryngii without rot and mechanical damage
washed in running water is selected. (2) After washing,
Pleurotus eryngii is cut into pieces and sliced longitu-
dinally, with a thickness of about 2 mm. (3) The sliced
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Pleurotus eryngii pieces are placed in hot water for
blanching, and the time of placement is recorded. They
are taken out immediately after blanching and quick-
ly cooled with running water. (4) The cooled Pleurotus
eryngii pieces are placed in a maltodextrin solution of
a certain concentration for immersion by ultrasonica-
tion. After soaking, the Pleurotus eryngii pieces are taken
out and the surface moisture is dried. (5) The processed
Pleurotus eryngii pieces are placed in a drying oven for
pre-drying at a certain temperature. (6) The pre-dried
Pleurotus eryngii slices are placed in an airtight contain-
er and placed in a sealed place. (7) The vacuum frying
device is switched on and the frying temperature, frying
time and oil removal time are set. The palm oil is heat-
ed to the set temperature, the slices of Pleurotus eryn-
gii are placed on the frying grid, the frying container is
closed, which is placed in the frying chamber, the frying
chamber door is closed, and then the vacuum pump is
switched on for vacuuming. When the vacuum degree
reaches approximately 0.08-0.09 MPa, the vacuum fry-
ing container is lowered. (8) After the frying process is
complete, the oil level in the frying container rises. The
frying container is degreased under vacuum. After de-
greasing, the motor and vacuum pump are turned off,
the vacuum valve is opened to blow out the air,and the
experimental product is taken out. (9) Crispy whole slic-
es of Pleurotus eryngii with uniform texture are selected
for packaging in a nitrogen environment.

In order to prevent the darkening reaction of Pleu-
rotus eryngii slices, bleaching and enzymatic treatment
were performed during the preliminary hot air drying
and vacuum roasting process. The presence of peroxi-
dase activity is used as an indicator of whether the en-
zyme is completely destroyed. In order to determine the
relationship between temperature and blanching time
and peroxidase activity, Pleurotus eryngii was cut into
slices of about 2 mm thickness and blanched in water
at 60,70, 80, 90, 100°C. The mushroom slices were tak-
en out after 2, 5,10 and 15 s and tested with 2-meth-
oxyphenol test solution. If the colour of the Pleurotus
eryngii slices did not change, it meant that they were
completely inactivated.

The dipping treatment of Pleurotus eryngii pieces
was carried out before vacuum low-temperature frying.
Ultrasonically assisted impregnation was used to pro-
mote the impregnation. Using ultrasonic impregnation
with a slice thickness of 2 mm as a fixed parameter,
the effect of maltodextrin concentration and materi-
al-liquid ratio on the solid content of Pleurotus eryngii
slices was studied. In each group, pieces of Pleurotus
eryngii were selected after blanching, and two factors,
maltodextrin concentration and material-to-liquid ra-
tio, were used to study the change in solid content of



2 mm pieces of Pleurotus eryngii after blanching. The
impregnation concentration was 10, 15, 20, 25%; the
material-to-liquid ratio was 5, 10, 15, 20 ml/g for a
one-factor experiment. The difference in quality was
used to determine the solid content of Pleurotus eryngii
pieces after immersion and to determine the optimal
parameters of the immersion process.

Before vacuum low-temperature frying, Pleurotus
eryngii slices undergo a certain pre-drying process,
which can appropriately reduce the moisture content
of mushroom slices and reduce the replacement of
water phase with oil phase during the vacuum frying
process, which can effectively reduce the oil content of
products after rapid vacuum frying. In order to study
the effect of the pre-drying process on the quality of
Pleurotus eryngii pieces, Pleurotus eryngii pieces with a
thickness of about 2 mm after blanching and dipping
were subjected to hot air drying at 60, 70 and 80°C,
respectively. After evaluation, the moisture content,
colour and deformation of the Pleurotus eryngii piec-
es were evaluated as indicators and measured every
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10 minutes to determine the optimal parameters of the
pre-drying process. In order to study the effect of frying
temperature on product oil content and sensory quality,
the pre-drying conditions were set to dry at 60°C for
20 minutes, vacuum frying time was 10 minutes, vacu-
um degree was 0.08-0.09 MPa, frying temperature was
70°C, frying was performed at 80, 90, 100 and 110°C,
degreasing speed was 350 rpm, and degreasing time
was 10 minutes. Each time 100 g of Pleurotus eryngii
pieces were sampled for the one-factor test, the oil and
water content of the final product was determined and
the product was sensory evaluated.

Vacuum frying conditions have a great impact on
the colour, crispness, fat content, flavour, appearance
and other qualities of Pleurotus eryngii (Table 1). Taking
the hot air pre-drying time, vacuum frying temperature
and vacuum frying time as factors, the corresponding
level of each factor determined according to the sin-
gle-factor test is taken as the level of the orthogonal
test, and the L9 orthogonal test is designed to deter-
mine the final vacuum oil frying process.

Table 1. Sensory assessment criteria and methods

Assessment Colour Fat content

Crispness

General

Taste characteristics perception

0-2 Yellowish brown, Harder High oil content,
strong browning or softer oily taste
Yellow with . .
. High oil content
3-4 strong browning General - ’
at the edges oily surface
_ Yellow, with a n Slightly higher oil
- slight browning gy St content
7.8 Light yellow Relatively Moderate oil
crispy content
9-10 Light yellow, Very crunchy Low oil content,

uniform colour no greasy feeling

Source: authors’ own development

In order to study the effect of degreasing time after
vacuum frying on the oil content of Pleurotus eryngii
slices, a test was conducted to degrease Pleurotus eryn-
gii slices fried under optimal vacuum frying conditions
using the centrifugal rotation method. The speed of
degreasing by centrifugal rotation of the vacuum fry-
ing equipment was set at 350 rpm. After vacuum frying,
centrifugal rotational degreasing was carried out for
2,4,6,8,10 and 12 min, and the effect of degreasing
time on the oil content of Pleurotus eryngii was deter-
mined and analysed. Excel 2010 was used to organise
and analyse the test data, and a line graph was drawn
using Origin 9.0.

The whole is twisted,
severely broken, and the

No Pleurotus eryngii
scent or Pleurotus eryngii

scent is very strong, burning phenomenon is Vel el
difficult to to perceive serious
Sections of Pleurotus
The smell of Pleurotus eryngii are more
eryngii is not obvious  degenerated and slightly Not enough
burnt
Slices of Pleurotus eryngii
General rolled up all around ol
Pleurotus eryngii has Pleurotus eryngii slices Good
an obvious aroma are slightly twisted
Pleurotus eryngii has a .
S Slices of Pleurotus
dlladlnis el (e s eryngii are whole, Excellent

flavour and is easy to

digest without curling

RESULTS AND DISCUSSION
Table 2 shows the effect of different blanching tem-
peratures and times on peroxidase activity in Pleuro-
tus eryngii slices. It can be seen that the peroxidase is
inactivated by scalding at 60°C for 60 s and 70°C for
30 s after 30 s in the middle of the mushroom slices,
but there is still activity on the marginal epidermis. This
may be due to the fact that the peroxidase in the mush-
room epidermis is active, which in turn may be due to
the distribution of polyphenolic substrates in different
parts of Pleurotus eryngii and different polyphenol oxi-
dase activities. The peroxidase of Pleurotus eryngii was
completely inactivated by scalding at 80°C for 90 s, 90
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and 100°C for 10 s. However, if the blanching time is
too long, the texture of Pleurotus eryngii becomes soft.
Considering the need to save energy in production and
reduce the loss of flavour nutrients, the blanching pro-
cess parameter was set at 80°C and blanching for 90 s.
The results of this experiment are consistent with those

of A.Ren et al. (2022). The authors proposed blanching
in boiling water at 100°C for 3 min. In P. Piyalungka et
al. (2019), it was practically established that with an
increase in temperature (90-110°C) and roasting time
(10-30 min), the oil content, hardness, and darkening of
the samples increased.

Table 2. Effect of different blanching temperature and time on peroxidase activity Pleurotus eryngii

Te'[‘:’::rgst)u/re 10 20 30 40 50 60 70 8 9 100 110 120
60 ++ ++ ++ ++ ++ + + + + + + +
70 ++ ++ + + + + + + + + + +
80 + + + + i + i + - - - =
90 - - - - - - - - - -
100 - - - - - - - - - - - -
Notes: “++” - general colour change; “+” - edge colour change; ““ - colour change

Source: authors’ own development

Impregnating Pleurotus eryngii flakes before vac-
uum frying can not only increase the dry matter con-
tent of Pleurotus eryngii, but also reduce the mois-
ture content before vacuum frying to reduce the oil
content of the final product by reducing the water
phase. At the same time, it is also conducive to main-
taining the flatness of the product, and can increase
the crispiness of Pleurotus eryngii slices and obtain
better sensory quality. In addition, by improving the
taste, it also improves the quality of Pleurotus eryngii
slices, effectively reducing costs, which is consistent
with the opinions of M. Kidon & J. Grabowska (2021)
andJ.Zhu et al. (2022).

[N [EN [EN [
N EN o o)
LA S L . E—

increase of solid content (%)

[N
o
T T

To determine the effect of maltodextrin concen-
tration on the dry matter content of Pleurotus eryngii,
slices (2 mm thick, blanched at 80°C for 90 s), weigh-
ing 30 g, were selected and immersed for 15 min at
a material to liquid ratio of 1:5. The dry matter con-
tent of Pleurotus eryngii slices varies with malt. The
same phenomena were observed by T-V-L. Nguyen et
al. (2023), studying the effect of different maltodex-
trin contents (0, 6,7, 5,9 and 10,5 g/100 g of pulp) on
the drying rate of avocado pulp, and J.W. Siccama et
al. (2021), demonstrating the drying technology of as-
paragus concentrate. The dependence of the change
in the mass fraction of dextrin is shown in Figure 1.

8 10 12 14 16

18 20 22 24 26

mass concentration of maltodextrin (%)

Figure 1
Source: authors’ own development

The figure above shows that within a certain range,
the concentration of maltodextrin can increase the
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the dry matter content increases, but when the mass
fraction of the impregnating solution exceeds 15%. At
that time, the sweetness of maltodextrin is relative-
ly high, which masks the original flavour of Pleurotus
eryngii, so it is ideal to choose maltodextrin with a
mass fraction of 15% as an impregnating solution.
S.Lachowicz et al. (2020) confirmed the positive effect
of adding maltodextrin at 15% in preparation for vac-
uum drying of Saskatoon fruit, juice and berry pomace.

151

= = =
N [ON] N
T T T

increase of solid content (%)

[N
[N
T

To determine the effect of the material-liquid
ratio on the solid phase content of Pleurotus eryn-
gii, sliced and blanched slices (2 mm thick, blanched
at 80°C for 90 s) weighing 30 g were selected, im-
mersed in maltodextrin with a concentration of 15%
for 15 minutes, after which the dry matter content
of the Pleurotus eryngii slices would change. The de-
pendence of the change in the liquid ratio is shown
in Figure 2.

4 6 8 10

14 16 18 20 22

ratio of sample to solution(ml/g)

Figure 2. Effect of sample to solution ratio on solid phase content

Source: authors’ own development

Figure 2 shows that the greater the mass ratio of
Pleurotus eryngii flakes to the impregnating liquid, the
higher the impregnation efficiency, and when the ratio
of impregnating liquid exceeds 15 ml/g, the dry mat-
ter content increases slowly. Therefore, the mass ratio
of Pleurotus eryngii pieces to malt dextrin impregnat-
ing solution was determined to be 15 ml/g. A. Ren et
al. (2018) reported that shiikate mushroom chips cut
into 6 mm thickness and soaked in a 50% maltodextrin
solution resulted in a vacuum-fried product with the
highest dehydration efficiency index, lowest oil content,
and higher sensory performance.

Comprehensively taking into account the above test
results,the optimal parameters of the process of dipping
Pleurotus eryngii slices before vacuum low-temperature
roasting were determined, which are as follows: thick-
ness of Pleurotus eryngii slices — 2 mm, mass fraction
of maltodextrin - 15%, ultrasonic impregnation for 15
minutes, at which the material-liquid ratio is 15 ml/g.
The developed algorithm is consistent with the result
reported by J. Zhang et al. (2021). The Pleurotus eryngii
pieces after blanching and immersion are removed and
dried to dry the surface moisture, and then subjected to
the hot air pre-drying test (Table 3).

Table 3. Effect of different drying temperatures and times on moisture content and appearance Pleurotus eryngii

Drying temperature 60°C

Drying

Moisture
content, %

Moisture
content, %

time, min .
> Exterior

No discolouration,

10 809 no shrinkage 79.2

20 779 No discolpuration, 772
no shrinkage

30 727 Colour hardly changes, 6.0

slightly shrinks

Drying temperature 70°C

Drying temperature 80°C

Moisture

content, % Exterior

Exterior

No discolouration, No discolouration,

no shrinkage 7eky no shrinkage
Colour does not change, 754 Does not change colour,
slightly shrinks : does not shrink
Slight discolouration 645 Some colours change,

and shrinkage shrinkage is more severe
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Drying Drying temperature 60°C
fime i Moisture

content, %

Moisture .
content, % Exterior
Colour hardly changes, )

40 / shrinks

Drying temperature 70°C

Table 3, Continued

Drying temperature 80°C

Moisture
content, %

Exterior Exterior
Colour changes strongly
and serious shrinkage
occurs

Some colours change /
and shrink

Notes: since the colour and shape of the Pleurotus eryngii slices have undergone obvious changes after drying for 40
minutes, it is not suitable for frying and the moisture content was not measured

Source: authors’ own development

Table 3 shows that as the drying time increases,
the moisture content of Pleurotus eryngii slices gradu-
ally decreases. The Pleurotus eryngii slices pre-dried by
hot air at 60°C can effectively delay the deformation
and discolouration of Pleurotus eryngii slices during
the pre-drying process, while ensuring the dehydra-
tion rate, which can minimise the vacuum roasting
process. The Pleurotus eryngii slices are highly deform-
able, shrinkable and hardenable. The Pleurotus eryngii
slices dried at 60°C cannot shrink, and there is no ob-
vious discolouration. The effect of hot air pre-drying
is the best.

To investigate the effect of frying temperature on
the oil and water content and sensory quality of the
product, 100 g of 2 mm thick slices of Pleurotus eryngii
were blanched and dipped, and the pre-drying condi-
tions were set to 60°C for 20 min and vacuumed. After
vacuum frying, centrifugal degreasing was performed
at 350 rpm, the oil and water content of the product
was measured, and a sensory evaluation of the product
was performed based on an overall score of 60 points.
The standard sensory score, as well as the results of the
moisture and oil content of the product, are given in
Table 4 and shown in Figure 3.

Table 4. Results of sensory evaluation of Pleurotus eryngii pieces with different roasting temperatures

Temperature Colour Texture Greasy feeling EN ] Shape Acceptance Assessment
70 8 4 7 5 8 5 37
80 9 8 8 7 8 8 48
90 7 8 7 7 7 8 44
100 7 8 7 7 7 8 44
110 6 8 6 6 7 7 40

Source: authors’ own development
- . o 714
—A— moisture content (%)
— H o,
12 oil content (%) 113
10 112
X
~ i 111 <
g | 8
5 ° 110§
s | 5
(9] -
2 6f 19 =2
a o
g \ 8
4 \ 17
| \A _- 6
| L | L | | L |

70 80 90

100 110

drying temperature (°C)

Figure 3. Effect of frying temperature on moisture and oil content in Pleurotus eryngii

Source: authors’ own development
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It can be seen that under the same conditions of
hot air pre-drying time, degree of vacuum and vacu-
um roasting time, the roasting temperature affects the
water and oil content of Pleurotus eryngii. The higher
the roasting temperature, the lower the final moisture
content of the product, and the higher the oil content,
these two values are inversely proportional. At a frying
temperature below 90°C, the moisture content of the
product exceeds 7%; at a frying temperature of 100°C,
the oil content of the product is 43.23%, and at a tem-
perature of 110°C, the oil content is 44.86%. No signif-
icant changes in oil content are observed. In addition,
Table 4 shows that at frying temperatures between 80
and 100°C, the sensory scores of the products exceed
44 points, and better sensory quality can be obtained
at oil temperatures between 80 and 100°C. The impor-
tance of organoleptic characteristics was noted in their
work by M.R. Hilapad et al. (2020) noted that fried oyster
mushroom pieces for 20-35 minutes are characterised

by higher scores (6.85-7.79). Similar findings were ob-
tained by A. Shah et al. (2020), analysing the effect of
vacuum frying on onion slices. The authors established
the dependence of temperature and duration of vacu-
um frying: 30, 25 and 20 minutes at 80, 90 and 100°C,
respectively. This study showed that the colour and tex-
ture of the chips were optimal at 90°C. And as a result
of research by I. Izham et al. (2022) it is stated that the
optimal process variables for processing mushrooms
were 110 minutes of hot air drying at 75°C. The highest
desirability index of 0.648 was achieved.

In order to investigate the effect of frying time on
the oil and water content and sensory quality of the
product, 100 g of 2 mm thick slices of Pleurotus eryngii
were blanched and dipped, and the hot air pre-drying
temperature was 60°C. The sensory evaluation is based
on a total score of 60 points. The sensory evaluation
criteria and the results of the moisture and oil content
of the product are shown in Table 5 and Figure 4.

Table 5. Results of sensory evaluation of Pleurotus eryngii pieces with different roasting times

Frying time Colour Texture Greasy feeling Taste Shape Acceptance Assessment
5 8 2 8 3 8 3 32
10 7 8 7 7 7 8 44
15 7 8 7 7 7 8 44
20 6 9 6 8 6 7 42
25 4 9 4 6 4 5 32

Source: authors’ own development
r . o 7 80
80 —A— moisture content (%) .
L A oil content (%) =470
70 1
" 7 60
g oo ]
\: 50 3
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Figure 4. Effect of frying time on moisture and oil content in Pleurotus eryngii

Source: authors’ own development

In order to maintain the crispness and shelf life of
the product after frying, it is usually necessary to keep
the moisture content below 8%. Figure 4 shows that the

oil content increases more rapidly before frying for 10
minutes (from 1.88 to 35.8%), and after 10 minutes the
oil content increases more slowly, and the oil content
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tends to stabilise after 20 minutes. At the same time,
the water content decreased sharply before 5 minutes
(from 77.9 to 13.6%), and the water content decreased
to 3.93% within 5 minutes. After 10 minutes, the de-
crease became stable. It can be seen that the moisture
content dropped below 7% when fried for 15 minutes.
Therefore, in order to achieve a safe moisture content,
the oil content is the lowest. Confirmation of this can be
found in A.Ren et al. (2018), where the researchers sta-
tistically confirmed that pretreatment significantly af-
fected the colour of shiitake mushroom chips (p <0.05).

Furthermore, as can be seen from Figure 4, the de-
hydration process of Pleurotus eryngii slices fried in a
vacuum at low temperature can be divided into three
stages. The first stage lasts from O to 5 min. During
this time, accelerated drying takes place. The water in-
side the Pleurotus eryngii pieces boils rapidly under the
influence of negative pressure and high temperature,
and flows out of the internal tissues of Pleurotus er-
yngii as steam. The moisture content in the pieces of
Pleurotus eryngii decreases significantly, and the water
that evaporates at this time is mainly free water in the
outer layer. The second stage is the stage of uniform
dehydration. This stage occurs in about 5-10 minutes.
At this time, the overflowing water is mainly free water
that diffuses from the inner layer to the outer layer.
The rate of dehydration is affected by the rate of wa-
ter diffusion, so the dehydration rate remains basically
stable. The third stage occurs after 15 minutes, and the
water content of the Pleurotus eryngii pieces remains
almost unchanged at this stage. At this stage, only a
small amount of bound water continues to evaporate,
so the change in water content is very small. In the
third stage, the moisture content changes very little.

Continuing to fry will only result in a deterioration of
the colour and taste of the product and wasted energy.

The change in oil content with frying time is basi-
cally divided into two stages. The first stage is the period
from O to 10 minutes. During this time, the oil content
increases from 1.88 to 35.8%. After 15 minutes, most
of the free water has evaporated, the dehydration rate
becomes slow, and all the oil phases replace the water
phase. The rate also becomes slower, so the oil content
basically stabilises and reaches equilibrium. The de-
crease in oil content was consistent with the studies of
A.Ren etal.(2022).The authors confirmed that the mech-
anism to reduce oil absorption by ultrasonic osmosis
was the pre-treatment with ultrasound before vacuum
frying. This created a high vapour pressure in the sam-
ple structure reducing the oil absorption during frying.

In the process of vacuum low-temperature frying,
the frying temperature, frying time and the degree of
vacuum have a great influence on the product quality. In
this test, the fixed vacuum degree is in the range of 0.08-
0.09 MPa, and the orthogonal test is designed accord-
ing to the three factors that affect the quality of vacu-
um-fried Pleurotus eryngii pieces,frying temperature and
frying time.Vacuum low-temperature roasting is orthog-
onal. The level selected for the test is shown in Table 6.

The oil content and sensory quality of Pleurotus
eryngii slices produced by vacuum low-temperature
frying are related to consumer perception.According to
the sensory evaluation criteria in Table 1, nine groups
of orthogonal tests were evaluated to determine the
oil content of each group, and the range of sensory
evaluation and oil content was analysed. The results of
the orthogonal test and the vacuum frying process are
shown in Table 7.

Table 6. Factors in the vacuum frying process conditions

Drying time, min

3 30

Source: authors’ own development

Factor

Frying temperature, °C Frying time, min

100 20

Table 7. Orthogonal experimental design of vacuum frying process conditions

Factor o 0
verall senso . o
A B ' C D score ™Y Oil content, %
Zero column Drying time Frying temperature Time frying

1 1 1 1 1 43 45.2
2 1 2 2 2 47 43.8
3 1 3 3 3 37 40.1
4 2 1 2 3 42 466
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Table 7, Continued

Factor o
A B C D veraslcl ;t:nsory Oil content, %
Zero column Drying time Frying temperature Time frying

5 2 2 3 1 40 34.8

6 2 3 1 2 39 24.5

7 3 1 3 2 41 53.5

8 3 2 1 3 44 453

9 3 3 2 1 45 30.6
KSensor 1 423 420 420 427
K Sensor 2 40.3 437 447 423
K Sensor 3 433 403 39.3 41.0

R Sensor 3.0 3.3 5.3 17

KOoil 1 43.0 484 38.3 36.9
K Oil 2 35.3 413 40.3 40.6
K Oil 3 431 317 428 440
R Oil 7.833 16.700 4.467 7.133

Source: authors’ own development

The range analysis shows that the primary and sec-
ondary order factors affecting the sensory evaluation
are as follows: roasting temperature > pre-drying time
> roasting time, roasting for 10 min under the condi-
tions of pre-drying with hot air for 20 min and roasting
temperature of 90°C. The best sensory quality was ob-
tained. The analysis of the oil content range shows that
the order of factors affecting the oil content is: pre-dry-
ing time > frying time > frying temperature. When the
pre-drying time is 30 min and the frying temperature
is 80°C, the product can be obtained after frying for
10 min. The lowest oil content is obtained. However,
when the pre-drying time was 30 minutes, the Pleu-
rotus eryngii slices deformed more severely than the

Pleurotus eryngii slices dried for 20 minutes during the
dehydration process, and the sensory evaluation was
slightly worse. These findings were consistent with the
opinion reported by C. Wang et al. (2019).

Comprehensively considering the two factors of
reducing the oil content in the final product and im-
proving the sensory quality of the product, the optimal
process conditions were obtained: hot air pre-drying
time 20 min, roasting temperature 80-90°C, roasting
time 10 min, and vacuum degree 0.08-0.09 MPa. Figure
5 shows the appearance of Pleurotus eryngii slices after
vacuum roasting. It can be seen that the slices of Pleu-
rotus eryngii are light yellow, with small pores formed
on the surface as a result of air drying.

Figure 5. Appearance of Pleurotus eryngii pieces after vacuum roasting

Source: authors’ own development

Thus, using the combined vacuum frying pro-
cess, mushrooms with a crispy texture were obtained,
which can be considered an appropriate attribute for
the manufacture of a snack-type product. It should be

noted that oyster mushrooms have high nutritional and
health benefits, good antioxidant properties due to
biologically active compounds (phenol) and are a
source of vegetable protein.
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CONCLUSIONS
In order to inactivate the peroxidase of Pleurotus eryngii,
taking into account the need for energy saving in pro-
duction and reducing the loss of flavour nutrients, the
blanching process parameter was set at 80°C for 90 s.
In order to reduce moisture in the product and increase
dry matter, oyster mushroom impregnation with malto-
dextrin (15%) in a ratio of 1:5 for 15 min was used. Tak-
ing into account the test results, the ideal parameters
for forming Pleurotus eryngii slices by dipping before
vacuum frying at low temperature were determined,
which included: thickness of 2 mm, mass fraction of
maltodextrin of 15% and 15-minute ultrasonic impreg-
nation. Subsequent studies have shown that during the
pre-drying process, it is possible to delay the deforma-
tion and discolouration of Pleurotus eryngii by using hot
air (60°C) for pre-drying while maintaining the same
dehydration rate, which minimises the vacuum frying
process. When the frying temperature remains below
90°C, the moisture content of the product exceeds 7%.

80 and 100°C, the product’s sensory scores exceed 44
points. It can therefore be concluded that maintaining
the oil temperature between 80 and 100°C results in
excellent sensory performance. Temperature, frying time
and the degree of vacuum have a significant impact
on the quality of the product during the low-temper-
ature vacuum frying process. These are the three fac-
tors that determine the design of the orthogonal dough,
which has a fixed vacuum degree in the range of 0.08-
0.09 MPa. The ideal process conditions were achieved
by taking full account of two factors to reduce the oil
content of the final product and improve the sensory
qualities of the product: pre-drying time with hot air
20 minutes, frying temperature 80-90°C, frying time 10
minutes, and vacuum degree 0.08-0.09 MPa. The ap-
pearance of the Pleurotus eryngii pieces after vacuum
frying has light yellow surface sections with small pores.
Therefore, future research may be aimed at producing
safe snacks from different types of edible mushrooms.

However, when the temperature rises to 100°C, the oil ACKNOWLEDGEMENTS
content of the product reaches 43.23%, and at 110°Cit  None.
increases even further to 44.86%. It should be noted that
there are no significant fluctuations in the oil content. CONFLICT OF INTEREST
In addition, when the frying temperature falls between  None.
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AHoTauif. [prbu cnoxmBaloTbCa Yepes ix MoXKXMBHI pe4OBUHM TaTepaneBTUUHI 6i0N0riYHO aKTUBHI CMOMYKK, ICTOPUYHO
BMKOPUCTOBYBAINMCA B MeOMUMHI, @ npeactaBHUKM pony Pleurotus € iCTiBHUMM BMAAMM gKi Barati xap4yoBumu
BOJIOKHaMM, BiTaMiHaMK, MiKpO- Ta MakpoeneMeHTaMu, ByrnesogamMmun. Meta — TeOpeTMyHO 0BrpyHTYBATH BaKyyMHe
CMaXeHH$ LWMATOYKIB IMMBU, OTPUMATU XPYCTKMUIA NPOAYKT 3 ONTUMANbHUMU CMOXMBUMMK XapaKTepUCTUKaMu. B
npoueci fOCNioKEHHS BUKOPUCTAHO METOAM BAaKYYMHOIO HWM3bKOTEMMEPATYPHOr0 CMaXXeHHS, OpraHoONenTUYHOro
[OCNiI)KEHHS, OPTOrOHANbHOrO TeCTy, 0AHO(MAKTOPHOro Ta CTaTUCTUYHOIO aHanisy. MNpoaHanizaoBaHO YMHHUKM, L0
BMN/IMBAOTb HA SKICTb BaKYYMHOIO CMaXKEHHS TIMBU: YacC MOMepefHbOro CyLiHHSA, TEMNePaTypy Ta Yac CMaXEHHS.
OnucaHo Ta NpoaHanizoBaHO 3BM30K MOKA3HMKIB BMICTy ONii Ta CEHCOPHOI OLUiIHKWU. bynn BU3HAueHi onTUManbHi
TEXHONOTIYHI NapaMeTpu CMaXeHHs y BakyyMi. Pleurotus eryngii TOBLLMHOK 2 MM OynM MOBHICTH iHAaKTMBOBAHI
B ymoBax nposaptoBaHHa npotaroM 90 ¢ npu 80 °C, i npotarom 10 ¢ npu 90 °C i 100 °C. fkwo BigdyBaeTbHCA
TpuBane BapiHHA, TeKCTypa MMMBM CTAE M’AKOMO, MOraHoO NigAA€ETbCs nodanblwin obpobui nig BakyymoMm npu
HU3bKi Temnepatypi. ToMy, 3 METO €KOHOMIi BMPOOHMYOI eHeprii Ta 3MEHLIEHHS BTPATM CMaKy i MOXMBHMUX
pe4yoBuH, 6yno obpaHo npurotyBaHHa npu 80 °C npotarom 90 c. 3a3HauveHo, wo obpobka Pleurotus eryngii
ManbTOLEKCTPUHOM Nepes, CMAXKEHHAM Yy BaKYyMi, 3MEHLUYE BMICT OAii Micns CMaxeHHs, 3abe3nevye oAHOpPIAHY
CTPYKTYPY, FApHUI CMaK i XpYyCTKiCTb NPOAyKTY. byno oTpMmMaHo onTMManbHi napameTpu: 3pisu nNo 2 MM, MacoBa
YyacTka ManbToaekcTpuHy 15 %, TpuBanicTb ynbTpasBykoBoi 06pobku 15 xB. OnNncaHo BNAMB HA CEHCOPHY OLHKY
OCHOBHOrO i BTOPMHHOIO MOPAAKY: TeMNepaTypa CMaXKeHHS > Yac MonepeaHboro CyLiHHA > Yac CMaXKeHHs. byno
3a3Ha4yeHO KOHKPETHI napaMeTpw, 3a SKUX NPOAYKT OTPUMAE HAMKPALLi CEHCOPHi MOKAa3HUKKU, @ CaMe: CMaXKeHHS
10 xB, nonepenHe cywiHHg 20 xB, TemnepaTypa cMaxeHHs 90 °C. byno npoaHanizoBaHo (GakTopu BNAMBY Ha BMICT
0Aii: Yac NoNepefHbOro CYLWiHHA > Yac CMaXeHHs > TeMnepaTypa CMaXKeHHs. byno BCTaHOBNEHO, WO NMPOAYKT MOXe
OTPUMATM HaMMeHLUWIA BMICT 0Nii 32 yMOBM nonepeaHboro cylwiHHg 30 xB, TemnepaTypu cMaxeHHs 80 °C npoTarom
10 xB. [pakTUYHA LiHHICTb AOCNIAKEHHS MONATAE Y BUZHAYEHMX ONTUMANBbHUX YMOB AOCNIAXKYBAHOIO NpoLecy: vac
nonepeaHbOro CywiHHa rapsuum nogitTpam 20 xB, TeMnepaTypa cMaxeHHs 80-90 °C, yac cmaxeHHs 10 xB, cTyniHb
BakyyMy cmaxeHHs 0,08-0,09 MTla

Kniouosi cnoBa: rMuea, FIKiCTb; O,EI,HOCbaKTOle/IVI TeCT, OpTOFOHaJ’IbHVIVI TeCT, CEHCOPHa OLI,iHKa; 6J'IaHLI.IYBaHHFI; onisi
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Abstract. The agricultural sector in Ukraine plays a key role in the national economy, providing high-quality
and sustainable food supply for the population. However, even with favourable natural and climatic conditions
and extensive land area, the industry faces numerous challenges, such as war, economic instability, and loss of
control over land resources. The purpose of the study is to analyse the current state of growing plant-based food
products in Ukraine to identify key challenges and opportunities. To achieve this goal, the gross harvest, yield,
and acreage of the main agricultural crops, the share of agricultural value added in the gross domestic product
in Ukraine, and the value of agricultural exports to the European Union for the period 2015-2022 were analysed.
The results show that sales volumes in agriculture increased by 75.9%, indicating a positive development of the
industry. However, this positive development is accompanied by an increase in product prices, which can lead
to inflationary pressures. The instability of the agricultural sector is confirmed by a sharp increase in the share
of value added in 2021 and a decline in 2022. However, an important positive aspect is a significant increase
in the yield and value of exports, which indicates the successful influence of the Ukrainian agricultural sector
on international markets. The study shows that despite the existing challenges, the agricultural sector has
demonstrated flexibility and adaptability, especially in the context of changes in acreage and crop production
volumes. Measures aimed at introducing modern technologies, stimulating innovation, improving the level of
education and developing export opportunities can become a catalyst for the sustainable development of the
agricultural sector. The results obtained are necessary for the development of specific measures and strategies
aimed at improving the situation in the agricultural sector of Ukraine and ensuring its sustainable development

Keywords: gross harvest; value added; competitiveness; export; agricultural production

INTRODUCTION

The agricultural sector of Ukraine, as a key sector of the
economy, plays a crucial role in ensuring food security
and growing plant-based food products. This industry is
not only an important component of national produc-
tion, but also a determining factor for the country’s sus-
tainable development. Against the backdrop of global
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challenges such as climate change, limited resources
and the need to ensure food security, Ukraine’s agricul-
tural sector is becoming a key player in solving these
problems. The importance of ensuring the profitability
and sustainability of agricultural activities requires an
integrated approach covering economic, environmental
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and social aspects. Therefore, the relevance of this study
is determined by the need to address the challenges
facing the agricultural sector of Ukraine in the context
of global trends. In particular, maintaining ecological
balance, ensuring access to resources, and maintaining
food security are becoming important tasks for which
the agricultural sector should pay due attention.

According to Y. Danko et al. (2020), current trends in
the cultivation of plant-based food products in Ukraine
indicate the need to integrate the latest technologies,
comply with environmental standards, and adapt to
global challenges. Important aspects include ensur-
ing product quality, efficient use of resources and, cre-
ating a sustainable agricultural sector that meets the
requirements of modern consumers and considers en-
vironmental aspects. Maintaining and increasing the
competitiveness of the Ukrainian agricultural market
is conditioned by the innovation and improvement of
cultivation methods aimed at creating environmentally
friendly and safe products for consumers. In this context,
[. Kulyk (2019) argues that it is important to analyse
existing cultivation technologies, implement modern
management methods, and consider the sustainable
use of natural resources and the preservation of soil fer-
tility. Achieving success in the agricultural sector of the
Ukrainian economy will be determined not only by the
volume of production, but also by the introduction of
innovations aimed at increasing productivity and ensur-
ing sustainable development of agricultural production.

H. Kvita et al. (2020) note that the analysis of the
state of the agricultural sector and its interaction with
plant production will help identify key problems and
opportunities facing modern farmers and agricultural
enterprises. Consideration of these aspects will provide
an understanding of the factors that affect the efficien-
cy of growing plant-based food products, and indicate
ways to optimise production based on modern require-
ments. O. Krupchan & V. Korol (2022) also highlight the
need to investigate and implement modern agricultur-
al technologies, such as agricultural work, irrigation
systems, fertiliser use, and plant protection, to ensure
maximum productivity with minimal environmental
impact. They also note the importance of ensuring high
quality standards for plant-based food products, which
affects their perception on the world market.

V. Dankevych et al. (2022) point to the complexity
of the challenges facing Ukraine’s agricultural sector
and the need to integrate modern technologies, sci-
entific developments, and sustainable management
to achieve economic success, ensure food security, and
solve environmental problems. The application of in-
novative solutions such as modern tillage methods,
efficient fertilisers, and hybrid technologies allows the
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agricultural sector to remain competitive and sustain-
able in the changing conditions of the modern world
(Roberts, 2021). Growing plant-based food products to-
day also requires innovative strategies and modern ap-
proaches to agricultural activities. According to E. Sha-
hini et al. (2023), the introduction of agrointelligence
and modern irrigation technologies has contributed to
a 15% increase in crop yields and a 20% reduction in
irrigation water consumption, and modern genetically
modified varieties have shown high resistance to stress-
ful conditions, which has contributed to improving the
quality of grown products. Due to these innovations, the
agricultural sector of Ukraine can ensure sustainable
food production, meeting the requirements of econom-
ic sustainability, environmental safety, and improved
product quality. The transition to modern technologies
using engineering will contribute to the further devel-
opment of the agricultural sector and the introduction
of sustainable agricultural production (Atanasov, 2023).

The purpose of the study was an in-depth analysis
of the current state of plant food cultivation in Ukraine,
identifying key challenges and opportunities, and ways
to optimise production to achieve a sustainable, cost-ef-
fective, and competitive agricultural sector. To achieve
the stated goal, the following tasks were set: to analyse
the current state of growing plant food products and
present strategies aimed at increasing sustainability
and stimulating development in the field of agricultural
production in Ukraine.

MATERIALS AND METHODS

The theoretical segment of the study includes the pa-
pers by researchers in the field of agricultural develop-
ment and in the field of research on the problems of
transformations in agricultural production and its sale.
In addition, the sustainable development goals and sta-
tistical data of the State Statistics Service of Ukraine
were used as an information component of the study.
The research materials were analysed using the meth-
ods of comparison and grouping, and the abstract and
logical method was aimed at investigating the current
state, problems, and prospects of growing plant-based
food products in Ukraine.

In the course of the research, a complex of special
and general scientific methods was used: generalisa-
tion — when working with literary sources for system-
atisation and generalisation of information; dialectical
method - to investigate the regularities of the state
and prospects of growing plant-based food products;
grouping - to explore the totality of data and their
logical combination; analysis - to analyse the col-
lected information, draw conclusions and provide rec-
ommendations; statistical analysis - for quantitative



expression of data; synthesis — to combine the obtained
data into a concise and scientific description; scientific
abstraction - to determine the essence of the model
of development of the agricultural sector; comparative
analysis - to contrast the results obtained and identify
differences or similarities.

The paper also included a SWOT analysis, which
helped to identify the strengths and weaknesses of
the agricultural sector, and analyse opportunities and
threats for developing strategies aimed at improving the
sustainability and development of Ukrainian agricultural
production.To effectively conduct a study on the cultiva-
tion of plant-based food products in the current condi-
tions of the Ukrainian agricultural sector, the statistical
data on production volumes, yields, and harvested are-
as of crops by their types were considered. In addition,
the following indicators were analysed to determine
the state and prospects of growing plant food products:
the dynamics of gross harvest and yield, and the sown
areas of the following crops: cereals and legumes, sug-
ar beet, sunflower, soybeans, rapeseed, potatoes, and
open-ground vegetable crops. Ultimately, the produc-
tion of the main agricultural crops, the share of value
added of the agricultural sector to the GDP of Ukraine,

Industrial
sugar beet

Grain and
leguminous crops

Years Sunflower

Shevchuk

the cost of agricultural exports from Ukraine to the Eu-
ropean Union for the period 2015-2022, and the volume
and average prices of agricultural products sold by ag-
ricultural enterprises in January 2022 were considered.

The results obtained were processed for reliability
using the MANOVA multivariate analysis of variance us-
ing Microsoft Excel and Statistica 10 software suites.Dif-
ferences in the results obtained are possible at a signif-
icance level of P<0.05 according to the Student’s t-test.

RESULTS
A detailed analysis of the production of the main agri-
cultural crops in Ukraine showed some growth in 2018-
2020, but in 2021-2022 there was a significant decline
and the dynamics of instability (Leal Filho et al., 2023).
In particular, the acreage of crops such as sugar beet
and potatoes decreased, while the acreage of sunflow-
er, rapeseed, and soybeans increased. The decrease in
acreage may be conditioned by economic factors, losses
from natural disasters, and external factors such as war.
Along with this, there is a clear increase in the yield of
almost all types of crops, which may indicate the in-
troduction of more efficient technologies and modern
methods of cultivation (Table 1).

Table 1. Dynamics of gross harvest, yield, and acreage of major agricultural crops in Ukraine

Open ground

FOEEE vegetable crops

Soybeans Rapeseed

Gross harvest of basic agricultural crops, thous. hwt

2015 601,250 103,300 111,810 39,310 17,380 208,390 92,140
2016 660,880 140,110 136,270 42,770 11,540 217,500 94,150
2017 619,160 148,810 122,350 38,904.4 21,945.7 222,080 92,860
2018 700,565 139,677 141,651.7 44,608 27,506 225,039.7 88,845
2019 751,432 102,045.3 152,541.2 36,987.1 32,803.2 202,691.9 91,901.7
2020 633,445.4 82,565.2 131,358 27,709.3 25,863.5 208,586.8 91,137.3
2021 566,967.6 83,989.5 122,108.6 23,623.4 26,300.5 208,688.2 81,2549
2022 538,637.1 99,414.6 113,287.4 34,438 32,502.7 208,992.1 86,452.1
Yield of the main agricultural crops, hwt/ha
2015 411 436 21.6 18.4 25.9 161 206
2016 46.1 482 224 23 25.7 166 211
2017 42.3 465.5 20.1 19.7 27.9 167.8 197.9
2018 474 508.5 23 25.8 26.5 170.5 204.7
2019 49.1 461.1 25.6 229 25.6 154.8 205.9
2020 42.9 409.5 20.6 20.9 23.4 1574 199.9
2021 39.7 362.4 20 19.8 23.9 165.1 192.6
2022 458 541.2 21.6 22.6 28.7 173.5 195.2
Acreage of the main agricultural crops, thous. ha.

2015 14,739 237 5,105 2,158 682 1,291 440
2016 14,401 292 6,073 1,869 455 1,312 442
2017 14,607 318 5,943 1,994 789 1,324 440
2018 14,848 279 6,058 1,709 1,042 1,319 433
2019 15,318 221 5,928 1,609 1,282 1,309 445.8
2020 14,759.1 201.6 6,381.3 1,323.2 1,104.9 1,3254 455.8
2021 10,203.2 193.8 6,110.5 1,183.4 1,112.8 1,263.9 421.9
2022 12,1711 184.1 5,292.8 1,558.9 1,161.1 1,207.7 439.2

Source: State Statistics Service of Ukraine (Areas, gross harvests..., 2023)
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Monitoring and analysis of data on the dynamics of
the development of the agricultural sector and the de-
velopment of strategies to improve the sustainability
and efficiency of agricultural production showed that the
production of fruits and berries in Ukraine remained at a
stable level of about 9.8-10.0 million tonnes during the
period from 2015 to 2022. Despite small fluctuations,

this stability may indicate a certain conservatism in the
cultivation of fruits and berries in Ukraine, or it may be
due to difficulties in market access or other econom-
ic factors. The production of sunflower and potatoes
also remains at a high level, which cannot be noted
about the production of sugar beet, which remains at
a fairly low level during all the years studied (Fig. 1).
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Figure 1. Production of the main agricultural crops in Ukraine, min. t.
Source: State Statistics Service of Ukraine (Volume of production..., 2023)

The production of the main agricultural crops
in Ukraine is influenced by various trends and fac-
tors that can be decisive for the agricultural sector.
In particular, agroclimatic conditions can affect crop
yields and production. Extreme weather events, such
as droughts or floods, can lead to crop losses and re-
duced production. Economic instability can affect the
financial capacity of agricultural enterprises. Changes
in the amount of available financial resources can af-
fect the choice of technologies, production volumes,
and business efficiency. Changes in consumer demand
for specific agricultural products can affect production
and acreage. Adaptation to changes in consumer de-
mand may require a reorientation of agricultural pro-
duction. In addition, the loss of control over agricultur-
al land due to war can significantly affect the volume
of production and acreage. Economic turbulence and

14

significant mass migration of the population can lead
to significant changes in agriculture. In particular, the
displacement of the population, including agricultur-
al workers due to war, can affect the availability of
labour and production efficiency. To overcome these
challenges and ensure the sustainability of the agri-
cultural sector, it is important to develop strategies
to adapt to changes, improve cultivation methods,
develop modern technologies, and promote sustain-
able agricultural development. Figure 2 shows that
the share of value added of the agricultural sector to
gross domestic product in Ukraine was marked by a
sharp increase in 2021. This indicated positive trends
in agriculture and its significant contribution to the
economy. However, a sharp decrease in this share in
2022 is the result of the influence of various factors,
in particular, the war.
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Figure 2. Share of value added of the agricultural sector to GDP in Ukraine, %
Source: State Statistics Service of Ukraine (National accounts (GDP), 2023)
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However, despite the existing instability in gross
production volumes, in general, the analysed data indi-
cate a stable increase in the value of agricultural exports
from Ukraine to the European Union during the study
period, with intensive growth in 2022. Such dynamic
growth may indicate a positive impact of the Ukrain-
ian agricultural sector on the international market
(Fig. 3). The dynamics of agricultural exports to the Eu-
ropean Union indicates a steady demand for Ukrainian

14

agricultural products in the region. The intensity of ex-
port value growth in 2022 can be the result of success-
ful implementation of international marketing strate-
gies, improving product quality and maintaining trade
relations with partners in the European Union. This
underscores the importance of Ukraine’s agricultural
sector as a key player in the international agricultural
arena, capable of ensuring stability and growth in the
face of global challenges.
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Figure 3. Value of agricultural exports from Ukraine to the European Union, billion USD
Source: State Statistics Service of Ukraine (Commodity structure of..., 2022)

In addition, a detailed analysis of sales volumes
shows that the volume and average prices of agricul-
tural products sold by agricultural enterprises in Janu-
ary 2022 increased by 75.9%, which may indicate a pos-
itive development of the agricultural sector. Total sales
of oilseeds increased by 50.6%, while average prices
remained high. Potato sales increased by 63.1%, but av-
erage prices declined. Sales of vegetables decreased by

6.4%, but average prices increased significantly. Sales
of white crystalline sugar decreased by 13.8%, but av-
erage prices also increased. In general, sales volumes
of most product categories have increased, which indi-
cates a positive development of agriculture. However,
it is important to note that product prices have also
increased, which may affect inflation and consumer
prices (Table 2).

Table 2. Volumes and average prices of agricultural products sold by agricultural enterprises in January 2022

Implemented Average sales prices
Product name ° °
TSI corr::p/oor::;r:: ?:r?ot: i;h;OZO RALIESRCHTE corr:;pﬁrf:il:g :r:r?ot: itnhgozo
Grain and leguminous crops 3,662.2 175.9 6,675.6 108.5
Of them
Wheat 621.9 150.7 7,686.1 108.6
Grain corn 2,908.1 181.7 6,438.1 109.3
Barley 88.3 234.4 6,907.1 114.6
Rye 14.7 2724 5,176 107.5
Oilseed seeds 826.8 150.6 17,691.4 105.9
Of them
Soybeans 104 1229 16,045.6 111.9
Rapeseed 3.7 285.4 20,834.4 167.6
Sunflower seeds 7,174 155.3 17,904.8 104.4
Potatoes 22 163.1 5,248 84.2
Vegetable crops 16.4 93.6 15,486.1 154
Fruit and berry crops 13.8 145 7,584.1 78.3
White crystalline beet sugar 433 86.2 18,057.3 115.3

Source: State Statistics Service of Ukraine (Implementation of agricultural..., 2022)
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According to many researchers, modern technol-
ogies have recently been actively used in agriculture
in Ukraine, including digital innovations, genetic engi-
neering, and agroecological approaches. Digital inno-
vation drives the use of monitoring and management
systems such as sensors, GPS technologies, and data
acquisition systems to improve production processes
and optimise resource management. The Internet of
Things (IoT) is also widely used to collect and process
information about the state of crops, climatic condi-
tions, humidity levels, etc. (Leschuk et al., 2022). In the
field of genetic engineering, research and implementa-
tion of genetically modified organisms (GMOs) is car-
ried out to create plants with improved properties,such
as resistance to pests, diseases and creating favourable
conditions for harvesting. Agroecological approaches
include expanding the area of organic farms and using
environmentally friendly methods of tillage. Sustaina-
ble use of soils is also important to reduce the impact
of agricultural processes on the soil and its fertility

(Glauben et al.,, 2022; Rawtani et al., 2022). A SWOT
analysis of Ukraine’s agricultural sector was carried out
to provide a more detailed understanding of the sec-
tor, reflecting the internal and external factors that af-
fect its state and prospects. It is important to note that
among the strengths stand out a significant volume
of production, favourable geographical location and
potential for innovative development. However, weak-
nesses such as outdated equipment and technology,
high costs, and insufficient infrastructure can limit the
industry’s ability to reach its maximum potential. New
opportunities arise from increased global demand for
organic and eco-friendly products, opportunities to be-
come a key player in the global market, and increased
investment in agriculture and infrastructure. However,
threats such as poor management efficiency, innova-
tion complexity, and workforce challenges require
careful management and strategic planning to ensure
the sustainability and development of the industry in a
global market environment (Table 3).

Table 3. SWOT-analysis of the agricultural sector of Ukraine

Internal factors External factors

1. Significant production volume.

Strengths 2. Geographical location.
3. Potential for innovative development.
1. Outdated equipment and technologies.
2. High costs for the production and operation of
Weaknesses equipment.

3. Insufficient infrastructure for storing and
transporting products.
4. Lack of innovative technologies.

1. Significant production volume.

2. Potential for innovative development and
improvement of product quality and increased
competitiveness.

3. Development of new sales markets.

Opportunities

1. Increasing global demand for organic and eco-
friendly products.

2.Reducing the cost of products on international
markets.

1. Lack of competitiveness in world markets.
2.Changes in trade agreements and tariffs.

3. Impact of geopolitical conflicts and wars on exports
and market access.

1. Increasing global demand for organic and eco-
friendly products.

2. Ukraine can become a key player in the agricultural
market.

3.Increase investment in agriculture and infrastructure.

1. Low efficiency of production and business process

management.
2. Failure to implement innovation through a

VAR conservative approach.

3. Insufficient qualification of personnel and problems

with the labour force.

Source: developed by the author

Based on the conducted research, a number of stra-
tegic areas for improving the sustainability and devel-
opment of Ukrainian agricultural production have been
identified. The first strategic area is the introduction of
modern technologies, such as the latest agricultural
technologies, to improve production efficiency and the
use of automation and monitoring systems to optimise
processes. The second area involves stimulating inno-
vation in agriculture, including financial support and
incentives for research and innovation. It is also im-
portant to create incubators and innovation centres to
promote start-ups in the rural sector. The third area is
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1. Negative impact of changes in trade agreements and
tariffs.

2. Increased competition in global markets.

3. Impact of sanctions and trade restrictions.

the education and development of personnel, including
improving the level of education of rural workers and
farmers, and the introduction of training and training
programmes for the effective use of modern technol-
ogies. The fourth strategic area is the sustainable use
of natural resources. This includes the introduction of
environmentally friendly methods of cultivation and
production, and the rational use of water resources and
reducing the impact on soils. The fifth area provides for
the diversification of production, including the expan-
sion of the range of agricultural products for different
markets and the development of agrotourism and other



alternative areas for additional income. The sixth area
is sectoral cooperation, which provides for cooperation
between agricultural enterprises and farmers’ associa-
tions for joint development and resource conservation.
The seventh area is the development of export oppor-
tunities, including expanding export markets and in-
creasing the volume of agricultural exports, and active
participation in international exhibitions and fairs to
promote Ukrainian goods. These strategies are aimed
at ensuring the sustainability and competitiveness of
plant-based food products in the Ukrainian agricultural
sector. Growing plant-based food products in Ukraine
has growth prospects based on the use of the latest
technologies, increasing the quality and competitive-
ness of products, and active participation in the global
agricultural market. These strategies are aimed at en-
suring the sustainability and competitiveness of plant-
based food products in the Ukrainian agricultural sector.

Thus, the prospects for the growth of plant-based
food products in Ukraine are based on the use of ad-
vanced technologies that help increase productivity
and ensure high product quality. The introduction of
the latest agricultural technologies, such as modern
methods of tillage, efficient irrigation systems and the
use of high-quality fertilisers, contributes to increasing
yields and unifying products. Improving product qual-
ity includes not only the use of modern agrotechnical
methods, but also compliance with high standards of
product safety and quality. The introduction of quali-
ty control systems, including monitoring of production
processes and implementation of certification stand-
ards, promotes the cultivation of products that meet
the requirements of both domestic and international
markets. Active participation in the global agricultural
market opens up new opportunities for selling Ukrain-
ian products. The expansion of export markets and
participation in international exhibitions and fairs help
promote and position Ukrainian agricultural products,
ensuring their competitiveness at the global level. Thus,
the development of the Ukrainian agricultural sector is
based on a combination of modern technologies, high
quality standards, and active participation in the global
economic dimension. This creates favourable prospects
for sustainable growth and competitiveness of Ukrain-
ian products, and active participation of the country in
the global agricultural market.

DISCUSSION
Favourable natural and climatic conditions, a large
land area and agricultural traditions create the poten-
tial for efficient cultivation of various crops in Ukraine.
However, |. Irtyshcheva et al. (2023) argue that the
conditions of 2024 set farmers not only the task of
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increasing production, but also high requirements for
the sustainability and environmental safety of grow-
ing products. Ukrainian crop production plays a stra-
tegic role in ensuring food security, export potential,
and sustainable development of the country, which is
also correlated with the study. Y. Danko et al. (2020),
N. Leschuk et al. (2022) and K. Deininger et al. (2023)
emphasise that given the importance of plant pro-
duction in the agricultural sector, it is important not
only to increase the volume of cultivation, but also to
ensure manoeuvrability and adaptability to modern
consumer requirements and environmental standards,
because the combination of productivity, quality, and
sustainability is the key to the successful development
of Ukrainian food production. Therefore, the benefits
of increasing the number of farms switching to organic
farming were noted. It is this approach that leads to
an improvement in soil quality, a reduction in the neg-
ative impact on the environment, and an increase in
consumer demand for organic products.

According to C.Van der Giesen et al. (2020), the ex-
pansion of areas for organic crops is becoming a key
vector of development, as it not only meets global
trends in ecological production, but also increases the
competitiveness of Ukrainian agricultural products on
the world market. An important step towards the sus-
tainable development of the agricultural sector is also
the use of renewable energy and green energy, which,
coming from agricultural revenues, make a significant
contribution to ensuring environmental sustainabili-
ty. In addition, the state of Ukrainian agricultural pro-
duction as of 2024 indicates a gradual increase in the
production of plant products. In particular, farmers in
Ukraine show a growing interest in the use of modern
agricultural technologies, improving plant varieties and
more efficient use of land resources. Genetic engineer-
ing opens up wide opportunities for growing plant-
based food products that meet the challenges of our
time. This contributes to improved yields, pest and dis-
ease resistance, and adaptation to climate change. The
development of new varieties also allows for efficient
use of resources, reduced environmental impact, and
improved product quality (Portner et al., 2022).

The conducted research coincides with the opinion
of L. Gutierrez et al. (2022), according to which the intro-
duction of modern technologies, consideration of the
principles of sustainable use of natural resources and
diversification of production become crucial elements
for achieving efficiency and sustainability. Innovation
promotion, which is provided by financial support and
the creation of innovation centres, defines a new stage
in the development of the sector, where there is con-
tinuous improvement and introduction of advanced
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technologies. However, R. Ciaian et al. (2012) and
M. Behnassi & M. El Haiba (2022) suggest that while
the Ukrainian agricultural sector has significant poten-
tial for development, it also faces numerous challenges,
such as outdated equipment and insufficient infrastruc-
ture.To overcome these obstacles, it is important to pay
attention to the introduction of modern technologies,
stimulating innovation, improving education and ac-
tively developing export opportunities. These measures
can become a catalyst for the sustainable development
of the Ukrainian agricultural sector, providing it with
the necessary tools to overcome modern challenges
and achieve full potential.

I. Salim et al. (2019) suggest that an important as-
pect of the development prospects is also consideration
of socio-economic factors, such as the war, which signifi-
cantly affected the agricultural sector due to loss of con-
trol over land resources, economic instability, and mass
migration of the population. However, despite these dif-
ficulties, the increase in the value of agricultural exports
to the European Union is a positive signal and indicates
the successful adaptation of the Ukrainian agricultur-
al sector to international market conditions, which is
also confirmed in the study. Another confirmation of the
conducted research can be found in the papers by D. Fi-
ott (2022) andJ.Eustachio et al.(2023),according to which
performance management, strategic planning, and co-
operation between business entities remain key factors
for overcoming challenges and creating opportunities
for the development of the agricultural sector. Sustain-
able use of natural resources, diversification of produc-
tion, sectoral cooperation, and active development of
export opportunities create a solid foundation for sus-
tainable and competitive development of the Ukraini-
an agricultural sector in a global market environment.

Thus, summing up the above, it can be argued that
in the conditions of active development and transfor-
mation of the Ukrainian agricultural sector, it is impos-
sible to underestimate its significant role as a key com-
ponent of the national economy. This sector not only
ensures the stability of the economic situation in the
country, but also has a huge potential to influence glob-
al economic and environmental challenges, and certain
strategic areas have the potential to significantly im-
prove the state and prospects of the Ukrainian agricul-
tural sector. These strategies, focused on sustainability
and coordinated growth, interact with each other and
develop the basis for sustainable and competitive de-
velopment of the Ukrainian agricultural sector in the
global economic environment. Strategies aimed at sus-
tainability and economic growth have great potential
to improve not only the state of the agricultural sector,
but also to influence the overall development prospects
of Ukraine. In a global economic environment, stability
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and willingness to adapt are critical factors for success-
fully overcoming challenges and taking advantage of
opportunities at the international level.

CONCLUSIONS

Ukraine’s agricultural sector is an important component
of the national economy, determining the quality and
stability of the food supply. Despite favourable natural
and climatic conditions and a large land area, Ukraine’s
agricultural sector faces numerous challenges, such as
war, economic instability, and loss of control over land
resources. In the course of the study, it was found that
sales volumes in agriculture increased by 75.9%, indi-
cating a positive development of the industry, but this
is accompanied by an increase in prices for products,
which can cause inflationary pressure. The instability
of the agricultural sector confirms a sharp increase in
the share of value added in 2021 and a decline in 2022,
but the positive aspect is a significant increase in yields
and export values, indicating the successful impact of
the Ukrainian agricultural sector on the international
market. These changes pose challenges to domestic
economic sustainability, but also point to potential op-
portunities for the development of the external agri-
cultural sector. Measures aimed at introducing modern
technologies, stimulating innovation, improving the
level of education and developing export opportuni-
ties can contribute to the sustainable development of
the agricultural sector. It is important to emphasise the
need to address the problems of outdated equipment
and insufficient infrastructure. Sustainability, adaptabil-
ity, and reasonable use of resources are becoming key
priorities for the Ukrainian agricultural sector in the
face of global challenges and transformations. The in-
tegration of modern strategies aimed at sustainability
and coordinated growth is an important step in achiev-
ing sustainable development and competitiveness of
the Ukrainian agricultural sector. Thus, the agricultural
sector of Ukraine has experienced significant challeng-
es due to war and economic difficulties, but continues
to show some potential for the development of agricul-
tural products and impact on world markets, and un-
derstanding the positive and negative aspects allows
developing more effective action plans for creating a
competitive agricultural sector. Prospects for further
study are to investigate the impact of war on agricul-
ture and develop a clear strategy for adapting to eco-
nomic instability.
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CTaH Ta NepcrneKTUBM BUPOLLYBaHHSA POC/TMHHOI Xap4yoBoi NpoayKuii
B Cy4YaCHMX YMOBaX YKPAiHCbKOIro arpapHoOro ceKTtopy

Haransa MertpiBHa LUeBuyk

Loktop dinocodii, cTapwuimnit BUKNagau
MuKONaiBCbKMI HALiOHANbHWIA arpapHuiA YHiBepcuTeT
54008, Byn. leopris loHraase, 9, M. Mukonais, YkpaiHa
https://orcid.org/0000-0002-5845-2582

AHoTauif. ArpapHuii cekTop B YKpaiHi Bifiirpa€ Ka4Y0BY ponb Y HAaLiOHaNbHIM eKOHOMili, Hagauu sKicHe Ta
cTtabinbHe xapyoBe 3abe3neuveHHs ANa HaceneHHs. [poTe, HaBiTb NpU CNPUATAMBUX NPUPOLHO-KNIMATUUHUX
YMOBaX Ta OOLWMPHIN 3eMeNbHIM NNOLLI, raNly3b CTUKAETHCA 3 YNCSIEHHUMU BUKIIMKAMU, TAKUMU 9K BilIHA, EKOHOMIiYHa
HeCTabiNbHICTb Ta BTpATa KOHTPOJIH HA4 3eMeNIbHMMM pecypcaMu. MeTa AOCNiAKEHHS — NPOBECTM aHai3 NOTOYHOrO
CTaHy BUPOLLYBAaHHA POCIMHHOT Xap4yoBOi NpoayKLii B YKpaiHi 33415 BUSBNEHHS KNHOYOBUX BUKJTMKIB | MOXKIMBOCTEWN.
[N poCATHEHHS MOCTaB/IEHOI METM NPOaHaNi3oBaHO BaNOBMI 36ip, YPOXKAMHICTL Ta MOCIBHI MAOWi OCHOBHMX
CiNlbCbKOroCnoAapCbKMX KyNbTyp, YaCTKy A0AAHOI BAPTOCTi arpapHOro CEKTOPY 40 BaJIOBOr0O BHYTPILWHbOMO MPOAYKTY
B YKpaiHi, BapTiCTb €KCMOPTY CiNbCbKOroCnoaapCbkoi npoaykuii o €sponeicbkoro Coto3y 3a nepion 2015-2022 pp.
PesynbtaTv NnpoBeneHoOro AOCAIAKEHHS CBiAYaTh, WO 06caru peanizauii B CilbCbKOMY rocnoaapcTsi 3pocam Ha 75,9
%, BKA3yt0UM HA NO3UTUBHMI pO3BUTOK ranysi. Of4HaK Len NO3UTUBHUIM PO3BMTOK CYNPOBOMXKYETHCS 3POCTAHHAM LiH
Ha NPOAYKLIO, O MOXe Npu3BeCcTM A0 iHDAALIMHOrO TMCKY. HecTabinbHiCTb arpapHOro CeKTopy NiaATBEPAXKYETHCS
Pi3KMM 3pOCTaHHSAM YacTKu gomaHoi BaptocTi y 2021 poui Ta cnagom y 2022 poui. OgHak, BaXIMBUM MNO3UTUBHUM
aCNeKTOM € 3HAYHWUI MPUPICT YPOXKAMHOCTI Ta BApTOCTi €KCMOPTY, LLO CBiAYUTb NPO YCMilUHUIA BNIMB YKPAIHCbKOrO
CiNlbCbKOroCnoapCbKOro CEKTOPY Ha MidXKHAPOLHUX PUHKAX. Y JOCNIAKEHHS NPOLEMOHCTPOBAHO, WO HE3BAXAHUU
Ha iCHYIOYI BUKIWKM, arpapHMiA CEKTOP NPOAEMOHCTPYBAB MHYYKiCTb Ta aAanTUBHICTb, 0COBNMBO B KOHTEKCTi 3MiH Y
NnociBHMX NowaxTa 06csarax BUpoOHULTBA CiNbCbKOTOCNOAAPChKUX KYNbTYpP. 3aX04M, CNPSIMOBAHI HA BNPOBAaAXKEHHS
CY4aCHWUX TEXHONOTiM, CTUMYNIOBAHHS iIHHOBAL,IM, NiABULLEHHS PiBHS OCBITM TQ PO3BMTOK €KCMOPTHUX MOX/IMBOCTEMN,
MOXYTb CTATU KaTani3aTopoM ANs CTANoro po3BWUTKY arpapHoro cektopy. OTpMMaHi pe3ynbtati € HeobxigHMMM
ON9 po3p0o6neHHS KOHKPETHMX 3aXO04iB Ta CTpATEri, CNPSIMOBAHUX HA MOKPALLEHHS CUTYaLii B arpapHOMY CEKTOpi
YkpaiHu Ta 3abe3neveHHs Oro CTanoro po3BUTKY

KniouoBi cnoBsa: Banosuit 36ip; AofaHA BapTiCTb; KOHKYPEHTOCMPOMOMXHICTb; €KCMOPT; Ci/ibCbKOroCnoaapcbke
BUPOOHMLTBO
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Abstract. The article presents the results of three years of research on the effectiveness of the influence of the
biological product Phytohelp, mineral fertiliser Drip Fert N, ,P K, +ME and bioadhesive Liposam on the structure
of the winter garlic yield of the Lyubasha variety under drip irrigation. The relevance of the research is due to
the search for new approaches to the development of technological methods for growing winter garlic, taking
into account the specific conditions of unstable moisture in the Forest-Steppe. The purpose of the article is
to establish the optimal doses and the ratio between them to achieve an increase in the quality and yield of
winter garlic. The study was conducted on the experimental field of the Department of Vegetable Growing of
the National Assessed Contribution of Ukraine of the Uman National University of Horticulture on podzolised
heavy loamy black soil in 2017-2019. As a result, it was proved that in the conditions of the Right-Bank Forest-
Steppe of Ukraine on podzolic chernozem under drip irrigation, a higher yield was obtained in plots with the
combined use of the biological product Phytohelp at a rate of 1-2 |/ha, mineral fertiliser Drip Fert N, .P.K, +ME
and bioadhesive Liposam at a rate of 1 l/ha. This resulted in an increase of 9.0-10.6 t/ha compared to the
control variant, respectively. Using the biopreparation Phytohelp and bioadhesive Liposam at a rate of 2/1 and
1/1 /ha, a yield of 16.6-17.1 t/ha was obtained, where the increase to the control was 7.7-8.2 t/ha. The effect
of foliar fertilisation with Drip Fert N, .P.K, +ME (4 g/2 | of water or 0.5 c/ha) on the yield of winter garlic
was determined. The increase to the control was 1.6%. The results of this study may be useful for agricultural

enterprises and farmers who grow garlic and other crops

Keywords: variety; growth; development; bulb; yield

INTRODUCTION

The process of growing winter garlic under unstable
moisture conditions in the Forest-Steppe faces numer-
ous challenges, as unstable moisture conditions can
negatively affect the yield and quality of this crop. The
development of technological methods that take into
account specific conditions of unstable moisture can
ensure a more stable and higher yield of garlic, and
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research in this area can help garlic producers to im-
plement optimal moisture management methods and
increase the efficiency of cultivation. In addition, the
development of new technological techniques can have
a positive impact on the sustainability and productivity
of the main crops in the Right-Bank Forest-Steppe of
Ukraine. The development and introduction of modern
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competitive crop cultivation technologies that contrib-
ute to the maximum realisation of their productive po-
tential is important for the efficient use of the biocli-
matic potential of natural and climatic conditions, and
optimal efficiency can be achieved by combining the
use of biological products and mineral fertilisers, tak-
ing into account specific growing conditions and expert
recommendations.

Scientists F. Yang et al. (2019) believe that fertil-
isation is a global management strategy to improve
soil quality, and that the use of chemical fertilisers
is an important factor in high agricultural produc-
tion to increase yields. Y. Geng et al. (2019) noted that
global yield growth is largely dependent on large in-
vestments in chemical fertilisers. Scientists J. Zhu et
al. (2019) and G. Brunetti et al. (2019) noted that in
order to maintain soil productivity, farmers applied
large quantities of fertiliser, often exceeding the rate
required by crops. According to F. Lv et al. (2020), ex-
cessive chemical fertilisers in the soil can lead to de-
terioration of soil quality, a decrease in organic matter
content and a sharp decline in soil biodiversity, includ-
ing acidification. This, in turn, can cause a wide range
of environmental problems in freshwater, terrestrial
and marine ecosystems. Y. Lin et al. (2019) noted that
soil organic matter plays an important role in regulat-
ing atmospheric CO, concentrations and maintaining
soil fertility and productivity. Scientists H. Cheng et
al. (2020) argue that the use of organic fertilisers can
also have a positive impact on soil characteristics.
Organic fertilisers help to improve soil structure, in-
crease soil fertility and the content of organic decom-
posed material. As a result, the mineralisation and ni-
trogen fixation processes in the soil can be regulated
and improved. The use of organic fertilisers can affect
the processes of nitrification and denitrification in
the soil. The research of M. Qaswar et al. (2020) found
that the use of a combination of organic and mineral
fertilisers leads to a partial replacement of chemical
fertilisers and stabilisation of corn and wheat yields,
providing plants with all the necessary nutrients.

Under the influence of various factors, the nutri-
tional value of garlic undergoes significant changes.
One of the methods of levelling external stresses dur-
ing the growing season is the system and technology of
applying biological products and mineral fertilisers. As
of 2024, the impact of combined fertilisation on crop
yields and quality has not been sufficiently studied.
That is why the purpose of the research was to study
the impact of the biological product Phytohelp, the
mineral fertiliser Drip Fert NPK and the bioadhesive Li-
posam on the growth and development, yield and qual-
ity of bulbs on podzolic black soil under drip irrigation.

Ukrainian Black Sea Region Agrarian Science, 28(1), 89-98

MATERIALS AND METHODS
The study complies with ethical standards and adheres
to the Convention on Biological Diversity (Secretariat of
the..., 2011). The research was conducted during 2017-
2019 on the experimental field of the Department of
Vegetable Growing of the National Assigned Contribu-
tion of Ukraine of the Uman National University of Hor-
ticulture on podzolised heavy loamy black soil. The area
of the experimental plot is 12 m?, the accounting plot
is 10 m2% Plots were systematically arranged. The ex-
periment was repeated four times. Predecessor - early
vegetables. The cloves of winter garlic variety Lyubasha
were planted in the soil at the beginning of the second
decade of October according to the scheme of 45x6 cm.

The experiments used the biological products Phy-
tohelp for local fertilisation and the mineral fertiliser
Drip Fert N ,P.K, +ME for foliar application (spraying
on the leaf). The experiment includes the following
options: without fertilisation (control); Phytohelp bio-
logical product - 1 I/ha; Phytohelp biological product -
2 l/ha; Phytohelp biological product - 1 I/ha + Drip Fert
N,,P.K,,*ME - 4 g/2 | of water; biological preparation
Phytohelp - 2 I/ha + Drip Fert N, .P.K, +ME - 4 g/2 [ of
water; mineral fertiliser Drip Fert N15P5K30+ME -4qg/21
of water (0.5 ¢/ha).

The biological product Phytohelp was applied si-
multaneously with watering for the first time - in the
phase of three or four true leaves, the second - at the
beginning of bulb formation with the appearance of
inflorescences. Mineral fertiliser Drip Fert N, .P.K, +ME
was applied foliarly twice (during the period of inten-
sive bulb growth in the first half of June with an in-
terval of 10 days). According to the recommendations
of the manufacturers of the studied preparations, the
bioadhesive Liposam (1 l/ha) was added to their work-
ing solutions. In the control variant, garlic was watered
only with water. In order to increase the yield of under-
ground bulbs, the flower-bearing arrow was removed
manually. Weeding during the growing season was car-
ried out three times (manually), thus destroying weeds
in winter garlic crops.

RESULTS
According to the results of three years of research,
the applied factors (fertilisation with the biological
preparation Phytohelp, mineral fertiliser Drip Fert
N,,P.K,,*ME and bioadhesive Liposam) significantly
influenced the biometric parameters and formation of
productivity elements of winter garlic variety Lyubasha.
Thus, after biometric measurements, it was found that
30 days after germination, the height of plants exceed-
ed the control by 4.1-4.8%. In the phase of intensive
growth and development,the best results were recorded
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with the combined use of the biological product Phyto-
help at a rate of 2 I/ha, mineral fertiliser N, ,P.K, +ME -
4 g/2 | of water and bioadhesive Liposam at a rate of
1 l/ha. The height of the plants was 64.2 cm, which is
29.3% higher compared to the control variant. Reduc-
ing the rate of the biological product Phytohelp to 1 I/
ha, the mineral fertiliser Drip Fert N, .P.K, +ME -4 g/2 |
of water and the bioadhesive Liposam 1 l/ha, a lower
height was observed, but the plants exceeded the con-
trol by 25.9%. In the variants where Phytohelp was ap-
plied at a rate of 1 l/ha and 2 I/ha, the height of plants
was 53.6-54.7 cm, which is 24.5-25.0% more than the

control. When applying foliar fertilisation with mineral

fertiliser N, ,P.K, +ME - 4 g/2 | of water and bioadhe-
sive Liposam, this indicator was 23.8% higher than in
the control. A month after germination, the use of the
biological product Phytohelp at a rate of 1 and 2 l/ha
in combination with foliar feeding with Drip Fert N, ,P-
K, *ME mineral fertiliser - 4 g/2 | of water and Liposam
bioadhesive at a rate of 1 I/ha was more effective. The
height of the plants was 58.6 and 65.0 cm. The use of
only the biological product Phytohelp (1 I/ha - 2 I/ha)
contributed to an increase of 11.1 and 11.3 cm, respec-
tively. The mineral fertiliser Drip Fert N, ,P.K, +ME -

4 g/2 | of water and the bioadhesive Liposam 1 l/ha
provided a 26.8% increase in height (Fig. 1).

1 64.2 65.0
70 56.6 54.7 56.8 56.7 58.6 58.9
60 | 53.6 X 520
50 45.7 45.5 30 days
40 m 60 days
| 24, 26.0 26.0
30 | 184 22.3 234 > 90 days
20
10
Without Phytohelp Phytohelp Phytohelp Phytohelp N15PsKsg =
fertilisation 1 l/ha 2 l/ha 1l/ha+ 2 l/ha+ 4 g/ of water
N15PsKzo - N15PsKsg = (0,5 c/ha)

4 g/2 L of water 4 g/2 | of water

Figure 1. Plant height depending on the method of fertilisation with a biological product
and complex mineral fertiliser 30, 60, 90 days after spring regrowth

Source: author’s development

The use of biological products and foliar fertilisa-
tion with mineral fertiliser showed positive dynamics.
Thus, the average number of leaves in 30 days after
germination varied from 4.2 to 5.1 per plant. In the
phase of intensive growth and development, in the
control variant it was 2.2 pcs./plant lower than in the
experimental variant, where the biological product
Phytohelp was used at a rate of 2 l/ha and foliar fertil-
isation with mineral fertiliser N, P.K, +ME -4 g/2 | of

15° 57730
water (bioadhesive Liposam at a rate of 1 l/ha). On the

variants where the biological product Phytohelp was
used at a rate of 1 and 2 l/ha, the number of leaves
was 1.0-1.6 pcs./plant higher compared to the con-
trol. The use of foliar fertilisation with Drip Fert N, P-
Ko +ME - 4 g/2 | of water and Liposam bioadhesive 1
l/ha, the number of leaves per plant was 7.3, which is
1.5 more than in the control. Due to the partial drying
of the tops of the leaves, the height of garlic plants
before harvesting was in the range of 4.6-5.3 pcs./
plant (Fig. 2).
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0 Without Phytohelp Phytohelp Phytohelp Phytohelp N1sPsKzo =

fertilisation 1 l/ha 2 l/ha 1l/ha+ 2 l/ha+ 4 g/| of water

N15P5K30 - N15P5K30 - (0,5 c/ha)

4 g/2 | of water 4 g/2 | of water

Figure 2. Number of leaves depending on the method of fertilisation with a biological product
and complex mineral fertiliser 30, 60, 90 days after spring regrowth
Source: author’s development
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The studied plants of winter garlic differed in a
complex of biometric parameters depending on fertil-
isation. The highest with the maximum surface area
were mainly in the phase of intensive growth and de-
velopment with the combined use of the biological
product Phytohelp at a rate of 1 and 2 l/ha and the
mineral fertiliser Drip Fert N ,P.K, +ME at a rate of
4 g/2 | of water or 0.5 c/ha, the bioadhesive Liposam
at a rate of 1 l/ha was 349.2 and 404.8 cm?/plant. A

month after germination, this figure was lower, but

exceeded the other experimental variant, where the
biological product Phytohelp was used at a rate of 1
and 2 l/ha and the bioadhesive Liposam at a rate of 1
l/ha, respectively, by 41.7 and 63.5 cm?/plant. The use
of foliar fertilization with mineral fertilizer Drip Fert
N,,P.K,,+ME -4 g/2 L of water and bioadhesive Liposam
at a rate of 1 I/ha (Leaf area per plant) provided an as-
similation surface of 361.7 cm?/plant, and in a month
these data decreased to 180.0 cm?/plant, but exceeded

the control variant by 112.4 cm?/plant (Fig. 3).

450 404.8
400 3413 349.2 3617
350 307.5 30 days
300 60 days
250 | 2144 1800
- OU. 90 days
200 148.2
136.7
150 1152 1345 L
67.6
100 — -
252 39 41, 42.9 201 447
50 !
0
Without Phytohelp Phytohelp Phytohelp Phytohelp NsPsKszg -
fertilisation 1 l/ha 2 l/ha 1l/ha+ 2l/ha+ 4 g/ of water
N15PsKzo - N15PsKso — (0,5 c¢/ha)

4 g/2 | of water 4 g/2 | of water

Figure 3. Leaf blade area depending on the method of fertilisation with biological product
and complex mineral fertiliser, cm2/plant after 30, 60, 90 days after spring regrowth

Source: author’s development

Leaf area index is a complex indicator that re-
flects the area of plant leaves per unit area of soil.
Thus, with the combined application of the biolog-
ical product Phytohelp at a rate of 1 and 2 l/ha, fo-
liar fertilisation with Drip Fert N, .P.K, +ME mineral
fertiliser at a rate of 4 g/2 | of water or 0.5 c/ha, and
the bioadhesive Liposam at a rate of 1 l/ha, the in-

crease to the control variant was 0.86-1.07 m?. When

fertilising with biological preparations Phytohelp at
a rate of 1-2 l/ha and Liposam at a rate of 1 l/ha, the
increase in leaf index was 0.7-0.84 m2 This indicator
exceeded the control by 0.9 m? in the variant where
foliar fertilisation with Drip Fert N, .P.K, +ME miner-
al fertiliser at a rate of 4 g/2 L of water or 0.5 c/ha
and Liposam bioadhesive at a rate of 1 l/ha was

used (Fig. 4).

1.6 o 1.50 L4
1.27 . -
La 1.14 ] ]
1.2 1
1
0.8
0.6 0.43
0.4 rI
0.2
O e 7 | S .
Without Phytohelp Phytohelp Phytohelp Phytohelp N15PsKszg -
fertilisation 1l/ha 2 l/ha 1 l/ha + 2 l/ha+ 4 g/l of water
N15PsKs - N1sPsKso - (0,5 c/ha)

4 g/2 L of water 4 g/2 | of water

Figure 4. Leaf surface index of winter garlic variety Lyubasha 60 days after germination depending on the method of
fertilisation with biological product and complex mineral fertiliser (2017-2019), m?

Source: author’s development
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Analysing the results of research on the structure
of the yield of winter garlic variety Lyubasha, it can be
noted that the increase in bulb weight directly depends
on the rate of fertilisation with biological products
and mineral fertiliser. Thus, in 2017, the average bulb
weight in the control variant was 20.0 g, and in the var-
iant with the use of the biological preparation Phyto-
help at a rate of 1-2 |/ha and the bioadhesive Liposam
at a rate of 1 l/ha - 54.5-55.4 g, respectively. The best
results were obtained with the combined application
of the biological product Phytohelp at a rate of 1 and
2 I/ha, foliar fertilisation with Drip Fert N,.P.K, +ME
mineral fertiliser at a rate of 4 g/2 | of water or 0.5 ¢/ha
and Liposam bioadhesive at a rate of 1 I/ha - 5.5 g in
both variants. When using foliar fertilisation with Drip
Fert N,.P.K, +ME mineral fertiliser at a rate of 4 g/2 |
of water and Liposam bioadhesive at a rate of 1 l/ha,
this indicator exceeded the control by 35.4 g. In 2018,
the weather conditions for growing winter garlic were
less favourable, but the control prevailed by 9.2-9.5%
in the variant with the use of the biological prepara-
tion Phytohelp at a rate of 1-2 l/ha and the bioadhesive
Liposam at a rate of 1 |/ha. With the combined applica-
tion of the biological preparation Phytohelp at a rate

N

of 1 and 2 l/ha, foliar feeding with mineral fertilizer
Drip Fert N, ,P.K, +ME at a rate of 4 g/2 | of water, this
indicator exceeded the control variant by 10.4-11.6%,
and in the variant with foliar fertilisation with Drip Fert
N,.P,K,+ME at a rate of 4 g/2 | of water and Liposam
bioadhesive at a rate of 1 |/ha - by 9.2%.In 2019, a pos-
itive dynamics of the effect of biological products and
mineral fertiliser on the weight of winter garlic bulbs
of the Lyubasha variety was noted. In areas where joint
fertilisation with the biological product Phytohelp was
used at a rate of 1 and 2 I/ha, together with foliar fertil-
isation with the mineral fertiliser Drip Fert N, .P K, +ME
at a rate of 4 g/2 | of water, the bulb weight was 55.4-
56.4 g, respectively. On winter garlic crops, where the
biological product Phytohelp was applied at a rate of
1 and 2 I/ha with foliar application of Drip Fert N,.P-
;K,,*ME mineral fertilizer at a rate of 4 g/2 | of water, a
lower bulb weight was observed, but they exceeded the
control by 25.9 and 28.4 g. In the variant with the use
of foliar fertilisation with mineral fertiliser Drip Fert
N,,P.K,,*ME at a rate of 4 g/2 | of water and bioadhe-
sive Liposam at a rate of 1 l/ha, the bulb weight was
56.4 g, which exceeded the variant without fertilisation

by 14.2% (Fig. 5).
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Figure 5. Weight of winter garlic bulb of Lyubasha variety depending on the method
of fertilisation with biological product and complex mineral fertiliser (2017-2019), g

Source: author’s development

On average, over the years of research, the highest
yield of winter garlic variety Lyubasha was obtained
with the combined application of the biological
preparation Phytohelp at a rate of 1 and 2 l/ha, foliar
fertilisation with the mineral fertiliser Drip Fert N,,P-

K, +ME at a rate of 4 g/2 | of water or 0.5 ¢/ha and

5730
the bioadhesive Liposam at a rate of 1 l/ha - 17.9 and

19.5 t/ha, an increase over the control was 9-10.6 t/ha.

Biological preparations Phytohelp at a rate of 1-2 l/ha
and Liposam at a rate of 1 l/ha contributed to an in-
crease of 7.7-8.2 t/ha of winter garlic. The use of foliar
fertilisation with Drip Fert N, ,P.K, +ME at a rate of
4 g/2 litres of water or 0.5 ¢/ha and Liposam bio-stick-
er at a rate of 1 l/ha resulted in an increase in yield to
18.1 t/ha, while the increase in the control plots was

9.1 t/ha.

Ukrainian Black Sea Region Agrarian Science, 28(1), 89-98
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In 2017, in the first decade of July, the commercial
bulbs of winter garlic variety Lyubasha were harvested,
with yields exceeding the control by 2.4 and 2.8 times.In
2018, the highest productivity indicators were obtained
in the variant with the combined application of the bi-
ological product Phytohelp at a rate of 1 and 2 l/ha

and the mineral fertiliser Drip Fert N, ,P.K, +ME at a

rate of 4 g/2 | of water or 0.5 ¢/ha, and the bioadhesive
Liposam at a rate of 1 l/ha - 15.3 and 17.1 t/ha. In other
experimental variants, the yield was 4.3-4.7 t/ha higher
than in unfertilised plots. In 2019, weather conditions
were more favourable for the formation of structural el-
ements. These indicators were higher and the increase
to the control ranged from 8.8 to 10.8 t/ha (Table 1).

Table 1. Yield of winter garlic variety Lyubasha depending on the method
of fertilisation with biological product and complex mineral fertiliser t/ha

Fertilisation

No fertilisation (control) 74

Phytohelp - 1 l/ha 174

Phytohelp - 2 l/ha 17.6

Phytohelp - 1 l/ha + N ,P.K, -4 g/2 | of water 20.2
Phytohelp - 2 I/ha + N, ,P.K, -4 g/2 | of water 20.5
N,,P.K,, -4 g/2 L of water (0.5 c/ha) 174

HIP 0.808

05
Source: author’s development

Various biochemical processes and moisture evap-
oration occur in the tissues of winter garlic bulbs, which
leads to a decrease in their weight. According to the re-
sults of the study, it was found that the greatest weight
loss was observed in the first weeks after harvesting -
up to 24.8%.This is due to the loss of moisture accumu-
lated during the growing season. Thus, with the com-
bined application of the biological product Phytohelp
at a rate of 1 and 2 l/ha, foliar feeding with the mineral
fertiliser Drip Fert N ,P.K, +ME at a rate of 4 g/2 | of

1 week after harvesting

| 2 week after harvesting

+ -
average

control

9.3 10.1 8.9 -
13.6 18.9 16.6 7.7
14.0 19.8 171 8.2
15.3 20,5 179 9.0
17.1 20.9 19.5 10.6
13,6 18.9 18.1 9.1
0.614 0.881 0.788

water and the bioadhesive Liposam at a rate of 1 l/ha,
the loss of bulb weight 2 weeks after harvesting was
19.9 and 24.8%. In the variant where the biological
product Phytohelp was used at a rate of 1-2 l/ha and
the bioadhesive Liposam at a rate of 1 |/ha, this indica-
tor was 15.8-16.7%. When applying foliar fertilisation
with Drip Fert N ,P.K, +ME mineral fertiliser at a rate
of 4 g/2 litres of water, the bulb weight decreased by
15.8%. The harvested crop from unfertilised areas also

recorded a weight loss of 7.3% (Fig. 6).

3 week after harvesting

17.1
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16 1 136 14.0 130 137 136
14 - 11.6 119 117 12.2 11.6
12 10.9 ' 10.9
9.3 .
107 =~ 7.4
8 .
6 .
4 4
2 .
J
O 1
Without Phytohelp Phytohelp Phytohelp Phytohelp N15PsKszo =
fertilisation 1l/ha 2 l/ha 1 l/ha + 2 l/ha+ 4 g/| of water
N15PsK3zo - N15PsKszo - (0,5 c/ha)
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Figure 6. Productivity of winter garlic variety Lyubasha depending on the method
of fertilisation with biological product and complex mineral fertiliser 1, 2, 3 weeks after harvesting, t/ha

Source: author’s development

Three weeks after harvesting, a further decrease
in the weight of the bulbs of winter garlic variety

Ukrainian Black Sea Region Agrarian Science, 28(1), 89-98

Lyubasha was recorded. With the combined applica-
tion of the biological product Phytohelp at a rate of 1



and 2 l/ha, foliar feeding with Drip Fert N, ,P.K, +ME
mineral fertiliser at a rate of 4 g/2 | of water and Li-
posam bioadhesive at a rate of 1 l/ha, the bulbs de-
creased by 15.9-19.9%. When using the biopreparation
Phytohelp at a rate of 1-2 l/ha and the bioadhesive Li-
posam at a rate of 1 l/ha, the losses were 12.6-13.3%.
In the variant where foliar fertilisation with Drip Fert
N,,P.K,,*ME mineral fertiliser at a rate of 4 g/2 | of
water was applied, the weight of garlic decreased to

12.6%, and in the control variant - by 5.8%.

DISCUSSION

The results of this study provide scientific support to
scientists to create an environmentally friendly tech-
nology for growing crops by applying organic fertilisers.
These technologies provide for the efficient use of re-
sources and contribute to the sustainable development
of agriculture and industrial production. The use of or-
ganic fertilisers helps to avoid negative environmen-
tal impacts and maintains biodiversity. However, crop
yields depend not only on climatic conditions but also
on soil fertility. Y. Ma et al. (2023) argue that organic
fertilisers, such as composts, humus or green manure,
are a natural source of nutrients that contribute to soil
enrichment. They help to support healthy microorgan-
isms in the soil, such as bacteria and fungi, which help
to retain nutrients and improve soil quality, as well as
increase the organic carbon content. This is in line with
the study conducted, where the effect of fertiliser on
the vegetative growth of garlic parameters is positive.

Scientists A. Degwale et al. (2016) found that in
Northwestern Ethiopia, before planting garlic, local
application of vermicompost to the rows at a rate
of 2.5-5 t/ha allowed to obtain a yield increase of 3
to 10%. In the same region, according to scientists
F.T. Kenea & F. Gedamu (2018), after applying vermi-
compost at a rate of 2.5-7.5 t/ha, a larger assimilation
surface area of garlic was obtained (17.6-35.4%), while
both bulb weight (2.8 to 5.9%) and yield (15.9-38.7%)
increased. A similar situation can be observed in this
study, when fertilising with the biological product
Phytohelp at a rate of 1 and 2 l/ha, foliar fertilisation
with mineral fertiliser Drip Fert N ,P K, +ME at a rate
of 4 g/2 | of water and bioadhesive Liposam at a rate
of 1 l/ha 60 days after spring regrowth, a larger leaf
area of 349.2-404.8 cm?/plant and a yield increase
(average for three years) of 9.0 and 10.6 t/ha were ob-
served. According to the phenological observations, a
direct dependence on the rate of application of bio-
logical products was established. The average num-
ber of leaves in 30 days after spring regrowth varied
between 4.2-5.1 pcs./plant, providing an assimilation
surface of 25.2-50.1 cm?/plant.

Ostapenko

According to N. Hu et al. (2023), garlic yield had a
positive correlation with TOC (Total Organic Carbon),
DOC (Dissolved Organic Carbon) and POC (Particulate
Organic Carbon). The increase in garlic production was
facilitated by the increase in TOC, POC and DOC con-
tent, and the treatment with 1/30F + 2/3NF organic
fertilisers increased the garlic yield by 37.2 and 15.3%,
respectively, compared to NO and NF. The study shows
that fertiliser application regimes can directly affect to-
tal soil organic carbon and labile organic carbon com-
ponents, thereby affecting the organic carbon associat-
ed with aggregates. Aggregates with a particle size of
0.5-2 mm played an important role and had a positive
effect on garlic yield. Analysing the results, it can be
said that the application of organic fertilisers has the
potential to increase the organic carbon content of the
soil and also the yield of garlic. These conclusions are
in line with those of H.Zhao et al. (2018), who showed
that the combined use of organic and chemical fertil-
isers can improve soil structure and promote the aggre-
gation of more soil particles.

X.Zhang et al. (2019) found that the best choice for
increasing soil carbon sequestration and maize yields
based on long-term experiments is organic fertiliser,
which completely replaces chemical fertilisers. Howev-
er, the nitrogen in organic fertilisers is mainly in the
form of organic nitrogen. The needs of crop production
are not fully met because the release of organic nitro-
gen and the supply of effective nitrogen to plants are
slow. L. Zhang et al. (2023) found that the use of ni-
trogen fertilisers increased corn yields by 50.64%, N,O
emissions by 64.39%, and NH, evaporation by 69.25%,
respectively. Feeding winter garlic variety Lyubasha
with nutrients from the biological product Phytohelp
and mineral fertiliser Drip Fert N,,P.K, +ME contribut-
ed to an increase in plant vegetative mass and bulb
weight, and had an impact on yield. Something similar
was noted in the work of V. Palamarchuk et al. (2024).

Having analysed the productivity indicators of win-
ter garlic, it was noted that favourable weather con-
ditions in 2019 contributed to the highest yield in all
variants, except for the control 10.1 t/ha. The highest
yields were collected from the plots where the com-
bined fertilisation with the biological product Phyto-
help at a rate of 1 and 2 l/ha, foliar fertilisation with
the mineral fertiliser Drip Fert N, ,P.K, +ME at a rate of
4 g/2 | of water and the bioadhesive Liposam at a rate
of 1 l/ha were applied. O. Ulianych & V.Yatsenko (2018)
found that the Sofiyivskyi garlic variety (multi-clove
form) requires a maximum rate of biohumus of 5 t/ha,
which increased the yield by 3.6 t/ha. For the Pro-
metheus variety (small-toothed form), by increasing the
weight of the tooth and increasing their number, the
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bulb weight also increases. In order to obtain a high
yield, the optimal rate is considered to be 3-5 t/ha.
G. Yarovyi & V. Kuzmenko (2013) noted in their work
that the highest technical efficiency against tomato
pathogens, namely 43.6-59.5%, was obtained in the
variant where a mixture of biological products with
plant growth regulators was used: Vermistim + Azoto-
phyte and Bioglobin + Azotophyte.

In summary, most studies demonstrate the signif-
icant potential of organic fertilisers to improve soil
fertility, conserve biodiversity and increase crop yields.
The use of biological products and organic fertilisers is
an effective strategy aimed at sustainable productivity
growth and environmental sustainability in agriculture.

CONCLUSIONS
The influence of the biological product Phytohelp and
its combined use with the mineral fertiliser Drip Fert
N,,P.K,,*ME on the growth, development, formation
and quality of winter garlic variety Lyubasha under drip
irrigation was studied. According to the phenological
observations, it was found that the highest rates were
in the variants with the combined use of the biolog-
ical product Phytohelp at a rate of 1-2 l/ha, Drip Fert
N,.P.K, +ME - 4 g/2 | of water and the bioadhesive Li-
posam at a rate of 1 l/ha. The height of plants in the
phase of intensive growth and development was 56.7-
64.2 cm, which is 11.0-18.5 cm higher compared to the
control. There was also a greater number of leaves per
plant (7.5-8.0), which made it possible to obtain a larger
leaf surface area - 349.2 and 404.8 cm?/plant. In the
variant where the biological product Phytohelp and the

bioadhesive Liposam were applied at 2/1 and 1/1 l/ha,

mineral fertiliser at a rate of 4 g/2 | of water contrib-
uted to an increase in height by 23.8%. The number of
leaves was 7.3 pcs./plant, and the leaf surface area was
361.7 cm?/plant. The use of foliar fertilisation with Drip
Fert N,,P.K, +ME mineral fertiliser contributed to the
production of winter garlic (18.1 t/ha) and an increase
in yield (9.1 t/ha). The introduction of the biological
product Phytohelp with Liposam adhesive at a dose
of 2/1 and 1/1 was ineffective, but the yield increase
was 8.2 and 7.7 t/ha. The yield was maximum when
the biological product Phytohelp was applied togeth-
er at a dose of 2 l/ha and the mineral fertiliser Drip
Fert N,.P.K, +ME (4 g/2 | of water or 0.5 ¢/ha) with the
adhesive Liposam (1 l/ha) = 19.5 t/ha, which is 1.7%
more than in the control. When fertilising with the
biological product Phytohelp at a dose of 2 l/ha and
the mineral fertiliser Drip Fert N ,P.K, +ME (4 g/2 | of
water or 0.5 ¢/ha) with the adhesive Liposam (1 l/ha),
the yield increase was 9.0 t/ha, which is 1.6% more
than in the control variant. Thus, the use of biological
products and mineral fertiliser are effective methods
for fertilising winter garlic. They have a positive effect
on the height, number of leaves per plant and assimi-
lation surface area, which helps to increase yields and
improve plant quality. However, many mechanisms of
interaction between plants and biological products in
different soil and climatic conditions have not been
identified. Also, the effect of biological products of dif-
ferent concentrations on plants and the environment
has not been studied in more detail, which may be a
prospect for further research.
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EdeKTUBHICTb 3acTOoCcyBaHHSA 6ionpenapaTtiB Ta MiHepanbHUX AO06puB
Ha nociBax YacHUKyY o3uMoro B ymoBax NMpaBo6epe)xHoro Jlicocteny YKpaiHu

Hatania OnekciieHa OcTtaneHko

AcnipaHt

YMaHCbKMIM HaWiOHaNbHUI YHIBEPCMTET Caf4iBHULTBA
20300, Byn. IHcTUTYTCBKA, 1, M. YMaHb, YKpaiHa
https://orcid.org/0009-0009-2073-868X

AHoTauif. Y cTaTTi npeacTaBneHo pe3ynbTaTM TPUPIYHMX [0ChifKeHb e@eKTUMBHOCTI BnauBYy Oionpenaparty
®itoxenn, MiHepanbHoro aobpwea Drip Fert N .P.K, +ME Ta Gionpununay Jlunocam Ha CTpyKTypy BpoOXaio
YacHMKy o3mmoro copty Jliobawa B yMOBax KpamnJMHHOIO 3pOLeHHs. AKTyanbHiCTb AoCnigxeHb obymoBneHa
NoLyKOM HOBUX MiAXOAiIB A0 PO3POOKM TEXHONOTIYHUX MPUIMOMIB BUPOLLYBAHHS YaCHMKY O3MMOTO i3 ypaxXyBaHHSAM
KOHKPETHMX YMOB HECTIMKOro 3BONOXEHHS JlicocTeny. MeTOK HanMCaHHS CTaTTi € BCTAHOB/IEHHS OMNTUMaNbHUX
[03 Ta CMiBBiAHOWEHHSA MiX HMMWM AN OOCATHEHHS MiABMLLEHHS SAKOCTI Ta BPOXKAMHOCTI YaCHMKY O3MMOTrO.
LocnioxeHHsa 6yno nNpoBefeHO Ha AOCAiAHOMY noni kKadeapu OBOYIBHMLUTBA HALiOHANbHOMO BM3HAYEHOrO
BHECKY YKpaiHM YMaHCbKOro HauiOHaNnbHOro yHiBEpPCUTETY CafiBHMLTBA Ha YOPHO3EMi OMiA30/1€HOMY BaXKo
cyrnmHkoBoMy y 2017-2019 pp. B pesynbtati 6yno poseneHo, wo B ymoBax [lpaBobepexHoro Jlicocteny
YKpaiHu Ha YOpPHO3€eMi 0Nif301eHOMY 33 KPANJIMHHOIMO 3POLLEHHS BiNblly YPOXKAWHICTb OTPMMAHO Ha AiNSHKAX 33
CyMmicHoro 3actocysaHHs 6ionpenapaty ditoxenn Hopmoto 1-2 n/ra, MinepanbHe fobpuso Drip Fert N, P K, +ME
Ta 6ionpununnay Jiunocam y Hopmi 1 n/ra. Lle no3BOAIMNO OTPUMATM MPMPICT 4O KOHTPOJIbHOrO BapiaHTty 9,0-
10,6 1/ra BignosigHo. Bukopucrosytoum bionpenapat ®@itoxenn ta 6ionpununay Jiunocam y Hopmi 2/1 1a 1/1 n/ra,
ogepxaHo Bpoxan 16,6-17,1 1/ra, oe HapbaBka 4O KOHTpoaw CTaHoBuna 7,7-8,2 T/ra. BctaHoBneHo BNAMB
NO3aKOpPEeHEBOro NiAXKMBIEHHA MiHepanbHuM nobpueom Drip Fert N P K, +ME (4 r/2 n Boamn a6o 0,5 w/ra) Ha
BPOXaMHICTb YacHMKY 03uMoro. [pupicT Ao KOHTposo cTaHOBMB 1,6 %. Pe3ynbTatv npoBeAeHOro fOCHiAXEeHHS
MOXYTb BYTU KOPUCHUMM AN CiNbCbKOrOCNOAAPCbKMX NiANPUEMCTB Ta hepMepiB, Ki 3aMalTbCs BUPOLLYBAHHAM

YACHMKY Ta iHWMKX KYIbTyp

KntouoBi cnoBa: copr; picT; po3BUTOK; LMBOYIMHA; YPOXKaMHICTb
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