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Abstract. The article proves that it is important to strengthen financial capacity of united territorial communities
through different financial and socio-economic mechanisms in the modern conditions of communities’
decentralization and further development. The article analyzes the current trends in financing the development of
united territorial communities, reveals the benefits and opportunities for attracting alternative sources of funding.
An algorithm for attracting grant funds for the development of UTC and other proposals that will increase the
financial capacity of UTC in the long term and the implementation of local development initiatives are proposed

Keywords: alternative sources of financing, united territorial communities, grant funds, projects, financial capacity

Formulation of the problem. One of the main tasks
of local governments in most countries is to organize
the search for extra-budgetary sources of funding and
to establish cooperation with various funds and grant
programs. The important area of activity for local com-
munities in Ukraine should be the search for alterna-
tive sources of funding and attracting grant funds to
address local development needs because they have
limited budgetary resources. Therefore, the study of
the content and forms of promising areas of financing
for the development of united territorial communities
(hereandafter - UTC) is relevant today.

Analysis of recent research and publications.
The theoretical and practical aspects of attracting var-
ious sources of financing for local development are
studied by the Ukrainian and foreign scientists such as
M. Buryak [1], N. Vasilieva, N. Hrynchuk, T. Derun, V. Kuy-
bida [2], A. Poltorak [3], N. Spasiv [4] and others. They
reveal the features of attracting financial resources for
local development, identify their advantages and dis-
advantages, describe the modern paradigm of finance
of united territorial communities and more. At the same
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time, today the directions of attracting alternative
sources for financing UTC need a more fundamental
study, taking into account current trends in socio-eco-
nomic development.

Formulation of research goals. The purpose of the
study is to assess the status and justification of promis-
ing areas of financing the development of UTC through
alternative sources to improve their efficiency.

Presentation of the main research material. To-
day the main aspect of the integral system of local gov-
ernment is that the Constitution of Ukraine determines
the right of a territorial community to independent-
ly resolve issues of local importance, and the Law of
Ukraine “On Local Self-Government in Ukraine” [5]
stipulates that a territorial community is the residents
united by permanent residence within a village, settle-
ment, city, that are independent administrative-territo-
rial units, or a voluntary association of residents of sev-
eral villages, have the ability to independently resolve
issues of local importance through the particular local
government departments.

At the same time, changes to the Budget Code

Poltorak,, A., Melnyk, O., Baryshevska, I., & Ihnatenko, Zh. (2021). Alternative sources of funding for the development of
united territorial communitiesUkrainian Black Sea Region Agrarian Science, 25(2), 4-10.



have become a key impetus for territorial communi-
ties to unite because in the case of unification, they are
endowed with resources and powers as in cities of re-
gional importance. As a result of the process of financial
decentralization thereis a distribution of responsibilities,
powers, functions, financial resources between the cen-
tral, regional and subregional levels of government [1].

The process of unification of territorial commu-
nities began in mid-2015, at the end of which 159 UTCs
were established. At the same time, their number has
been growing rapidly every year and in 2019 increased
more than 6 times. By September 10, 2020, 983 UTCs
have been established in Ukraine.
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The results of financial decentralization indicate
at the annual increase in local budgets’ own revenues.

Thus, during 2018, incomes of own revenues to
the general fund of local budgets of Ukraine amounted
to UAH 234.1 billion,which is UAH 41.4 billion or 21.5%
more than in the previous year (Fig. 1). During five years
of financial decentralization, local budget revenues are
expected to quadruple and will be UAH 267 billion (in
January-November 2019, it was UAH 250.5 billion).

The increase in own revenues was achieved
mainly due to the growth of tax revenues. After all,
during 2014-2019, the role of local taxes and fees in
the formation of relevant budgets increased.

250.5
234.1

192.7

2017 2018 2019

Figure 1. Private revenues of the general fund of local budgets, 2014-2019, UAH billion
Source: made by the authors according to [6],* 2019 (January-November)

Analysis of the implementation of own reve-
nues of local budgets shows a steady trend of their
pace growth. Thus, if in January-November 2016 own
income for per inhabitant became 3385.5 UAH, for
the same period in 2019 their volume almost dou-
bled and was to 6763.6 hryvnias. At the same time,

8000
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positive growth rates are typical both for the amount
of personal tax income (PIT) per capita and for local
taxes and fees per capita. The size of these indicators
in January-November 2019 increased by 25.8% and
26.7%, respectively, comparing to the same period
last year (Fig. 2).

2018 2019

HLocal taxes and fees per capita

Figure 2. Growth of revenues of the general fund of local budgets per 1 inhabitant in January-November 2016-2019, UAH

Source: made by the authors according to data [6]

In the period from 2014 to 2019 there is a sig-
nificant increase in the state support for local commu-
nities. It should be noted that since 2017, support has
been provided for the construction of sports facilities,
financing of sectoral regional authorities, UTC infra-
structure. The activity of the State Fund for Regional

Development (hereinafter - SFRD) is important in
strengthening the financial base of the united territo-
rial communities, which provides funding for regional
development projects on a competitive basis and in ac-
cordance with regional development strategies and ac-
tion plans for their implementation. During 2015-2019,

Ukrainian Black Sea Region Agrarian Science, 25(2), 4-10
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the amount of funding from the State Fund for Rural
Development has a steady upward trend, in 2019, UAH
7.7 billion was allocated for the needs of regional de-
velopment. (or 28.3% more than in 2018).

Pointing at the important role of budget resourc-
es in the development of UTC, it should be noted that at
the local level there is a number of unresolved issues
that are too much for the community budget, but can
be successfully addressed with other resources, includ-
ing alternative (grant). Today they are represented by:
fundraising; common cost (crowdfunding platforms);
donor programs and opportunities in the context of de-
centralization reform (grants from the European Union,
grants from the United States Agency for International
Development (USAID), financial assistance from inter-
national projects, etc.).

In addition, most UTCs have a number of prob-
lems in public financial management.Thus,based on the
results of the state financial audits of UTCs in various
oblasts, which were completed in 2019, the problems of
inefficient management of revenues and expenditures
of the community budget and others were identified
and systematized. In particular, the typical problems
of inefficient UTC budget revenue management are:

1) the use of low land tax and rent rates;

2)the presence of arrears of land taxand rent for land;

3) the incomplete realization of the fiscal potential
of the property tax, other than land, due to lack of ac-
cess to the State Register of Real Rights;

4) the loss of PIT revenues due to two main reasons
(informal employment and PIT payment at the place of
registration of the parent company,and notatthe place of
actual location of business entities which are divisions /
branches of other companies and operate inthe UTC) [7].
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Inaddition,anumberofkeyaspectsofinefficientman-

agementofUTCbudgetexpenditureshavebeenidentified[7]:

1) spending of resources to pay for utilities of indi-
vidual entities;

2) constant subsidization of utilities and failure to
take measures to achieve at least a break-even point,
which does not contribute to improve the financial con-
dition of utilities and quality service;

3) irrational spending in connection with the non-
optimized network of educational and cultural institu-
tions. These spending are primarily related to wages
and maintenance of institutions with significant un-
derutilization of their capacity;

4) insufficient amount of budget funding for social
institutions, which does not allow to improve the condi-
tion of the premises, purchase computer equipment,etc.;

5) impossibility for various reasons to master the
funds of intergovernmental transfers, which leads to
their inefficient spending and the need to return some
unused transfers to the state budget.

In the future, determining the alternative areas
of financing the development of UTC, it is necessary to
analyze the results of an express survey of UTC chair-
men, which was conducted by the UTC

Association by a survey through an online service.
The purpose of this questionnaire was to find out what
priorities the UTC chairmen set for themselves in terms of
the main sources of funds for development and in terms
of key areas in which funds should be invested in order
to develop the community as soon as possible. At the
same time,among the most important areas for commu-
nity development, roads were identified as the first pri-
ority (90% of respondents), medicine as the second one
(75%), and education as the third priority (73%) (Fig. 3).

73 75
56

37
20

Figure 3. The most important areas for community development, identified by the results of the survey of UTC chairmen

Source: made by the authors on the basis of data [8]

At the same time, today the majority of UTC
chairmen (93%) identify the infrastructure subven-
tion as the most important source of funds for com-
munity development. However, after two or three

Ukrainian Black Sea Region Agrarian Science, 25(2), 4-10

years, the main source of funds, along with local
budgets (67%), more than half of the heads of UTCs
(55%) defined grants as international technical assis-
tance (ITA) (Fig. 4).
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Figure 4. The main sources of funds for community development, identified by the survey of UTC chairmen changes

Source: made by the authors on the basis of data [8]

In-depth analysis in terms of UTC types, it should be
noted that ITAgrants are currently one of the four most im-
portant sources of funds for community development.Thus,

%
100
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60

o

Urban UTC
Infrastructure subvention

morethanathird of urban,townshipandrural UTCidentified
them as the main source of funding for the development
of their own area - 37%, 36% and 41% respectively (Fig.5).

89
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47 > 19
o B 37 36 36 36 4
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Rural UTC
m Internatinal TAG

Figure 5. Four main sources of funds for community development,identified by the survey of UTC chairmen

Source: made by the authors on the basis of data [8]

It should be noted that today there is a number
of promising funds like “Vidrodzhennia”, “Dobre” (De-
centralization Offering Better Resultsand Efficiency -
DOBRE), “Support to Decentralization in Ukraine” (DES-
PRO), etc., which provide funds for the implementation
of those projects that convince in their long-term exis-
tence and usefulness for the population and the eco-
nomic infrastructure of Ukraine in general. Such funds
are formed mainly not only at the expense of domestic
contributions, but also a significant share belongs to
foreign development funds [9]. As a result, competition
and incentives for self-financing appear between UTCs,
social responsibility is formed and the consciousness of
the population changes.

Mykolayiv region is also an active participant in
the formation of UTC and increasing their selffinancing
opportunities for the economic prosperity of the region.

As of the end of 2019, 30 UTCs have been established
in the region. At the same time, the level of subsidi-
zation of their budgets (the share of the basic/reverse
subsidy in revenues) ranges from 24.2% to 38.6%. Thus,
in Bashtanska UTC with a population of 22.6 thousand
people, the level of subsidies is only 3.4 percent. This
indicator is facilitated by the active position of the
chairman and members of the UTC in the socio-eco-
nomic development and development of projects fi-
nanced from alternative sources.

Halytsynivska UTC is a successfully developed, fi-
nancially viable community, which is one of the few that
currently pays reverse to the state (the level of budget
subsidies is 24.2 percent). Throughout the period of the
community’s existence, it is nonsubsidized, the reverse
dotation in 2017 was UAH 12 million, in 2018 was UAH
16 million, in 2019 was UAH 23 million, in 2020 (plan)

Ukrainian Black Sea Region Agrarian Science, 25(2), 4-10
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is UAH 26 million. Thanks to cooperation with public
associations, the community cooperates with interna-
tional donors, embassies and ministries of the EU and
the USA: USAID DOBRE; Representation of DVV Inter-
national in Ukraine; USAID Pact; Kyiv Dialogue Project;
German Ministry of Foreign Affairs; Federal Ministry for
Economic Cooperation and Development of Germany
(BMZ). During this cooperation, 17 small and large proj-
ects were implemented.

Thus, such examples prove that increasing the
level of self-financing capacity, attracting funds for

promising projects, will contribute to further effective
financial support for the development of UTC. This will
create positive conditions for unloading the budget
of Ukraine and provide an opportunity to direct these
funds to other important social needs that are currently
relevant for the country [9].

In order to increase the number of UTCs that will
actively use alternative sources of funding, we have
suggested an algorithm for attracting grant funds for
the development of UTCs. It contains the defining fea-
tures of attracting resources for grant programs (Fig. 6).

STAGE 1. Identification of the problem
and possible directions of its solving

The more detailed problems of UTC are shown and the directions N i
of its solving are revealed, the more arguments will be in the f
project application, and accordingly will be more chances of n

winning the competition

4 STAGE 2. Search for grant programs 1 y
4 | and competitions announced within them J‘\ [ ’
=N Y
1 7’

<

= =

o regional or local grant programs;
o grants at embassies;
o special “small grants” programs;

-

- _ -
-
e

-

s~ It is advisable to start grant activities by participating in competitions with
a small amount of funding (small grants). In particular:

o joint programs within the European Union
N ?‘ It is important regularly to monitor the sites of donors and Internet resources that
>\ contain generalized information about grant competitions

\
AY
N
N/

STAGE 3. Preparation of the project application

1/

<)
In the project application it is important to reflect the rational ways of A \
solvingthe community problem and the adequate amount of requested h |
resources in accordance with the application form of the grantor. H
In order to attract the attention of the grantor, it is important to A
formulate a unique name for the project 1
/)

lll’l ,l

STAGE 4. Concluding an agreement with the grantor )
and strict compliance with its terms ‘7

In case of winning the project competition, it is necessary to conclude a
contract and clear implementation of these conditions. After all, the donor
has the right not only to monitor the progress of the approved project and
the targeted use of funds, but also to disseminate relevant information
about the grantee among other donor organizations

Figure 6. The algorithm for attracting grant funds for the development of UTC

Source: summarized and supplemented by the authors [10]

Ukrainian Black Sea Region Agrarian Science, 25(2), 4-10



At the same time, it is important regularly to
monitor the official websites of donor organizations
and Internet resources that contain generalized in-
formation about grant competitions. In particular, the
followings are quite informative and relevant: the re-
source center “Gurt”; the information portal of nonprof-
it organizations of Ukraine “Public space”; the crowd-
funding platform “Big Idea”; the Ukrainian Association
of township and rural Councils; the official portal “De-
centralization”; the SwissUkrainian project “Support
to Decentralization in Ukraine” (DESPRO); the Interna-
tional Foundation “Renesans”; Facebook group “Grants,
competitions, scholarships” (https://www.facebook.
com/groups/progrants/); the directory of donors (http://
foundations.org); the International Association of Pub-
lic and Corporate Donors “European Foundation Center
(EFQ)”; the international portal for non-profit organiza-
tions and others.

As the successful UTC experience shows, in or-
der to increase the chances of receiving grant support,
community members should participate in trainings,
which are often conducted by donor organizations for
potential participants in the future competition in the
relevant area. In addition, it is important to ensure that

Poltorak et al.

the project application is in line with the strategic de-
velopment plan of the community or region. After all,
donor organizations usually prefer those socioeconom-
ic development projects which prove viability at the
stage after the completion of grant funding.
Conclusions. Conducted research has shown that
the main task of budget decentralization is to find a suf-
ficient amount of financial resources that will be able to
provide full independence and autonomy of local bud-
gets in the structure of the budget system of Ukraine.
It is substantiated that along with the budget, invest-
ment and credit resources, the decisive role in financing
local socio-economic development projects belongs to
alternative sources in the form of grant funds. Imple-
mentation of the suggested promising projects through
alternative sources of funding, consistent with the
Community Development Strategy, will contribute to
the formation of a favorable business environment and
the implementation of social programs in UTC, increase
financial capacity in the long run. Adherence to the al-
gorithm suggested in the article and the development
of skills to raise funds from alternative sources will be a
determining factor in the success of local development
of initiatives of the territorial communities of Ukraine.
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AHoTauif. Y cTaTTi 4OBEAEHO, WO Y CYYaCHWX YMOBax NPOBeAEHHS AeLleHTpani3alii i N04anblIoro po3BUTKY

06 €QHaHMX TEPUTOPIANIbHUX FPOMAZ, BAXKIUBUM € NOCUNEHHS iX PiHAHCOBOI CMPOMOXHOCTI Yepe3 pi3Hi GiHaHCOoBI
Ta couianbHO-eKOHOMIYHI MexaHi3Mu. [poaHani3oBaHO cyyacHi TeHAEHLiT piHAaHCYBaHHS PO3BUTKY 06EAHAHMX
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Abstract. The efficiency indicator of personnel management in many aspects determines the success of innovative
activities of every modern enterprise. At the same time, the social aspect of personnel development plays an
important role in the successful functioning of each specific enterprise in the face of globalization challenges.
Agricultural enterprises form the basis of the country's food security, and the study of issues related to the
development of personnel, especially in terms of its social direction, has both a theoretical and an applied nature.
Currently, the creation of products in the agricultural sector of the state requires not only quantitative indicators
of personnel, but also depends on its qualitative factors, among which priority is given to the ability to create
innovations. The problem of transferring enterprises of the agro-industrial complex to an innovative model of
development is one of the important and priority ones, and requires special attention. Thus, the purpose of the
article is to interpret the essence of the social component of personnel under the circumstances of innovative
changes in the economy as a condition of personnel competitiveness. The article examines certain aspects of the
social component of the staff in the conditions of innovative development of the enterprise, the strengthening of
globalization challenges facing the economy of Ukraine. It is substantiated that in the modern conditions of the
enterprise's activity, the problem of staff stability has matured. The possibility of considering this issue through
such components as motivational, managerial and social is determined. It was determined that the competitiveness
of personnel is a significant factor in the formation of competitive advantages of any enterprise. It has been
proven that education and professional development of personnel become dominant factors in the formation of
competitive advantages of enterprises of the agro-industrial complex

Keywords: development, social component, enterprise, personnel, innovation, competitiveness, globalization,
potential

INTRODUCTION

The level of efficiency of personnel management large-
ly determines the success of innovative activities of a
modern enterprise. To ensure stable priorities in the
market, the enterprise must be competitive both from
the standpoint of its structural organization and from
the standpoint of the ability to adapt to the effects of
environmental factors, in particular, globalization chal-
lenges in the process of functioning. In order to in-
crease the efficiency of the business entity's operation,
eliminate costly methods of activity, each enterprise
should realistically assess the amount of its own costs
for production, the personnel and financial situation,
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and the positions of potential partners. Natural resourc-
es, demographic and environmental conditions, in terms
of their quantity, quality and importance, significantly
affect the solution of the tasks of ensuring the competi-
tiveness of the enterprise. It is impossible without knowl-
edge, innovations, a new philosophy and ethical prin-
ciples of management, which is directly related to the
human factor, which is the driving force of any process.
Only a person is capable of building a system of goals
and developing specific measures aimed at ensuring
competitive advantages in achieving effective solutions
for the innovative development of the enterprise. There-
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fore, along with the economic component, which pro-
vides competitive advantages of the enterprise, an im-
portant role belongs to the development of personnel,
whichisaninternal factor of itsinnovative development.
Accumulation of problems related to the for-
mation, development, use and reproduction of human
resources has led scientists to be seriously interested
in them. Many researches of economist scientists were
reflected in works dedicated to revealing the essence
of the human factor, its personnel and intellectual po-
tentials, their role in the development of the economy
of the state, region and enterprise, characteristics and
components, ways of their qualitative formation and ef-
fective use in the process of labor activity. This problem
was actively studied by the following scientists: V. Ant-
onyuk [1], V. Bezsmertna [2], S. Hrynkevich [3], V. Kut-
senko [4], L. Smolyar [5], O. Dovhal [6] and others . In
particular, R. Skrynkovsky [7] in his research claims that
the main integral structural components of assessing
the competitiveness of enterprises on the market are:
the efficiency of the enterprise and the competitiveness
of the personnel. A. Kucher [8] studied the assessment
of the impact of personnel on the competitiveness of
enterprises in Ukraine. The general hypothesis of the
study is based on the assumption of existing positive
relationships between the quality of personnel and the
competitiveness of enterprises. V. Mohonko [9] consid-
ered certain aspects of ensuring the competitiveness
of enterprises and established that the competitiveness
of the enterprise directly depends on qualified person-
nel. Y. Yaxu [10] proposed a model for assessing the
competitiveness of an enterprise through the prism of
personnel potential. The research results proved that
the constructed model is suitable for a comprehen-
sive assessment of the competitiveness of enterprises.
E. Pankratov [11], considering the analytical approach
of forecasting the competitiveness of industrial enter-
prises, singled out three components, namely: motiva-
tion, effective personnel management and innovations.
G. Dovlatova [12] offers an institutional approach to
assessing and ensuring the competitiveness of enter-
prises through the formation and implementation of
an innovative development model, which is based on
highly competitive personnel. Today, in the conditions
when the innovative development of the enterprise is
its competitive advantage in the conditions of the in-
creasing influence of globalization on the economy of
the state, the role of knowledge and the ability to cre-
ate innovations are becoming dominant. At the same
time, the social vector of personnel development, their
creative abilities, creative thinking and satisfaction
with the content of work is of particular importance.
The relevance of the study is due to the signifi-
cant role played by the social aspect of personnel de-
velopment in the activities of each specific enterprise
in the context of globalization challenges, which deter-
mined the importance of considering this issue. Since
agro-industrial complex enterprises form the basis of
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the country's food security, the study of issues related
to personnel development, especially in the part of its
social vector, is not only theoretical, but also applied in
nature. Today, the creation of products in the agricul-
tural sector of the state requires not only quantitative
indicators of personnel, but also depends on its quali-
tative characteristics, among which priority is given to
the ability to create innovations. The problem of trans-
ferring enterprises of the agro-industrial complex to an
innovative development model is one of the most ur-
gent and priority ones, which requires special attention.

The main goal of the article is to reveal the
essence of the social component of the staff in the
conditions of innovative changes in the economy as a
condition for the competitiveness of the staff. Despite
the fact that issues related to the effectiveness of per-
sonnel and labor potential have been studied by many
Ukrainian and foreign scientists at different hierar-
chical levels, a comprehensive diagnosis of the social
component of personnel at the macro level needs to
be supplemented. This requires further research in the
personnel management system.

THE SOCIAL FACTOR OF INNOVATIVE
DEVELOPMENT OF THE ENTERPRISE

Today, in the period of Ukraine's transition to a new
model of development - post-industrial, when the main
resource of wealth is knowledge, intelligence and cre-
ative creativity, the question of new approaches to the
formation of skills and abilities of personnel has arisen
acutely before business entities. An important place in
ensuring the innovative development of the country is
occupied by the agro-industrial complex (AIC), the work
of which largely depends on the state of the industry in
general, the development and stability of the function-
ing of its components in the conditions of increasing
globalization challenges in the world. In the conditions
of political and military instability in Ukraine, the role of
personnel and sensitivity to threats to the agricultural
industry is increasing. Along with other components of
economic security, food security forms the basis of eco-
nomic relations, creating conditions for the production
of gross domestic product (GDP). Currently, the problem
of increasing food security, in particular the availability
of food products for daily consumption, is becoming ac-
tualized not only in Ukraine, but also in the world.
Modern world processes require the ability of an
enterprise to quickly adapt to global competition, which
becomes the most important condition for its suc-
cessful activity. For the development of agriculture in
Ukraine, innovation is an important factor that depends
on the competitiveness of the industry, its development
and efficiency of operation. The innovative activity of
agro-industrial complex enterprises is accompanied by
risks, which are determined by the combined influence
of factors of the external and internal environment of
each enterprise. At the current stage, the effective de-
velopment of agricultural enterprises is possible on the



condition that innovations and new technical and tech-
nological developments are introduced into production
activities, which will ensure the overcoming of pressing
problems (production, resource, environmental, techno-
logical, material and technical, organizational-manage-
ment and social) and contribute to their solution.

The aggravation of the energy crisis and the in-
crease in its scale, the strengthening of the coronavirus
pandemic accelerate the need to change the paradigm
of social development, transition to a new technologi-
cal system, and improve organizational forms of man-
agement. The problem of change, improvement of the
concept of the enterprise and its personnel strategy is
becoming more and more urgent.

The social component of the innovative de-
velopment of the enterprise can be considered in the
context of sustainable development of the personnel,
which includes, in our opinion, two interrelated ele-
ments: the needs of the enterprise team (observance of
legally established guarantees for the employed, which
is regulated by the normative legal acts of Ukraine);
limitations due to the technical and technological level
of production and labor organization (manifested in the
ability of the environment to meet the current and fu-
ture needs of the company's employees). The situation
in which restrictions do not allow the realization of the
company's needs in personnel development causes the
emergence of contradictions in the sustainable devel-
opment of personnel. The main reasons for such a sit-
uation can be considered [13]: excessive requirements
for employees who do not have an appropriate base
from the point of view of socio-economic justification
of their necessity for the performance of professional
duties stipulated in job instructions; non-compliance
with the provisions of normative legal acts of Ukraine
regulating relations in the sphere of management of
hired labor; organizational-economic, technical-tech-
nological limitations of the enterprise in meeting the
needs of employees in their development; low level of
motivation of personnel in raising the professional lev-
el, expanding the area of competences, responsibility,
career growth.

ANALYSIS OF THE SOCIAL COMPONENT AS
A CONDITION FOR THE COMPETITIVENESS
OF THE COMPANY'S PERSONNEL

Globalization in the labor market and the development
of agro-industrial complex enterprises require the dis-
closure and use of all types of enterprise potential. At
the same time, the role of potential, which is concen-
trated in the social factors of the enterprise, cannot be
underestimated. Therefore, today in scientific circles,
considerable attention is paid to the labor potential of
a person, enterprises, which are closely related to the
concept of personnel competitiveness.

For the labor market, competitiveness is a rela-
tive concept, since it is heterogeneous, and its segmen-
tal structure affects the degree of market demand for

Zelinska and Andrusiv

the quality of the workforce and consumer demand for
it. The main property of human capital is competitive-
ness in the labor market. It determines the satisfaction
of market demand for labor. The term “staff competi-
tiveness” began to appear in economic literature at the
end of the 20" century.

Enterprise competitiveness is one of the most im-
portant categories of the market economy. It character-
izes the possibility of effective adaptation to the condi-
tions ofachanging competitive environmentthroughthe
rational use of the company’s available resources [14].

The competitiveness of personnel is a complex
economic category that determines the ability of em-
ployees to generate ideas, develop and implement in-
novations faster than competitors, as the best compli-
ance with the requirements of employers in terms of
knowledge, abilities, skills, the ability to best apply per-
sonal, professional and business qualities and to fully
implement one's own potential, as well as the ability
to effectively perform managerial functions and make
timely decisions [15].

Ingeneral,the competitivenessofpersonnelisreal
and potential abilities,business and professional compe-
tence, initiative, ingenuity, sense of responsibility, which
are significantly different from other employees and al-
low them to withstand competition in the market [15].

We believe that the study of the social component
as a condition for the competitiveness of the company's
personnel should be considered in the context of such
components as managerial, social and motivational.

The essence of the management component as
one of the components of the competitiveness of the
personnel lies in the inconsistency of the organization-
al structure with the strategic goals of the enterprise.
This is expressed due to insufficient functional division
of labor; contradictions between traditional and mod-
ern labor management methods; between specialists of
different generations in the field of strategy and every-
day activities; problems of quality use of working time
according to the qualification and experience of the
employee, etc.

The essence of the social component of person-
nel competitiveness is manifested in personnel turn-
over processes; inadequacies of organizational and
socio-psychological working conditions; imperfections
of corporate culture; the need to ensure conditions for
professional development; slow growth of the level of
education and professional training of personnel; lack
of innovation-oriented social policy, insufficient devel-
opment of corporate social responsibility, etc.

The content of the motivational component of
personnel competitiveness is expressed in the percep-
tion of the employee as an individual, a fair assessment
of his actions; levels of workplace organization; equal
opportunities for professional growth of employees;
involving them in management, supporting their ini-
tiative; equal concern for the social development of
the team, etc.
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So, the social component of innovative develop-
ment of the enterprise can be reduced to the concept
of sustainable development of personnel. The shift of
emphasis towards its sustainable development is due to
the need to adapt the provisions of the lifelong learn-
ing concept to the conditions of business operations in
modern Ukrainian realities. The basis of this concept is
the use of educational technologies, which act as a kind
of tool that ensures the level of professionalism of em-
ployees, their acquisition of new knowledge and com-
petencies that are put forward for a specific position.
As a result of the creation of a favorable environment
for the growth of human intellectual abilities (ability to
self-study and self-organization, opportunities for pro-
fessional and career growth, etc.), the company's man-
agement produces intellectually rich products. The issue
of social aspects of sustainable development was con-
sidered in 2011 in the UNDP report “Sustainable Devel-
opment and Equality of Opportunities: A Better Future
for ALl It emphasizes the significant role of the social
sphere, which becomes a priority for the development of
the state, because there is a direct relationship between
health, education and employment. Environmental deg-
radation increases inequality due to adverse effects on
the physical and spiritual condition of people.In turn,the
inequality of human development increases ecological
degradation, in particular due to the lack of formation of
relevant moral and ethical guidelines in society [15; 16].

Investigating the social sphere of agro-industrial
complex enterprises, features were identified that af-
fect the competitiveness of personnel. Among them, the
psychophysiological, social, and moral characteristics
of employees, the organization of work, and the degree
of satisfaction with its content are especially import-
ant. The influence of various factors that determine the
competitiveness of personnel can be classified in dif-
ferent ways, in particular: external and internal, global
and local (by the degree of coverage of the territory),
socio-demographic, socio-psychological (by the com-
ponent structure of employees), losing and winning
territories (by specifics of the activities of agro-industri-
al complex enterprises) labor motivation factors (eco-
nomic, social), etc. Among the classifications of factors
that have a significant impact on the competitiveness
of personnel, the most famous is the classification of
l.I. Khokhlova [17]. The author divides the factors into
groups depending on the environment of their occur-
rence.According to this criterion, three main classes are
distinguished: factors of personal competitiveness, fac-
tors created at the enterprise and external factors.

In the conditions of the development of the
enterprise, professional diagnostics and monitoring
are important to ensure its effective personnel. Their
regular conduct, both for newly hired and permanent
personnel, will be a guarantee of determining the pri-
orities of the development of employees, will make
it possible to forecast and plan their careers in order
to form their motivation for further development and
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acquisition of the necessary competencies for the en-
terprise. Development for the sake of development will
certainly contribute to the growth of the competitive-
ness of the personnel.

In the modern conditions of the development
of agribusiness enterprises, active attention should be
paid to the partnership of business and professional
education as one of the ways to increase the compet-
itiveness of future qualified workers. In order to meet
the needs of employees in their own development, the
company's policy could be aimed at social investment
by attracting state and non-state (private) funds. At the
same time, the creation of favorable working conditions
in production, increasing the motivation of employees
to achieve the company's goals in order to maximize
the return on the use of the labor potential of the per-
sonnel require attention.

One of the factors that influence the growth of
the level of professionalism of the staff, and therefore
their competitiveness, is education. Investing in edu-
cation allows you to capitalize on its results both in
the form of professional and personal competencies of
the employee, and indirectly - as a result of intellectual
activity, which is ensured by the production of intellec-
tually rich products. In such a situation, not only the
level of remuneration increases, but also the usefulness
for the company and the employee himself due to the
increase in the level of professional, intellectual and
communicative competences. Their constant develop-
ment, use, transfer, mobility lead to such a process as
the capital intensity of the sustainable development of
the company's personnel.

Problems related to the functioning of the edu-
cational system of Ukraine are an important problem
today for all types of enterprises without exception.
This is first of all. the inefficiency of the system of pro-
fessional education and training, which does not suffi-
ciently meet the real and prospective needs in person-
nel. According to the Law of Ukraine “On Vocational and
Technical Education” the system of vocational and tech-
nical education (VTE) is intended to be the mechanism
that ensures citizens the right to obtain vocational and
technical education in accordance with their vocations,
interests and abilities, to contribute to the implemen-
tation of state policy employment of the population,
to provide the country's economy with highly qualified
and competitive workers in the labor market [18].

Analysis of the regional variation of the dis-
tribution of the population by the level of education
of Ukraine in general indicates the presence of quite
significant differences in the degree of its education,
which are primarily due to the different levels of ur-
banization of the country's regions and regional labor
markets. In these conditions, high-quality management
of regional education, taking into account the econom-
ic, social and demographic situation, the balance of its
interaction with the market of educational services, ac-
quires special importance. The need for a new form of



management organization - innovative, entrepreneur-
ial, etc. requires that each educational institution im-
plement a system of adaptation measures, the main of
which are diversification of education, development of
new economic mechanisms, marketing of educational
and scientific services. The situation in the agricultural
sector creates a number of challenges, the main ones of
which are the organization of improving the conditions
for conducting business activities, carrying out quali-
tative transformations of the agribusiness enterprises
themselves, capable of ensuring the competitiveness
of agricultural production on the market (domestic and
foreign), food security of the state, and approaching Eu-
ropean policy in the field of agriculture. The criteria of
innovativeness, the least riskiness and maximum effi-
ciency create the basis for increasing the competitive
potential of agricultural enterprises, make it possible
to update their technical and technological base, min-
imize risks, ensure access to investment resources and
high profitability of activities. The organization of agri-
business enterprises largely depends on the size of the
rural population, its concentration, sex-age structure,
and the specific weight of labor resources. Therefore,
the qualitative transformation of the village, its satu-
ration with competitive personnel is the way to the re-
vival of Ukrainian villages and agribusiness enterprises.

The ability of the company's personnel to adapt
to changes in the external and internal environment
faster than competitors, to learn and develop becomes
a reliable source of its social, strategic and economic
advantages. The innovative development of the en-
terprise, including the agro-industrial complex, today
requires both the deepening of the professional qual-
ification level of employees and its constant improve-
ment, which ultimately leads to the strengthening of
the competitive position of the enterprise on the mar-
ket. So, if the knowledge of graduates at the beginning
of the 20" century depreciated after 30 years, at the
end of the century - after 10, then modern specialists
must be retrained every 3-5 years. According to scien-
tists' forecasts, in the coming years the average level of
education will increase to 13.5%, more than half of the
created jobs require secondary special education, and
more than a third require higher education [18;20]. This
can be achieved only on the basis of an effective or-
ganization of professional development, which should
become one of the main functions of personnel man-
agement. Analyzing the domestic experience of per-
sonnel development, it is worth noting that in Ukraine
the average periodicity of upgrading the qualifications
of employees is insufficient. It is twice lower than the
normative one, and in agriculture, wholesale and retail
trade it is 10 times lower. While, for example, in Japan,
the periodicity of professional development is up to 1
year,and in the countries of the European Union it is 3-5
years. Experts pay attention to the low levels of training
of personnel, their interest in innovative development
of the enterprise and innovative management. This es-
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pecially applies to management, engineering and tech-
nical personnel and highly qualified workers [1; 19].
An analytical study of the staff's readiness for change
shows their unwillingness to use various kinds of inno-
vations, which is connected with the fear of changing
the usual way of life, reluctance for additional training
without material benefits and incentives, etc.

Among the measures that would contribute to
the innovative development of agribusiness enterprises
and the competitiveness of their personnel, we consid-
er the following:

- activation of financing of innovative activities of
enterprises [20];

- creation of a favorable business environment and
infrastructure for the activities of agro-industrial com-
plex enterprises;

- formation of infrastructure to increase the mobil-
ity of highly qualified workforce;

- creation of conditions for attracting foreign capi-
tal to finance the activities of Ukrainian enterprises re-
garding the introduction of intellectual and scientific
and technical resources in agricultural production;

- development and implementation of the state pro-
gram for the development of bank lending to the inno-
vative activities of agro-industrial complex enterprises;

- stimulation of enterprises’ own developments,
which will allow them to enter the markets not only
with products produced using intellectual and scien-
tific and technical resources, but also with the rights to
such resources. This will make it possible to increase
own profits, which can be reinvested in further scientif-
ic research and the implementation of their results in
production, etc.

Employees who are able to create new knowl-
edge and actively use it become subjects of innovative
work. The result of such work is new ideas determined
by creative abilities, a creative approach to one's ac-
tivity, an active position in the management of the en-
terprise, conditions for the realization of creative and
mental abilities in the labor market, etc.

Today, a successful manager knows that invest-
ment in the development of the company's personnel
is one of the ways to accumulate their potential, and
further investment in the form of capital investments
in the workforce will lead to further development of
the competitiveness of the personnel. With this in mind,
the nature of investing in a person should be long-term,
not temporary. Therefore, the training and retraining of
personnel, their training throughout their working life
should become the main postulates of the personnel
strategy of agro-industrial complex enterprises. For ef-
fective functioning, they need financial assets and an
effective system and effective management methods.
Currently, the search for highly qualified, experienced
specialists has become a problem for most Ukrainian
agro-industrial complex enterprises, because old staff
have left, and new ones are not leaving, mainly due to
meager salaries and exhausting working conditions.
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15



16

Globalization challenges and competitiveness of the company's personnel

That is why personnel-technologies of personnel se-
lection and recruitment, including: headhunting, re-
cruiting, screening, direct search, “weaving of networks”,
have acquired special importance. Their rational use by
personnel-managers will provide agro-industrial com-
plex enterprises with an influx of highly educated young
personnel capable of flexibly adapting to the market
environment and making flexible decisions regarding
the competitive advantages of a particular enterprise.

Another problem of the modern enterprise and
its innovative development in the conditions of in-
creased globalization is the need to form an effective,
flexible motivational system capable of encouraging
the anticipatory development of human potential. It
becomes a necessary element of strategic management
of personnel development. Work motivation and the
effectiveness of the management system are inextri-
cably linked. It ensures the process of motivating all
employees of the enterprise to activity, and therefore
can be considered a type of managerial activity. Work
motivation, as a type of activity, is aimed at meeting
the various needs of both an individual employee and
the company's staff as a whole, on the one hand, and
on the other hand, at obtaining expected work results
and successfully achieving the company’s mission. An
effective system of stimulating innovative activity pro-
vides a shift in emphasis in the personnel motivation
system [21]. An effective enterprise management sys-
tem will help increase the competitiveness of the em-
ployee himself and the enterprise he works for. Increas-
ing efficiency should be included in strategic plans for
personnel management and achieved by creating the
latest systems of development, encouragement and re-
training of hired personnel [22].

CONCLUSIONS

The study of social sustainability of agro-industrial
complex enterprises confirms the need to apply a set
of measures to ensure it, starting with monitoring the
achieved level of sustainability and ending with mea-
sures to support it through the development and im-
plementation of social development strategies. That is
why the competitiveness of the personnel requires the
formation of measures to ensure social development,
which would be based on the application of modern
information and communication management tech-
nologies, timely response to changes in the external
environment and a strategic vision of the future state
of the enterprise. It was determined that the human
factor currently plays a key role in the development
of modern enterprises. It ensures their technical and
technological development through innovation and
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investment activities, economic - through increased
labor productivity, GDP growth, social - meaningful
work and staff stability.

It has been proven that the intensification of
crises, the worsening of the coronavirus infection,
and the deterioration of the ecological situation in
the state determine the need not only to find ways
to adapt the personnel potential of agro-industrial
complex enterprises in modern conditions, but also to
activate it in order to ensure the process of its func-
tioning and the sustainable development of the econ-
omy as a whole. Personnel development is not limited
only to the needs and requests of a specific person in
self-improvement, it becomes a driver of other com-
ponents of innovative development of the enterprise.
At the same time, a significant role is assigned to the
motivation of work on the effectiveness of the man-
agement system.

In order to increase the competitiveness of the
personnel of agribusiness enterprises, it is worth pro-
posing measures aimed at its preservation and devel-
opment, in particular: a) provision of effective employ-
ment; b) revision of the labor payment mechanism
aimed at increasing wages and incomes of employees;
c) improvement of the mechanism of social security
and protection of employees; d) investing in vocation-
al training at work during working life; e) develop-
ment of the mechanism of motivation to work, through
the realization of the creative abilities of employees;
f) a person’s desire to acquire new competencies and
skills through continuous learning.

The competitiveness of personnel is a signifi-
cant factor in the formation of competitive advantag-
es of agribusiness enterprises. A promising direction
of further research is the diagnosis of the compo-
nents of the sustainability of personnel potential, in
particular the intellectual component of modern ag-
ricultural enterprises as a guarantee of the country's
food security in the context of socio-economic trans-
formations. Analysis and evaluation of personnel, its
constant monitoring and diagnosis will allow to be
a qualitative measure of the effectiveness of social
policy. The results of monitoring and controlling will
become the basis of the information base of the pro-
cess of formation, use and management of personnel
competitiveness. It was determined that the prospects
of the agricultural sector of the national economy will
depend, on the one hand, on the ability to quickly and
effectively adapt to the new, modern requirements of
today, caused by globalization processes, and on the
other hand, on the professionalism and social stability
of the staff.
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IBaHO-MpaHKiBCbKMIA HALLIOHANbHUIA TEXHIYHMIA YHiBepcuTeT HadTu i rasy

AHoTauig. [Noka3HWK eeKTUBHOCTI yNpaBAiHHA NepCOHANOM B 6araTboX acneKTax BU3HAYa€ YCMiWHICTb iHHOBALiMHOI
Li9NbHOCTI KOXHOIO Cy4aCHOro nignpueMcTaa. BogHouac, couianbHMi acnekT po3BUTKY NepCcoHany Bidirpae Baromy
ponb B yCRilWHOMY (YHKLiOHYBaHHI KOXHOrO KOHKPETHOro MiAnpUMEMCTBA B YMOBAX rnobanizauiiHux BUKIMKIB.
Mignpuemctea AMNK cknapatoTb NigrpyHTS NpoAoOBOMbYOi 6e3nekn KpaiHu, a LOCNIAKEHHS MUTaHb, MOBA3aHUX 3
PO3BMTKOM MepCcoHany 0CobMBO B YaCTUHI MOro COLiaNbHOMO CNPSMYBAHHS MAE K TEOPETUYHUI, TaK | NPUKNAAHUA
xapakTtep. Hapasi ctBopeHHs npoaykuii B AlK aep)kaBu BUMarae He TiNbKuM KifibKiCHMX NOKA3HMKIB NepcoHany,ane n
MaE€ 3anexHiCTb Bif MOro aKicHMX dhakTopis, cepen SKMX NpiopUTETHICTb HAAAHO 34ATHOCTI O CTBOPEHHS iIHHOBAL,iN.
Mpobnema nepeBefeHHs NiANPUEMCTB arpoNpOMMUCIOBOrO KOMMIEKCY HA iHHOBALLIMHY MOAENb PO3BUTKY € OOHIEN
3 BaroMMx Ta MpiOpPUTETHUX, | BUMArae ocobnMBoi yBarn. TakMM YMHOM, METOK CTaTTi € TPAKTYBaHHS CYTHOCTI
couianbHOi CKNaAoBOi NepcoHany 3a 06CTaBMH iHHOBALLiIMHUX 3MiH B EKOHOMILLi 5K YMOBW KOHKYPEHTOCMPOMOXHOCTI
nepcoHany.y ctaTTi 4OCNIAXKEHO OKpEMi aCMeKTH CoLiaNbHOI CKNaa0Boi nepcoHany B yMOBaX iHHOBALIMHOMO PO3BUTKY
niZNPUEMCTBA, MOCUNEHHS rnobani3aliMHUX BUKNUKIB, 9Ki CTOSATb Nepes, eKOHOMiKo YKpaiHu. O6rpyHTOBaHO, Wo
B Cy4YaCHMX YMOBaX [LisNbHOCTI MigNpMEMCTBA Haspina npobnema CTiMKoCTi nepcoHany. BUsHaueHO MOXIMBICTb
po3rngay AAHOro NUTaHHA Yyepes Taki KOMMOHEHTM K MOTMBALLiMHA, YNpaBAiHCbKa Ta cycninbHa. BusHaveHo, wo
KOHKYPEHTOCMPOMOXHICTb NEPCOHANY € BU3HAYHUM YUHHUKOM Yy DOPMYBAHHI KOHKYPEHTHUX nepeBar 6yab-sKoro
nianpuemcraa. JloBeaeHo, Wo ocCBiTa Ta NpodeciiHMUiA pO3BUTOK NEpCoHany CTalTb AOMIHYYUMU YUHHWMKAMU
$OpMYBaHHS KOHKYPEHTHUX NepeBar NignpUeMCTB arponpoMUCIOBOrO KOMMEKCY

KntouoBi cnoBa: po3BMTOK, colianbHa CKagoBa, NigNPUEMCTBO, NEPCOHAN, iIHHOBALiS, KOHKYPEHTOCNPOMOXHICTb,
rnobanisauiga, noTeHuian

Ukrainian Black Sea Region Agrarian Science, 25(2), 11-18



UDC 330.567.28(477):338.23:3611
DOI 10.31521/2313-092X/2021-2(110)-3

Ukrainian Black Sea Region Agrarian Science
Vol. 26, No. 1

Information support for development of rural green tourism enterprises
in Ukraine in conditions of COVID-19 pandemic

I. Ksonzhyk
Doctor of Economics, Professor, ORCID ID: 0000-0001-5172-3821

0. Petrova
PPhD, Associate Professor, ORCID ID: 0000-0001-8612-3981, Researcher ID: E-2210-2018

Mykolaiv National Agrarian University
54008, 9 Georgiy Gongadze Str., Mykolaiv, Ukraine

Abstract. The current state has been studied and the specificity of the development of rural green tourism in
Ukraine has been determined. The problems of practical application of information support by business entities
working in the tourism industry have been identified. The essence and necessity of large-scale information support
of the rural green tourism industry have been substantiated and its features have been investigated. The analysis
of information technology used today in the field of information support for the rural green tourism industry has
been carried out. The impact of the global COVID-19 pandemic on the development of the tourism industry in
Ukraine has been established. Measures to extend information support in the field of rural green tourism under
conditions of adaptive quarantine have been identified. The proposals for improving the level of information
support for the rural green tourism industry have been summarized

Keywords: rural green tourism, enterprises, development of rural areas, information technology, region, information

support

Problem formulation. The relevance of devel-
oping rural green tourism in Ukraine is due to the
urgent need to immediately address the problems of
socio-economic development of rural areas, which, in
most cases, are depressing. This will allow to diver-
sify the directions of economic development of the
Ukrainian countryside, to contain the demographic
decline and, in combination with other spheres of ac-
tivity, to solve urgent problems of the regions.

Rural green tourism worldwide is a developed
and highly profitable sector of the economy. With fur-
ther urbanization, the demand for this type of rec-
reation in the world will grow, and therefore - will
increase the need for rural estates and tourist attrac-
tions that these services can offer. Ukraine has a rath-
er strong resource potential in this area, which has
not yet received the appropriate level of information
support, and therefore, as a result, is underused and
remains in low demand by tourists. This is especially
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true in rural areas, which have a rich cultural and his-
torical heritage, a significant nature reserve and food
base, but are located at a considerable distance from
the known tourist routes 1].

In addition, surveys conducted by Ukrainian
travel agencies among their clients in 2020 show that
in the context of the COVID-19 pandemic, the demand
for travel products that provide recreation with a limit-
ed number of people around, but with minimal restric-
tions on their own freedom of action has increased [2].
Under such conditions, rural green tourism will be
able to become an alternative in the organization of
full recreation in both family and individual format.

Analysis of recent research and publications. A
wide range of issues of rural green tourism has been
studied by such foreign scientists as Y. Ramanauskene,
A.Harhasas, K. Dapkute, K. Dronh, R. Dapkus, A. Kennon,
V. Kotlinskyi, S. Medlik, V. Midlton, M. Rosite, Y. Siko-
ra, A. Steina, Y. Kholovei and others. Many domestic

Ksonzhyk, I., & Petrova, 0. (2021). Information support for development of rural green tourism enterprises in Ukraine
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researchers have devoted their scientific publications
to the general problems of tourism development. In
particular, we are talking about such scientists as:
B. Bartmann, M. Jordi, J. Kloeze, O. Beidyk, V. Kyfiak,
0. Kolotukha, O. Korol, O. Liubitseva, M. Malska, A. Mok-
liak, G. Chernova, I. Yakovenko. Development and im-
plementation of programs for the development of ru-
ral green tourism is the range of scientific interests of
such domestic scientists as: A. Birkovych, V. Vasylieva,
P. Horishevskyi, A. Zinchenko, V. Holovatska, T. Zinchuk,
S. Illiashenko, S. Melnychenko and others. However,
the active development and prospects of this type of
tourism requires further research.

According to J. Kloeze rural green tourism is a
concept that includes all tourism activities that devel-
op in the rural environment [3, p. 15-16].

An alternative definition was given by B. Bart-
mann: “Rural green tourism is a concept that includes
tourism activities organized and managed by the local
population, based on close connection with the envi-
ronment - natural and anthropogenic” [4].

The term “rural green tourism” is interpreted by
Montaner X. Montehano as an activity that takes place
in contact with nature, life in camps or settlements.
This activity can be combined with agricultural work,
acquaintance with life of small settlements, walking
excursions, studying of fauna and flora [5].

The European organization Euroter gives the
following definition: “Rural green tourism is tourism
that supports the development of agricultural regions,
preservation of cultural heritage and ecology of the
village, the revival of local traditions and products.
This type of tourism is characterized by regional iden-
tification and meets the needs of tourists in accom-
modation, food, leisure activities and other services
that contribute to the sustainable development of the
social sphere of the village” [6].

According to S. Kuzyk “.. in the global econom-
ic crisis, rural green tourism can get a new impetus
for further development, because many citizens of our
country will choose for active recreation Ukrainian
Carpathians, Podilsk or Dnieper regions, rather than
too expensive foreign facilities on advertised interna-
tional routes” [7, p. 264].V. Fedorchenko and T. Dyorova
note that “this type of tourism, by promoting the de-
velopment of small business in agricultural regions,
gives urban residents the opportunity to actively rest
in private agriculture, and farmers to improve their fi-
nancial situation...” [8, p. 152].

The purpose of writing the article was to gen-
eralize the theoretical provisions, as well as to deter-
mine the specifics and problems of practical applica-
tion of information support by businesses operating in
the field of rural green tourism.

The main objectives of this study are:

1) analysis of the current state of information sup-
port of the rural green tourism industry in Ukraine;
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2) identifying problems with the use of informa-
tion technology by businesses operating in this field;

3) development of recommendations for improving
the level of information support in the field of rural
green tourism.

In the process of working on the tasks, the
following methods of economic research were used:
analysis - in identifying internal trends, problems
and opportunities for the development of the object
of study, comparative analysis — when comparing in-
dicators in Ukraine with indicators in the world, ab-
stract-logical - in substantiation of proposals and
measures for further implementation of information
support tools in the activities of rural green tourism
entities, synthesis - when summarizing the results.

Presenting main material. Since the beginning
of the XXI century and to date, rural green tourism,
according to WTO experts, according to the pace of
its development ranks first among the sectors of the
world tourism industry, and is developing dynamical-
ly. The main driving force of its rapid development is
the attempt of the progressive world community to
restore nature, as the living conditions of modern
man are characterized by the mismatch of the envi-
ronment of his physiological and psychological needs.
Therefore, in modern economic conditions to meet the
needs of people living in urban areas, a significant
role is played by rural green tourism, which is able
to ensure economic and demographic stability in ru-
ral areas of any country and solve its socio-economic
problems. The increase in demand for rural recreation
is also growing due to increased incomes and the
number of paid vacations, rising levels of education,
development of transport infrastructure and cheaper
services. Close interaction of city tourists with tra-
ditional rural cultural life allows to understand and
respect national customs and traditions more deeply,
develops the personality, promotes formation of na-
tional self-consciousness [9].

In Europe, the development of rural green tour-
ism was associated with the industrialization of agri-
culture, which in the period after World War Il under-
went significant modernization changes. Increasing
the manufacturability of agricultural work contributed
to the growth of commercialization of agriculture, re-
ducing the number of farmers and prices for agricul-
tural products, the overall reduction of farm incomes.
This has led to changes in agriculture as a sector of
the economy. Based on limited conditions, farmers in
European countries (France, Britain, Italy, etc.) began
to look for alternative uses of their assets by diversify-
ing their activities in order to ensure a sufficient level
of income [10].

Statistics show that 68% of Western Europeans
spend their weekends in their own country and 20% in
other European EU member states. In general, about
90% of Western Europeans stay in Europe during the
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holidays. Of these, 25% (ie, one tourist out of four) well as guided by the quality of stay. Data on the type
spend their weekend in the countryside, taking into  of tourist destinations living in the countries of the
account the economic point of view (low prices), as  European Union are presented in the table.

Table. Distribution of recreation places of tourists-citizens
of the European Union depending on the tourist area in 2019

Area for recreation

mountain sea cost
Belgium 25 15 5 55
Denmark 25 14 19 42
Spain 27 9 11 53
France 24 17 13 46
Greece 8 11 12 69
Ireland 27 6 37 30
Italy 11 24 12 53
Luxembourg 19 12 17 52
Netherlands 39 13 12 36
Portugal 29 8 7 56
Germany 34 15 7 44
Great Britain 29 13 10 48

Source: [11]

The EU's main goal for the development of ru-  able with Ukraine in terms of tourism and recreation
ral green tourism is to develop a tourism product that  potential [13, p. 27].

provides direct income to agriculture for the continu- The concept of “rural green tourism” is a multi-
ous improvement of life in rural communities, as well  functional, complex and systemic phenomenon that is
as the preservation of historical heritage. actively spreading in the economic life of agricultural

The share of tourism in the general economy areas of Ukraine and contributing to their economic
of Ukraine is a topic of in-depth discussions and as  and social development. Leading economists identify
of 1 January 2021, according to official statistics, is  this category with tourism based on rural estates or
about 3-4% of GDP, which is much lower than the in-  farms, or in rural areas in general, but does not include
ternational average (equal to 10%). Therefore, tourism  recreation in a kind of recreational areas. In a broad
is practically not taken into account in the formation  sense,rural tourism is understood as travel for the pur-
of economic policy at the national level. However, the  pose of recreation and relaxation of the population,
latest data from international structures (primarily the  which involves accommodation in rural areas with
UN World Tourism Organization, UNWTO) confirm the  the involvement of the private sector [14, p. 41-44].
calculations of domestic experts, who determined this The relevance of the development of this type
share at about 9% of Ukraine's GDP. This gives reason  of tourism in Ukraine is confirmed by global trends in
to consider that this indicator is much more important  the international tourism market. Thus, according to
for the Ukrainian economy than before [12]. According  the Union for the Promotion of Rural Green Tourism
to expert estimates, in the case of full disclosure of in Ukraine, today the international tourism market is
Ukrainian tourism potential, revenues to the budgets moving from the recreation model “SSS” (Sea - Sun -
of all levels may amount to 10 billion US dollars per  Sand) to the recreation model “LLL" (Lore - Land-
year, so much is received by countries that are measur-  scape - Leisure) [15].

Ukrainian Black Sea Region Agrarian Science, 25(2), 19-26
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According to experts, the most priority regions
for the development of rural green tourism enterpris-
es in Ukraine are:

1. Western part: Zakarpattia, lvano-Frankivsk, Lviv,
Khmelnytsky regions.

2.Southernpart:Zaporizhia,Mykolayiv,Khersonregions.

3. Central and Northern parts: Kyiv, Vinnytsia, Pol-
tava, Chernihiv regions [16, p. 15]. The least developed
rural tourism is in Eastern Ukraine.

The creation of positive associations among
tourists about recreation in the Ukrainian country-
side was hindered by certain stereotypes, in particular
about the unsuitability of rural housing, unattractive
services, low level of staff. Over the last decade, the
associative connections of tourists about the possibil-
ities of rural tourism have changed in connection with
their own experience of staying in the village during
vacations, holidays and weekends using the services
of agro-villages. Factors such as the socio-economic
crisis of 2008-2009, the annexation of Crimea, quar-
antine measures related to the COVID-19 pandemic
contributed to the growth of vacationers in rural areas
and, accordingly, gaining experience [17].

The experience of Ukraine's European neigh-
bors, first of all Poland, is of great interest [18, 19,
20]. Rural tourism was especially active here in the
1990s and was aimed at creating modern comfort-
able living and recreation conditions in order to
stimulate the influx of foreign tourists. For Poland,
as well as for Ukraine, the most notable features of
the development of rural tourism and its regional
unevenness are: deep differentiation of natural geo-
graphical conditions and economic uneven develop-
ment of regions, cities and rural areas; historical past
of specific territories; leisure traditions that have de-
veloped over the past decades, etc. As a specific form
of activity in Poland, rural tourism is called ‘economic
hospitality” [21, p. 4-14].

The generalization of data from the analysis
of monographs and periodicals of domestic and for-
eign authors, statistics and empirical research allows
to form the main directions of improving the quality
of rural green tourism services, namely: the need to
develop a system for assessing the quality of services;
organization of staff training in the field of improving
the quality of services; development and implemen-
tation of a service quality management system, infor-
mation support for the development and operation of
rural green tourism enterprises.

When forming a quality management system in
the estate of rural green tourism it must be guided by
the following principles:

1) to ensure the high technical quality of service, it
is necessary to develop appropriate rules that would
provide for systematic training of staff employed in
the service and provide the necessary level of service
to tourists;

Ukrainian Black Sea Region Agrarian Science, 25(2), 19-26

2) differentiation of rural green tourism farmstead
services should depend on understanding the needs
of the consumer and trying to meet them through an
individual approach with maximum care;

3) the main task of ensuring the quality of service
is to meet or exceed consumer expectations;

4) service quality assessment should be based on
consumer criteria;

5) the task of the rural green tourism estate is to
meet the expectations of consumers, and not to try to
anticipate their expectations, which may reach a level
that is difficult to fulfill;

6) operations management should divide each ser-
vice into a series of sequential actions, where each
of them contributes to other parts of the process of
customer satisfaction;

7) consumers judge quality by the original data.
The task of the rural green tourism estate is to identify
and eliminate shortcomings as significant obstacles to
the provision of quality services;

8) each farmstead of rural green tourism needs to
create a system of encouraging the interest of em-
ployees in providing quality services on time, as well
as personal communication with consumers;

9)appropriate qualityofservicespromotestheemer-
gence of "loyal” consumers in order to ensure contacts
and increase the income of rural green tourism estates;

10) the main and most important form of control is
to take into account the satisfaction of consumer needs.

Rural green tourism estates should not only
guarantee the quality of services and the ability to
meet customer requirements, but also reflect the
needs of the estate in creating a system of quality that
is constantly improving [22, p. 78-85].

However,in Ukraine,compliance with world stan-
dards of the tourism industryand high qualityinthe pro-
vision of tourist services is still an acute problem in the
field of rural green tourism. This is primarily due to the
insufficient level of information support in rural areas.

The main and most accessible element of infor-
mation support of business entities working in the field
of rural green tourism in Ukraine is information tech-
nology, among which the Internet plays a major role.

In the world 2/3 of the tourist product offered
by rural green tourism is realized through global in-
formation systems. Today, the governments of many
countries, including the United States, Finland, Britain,
Sweden, Germany, fund research in the field of commu-
nications [23, p. 191-193]. The potential tourist does
not need to spend a lot of time on the selection and
booking of a particular tourist product: just enter the
parameters, and the computer system itself provides
allthe necessaryinformation about the tourism service.

According to research by the Institute of Eco-
nomics and Forecasting of the National Academy of
Sciences of Ukraine,there are about 1 million 250 farm-
steads (households) in Ukraine that can provide rural



tourism services, while about 2 thousand farmsteads
advertise their proposals on the Internet resourc-
es [24, p. 113]. At the same time, in Ukraine, as of July
1, 2021, about 15.5 thousand villages are registered,
where about 3.5 million Ukrainians live who do not
have a high-speed fixed Internet connection. There-
fore, there is a number of problems that slow down
the process of implementing this technology, namely:

Low level of digital literacy of the rural popula-
tion. It is believed that the low level of digital literacy
of owners of rural green tourism establishments is the
main reason for the lack of information about these
establishments among tour operators and potential
consumers of domestic tourism services.

Low financial capacity of the population. The
market cost of connection to fiber-optic networks in
rural areas for individuals is 2-3 thousand UAH, and
for individuals - business entities and legal entities -
an order of magnitude higher.

Excessive level of bureaucracy. Often, telecom
operators are unable to build infrastructure due to un-
clearandformalfailuresbylocalgovernmentsandland-
owners where the infrastructure needs to be located.

High cost of renting electric poles.

In order to form a credible own marketing strat-
egy in the global network, which would meet the gen-
erally accepted global requirements for tourism enti-
ties operating in the rural green tourism sector, it is
also necessary to implement the following measures:

a) to study carefully and deeply the competitive be-
havior of other entities, consumer demand for tourism
products,aswellasanalyzetheirowntourismresources;

b) to constantly update their knowledge of the ex-
isting legal framework in the field of tourism services,
using business and legal servers;

C) to create a site for a tourist facility that is devel-
oped, promoted and maintained on an ongoing basis;

d) to constantly update advertising materials relat-
ed to the activities of the tourist facility;

e) to assess the market situation, draw adequate
conclusions and make decisions in accordance with
the analysis [25, p. 329-335].

The updated website of the Union of Rural
Green Tourism of Ukraine (hereinafter - the RGT Union)
(https://www.greentour.com.ua/) plays a significant
role in information, advertising and communication.
There is a program modernized under European re-
quirements for categorization of services “Ukrainian
hospitable estate”, which lists the benefits that tour-
ists receive while vacationing in categorized homes.
Homeowners here use their personal offices to com-
municate with potential tourists. A special section of
the site is addressed to tourists, which provides rec-
ommendations for organizing a trip to the countryside
and offers activities. The network of information-ad-
visory and agrotourism centers (IAATC), which start-
ed its activity in 2015 on the basis of successful rural
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tourism estates, plays an important role in conducting
training events for owners and at the same time in-
forming potential visitors of rural areas [26].

As for the consequences of the COVID-19 pan-
demic in the field of rural green tourism, Ukraine, on
one hand, is in a relatively better situation than most
countries, as the share of such tourism product, along
with other types of domestic and outbound tourism
is much lower than inbound one. On the other hand,
Ukrainian rural green tourism enterprises have not re-
ceived a rapid systemic response and protection from
the government in the form of possible measures to
support the tourism industry compared to the average
response and types of measures implemented by the
governments of neighboring countries and EU mem-
ber states. This has further complicated the situation
of small and medium-sized businesses operating in
this field [12].

It is worth noting the foreign experience of
organizing information interaction of national na-
ture parks with the local population engaged in ru-
ral green tourism and production of environmental-
ly friendly products, which is especially relevant for
Ukraine and for our study region. Given the high share
of private farms in agricultural production, it can be
argued that Ukrainian farmers have the potential to
grow environmentally friendly products, but with the
support of public authorities, national nature parks, or
non-governmental financial organizations [20].

Global digitalization is fully penetrating the
field of rural green tourism, where it almost complete-
ly changes many business processes, ranging from the
technology of forming tourism products, including new
distribution and promotion systems. One of the most
promisingdigitaltechnologiesisblockchaintechnology.

The use of blockchain technology opens new
opportunities for rural green tourism enterprises [27,
p. 135-141]. Blockchain technology is a distribut-
ed digital database that allows you to do business
in trusted and transparent way without the need for
centralized management. Blockchain is a fundamen-
tally new method of organizing big data, structuring,
recording and storing information in blocks that can
be verified. Platforms based on blockchain technology
ensure the consistency of data and a high level of se-
curity. Blockchain technology has a number of advan-
tages, which include the following:

Distributed agreement - the database is de-
centralized, which means the absence of centralized
blockchain management. This allows you to complete-
ly get rid of intermediaries.

Transaction verification is performed using a
specified set of rules and must be confirmed byall users.

Uniqueness - all transactions are unique and
there are no duplicates.

Invariance - it is impossible to change the re-
cords added to the blockchain.
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To achieve positive results and gain competi-
tive advantages, rural green tourism enterprises must
seek modern high-tech means to attract their cus-
tomers and adapt their offer to the target audience,
and blockchain technology is one way to obtain these
competitive advantages [27, p. 135-141].

At the end of 2019, at the initiative of the
EBRD and with the participation of external partners,
a document “Roadmap for competitive development
of tourism in Ukraine” was prepared, which was the
result of intensive work of all major stakeholders in
the tourism sector in Ukraine. Given the new circum-
stances of the global pandemic, we believe that it is
necessary to make appropriate changes to the pro-
posed Roadmap action plan for 2021 and include im-
mediate measures to respond to the crisis COVID- 19
and maximize the tourism economy of Ukraine. In the
current situation and in terms of adaptive quarantine,
the following areas are a priority in the information
support of rural green tourism:

- creation by public authorities of an official and
reliable information portal, where all the necessary
data will be posted;

- use of sociological and marketing research to
obtain objective statistical information in the field of
rural green tourism;

- optimization of tourist statistics;

- creation of high-quality content about rural green
tourism facilities and their tourism opportunities with
furtherpromotionthroughmoderncommunicationchan-
nels in the national and international tourism markets;

- organization of excursion work online among
student youth and the population;

- support for rural green tourism through the in-
troduction of travel vouchers and credit lines for this
type of tourism products;

- continuous optimization and updating of work
instructions for the rural green tourism sector for the
pandemic period.

As the global COVID-19 pandemic ends, it is
necessary to initiate the implementation of the steps
and follow-up actions outlined in the "Roadmap for
competitive development of tourism in Ukraine" as
recommended, as well as to monitor and adapt to
possible irreversible changes in the global tourism
caused by this crisis.

Conclusions and prospects for further research.
Modern tourism is an extremely information-intensive
field of activity, in which the accumulation, exchange,
processing, transmission and use of quality informa-
tion ensure the daily smooth functioning of the tour-
ism industry. Ukraine has all the prerequisites for the
intensive development of rural green tourism, but
there are a number of factors that hinder the effective
development of this type of activity. An important role
for the development of tourism is played by the infor-
mation support of rural green tourism facilities.

It is due to the effective use of information sup-
port and increasing the level of use of information tech-
nology that high competitiveness of rural green tourism
as a highly profitable sector of the economy is possible.
Therefore, the current stage of informatization of rural
green tourism as a sector of the economy is character-
ized by a tendency to increase information flows and the
introduction into practice of such modern information
tools and technologies that radically change informa-
tion processes. Over time, the informatization of rural
green tourism facilities will provide consumers with free
access to the full range of necessary information about
the relevant tourism product, as well as provide the rel-
evant government agencies with the necessary control
over compliance with legislation in this area of tourism.
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IHpopMaUinHe 3a6e3ne4YeHHs pO3BUTKY NiANPUEMCTB
CiNIbCbKOro 3e/IeHoro TypusMmy B YKpaiHi B yMoBax naHaeMii COVID-19
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MuKONaiBCbKMIM HaLiOHaNbHWUI arpapHuii yHiBepcuTeT
54000, Byn. leopris loHraase, 9, M. Mukonais, YkpaiHa

AHoTauisl. Po3rnsHyTO Cy4aCHWiM CTaH Ta BM3HAYEHO cneundiky po3BuTKY NiANPUEMCTB CiIbCbKOr0 3e1eHOro TypusMy
B YKkpaiHi Ta 3akopaoHoM. BcTaHoBneHO npobnemMu MPaKTMYHOTO 3aCTOCYBaHHA iHGOPMALIMHOrO 3abe3nevyeHHs
Cyb€eKTaMM rocnoaaproBaHHS, LLLO NPALOTL Y Ui chepi Typuamy. OBrpyHTOBAHO CYTHICTb Ta HEOOXIiAHICTb MACLUTaBHOTO
iHbopMaLiMHOro 3abe3neyeHHs ranysi CinbCbKOro 3e1eHOro Typu3My Ta JOCAIIKEHO WOro 0cobanBoCTi. 34iACHEHO
aHani3 iHpopMaLiiHMX TEXHOOTIN, WO 3aCTOCOBYHOTBCS CbOrOAHI Y MAOWMHI iHDOopMaLiiHoro 3abe3neyeHHs chepu
CinbCbKOro 3eneHoro Typusmy. BctaHoeneHo BnnmB cgitoBoi naHgemii COVID-19 Ha po3BUTOK TYpUCTMYHOI ranysi B
YKpaiHi. BU3sHaueHo 3axoauM 3 NpoLOBXEHHS iHDOpMaLIMHOro 3abe3neyeHHs y cdepi CinbCbKOro 3eN1eHOro TypusMy B
YMOBax afianTMBHOIO KapaHTMHY. Y3arasbHeHO NPOono3uLii LLOA0 NOKPALLEHHS PiBHS iIHPOpMaLiiHOro 3abe3neyeHHs
ranysi CinbCbKOro 3e/1eHOro Typu3Mmy.

KniouoBi cnoBa: CifbCbKWi 3eneHUit Typu3M, NiOANPUEMCTBA, PO3BUTOK CiNbCbKMX TEPUTOPIN, iHPopmauinHe
3abe3neyeHHs, iHhopMaLiviHi TexHONOrii, perioH, iHpopMaLiitHa nigTpuMMKa
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Abstract. The financial sector contributes to the growth of the population’'s well-being, stimulates business
development, and helps to expand the markets for goods and services. With the passage of time, financial
technologies are becoming more and more important, because after the global financial crisis, banking institutions
were forced to adapt to new challenges. With the advent of the latest technologies, banks had to focus on the
efficient provision of financial services, taking into account financial inclusion. In order to help consumers of
financial services manage the financial aspects of business, while using new programs, financial technologies are
used.They are a necessary mechanism for the formation of competitiveness of any company and any state. However,
there is a problem of low involvement of the population in the financial sector, as not every individual has access to
quality financial services and the necessary experience to use them in everyday life. Thus, the purpose of the article
is research and analysis of the application of financial technologies in the banking system of Ukraine. The article
examines the essence of financial technologies and their role in the development of the financial sphere of Ukraine.
The question of the emergence of financial technologies is highlighted. It was considered how and with the help
of which financial technologies the work of banking institutions is carried out during the COVID-19 pandemic. In
order to determine the strengths and weaknesses, opportunities and threats,a SWOT analysis of the use of online
technologies by banking institutions of Ukraine during the COVID-19 pandemic was conducted. It was found
that there was an increase in demand among the fintech population, especially during the COVID-19 pandemic

Keywords: financial technologies, banking system, pandemic, startup, banking institutions, financial inclusion

INTRODUCTION

The financial sector stimulates the growth of the pop-
ulation's well-being, promotes business development,
and helps expand the markets for goods and services.
The role of financial technologies is becoming increas-
ingly important, because after the global financial crisis
(2008), banking institutions were forced to adapt to new
challenges. With the advent of new technologies, banks
had to refocus on the efficiency of providing financial
services, taking into account financial inclusion. The
above led to the emergence of the concept of “finan-
cial inclusiveness” or “inclusion’, that is, the availability
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of financial services for retail consumers. Fintech is be-
ing used to help financial services consumers manage
the financial aspects of business using new applica-
tions. They are an important tool for shaping the com-
petitiveness of any company and any country. However,
it is worth noting that there is a problem of low in-
volvement of the population in the financial sector -
not everyone has access to quality financial services
and sufficient knowledge and experience to use them
in everyday life. In order to activate the population's
interest in using financial services, it is necessary, in our
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opinion, to create the following opportunities: accessi-
bility, quality, safety, comprehensibility, simplicity. Such
scientists as: S.Volosovich [1], L. Dudynets [2], T. Kalash-
nikova [3], G. Pochenchuk [4] A. Semenog [5], M. Tara-
syuk [6], D Filipoy, etc.

P. Shufel understands financial technology as a
new financial industry that uses technology to improve
financial activity [7]. Group of authors, A.Yu. Semenog,
Y.M. Kryvych, SV. Cirulyk [5], financial technologies are
considered as services provided bytechnology companies
withthe help of special software and focused onthe finan-
cial needs of customers. M.V. Tarasyuk, O.0. Koscheev [6]
and L.A. Dudynets [2] understand the technologies
used in the financial industry by financial technologies.

Noting the significant results of the scientific
achievements of both foreign and Ukrainian authors, it
is worth noting that the application of financial tech-
nologies specifically in the banking system of Ukraine
requires further study and analysis, because the finan-
cial services market is actively developing, creating
new innovative services and products. The purpose of
the article is research and analysis of the application of
financial technologies in the banking system of Ukraine.

THE ESSENCE OF FINANCIAL
TECHNOLOGIES AND THEIR ROLE
IN THE DEVELOPMENT OF THE FINANCIAL
SPHERE OF UKRAINE
The industrial age of monopolies has already been re-
placed by the digital one. And this implies the flourish-
ing of platform companies, which, having a relatively
small number of full-time employees, generate no less

capitalization compared to monopolies [8]. Thus, the
market capitalization of one of the world’s largest fi-
nancial companies, Ant Financial, which was founded
in China in 2015 and has 101,958 thousand employees,
was (in 2019) $60 billion. USA, and the most expensive
bank in the world, JPMorgan Chase (founded in 1799,
where 235 thousand people work) - 245 billion dol-
lars. USA [2]. Indicators of added value per employee in
these companies differ significantly (12 million US dol-
lars and 1 million US dollars, respectively) [8]. As of Au-
gust 1, 2018, there were already 33 fintech companies
with a billion-dollar capitalization (so-called unicorns)
in the world [9].

Directions and features of the development of
financial technologies:

- development of the global Internet network;

- development and popularity of smartphones and
various applications;

- rapid growth and spread of social networks;

- creation of new innovative products and services
of the "Big Five" technology companies, which contrib-
utes to the formation of new standards of quality, speed
and convenience for consumers (Amazon, Facebook,
Google, Apple, Microsoft,

- significant increase in migration processes, which
led to money transfers;

- search for sources of financing for small and
medium-sized businesses;

- alternative types of payments;

- marketplaces;

- artificial intelligence;

- digital identification and biometrics, etc.

Table 1. Prerequisites for the development of financial technologies in different countries of the world

Directions Characteristics

Technological readiness of the market:

Infrastructure

- mobile coverage and Internet access;

- fintech solutions (active use of payment terminals, electronic money, expanding access to finance)

Favorable legal and
regulatory environment

Access to capital and
investment

Expertise

Source: built by the authors based on data [10-12]

The development of financial technologies in
European countries deserves attention. In particular,
in Great Britain thanks to the creation of such initia-
tives as the FinTech Delivery Panel and the FinTech
Steering Group, which bring together banks, fintech
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Simple and transparent rules for setting up a business, proper taxation rules, licensing requirements
and protecting the rights of investors and businesses is key

Countries - Singapore, Great Britain, China and India actively support investments
in financial technology initiatives, which allows for rapid scale-up of projects

Availability of qualified employees in various consulting areas, which helps to create appropriate
incubators and initiatives with accelerators

companies and government institutions to discuss and
develop development programs financial technology
market [10]. The cooperation of various institutions of
the financial services market is implemented thanks
to the functioning of the so-called Fintech Bridges,



which allow the effective exchange of information
about innovations and new trends in the financial ser-
vices market both within Great Britain and with other
countries [10].

Unlike Great Britain, there are no special con-

ditions for fintech business regulation in France [11].

Fintech companies that carry out banking operations
undergo standard procedures for registration and ob-
taining a license [11]. However, the approach of French
regulators consists of personalized assistance to fintech
companies in providing comprehensive support [11].n
general, for the development of the financial technolo-
gy market in the EU countries, an action plan was pre-
sented back in 2018 regarding the introduction of spe-
cial rules of regulation, supervision and control that are
more flexible than for other companies [11]. This plan
is to be implemented by the European FinTech Lab (EU

Lunkina et al.

FinTech Lab) [11].The experience of India, whose fintech
sphere is regulated by such institutions as the Reserve
Bank of India (RBI), the Securities and Exchange Board
of India (SEBI), the Telecom Regulatory Authority of In-
dia (TRAI), the Insurance Regulatory and Development
Authority (IRDA), is also undoubtedly interesting,
National Payment Corporation [12]. Also in India, a fin-
tech sandbox mechanism has been introduced for fi-
nancial startups, which for a certain period of time ben-
efit from preferential regulatory requirements and state
support for financial experiments [13].

In Ukraine, as in other countries of the world,
there is a practice of subordinating fintech companies
to general laws and regulations that regulate activities
on the financial services market. Since most fintech
solutions are aimed at providing payment services and
money transfers (Table 2).

Table 2. Main legislative acts on the provision of payment services and money transfers in Ukraine

Name of the Law of Ukraine

About banks and banking
activities from July 3, 2020.

About payment systems and
money transfers in Ukraine

from July 3, 2020. (oversite) of payment systems

About currency and currency
transactions from April 28,

Characteristics of the main provisions

regulates the structure of the banking system, economic, organizational and legal principles of
creation, activity, reorganization and liquidation of banks

regulates the general principles of the functioning of payment systems and settlement systems
in Ukraine, the concept and general procedure for transferring funds within Ukraine, establishes
the responsibility of transfer subjects, and also determines the general procedure for supervision

regulates the legal basis of currency transactions, currency regulation and currency supervision,
the rights and obligations of subjects of currency transactions and authorized institutions and

29

2020. establishes responsibility for their violation of currency legislation

regulates the legal and organizational principles of providing electronic trust services, including

cross-border ones, the rights and obligations of subjects of legal relations in the field of electronic
trust services, the procedure for state supervision (control) of compliance with the requirements of
legislation in the field of electronic trust services, as well as legal and organizational principles of

About electronic trust services
from February 13, 2020.

electronic identification

On financial services and state
regulation of financial services
markets dated October 4,
2020.

Source: built by the authors based on data [14-18]

It is worth noting that the legal and regulato-
ry environment has been improving in recent years to
support fintech and other startups. Among the import-
ant changes that took place in Ukrainian legislation:

1. permission to sign invoices and agreements with
an electronic signature;

2.intensive use of documents in English;

3. simplified taxation system for IT companies (5%
per year);

4. gradual lifting of restrictions on repatriation of
dividends;

5. gradual adoption of European Union directives
(PSD2);

regulates the general legal principles in the field of providing financial services, the
implementation of regulatory and supervisory functions for the provision of financial services

6. introduction of identification and trust services
for electronic transactions in the domestic market of
Ukraine.

The desire of consumers to experiment with dig-
ital services has become the reason for the emergence
and growth of new fintech companies. In Ukraine, this
direction is actively developing, more than 100 compa-
nies operate on the market of financial services.

It is worth noting that in Ukraine the BankID
system has been implemented and supported by the
National Bank of Ukraine, which provides access to a
number of banking and administrative services on the
Internet through the identification of the client through

Ukrainian Black Sea Region Agrarian Science, 25(2), 27-35
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his password and login from online banking. In gener-
al, this contributes to the emergence of various digital
financial products, online platforms for the provision
of financial and administrative services, trading on the
securities market. The specified system will allow a
consumer who has passed the KYC procedure of one
bank and received a national BankID to use it to open
accounts in any other bank. Financial technologies in-
volve attracting to the financial sector those people
who have not yet used online services and were outside
the banking system, as well as providing quality ser-
vices to their regular users who receive an insufficient
amount of financial services.

The incomplete filling of the niche of the finan-
cial sector in Ukraine,in our opinion, is also explained by
the presence of certain obstacles to the banks' service
to residents of remote settlements and small business-
es (due to low financial literacy or public conviction).

At the beginning of 2017, fintech as one of the
priority areas in the world was formed in the Compre-

Lending

Payments and money transfers

hensive Program for the Development of the Financial
Sector of Ukraine until 2020 [19].

While researching the fintech market in Ukraine,
more than a hundred of its participants were inter-
viewed and the following priority areas of application
were identified:

- payments (69% of respondents);

- non-banks (63%);

- P2P lending (56%) [19].

- It should be noted that the most significant tech-
nological trends today include:

- machine learning (can provide assistance in opti-
mizing production and business processes);

- artificial intelligence (understands questions for-
mulated in natural language and finds answers to them
in the database, recognizes faces in photographs);

- digital assistants; context trading [8].

Fintech aims to protect the rights of consumers of
financial services regarding the disclosure of informa-
tionabout them (intransactions,advertising,etc.) (Fig.1).

Insurtech

Financial management

Marketplaces
Blockchain
Fintech ecosystem
of Ukraine
Digital and non-banks
Technologies
and infrastructure
Mobile wallets Cryptocurrencies of payment systems
Telecom
Media

Figure 1. Components of fintech ecosystem of Ukraine

Source: generated by the authors based on data [8]

Thanks to financial technologies, global financial
servicesinthefield of micro-credit,micro-savingsand mi-
cro-insurance will become useful for the population and
help overcome poverty in all countries of the world [8].

In addition, we believe that fintech is capable of
increasing the country’s GDP and the standard of liv-
ing of its population. It should be noted that even in
2017, specialized startups attracted 16.6 billion dollars
in financial technologies. USA, while 1128 agreements
were concluded [20].

We believe that the transformation of the finan-
cial sector of Ukraine into a transparent, fair and diver-
sified system that supports enterprises of all sizes and
serves the needs of citizens will lead to:

- increasing confidence in the banking system;
- expansion of access to finance in the non-banking
financial sector;

Ukrainian Black Sea Region Agrarian Science, 25(2), 27-35

- expansion of the use of electronic finance, activa-
tion of information and educational work with vulnera-
ble population groups, etc. [20].

At the end of 2019, there were more than 100 active
fintech companies in Ukraine,and most of them were found-
ed within the last three years. 63% of fintech companies
operate with their own funds, and the same number have
broken even. The activation and strengthening of the devel-
opment of the fintech sector is observed, so about 20 new
companies will appear on the market in the near future.The
rapid growth of the number of startups and the parallel de-
velopment of the ecosystem will contribute to the increase
of interest on the part of investors, as well as to the growth
of the number of incubators and accelerators [20].Avivid ex-
ample of a domestic fintech company is JSC CB “PrivatBank”.

The directions of Ukrainian fintech providers are
shown in fig. 2.
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Figure 2. Main types of services of Ukrainian fintech providers

Source: generated by the authors based on data [20]

Payments and remittances occupy about a third
of the areas of Ukrainian fintech providers (31.6%),
technology and infrastructure occupy the second
place (19.3%), lending takes the third place, and mar-
ketplaces take the fourth place. Among other direc-
tions, it should be noted: other tech, digital and neo-
banks, financial management, mobile wallets - 5.3%
each, respectively. Blockchain (3.45%), cryptocurren-
cies and regtech (1.75%, respectively) occupy a small
specific weight.

A large number of Ukrainian financial companies
are targeting the common European market. Recently,
there has been an active export of intellectual resourc-
es to other countries. This, in turn, forms the infrastruc-
ture necessary for the development of a startup envi-
ronment with the use of accelerators and incubators.

As for the geographical location, more than 80%
of Ukrainian fintech companies are located in Kyiv. Oth-
er base cities are Dnipro, Odesa, Kharkiv, Rivne and Lviv.
This concentration is explained by the fact that the
headquarters of large banks are located in the capital,
and in general, Kyiv is the center of business life. But
the presence of advanced IT infrastructure in the re-
gions will enable fintech to develop more actively in
regional centers, especially in those where the main

9%

30%

offices of banks are located. It is worth noting that the
geographical location and distribution of Ukrainian fin-
tech companies differs significantly from data on the IT
market in general. According to the report on the devel-
opment of the Ukrainian IT industry, only slightly more
than 50% of IT companies are registered in Kyiv. About
25% of startups have up to 10 employees, another
25% - from 11 to 25.0nly 27% of companies have more
than 50 employees. This distribution by the number of
employees in Ukraine coincides with the global one,
because according to Venture Scanner, 35% of fintech
companies in the world have up to 10 employees, and
73% — up to 50. In total, fintech companies in Ukraine
employ more than 4,000 people [20].

Funding problems and income - one of the main
issues for startups is to find financing in the early stag-
es of development. Up to 80% of startups in the world
are financed with their own funds, as well as with the
funds of friends and relatives (the so-called friends &
family category). In Ukraine, about 70% of fintech com-
panies work without attracting money from third-party
investors, of which 61% rely exclusively on their own
funds, another 9% - attract money from friends and
relatives. 30% use external investments, mainly private
investors and angel investments (Fig. 3) [20].

Own funds

» Foreign investments

= Family and friends

61%

Figure 3. Specific weight of funding sources in the structure of fintech companies of Ukraine

Source: generated by the authors based on data [20]
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Application of financial technologies in the banking system of Ukraine

The spread of COVID-19 has forced fintech com-
panies to innovate more intensively. The COVID-19 pan-
demic has forced most banking institutions to start their

work online, which has become more convenient for
many service users.A massive improvement and update
of websites and mobile applications has begun (Table 3).

Table 3. Online services of banking institutions of Ukraine

Name of banking

institutions

JSCCB
“PrivatBank”

Online services

Deposit operations without visiting bank branches.
The ability to add the necessary services to the «basket» of the site, and then make payment.

Monitoring of operations and sent documents for legal entities.

JSC “OTP-Bank”

In order to provide individuals with information about the functionality of the Internet banking system in an

interactive mode on the Internet, a system user guide was developed.

JSC “Alfa-Bank”

The possibility of confirming operations using one-time passwords via SMS. Conducting transactions without
entering details. Analytics of operations with your partners.

The opportunity for its depositors to use the deposit constructor, with which you can independently choose the

PJSC “PUMB”
funds.

Source: built by the authors based on data [10-12]

For example, JSC “OschadBank” has created an
additional application u-Take, which is designed for
quick purchases in stores and restaurants without
queues. Internet banking is used by over 200,000 cli-
ents of OTP Bank. Other banking institutions expand-
ed the functionality of their online service in 2019 and
are still improving it. JSC CB “PrivatBank” is the leader
in providing online customer service. It won the 2019
PSM Awards with 47.7 percent of the vote [23]. It was
found out that during the quarantine JSC KB “Privat-
Bank”, like most banking institutions, started working
online. A significant contribution in this regard was
made by the mobile application Privat24, which can be

amount of the deposit, the term, the method of paying interest, the possibility of withdrawing and replenishing

used by institutions during the COVID-19 pandemic, has
both strengths and threats, corresponding to maximum
amounts of 4.3 and 4.2.a large package of bank services
without leaving home. The application's capabilities in-
clude: payment by details, making a payment, paying for
utilities, transfers from card to card, paying credit pay-
ments, changing the credit limit, issuing insurance, re-
ceiving receipts, currency exchange, paying for parking
spaces, etc. Currently, it has more than 11 million users.

To determine the strengths and weaknesses, op-
portunities and threats, we conducted a SWOT analysis
of the use of online technologies by banking institutions
of Ukraine during the COVID-19 pandemic (Table 4).

Table 4. SWOT analysis of the use of online technologies by banking institutions
of Ukraine during the COVID-19 pandemic

Wf (weight WF*S
o (U factor) =i (e (multiplication)
1. Increasing the number of non-cash transactions in banking institutions of 0.3 5 1.5
Ukraine
2. Increasing the volume of the electronic money market in the country 0.1 4 0.4
3. Convenience in carrying out operations for the population of the country. 0.3 4 1.2
4. Reduction of physical contacts among people during quarantine 0.3 4 1.2
Total: 1 4.3
- Wf S WF*S
Olfeppartunitics) (weight factor) (score) (multiplication)
1. Digitization of the banking system 0.5 4 2.0
2. Speed of bank transactions 0.2 5 1.0
3. Development of joint projects with central banks of other countries 0.1 2 0.2
4. Expanding the scope of online operations 0.2 4 0.8
Total: 1 4
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S (Strengths)
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Table 4, Continued

WF*S
(multiplication)

WF (weight
factor)

S (score)

W (weaknesses)

Wf S WF*S

(weight factor) (score) (multiplication)
1. A decrease in the profitability of banking institutions due to a decrease in 03 4 12
the interest rate : :
2. Fall in demand for loans due to a decrease in the solvency of the population 03 4 12
3. Decreasing the quality of conducting inspection checks in a remote format 0'2 3 0'6
4. Low quality or lack of internet connection in remote areas for banking ’ ’
operations 0.2 5 1.0
Total: 1 4.0
Wf S WF*S
Uiz (weight factor) (score) (multiplication)
1.An increase in cyber-attacks on the online accounts of clients, which 03 5 5
increases the risk of loss of money by clients of banking institutions : :
2.The presence of errors during operations due to insufficient financial literacy
) 0.3 3 0.9
of the population 03 5 15
3. Reduction of cyber security of the banking system : ’
. . . 0.1 3 0.3
4. Inability to solve some issues online
Total: 1 4.2

The strengths of the use of online technologies
are: an increase in the number of non-cash transac-
tions in banking institutions of Ukraine, an increase
in the volume of the electronic money market in the
country, convenience in carrying out transactions for
the population, a decrease in physical contacts among
people during quarantine.

With the development of innovative processes,
the need to protect banking institutions from possible
cyber attacks also increases. Threats also include: er-
rors in transactions due to insufficient financial litera-
cy of the population and the inability to resolve some
issues online.

Digitization of the banking system makes it
possible to provide financial services in simpler and
more accessible formats. When using online technol-
ogies by domestic banking institutions during the ep-
idemic, the impact of the weaknesses identified by us
should be eliminated: a decrease in the profitability of
banking institutions due to a decrease in the interest
rate; a drop in demand for loans due to a decrease in
the solvency of the population; decrease in the quality
of conducting inspection checks in a remote format;

low quality or lack of internet connection in remote
areas for banking transactions.

CONCLUSIONS

One of the determining factors in the development
of the modern financial system is the purposeful
introduction of financial technologies. Fintech is
technologyused infinancial services to help companies
manage the financial aspects of their business using
new applications. It is worth noting that there was an
increase in demand among the population of financial
technologies, especially during the period of the
COVID-19 pandemic, because due to the spread of
quarantine measures, almost all institutions stopped
their activities and as a result there was a decrease in
the level of profitability. To get out of such a difficult
situation, mobile applications began to be created and
used, which made it much easier to use the services of
banking institutions during the pandemic. But financial
companies should focus their attention on making the
use of new financial technologies convenient, high-
quality, accessible, understandable and safe for every
consumer of financial services.
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3acTtocyBaHHS PiHAHCOBUX TEXHONOriN Yy 6aHKIBCbKiM cucteMi YKpaiHu
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MUMKONAiBCbKMI HALLIOHANbHMIA arpapHUiA YHiBepcuTeT
54000, Byn. leopris loHraase, 9, M. Mukonais, YkpaiHa

AHoTauig. DiHaHCOBUIA CEKTOP CMPUSE 3pOCTaHHI0 [0OPOoBYTY HaceneHHs, CTUMYNOE pO3BUTOK Bi3Hecy, AonoMarae
PO3LUMPIOBATH PUHKM TOBAPIB i NOCAYR. 3 NAMHOM Yacy diHaHCOBI TexHonorii HabyBaloTb BCe BAroMiIOr0 3HAYeHHS,
OCKiNbKM Micns cBiTOBOI GiHAHCOBOT KpM3K HAHKIBCbKi YCTaHOBW ByNu BUMYLLEHI NPUNALITYBATUCh A0 HOBUX BUKJIMKIB.
3 NOSBOK HOBITHIX TEXHOMOTIN BaHKW NMOBUHHI BynM CNpsMOBYBATUCh Ha edeKTUBHE HagaHHS QiHAHCOBMX MOCAYT i3
BPaXyBaHHAM (DiHAHCOBOI iHK/ILO3MBHOCTI. 3 METOK AONOMOMM CNOXMBAYaM DiHAHCOBUX MOCNYT KepyBaTh hiHaHCOBUMMU
acnektamu 6GisHecy, Npy LbOMY BUMKOPUCTOBYBATWM HOBI MpoOrpamu, 3aCTOCOBYHOTHCS (PiHAHCOBI TexHonorii. BoHu €
HeobXiAHUM MexaHi3MOM YTBOPEHHS KOHKYPEHTOCNPOMOXHOCTI Byab-gK0i KoMnaHii i 6yab-aKoi aepxasu. OgHak icHye
npobnemMa HU3bKOT0 3ay4eHHs HaceneHHs A0 hiHaHCOBOro CEKTOPY, TaK K HE KOXEH iHAMBIA MA€E JOCTYN 0 SAKiCHUX
diHaHCOBMX MOCAYr i HEOBXigHWIA AOCBIA AN iX BUKOPUCTAHHS B LLOAEHHOMY XMTTI. TaKMM UYMHOM, METOK CTaTTi €
LOCNIDKEHHS Ta aHaNi3 3aCTOCYBAHHA (PiHAHCOBMX TEXHONOTiM Y BaHKIBCbKiM cucTeMi YkpaiHuW. Y CTaTTi foCnigKeHo
CYTHICTb hiHAHCOBMX TEXHONOFIN Ta IX poib y po3BUTKY diHaHCOBOI cdhepu YKpaiHW. BUCBITNEHO NMUTAHHSA BUHUKHEHHS
(iHaHCOBWX TEXHONOTIN. PO3rNSHYTO, IKUM YMHOM Ta 33 AOMOMOTOK SIKMX CaMe DiHAHCOBUX TEXHONOTIN 34iACHIOETLCA
poboTa 6aHKiBCbKMX yCTaHOB Yy nepiog naHaemii COVID-19. [1ns BU3HAYEHHS CUNbHUX | CIABKUX CTOPIH, MOXIMBOCTEN
i 3arpo3 nposeaeHo SWOT-aHani3 3acToCyBaHHS OHMAWMH- TEXHOMONIM BaHKIBCbKUMM yCTaHOBaMM YKpaiHu Mig, yac
naHaemii COVID-19. 3'acoBaHo, Wo Biadynocs 36inblleHHs NONUTY cepefs HaceneHHs QiHTeX-TEXHONOrII, 0C06MBO B
nepioz nangemii COVID-19

KniouoBi cnoBa: ¢iHaHCOBI TexHonorii, 6aHKiBCbka cUCTEMa, MaHAeMis, cTapTan, GaHKiBCbKi YCTaHOBM, (iHaHCOBa
IHKIO3UBHICTb
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Abstract. The agricultural sphere in Ukraine is one of the main spheres of activity and belongs to the priority
components of the country's national security. However, at the current stage of development, this area operates
with significant inconsistencies, and the products produced are not always competitive in foreign markets due
to non-compliance with the quality standards of foreign countries. It is possible to improve the state of affairs
in the direction of intensification of agricultural activity with the help of stimulating levers of the tax system.
Because the high tax burden, which the multiplicity of taxes provides to business entities, reduces the amount
of their financial resources, which could potentially be used to update production capacities, improve production
technologies, and increase the level of its innovation, etc. In addition, indirect taxes, in particular value added
tax (VAT), significantly increase the cost of manufactured products and reduce their competitiveness in domestic
markets. Thus, the purpose of the article is to analyze the situation in agricultural production and determine
the factors of its desired transformation in the sphere of functioning of the tax system in order to stimulate the
promotion of the development of this industry. Therefore, it is necessary to find out the main indicators of the
economic, social and fiscal efficiency of the functioning of enterprises in the agrarian sphere and to indicate
potentially relevant directions of development of the studied industry from the point of view of the transformation
of the tax system. The article examines the current state of functioning of agricultural production in Ukraine from
the point of view of economic, social and fiscal efficiency. Current trends in the transformation of the tax system in
the conditions of the transitional economy of Ukraine are presented, which in the near future and in the long term
encourage the industry to qualitatively new development

Keywords: agricultural production, economic efficiency, social efficiency, fiscal efficiency, rural population, single
tax, fixed agricultural tax

INTRODUCTION

Agricultural production in Ukraine is one of the basic
spheres of activity and belongs to the key components
of the country's national security. However, at the cur-
rent stage of development, this industry operates with
significant imbalances, and the products produced
are not always competitive on foreign markets due to
non-compliance with the quality standards of foreign
countries. It is possible to move the state of affairs in the
direction of intensification of agricultural activity with
the help of stimulating levers of the tax system. After
all, it is the high tax burden that creates a multiplicity
of taxes on business entities, which reduces the amount
of their financial resources, which could potentially be
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involved in updating production capacities, improving
production technologies and increasing the level of its
innovation, etc. Separately, it should be noted that indi-
rect taxes, such as value added tax (VAT), significantly
increase the cost of manufactured products and reduce
the level of their competitiveness in domestic markets.

Taking into account the priority of the agricultural
sector for the security functions of Ukraine,as well as from
the standpoint of the need to bring the conditions of its
functioning to favorable for increasing ecological, eco-
nomic, competitive and export potentials, scientists and
practitioners direct their views on the optimization of the
tax system of the state in the mentioned field of activity.

Barabash, LV.(2021).Transformation of the tax system of Ukraine in order to promote the development of agricultural
production. Ukrainian Black Sea Region Agrarian Science, 25(2), 36-44.



In particular, V. Sinchak, analyzing the conditions
of taxation in agriculture, emphasizes the need to use
simplified and alternative taxation systems that will be
“.. calculated for different groups of subjects...”, which,
in turn, ... will have the opportunity to choose for cal-
culations with the state most understandable for them,
which, at the same time, would not restrain the devel-
opment of their production and meet other important
criteria necessary for the taxation system in gener-
al..” [1]. Currently, the changes to the tax system pro-
posed by scientists are partially reflected in the current
tax system: agricultural producers can use taxation ac-
cording to the single tax system (group 4 of taxpayers).

Supporting the previous opinion, I. Volokhova
notes the rates of the single tax for the 4th group of
payers and the high tax burden created for agricultur-
al producers as a result. Among the promising options
for improving the taxation of agricultural production,
the author mentions “that special taxation regimes
should take into account types of agricultural produc-
tion that differ in terms of profitability; stimulation of
the development of high-tech industries; preferential
implementation of special taxation regimes for vil-
lage-forming enterprises - producers of agricultural
products; ensuring the stability and convenience of
paying taxes on producers of agricultural products;
introduction of payment by taxpayers of a single tax
of 4 groups of resource payments (land tax, rent for
special water use)” [2]. In part, the above proposals
can be considered rational, but the focus of alterna-
tive taxation on rural enterprises is a return to signif-
icant relaxations of large agricultural producers with
the leveling of the role and prospects of small and
medium-sized enterprises, and the obligation to pay
taxpayers of 4 groups of resource payments destroys
the very essence of the preferential taxation system,
to which belongs to a single tax applies.

The differentiated approach of taxation of dif-
ferent agricultural producers and types of enterprises
is also emphasized by L. Tulush, who at the same time
emphasizes the need for “the action of tax regulators
on the rational use and protection of agricultural land.
The state should be able to regulate the economic turn-
over of agricultural land with the help of tax levers”[3].
This proposal is completely rational and takes into ac-
count the peculiarities and specifics not only of agri-
cultural production, but also of relations between the
state and economic formations of this sphere of activity.

The team of authors consisting of N. Novak,
S. Koval and O. Krukovska, as a result of studying the
peculiarities of taxation of agricultural enterprises in
Ukraine and in foreign countries, also came to the con-
clusion that “.. Taxation of agricultural activity should
be differentiated. It should be carried out depending
on the priorities of the development of types of agri-
cultural activity, the scale of production, taking into
account the pace of transition to ecological and organ-
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ic production and the efficiency of the use of biological
resources, factors affecting the price of products” [4].
The mentioned proposal is relevant in the conditions
of modern imbalances in the development of agri-
cultural production, however, the direct mechanism
for implementing such an approach remains unclear.

The American Farm Bureau Federation (AFBF)
emphasizes the need to adjust the taxation of the
agrarian sphere of activity, which in 2017 achieved
the adoption of a law on reducing taxation, motivating
its necessity by the conditions of uncertainty in which
agricultural producers work [5]. Similar are the oper-
ating conditions of Ukrainian agricultural producers,
and therefore they also need to revise the tax system
in order to ease the tax pressure on them.

The need to change the tax system for agricul-
tural producersisalso caused by the presence of double
taxation of their activities and the stimulation of price
growth for agricultural products due to high tax rates.

In the transformational conditions of Ukraine's
economy, in the crisis situation caused by the COVID-19
coronavirus pandemic, the relevance of approaches to
the implementation of agricultural activities is being
reassessed. Therefore, the purpose of the article is to
analyze the situation with the state of affairs in agri-
cultural production and to determine the criteria for
its desired transformation in the sphere of action of
the tax system in order to stimulate the development
of this industry. To do this, it is necessary to find out the
main indicators of the economic, social and fiscal effi-
ciency of the functioning of enterprises in the agrarian
sphere and to indicate the potentially relevant direc-
tions of development of the studied industry from the
point of view of the transformation of the tax system.

THE FUNCTIONING OF THE AGRARIAN SPHERE
FROM THE POINT OF VIEW OF ECONOMIC,
FISCAL AND SOCIAL EFFICIENCY

The conditions of modern management require from
the participants of market relations not a purely for-
mal approach to activity, but an economically weight-
ed and even creative one. It is implied that the manu-
facturer must take care of the performance indicators
of his own activity, and the products produced by him,
in order to attract the buyer, must be better than those
presented by competitors on the market. At the same
time, on the scale of the state, all agricultural produc-
tion, as a separate industry, must demonstrate indica-
tors of the appropriate level of efficiency in terms of
three components: social, economic and fiscal.

From this position, the most expected for man-
ufacturers is economic efficiency. It is she who signals
the success of the activity over a certain period of
time. For economic entities, the indicators of such re-
sults are the financial result before taxation, net profit
(loss), the level of profitability of all activities and the
operating room in particular (Fig. 1).
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Figure 1. Dynamics of the main indicators of the economic efficiency

of agricultural enterprises of Ukraine for 2015-2019

Source: [6]

Shown in fig. 1 data show a decrease in the
profitability of agricultural enterprises for 2015-2019
by 14.3 percentage points. Separately by 5.5 percent-
age points the share of enterprises that operated with
profit before and after taxation decreased. At the same
time, it should be noted the corresponding increase in

the specific weight of business entities that suffered
a loss. The reason for the declining indicators is not
only the unstable political and economic conditions
in the country, but also the level of profitability of ag-
ricultural products in the fields of plant and animal
husbandry (Fig. 2).
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Figure 2. The level of profitability of crop and livestock products in agricultural enterprises
and farms of Ukraine in 2015-2019

Source: [6]

First of all, it should be noted that crop produc-
tion produced by agricultural enterprises and farms of
Ukraine is characterized by a higher level of profit-
ability than livestock production. At the same time, a
decline was noted in both branches for 2015-2019:
in crop production, the average level of profitabili-
ty of products by enterprises decreased by 45.6% (in
farms - by 22.0%), and in animal breeding - by 17.7%
(in farms - by 10.4%). The lowest level of profitability
in 2019 was noted for sugar beet - 15.4% for enter-
prises — 4.8% for farms, as well as for sheep and goats
for meat: -39.7% for enterprises and 32.5% - farms.

According to the results of 2019, the most suc-
cessful crop production by enterprises was the produc-
tion of technical crops, in particular sunflower, with a

Ukrainian Black Sea Region Agrarian Science, 25(2), 36-44

profitability level of 23.5%, and by farms - potatoes
(profitability of 50.3%); from animal husbandry, the
highest level of profitability — 20.6% for enterprises and
20.1% for farms - was recorded for milk. At the same
time, the average level of profitability in crop produc-
tion in Ukraine in 2019 was 20.3%, and in livestock pro-
duction - 3.7% [6]. The available results clearly demon-
strated the advantages of crop production over animal
production, which certainly provoked intra-industry im-
balances in development.It should be noted separately
that the efficiency of the agrarian sphere of activity in
terms of production of agricultural products from 2015
to 2019 underwent negative changes. The reason for
this was the high level of the cost price of agricultural
products, primarily the expenses that form it (Fig. 3).
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Figure 3. The structure of the production cost of agricultural products in Ukraine in 2019, %

Source: [6]

In 2019, as in previous years, the lion's share in
the cost structure of the production cost is occupied
by direct material costs, which include seeds, plant-
ing material and fodder (including purchased ones) -
19.7%, mineral fertilizers - 15 %, fuel and lubricants -
8.7%, fuel, energy and electricity - 1.6%. That is, the
high cost of these components increases the cost of
agricultural products and the costs of enterprises,
which, accordingly, reduce the level of their incomes
and profits. Separately, the level of investment at-
tractiveness of the industry can be attributed to the
consequent indicators of the economic efficiency of
the functioning of the agrarian sector of the economy.
However, even from this position, contradictory trends
are noted: despite the fact that the level of capital
investments involved in agriculture, forestry and fish-
eries in absolute terms increased from UAH 30.5 bil-
lion recorded in 2015 to UAH 59.1 billion in 2019, in

50
27

6.6

2.3
- 1.2

2017

0

the total amount of capital investments in the state
in relative terms, it decreased from 11.0% (2015) to
9.4% [6]. In addition, one of the basic conditions of
negative changes in the investment of agrarian activ-
ity was the high level of taxation, the lack of benefits
for investors and the lack of transparency of the tax
system. The next component of the effectiveness of
the functioning of the agrarian sphere is social effec-
tiveness. Focusing on this indicator, one should men-
tion such indicators as the average monthly wage by
industry, the number of people employed in agricul-
tural production, the level of income and expenditure
of the rural population, indicators of deprivation, etc.
Material deprivation, which proves the inability
of the population to meet basic needs, can be consid-
ered as a general and quite transparent result of the
state's social policy. And in Ukraine, this indicator is
much higher than in European countries (Fig. 4).

m EU
19.7 Norway
53 1 a1 m Switzerland
[ — Ukraine
2018

Figure 4. The share of the population with 4 or more signs of deprivation in the countries
of the European space and in Ukraine in 2017-2018, %

Source: [7]

Data on material deprivation show that in
Ukraine, as in most of the above countries, the situ-
ation has improved as of the end of 2018, but it still
remains unsatisfactory in comparison with European
countries. Based on the above data, we have, firstly, a
high dependence of the well-being and solvency of the
rural population on the level of wages, and secondly,
significant amounts of hidden income, in the case of
the rural population, from the management of person-
al peasant farms, which in most cases remain outside
the scope of the tax system. In general, it should be
noted that in Ukraine during 2015-2019, the number
of employed population increased from 16.4 million
people to 16.6 million people, of which 17.5% were
employed in the agricultural sector in 2015, and in
2019 - 18.2%.That is, the social role of agrarian goods

production as an industry that provides employment
to the population has strengthened in a certain way.
At the same time, the number of employees working in
the agricultural sector decreased by 0.9% during the
studied period - from 9.6% in 2015 to 8.7% in 2019 [7].

In part, this can be explained by the increase
in the volume of labor migration of the population,
as well as the increase in the number of personal
peasant farms that operate either without hired per-
sons or informally. At the same time, it should be em-
phasized the decrease in the number of agricultural
economic entities for the period 2015-2019 by 3,834
units, including a 0.4% decrease in both the num-
ber of enterprises (-3,495 units) and the number of
individual entrepreneurs, which worked in this field
(-7329 units) [8].
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The intensification of production at large enter- impetusforthereductionofthenumberofhiredworkersand
prises and the rather low level of wages also became the  thoseemployedintheagrariansphereofproduction(Fig.5).
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Figure 5. Average monthly nominal wages in Ukraine and in agriculture in 2015-2019
Source: [6]

The average monthly nominal wage in agricul-
ture during the studied period was on average 17%
lower than the national rate. And in this case, it is
worth mentioning the seasonality of agricultural pro-
duction, when a fairly common practice among farm-
ers,especially in crop production, is to register workers
and pay them wages only in certain periods that are
active in terms of production technologies. Therefore,
according to experts' estimates, the shadow sector in
the agrarian sphere now amounts to 30 to 40% [9].

TRANSFORMATIONS OF THE TAX SYSTEM IN
THE FIELD OF AGRICULTURAL PRODUCTION
An important indicator of the functioning of the agrar-
ian sphere of activity is the level of income and the
structure of expenses of households in rural areas. In
particular, the share of the population and households
with average per capita equivalent total incomes per
month, lower than the average level of total incomes,
the legally established subsistence minimum, and the

actual subsistence minimum (Table 1).

Table 1. Dynamics of the specific weight of the rural population, which
is outside the limit of key indicators of social security in Ukraine in 2016-2019, %

Population categories

Population with average per capita equivalent total income, lower than:

average level of total income
legally established living wage

actual living wage

Households with average per capita equivalent total income, lower than:

average level of total income
legally established living wage
actual living wage

Source: [7]

The situation in rural areas shows the following
results:as of the end of 2019, every third person,includ-
ing the household, had incomes below the actual sub-
sistence minimum and almost 60% - below the aver-
age level of total incomes.And one of the factors of this
situation is the level of wages in agriculture (Fig. 4),as
well as hidden employment and, accordingly, shadow
incomes. In the structure of total household incomes,
almost 89% are monetary incomes, of which more than
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58.6 56.9 56.7 577
3.9 3.3 1.8 13
51.7 36.3 315 29.5
54.8 54.2 54.8 56.7
34 3.0 1.6 1.6
48.2 34.2 29.2 29.1

50% are wages. And in the structure of expenses, on
average over 5 years, 92.5% are consumer expenses.

Focusing on the fiscal aspects of the efficiency
of the functioning of the agrarian sphere of produc-
tion, it would be appropriate to consider the level of
tax payments to the budgets of different levels by ag-
ricultural enterprises. Therefore, we can trace the role
of the agricultural sector in filling the budgets of dif-
ferent levels (Table 2).
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Table 2. Dynamics of tax revenues from taxpayers in the agrarian sector
o0 budgets of various levels in 2018-2019, UAH billion

Type of receipt 2018
Income tax 14
VAT 19.5
VAT refund 27.7
Excise tax 4.6
Rent for the use of subsoil 174
Property taxes 4.1
Ecological tax 0.07
Personal income tax and military service 213
Single tax 5.4
In total 53.6

Source: [11; 12]

As of the end of 2019, there was an increase in the
amount of taxes paid in the agricultural sector for VAT
(+UAH 1.5 billion), propertytax (+UAH 0.8 billion),environ-
mental tax (+UAH 0.01 billion), taxes from labor income
(personal income tax and military service) - +0.8 billion

2019 Growth rate, %
1.2 -0.15
21.0 +7.6
3.8 -86.2
0.02 -99.6
1.5 -91.4
4.9 +19.5
0.08 +14.3
22.2 +4.2
5.8 +7.4
571 +6.5

UAH and from the single tax - +0.4 billion UAH. As for all
others, significant downward trends are noted for them,
which indicates that the tax burden on agribusiness is
quite significant.The proof of this is the rating of branches
of the national economy by the level of tax burden (Fig.6).
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Figure 6. Gradation of branches of the national economy by the level of tax burden in 2018

Source: [12]

From the given rating, we can see that agricul-
tural production ranks fifth with a rating of 5.8%. How-
ever, according to the level of net income, it is placed
behind such industries as industry and consumer goods
and services, although the studied indicator for them
is much lower. In addition, a significant share of the tax
burden is made up of indirect taxes, in particular VAT.
This proves the need to review the conditions of the
tax system regarding the mechanisms of its function-
ing in the agricultural sphere of activity and to find
more loyal conditions for their implementation, which
would contribute to the development of agricultural
production both in the near future and in the long term.

Thus, we can assert that the effectiveness of
the functioning of the agrarian sphere of activity in
today's transformational conditions requires signifi-
cant adjustment. And it should be connected, first of
all, with the revision of the conditions of the function-
ing of the tax system in order to strengthen the action
of stimulating levers.

Based on the obtained and highlighted results,
it is necessary to single out the following areas of
transformation of the tax system in the field of agri-
cultural production:

- introduction of a progressive scale of VAT de-
pending on the type of products produced;

Ukrainian Black Sea Region Agrarian Science, 25(2), 36-44
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- strengthening of environmental taxation for
business entities that do not conduct eco-oriented
activities;

- differentiation of taxation systems for agri-
cultural producers depending on their size and pro-
duction volumes (Fig. 7).

VAT: a progressive scale of rates relative to the type of
product (0% - for essential foodstuffs)

Large Medium Small producers -
producers, producers + personal peasant
agricultural farmers farms

holdings
General system of ) ) Single tax 1
taxation Fixed agricultural tax group

Environmental tax: expanding the tax base, increasing rates. Additionally, it is used in cases of damage
caused by the manufacturer during production activities

Figure 7. Proposed transformations of the tax system in order to stimulate agricultural production

The first step to easing the tax pressure on
agricultural producers should be a review of the cur-
rent VAT rates on agricultural products. That is, it is
advisable to exempt the category of products related
to basic food products from VAT taxation, taking into
account the indicator of material deprivation of the
population of Ukraine. After all, the functioning of VAT
contributes to the increase in the price of goods and
products at each stage of their sale.

Separate attention should be focused on en-
vironmental taxation. Cases where agricultural pro-
ducers, practicing intensive cultivation technologies
without observing crop rotation norms, actively use
mineral fertilizers that have a negative effect on flo-
ra and fauna have become more and more frequent
in agricultural production. And in this case, more ag-
gressive environmental taxation (expansion of the tax
base and increase in tax rates) will become a prerequi-
site not only for the careful use of harmful substances
in the production process, but also for improving the
quality of products, increasing the level of their en-
vironmental friendliness and optimizing the environ-
ment. Similar trends are trending in the tax systems of
foreign countries for the post-pandemic period.

Gradation of taxation systems for agricultural
producers depending on their size would also be ratio-
nal. In particular, it is advisable to tax large agricultur-
al enterprises (type of agricultural holdings) according
to the general system, medium-sized enterprises and
farms - according to the system of fixed agricultural
tax,and small and micro-enterprises, which should also
include personal peasant farms — according to the al-
ternative system of the single tax (group 1) . Given the
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imbalances of development, it is advisable to introduce
tax holidays and reduced tax rates for producers prac-
ticing activities in unpopular and unprofitable areas.

CONCLUSIONS

The need to transform the tax system in the entire
national economy of Ukraine has been ripe for a long
time, especially in agricultural production. And the
conditions of the pandemic and the consequences of
quarantine restrictions only deepened the existing
crisis phenomena. During the period 2015-2019, the
agricultural sector of Ukraine demonstrated declining
performance indicators in economic, social, and fiscal
terms. However, the situation can be rectified by
distinguishing between manufacturers according to
their size, the type of products they produce, and the
field of activity. In particular, relaxation for medium-
sized forms of business in the form of a fixed agricultural
tax and inclusion of personal peasant farms in the form
of small producers as single tax payers of group 1 to
the cohort of taxpayers will expand their opportunities
and create prerequisites for the formation of a market
for ecologically clean agricultural products of high
quality. As for large manufacturers, they are left with
the general taxation system.

Separately, it is proposed to review the
conditions of functioning of VAT and environmental
tax in agricultural production. As for the first, it is
worth applying a progressive scale of rates, where the
taxation of essential food products will be carried out
at 0%. Environmental taxation should be made tougher
and higher rates should be applied to producers who
cause harm during production activities.
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The proposed transformation data will contribute to the restoration of rational activity

stimulate the development of agricultural production  aimed at the ecological production of high-quality
in the small and medium segments, as well as products.
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TpaHchopMaLia NoaaTKOBOi cMcTeMU YKpaiHu

3 MeTOolo CNPpUAHHSA PO3BUTKY arpapHoro BMpOGHMLI,TBa
J1.B. bapa6alu,

KaHAMAAT eKOHOMIYHKUX Hayk, goueHT ORCID ID: 0000-0002-4836-8950

YMaHCbKMIM HaLiOHaNbHUI YHIBEPCUTET CafiBHULTBA
20300 Byn. lHCTUTYTCbKA, 1, M. YMaHb, YKpaiHa

AHoTauig. ArpapHa cdepa B YKpaiHi € OAHI€0 3 OCHOBHUX cdep AiSNbHOCTI Ta HaNexuTb A0 NPiOPUTETHUX
CKNaAo0BMX HaLioHanbHoi 6e3nekn kpaiHu. OgHak Ha TenepilHbOMY eTani po3BUTKY L LapUHA NPALLOE 3i 3HAYHUMM
HeBiAMOBIAHOCTAMM, @ NPOAYKLIS, WO BUPOONAETLCS, HE 3aBXKAM € KOHKYPEHTHOI Ha 30BHILLHIX PUHKaxX B CUAY
HeBiANOBIAHOCTI CTAaHAAPTaM SKOCTI iIHO3eMHUX AepxKaB. [ToKpaLMTK CTaH CNpaB Yy HaNpSMKY aKTuUBI3aLii arpapHoi
AiSNbHOCTI MOXHa 33 LOMOMOroK CTUMYIOUYMX BaXeniB MoAaTKoBoi cucteMu. OCKinbKM BUCOKe NOAATKOBE
HaBaHTAXXEHH$, ke Haa€e CyO'EKTAM rocnofaptoBaHHS MHOXMHHICTb MOAATKIB, 3MEHLUYE KiNbKiCTb iX (iHaHCOBUX
pecypciB, ki NOTeHLiMHO MoK 6 ByT1 BUKOPUCTaHI 334719 OHOBIEHHS BUPOOHWYMX NOTYXKHOCTEN, yAOCKOHANEHHS
TEXHONOrIM BUPOOHULUTBA TA MiABULLEHHS PiBHS MOro iHHOBALiMHOCTI Towo. KpiM Toro, HenpsaMi noaaTku, 3o0Kkpema
NoAaTOK Ha goAaHy BapTicTb (M4B), 3HaYHO 36iNbLWYOTb BAPTICTb BUrOTOBMEHOT MPOAYKLIT i 3HUXKYHOTb piBeHb ii
KOHKYPEHTOCMPOMOXHOCTI Ha BHYTPILIHIX PUHKAX. TaKMM YMHOM, METOK CTaTTi € aHaNi3 cuTyauii B arpapHoMy
BMPOOHMLTBI Ta BM3HAuYeHHs GakTopiB Moro HaxaHoi TpaHcdhopMauii y chepi PyHKLiIOHYBAHHS NOLATKOBOI
CMCTEMM 334015 CTUMYIOBAHHSA CMPUSHHSA PO3BUTKY AaHOI ranysi. Biotak, noTpibHO 39CyBaTM OCHOBHI MOKAa3HMKM
eKOHOMIYHOI, coLianbHoi Ta dickanbHOT ePeKTUBHOCTI PYHKLiIOHYBAHHS NiANPUEMCTB arpapHoi cepu i MO3HAUYUTH
MOTEHLIMHO aKTyasbHi HAaNpsMKU PO3BUTKY AOCNIAXKYBAHOI ranysi 3i CTOPOHKM TpaHcdOpMaLLii MOAATKOBOT CUCTEMMU.
Y cTaTTi pO3rSHYTO Cy4aCHUIM CTaH QYHKLIOHYBaHHS arpapHOro BUpobHMLUTBA B YKpaiHi 3 MO3ULiT eKOHOMIYHOI,
couianbHoi i dickanbHOI edekTUBHOCTI. HaBeaeHO akTyanbHi B yMOBax nepexigHoi eKOHOMiKM YKpaiHU Hanpsamu
TpaHcdhopMaLii NofaTKOBOI CUCTEMMU, WO Y HAWBAMXKYOMY Yaci Ta HA TpMBaNy NepCneKkTUBY CMOHYKAKTb rany3b A0
SKiCHO HOBOIO PO3BUTKY

KniouoBi cnoBa: arpapHe BMpPOOHMLTBO, €KOHOMiYHA edeKTUBHICTb, CouiasbHa €ePEeKTUBHICTb, (dicKkanbHa
eeKTUBHICTb, CiNbCbKe HAaCeNeHHs, EAUHUI NOAATOK, PiKCOBAHUM CiIbCbKOroCNoAapCbKMin NoAaToK
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Abstract. Currently, the problem of global climate transformations, as well as natural environment, insufficient
amount of food and energy, loss of biological diversity and sustainability of ecological systems are being actively
reflected. The problem of imbalance of biogeochemical carbon cycles as a result of intensive or irrational
agriculture is one of the fundamental aspects of global changes in the environment. Management of the processes
of carbon cycling and sequestration in the soil is the main link in solving such urgent global issues as overcoming
soil degradation and mitigating the effects of climate change. Development and involvement of methods of
sustainable soil organic carbon management priority for soil protection in Ukraine. In turn, climate change and its
consequent aspects have increased interest in calculating the quantitative assessment of changes in soil organic
carbon reserves in agroecosystems in order to identify the carbon sequestration potential of arable soils. Thus, the
purpose of the article is to provide an assessment of the supply of soil-climatic zones of Ukraine with sources of
organic raw materials to increase the amount of humus reserves in the soil, as well as to highlight approaches to
management in order to increase their efficiency. It was concluded that the systematic use of organic materials
in agriculture will contribute to reducing the imbalance of biogeochemical carbon cycles, as well as increasing
the stability of agrocenoses. The estimated supply of organic fertilizers in the regions of Ukraine under various
scenarios was calculated. The characteristics of potential resources of organic raw materials of natural origin
and organic waste from the standpoint of humus formation are given. Approaches to the management of organic
materials to increase the efficiency of humus accumulation in soils are proposed

Keywords: organic raw materials, humus, zonal availability, approaches to resource management

INTRODUCTION

In the 21t century the problems of global changes in
the natural environment and climate, shortage of food
and energy, loss of biodiversity and sustainability of
ecosystems are brought to the fore. The problem of
the imbalance of biogeochemical carbon cycles as a
result of intensive or irrational agriculture is a part
of global changes in the natural environment. Soil or-
ganic matter (SOM) plays an important role in solving
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the problems of sustainability of agro-ecosystems,
soil degradation and production of ecologically clean
products. During the period 1850-2005, as a result of
erosion, 74£18 Pg of carbon was lost, of which 79-85%
fell on agricultural lands and pastures [1]. According
to the Regional Assessment of Soil Changes in Europe
and Eurasia [2], humus loss is observed on 23-70% of
agricultural land areas. According to [3], arable soils
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contain 25-75% less organic carbon than their coun-
terparts in natural ecosystems. Management of carbon
cycleand sequestration processesinthe soilisakeylink
in solving such urgent global problems as overcoming
soil degradation and mitigating climate change [2].

Development and implementation of sustain-
able soil organic carbon management methods are
extremely important for soil protection in Ukraine.
The country joined the UN Convention to Combat De-
sertification, in which it made a voluntary national
commitment to increase the organic carbon content
of soils by at least 0.1% by 2030. Increasing SOM re-
serves improves the ecological properties of the soil,
including the preservation and restoration of soil bi-
ota, optimizes the nutritional regime and the level of
moisture, thereby increasing the long-term resistance
of arable soils to degradation under the influence of
anthropogenic factors.

Climate changes, disruption of ecosystem sta-
bility, degradation of soil resources have led to in-
terest in measuring and quantifying changes in soil
organic carbon reserves in agroecosystems in order to
identify the carbon sequestration potential of arable
soils. Carbon sequestration by soil is the subject of a
wide range of research around the world. According to
studies [4; 5], increasing the content of organic matter
in the soil to a depth of 2 meters by 5-15% will reduce
the concentration of CO, in the atmosphere by 16-30%.
It is estimated that the total volume of annual absorp-
tion of carbon dioxide, including natural dynamics and
the use of carbon-saving technologies, is 23-28% of
annual emissions into the atmosphere within russia.

The ability of the soil to stabilize and retain the
carbon of organic matter, which arrived with organic
materials, forms the carbon sequestration capacity of
the soil. Carbon sequestration by soil resources is influ-
enced by a complex of interconnected factors (climate,
soil type, intensity of management), which determine
the accumulation of carbon in the soil or its loss. The
ability of the soil to hold carbon is controlled not only
by the content of finely dispersed granulometric frac-
tions of dust and clay with a size of <0.05 (0.02) mm [6],
but also by the capacity of cation exchange, the min-
eral composition of the soil and depends on the
level of moisture and the temperature regime [7].

Carbon sequestration depends on the level of
soil carbon saturation. Management practices that will
promote sequestration in one soil may not be effec-
tive in another where the carbon content is approach-
ing a stable level. Such soil will accumulate less or-
ganic carbon and at a slower rate. This is important
for planning and developing sustainable management
actions and practices that maintain and increase SOM
stocks. According to the results of long-term station-
ary experiments, it was established that the use of or-
ganic fertilizers contributes to the increase of organic
carbon in the soil by 12-23% [8-10]. The average value
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of humus content for long-term manure application
is lower than the value for short-term application, in-
dicating a decrease in the rate of organic carbon se-
questration relative to emission, as the total humus
content approaches equilibrium.

Considerable attention of researchers is paid
to the quantitative assessment of carbon reserves in
soils, mechanisms of its stabilization with the use of
organic materials to increase the reserves of organic
matter in the soil. The introduction of organic raw ma-
terials with a certain biochemical composition balanc-
es the balance between sequestration and emission
of organic carbon and is an effective measure for the
restoration of SOM reserves [11-13]. Under the con-
ditions of application of composts with an increased
content of humic acids, slow mineralization of nitro-
gen in soils is observed, which improves not only soil
fertility, but also conditions for humification of or-
ganic matter [9]. Quantitative and qualitative trans-
formations of the constituent pools of SOM from the
moment of their biosynthesis to full biological miner-
alization are closely related to the specific process of
humification of the organic soil substrate. Humifica-
tion is a process of biophysical and chemical fixation
of organic substances in the form of stable fractions
of humic substances, which protect organic matter
from complete mineralization [6; 14]. During the de-
composition of organic raw materials by soil microor-
ganisms, 70% of organic carbon is lost in the form of
CO, due to emission, 20% is transformed into humic
compounds, and 10% is transformed into non-humic
organic compounds and microbial biomass [15-17].
Common management practices that can contribute
to soil carbon storage include the use of cover crops,
crop rotation management, organic fertilization, and
more efficient management of tillage activities.Mini-
mizing the loss of humus in the soil can be ensured by
arranging arable land by removing land unsuitable for
plowing and conserving degraded land, implementing
anti-erosion measures, and mandatory exclusion of
practices of burning vegetation and its residues in the
fields. The implementation of agricultural practices to
increase the content of soil carbon depends on a com-
plex of factors related to natural conditions (climate,
soil), land use system, and also depends on the social
and cultural context (farm specialization, market and
availability of means of production, subsidies, educa-
tion farmers and desire for change) [18].

Methods of increasing the accumulation of or-
ganic matter in the soil include the use of scientifical-
ly based fertilization systems, which will contribute to
the arrival of a significant amount of carbon and its
long-term stay in the soil. The material basis of the
reproduction of soil carbon is organic fertilizers, which
at the same time act as a leading factor in the sus-
tainable development of ecologically balanced farm-
ing systems, in particular organic farming. In organic



farming systems, the stock of stable carbon in the sur-
face layer of the soil increases [19], thereby ensuring
its sequestration [20].

The purpose of the work is to assess the supply
of soil and climate zones of Ukraine with organic raw
material resources for replenishing humus reserves in
the soil and highlight approaches to management in
order to increase their efficiency.

CONCEPTS IN THE MANAGEMENT
OF ORGANIC RAW MATERIALS OF UKRAINE

Anthropogenic load and interference in natural soil
processes disrupts the process of humus accumula-
tion, which leads to a change in the ratio between
the synthesis and mineralization of organic matter in
the soil. The processes of dehumification cause dete-
rioration of the agronomic properties of the soil and
decrease in fertility, which can affect the functioning
of the biosphere as a whole. A comparison of the hu-
mus content of the soils of Ukraine during the time of
Dokuchaev (1882) with the current state shows that
the loss of humus has reached the level of about 20%.

The weighted average indicator of humus con-
tent in the soils of Ukraine according to the results of
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the X round of agrochemical land certification (2011-
2015) is 3.16%. This reflects a positive trend of soil
humus compared to the data of the previous survey
round, which revealed an average humus content of
3.14%. This trend is associated with the growth of
organic substances entering the soil, mainly due to
plant residues and siderates. So, over the past five
years, 2.5-4.8 t/ha of straw and 11.6-16.6 t/ha of sid-
erates were applied annually. In terms of soil and cli-
mate zones, the most significant increase in humus
content in soils is observed in the Polissya zone - 4%
(compared to 2006-2010), the smallest in the Forest
Steppe zone - 0.6%. The developed crop production
sector of Ukraine annually generates a large amount
of the non-marketable part of the harvest, which
in 2020 exceeded 139 million tons (Table 1). The
non-marketable part of the harvest of agricultural
crops is a source of reproduction of organic matter
in the soil, a harvest and energy substrate for mi-
croorganisms, a producer of low-molecular soluble
organic compounds that are of fundamental impor-
tance for soil metabolism. The agronomic efficiency
of using straw as a fertilizer has been proven by nu-
merous experiments and practice.

Table 1. Volumes of the non-commercial part of the harvest of the main agricultural crops
in farms of all categories of Ukraine (2020), million tons

Soil and Wheat and Corn for grain  Cereals and
climate zone  other cereals legumes
Forested 13.5 8.2 0.1
Forest steppe 34 21.4 0.3
Steppe 214 4.1 0.5
Across Ukraine 68.9 33.7 0.9

The disadvantage of the non-marketable part
of the harvest of agricultural crops is the fact that the
organic compounds in their composition are chemi-
cally stable and slowly decompose in the soil. Accord-
ing to the results of long-term stationary experiments
of the NSC “Institute of Agriculture of the National
Academy of Sciences”, the use of only plant residues
does not compensate for the loss of soil humus due
to increased mineralization, which leads to losses of
organic matter at the level of 1.27 t/ha [21]. A spe-
cific feature of the chemical composition of manure
compared to root and crop residues is that it contains
‘ready-made” humus substances [22].

The general trend in recent years is a decrease
in the volume of production and use of animal manure.
Since 1985, the application of cattle manure to arable
soils has decreased 16 times. Currently, the use of or-
ganic fertilizers by zone of Ukraine ranges from 0.13 to
1.20 t/ha. Over the past five years, the largest amount

Soya Rapeseed Sunflower Total
2.1 1.3 2.6 27.8
3.2 1.5 11.2 71.6
0.8 24 111 40.3
6.1 5.2 249 139.7

of organic fertilizers was applied in the Polissya zone
(from 0.8 to 1.2 t/ha), the smallest - in the Steppe zone
(from 0.13 to 0.25 t/ha). Organic fertilizers are mainly
used for fodder crops, the least - for grain crops (ex-
cept corn). According to statistical data, in 2020 ma-
nure was applied to only 1.9% (0.8 million hectares)
of agricultural land. On the other hand, the transition
of agriculture to an intensive path of development led
to the emergence of powerful complexes of animal
husbandry and poultry farming with a consistently
high output. Violations of the ratio of the amount of
organic waste generated on farms and animal hus-
bandry complexes and the area for their application,
imperfection of manure and litter removal and storage
systems, non-compliance with the terms and norms of
application of organic fertilizers carry the risk of envi-
ronmental pollution with biogenic elements. The total
annual output of manure and droppings in 2020 in
farms of all categories is 106.2 million tons (Table 2).
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Table 2. Volumes of animal manure in farms of all categories of Ukraine, 2020, million tons

Soil and climate

one Cattle manure Pig manure
Forested 19.5 6.9
Forest steppe 28.7 9.9
Steppe 13.8 6.4
Across Ukraine 62.0 23.2

According to calculations, the use of the entire
amount of animal manure and poultry droppings in
terms of bedding manure, at the output level of 2020,
will ensure the fertilization of agricultural land with
traditional organic fertilizers in a dose based on dry
matter in the Polissya zone - 1.9 t/ha, in in the for-
est-steppe zone - 1.5 t/ha, in the steppe zone - 0.5 t/ha
(Table 3). In the case of plowing the entire volume of

Poultry droppings

Sheep manure

of all kinds
0.3 4.0 30.7
0.3 11.7 50.6
0.6 4.1 249
1.2 19.8 106.2

the available non-marketable part of the harvest of
the main agricultural crops according to the data of
2020, application in the Polissia zone is possible at a
dose of 4.9 t/ha, in the Forest Steppe - 6.4 t/ha, in the
Steppe zone - 3.4 t/ha, which in terms of litter manure
is 2.8 t/ha, 3.2 and 1.9 t of dry matter per hectare of
sown area in the Polissia, Forest-Steppe and Steppe
zones of Ukraine.

Table 3. Estimated annual supply of organic raw materials
for replenishing soil organic matter by regions of Ukraine

Potential resource for application to the soil in terms of litter manure, t per hectare of sown area

Soil and climate
zone

Animal manure and
poultry droppings
involvement

The non-marketable
part of crop
production

Forested 11.0* 2.8 7.5 1.9
Volynska 10.1 2.5 6.1 1.5
Zhytomyrska 9.8 2.5 4.0 1.0
Zakarpattia 8.7 2.2 18.4 4.6
Ivano-Frankivska 10.9 2.7 9.3 2.3
Lvivska 10.6 2.7 6.7 1.7
Rivnenska 10.7 2.7 5.3 1.3
Chernihivska 16.4 4.1 2.9 0.7
Forest steppe 12.8 3.2 4.7 1.2
Vinnytsia 111 2.8 5.8 1.5
Kyivska 10.9 2.7 5.6 1.4
Poltavska 13.3 3.3 3.0 0.8
Sumska 18.3 4.6 3.0 0.8
Ternopilska 14.5 3.6 4.5 11
Kharkivska 11.2 2.8 2.6 0.7
Khmelnytska 15.7 39 4.9 1.2
Cherkasska 9.4 2.4 5.5 14
Chernivetska 10.9 2.7 7.2 1.8
Steppe 7.5 19 2.0 0.5
Luhanska 6.7 1.7 13 1.7
Dnipropetrovska 74 1.9 2.5 1.9
Donetska 8.0 2.0 2.3 2.0
Zaporizhzhska 74 19 1.5 19
Kirovohradska 6.9 1.7 1.5 1.7
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A potential resource in the case of involving the full amount of
manure, the non-marketable part of the harvest of legumes, corn,

sunflower

share of cereal straw

60 %
16.9 4.2 15.2 3.8 13.5 34
14.6 3.7 129 3.2 11.2 2.8
12.3 3.1 10.8 2.7 9.3 23
259 6.5 24.7 6.2 234 59
18.7 4.7 171 4.3 15.5 3.9
159 4.0 144 3.6 129 3.2
14.5 3.6 12.9 3.2 11.3 2.8
16.4 41 135 34 10.6 2.6
15.4 4.2 133 3.8 11.2 3.4
15.0 3.8 131 3.3 11.2 2.8
14.6 3.7 12.8 3.2 10.9 2.7
141 3.5 11.9 3.0 9.6 24
18.1 4.5 15.0 3.7 11.9 3.0
16.7 4.2 144 3.6 121 3.0
11.7 29 9.7 2.4 7.6 1.9
18.1 4.5 15.7 3.9 13.2 3.3
13.3 3.3 11.7 29 10.1 25
16.7 4.2 15.2 3.8 13.8 3.5
8.2 2.0 6.8 1.7 5.5 1.4
6.8 1.7 5.5 14 43 11
8.6 2.1 7.2 1.8 5.8 1.5
8.8 2.2 74 1.8 5.9 1.5
7.6 1.9 6.3 1.6 5.0 1.2
73 1.8 6.1 15 49 1.2
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Soil and climate
zone

Animal manure and
poultry droppings
involvement

The non-marketable
part of crop
production

Mykolayivska 6.3 1.6 1.4 1.6
Odeska 5.1 1.3 2.3 1.3
Khersonska 9.2 2.3 1.7 2.3

Across Ukraine 10.2 2.6 3.5 2.6

Notee: * Based on the conditional standard - cattle manure bedding 75% moisture; ** on raw substance;

The forecast possible application of organic
fertilizers, taking into account the entire available
yield of manure and the non-marketable part of the
harvest of agricultural crops in Ukraine, is for the
Polissia zone - 4.7 t of dry matter in the equivalent
of litter manure per 1 ha of sown area, for the For-
est Steppe - 5.9 t/ha, in the Steppe zone - 2.5 t/ha.
At the same time, the norm for ensuring a deficit-free
balance of humus, depending on the soil and climate
zone, should be from 8 to 14 t/ha.

The potential annual resource of organic raw
materials for application to the soils of Ukraine un-
der the scenario of using the entire volume of manure,
non-marketable part of the crop of legumes, corn for
grain and sunflower with the involvement of 40% of
the annual volume of cereal straw varies from 1.4 t/ha
in the Steppe to 3.4 t/ha in the Forest-Steppe and
Polissia zone of Ukraine (equivalent to the dry matter
of litter manure per hectare of sown area). In the case
of involving 60% of the annual volume of grain straw,
in addition to manure and the non-marketable part of

Biochar

Leonardite

Waste of biogas plants (solid fraction)
Waste of biogas plants (liquid fraction)
Sapropel

Pig manure

Bird droppings

Sheep manure

Cattle manure

Legume straw

Sunflower stalks

Rapeseed straw

Corn stalks

Cereal straw

o
[IEN
o
N
o

Table 3, Continued

Potential resource for application to the soil in terms of litter manure, t per hectare of sown area

A potential resource in the case of involving the full amount of

manure, the non-marketable part of the harvest of legumes, corn,

sunflower

share of cereal straw

60 %
6.5 1.6 5.4 13 4.2 1.0
6.5 1.6 5.5 14 4.6 11
9.5 2.4 8.0 2.0 6.5 1.6
11.9 3.0 10.2 2.6 8.5 2.1

*X%

per dry matter

the harvest of other crops, the application dose can
reach 2.6 t/ha. The maximum application of organic
raw materials (in the case of plowing 80% of the an-
nual volume of grain straw) at the output level of 2020
in Ukraine can be 3 tons per 1 ha of the sown area in
the equivalent of the dry matter of litter manure.

In connection with the shortage of traditional
organic fertilizers, the role of attracting organic raw
materials of various origins to replenish humus re-
serves is growing significantly. Sapropel, leonardite,
processing industry waste (sewage sludge, biochar,
biogas plant waste) are alternative sources of organic
matter entering the soil and raw materials for the pro-
duction of organic fertilizers.

Sapropel deposits in Ukraine have total reserves
of 97 million tons, and are concentrated mainly in the
Volyn region. The average productivity of local lakes is
more than 1,000 tons per hectare. The mass fraction of
dry matter of sapropel is 14-15%, the content of organ-
ic matter varies from 15 to 95% of the mass of dry mat-
ter with an organic carbon content of 35-38% (Fig. 1).

W
o
N
o
U
o
o
o

70

Figure 1. The average content of total carbon in organic raw materials of different origins
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Coal reserves in Ukraine amount to almost 117
billion tons, of which the share of lignite is 6-8% (7.1-
9.4 billion tons). Oxidized lignite (leonardite) is used
in agricultural production as a raw material for ob-
taining humates. The organic matter of leonardite
contains from 37.4 to 48.5% of carbon on dry matter,
the content of humic substances is 76-96% of the to-
tal carbon content.

Biochar is an organic raw material with a high
carbon content (64-70%). With optimal pyrolysis, bio-
char retains more than 50% of the carbon contained in
the original biomass [13]. Due to the resistance to de-
composition by microorganisms when applied to the
soil, which can take thousands of years, the release
of organic carbon in the form of CO, slows down [23].

SOURCES OF FILLING THE SOIL
WITH ORGANIC SUBSTANCES

A variety of organic wastes, which are part of the
waste structure of all regions, can be considered as
a resource for replenishing soil organic matter. In
Ukraine, only 3-5% of the 3 million tons of PES are
used in agriculture. While the utilization of PES in
agriculture is @ common practice in Portugal - 87%
of the volume of PES, Spainx - 65%, Great Britain -
69% and the USA - 47% [24; 25]. Since the direct uti-
lization of PES entails great environmental risks, in
the presence of high concentrations of heavy metals,
the world considers it more rational to use composts
from these wastes in order to ensure the sanitary
and hygienic standards of the final product. Anaer-
obic technologies for the processing of organic raw
materials for energy needs generate waste that is
environmentally friendly [26] and has a sufficiently
high content of organic carbon (from 11.5 to 33.5%).
An organic fertilizer is a product ready for applica-
tion to the soil that meets the specified requirements
(does not contain pathogens, viable weed seeds, tox-
ic substances and heavy metals above the maximum
permissible concentration (MPC), has an optimal en-
vironmental response, etc.). Effective use of organic
fertilizers should be based on the exclusion of con-
tamination of surface and underground waters, soils,
translocation of nitrates into agricultural products.

A systematic solution to the problem of pro-
duction and application of fertilizers based on organic
waste is connected with the need to develop a legal
framework and expand research on the development
of adaptive technologies for their processing that meet
environmental requirements and modern market con-
ditions of product manufacturers. The involvement of
organic raw materials of various origins in the produc-
tion of organic and organo-mineral fertilizers (OMF)
is a promising way of saturating arable soils with
organic carbon. The production of long-acting OMF
based on livestock and poultry waste, which gradu-
ally release nutrients during interaction with the soil
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during the growing season of plants, is one of the ra-
tional ways to reduce the negative impact of waste on
the environment (soils, ground and surface water, etc.).

The processes of transformation of organic raw
materials in the soil largely depend on its composition.
Composting straw, manure, manure and other sources
of organic raw materials changes the quality of the
final product. The organic matter of mature composts
is of particular value for potential humus formation
in soils because it contains humic substances resis-
tant to decomposition, characterized by a high molec-
ular weight [27]. The production of composts based
on waste of organic origin is of great environmental
importance, as it allows for the safe disposal of waste
and the maximum involvement of biogenic elements
in the biological cycle.

To regulate the humus state of arable soils, it
is necessary to control the amount and quality of the
supply of carbon compounds and, no less important,
the processes of their transformation in the soil. It
was established that the humification coefficients of
organic fertilizers are significantly affected by the rate
of their application [28]. With an increase in manure
rates against the recommended ones, the mineraliza-
tion of organic matter increases with a simultaneous
decrease in the intensity of humus formation. Only
with a uniform distribution of manure organic sub-
stances in the soil mass can the maximum yield of
newly formed humus be achieved. The depth of appli-
cation of organic fertilizers has an unequivocal effect
on humification; if they are applied to a depth of 20-
30 cm, the humification coefficient increases to 60%.
After the combined application of manure, according
to the recommended zonal norms, and mineral fertiliz-
ers, the humification coefficients increase by 10% [29].
However, you can hope for such an increase in the de-
gree of humification only after applying mineral fertil-
izers together with fresh straw or semi-rotted manure.
Applying mineral fertilizers with ready-made compost,
rotted manure or humus does not increase this coef-
ficient. In the NSC “Institute of Soil Science and Ag-
rochemistry named after O.N. Sokolovsky” developed
generalized standards for the humification of organ-
ic raw materials, which are equal to 30% for manure,
25% for the non-marketable part of legumes, 17% for
corn, sunflower, and 15% for grain straw. Norms are
developed for soils of heavy granulometric composi-
tion. For medium-loamy soils, the given standards are
reduced by 10%, light loamy soils by 20%, sandy loamy
soils by 50%, clay-sandy soils by 85% [30].

The pace and degree of saturation of the soil
with organic carbon depend not only on the quanti-
ty and quality of organic raw materials, but also on
the rate of fixation of organic substances. Saturation
with organic carbon depends on physical and chemi-
cal properties, which are not identical in different soil
types.As a result, the real dimensions of sequestration



are possible only up to a certain level, which corre-
sponds to the limit of soil saturation with organic car-
bon, above which the arrival of fresh organic matter
does not lead to an increase in carbon.

CONCLUSIONS

The systematic use of organic materials in agriculture
will help reduce the imbalance of biogeochemical car-
bon cycles and increase the stability of agrocenoses.
The calculation of the approximate supply of differ-
ent soil and climatic zones of Ukraine with traditional
organic fertilizers showed a deficit of the available
volume of manure formation and the non-marketable
part of the harvest of the main agricultural crops for
replenishing the soil with organic matter. Even the
maximum involvement of these materials does not
ensure the recommended zonal norms of introduction
into the soil. According to the scenario of using the
entire amount of manure, the non-marketable part of
the harvest of grain and leguminous crops, corn and
sunflower, and with the involvement of 40% of the an-
nual amount of cereal straw, the forecasted dose of
organic fertilizers application on average in Ukraine
reaches 2 t/ha (equivalent to the dry matter of litter
manure per hectare of cultivated area).

In the context of replenishment of organic car-
bon reserves in the soils of Ukraine, taking into ac-
count the shortage of traditional organic fertilizers,
the role of attracting organic raw materials of various
origins (sapropel, leonardite, organic waste from the
processing industry, municipal economy, etc.) is sig-
nificantly increasing. Organic waste is characterized by
the possibility of processing and elimination by ther-
mal methods for energy needs. However, it is proposed
to consider them primarily as a source of carbon-con-
taining compounds and nutrients for plants after ap-
propriate technological decisions have been made.

In order to carry out targeted, scientifically
based optimization of the humus state of soils, it is
necessary to control the quality of organic fertilizers,
taking into account the characteristics of the organic
component, which is an important factor influencing
the processes of mineralization-humification of car-
bon in the soil. The implementation of bioconversion
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technologies of organic materials, in the process of
which the substrate undergoes a significant transfor-
mation with the formation of a humified product, is
considered promising. It is equally important to reg-
ulate the processes of transformation of organic ma-
terials in the soil. In arable soils, in order to intensify
the processes of humus formation, it is important to
manage the introduction of organic fertilizers by plac-
ing them deeper (>20 cm) and combining them with
mineral fertilizers.

Involvement of raw resources of organic origin
in the production of fertilizers, implementation of pro-
cessing technologies to improve their remedial prop-
erties, compliance with recommended doses, applica-
tion methods and the optimal ratio between organic
and mineral fertilizers in specific crop rotations and
soil-climatic conditions will increase the efficiency
of fertilizer application to replenish soil organic car-
bon . A balanced zonal scientific-methodical approach
to the management of organic raw materials in the
context of increasing the carbon content in the soil
will contribute to preserving the fertility of the soils
of Ukraine, rational nature management and environ-
mental protection.

The modern tasks of studying soil organic mat-
ter are to reveal the mechanisms of chemical (biophys-
ical and chemical) processes of humification of organic
materials, to develop more effective indicators of hu-
mus state and composition,as well as to create and de-
velop organic carbon management technologies. The
implementation of the latest technologies for increas-
ing the content of organic carbon in the soil, for which
there are currently technological and economic barri-
ers, will have a significant potential for carbon seques-
tration in the soil in the long term, in case of deepen-
ing of research and availability of economic incentives.

Considering the importance of the indicator of
the content of organic matter for diagnosing changes
in the humus state during soil monitoring, it is nec-
essary to conduct a broad discussion of the need and
method of converting organic carbon into humus in
order to optimize the work of the agrochemical ser-
vice of Ukraine and create an informative database of
the qualitative state of soils.
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MoTeHUiNHI pecypcu Ta nigxoamn Ao ynpaBniHHA OpraHiyHO CUPOBUHOIO
YKpaiHM oNnsa nonoBHeHHS 3anaciB ryMmycy B rpyHTax

€. B. CKpunbHuK,
LOKTOp cinbcbkorocnopapcbkmx Hayk ORCID ID: 0000-0002-8642-8547

B. A.TeTMaHeHKo,
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A.M. KyToBa,
KaHAMAAT cinbcbkorocnogapcbkmx Hayk ORCID ID: 0000-0003-2680-566X

B. . MockaneHko
HHLL “IHcTuTYT FpyHTO3HABCTBA Ta arpoximii iMeHi O. H. Cokonoscbkoro”

AHoTauif. Hapasi 3HaxofsTb akTMBHe BifLOOpaxkeHHs npobnemu rnobanbHUX TpaHCchOpMaLi KAiMaTy, a TakKoX
NPUPOAHOro CepeaoBULLA, HELLOCTATHBOI KifIbKOCTi MPOLOBONLCTBA i eHEprii,BTPATH 6ioN0riYHOro po3mMaiTTa Ta CTiMKOCTI
eKoNoriyHnx cuctem. Npobnema ancbanaHcyBaHHS BioreoxXiMiuyHMX LMKNIB BYIELO Y pe3ynbTaTi iHTEHCMBHOMO abo
HepaLioHaNbHOMO CiNbCbKOrO rOCMOAAPCTBA € OAHMM 3 OCHOBOMOMIOXKHMX ACMEKTIB FM0oBanbHUX 3MiH Yy AOBKiANi.
KepyBaHH$ npoLiecaMu kpyroobiry Ta cekBecTpaLii ByrieLto B I'pyHTi € TONIOBHO IAHKOK Y BUPILLEHHI TaKMX HaranbHUX
MUTaHb 3arajbHOCBITOBOr0 MacwTaby, K NOAONAHHSA Aerpafauii rpyHTIB Ta NPUMEHLLEHHS HACNIAKIB KNIMAaTUYHKUX
3MiH. Po3pobneHHs Ta 3anyyYeHHs! METOAIB CTanoro ynpaBiHHA OpraHiYHWMM BYr/eLeM FpYHTY MpiopUTETHUMU ANS
OXOPOHW I'PYHTIB YKpaiHi. Y CBOIO Yepry, KNiMaTWyHi 3MiHX Ta HACAIAKOBI Bif, LbOro acnekTM NOCUMAMAK iHTepec A0
00paxyBaHHSA KifbKiCHOT OLLIHKM 3MiH 3anaciB OpPraHiYHOro BYIEL0 PYHTY B arpoeKoCMCTeMax 334/ BUSIBIEHHS
MoTeHLjiany CekBecTpaLlii ByrieL OpHUMU IPyHTaMKU. TaKUM YMHOM, METOKD CTaTTi € HaAAHHS OLHKM 3abe3neveHoCTi
IPYHTOBO-K/MIMAaTUYHMX 30H YKpaiHWU Oxepenamu OpraHiuHOi CMPOBUHM A5 MOCWUIEHHS KiNIbKOCTI 3anacie rymycy B
IPYHTaXx, @ TaKOX BMCBITNEHHS NiAXOAIB A0 YNPaBAiHHSA 3 METOK NiABULLEHHS iX edeKTMBHOCTI. 3pobaeHO BUCHOBOK,
O CMCTEMATUYHE BMKOPUCTAHHS OpraHiyHMX MaTepianiB y 3eMn1epobCTBi CNpUSTUME 3MEHLLEHHI0 po36anaHCyBaHHS
BioreoxiMiuyHMX UMKNIB BYIMELID, @ TakoX MiABULLEHHIO CTiMKOCTI arpoLeHosiB [MpoaHanizoBaHo HasiBHI pecypcu
OPraHiYHOT CUPOBMHU AN MOMOBHEHHS 3aNaciB OPraHiYHOro BYINELt0 IPYHTIB Y PI3HUX FPYHTOBO-KAIMATUUHMUX 30HAX
Ykpainn. byno po3paxoBaHO Opi€EHTOBHY 3abe3MeyeHiCTb OpraHiyHMMKM [o6puBamMu obnacte YkpaiHW 3a pisHMX
cueHapiiB. HaBeneHO XapakTepucTuKy NOTEHLIMHUX pecypciB OpraHiyHOi CMPOBWMHM MPUPOAHOr0 MOXOMKEHHS Ta
OPraHiYHMX BiAXOAIB 3 MO3MLLIT YTBOPEHHS ryMyCy. 3anponoHOBaHO MiAX0AM A0 YNpaBAiHHSA OpraHiYHMMK MaTepianamu
AN9 NiABULLLEHHS ePEKTUBHOCTI akyMynsLii ryMycy B IpyHTax

Kniouogi cnoBa: opraHiuHa CMpOBMHa, 'yMyC, 30Ha/IbHA 3a6e3MeYeHicTb, MiAX0AM A0 YNPaBiHHS pecypcamu
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Abstract. Electrophysical research methods are widely used in countries with developed agricultural production
for the purpose of soil monitoring and surveys. One of these methods of research is determining the electrical
conductivity of the soil. Because with the help of this indicator, it is relevant to clarify the boundaries of soil
differences, which makes it possible to use it in precision agriculture. Thus, the purpose of the article is to compare
the changes in the electrophysical parameters of typical chernozem under different fertilization systems under
conditions of drip irrigation. In order to carry out the analysis, individual soil samples were taken for each year of
research in the period 2018-2020 in the spring (May) before the start of strawberry flowering. From the selected
and air-dried soil samples using the quarting method, average mixed samples were selected for analysis. It was
concluded that electrophysical indicators undergo changes according to the depth of sampling, which is related
to the assimilation of useful substances from the soil by plants and fertilization mechanisms and correlates to
a significant extent with the acid-alkaline indicators of the soil. A three-year study (2018-2020) of the influence
of different fertilization systems under drip irrigation conditions on the electrophysical parameters of typical
chernozem during the cultivation of garden strawberries was conducted. It was established that the greatest
changes in electrophysical indicators (electrical conductivity, general mineralization, salinity) of typical chernozem
occur from the ridge part to a depth of 20-30 cm.The difference in the obtained values of electrophysical indicators
between variants of different fertilization of typical chernozem (control, mineral system, organo-mineral system,
organic system), as well as during years of research

Keywords: typical chernozem, electrophysical parameters, drip irrigation, fertilization

INTRODUCTION

In countries with developed agricultural production,
electrophysical research methods are widely used for
soil surveys and monitoring. One of them is the deter-
mination of the electrical conductivity of the soil [1; 2].

With the help of this indicator, it is convenient to
specify the boundaries of soil differences, which makes
it possible to use it in precision agriculture [3]. The
electrical conductivity indicator is a kind of indicator
of changes occurring in the soil, because it is closely
correlated with many indicators of fertility.

Electrical conductivity of the soil is the abili-
ty of the soil to conduct an electric current, expressed
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in siemens per unit area (5/m - siemens per meter, or
uS/cm - microsiemens per centimeter). Electrical con-
ductivity is an indicator that responds sensitively to
changes in soil moisture and temperature, grain size
composition, cation exchange capacity, salinity, content
of exchangeable cations, content of organic matter, etc.

The electrical conductivity of the soil solution
characterizes the content of salts in it, which directly
affect the growth and development of plants, which is
an important aspect of soil quality. Therefore, this indi-
cator is widely used abroad in the soil quality control
system both in the field and in laboratory conditions.

Dehtiarov, Yu., & Chekar, O.(2021). The use of electrophysical indicators during the cultivation of strawberries on drip
irrigation. Ukrainian Black Sea Region Agrarian Science, 25(2), 54-62.



Changes in electrical conductivity along the soil profile
reflect the features of ionization of individual horizons
as a result of phase transitions of substances associat-
ed with changes in temperature, humidity, redox pro-
cesses, intensity of mineralization processes, migration
of ions and ionized components [4].

Traditionally, electrical conductivity was used
to diagnose soil salinity, but recently the use of elec-
trical conductivity values to diagnose other parame-
ters of soil fertility has become widely used in agro-
nomic practice, primarily due to the availability and
cheapness of measurements [5]. Quite strong correla-
tion dependences of electrical conductivity with other
important agronomic characteristics of the soil were
found, in particular, the content of organic substances
in the soil, mobile forms of the main nutrients, the
presence of Ca, Mg in the soil absorption complex, and
the yield of agricultural crops [6; 7].

The dependence of soil electrical conductivity
on contamination with heavy metals, hydrocarbons,
and pesticides is studied [8]. It was established that
electrical conductivity depends on soil moisture,
salt concentration, air content, temperature, type of
soil-forming rock, etc. In particular, electrical conduc-
tivity increases with increasing soil moisture until full
moisture capacity is reached, and then remains rela-
tively constant.The presence of clay minerals montmo-
rillonite, illite, and vermiculite in the soil-forming rock
contributetoa certainincrease inthe electrical conduc-
tivity of the soil in comparison with sandy soils [9; 10].

The use of fertilizers, especially in significant
amounts, can change the amount of soluble mineral
salts in the soil, thereby increasing electrical conduc-
tivity, which can also have a negative effect on the
yield of agricultural cultures [11; 12]. Of particular
interest for studying changes in soil electrical con-
ductivity and establishing correlations between it and
the main agronomic characteristics of soil fertility and
agrocenosis productivity are long-term experiments
with the introduction of different rates of fertilizers
under different fertilization systems for crops [9].

The purpose of the study is to compare the
changes in the electrophysical parameters of typical
chernozem under different fertilization systems under
conditions of drip irrigation.

The research was carried out by field and lab-
oratory methods within the Forest-Steppe Zone of
Ukraine, on the territory of the Educational-Scien-
tific-Production Center “Experimental Field” of the
Kharkiv National Agrarian University named after
V.V.Dokuchaeva, where strawberries are grown on drip
irrigation with fertilizer for the third year in a row.

The following options were chosen for research
in the field where garden strawberries are grown
(4 rows in each option):

1. option - control (without fertilizers);

2. option - mineral system (NP, K_);
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3.the organo-mineral system option (NP, K, +ma-
nure 50 t/ha);

4. option - organic system (manure 50 t/ha).

Additional options for conducting research in 2020
were chosen:

5.variant (black steam) - a field of field crop rotation
(more than 100 years) without the use of irrigation;

6. option (overlay) - herbaceous vegetation, more
than 70 years old.

An experiment for strawberries of the garden va-
riety “Roksana”was laid in the fall of 2017 on an area of
0.3 hectares. Planting was carried out using ridge tech-
nology with the use of a mulching film and drip irriga-
tion. The predecessor of strawberries was black steam.
Nitroamophoska N, P, K, and semi-rotted ma-
nure were used for fertilization in the experiment.
Strawberry planting was carried out in a staggered
staggered order in two strips with a distance between
plants of 25 cm with rows of 130 cm. Watering was
carried out as needed to ensure constant soil moisture
within 75%, which was measured by a field hygrome-
ter. The technology of the cultivation system provides
for the use of chemical plant protection agents against
harmful organisms and non-root feeding during the
flowering phase.

Electrophysical indicators were studied in sam-
ples of typical deep heavy loam black soil on loess
loam from the surface layer of the soil - the ridge (in
the experiment with the cultivation of garden straw-
berries), and then every 10 cm to a depth of 50 cm in
the specified variants of the experiment

MATERIALS AND METHODS

Individual soil samples were taken in each research
year (2018-2020) in the spring (May) before the start
of strawberry flowering. Average mixed samples for
analysis were selected from the selected and air-dried
soil samples using the quarting method. After that, the
average mixed samples were sieved through a @1 mm
sieve. The soil that did not pass through the sieve was
crushed in a mortar. Sand fractions that did not pass
through the sieve were added to the sample. Soil sam-
ples from each soil layer were placed in storage bags.

Aqueous soil suspension (1:5) was prepared by
mixing 10 g of air-dry soil with 50 ml of distilled water in
a polypropylene container,intensively stirred for 2 min-
utesandleftforlhourtosettlethesoil-watersuspension.

With the help of a conductometer-salt meter
(EZODO-8200 M), electrophysical indicators were de-
termined in the upper part of the soil-water suspension
(electrical conductivity, general mineralization, salin-
ity). Analyzes were performed in three to five times.

RESULTS AND DISCUSSION

Studies of electrophysical indicators are very rarely
used when determining the properties and genesis
of soils. At the same time, as noted by a number of
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authors, a certain simplicity and speed of determina-
tion, as well as a wide range of these indicators in
connection with changes in the physical factors of the
environment, testify in their favor [13; 14; 15].

In our research,was studied the effect of drip
irrigation (control option) and application of fertilizers
(mineral, organo-mineral, organic) on the electrical
conductivity of aqueous soil suspensions.

Electrical conductivity (Soil Conductivity) of typ-
ical chernozem. According to the research results
obtained in 2020, a pattern of increasing electrical
conductivity with depth can be observed in the op-
tions with strawberry cultivation, and in the op-
tion without irrigation and the fallow option there
are some peculiarities regarding the distribution of
values (Fig. 1).
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Figure 1. Electrical conductivity of typical chernozems (2020), uS/cm (NIR ,=7)

Thus, on the control version, the electrical con-
ductivity oftheridge partand the 0-20-cm layer is with-
in the smallest significant difference - 60-65 ps/cm
((HIP,,=7). A slight increase starts from a depth of 20-
30 cm,and a very significant one - from 30-40 cm up to
249us/cmandupto302pus/cmina40-50centimeterlayer.

The mineral fertilizer system is characterized by
asimilartrend in the distribution of indicators. Electrical
conductivity decreases from the crest to 10-20 centime-
tersfrom 83 to 71 pys/cm.Inthe middle part of the studied
depth, the indicators increase by more than 2 times, and
the 30-50 centimeter layer has a value of 216-219 us/
cm, which is 2.5-2.6 times more than the upper layers.

On the variant with the organo-mineral system,
there is a slight fluctuation of the electrical conduc-
tivity of the water-soil suspension up to a depth of 30-
40 cm, and the increase in the indicator occurs only in
the lower investigated depth of 40-50 cm - 166 ps/cm,
which is 2 times more than the lower layers.

The use of an organic fertilization system leads to
a gradual increase in values from the upper part to 20-
30 centimeters. At a depth of 30-40 cm, there is a 2-fold
increase in the indicator compared to the ridge part to
140ps/cm,anditsincreaseby42ps/cminthe40-50cmpart.

The option without irrigation has the lowest val-
uesinthe 0-10 and 10-20 cm layers.Then the indicator
increasessharplyto 111 us/cmandslightlydecreases by
10 ys/cm in the 30-40 and 40-50 centimeter soil layer.

Ukrainian Black Sea Region Agrarian Science, 25(2), 54-62

The highest values in the 0-10 cm layer were
recorded on the fallow variant at 116 ys/cm. In a layer
of 10-20 cm, the electrical conductivity decreases by
more than 2 times, and further to a depth of 40-50 cm,
it decreases by more than 2.5 times to 39-40 ps/cm.

Taking into account all the studied options, we
can say that the highest values of electrical conduc-
tivity are in the lower part from 30 to 40 centimeters
in the options of control and mineral fertilizer system.
Mediocre indicators, also in the lower investigated
part, on the variant of the organo-mineral system and
the organic fertilizer system, and another 20-30 centi-
meter soil thickness of the mineral system.

The lowest electrical conductivity of water-soil
suspensions is observed in most options in the ridge
part and up to 20-30 centimeters, and in the options
without irrigation and fallow, all values can be char-
acterized as the lowest among the research options.
Such low values of electrical conductivity in the spring
period are formed due to the strengthening of pro-
cesses of assimilation of nutrients by garden strawber-
ry plants from the soil, as a result of intensive growth.

The specific electrical conductivity of the soil
during drip irrigation in the garden strawberry grow-
ing options was 60-302 ps/cm. The area has a partial
leaching of salts (nutrients) into the lower layers of
the soil, which can be caused by the use of drip irri-
gation and the technology of growing plants using a



film, which prevents the evaporation of water together
with easily soluble salts into the upper layers of the
soil. Therefore, from a depth of 30 cm, there is an in-
crease in the specific electrical conductivity of the soil
to 140-302 ps/cm.

When growing strawberry crops without the
use of fertilizers in our experiment, the electrical con-
ductivity of the soil was at the level of 60-302 us/cm.
The use of only manure for fertilizing crops practically
did not change the electrical conductivity of the upper
layers of the soil. The use of organo-mineral and min-
eral fertilization systems leads to some increase in the
indicator. At the same time, the greatest increase in
electrical conductivity of the soil was observed in the
mineral system [9].

Similar trends in the increase in electrical con-
ductivity when mineral fertilizers are applied are ex-
pected and confirmed by the research of other scien-
tists. During the three-year period of the experiment,
the electrical conductivity of the soil with the mineral
fertilizer system is the highest among the variants of
the experiment. However, at the same time, the soil,
according to the classification of the Food and Agri-
cultural Organization of the United Nations, remains
within the limits of electrical conductivity, which char-
acterize it as not saline. In other words, the electrical
conductivity indicators do not exceed the level that
can be harmful to plants [9; 16].
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Electrical conductivity of irrigation water. For
drip irrigation, when watering is carried out quite
often, it can be assumed that the soil solution and
irrigation water are identical. For cultures, theoreti-
cal maximum values of electrical conductivity were
established, below which plants cannot grow. To de-
termine the theoretical yield reduction from the use
of specific irrigation water, the electrical conductivity
of the water is determined, which is much easier than
determining the electrical conductivity in the soil.
Next, the electrical conductivity of water is compared
with the limit values of the electrical conductivity of
the soil. If the electrical conductivity of the water is
lower, then they conclude that a decrease in yield due
to salinity is not expected. Otherwise, they say about
a decrease in productivity.

So, the water used for irrigation has the follow-
ing measured characteristics: electrical conductivity -
1142 ps/cm; total mineralization - 757 ppm; salinity -
570 ppm; pH of water is 6.88.

According to the literature, the threshold value
of electrical conductivity for irrigation water of loamy
s0ils is 900 ys/cm.Accordingly,in our case,the exagger-
ation of the indicator is 242 pys/cm,which can negative-
ly affect the productivity of garden strawberry plants.

In the general case, the following levels are set
for the assessment of irrigation water by electrical
conductivity, presented in Table. 1.

Table 1. Classification of irrigation water by electrical conductivity

Electrical conductivity of water, ps/cm

<650
650-1300
1300-2900
2900-5200
>5200

After determining the actual salinity of irriga-
tion water, a conclusion is made about the feasibility
of growing this crop or another crop is chosen that can
grow in these conditions without reducing productivity.

Therefore, according to the level of the content
of soluble salts, irrigation water can be classified as
moderately saline. Total mineralization (Total Dissolved
Solids) of typical chernozem. Characterizing the general
mineralization separately for each variant of research,
the largest values can be traced in the lower layers,
and the smallest - in the upper ones (Fig. 2). Thus, the
total mineralization on the control version is equal
to 40-46 ppm, the version with mineral fertilizer 47-
56 ppm,organic-mineral - 44-57 ppm,and only organic
-43-60 ppm and increases to values of 110-200 ppm.

The option without irrigation has a value of
73 ppm in a layer of 20-30 cm, which corresponds to

Classification of irrigation water according to mineralization
(Level of soluble salts content)

low
average
high
very tall
extremely high

the largest and 20 ppm in a layer of 10-20 cm - the
smallest value of the option. The fallow variant of use
is characterized by an increase in total mineralization
in the upper 0-10 centimeter layer of the soil - 77 ppm
anditssubsequentdecreaseto 35-26 ppminthedepths.

According to the indicator of total mineraliza-
tion, the highest values among all research options
were found on the control and mineral fertilizer system
from a depth of 30 to 50 cm - 165-199 ppm and 142-
144 ppm, respectively. We have average values in soil
samples from a depth of 30-40 and 40-50 cm of the or-
ganic system - 93 and 120 ppm, of the organo-mineral
system, only at a depth of 40-50 cm - 110 ppm and 20-
30 centimeter thickness of the variant of the mineral
system - 101 ppm. All other values of the indicator of
total mineralization can be classified as low - from 40
to 60 ppm. Also, the options without irrigation and the
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57



58

The use of electrophysical indicators...

fallow option for all studied depths from 0 to 50 cm

are subject to the lowest values of total mineralization.

Salinity (Salinity) of typical chernozem.The salin-
ity of the soil of the control variant begins to increase

from 31-36 ppm from the upper part to 10-20 cm and
45 ppm at 20-30 cm (Fig. 3). In the layers of 30-40
and 40-50 cm, the highest values were found - 125
and 151 ppm.
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Figure 2.General mineralization of typical chernozems (2020), ppm (HIP,=5)
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On the version of the mineral system, first there
is a slight decrease in values from 42 to 36 ppm, and
then an increase more than twice and a significant in-
crease (NIP=4) in the 30-50 cm layer to 108-109 ppm.

The organo-mineral fertilizer system is also
characterized by almost similar salinity indicators with
adifferenceinthe upperpartof 2-3 ppm,butthe highest
valueof 83 ppminalayerof40-50cm (lessthan 26 ppm).

The organic fertilizer system has salinity in the
upper part at the level of indicators of the control
variant, and in the lower part - the variant of the orga-
no-mineral system.

The value of 56 ppm corresponds to the highest
value in the version without irrigation in the layer of
20-30 cm. Smaller values of 15-19 ppm were recorded
in the upper layers, and higher values in the lower

Ukrainian Black Sea Region Agrarian Science, 25(2), 54-62

ones - 50-51 ppm. In the 0-10 cm layer of the fallow
variant, in contrast, salinity of 58 ppm is highest in
the 0-10 cm layer, with a sharp 2-fold decrease in the
next 10 cm layer and fluctuations within the smallest
significant difference in the 10 to 50 cm layers.

We have the highest values of the salinity index in
the controloptionsandthe mineralfertilizersysteminthe
two lower studied layers. The lowest values correspond
to the upper ridge parts and 0-30,0-40 centimeter layers.
Similarly, the lowest values are observed in all 10-cen-
timeter layers of variants without irrigation and fallow.

Correlation of electrical conductivity data and soil
pH. We conducted a correlational analysis of data on
the dependence of water pH and salt pH on electrical
conductivity, general mineralization, and salinity of
soil-water suspensions (Table 2).
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Table 2. Correlation matrix of data of electrophysical parameters and pH of typical chernozem

Cond = 1,00
TDS 1,00 -
Salt 1,00 1,00
pH water 0,62 0,62
pH salt 0,67 0,67

1,00 0,62 0,67
1,00 0,62 0,67
= 0,62 0,67
0,62 - 0,93
0,67 0,93 =

pH water

On the control version, the correlation of elec-
trical conductivity and aqueous pH is 0.88, and with
saline pH is 0.91, which corresponds to a very strong
direct relationship. The following option with the use
of a mineral fertilizer system has a similar depen-
dence - 0.96 and 0.98, respectively.

An even greater correlation between these data
can be observed on the option without drip irriga-
tion - 0.97 and 0.98.

The variant with organo-mineral fertilizer is
characterized by an average inverse correlation of
electrophysical parameters and aqueous pH, but a
strong direct correlation with saline pH - 0.76.

On the version of the organic system, feedbacks
were recorded with water pH - -0.87 and salt pH -
-0.69.The variant of fallow use has a practically similar,

but even greater inverse correlation dependence,
where the relationship between electrical conductivi-
ty and water pH is -0.94, and salt pH is -0.79.
However, first of all, based on the obtained data
arrays, we can state a very strong direct correlation be-
tween the water and salt pH data,which is 0.93.Second-
ly, a strong direct relationship between pH data (aque-
ous and saline) and indicators of electrical conductivity,
salinity and general mineralization was revealed. The
correlation between electrophysical indicators and
aqueous pH is 0.62, and saline pH is 0.67 (Table 2).
Dynamics of changes in electrophysical parame-
ters of typical chernozem.According to the data obtained
during the 2018-2020 research, we can trace the dy-
namics of electrophysical indicators on the variants
with the cultivation of garden strawberries (Fig. 4).
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Figure 4. Dynamics of changes in electrical conductivity of typical chernozem under different fertilization options
(2018-2020), us/cm (NIR . 2018=5; 2019=10, 2020=7)

Thus, on the control variant, the highest values
were found in the 30-40 and 40-50-centimeter soil
layer in 2020 of the study (249 and 302 ps/cm) and
the ridge part of 2018 (268 ps/cm). We have average
values in 2018 and 2019 in the lower studied part of
the soil, and the lowest in the middle of 2018 and the

upper part of the control version in 2019, 2020 (93-
106, 60-89 us/cm).

The dynamics of the highest values of the
variant with the use of mineral fertilizers shows the
highest values in the ridge part of 2018 (272 ps/cm)
and, conversely, the lower one - in 2020 (219 ps/cm).
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Average electrical conductivity in most of the ana-
lyzed samples in 2019 (163-183 us/cm).

The lowest values in the soil layer from 10 to
50 cm in 2018 (83-115 ps/cm) and the upper part up
to 20 cm in 2020 (71-83 ps/cm).

The highest electrical conductivity of soil-water
suspensions in 2018 on the option of organic-miner-
al fertilizer in the upper and lower parts of the stud-
ied depth. In most cases, the electrical conductivity in
2019 is average (122-151 ps/cm),and in 2020 it is low
(66-86 ps/cm).

The organic fertilizer option is characterized
by the highest values of 2018 research (high - 197-
215 ps/cm and average electrical conductivity - 124-
151 ps/cm). Low values of the indicator were recorded
up to 20-30 cm in 2019 and 2020 (respectively 97-110
and 65-90 ps/cm), and the highest, again, in the thick-
ness of 30-40 and 40-50 cm (182-198 ps /cm).

Therefore, in most cases, there is a decrease in
the electrical conductivity of soil-water suspensions
in 2020 of the research compared to 2019 and 2018,
which may be caused by a decrease in the content of
available nutrients and organic matter, since fertilizers
were applied only in the year of the experiment (2017)
or by weakening the biological activity of the soil.

The biggest changes occurred in the control
variant in the comb part, where the values decreased
from 268 ys/cm in 2018 to 69 pys/cm in 2020, the vari-
ant of the mineral system (decrease by 189 ys/cm) and
organo-mineral (decrease by 146 ps /cm).

On the contrary, an increase in electrical con-
ductivity occurred in 2020 compared to previous years
in the lower studied stratum of the control options
and the mineral fertilizer system. The 30-40 and 40-
50 centimeter thickness of the organic fertilizer vari-
ant is characterized by practically constant indicators
for three years. According to indicators of total min-
eralization and salinity, a similar trend is observed
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regarding the dynamics of changes, but somewhat
with other digital indicators.

CONCLUSIONS
Electrophysical indicators change depending on the
depth of sampling, which is related to the assimilation
of nutrients from the soil by plants and fertilization sys-
tems and correlates to a large extent with the acid-base
characteristics of the soil.

The study of the electrical conductivity of 2020
typical chernozem when growing strawberry crops
without the use of fertilizers was at the level of 60-
302 ps/cm. The use of only manure for fertilizing crops
practically did not change the electrical conductivity of
the upper layers of the soil. The use of organo-miner-
al and mineral fertilization systems leads to some in-
crease in the indicator. At the same time, the highest
electrical conductivity of the soil was observed in the
mineral system, where mineral fertilizers that acidify
the soil are an additional factor of influence, which, ac-
cordingly, leads to a decrease in electrical conductivity.

With the help of the electrical conductivity
indicator, it is possible to quickly determine the suitability
of water for irrigation of the planned crop with a known
granulometric composition of the soil. Therefore, the
use of water for drip irrigation with an average content
of soluble salts leads to their accumulation in the soil.

Based on the dynamics of the obtained values,
we can state that in most cases there is a decrease in
the electrical conductivity of soil-water suspensions
in 2020 of the research compared to 2019 and 2018,
which may be caused by a decrease in the content of
available nutrients, organic matter, or a weakening of
the biological activity of the soil .

The obtained data confirm the effectiveness and
efficiency of the use of electrophysical parameters of
the soil during the application of fertilizers and the use
of drip irrigation.
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BUKopUCTaHHS eneKTpodisnUHMX NOKa3HUKIB
nig, Yyac BUpoOLLYBaHHSA CYHULUI Ha Kpan/IMHHOMY 3POLUEeHHI

0. B. Dertapbos,
KaHAmMAaT cinbcbkorocnoaapcbkmx Hayk ORCID 1D: 0000-0003-1200-2364

0. 0. Yekap,
KaHAMAAT CiibCbKorocnoaapcbkmx Hayk, goueHt ORCID ID: 0000-0002-1829-6781
XapKiBCbKMI HaLiOHaNbHUIM arpapHuii yHiBepcuTeT iM. B. B. [lokyyaeBa

AHoTauif. EnektpodiznyHi MeToamM AOCNIAKEHHS € LUIMPOKO BUKOPUCTOBYBAHUMM Y KpAiHAX 3 PO3BMHEHUM arpapHUM
BMPOOHMLTBOM 3 METOK MPOBEAEHHS IPYHTOBMX MOHITOPUHIY Ta o6cTexeHb. OOHMM 3 TakMX MeToAiB AOC/IAXEHb
€ BW3HAYEHHS enekTponpoBiAHOCTI rpyHTY. OCKinbKM 33 AOMNOMOMM LbOrO MOKAa3HMKA PENeBaHTHO YTOYHIOBATM
MeXi FPYHTOBMX BiZMIH, LLO AAE 3MOry 3aCTOCOBYBATM MOr0 Yy TOYHOMY 3eMnepobCTBi. TaKUM YMHOM, METO CTaTTi
€ TMOPIBHAHHSA 3MiH enekTpo®di3nYHMX NOKA3HMKIB YOPHO3EMY TMMOBOIO 3a Pi3HMX cUCTeM yOoDOpeHHs B yMOBax
KPanjMHHOIO 3pOLUeHHSs. 3aansa 3M4IMCHEHHS aHanily 6yno BigibpaHo iHAMBILYaNbHI 3pa3ku IPYHTY KOXHOMO POKY
pocnigxkeHb B nepios 2018-2020 pp. HaBecHi (TpaBeHb) A0 MOYaTKy LBITIHHA CyHMUI. I3 BigibpaHux Ta BUCyLIEHMX
[l0 MOBITPSIHO-CYXOro CTaHy FPYHTOBMX 3pa3kiB METOAOM KBapTyBaHHsI Oyno BifibpaHo cepefHi 3MillaHi 3pasku ans
npoBeAeHHsI aHani3y. 3pobieHO BUCHOBOK, LLO eNeKTPOdi3nYHi NMOKA3HMKM 3a3HAKOTb 3MiH BiAMOBIAHO A0 MMOUHK
BiOOpY 3pa3kKiB, WO MOBA3aHO i3 3aCBOEHHSIM KOPUCHUX PEYOBMH i3 I'PYHTY POCIMHAMM Ta MEXaHi3MiB yLoOpeHHs
i KOpPENKTb Y 3HAYHIN Mipi i3 KMCNOTHO-NY)XHUMM MOKa3HMKaMKU IpyHTY. [poBeaeHo TpupiyHi JocnipkeHHs (2018-
2020) BnauBY pi3HUX CUCTEM YA0OPEHHSI B YMOBaX KPanesibHOro 3pOLUeHHs Ha eNeKTPodi3uyHi MOKa3HMUKM YOPHO3EMY
TUMNOBOrO Mif Yac BMPOLLYBaHHS CYHULi CafoBoi. BctaHoBAEHO, WO HaWbinbLWi 3MiHW enekTpodi3uyHMUX NOKA3HMKIB
(enekTponpoBiAHICTb, 3arafibHa MiHepani3awis, CONOHICTb) YOPHO3eMY TUMOBOTO BifOYBatOTLCS Bif, rpebeHeBoi YaCTUHM
[0 rnbunmn 20-30 cM. BusBneHa BiAMiHHICTb B OTPUMaHMX 3HAYEHHSX enekTPodi3NYHMX MOKA3HMKIB MidX BapiaHTamMu
pi3HOro yao6peHHs YOpHO3eMY TUMOBOTO (KOHTPO/bHUI, MiHEPabHa CUCTEMA, OpraHO-MiHepasibHa CUCTEMA, OpraHiyHa
CUCTEMA), @ TAKOX NPOTSroM poKiB AOCNIAKEHD

KntouoBi cnoBa: cnoBa: YOpHO3eM TUMOBMIA, ENEKTPOMiI3NYHI MOKA3HMKK, KpaneNbHe 3pOLUEeHHS, YA00peHHs
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Abstract. The process of improving farming systems reflects the main periods of development of the agricultural
sphere as a whole. The development of farming systems is an integral part of industrial production, as well as
scientificand technological progress. It is important to spread and implement so-called alternative farming systems
that eliminate or minimize the use of agrochemicals. Crop residues are an important source of arable soil fertility
reproduction, while the microbial transformation of fresh organic matter in arable soils informs processes such as
food production, the greenhouse effect,and the global carbon cycle. In turn, the integral indicator that most clearly
and fully reflects the nature of the intensity of mineralization of organic matter in the soil is the emission of carbon
dioxide. Thus, the purpose of the article is to conduct research during the growing season on the processes of “soil
respiration” and the amount of microflora in the soil of the basal zone of plants, which will make it possible to
reveal the influence of the elements of biologization of agriculture on the indicators of the biological activity of
podzolized chernozem.CO, emission processes and the abundance of the main groups of microflora were monitored
during the 2020 growing season in the stationary field experiment “Influence of different levels of biologization
of agriculture on soil fertility”. The article presents the results of observations of carbon dioxide emissions and
other indicators of biological activity of the soil in order to determine the effectiveness of the implementation
of elements of biologization of agriculture. It was established that the application of a complex of agricultural
measures (soil treatment with a stubble destructor, pre-sowing treatment of seeds with a biopreparation and two-
time foliar treatment with a humic preparation) increased CO, emissions and increased the number of microflora
in the root zone of corn compared to the control. A significant increase in the yield of corn grain from the use of a
complex of biological preparations was noted (up to 16% depending on the variant)

Keywords: emission of carbon dioxide, biologization of agriculture, agricultural activities, soil microflora, corn

INTRODUCTION
The development of agricultural systems in any coun-  progress. One of the new challenges of modern times
try primarily reflects the main stages of the develop- s the deterioration of the environment and agro-eco-
ment of agriculture in general. The renewal and evo-  systems, in particular, the increase in soil degradation,
lution of farming systems are inextricably linked with ~ which necessitates a change in the modern strategy of
industrial production and scientific and technological  agriculture.ltis likely that the path of further intensive
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general chemicalization of agriculture is economically
impractical and ecologically dangerous. In this regard,
in many countries, the so-called alternative farming sys-
tems, which exclude or minimize the use of agrochem-
icals, have become widespread. In Ukraine, studies of
the effectiveness of various measures of biologicaliza-
tion of agriculture have also been conducted for a long
time [1;2], and with the adoption of the Law of Ukraine
“On the Production and Circulation of Organic Prod-
ucts”, these issues have become particularly relevant.

Plant residues are the most important resource
for reproducing the fertility of arable soils. One of the
most expedient means of their use is to work them
into the soil, without removing them from the field,
in order to reproduce organic matter and preserve the
functional properties of soils in agrocenoses. However,
post-harvest plant residues of grain crops decompose
rather slowly due to the high content of lignin and
cellulose and low nitrogen content, which can lead to
a decrease in the yield of fertilized crops that follow
them in the crop rotation. One of the ways to accel-
erate the decomposition and increase the humifica-
tion coefficient of stubble and straw, which has be-
come widespread in recent years in the practice of the
agro-industrial complex, can be their treatment with
microbial preparations - stubble destructors. At the
same time, the introduction of highly effective strains
and consortia of destructive microorganismsis ensured
directly on the straw and, in the future, into the soil [3].

Microbial transformation of fresh organic mat-
ter in arable soils determines such processes as the
global carbon cycle, food production, and the green-
house effect. The integral indicator that most fully re-
flects the intensity of mineralization of organic matter
in the soil is the emission of carbon dioxide.

In recent years, considerable attention has been
paid to the impact of CO, concentration on the kinet-
ics of soil microbial respiration.

It has been established that the increase in the
amount of CO; in the atmosphere can affect the bio-
mass and activity of soil microorganisms only indirect-
ly - due to the increase in the amount of root exudates
and other organic substrates of plant origin accessible
to microbial decomposition [4-6]. Depending on the
type of plant under which the microbial population is
formed, both an increase and a decrease in the emis-
sion flow can be observed.

In some scientific studies, it has been established
that the use of biological destructors accelerates the
processes of mineralization and humification of straw in
the soil, reduces the manifestation of phytotoxicity, and
increases the yield of subsequent crops [7-10]. In field
experiments on chernozem soils, during autumn pro-
cessing and plowing of winter wheat straw with micro-
biological fertilizer Baikal EM-1 (2-3 l/ha), the number
of plant residues that did not decompose before spring
decreased from 8.5 to 1.9 and 3, 2 t/ha. In production
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tests on sod-podzolic soil, after processing chopped
straw with this biopreparation (with the introduction
of urea - 10-12 kg per 1 ton of straw) by spring, plant
residues were almost completely decomposed [11].

According to O. De Kok-Mercado, microbial bio-
preparations can show limited decomposing effective-
ness in agricultural soils due to a certain dependence
of the growth of microorganisms on environmental
factors. This author's research examined the effective-
ness of a microbial preparation, which includes the
microorganisms Bacillus subtilis, Rhodotorula lactose,
Debaromyces hansenuii, Hansenula anomala, Clado-
sporium cladosporiodes, designed specifically to ac-
tivate the decomposition of plant residues in No-Till
agricultural systems, namely to intensify the decom-
position of corn residues in the loamy soil of lowa.
It is assumed that this preparation is characterized
by the potential ability to accelerate the decompo-
sition of plant residues and can be effective in soils
with a low content of organic matter and low activ-
ity of the indigenous soil microbial community [12].

At the same time, along with certain positive
results that testify to the effectiveness of biological
preparations designed to accelerate the decompo-
sition of straw, there are experimental data of some
researchers that showed the absence of a stable and
sustainable effect from the use of destructors both in
terms of increasing the decomposition of straw and in
relation to changes in the emission flow of carbon di-
oxide gas from the soil [13-15]. The effect of “effective
microorganisms” (EM) was investigated in a field ex-
periment (2003-2006) in Switzerland. The experiment
was developed in order to clearly distinguish the influ-
ence of microorganisms directly and the substrate that
served as their nutrient medium (introduction of the
drug after sterilization). In this study, no effect of in-
troduced microorganisms (EM) was found on yield and
soilmicrobiological parameters such as soil respiration
and microbial biomass. Based on the obtained results,
it was concluded that “effective microorganisms” are
not able to improve the yield and quality of the soil in
the medium term (4 years) in agriculture in the condi-
tions of the temperate climate of Central Europe [16].

In view of the above, the purpose of the ar-
ticle is to conduct observations during the growing
season on the processes of “soil respiration” and the
number of microflora in the soil of the root zone of
plants, which will allow to reveal the influence of ele-
ments of biologization of agriculture (application of a
complex of biological preparations, which includes a
stubble destructor) on indicators of biological activity
podzolized chernozem.

MATERIALS AND METHODS
CO; emission processes and the abundance of the main
groups of microflora were studied during the 2020
growing season in the stationary field experiment



“The influence of different levels of biologization of
agriculture on soil fertility” (registered under No. 07
in the Register of “Stationary Field Experiments of
Ukraine”), which was established in 1989 in SE “DG
“Grakivske” NNC “IGA named after O.N. Sokolovsky”
near the village. Novy Korotych of the Kharkiv district
of the Kharkiv region.The soil of the experimental field
is chernozem, gilded with low humus, heavy loam on
forest-like loam. The arable layer of the soil contains:
humus according to the Tyurin method 4.1% [17]; of
total nitrogen - 0.21% [18], mobile phosphorus ac-
cording to the Chirykov method - 111 mg/kg of soil,
mobile potassium according to the Chirykov meth-
od - 90 mg/kg of soil [19]. They studied the effect on
"breathing” and the number of soil microorganisms of
the complex application of biological preparations of
various purposes. For the study, four variants of the
experiment were laid:

1. Soil treatment with the Humistern stubble de-
structor, pre-sowing seed treatment with the bioprepa-
ration Humikor, two-time foliar treatment of plants
with the liquid humic preparation Humisol-Plus 03
Corn (in the phase of 3-5 and 9-11 leaves) (all prepa-
rations produced by AF “Hermes”);

2. Control, without treatments;

3. Urea + soil treatment with the Humistern stub-
ble destructor, pre-sowing seed treatment with the
biopreparation Humikor, two-time foliar treatment of
plants with the liquid humic preparation Humisol-Plus
03 Corn (in the phase of 3-5 and 9-11 leaves);

4. Urea, without processing.

The cultivated plant is corn for grain.

Observations of the intensity of CO, emissions
from the soil were carried out in the field three times
during the growing season of 2020. Instrumental con-
trol of the intensity of carbon dioxide emission from
the soil surface was carried out using a testo 535 por-
table gas analyzer with isolation from atmospheric air.
Measurements were performed 3-5 times a day with
further averaging and statistical processing of the re-
sults.Simultaneously with the measurements of the in-
tensity of carbon dioxide release, the temperature and
humidity of the soil in the 0-20 cm layer were deter-
mined using a portable thermometer and hygrometer.

Portable gas analyzers are a convenient means
of preliminary operational control of the gas compo-
sition of the soil. The testo 535 portable gas analyzer
is designed to determine the concentration of carbon
dioxide in soil air and in the surface part of the atmo-
sphere. The device has a display part and an infrared
probe-absorber. Probe type - 2-channel infrared sen-
sor. The measurement range is from 0 to 104 ppm CO,.
The portable CO, gas analyzer is especially useful in
cases that require mobility and frequent changes of
the place of observation, because the light weight and
compactness make this device very convenient to use.
To increase the accuracy and objectivity of the mea-
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surement results, you should choose an exposure of
up to 15 minutes, a working chamber with an average
absorption volume of 2-3 dm? with a vertical fixation
of the infrared probe at a distance of 1.5-2 cm from
the soil surface [20].

The number of the main groups of microflora
in the soil samples of the basal zone of plants was
determined by the method of microbiological sowing
of the soil suspension with the appropriate dilution
on solid nutrient media [21-24]: organotrophic bac-
teria - on meat-peptone agar (MPA), microorganisms
that assimilate nitrogen from mineral compounds, and
actinomycetes - on starch-ammonium agar (KAA), oli-
gotrophic microorganisms - on starvation agar (HA),
fungi - on Richter's medium, Azotobacter - on Ashby's
medium with the addition of trace elements, phos-
phate-mobilizing bacteria on Muromtsev's medium
(for bacteria that dissolve mineral phosphates soil),
and Mdénkinoi (for bacteria that dissolve soil organic
phosphates); (repetition 3 times: each soil sample was
sown on each nutrient medium in 3 parallel Petri dish-
es). Soil samples for microbiological research were
taken twice during the growing season - the first time
3 weeks after the last treatment of plants with liquid
humic fertilizer, the second time - 2 months after the
first, before harvesting.

RESULTS AND DISCUSSION

According to the results of field measurements ob-
tained during the growing season of 2020, the differ-
ence in the release of carbon dioxide from the soil
surface for the tested options is quite significant. The
obtained results show an increase in the emission flow
of carbon dioxide with the use of a complex of agricul-
tural measures (treatment with a stubble destructor,
treatment of seeds with a biopreparation and two-time
foliar treatment with a humic preparation) (Fig. 1; 2).

Anincrease in the intensity of “breathing”was also
observed with the introduction of urea. The data of many
authors confirm that the use of biological preparations
accelerates the decomposition of high-carbon plant res-
idues and increases the biogenicity of the soil. The effec-
tiveness of biological preparations also increases in com-
bination with compensatory doses of nitrogen [25; 26].

The positive effect of the use of a complex of
biological preparations on the microflora remained at
the end of the growing season, although it was weaker
than what was observed in July. The number of bac-
teria assimilating organic nitrogen compounds in the
soil samples of variants treated with preparations with-
out mineral fertilizers was 37-59% higher than that of
the soil of the control plots, microorganisms assimilat-
ing mineral nitrogen - by an average of 31%, actino-
mycetes - by 11 %, oligotrophic microorganisms - by
5-8%. The number of micromycetes, as in the previous
sampling period, decreased by 8-32%. On average, the
number of microorganisms of the studied groups in the
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soil of the root zone of corn in the variants with the
use of agricultural measures without the introduction
of mineral fertilizers was 15% higher than the control
indicators. In the soil samples of the root zone of the
plants, selected on the plots of options with additional
treatment with urea, a larger number of microorgan-
isms was also observed with the use of agromeasures,
also to a lesser extent, than during the previous period
of sampling. The number of organotrophic bacteria in
the soil samples of the variants treated here was great-
er than in the control soil (surface treatment of the soil

with urea) by 11-49%, microorganisms that assimilate
nitrogen mineral compounds by 54%, oligotrophs by
10%, eutrophs by by 46%. The number of microscopic
fungi decreased by 12-45%. Generalization of the data
obtained during the second sampling showed that at
the end of the growing season in the soil of the bas-
al zone of plants with the use of a complex of prepa-
rations, the number of microorganisms of the main
groups was on average higher than in the control, by
15% in the case without mineral fertilizers and by 18%
in the background of urea.
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Figure 1. Emission of carbon dioxide from the soil in different versions of the experiment, kg/ha per hour
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Figure 2. Seasonal dynamics of carbon dioxide emissions from the soil
in different variants of the experiment, kg/ha per hour

The amount of CO, produced by the soil is
determined both by biological factors (the rate of
growth and development of plants and microorgan-
isms, root respiration) and by the physical conditions
of the environment (temperature and humidity of the
air and soil, etc.). In this regard, the emission of CO,
from the soil surface has quite clear daily and sea-
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sonal dynamics. The authors observed an increase in
emission in the summer period with a gradual fading
until autumn (Fig. 2).

As you know, biological preparations “work”
most actively during the initial period of decomposi-
tion, in optimal conditions of humidity and tempera-
ture for microbiota. The accompanying observations
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of soil temperature and humidity showed the highest
values in June-July, and in September, soil humidity
was critically low, close to the humidity of plant wilt-

30

ing. According to the authors, this became one of the
limiting factors that suppress “soil respiration” in the
autumn period (Fig. 3, 4).
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As it known, root respiration makes up approxi-
mately 40% of the total soil respiration. Therefore, the
growth of vegetation and root mass of plants signifi-
cantly affects the overall emission flow. In particular,
the influence of changes in humidity and soil tempera-
ture, as the main natural factors regulating the course
of biological processes, during the growing season is
covered by the action of a set of anthropogenic fac-
tors, primarily due to the contribution of root respira-
tion. The largest contribution of root respiration to the
emission flow is made by grain stubble crops - win-
ter rye, winter wheat, barley, CO, intake from the soil

under which is 35% higher than from the soil under
steam. Row crops (corn, sunflower) are inferior to them
in this, probably due to less coverage by the root sys-
tem of the upper soil layer [27; 28].

The obtained yield data of corn grain demon-
strate a significant increase in the yield with the use
of a complex of agricultural measures (treatment with
a stubble destructor, seed treatment with a bioprepa-
ration and two-time foliar treatment with a humic
preparation) both without the introduction of mineral
fertilizers - by 14.5%, and against the background of
urea - by 16% ( Fig. 5).
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CONCLUSIONS

According to the obtained data, the use of a
complex of agricultural measures, which includes the use
of a stubble destructor, has a significant impact on the
formation of the emission flow of carbon dioxide from
podzolized chernozem and the microbial community in
the root zone of plants. It has been confirmed that CO,
emission from the soil surface has quite clear daily and
seasonal dynamics. We recorded an increase in emis-
sion in the summer period with a gradual fading until
au-tumn, which illustrates the direct connection of “soil
res-piration” with the seasonality of the microbial
coenosis.

The influence of hydrothermal factors and the
growth of the root mass of the plant are undoubted-ly
significant factors in changes in the emission flow. But
the systematic complex application of biological
preparations can, by accelerating the decomposition
of high-carbon plant residues and increasing the bio-
genicity of the soil, significantly affect the dynamics
of carbon dioxide production and the balance of soil
carbon as a whole.

An increase in the number of microflora in the
root zone of corn plants was noted, in particular, ag-
ronomically useful bacteria - nitrogen-fixing, phos-
phate-mobilizing, which contribute to the optimiza-
tion of plant root nutrition.

In the conditions of the growing season of
2020, reliable increases in the yield of corn grain of
the “DN Vita” variety from the use of a complex of bi-
opreparations amounted to 14.5% without the intro-
duction of mineral fertilizers, against the background
of urea - 16%.

The use of modern microbial preparations in
corn cultivation technologies can also limit non-pro-
ductive losses of compounds of biogenic elements in
the soil profile. Prospective studies are aimed at scien-
tific justification for the further introduction into ag-
ricultural production of microbial preparations based
on beneficial microorganisms, which can significant-
ly reduce the chemical load on the environment and
contribute to carbon sequestration in the soil.
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Bnaue 6ionpenapaTiB Ha eMicito CO,
Ta Mikpodnopy Yy NPUKOPEHEBIN 30HI KYKypya3u

0.M1. Ca6pyk,
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HHLL «lHCTUTYT rpyHTO3HaBCTBA Ta arpoximii imeHi O.H. CokonoBCbKoro»

AHorTauis. [pouec yaocKoHaNeHHs cucTeM 3emnepo6cTBa BifOMBAE OCHOBHI NepiofyM PO3BUTKY CilbCbKOrOCNoAapChKOi
cdepun B Linomy. PO3BUTOK cucTeM 3emMnepobCTBa € HEBILEMHOK YaCTMHOK MPOMMCIOBOrO BUPOOHMLITBA, @ TaKOX
HayKOBO-TEXHIYHOrO Mporpecy. BaxMBUM € po3MnoBCOAXKEHHS Ta BMPOBaAXKEHHS TaK 3BaHMX aNbTEPHATUBHUX CUCTEM
3emMnepobCTBa, WO HiBEMOTb a0 MiHIMi3yOTb BUKOPUCTAHHS arpoximikaTis. POC/IMHHI peLuTKM € BaroMUM OyepenoMm
BIATBOPEHHS POAKYOCTI OPHMUX I'PYHTIB, BOAHOYAC NEPETBOPEHHS MiKpOOPraHi3MaMu CBiXOi OpraHivyHoOi pe4yoBMHU B
OPHWX FPYHTax O3HaMeHYE Taki Npouecu, Sk BUPOOHWULTBO NPOAOBONLCTBA, NAPHWMKOBUI edeKT, @ TakoxX rnobanbHui
Kpyroobir Byrnewt. Y CBOK uepry, iHTerpasbHWM MOKa3HWKOM, O HAMBINbL YiTKO Ta MOBHO BifoOpaxae xapaktep
IHTEHCMBHOCTI MiHepani3auii OpraHiYHOi pe4OBMHU B I'PYHTI, € EMICiSi BYrnekncaoro rasy. TakuM YMHOM, METOLKO CTaTTi €
NpOBEeAEHHS JOCNIIKEHb NPOTArOM BereTaLiiHOro nepiomy 3a npoLecamm «KAUXaHHS FPYHTY» Ta KinbKicTio Mikpodnopu
y T'PYHTi MPWKOPEHEBOI 30HW POCAWH, LLO AACTb 3MOry BWUSIBUTM BMAMB eneMeHTIB Dionorisauii 3emnepobcrsa Ha
NMOKa3HMKK 6ioNoriYHOi aKTMBHOCTI YopHO3eMy onia3oneHoro. 3a npouecamu emicii CO, Ta YMCENBHICTIO FONOBHUX
rpyn Mikpodnopu cnocrtepiranu BNpoAoBX BereTauiMHoro nepiogy 2020 p. y cTauioHapHOMy MoabOBOMY AOCHiAi
«Bnnue pi3HMX piBHIB Hionorisauii 3eMnepobCTBa Ha POAKYICTb FPYHTY». Y CTaTTi BUKNALEHO Pe3yNbTaTi NPOBEAEHHS
CNocTepexeHb 3a EMICi€ BYMEKUCIONO rasy Ta iHWMMKM MOKa3HMKaMKM BiONOriYHOI aKTUBHOCTI FPYHTY 3 METOH
BM3HAYEHHs e(eKTMBHOCTI BNPOBAMKEHHSI eneMeHTiB bionorisauii 3emnepobcrea. BCTaHOBNEHO, WO 3aCTOCYBAHHS
KOMMNMIEKCY arpo3axoaiB (06pobka IpyHTY AEeCTpyKTOpOM CTepHi, nepeanociBHa 0bpobka HaciHHsS GionpenapaTtom
Ta [LBOKpaTHa no3akopeHeBa 06pobka rymiHoBMM npenapatom) nocununun emicito CO, Ta NiABULLMAN YMCENbHICTD
MiKpodnopu y NpUKOPEHEBIM 30HI KYKYpYA3M NOPIBHAHO 3 KOHTPONeM. BigMiyeHo AOCTOBIpHMIA NPUPICT ypoXato 3epHa
KYKYPY/A3M BifJ, 3aCTOCYBaHHSA KOMMieKcy 6ionpenapaTiB (0o 16 % 3anexHocCTi Big BapiaHTy)

KniouoBi cnoBa: cnoBa: emicia Byrnekucnoro rasy, 6ionorisauis 3emnepo6crBa, arpo3axoau, Mikpodaopa rpyHTy,
KYKypyA3a
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TepHoMinbCbKa AepXKaBHA CiNbCbKOrocnoaapcbka AOCNIAHA CTaHLifA IHCTUTYTY KOpMIB
cinbcbkoro rocnopapctsa MNoginnsg HauioHanbHOi akageMii arpapHMX Hayk YKpaiHu

Abstract. The indicator of high and productive potato harvests is the use of new high-yielding varieties, effective
planting material, proper provision of plants with useful substances, ensuring crop care, protection of plants from
weeds, diseases and pests, maintaining optimal soil moisture during the growing season. One of the priority
indicators that determine the low yield of potatoes in many areas of Ukraine, both favorable and unfavorable for
potato growing, is the use of low-quality seed material that is affected by infectious phytopathogens. reproduction
of healthy seed material is one of the main tasks of potato seed production. The use of biological preparations
to stimulate the development of plants, increasing their endurance to negative environmental stimuli is relevant
for the accelerated reproduction of such material. Thus, the purpose of the article is to study the effective
technological aspects during the reproduction of pre-basic seed material of potatoes, which includes the use of
the biological preparation Albit, in the conditions of the southwestern territory of the Forest Steppe of Ukraine.
The article presents the results of studies of the influence of methods of application of the complex drug Albit on
the formation of potato productivity in the process of reproduction of pre-basic seed material in the conditions of
the southwestern part of the Forest Steppe of Ukraine. In the course of research, it was established that in order
to achieve a high level of realization of the biological potential of the culture and product quality when growing
pre-basic potato seed material, it is advisable to treat the tubers at planting with Albit 100 ml/t and to spray twice
in the seedling and budding phases of vegetative plants with the drug in a dose of 50 ml/Ha

Keywords: potato, harvest, seed productivity, growth regulating substances, tuber fractions

INTRODUCTION

The criterion for high and guaranteed potato yields
is the use of new high-yielding varieties, high-quality
planting material, full supply of plants with nutrients,
timely care of crops, effective protection of plants
from weeds, diseases and pests, maintenance of opti-
mal soil moisture during the growing season, compli-
ance with technological regulations.

One of the main factors determining the low
yield of potatoes in almost all areas of Ukraine, both

Article’s History:

Received: xx.xx.2021
Revised: xx.xx.2021
Accepted: xx.xx.2021

Suggested Citation:

favorable and unfavorable for potato growing, is the
use of low-quality seed material affected by infectious
phytopathogens.

Protection of seed potatoes from viral and other
diseases, as well as preservation of reproductive prop-
erties of varieties is provided by the potato seed pro-
duction system. Potato seed production is a branch of
potato growing, the task of which is the cultivation of
planting material of high reproductions of both potato

Bilinska, O., Kulka, V., Samets, N., & Golod, R. (2021). The influence of the use of the drug Albit on the formation of
the seed productivity of the pre-basic material of potatoes. Ukrainian Black Sea Region Agrarian Science, 25(2),71-79.
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varieties that have been in production for a long time,
and new ones, to the extent that they are entered into
the State Register of plant varieties suitable for distri-
bution in Ukraine, with mandatory preservation their
purity, biological and economic qualities for varietal re-
placement and systematic varietal renewal in farms of
various forms of ownership.

Proper seed production is the most important
condition for obtaining high and stable potato yields.

A characteristic feature of the modern innova-
tive development of potato seed production is the pro-
duction of high-quality seed material of new varieties,
resistant to diseases, with high adaptability to various
natural and climatic conditions and valuable econom-
ic characteristics, which is an important condition for
their commercial attractiveness.

In market conditions, along with the increase in
potato production,the problem of seed quality has arisen
as one of the most important factors in the seed produc-
tion system. High-performance planting material, with
regular variety renewal under all other equal conditions
and measures, provides a yield increase of up to 50%.

Therefore, the reproduction of healthy seed ma-
terial and the increase in the production of super-su-
per-elite in a short period of time is one of the main
tasks of potato seed production [1].

The use of biological preparations to stimulate
the growth and development of plants, increase their
resistance to negative environmental factors (drought,
frost, stress after treatment with pesticides, etc.), to
harmful organisms is currently relevant for the acceler-
ated reproduction of such material.

Wide use of modern growth-regulating sub-
stances is one of the factors of increasing productivity,
improving quality and realizing the potential produc-
tivity of potato varieties. The use of plant growth reg-
ulators in potato plantations in modern conditions of
climate deterioration, with the rejection of the use of
organic fertilizers and a decrease in quality indicators
of soil fertility, increases the overall productivity of po-
tatoes, and increases the reproduction rate of the im-
proved source material. According to the results of the
research of the Institute of Potato Growing of the Na-
tional Academy of Sciences, foliar fertilization with the
growth regulator gibberellin Al at the rate of 20 g/ha
during propagation of healthy potatoes by seedling cul-
ture increased the yield of seedlings from in vitro plants
by 19-26% and increased their reproduction coefficient,
depending on the variety, by 18- 22%.The use of succinic
acid at a rate of 2 kg/ha led to an increase in yield by 21-
25% and an increase in the size of tubers by 32-38% [2].

The use of growth-regulating substances of the
new generation, which are a combination of synthetic or
natural phytohormones and synthetic or natural humic
acids,makes it possible to reduce the volume of chemical
fertilizers and plant protection agents. The use of such
combinations in spring and autumn stabilizes soil biology.

Ukrainian Black Sea Region Agrarian Science, 25(2), 71-79

An increase in the yield of seed tubers of the
standard fraction was noted during the complex treat-
ment of potato tubers and plants with Stimpo plant
growth regulator. In the Strumok variety, in the version
using tubers 28-60 mm in size at a planting density
of 74.1 thousand pcs./ha - by 82.1 thousand pcs./ha
or 16.4%. When planting tubers with a density of 66.7
thousand pieces/ha - by 87.3 or 18.0%. When using
small tubers <28 mm in size (66.7 thousand pieces/
ha), the yield of seed tubers increased by 47.8 thousand
pieces/ha or 11.3% [3].

Scientific and practical interest in plant growth
regulators is growing in many countries. Such interest
in their use is caused by the fact that, in the opinion of
many scientists and technologists, the possibilities of
using fertilizers for further growth of crop yields are
running out, and therefore the main additions to plant
productivity will be achieved through the use of biolog-
ically derived preparations.

According to the research results of RUP “Scien-
tific and practical center of NAAS of Belarus for potato
growing and fruit growing”, the application of the plant
growth regulator Mikrostim B,Cu on the background of
N,,, P;, K5, €nsured an increase in the yield of potato
tubers of the Manifest variety by 2.8 t/ha (from 42.4 up
to 45.2 t/ha), an increase in starch content by 0.9% [4].

It is possible to improve the quality of the potato
crop by improving the elements of the technology of
growing potatoes, namely biologization.

The use of environmentally safe preparations
based on microorganisms that improve nitrogen and
phosphorus nutrition of plants, promote the activation
of growth processes, strengthen plant immunity, pro-
duce biologically active substances, participate in the
biocontrol of phytopathogens, increase the productivity
and marketable quality of potatoes.

By affecting the transmission of genetic informa-
tion, synthetic biostimulants can increase the yield of
agricultural crops by up to 48%. They accelerate cell di-
vision, intensify the vital activity of cells of plant organ-
isms, increase the permeability of intercellular mem-
branes and accelerate biochemical processes in them,
which leads to the strengthening of the processes of
nutrition, respiration and photosynthesis. Plants use
fertilizers more efficiently.

Inrecentyears,as aresult of climate changeand a
number of organizationaland economicfactors (the main
part of production is in the individual sector, poor-qual-
ity planting material, lack of crop rotation, violations of
the system of soil cultivation and care), there have been
significant changes in the phytosanitary state of agro-
cenoses of Ukraine. Small areas have turned into reser-
vations for the accumulation of diseases and pests [5].

In modern conditions, the most effective way to
control harmful organisms is chemical protection of
plants. Its use is a simple and reliable method of ob-
taining consistently high yields of agricultural crops.



However, the active use of pesticides has a negative
impact on human health and the environment. When
agricultural land is treated with chemical protection
agents, part of it is lost due to wind erosion, dispersion
in the atmosphere with air currents.

Depending on the physical properties of the
preparation form and the technology of application, 40-
70% of the rate of consumption settles on plants and
soil, forming the initial stock of the toxic substance [6].

Therefore,now,asanalternativetosuchaprotection
system,agricultural producers are increasingly choosing
various options for ecologically safe biological farming.

For modern potato farming, the study and im-
plementation of biological means of protection in
production is relevant. Namely, the development of an
effective system for controlling the spread and level
of disease development. Especially fungal (phytoph-
thora, rhizoctoniosis, alternaria, common scab, dry
fusarium, rot), which significantly reduce productivity
and affect the marketability and shelf life of tubers
during long-term storage [7].

Depending on the timing of planting and meth-
ods of processing plants and tubers with chemical and
biological preparations, research has established the
level of productivity of Skarbnytsia and Lileya pota-
to varieties in the conditions of four soil and climate
zones of the Lviv region (Forest Steppe, Polyssia, Car-
pathian Foothills and Carpathians).

It was noted that the treatment of tubers with
biological preparations before planting plants in the
budding and flowering phases with Planriz, Diazophyt,
Phosphoenterin and the fungicide Ridomil Gold MC 68
WG generally contributed to an increase in the yield
and marketability of potatoes compared to the control
variant by an average of 1.3-1.5 times , increasing the
standard part of tubers.

The use of biological preparations (on the back-
ground of high technology) can preserve the potato crop
and ensurethe production of ecologically clean products,
and therefore significantly reduce, and sometimes com-
pletely prevent the use of chemical protection agents [6].

The results of a three-year study conducted at
the Institute of Potato Growing of the National Acade-
my of Sciences on the study of the influence of plant-
ing dates and treatment of tubers before planting with
biological preparations on the yield, marketability,and
quality indicators of new potato varieties showed that
the dates of planting and treatment of tubers with bi-
ological preparations influenced the productivity of
the studied varieties. The highest overall yield was ob-
tained in the variant using the biological preparation
Planryz at all planting times [8].

Treatment of vegetative potato plants with bio-
organic fertilizers with re-regulating properties Pros-
tin and Polistin contributed to the growth of the yield
of Lileya tubers up to 37.6 t/ha or 11.2% higher than
in the control [9].
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To date, about 4,000 biologically active sub-
stances have been identified and studied to varying
degrees in global practice, 10% of which have found
practical use in the production of agricultural products.

These drugs, regulating the activity of metabo-
lism in seeds and fruits, activate or inhibit the process-
es of energy resource utilization, affect overwintering,
increase resistance to drought, suppressing the activ-
ity of some enzyme systems, to the action of chemical
protection agents, affect the processes of growth and
development, accelerate ripening.All this ultimately af-
fects the quantity and quality of the harvest [10].

During 2016-2018, scientists of the Ukrainian
PlantQuarantineResearchStationofthelnstitute of Plant
Protection of the National Academy of Sciences conduct-
ed a study of the effectiveness of the use of biologics in
potato plantations on yield and profitability indicators
in field conditions on gray forest, silty, heavy loam soil.

It was established that the use of various com-
binations of biological preparations, including Pseudo-
monas fluorenscens bacteria, compared to the control
variant, contributed to the increase in productivity, yield
of a smaller part of non-standard tubers, and higher
profitability of potatoes [11].

The use of various types of microbiological
preparationsin moderntechnologies notonlyimproves
the productivity and quality of products, increases re-
sistance against phytopathogens, but also contributes
to the recovery of agrocenoses from the harmful effects
of pesticides. An ecological alternative to plant pro-
tection is the reduction of phytopathogens under the
influence of biological preparations. The study of the
effect of treatment with biological preparations (Plan-
ryz, Fitodoktor) of seed material and affected potato
plantations with Alternaria was carried out on the basis
of the Ukrainian Research Plant Quarantine Station of
the Institute of Plant Protection of the National Acad-
emy of Agrarian Sciences (UkrRPQS IPP of the NAAS).

The results of the experiments indicate the ex-
pediency of using biological preparations against po-
tato Alternaria. The technical efficiency of their action
when processing potato seed material on all studied
varieties was 26.6-47.1% [12]. The analysis of literary
data shows the perspective of the study of biological
preparations in Ukraine. Marketing of drugs of biolog-
ical origin is actively developing in our country. The
data available in the scientific literature are insuffi-
cient for a correct and justified choice of the most ef-
fective of them, taking into account the area of use.
There is conflicting information about the influence
of biologics on some quality indicators of the crop. All
this calls for a deeper study of these issues.

The purpose of the research is to study effective
technological elements in the process of reproduction
of pre-basic seed material of potatoes, which includes
the use of Albit biological preparation, in the conditions
of the southwestern part of the Forest Steppe of Ukraine.
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STUDY OF PRODUCTIVITY OF PRE-BASIC
POTATO SEED MATERIAL ACCORDING
TO THE METHOD OF APPLICATION
OF THE COMPLEX DRUG ALBIT

The study of the productivity of the pre-basic seed
material of potatoes depending on the method of ap-
plication of the complex drug Albit was carried out
during the 2019-2020 growing season at the Terno-
pil State Agricultural Research Station of the Podillia
Agricultural Fodder Institute of the National Acade-
my of Agrarian Sciences of Ukraine on the fields of
breeding and seed rotation scientific and technolog-
ical department of crop production and agriculture
with the early-ripening variety Tiras. Albit (producer of
PE “Rodonite”) is a complex preparation, biofungicide,
anti-stressor, which has the properties of growth regu-
lator and fungicide, used for seed treatment and foliar
treatment of plants.

The antidote (antistress) effect of Albit when
used with chemical pesticides ranges from 5 to 93%,
i.e. Albit is able to prevent crop losses. The drug in-
creases the yield of cereals, legumes, sugar beets, po-
tatoes, sunflowers, flax, vegetables, fruits, fodder herbs
and other agricultural crops by 12-23%. The fungicid-
al effect of Albit is based on strengthening the im-
munity of plants, stimulating their natural ability to
resist diseases. Strengthening the natural protective
mechanisms of plants, the drug acts as a broad-spec-
trum systemic fungicide. Due to the reproduction of
nitrogen fixers and other useful bacteria in the soil,
activating the supply of nutrients to plants, Albit in-
creases the coefficients of mineral nutrition elements
used by plants from the soil and from fertilizers by
18-47%. As a result, plants use the available nutrients
more effectively, allowing to reduce the consump-
tion of mineral fertilizers by 10-30%. In addition, the
biological preparation strengthens the drought re-
sistance of plants and ensures a stable harvest. The
high reproducibility of the action of the drug, that
is, the ability to ensure a stable harvest in various
conditions, opens up wide prospects for its use. The
composition of the Albit preparation: poly-B-hydroxy-
butyric acid from soil bacteria (Bacillus megaterium
and Pseudomonas aureofaciens), terpene acids from
coniferous extract, a balanced starting set of mac-
ro- and microelements. Albit does not contain living
microorganisms, but only bacteria from them, which
makes the effect of the drug more stable, less sus-
ceptible to the influence of environmental conditions.
The advantage of Albit over similar drugs is its com-
patibility with all pesticides and fertilizers. It is char-
acterized by low cost and environmental friendliness
as a biological drug, while at the same time it is close
to chemical drugs in terms of efficiency and stability.

The research was conducted in accordance with
methodological recommendations for conducting
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research with potatoes, developed by the Institute of
Potato Growing of the National Academy of Agrarian
Sciences (Nemishaeve, 2002) [13].

According to the methodology, the following
observations of plant growth and development were
carried out during the vegetation period: phenological
observations (the beginning (10%) and massive (75%)
onset of phases of plant development were noted:
seedlings, budding, flowering and death of tops); re-
cords of plant stand density after germination; records
of disease. The density of plant stands was recorded by
continuous counting of the number of plants in all ac-
counting areas. During the visual inspection of crops
for the presence of diseases in all variants of the ex-
periment, over the years of observation, no plants af-
fected by viral and other diseases were found. Harvest
accounting was carried out by the method of continu-
ous weighing of potatoes from each accounting plot.
The structure of the crop was determined taking into
account the requirements of DSTU 4013-2001 “Vari-
etal and sowing qualities of seed potatoes. Technical
conditions”, and calculated by counting and weighing
tubers by fractions: <28 mm; 28-55 mm, >55 mm in
the transverse diameter of the tubers in the first and
third repetitions. The marketability of the harvest was
determined by the mass of all tubers >28 mm in trans-
verse diameter, expressed as a percentage of the total
harvest. The number of tubers in each fraction was
counted and weighed and determined as a percentage
of the total number or weight. Tuber damage by fun-
gal and bacterial diseases was determined by external
signs of affected tubers in three repetitions of all vari-
ants in samples of 100 potato tubers.

The planting area of the plot in the experiment
is 28 m2, accounting - 25 m?, repetition three times.
The density of planting is 42,000 plants per hectare.

Soil conditions: deep chernozems, low-humus,
slightly leached medium loamy granulometric compo-
sition. Agrotechnics of growing potatoes in the experi-
ment, the fight against diseases and pests is generally
accepted for the zone with the use of a complex of
seed measures. The predecessor is winter wheat. Be-
fore planting, mineral fertilizer was applied at the rate
of N8OP80OK80 (nitroamofoska).

According to the scheme of the experiment,
when planting, seed tubers were treated with Albit
(100 ml/t) and vegetative plants were sprayed with
Albit (50 ml/ha) in the seedling and budding phase
(Table 1). The formation of the harvest of agricultural
crops, including potatoes, is significantly influenced by
meteorological conditions. Fluctuations over the years,
as well as seasonal changes in air temperature, atmo-
spheric and soil moisture, play a significant role in the
processes of nutrient exchange in the soil.

The years of research differed in the amount and
nature of precipitation, air temperature.
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Table 1. Scheme of the experiment

Drug, dose and method of use

Treatment of tubers before planting

Spraying of vegetative plants in the

Spraying of vegetative plants in the

1 Control - water
2 Albite 100 ml/t
3 -
4 -
5 Albite 100 ml/t

During the two years of observation, the weath-
er conditions of 2020 compared to 2019 were more
favorable for the growth and development of potato
plants, for the processes of stem formation, tying of

seedling phase

Albit 50 ml/ha

budding phase

Albit 50 ml/ha -

Albit 50 ml/ha

Albit 50 ml/ha

tubers in the bush, and ultimately for the accumula-
tion of potato tubers (table 2; 3, built according to
the data of the Horostki agrometeorological station
in 2019-2020).

Table 2. Average monthly air temperature for April-September, °C

Year April May June July August September
2019 10.0 14.2 213 18.9 20.5 16.1
2020 8.6 11.8 19.3 19.3 20.4 16.3
norm 8.1 141 17.3 18.8 18.3 13.8

Table 3. Amount of precipitation for the month of April-September, mm

September

2019 25 121
2020 16 60
norm 40 62

The results of research carried out during 2019-
2020 showed that the use of the complex drug Albit
in the conditions of the southwestern part of the for-
est-steppe of Ukraine when growing additional basic
material of potatoes of the Tiras variety helps to in-
crease the yield compared to the control option - wa-
ter treatment. The highest average yield of potatoes

123

30 22 13
94 81 95
91 65 55

over two years (19.8 t/ha) was recorded in the options
where tubers were treated before planting with Albit
at a dose of 100 ml/t and spraying of vegetative plants
in the seedling and budding phases with the drug at
a dose of 50 ml/ha. The increase compared to control
averaged 4.3 t/ha of tubers (21.7%) over two years of
observation (Table 4).
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Table 4. The effect of the use of the complex drug Albit on the yield of potatoes
of the Tiras variety, t/ha, 2019-2020

Variants

Potato yield, t/ha

Growth to control (%)

1 Control is water

2 Treatment of tubers before planting with Albit 100 ml/t

Spraying vegetative plants in the seedling phase with
Albit 50 ml/ha

Spraying vegetative plants in the budding phase with
Albit 50 ml/ha

Treatment of tubers before planting with Albit 100
5 ml/t + spraying of vegetative plants in the seedling and
budding phase with Albit 50 ml/ha

P,%
HIP0,05, t/ha

Phenological observations conducted during
the growing season of potatoes showed that the use
of Albit to some extent influenced the dates of onset of
phenological phases. During the observations, it was vi-
sually noted that the emergence of seedlings was more
friendly and 2-3 days earlier compared to the control,
on the options where the tubers were treated with
the drug before planting. Potato productivity large-
ly depends on the number of stems and tubers in the
bush. All agrotechnical measures carried out should be
aimed at creating optimal conditions for the formation

2020. 2019 -2020 t/ha %
14.4 16.5 15.5 = =
15.6 17.2 16.4 +0.9 5.8
16.2 18.3 17.3 +2.5 16.1
16.3 20.2 18.3 +2.8 18.1
17.5 221 19.8 +4.3 217
2.37 298
1.24 1.84

of the named productivity factors. Observations during
2019-2020 showed that the use of Albit contributed to
an increase in the average number of stems per potato
bush. This indicator increased in all options, where the
drug was used, but the option in which treatment of
tubers at planting (100 ml/t) and two-time spraying of
vegetative plants (50 ml/ha) in the seedling and bud-
ding phase was carried out stood out the most. In this
version, this indicator was within 4.4 units on average
over two years of research. at 3.0 pcs. in the control
version (Table 5).

Table 5. The effect of the use of the drug on the formation of the number of stems
and tubers in a bush of potatoes of the Tiras variety, pcs./bush, 2019-2020

Variants

Stem, pc./bush

Tuber, pc./bush

1 Control - water 2.9

2 Treatment of tubers before planting with 39
Albit 100 ml/t ’

3 Spraying vegetative plants in the seedling 35
phase with Albit 50 ml/ha :

4 Spraying vegetative plants in the budding 36
phase with Albit 50 ml/ha ’

Treatment of tubers before planting with
Albit 100 ml/t + spraying of vegetative plants 42

in the seedling and budding phase with Albit
50 ml/ha

The main components of the potato harvest are
the formation of tubers under the bush. Analysis of two-
year observations showed that the use of Albit provid-
ed an increase in the tuber-forming capacity of potato
plants. The data in Table 5 show that an increase in the
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2020 2019-2020 2019 2020 2019-2020
31 3.0 9.9 10.2 10.1
33 33 10.5 10.8 10.7
3.7 3.6 11.4 11.6 11.5
3.9 3.8 119 12.6 12.3
4.5 4.4 12.8 13.2 13.0

number of tubers under the bush was observed when
using the drug in all variants of the experiment. On av-
erage over two years, the most of them were obtained in
the variant where Albit was used to treat tubers before
planting at a dose of 100 ml/t and for spraying vege-
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tative plants at a dose of 50 ml/ha in the seedling and
budding phase. In this variant, the yield of tubers from
one bush was the largest and amounted to 13.0 units
on average in 2019-2020. with control 10.1 pcs. The
increase in this version was 2.9 pcs. (Table 5)

The ratio of the fractional composition of the
crop for the years of the study differed by variant. It was
established that the use of Albit contributed to the in-
crease in marketability of tubers. Namely, an increase in
the mass of tubers of the large (>55 mm) and seed (28-

55 mm) fractions and a decrease in the mass of tubers
of the small fraction (<28 mm in transverse diameter).

Over two years of research, in all variants where
the drug was used, an increase in the mass fraction of
tubers of the large fraction to 31.5-28.9% of the total
mass of tubers was noted, respectively, according to
the variants, while the control was 26.5%. The largest
number of tubers of the seed fraction on average over
two years of research was noted on the control vari-
ant - 59.4%. (Table 6).

Table 6. The structure of the Tiras variety potato harvest by weight depending

Variants

1 Control - water 34 2.8 3.1

Treatment of tubers
2 before planting with 3.0
Albit 100 ml/t

Spraying vegetative
plants in the seedling
phase with Albit 50
ml/ha

Spraying vegetative
plants in the budding
phase with Albit 50
ml/ha

Treatment of tubers
before planting with
Albit 100 ml/t +
5  spraying of vegetative 0.9 0.1 0.5
plants in the seedling
and budding phase
with Albit 50 ml/ha

12.2 2.6

24 1.6 2.0

12.0 1.2 1.6

During a visual inspection of the crops for the
presence of diseases, no plants affected by viral and
other diseases were detected in all variants of the ex-
periment for two years. When determining tuber dam-
age by fungal and bacterial diseases based on exter-
nal signs, minor tuber damage by common scab (0.3%
on control) was detected in 2019.

CONCLUSIONS
As a result of scientific research conducted in Ternopil
SARS IFA NAAS during 2019-2020, it was established
that a high level of realization of the biological potential
of the culture and the quality of products when growing
pre-basic potato seed material on deep chernozems with
low humus and slightly leached medium loam granulo-
metriccomposition,itisadvisabletotreatthetuberswhen
planting with the complex drug Albit in a dose of 100
ml/t and spray twice in the seedling and budding phase

of vegetative plants with the drug in a dose of 50 ml/ha.

on the use of biological preparation, 2019-2020

Tubers fraction

28-55 mm >55 mm

2019- 2019-

2019 2020 2020 2019 2020 2020
58.8 60.0 59.4 25.8 27.2 6.5
9.0 8.0 8.5 8.0 9.8 8.9
7.8 8.4 8.1 9.8 30.0 9.9
79 8.6 8.3 0.1 0.2 0.1
8.3 7.7 8.0 0.8 2.2 15

The analysis of the results of studies on the pro-
ductivity of the basic potato seed material depending
on the method of application of the complex drug Al-
bit for the Tiras variety showed that a reliable increase
in yield compared to the control was obtained in all
options with the use of the drug. The highest yield of
potatoes on average over two years was 19.8 t/ha (in
2020 - 22.1 t/ha) in variants where tubers were treat-
ed with Albit before planting (100 ml/t) and vegetative
plants were sprayed in the seedling phase and budding
with the drug at a dose of 50 ml/ha. The yield increase
before control in 2020 was 5.6 t/ha (33.9%) and 4.3 t/
ha (21.7%) on average for 2019-2020.

The use of Albit, as one of the elements in the
technology of production of pre-basic seed material for
potatoes, helps to improve the marketability of the crop,
increase the average number of stems and tubers in the
bush and, accordingly, increase the productivity of the
crop as a whole. In modern agro-ecological conditions,
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it is of great importance to further optimize techniques  of all, in the reproduction of pre-basic and basic seed
for the study and application of the latest biological material in order to obtain quality products and reduce
preparations in the cultivation of seed potatoes, first the chemical load on the soil and plants.
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BnnuB 3acTocyBaHHA nNpenapaTty Anb6iT Ha popMyBaHHA
HaciHHEBOI NPOAYKTUBHOCTI f06a30Boro marepiany Kapronni
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TepHoMinbCbKa AepXKaBHA CiNbCbKOrocnofapcbka AOCNIAHA CTAHLIf IHCTUTYTY KOpMIB
cinbcbkoro rocnogapcrea lMoainng HauioHanbHOT akageMii arpapHmMx Hayk YKpaiHu

AHoTauif. [ToKa3HMKOM BUCOKMX i pe3yNbTaTUBHUX YPOXKaiB KapToOni € BUKOPUCTAHHS HOBMX BUCOKONPOAYKTUBHUX
copTiB, ePeKTUBHOr0 CaAMBHOIO MaTepiany, HanexHe 3abe3neyeHHs POC/IMH KOPUCHUMU peYOBMHAMMU, 3a0e3neUeHHs
[OrNsSAy 3a NOCiBaMu, HAAAHHA 3aXMUCTY POC/MH Bif OypaHiB, XBOPOO Ta WKiAHWUKIB, LOTPUMAHHS ONTUMAIbHOIO CTaHy
BOJIOrOCTi FpyHTY B nepiog Beretauii.OgHUM 3 NpiopUTETHMX MOKA3HMKIB,Ki BU3HAYAOTb HU3bKY BPOXKAMHICTb KapToni
no 6araTbox 30Hax YKpaiHu, K Yy CNPUSTAMBUX, TaK | HECNPUATAMBUX NS 3aHATTA KApTONASPCTBOM, € BUKOPUCTAHHS
HaCiHHEBOro Matepiany HM3bKOI $KOCTi, KU € YPaXKEHUM iHOEKUiMHUMKM IiTO naToreHaMu. PO3MHOXEHHS
03[10POB/IEHOI0 HACIHHEBOrO MaTtepiany € OAHMM i3 OCHOBHWMX 3aBAaHb HACIHHMLTBA KapTomni. 3aCTOCYyBaHHS
b6ionpenapaTiB AN CTUMYAALiiT PO3BUTKY POCAMH, MiABULLEHHS iX BUTPUBANOCTI A0 HEraTMBHUX MOAPA3HMKIB
HABKOMULUHBLOIO € aKTyaNlbHUM 419 MPUCKOPEHOIO0 PO3MHOXEHHS TakOro Matepiany. TakMM YMHOM, METOK CTaTTi €
[OCNiMKEHHS eDEKTUBHUX TEXHOMONYHMX acnekTiB Nif Yac penpofyKyBaHHS [,00a30BOro HaCiHHEBOro MaTtepiany
KapTonni, WO BKJIOYAE 3aCTOCyBaHHs bionpenapaty AnbbiT, B yMOBax MiBAeHHO-3axigHOi TepuTopii Jlicocteny
YkpaiHw. Y cTaTTi npeacTaBaeHo pe3ynbTaTi LOCTiAKEHb BNIMBY CNOCOGIB 3aCTOCYBaHHS KOMMIEKCHOMO npenapaTy
AnbbiT Ha hoOpMyBaHHSA NPOAYKTUBHOCTI KapTOMJi y NpoLLEeci penpoayKyBaHHS A,063a30BOro HAaCiHHEBOrO MaTtepiany
B YyMOBax NiBAEHHO-3axiaHoi yactuHu Jlicocteny Ykpainu. Y xoai pocnigkeHb BCTAHOBNEHO, WO ANS AOCATHEHHS
BMCOKOTO PiBHA peanisauii 6ionorivHoro noteHuiany KynsTypu Ta SKOCTi NPOAYKLiT Npu BUPOLLYBaHHI A06a30BOr0
HaCiHHEBOro MaTepiany KapToni AOLiNIbHO NPOBOAUTM 06p0bKy 6ynbb Npu cagiHHi AnbbiTom 100 Mn/TTa npoBOAUTH
[BOpa3oBe 06MpucKyBaHHS y da3u cxoaiB Ta OyTOHi3auii BereTywuux pociMH npenapatoM y posi 50 mn/ra

KniouoBi cnoBa: kapTonns, ypoxai, HaCiHHEBA MPOLYKTUBHICTb, PiCT perynto4i pe4oBmHU, dpakLii 6ynso

Ukrainian Black Sea Region Agrarian Science, 25(2), 71-79

79



UDC631.361.8 Ukrainian Black Sea Region Agrarian Science
DOI 10.31521/2313-092X/2021-2(110)-10 Vol. 25, No. 2

Justification of the introduction of a seed separator for vegetable
and tomato crops as part of a technological line

D. Babenko,

KaHOaMAaT TeXHiYHMX Hayk, npodecop, ORCID ID: 0000-0003-2239-4832

N. Dotsenko,

[OKTOp neparoriyHmx Hayk, goueHt, ORCID I1D: 0000-0003-1050-8193

0. Gorbenko,

KaHamMAaaT TexHiYHMX Hayk, goueHT ORCID ID: 0000-0001-6006-6931

N. Kim,

KaHAMAAT TEXHIYHUX Hayk, cTaplumii Buknagad ORCID ID: 0000-0001-9471-8272
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Abstract. Directing the production of seeds of vegetable and fruit crops can provide an opportunity to introduce
industrial and intensive mechanisms, which are designed for complex mechanization and automation of production
processes in seed production. Improvement and development of the field of seed production of vegetable and fruit
crops will help to ensure agricultural production with seeds of own production, which will significantly contribute
to the reduction of the cost price and the increase in the productivity of the production of various crops. In current
conditions, it is difficult to create specialized farms that produce seeds of vegetable and melon crops, at the same
time, obtaining their own seeds by producers growing melons and other crops will make it possible to reduce
the costs of producing these crops. the creation of modern seed-separating machines and flow lines that meet
the requirements of modern production and belong to complex technical systems requires conducting scientific
research on the interaction of working bodies with the technological mass of fruits, the laws of technological
processes. It is important to substantiate the principles of operation, structural parameters and kinematic modes of
machines and their constituent parts. Taking this into account, conducting such studies is relevant and expedient,
and they have important national economic significance.Thus, the purpose of the article is to substantiate the
implementation of the improved design of the separator of seeds of vegetable and tomato crops as part of the
technological line, to conduct comparative tests of the basic and experimental separators according to the main
indicators of the technological process to confirm the effectiveness of the introduction of the sample into the
technological line. The test of the improved design of the seed separator in various technological configurations
was carried out on the basis of the technological line for the selection of seeds of vegetable and tomato crops: with
a serial separator, with an experimental separator, complete with a MOS-300 machine. Comparative characteristics
of such indicators as productivity, seed loss, the content of impurities in seeds, and seed damage are given. The
implementation of a seed separator in the technological line for extracting seeds of melon crops is substantiated

Keywords: vegetable and vegetable crops, separator, technological line, selection of seeds

INTRODUCTION
Specialization and concentration of seed production  of production processes in seed production. The de-
of vegetable and fruit crops can make possible the velopment of the field of seed production of vegetable
introduction of industrial and intensive technologies  and fruit crops will contribute to providing agricultural
designed for complex mechanization and automation  producers with seeds of their own production, which
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will have an impact on reducing the cost price, increas-
ing the production of such crops as watermelon,melon,
cucumber, and tomatoes. But taking into account the
fact that in modern conditions it is difficult to create
specialized farms that produce seeds of vegetable and
melon crops, and obtaining their own seeds by produc-
ers who grow melon crops, cucumbers, and tomatoes
will allow to reduce the costs of producing such crops.

The natural and climatic conditions of the south
of Ukraine make it possible to provide the country with
vegetable crops of its own production and to create a
raw material base for the processing industry in this
area. In the specialized farms for the production of
seeds of vegetable crops that existed in Ukraine, tech-
nological lines were used, equipped with machines
and equipment taking into account the culture (wa-
termelon, melon, cucumber, tomatoes) whose seeds
were obtained. Currently, such technological complex-
es are practically not used, and for obtaining seeds,
farms receive separate machines for seed selection,
or complete small technological lines (depending on
the capabilities of the farm). The use of such machines
in labor-intensive seed production processes leads to
large losses, and the efficiency of seed selection is low.

This situation is caused by the lack of theoreti-
cal and experimental processes for the selection and
finishing of seeds of vegetable and fruit crops, which
has an impact on the development of machines and
technological lines.

Thus, the creation of modern seed-separating
machines and flow lines that meet the requirements of
modern production and belong to complex technical
systems requires conducting scientific research on the
interaction of working bodies with the technological
mass of fruits,the laws of technological processes.Such
studies will make it possible to substantiate the prin-
ciples of action, structural parameters and kinematic
modes of machinesandtheirworking bodies.Taking this
into account, conducting such studies is relevant and
they have important national economic significance.

At one time, a serious structure was created for
the production of seeds of vegetable and melon crops.
Large farms were working, the main type of activity of
which was the production of seeds and which had a de-
cent material and technical base for this, cleaning ma-
chines, even of imported production, etc. The domes-
tic designs of machines for the separation of seeds of
various crops, which are currently implemented in our
country,do not meet the necessary parameters and the
quality of the technological process. It is very import-
ant to have high-tech seed processing equipment [1].
The territorial differentiation of the production of
the main vegetable crops in the regions of Ukraine,
the peculiarities of the formation of the balance of
vegetables and their supply to the population were
studied, the problems and prospects of the develop-
ment of the industry as a whole were indicated [2].

Babenko et al.

The organization of production of elite and re-
production seed production of vegetable and melon
crops is relevant, in order to obtain high-quality vari-
etal seeds [3]. Research was carried out in the field of
the development of a machine for preparing the soil
for planting melons [4]. Protected cultivation of cu-
cumber provides higher productivity and higher quality
than open cultivation [5]. The question of storage and
processing of fruits, stages of scientific support of the
field of melon growing were considered [6]. Method-
ical approaches for determining the competitiveness
of various varieties of melon crops of domestic breed-
ing compared to foreign analogues are given, and the
coefficients of competitiveness are determined [7].

A device for extracting the seeds of agricultural
crops was patented, which was also tested on vegeta-
ble crops [8]. To determine the optimal parameters of
machines for the selection of seed mass of vegetable
and tomato crops, a modeling method is presented,
which is based on the nonlinear canonical distribution
of a random vector. A block diagram of the procedure
for calculating the parameters of the canonical decom-
position is presented [9]. The method was tested on
the basis of the technological process of seed selection
using an experimental sample of a pressure-separat-
ing type machine [10]. The use of the method of de-
termining the qualitative composition of the crushed
seed mass of vegetable and melon crops (watermelon,
melon) in the process of seed selection made it possi-
ble to determine the percentage content of the com-
ponents of the crushed technological mass [11]. The
results of experimental studies of a laboratory device
of a new design for the separation of melon seeds from
the technological seed mass are presented [12]. The
article presents the structural-technological scheme
of the selection of seeds of vegetable and fruit crops
and the analysis of shortcomings in the operation of
the machine and the technological line [13], and the
factors that have the greatest influence on the qual-
ity of the technological process are established [14].

A sample of a machine for mechanical ex-
traction of seeds from melon is presented, consisting
of a frame, a loading hopper, a crushing and extraction
unit, a seed transport auger, brushes for cleaning and
seed extraction. A conclusion was made about the ef-
fectiveness of the sample application based on clean-
ing efficiency, extraction efficiency, machine produc-
tivity, power consumption, seed damage and operating
costs [15]. An experiment was conducted on the in-
jury of melon seeds during their selection, the stud-
ied characteristics were the percentage of peeled and
not broken seeds, peeled but broken seeds, unpeeled
seeds and unpeeled but broken seeds [16]. Research
was also conducted on post-harvest processing of veg-
etable seeds [17]. However, the issue of implementing
a seed separator for vegetable and fruit crops as part
of the technological line is insufficiently researched.
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The purpose of the article is to substantiate the
implementation of the improved design of the vege-
table and melon seed separator as part of the techno-
logical line, to conduct comparative tests of the basic
and experimental separators according to the main
indicators of the technological process to confirm the
effectiveness of the introduction of the sample into
the technological line.

STUDY OF THE FUNCTIONING

OF THE DESIGNS OF SEPARATING DEVICES
When conducting theoretical and experimental studies
of various designs of separating devices, it was found
that when the sieve is placed horizontally, when the
angle between its working surface and the horizontal
is zero, differential movement should be reported to
it. That is, during one period of oscillations, the sieve
must have different accelerations and speeds in order
to obtain the movement of the separated mass in the
desired direction. However, in further theoretical anal-
ysis of the separation process, the authors make the
following assumptions:

- all types of separators moving horizontally are
reduced to one kinematic scheme with a symmetrical
speed diagram;

- the force of inertia acting from the side of the
working surface on the crushed mass is neglected;

-tointensifythe separation process,instead of opti-
mizing the kinematic and dynamic modes, it is suggest-
ed to use a stream of water sprayed through nozzles.

The main disadvantages of oscillating flat sieves
include:

-highspeedofmovement,whichrequireshigh-qual-
ity execution, careful care and lubrication of parts;

- due to the movement of large swinging masses,
inertial separators must be carefully balanced;

- compared to other types of separators (rotary
and roller), they are more energy-intensive, requiring
more energy to set them in motion.

The advantages of inertial separators include:
sieves that oscillate horizontally take up relatively
little space; convenient for maintenance and repair -
replacing the sieves when switching to processing an-
other crop takes up to 30 minutes.

In the course of the analysis of the designs of
inertial separators for the selection of seeds of veg-
etable and melon crops, it was noted that the final
cleaning of the seeds is not carried out, but the selec-
tion from the crushed mass of seeds, pulp and pulp.
That is, from a technological point of view, all of them
are sieves, the product above the sieve is the crust,and
the product below the sieve is the seed, pith and pulp.
The final cleaning of seeds from impurities is carried
out on separate machines located in the technological
line after the seed separators.

We propose to use a two-screen system as a
separating device for extracting seeds of vegetable
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crops, in which large particles of bark will come from
the first sieve, and seeds from the second; pulp; the
pulp and juice will be the by-product of the second
sieve. As the analysis of the work of the existing sep-
arators showed, the main losses of seeds occur in the
output of the “big crust”. It is a seed that is not sepa-
rated from the finely ground seed particles. In order to
intensify the process of additional extraction related
to the seed crust, the mode of operation of the iner-
tial separator was adopted. When the separated mass
slides over the surface of the sieve, it will rub against
the edges of the holes and, as a result, the content of
seeds associated with the crust will decrease.

Separation of seeds is carried out on the sec-
ond sieve. At the same time, the seeds are an above-
ground product, and the pulp, pulp, and juice are un-
der-ground products. To intensify the process of the
passage of the pulp and pulp through the holes of the
sieve, it is suggested to use the mode of the vibrating
conveyor. In this version, at certain stages, an addition-
al force will act on the pulp and pulp particles, and
the total force of normal pressure will be equal to the
sum of the force of normal pressure from the force of
gravity and the force of inertia. It should also be taken
into account that when separating the seeds of melon
crops, the ratio of seeds to impurities is 1:9.

The following assumptions were made during
the theoretical analysis:

-the separated material moves as a flat particle,the
coefficient of resistance to movement does not depend
on the thickness of the layer moved along the sieve;

- air resistance, when a particle is detached from
the surface of the sieve, does not affect the law of
movement of elements of the separated mass;

- the resistance to the movement of both the pulp
and the peel, as well as the seeds, is characterized by
the coefficient of specific resistance, which is numeri-
cally equal to the coefficient of friction of freshly iso-
lated seeds, the sticking of particles of the separated
mass is not taken into account;

- when the seeds move, a non-elastic impact of the
products is possible (the fall is carried out on the layer
of pulp and crust); as well as elastic shock (falling of
seeds on the surface of the sieve);

- we neglect the recovery coefficient of the pulp
and crust upon impact;

- we neglect the change in the angle of oscilla-
tions of the sieve during the rotation of the crank.

Experimental studies carried out in laborato-
ry conditions substantiated the main structural and
kinematic parameters of the melon seed separator,
in which the quality indicators of the technological
process (seed purity, seed injury and seed loss) have
optimal values. However, a real pile of seeds differs
from products processed in a laboratory. It additional-
ly contains soil particles, small stones, plant remains.
In order to justify the possibility of using the proposed



design of the separator as part of the technological
equipment for the selection, washing and drying of
seeds of melon crops, tests were conducted.

TESTING OF THE IMPROVED DESIGN
OF THE SEED SEPARATOR IN VARIOUS
TECHNOLOGICAL CONFIGURATIONS

The collection of cucumber seeds and melon crops for
seeds is carried out when they reach biological maturi-
ty. Due to the differences in mechanical, technological
and biological qualities of the fruits of different crops,
their harvesting also has some differences. Cucumber
fruits are collected using a specialized harvester,which
ensures selection of fruits from the windrow, separa-
tion of plant residues from seeds, cleaning of the pile
from soil particles and loading of products into a vehi-
cle. The harvester has a needle-type working body for
pricking fruits, a stem separator, an aspiration clean-
ing device and a system of conveyors that combine the
working bodies into a single technological complex.

A specialized LSB-20 or LSB-30 technological
line can be used to separate cucumber seeds, clean
them from impurities, and dry them. This technolog-
ical line can be considered basic, and the equipment
configuration may vary depending on the needs of
manufacturers and product processors.

Harvesting of such melon crops as watermel-
on, cantaloupe, and pumpkin is also carried out in
one continuous way. Before the start of harvesting,
the fruits are rolled with a UPV-8 stacker-roller. The
seeds of melon crops are collected from the swath
with a pick-up machine PBV-1.The pick-up consists of
a frame resting on running wheels, on which a mesh
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drum with a fruit cutter and an unloading cellular con-
veyor are installed.

Moving along the swath, the harvester un-
loads the seed fruits inside the cellular drum, which
moves them to the unloading conveyor, which en-
sures the reloading of the products into the vehicle.

In addition, in some farms of Ukraine, obtaining
seeds is carried out with the use of machines and equip-
ment manufactured according to individual requests.

Such equipment has low technological reliabil-
ity, the difficulty of reconfiguring machines during the
transition from processing one culture to another, low
corrosion resistance of metal structures of machines.

A small annual loading of line equipment should
be included among the features of the operation of the
equipment for the selection of seeds of vegetable and
fruit crops. But for a more complete loading of such
technological equipment, farms carry out processing in
‘conveyor mode”, that is, after loading the processing of
cucumbers into seeds, they switch to obtaining water-
melon, melon and pumpkin seeds.

The analysis of the technology of collecting and
processing seeds of cucumber and melon crops, as well
as the equipment in use, shows the need to modernize
existing and develop fundamentally new machines.

Machinesforseparatingseeds-separators,which
arebasicintechnologicallines,requirespecialattention.

In addition, it is necessary to conduct research
on the process of interaction of working bodies with
a technological product to create effective structures.

The melon seed separator, intended for cleaning
seeds from pulp and crushed peel particles, is a com-
ponent part of the design of seed separators (Figure 1).

—>P - fruits seed

—b - crushed mass

— - crust

—+P - seed

P - pulp+juice
10 11 13

ﬁ(/

Figure 1. Design scheme of the experimental sample of seed separators:
1 - frame; 2 - receiving hopper; 3 - grinding chamber; 4 - grinding drum; 5 - wiping drum;
6 - electric motor; 7 - V-belt transmission; 8 - V-belt variator; 9 - tray; 10, 11 - the last grates;
12, 13 are the last ones pendants; 14,15 - crank and connecting rod mechanisms; 16, 17 - hinged rods;
18 - electric motor; 19 - V-belt transmission; 20 - V-belt variator
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The seed separator includes a receiving hop-  surface are fed for further cleaning,and pulp, juice and
per for seed fruits 2 mounted on a common frame other small impurities fall into the pallet and from it
1, connected to a crushing chamber 3. Inside the into the pump.
chamber there are grinding 4 and wiping drums 5. During the tests, the screen separator was test-
The drums are driven by an electric motor 6 through ed as part of a technological line for the selection of
a V-belt transmission 7 and a V-belt variator 8. The seeds of vegetable and tomato crops, where it was in-
crushed mass is removed from the chamber through  stalled in place of the rotary separator; and as part of
tray 9. A separator is installed on frame 1 and consists  the experimental line, while cam rollers were used as
of two screen sieves (10; 11) swinging in antiphase. a shredder. In comparison with the serial model of the
The screens are suspended on hinged suspensions 12, line, the pulp wiper, melon seed separator and seed
13.To provide the screen with oscillating motion,two  grinder were excluded from its composition. Addition-
crank-and-connecting mechanisms 14,15 are used, ki- al cleaning was carried out on the MOS-300 hydro-
nematically connected to the screens by articulated separation machine, designed for washing the seeds
rods 16, 17. The rotation of the cranks is carried out of any vegetable crops from impurities.

by an electric motor 18, through a V-belt transmission The following adjustments are provided in the
19 and a V-belt variator 20. KKU-2A potato harvester  separating device:
variators are used as V-belt variators 8 and 20. - the rotation frequency of the cranks and, there-

The technological process of seed selection is  fore, the vibration frequency of the rattle was changed
as follows: the fruits are loaded with a special con- by V-belt variators 19; 20;
veyor into the hopper 2 of the chopper 3. Crushed by - the angle of inclination of the grates was
drums 4; 5 mass enters the sieve of the separating changed by adjusting the lengths of hinged suspen-
sieve 10. The dimensions of the cells of the upper sions 12; thirteen;
sieve for cucumber are 5x15 mm. On its surface, the - partitions were installed to change the length
shredded crust (over-sieve product) is removed from  of the working part of the separating part of the sieve
the technological zone. Seeds, pith and small pieces along the movement of the technological product
of bark equal in size to the seeds (grated product) fall The structural and technological diagrams of
on the surface of the sieve of the second screen 11  all three sample lines with an experimental separator
with the size of the holes. Seeds with impurities on its  are shown in fig. 2-4.

Loading of seed fruits | Crushing of fruits - Seed separation [|Removal of crust
' v

Rubbing the pulp |/ Removal of small waste
v v

Wiping the seeds —» Washing the seeds —» Canning of seeds

Figure 2. Technological line with a serial separator

Loading of seed fruits [ Crushing of fruits # Seed separation [¥|Removal of crust

Rubbing the pulp
and crust

—»| Removal of small waste

Wiping the seeds —> Canning of seeds

Figure 3. Technological line with an experimental separator

Loading of seed fruits | Crushing of fruits # Seed separation [#|Removal of crust

> Removal of small
waste

Wiping the seeds Canning of seeds

Figure 4. Technological line with the MOS-300 machine
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During the tests, the performance and quality of
the technological process of both the separator itself
and the entire line as a whole were determined.

The comparison was made with a serial sample
of the separator. The results of comparative tests of
separators are shown in Table 1.

Table 1. Results of comparative tests of separators

The value of indicators

Name of indicators Unit of

measurement serial separator experimental separator
Culture Cucumber Watermelon Cucumber Watermelon
Capacity of the seed separator, kg/s ka/s 2.625 6.197 3.089 8.778
Output ratio % not determined
crust, flesh 38.2 421
seed 4.622.53

pulp, juice 57.18 55.38

Seed purity in the “Seeds” output % 75.17 7773 78.33 829
Lose the seeds of everything % 5.9 5.51 5.0 6.1
in output “crust” 5.9 5.51 5.0 4.5
in the output “pulp; juice” none none none 1.6

Seed crushing % 3.5 none 2.1 none

Comparative characteristics of a line with a seri-
al separator, a line with an experimental separator,and

a line with an experimental separator and additional
seed cleaning on the MOS-300 machine in Table 2.

Table 2. Results of comparative studies of the seed production line with serial and experimental separators

Unit of

Name of indicators
measurement

Culture Cucumber

Productivity per hour of

serial separator

Watermelon

The value of indicators
experimental separator
With the MOS-30 machine

Cucumber

In the baseline

Cucumber  Watermelon Watermelon

. . t 8.4 21.24 9.8 27.2 not determined
prime time
S (eRRte (e iy % 6.7 6.01 502 6.15 3.87 5.52
return : : : : : :
The content of impurities in % 128 127 112 72 23 37
the final product ? : : : : : :
Seed injury % 4.4 None 4.1 None 3.5 None

As can be seen from the data in Table 1, both
separators have quite high indicators, the values of
which are within the limits of agrotechnical require-
ments and the technical task for the development of
technological equipment. However, the experimental
sample has a higher bandwidth. In terms of seed pu-
rity, the experimental separator also has higher char-
acteristics. The loss of watermelon seeds at the exit of
the "rind" in the experimental sample is slightly higher
than in the serial one. This is due to the more rigid ki-
nematic mode of operation of the upper screen. How-
ever, these losses can be returned to the seeds that
are separated from the peel, or in the seed wiper and
melon seed separators or in the MOS-300 machine.
The test results are given for the “Vognyk” variety wa-
termelon and the “Vognyk” variety cucumber

“Competitor”. Injury to watermelon seeds, as in
the case of laboratory experimental studies, is recog-
nized as statistically insignificant and is within the
limits of experimental error.

As can be seen from the data in Table 2,the exper-
imental sample of the line with the MOS-300 machine
has the best performance quality indicators of the tech-
nological process. The content of impurities in the final
product and the amount of losses for this technologi-
cal option are minimal. This is due to the fact that the
cleaning of seeds and their separation from impurities
actually takes place in two stages, in the first stage, sep-
aration is provided by an inertial, vibrating mechanism,
and in the second one, hydroseparation is carried out.

During the operation of the experimental sep-
arator as part of the baseline, the improvement of
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quality indicators is associated with the optimization
of its kinematic modes, and the equipment that pro-
vides additional cleaning of seeds after the separator
is similar to the serial sample. Therefore, it can be con-
cluded that the wiper, seed separator and grinder have
the same effect on the quality indicators of the techno-
logical process in both the basic and the new version.

CONCLUSIONS

According to the results of laboratory experiments,
two samples of the screen separator were refined and
tests were carried out both of the experimental sam-
ples themselves and of the separators as part of the
seed production lines. At the same time, the produc-
tivity was: when working on a cucumber, 8.4 t/h for
serial equipment and 9.8 t/h. for experimental. When
working on watermelon, productivity values are 21.24
and 27.2 t/h, respectively.

Asaresultoftestsofthescreeningseparatorinthe
composition of various constructions of technological

equipment for obtaining seeds of melon crops, con-
firmation of the correctness of the conclusions made
based on the results of theoretical and laboratory ex-
perimental studies was obtained. During the design
revision of the documentation, it is necessary to pro-
vide for the adjustment of the frequency of oscilla-
tions of the upper screen (inertial separator) within
25-30 (1/s), and of the lower screen (vibroseparator)
at the level of 35-50 (1/s).

During the tests, the expediency of using cam
grinding rollers and additional hydraulic cleaning of
the seed heap was confirmed. At the same time, it was
established that the seeds of the "Vognyk" variety of
watermelon are the most suitable for seed processing,
and the least - the cucumber of the "Competitor” vari-
ety. However, for all processed crops, seed purity after
hydroseparation is not lower than 95%, with injury not
exceeding 5%. The seed purity is 82.9% for watermel-
on and 78.3% for cucumber. The content of impurities
in the final product is 3.7 and 2.3%, respectively.
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AHoTauis. CnpsaMyBaHHS BUPOOHMLTBA HACiHHS OBOYe-HaLUTAHHUX KYbTYP MOXe HAafaTh MOX/IMBICTb BNPOBAAXKEHHS
IHOYCTPiaNIbHUX Ta IHTEHCMBHMUX MEXaHIi3MiB , AKi pO3paxoBaHi Ha KOMMIEKCHY MeXaHi3auito Ta aBToMaTM3aLiio
BMPOOHMYMX MNPOLECIB B HACIHHMUTBI. YOOCKOHANEeHHS W PO3BUTOK LAPWMHM HACiHHMUTBA OBOYe-OALUTAHHWUX
KyNbTyp AOMOMOXe 3abe3neynTu CinbCbKOrocnofapcbke BMPOOHMLTBO HACiHHAM BAACHOTO BMPOOHWMLTBA, LLO
CYTTEBO CMPUATUME 3HWMXKEHHIO COBIBAPTOCTI, 30iNbLIEHHIO NPOAYKTUBHOCTI BUPOOHMLITBA PiSHOMAHITHUX KYAbTYP.
B akTyanbHWX yMOBax CTBOPEHHSA CMeL,iani3oBaHWX roCnofapcTB-BUPOOHUKIB HACiHHSA 0BOYe-0aWTaHHMX KYNbTYp €
CKNagHWUM, BOAHOYAC OTPUMAHHS BIACHOTO HACIHHA BUPOOHMKAMM, LLLO BUPOLLYHOTb BalUTaHHI Ta iHLWi KybTypUu AaCTb
3MOry 3HM3UTU BUTPATM Ha BUPOOHMLTBO LMX KYNbTYP. CTBOPEHHS CYYaCHUX HACiHHE-BILOKPEMIIOBANIbHUX MALWKH i
NMOTOKOBMX NiHiN, WO BiANOBiLAOTb BUMOraM Cy4acHOro BUPOOHMULTBA i HanexaTb A0 CKAAAHUX TEXHIYHUX CUCTEM,
BMMarae npoBefeHHs HAayKOBMX AOCiIMKEHb WOoA0 B3aEMOLii poboUnx OpraHiB 3 TEXHONOTYHOK Macok NNOoLiB,
3aKOHOMipHOCTe TEXHONOTIYHUX NpoLeciB. BaxnneuM € 06rpyHTYBaHHS NPUHLMNIB Aii, KOHCTPYKTUBHUX NapaMeTpiB
i KIHEMAaTUYHMX peXUMIB MAWMH Ta iX CKNALOBMX YAaCTWMH. 3BaXKAKOUM Ha Le, MPOBEAEHHS TaKMX AOCNIOXKEHb €
AKTYaNnbHUM Ta AOLIIBHUM | BOHM MalOTb BBAXK/IMBE HAPOAHOIrOCNOAAPCbKE 3HAYEHHS. TaKMM YUMHOM, METOI0 CTaTTi €
00OrpyHTYBaHHS BNPOBAKEHHS MOKPALLEHOT KOHCTPYKLiT cenapaTopa HaCiHHA oBoYe-balUTaHHUX KyNbTyp Y CKNagi
TEXHOJOMiYHOI NiHii, NpOBEAEHHS MOPIBHANbHUX BUMNPOOYBaHb 6Aa30BOro Ta eKCNepUMEHTANbHOIO0 CenapaTopiB 3a
OCHOBHMMM MOKA3HMKaMM TEXHONOMYHOMO Mpouecy ANng NiaTBepAXeHHS edeKTUBHOCTI BNPOBa[XEHHS 3paska
B TEXHOMOriYHy niHito. MpoBeneHo BMNPOOYBaHHS [LOOMNPALLbOBAHOT KOHCTPYKLiT cenapaTopa HACiHHA B Pi3HMUX
TEXHOMOMYHMX KOMMMEKTALiX Ha 6a3i TexHonoriyHoi NiHii BMAiINEHHA HacCiHHA OBO4Ye-6aluTaHHUX KYNbTyp: 3
CepiHMM cenapaTopoM, 3 eKCnepuMEeHTaslbHUM CenapaTopoMm, B KommnekTi 3 MawwuHow MOC-300. HasegeHo
NMOPIBHANMBHI XapaKTEPUCTUKM TAaKUX MOKA3HMKIB, K MPOAYKTUBHICTb, BTPATU HACIHHS, BMICT AOMILIOK B HaCiHHI,
TpaBMYBaHHS HaCiHHA. O6rpyHTOBAHO BNPOBAKEHHS CENAPATOPA HACIHHA B TEXHOMOTIYHY NiHIt0 BUAINEHHS HACIHHS
BalUTaHHUX KYNbTYp

KniouoBi cnoBa: oBoue-6aluTaHHi KynbTypu, CENAapaTop, TEXHOMOTIYHA NiHiN, BUAINEHHS HAaCiHHS
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Abstract. Important and priority tasks for the industry of Ukraine are the reduction of costs for the creation of
the final product, the reduction of the cost of maintenance of the construction of machines and mechanisms, the
restoration of the outdated production base and the attraction of new technologies, mechanisms and equipment.
That is why, increasing the efficiency, reliability and service life of machine units, which are used in conditions of
misalignment of the axes of the connecting shafts, which are caused by the deflection of the rotating shaft in the
mechanisms, which are connected to each other by an intermediate shaft with the help of compensating devices,
and are intended for the transmission of effective power from the engine to the consumer, and, as a rule, is the
most important part of any power plant, is an urgent task, and the further development of the modern machine-
building industry depends on its successful solution. At the same time, the effectiveness of machine mechanisms
directly depends on the productive work of gear mechanisms that are part of them, namely mechanical gears and
gear couplings, which are widely reflected in almost all industries. Thus, the purpose of the work is to assess the
influence of the deflection of the rotating shaft on the force factors that arise when the axes are misaligned in
the gear joints of machine units. The effect of skew and deflection of a shaft rotating at a high frequency on the
force factors for some toothed joints was investigated. It was found that the values of the dynamism coefficients
do not exceed 1.05-1.15, and the dynamic components of these power factors can reach 30-50% of the level of
their static components

Keywords: rotating shaft, deflection, gear clutch, transmission, misalignment of axes, power factors

INTRODUCTION
The priority tasks for the Ukrainian industry are to re- mechanisms, update the outdated production base and
duce the costs of creating the final product, reduce the  introduce new technologies and equipment. There-
cost of construction and maintenance of machines and  fore, increasing the efficiency, reliability and service
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life of machine units that are operated in conditions
of misalignment of the axes of the connecting shafts,
which are caused by the deflection of the rotating
shaft in the mechanisms (main engine-reducer), which
are connected to each other by an intermediate shaft
with the help of compensating devices, and designed
to transmit effective power from the engine to the
consumer, and is usually the most responsible part
of any power plant, is an urgent task and the further
development of modern mechanical engineering de-
pends on its successful solution. In turn, the efficiency
of machine units directly depends on the reliable op-
eration of the gear mechanisms included in their com-
position, namely mechanical gears and gear couplings,
which have found their wide distribution in almost all
branches of industry, such as: shipbuilding, aviation,
mining and agriculture, as well as in rolling mills,
cranes, lifting and transport mechanisms, mills, crush-
ers, conveyors, agricultural machines and many others.
Today, in the global industry, regardless of the type,
gear couplings are manufactured with straight side
surfaces of the sleeve and clip teeth, or with straight
side surfaces of the clip and barrel-shaped (longitudi-
nal modification) side surfaces of the sleeve teeth. As
for gears, they are characterized by linear engagement
of involute teeth. For a long time, it was believed that
gears with linear contact of involute teeth have no
alternative and cannot be manufactured with point
meshing of teeth, which, on the one hand, is due to
the inaccuracy of calculations that were carried out
according to the Hertz formula, which is true for lin-
ear contact, but cannot to be used for point contact,
and on the other hand, the difficulty of manufacturing
such gears on commonly used machines (at present,
the production of teeth with point contact is possi-
ble due to the use of high-precision tooth grinding
machines of the German production type "Pfauter” or
“Hoffler”) [1-7]. However, at the moment, the influence
of the deflection of the rotating shaft on the force
factors arising from the misalignment of the axes in
the toothed connections of machine units is not suffi-
ciently clarified and is usually not taken into account
when implementing new technology.

When the axes of the connecting shafts of ma-
chine units of power plants are misaligned, additional
force factors in the form of elastic bending moments
arise in gear joints. The effect of these moments is that
they tend to return the bent shafts to their original
position. The bending moments arising in the toothed
connection overload the supports of the mechanisms
connecting the shafts (intermediate, output and input
shafts of the engine and gearbox, respectively),support
bearings, spline and bolt connections, as well as other
elements, negatively affecting on their performance,
which in turn negatively affects the reliability, durabil-
ity and maintainability of machine units, and can lead
to their failures and unscheduled stops for repairs. In
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turn, the deterioration of reliability indicators leads
to a decrease in reliability, an increase in additional
costs and repair costs, as well as an increase in the
probability of emergency situations of machine units,
and as a result — power plants, in which they are oper-
ated. Thus, the problem of the negative influence and
deflection of the rotating shaft on the force factors
arising in gear joints is a relevant and integral part
of existing scientific programs and tasks in almost all
branches of modern mechanical engineering. To the
greatest extent, the specified problem concerns the
transmissions of machine units operated in the min-
ing, aviation, shipbuilding and agricultural industries.
The most complete research on the specified problem
is presented in [1-15]. The study of cases of shifting
of shaft axes due to installation inaccuracies, errors in
the manufacture of power parts and operating condi-
tions showed that when the gear half-coupling axis is
skewed relative to the bearing axis, a centrifugal force
acts on the rotating curved shaft, which increases its
static deflection [8-13].

In works [8; 14; 15], the main attention is paid
to theoretical and experimental studies of elastic
bending moments that occur under static and dynam-
ic loads, as in traditional gear couplings (that is, the
teeth do not have any modification, or the teeth of the
sleeve have barrel-shaped teeth of constant curvature,
and the teeth of the clip are made straight), as well as
gear couplings of new designs, i.e. with modified teeth.

The causes of misalignment of the axes of
connecting shafts of machine units are shown in a
structured form in the work [7]. The influence of the
specified misalignments of the axes on the reliabili-
ty parameters of machine units and power plants, in
which they are operated, is shown on the example of
ship power plants and highlighted in [4; 6; 7]. Ways
to reduce the influence of misalignment of the axes
of connecting shafts and methods of eliminating their
negative impact on the operation of machines and
mechanisms, in the composition of which they occur,
are shown in works [3; 4; 6; 7; 8; 10]. In work [5] it is
shown that increasing the efficiency of machine units
with misalignment of the axes of their connecting
shafts is possible by using new designs of gear cou-
plings protected by patents of Ukraine.

However, scientific works [2; 4; 6; 7; 10; 11;
12; 13; 15] did not take into account the influence of
skew and deflection of the rotating shaft on the force
factors arising in gear joints, but from the analysis of
publications [1; 2; 8; 9; 10], it is evidently necessary to
pre-estimate the effect of the dynamics coefficients
on the force factors acting in them when designing
gear joints of rapidly rotating shafts.

The purpose of the work is to evaluate the in-
fluence of the deflection of the rotating shaft on the
force factors that arise when the axes are misaligned
in the gear joints of machine units.
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STUDY OF THE INFLUENCE OF SKEW AND

DEFLECTION OF THE ROTATING SHAFT ON

FORCE FACTORS ARISING IN GEAR JOINTS
Misalignment of the axes (misalignment) is a violation
of shaft alignment, i.e. a deviation from the nominal

-d-x -

N

i
A R | ) .

AL

[

c)

location of the axes in any direction (Fig. 1). These de-
viations are called shifts, and they, in turn, are divid-
ed into longitudinal, radial, angular and combined. It
should be noted that angular displacements are also
called fractures.

.

b)

T —

Figure 1. Displacement of the axes of the connected shafts of machine units:
longitudinal (a), radial (b), angular (break) (c), combined (d)

In high-speed, heavily loaded transmissions of
power plants during operation, distortions and dis-
placements of their axes inevitably occur [1; 2; 8; 9;
3-6]. The magnitudes of axis misalignments during
the periods of operation of power plants depend on
a number of structural, technological and operational
factors (unreliable foundation, expansion in pumping

b)

equipment, non-compliance with installation recom-
mendations, etc.), in addition, there are combined and
specific factors, but they are not considered . As a rule,
misalignment of axes and their breaks are the values
of misalignments caused by deviations in manufac-
turing technology, for example ship power plants and
their elements (Fig. 2-5).

JIk

Figure 2. Beating (a) and misalignment (b) of the teeth of the gear clutch:
1 - propeller turbine; 2,4 - toothed bushings; 3 - shaft; 5 - reducer

a)

Figure 3. Runout (a) and misalignment (b) of the axis of the gear bushing:
1 - shaft; 2,4 - toothed bushings; 3 - spring; 5 - drive mechanism shaft

a)

23 45

Figure 4. Displacement (a) and misalignment (b) of the axis of the gear mechanism:
1 - motor shaft; 2,4 - toothed bushings; 3 — spring; 5 - drive mechanism shaft
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Figure 5. Shift (@) and misalignment (b) of the engine axis:
1 - engine shaft; 2,4 - toothed bushings; 3 - spring; 5 - drive mechanism shaft

In order to eliminate the negative impact of mis-
alignment of the axes of the connecting shafts of ma-
chine units and, as a result, to ensure the performance of
the specified functions, the installed equipment of the
installations provides for the control of alignment, i.e.
checking the alignment of the axes of the connecting
shafts of engines and drive mechanisms. This method is
associated with a complete shutdown of the power plant,
and the re-centering itself is quite time-consuming and
expensive. Another method involves compensating the
harmful effects of the specified misalignments of the

axes, due to the use of compensating devices, but to-
day, the influence of the static deflection of the rotating
shaft on the force factors arising in their toothed joints,
as already indicated, is almost not taken into account.

The study of the cases of shifting of shaft
axes [1-8; 9; 14], caused by installation inaccuracies,
errors in the manufacture of power parts and operat-
ing conditions, showed that when the gear half-cou-
pling axis is skewed relative to the bearing axis by an
angle 6b (Fig. 6a) on a rotating curved shaft there is
a centrifugal force that increases its static deflection.

c)

Figure 6. Scheme of shaft deflection: a - at the angle 6b; b, c - under the action of centrifugal force

In the article, an attempt is made to take into
account the influence of the specified deflection of the
rotating shaft on the force factors that occur when the
axes are misaligned in gear joints. When determining
the dynamic shape of the deflection of the rotating
shaft, which is under the action of centrifugal forces
Pu (Fig. 6 b, c), the theory of constant forced bending
vibrations of the beam, developed by 0.M. Winged

Centrifugal force acts on the rotating bent shaft,
which increases its static deflection. At the same time,
the projections of the centrifugal force Py acting on
each element of the curved shaft are equal to:

Py=Pusinwt; Pz=Pucoswt,
where o is the angular speed of the shaft.

The indicated projections Py and Pz cause forced
oscillations of the shaft in the plane of action yoz.

The movement of the shaft cross-section at any
moment in time can be expressed by the following
dependencies:

Y=YnuHinwt; Z = YauHcoswt,
and the resulting movement of the shaft
cross-section represents movement along a circle, the
radius of which is equal to:
Y=YcT+YouH. (1)
The output static deflection of the shaft in this
scheme (Fig. 1 g, b) has the form:

rereo = om[(5) - (£) |

Thus, the rotating shaft will be acted upon by
a disturbing (centrifugal) force determined from the
expression

(2)

(3)

143 .
P(x,t) = 7 w?Yer( Sinw t
Where vy is the specific weight of the shaft ma-

terial, H/ms; F — cross-sectional area of the shaft, my;
g - acceleration of gravity, m/s,; L — shaft length, m;
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08 - angle of misalignment of the axis of the toothed

semi-couplingwithrespecttotheaxisofthebearing,rad.
The equation of forced bending vibrations of a

beam of constant cross-section will have the form:

64Y(x,t) yFaz Y(x,t) _ 4
ax* otz b *)

EJ

where Eisthe modulus of elasticity of the shaft material,
Pa;Jis the moment of inertia of the shaft section,kg.m»

Since the minimum critical revolutions for a
number of analyzed structures are significantly higher
than the operating revolutions, to solve this problem
it is sufficient to consider only the steady forced oscil-
lations of the shaft with the frequency o. Then we look
for the solution of equation (4) in the form

Y(x, )=Y(X)sinot, (5)

where Y(x) is the shape of the dynamic deflection of
the rotating shaft.

Entering the dimensionless coordinate &=X/L
and substituting expressions (3) and (5) into equation
(4), we get the equation for the shape of the dynamic
deflection of a rotating shaft:

vV QAY(£) = a4OBL(E3 — £2) (6)

where
yF _L*
a4 = —w?— 7
We solve equation (6):
YoV otY e (8)

where Y(£) is the solution of equation (6) without the
right-hand side; Y () is a private solution, which is de-
termined by the form of the right-hand side by the
method of undetermined coefficients.

Equation for Y(&):

V(©)=C,V, s+ C,V.

2 Zqé)
where Vl(ug), Vz(aa Vi S V4(q§) - Krylov's functlons, which
for the calculated value of a according to (7), are se-
lected according to [2, 9].

The final solution is equal (8) to the improve-
ments (9) in the future will look:
Y™ 01V s " CoVapu* Cs Vi PGV,

4" 4(af)

+C,V, 0+ G, )

47 4(0f)

—0,L(8°-8)

The constants C, C,, C; and C, are determined
from the boundary conditions according to the scheme
of laying the shaft.

According to the diagram (Fig. 1b), it is &=0,
Y=0; Y'(,=0,and at &=1, Y,=0; Y =0

Then, subjecting equation (10) to the writ-
ten boundary conditions, it is found C=C,=0; C,V, .+
+C V™05 GV v G,V =0, where
L Vaca)

(3 =-6p- —2 .
a Vi~ Va@Va

(10)

(11)
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Vs
C4 =- BB— —_—. (12)
@ Viiay= VatVacay
At the same time, the dynamic shape of the de-
flection of the rotating shaft according to expression
(10) is equal to:
v = opk [M _

@ Vi)~ Vaga)Vaa

- - a(53—52]
Vst Vo Va (13)
The total shape of the deflection of the rotating
shaft, taking into account (1), will take the form:

Va@)Va(an

Vacan Vs Vi V-
HB 3(a)"4(ag) 4(200 3(af) (14)
VE- VoV, VE- WV,

To find the force and moment in the front gear
coupling, the equations for Y"'_ - and Y , are deter-
mined when using (14):

EJ Vi)
MZ(0) = EJYy;yy = 6B — (15)
O L Vi) =~ Vo Va
E] 0(2V3(a)
Qz(0) = EJYy,y = 6B — (16)
(0) L Vszra) — Va@Va

On the other hand, M and O , can be repre-

sented as My, =K. M 0 Qs =K @ero) Dependenues for
and Q based on the form of static deflection (2)

( =c1(0)
have the form:

2E]

Mer(0) =~~~ 6B, (17)
6E]

Qer(0) =-— 6B, (18)

After considering equations (15), (16) and (17),
(18), we will obtain the final form of the formulas for
the dynamism coefficients:

al,
KM = —— @ (19)
2[Viw) = Vo@Vaw)]
a?V.
KQ = —— 3(@) . (20)
6Vt = Vo Vacw]

On the basis of the obtained dependencies (19)
and (20), an analysis was carried out for a number of
toothed connections [4, 5, 9], which showed that the
values of the dynamics coefficients do not exceed
1.05-1.15, and the dynamic components of the force
factors can reach 30-50% of the values of the static
components of the shaft rotating at high revolutions.

CONCLUSIONS
1. The analysis of the obtained solutions for toothed
joints showed that the values of the dynamic coef-
ficients do not exceed 1.05-1.15, thus, it was estab-
lished that the dynamic components of the force fac-
tors are approximately an order of magnitude lower
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than the static loads. 2. It was established that the surfaces, manufacturing errors and other reasons.
dynamic components of power factors can reach 30- 3.When designing toothed connections of rapidly ro-
50% of the values of the static components of a ro-  tating shafts, it is necessary to preliminarily assess
tating shaft with high revolutions due to an unfavor-  the influence of dynamic coefficients on the force fac-
able combination of dimensions, wear of contacting tors acting in them.
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AHoTauif. BaxnMBMMKU Ta NPIOPUTETHUMM 3aBAAHHAMU N9 rany3i NPOMMCNOBOCTI YKpaiHWM € 3MEHLLEHHS BUTpaT
Ha CTBOPEHHS KiHLEBOro MpOLYKTY, 3MEHLIEeHHS cobiBapTOCTi 06CNyroByBaHHA NoOYyAOBM MalUMH Ta MEXaHi3MiB,
pecTaBpaLii 3acTapinoi BUpobHMYOoi 6a3u Ta 3a1y4eHHS HOBMX TEXHOMOTIN, MEXAHI3MIB Ta yCTaTKyBaHHS. CaMe ToMmy,
NiABULLEHHS NPALEe3aaTHOCTI, HAAIMHOCTI | TepMiHY CNY>XOM MALUMHHMX arperartis, SKi 3aCTOCOBYHOTbCS B YMOBAX
nepekociB ocel 3'eAHyBaNbHUX BaniB, WO 0O0YMOB/EHI NPOrMHOM 06epTOBOro Bana y MexaHi3Max, gKi 3'€egHaHi Mix
cob010 NPOMIXKHMM BaNOM 33 AOMNOMOrOK KOMMEHCYBaslbHUX MPUCTPOIB, Ta NpMU3HaYeHi Ang nepenadvi e@ekTMBHOI
MOTYXXHOCTI Bif, ABUIYHA A0 CMOXMBAYa, i, K MPABWUNO, € HANOINbLL BAaXIMBOK YACTUHOW OYAb-KOI eHepreTMYHoi
chepu. BopHouac, aieBicTb MalIMHHUX MeXaHI3MiB He3nocepeaHbo 3aneXuTb Bif NPOAYKTUBHOI po60oTH 3yByacTnx
MeXaHi3MiB, Ki BXOAATb [0 iX CKNafy, a caMe MexaHiYHUX nepegay Ta 3ybyactmux Mydr, ski 3HaMWAM CBOE LUMPOKE
BiLOOpaxXeHHs MalKe Yy BCiX rany3sx NpOMUCIOBOCTI. TaKMM YMHOM, METO POBOTHM € OLiHKA BNJIMBY MPOTUHY Bany, WO
06epTaETbCs, Ha CUNOBI BaKTOPK, SIKi BUHUKAKOTb NPU NepeKkoci ocei B 3yb64acTUX 3'€fHaHHAX MALUMHHUX arperarTis.
HocnigpxeHo BNAMB Nepekocy i NpOrnHy Basny, Lo 06epTaeTbCs 3 BEMKOK YaCTOTOH, Ha CUOBI aKTOpU ANs AesKUX
3ybyacTux 3€OHaHb. 3'9COBAHO, WO 3HaYeHHS KoedilieHTIB AMHAMIYHOCTI Npu LbOMyY He nepesuwyoTb 1,05-1,15, a
AVHAMIYHI CKNadoBi UMX cMnoBmx GakTopiB MoxXyTb focsarati 30-50% Big BEAUMUMH PiBHS X CTaTUYHUX CKIAA0BUX

KniouoBi cnoBa: 06epToBuMiA Ban, NPOruH, 3ybyacta MydTa, TpaHCMiciq, nepekic ocei, cCnnosi GakTopwm
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Abstract. Meat and meat products are a necessary source of a significant list of biologically active substances
with high bioavailability, they are enriched with essential amino acids, vitamins, macro- and microelements. That
is why the invention of new types of meat-based food products and the improvement of existing technologies for
their production is an important task for scientists and specialists in the meat processing industry. A necessary
direction in the production of new types of meat products is the synthesis of raw materials of animal and plant
origin. Such a technological mechanism makes it possible to obtain food products that are enriched with organic
nutrients that positively affect the functioning of the organs and systems of the human body and contribute to the
rational use of raw materials of animal origin, which makes it possible to expand the range of products. Scientists
and researchers of this field studied the possibility of adding various plant components to the composition of
meat products and found their positive influence on structural-mechanical, organoleptic, functional-technological
properties and biological value. Thus, the purpose of the study is to substantiate the use of a plant component,
namely couscous groats from durum wheat varieties in the production technology of meat semi-finished products.
The article substantiates and experimentally proves the possibility of using couscous groats in the production
technology of chopped semi-finished products. According to the results of the study of functional-technological
and organoleptic indicators of model minced meat, it was established that it is rational to add no more than 9% of
prepared couscous to the recipe of meatballs made of beef and pork. According to the quality indicators, the semi-
finished products meet the requirements of the current regulatory documentation

Keywords: couscous, chopped semi-finished products, meatballs, functional and technological indicators, organo-
leptic assessment

INTRODUCTION

Meat and meat products are an important source of a
significant list of biologically active substances with
high bioavailability - these are essential amino acids,
vitamins,macro-and microelements, etc. Therefore, the
development of new types of meat-based food prod-
ucts and the improvement of already existing technol-
ogies for their production is an urgent task for scien-
tists and specialists in the meat processing industry.

A promising direction in the production of new
types of meat products is the combination of raw ma-
terials of animal and plant origin. This technological
method allows you to obtain food products enriched

Article’s History:

Received: xx.xx.2021
Revised: xx.xx.2021
Accepted: xx.xx.2021

Suggested Citation:

with natural nutrients that have a positive effect on
the functioning of organs and systems of the human
body and contribute to the rational use of raw ma-
terials of animal origin, which allows you to expand
the range of products. Scientists have investigated the
possibility of introducing various plant components
into the composition of meat products and proved
their positive effect on structural-mechanical, organ-
oleptic, functional-technological properties and bio-
logical value [1-6]. Due to the biological features of
growing farm animals, the chemical composition of
meat raw materials can vary under the influence of
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many factors. Recently, the most pronounced impact
on these processes has been observed due to the in-
troduction of intensive technologies of fattening and
keeping animals, which affects the mass fraction of
fats and proteins in meat, as well as the values of func-
tional-technological and organoleptic indicators. This,
in turn, leads to a change in the quality characteristics
of finished meat products, a decrease in the content of
essential substances and nutritional values [7]. There-
fore, another direction that can be solved by combin-
ing plant and animal raw materials is the possibility of
balancing the chemical composition of the products
according to the content of essential ingredients.

Specialists note a steady growth in the demand
for meat semi-finished products. Urbanization of the
population, the desire to save time for cooking, and an
increase in the share of working women have a signif-
icant impact on this process. In addition, the features
of industrial freezing contribute to the preservation
of useful nutrients and guarantee the high safety of
finished products. Thus, the demand for frozen meat
semi-finished products, despite the crisis phenomena,
will grow and will require the expansion of the range
due to the use of ingredients that diversify the organ-
oleptic indicators [8].

The most expedient when developing new rec-
ipes for meat products is the use of components that
have a low cost and meet the national stereotypes of
the Ukrainian consumer’s diet. Authentic Ukrainian cui-
sine is known for the combination of meat or lard with
a variety of cereals: buckwheat, buckwheat, groats.
Recently, new products have appeared in the diet of
Ukrainians that do not require complex cooking before
consumption, have a low cost and have good taste prop-
erties.One such ingredient is couscous.According to the
authors [9], the nutritional content of couscous is very
similar to buckwheat, it has a high content of B vitamins
and minerals; the energy value of 100 g of dry groats is
376 kcal, the mass fraction of proteins is 12.76%, fats
are only 0.64%, carbohydrates are 77.43%, including
fiber 5%. The glycemic index of couscous is 69 [9-11].

However, it should be noted that in the world
there are several technological approaches to the pro-
duction of couscous and its ingredient composition,
but the most biologically valuable is couscous grain
from durum wheat varieties (Triticum durum) [12].

The culture of couscous consumption has long
existed in the world and, thanks to globalization, this
cereal has spread from the African continent to Eu-
rope. The world production capacity of couscous is
about 430 thousand tons per year [11]. Currently, in
Europe, the most couscous is consumed in Italy and
France, whose population has a balanced approach to
choosing food products and combining them, which is
confirmed by the classification of the Mediterranean
diet (Italy) and the Gastronomic Art (France) into the
intangible heritage of UNESCO in 2010 [13-14].

Ukrainian Black Sea Region Agrarian Science, 25(2), 95-103

In Ukraine, the consumption of couscous is in-
creasing every year, which is explained by its culinary
features and the possibility of combining this cereal
as a side dish with mushrooms, greens, stewed vege-
tables and meat. Couscous is currently not used in the
industrial production of food products in our country.

The purpose of the study is to substantiate the
use of couscous from durum wheat (Triticum durum)
in the technology of semi-finished meat production.To
achieve the goal, the following tasks were set:

- to investigate the influence of adding couscous
on the change of functional and technological indica-
tors of meat systems based on beef and pork;

- based on the change in the dynamics of organo-
leptic indicators, to investigate the permissible range
of partial replacement of meat raw materials with
pre-prepared couscous cereal in the production of
chopped semi-finished products;

- evaluate the quality indicators of finished
semi-finished products in accordance with the re-
quirements of regulatory documentation.

MATERIALS AND METHODS

For conducting experimental studies, grade 1 beef
meat with a content of visible connective and fatty
tissues of no more than 6% was used, according to
DSTU 6030:2008; semi-fatty pork meat with a fat-
ty tissue content of 30...50% according to DSTU
7158:2010; couscous groats, according to TU U 15.6-
30150670-001:2005; fresh onion, according to DSTU
3234-95; ground black pepper, according to DSTU ISO
959-1:2008; table salt, according to DSTU 3583:2015;
drinking water, according to DSTU 7525:2014.

The mass fraction of moisture was determined
according to DSTU ISO 1442:2005, pH - DSTU ISO
2917:2001, mass fraction of fat - DSTU 8380:2015,
mass fraction of table salt - DSTU ISO 1841-2:2004,

The pressing method (the method of Grau and
Hamm in the modification of V.L. Volovynska) was
used to determine the moisture-binding capacity
(MBQ). The test sample of the product was thoroughly
crushed and mixed. After that, a weight weighing 0.3 g
(to the nearest 0.01 g) was taken and transferred to
an ashless filter located on a glass plate. The top was
covered with the same plate and a 1 kg weight was
placed on it for 10 minutes. After that, the filter was
released with a ruler, and then the outline of the spot
around the pressed meat and adsorbed moisture was
drawn with a pencil. The area of the formed spots was
measured with a planimeter.

The mass fraction of tightly bound moisture in
the sample was calculated using the formula:

(4~ (84F)) 100,
e

Xt - 100%, (1)

where X, is the mass fraction of bound moisture in
the sample, % to the mass of meat; 8.4 - amount of



moisture absorbed by 1 cm? of ashless filter, mg; F -
wet spot area, cm?; A - total moisture content in this
sample, mg; m - weight of the sample, mg; 100 is a
multiplier for conversion in %.

A=mg, (2)

where ¢ — moisture content in the sample in fractions
of a unit.

Ultimate shear stress (USS) was determined
using an automatic PMDP penetrometer. The minced
meat sample was placed in a mold and the surface
was leveled with a spatula. The device was connect-
ed to the electrical network, a form with a prepared
sample of the product was placed on the object table
of the device.

Pressed the “Network” button, then the “60s”

button and the “Start” button. When fixing the pen-
etration value on the digital scoreboard, remove the
penetration value from the scoreboard and wait for
the cone to return to its initial position. Based on the
found value of the immersion depth, the ultimate
shear stress was calculated according to the formula
of PA. Rebinder for plastic-viscous bodies:

k,F
=

where © - the ultimate shear stress, Pa; k - a cone
constant that depends on the angle at its apex; h — the
immersion depth of the cone, m

F=mg, 4)

m - mass of the cone with a rod and an additional
load, kg; g — acceleration of free fall, m/s.

Heat treatment losses were determined by the
gravimetric method, weighing product samples be-
fore and after heat treatment. Cooked samples were
weighed after cooling to a temperature below 40°C.

The formula was used to calculate losses during
heat treatment

M, — M,

M1 )+ 100, (5)
where TO - losses during heat treatment, %; M, - mass
of raw material or semi-finished product prepared
for heat treatment, kg; M, - mass of raw material or
semi-finished product, after heat treatment, kg; 100 is
a multiplier for conversion in %.

The stability of minced meat emulsion was de-
termined using the method developed by R.M. Salava-
tulina, S.A. Aliyev, and V.M. Lyubchenko. Minced meat
samples weighing 180...200 g were placed in hermet-
ically sealed cans No. 3, weighed and cooked in a wa-
ter bath at a temperature of 78...80°C for 1 hour, then
cooled to a temperature of 12...15°C. After that, the
cans were opened, the broth, together with the sepa-

TO = (
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rated fat, was transferred into pre-weighed aluminum
containers. And the remaining cooked minced meat
was dried with filter paper and weighed.

The stability of minced meat emulsion (SMM, %
by mass of minced meat) was calculated according to
the formula

mC
SMM = —= - 100 (6)
m

where m_- mass of cooked minced meat after heat
treatment and drying, g; m - the weight of minced
meat before heat treatment, g; 100 - a multiplier for
conversion in %.

To determine organoleptic indicators, a 9-point
scaleaccordingtoDSTU4823.2:2007 and [15] was used.

RESULTS AND DISCUSSION

The object of research is the production technology of
chopped semi-finished products (meatballs).

According to DSTU 4437:2005, meatballs are
a frozen semi-finished product made of minced meat
with the addition of other components (according to
the recipe) in a spherical shape weighing 7...9 g. The
components of the recipe can be vegetable compo-
nents (onions, cereals, legumes, etc.) . According to
the requirements, meat semi-finished products must
contain at least 50% of meat raw materials, and meat
products - at least 40%. These requirements were tak-
en into account when conducting research and devel-
oping the recipe for meatballs with couscous.

At the initial stage, a study of the influence
of couscous introduction on the dynamics of chang-
es in functional and technological indicators (FTI)
and structural and mechanical properties of systems
based on meat raw materials was carried out.

For this purpose, a series of model mincemeats
was prepared with the addition of pre-prepared cous-
cous groats, because it is impossible to obtain the
desired structure of mincemeat that will form well,
keep its shape and have good organoleptic indicators
when dry groats are introduced. Therefore, dry cous-
cous groats were previously poured with hot water at
a temperature of 80...90°C so that the water level was
1 cm above the groats. After that, they were brought to
a boil and left to swell and cool. Cooled groats were
used to prepare model minced meat.

Pork and beef (separately) were chopped on a
small grater with a diameter of 3 mm. Next, in a mixer
for preparing a series of model mincemeats, each type
of meat was mixed with cereals for 8 minutes. The
mass share of prepared groats in model minced meat
was up to 18% with a step of 3%. Raw meat without
additives was used as a control sample.

The results of the study of the dynamics of
changes in the mass fraction of moisture W, (%), MBC
(%) and USS (Pa) of model minced pork and beef are
shown in fig. 1-3.
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Figure 1. The influence of the introduction of prepared couscous cereal on the change
in the mass fraction of moisture in model minced meat samples
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Figure 2 The influence of the introduction of prepared couscous cereal
on the change of MBC in model minced meat samples
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Figure 3 The influence of the introduction of prepared couscous cereal
on the change of USS in model minced meat samples

The experimentally obtained data show that
the addition of prepared couscous grain leads to an
increase in the mass fraction of moisture in the sys-
tem by 4.9...8.9% with an increase in the grain con-
tent, while the MBC indicator decreases by 7.5...9%.
These changes are not critical, but may affect the pro-
vision of stable quality of finished products when us-
ing beef and pork meat. After all, the decrease in the
MBC indicator occurs due to a decrease in the protein
content of muscle tissue, so the system’s ability to re-
tain free moisture also decreases. Instead, an increase
in the mass fraction of moisture occurs due to the

Ukrainian Black Sea Region Agrarian Science, 25(2), 95-103

introduction of a significant fraction of moisture with
the prepared couscous cereal. The data are correlated
with the values obtained in the USS study. These indi-
cators can affect the tenderness and juiciness of fin-
ished products, as well as cause an increase in losses
during heat treatment.

Chopped semi-finished products are tradition-
ally sold in a frozen form with a temperature in the
center of the product no higher than-10°C, so another
important indicator that must be taken into account
when using new recipe components is determin-
ing their effect on the change in the value of active
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acidity - pH. After all, significant fluctuations in the val-
ues of this indicator can affect the structure of native
proteins of meat raw materials, changing their solubil-

T 65T
o

554

control 3 6 9
Mass proportion of prepared couscous cereal, %

ity and hydrophobicity. The influence of the addition
of couscous on the pH of the model minced meat is
shown in Fig. 4.

6.41

m beef

B pork

12 15 18

Figure 4 The influence of adding prepared couscous cereal on the pH change of the model minced meat samples

The obtained results demonstrate an increase
in the pH value by 0.48...0.54 units with an increase in
the proportion of the additive in the system. Such dy-
namics can be evaluated as positive, because it indi-
cates the accumulation of soluble myofibrillar proteins
in the system, which contribute to the strengthening
of the minced meat structure during heat treatment.

control 3 6 9
Mass proportion of prepared couscous cereal, %

To determine the possible value of losses during
heat treatment, all model minced meats were subject-
ed to heat treatment. Namely, round-shaped products
weighing 7...9 g were formed and steamed to reach a
temperature in the center of 72+2°C. The products were
weighed before and after cooking.Theresults of the study
of losses during heat treatment (HT, %) are shown in fig.5.

26.6 28.1
25.3 :

m beef

m pork

12 15 18

Figure 5 The influence of adding prepared couscous cereal
on losses during heat treatment of model minced meat samples

The obtained data (Fig. 5) demonstrate that the
model mincemeats with the introduction of prepared
couscous grits lose 0.3...5.4% more during heat treat-
ment, compared to the control samples. More signifi-
cant indicators of losses during heat treatment were
established in samples with a mass fraction of cous-
cous of 12...18%, the dynamics of losses is higher in
minced meat based on pork.

Thus, after examining the functional and tech-
nological indicators of model minced meat with the
introduction of prepared couscous groats, it can be
stated that it is rational to add up to 12% of prepared
couscous groats to the composition of new types of
meatballs, because a higher content of vegetable raw
materials leads to a decrease in MBC, USS indicators,
contributes to an increase content of unbound mois-

ture and reduces yield. The basis of the recipe should
be beef meat, because fattier pork meat with such a
combination has a significant effect on the change
in FTI, and, accordingly, on the quality indicators of
the finished product. Paying attention to the color, the
presence of deformations and tears. When evaluating
the species on the section, attention was paid to the
uniformity of the distribution of components, accord-
ing to the formulation, the color from dark to light pink.
The smell in the raw form should be characteristic of
good-quality raw materials and spices, in the cooked
form, the taste and smell should be characteristic of
the given product, without extraneous aftertaste and
smell. The consistency of culinary processed semi-fin-
ished products is juicy,tender, not fragile. The results of
the study are presented in the form of a profile in fig. 6.
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Figure 6 Profilogram of organoleptic evaluation of control and test meatball samples

The received sensory evaluation data show that,
in general, all samples meet the requirements of the
regulatory documentation in all indicators and do not
differ significantly. However, the smallest area in the
sensory evaluation is occupied by the profile of the fifth
sample, which is characterized by a less pronounced
taste and aroma, has a soft consistency, and when
evaluating the appearance on the section, the tasters
noted the presence of significant visible inclusions of

< 100 =

]

o 9 ¢
80 +
70

couscous, which was the reason for the reduced organ-
oleptic evaluation of this sample. Thus, taking into ac-
count the results of the tasting evaluation, it is recom-
mended to add no more than 9% of prepared couscous
to the meatballs. Another important indicator that de-
termines the quality of chopped semi-finished prod-
ucts is the stability indicator of minced meat emul-
sion, which characterizes the mass fraction of bound
moisture and fat. The results are presented in fig. 7.

1 (control) . 2

Sample number

Figure 7. The value of the stability index of minced emulsion of control
and experimental samples of chopped semi-finished products

At the next stage of the research, the organo-
leptic parameters of the samples of meatballs with the
addition of prepared couscous cereal were determined.
After all, it is the organoleptic properties of food prod-
ucts, including meat products, that directly affect the
choice of the product by the consumer and objectively

All test samples show higher SMM values,
compared to the control, which can be explained by
the fact that the control sample contains more fat,
which is less well connected to other components
of the minced meat and is therefore easier to sepa-
rate during heat treatment. In the test samples, the
SMM value increases by 2.8...11.9%, compared to the
control, which indicates a better binding of moisture
and fat in the experimental samples and characteriz-
es their consistency as denser. This can be explained
by the fact that couscous contains gluten, which
has high elasticity and is able to retain a significant

Ukrainian Black Sea Region Agrarian Science, 25(2), 95-103

amount of moisture when it is separated from meat
proteins during heat treatment. This study also con-
firms the expediency of using couscous groats in the
production technology of chopped semi-finished
products. At the next stage, the organoleptic and
physico-chemical parameters of meatballs contain-
ing 9% couscous groats and their compliance with
the requirements of regulatory documentation were
investigated. For this, two batches of meatballs were
made according to the traditional recipe, according
to DSTU 4437:2005 and according to the experimen-
tal recipe. Then they were divided into two parts: one
part was frozen to a temperature in the center no
higher than 10°C and these products were evaluated
in the frozen state; the second - was boiled in boil-
ing water for 15 minutes, removed from the water,
cooled to a temperature of 40°C and organoleptic in-
dicators were evaluated. Physico-chemical indicators



were evaluated in raw semi-finished products. The
obtained results are presented in the table. 1. All
test samples show higher SMM values, compared to
the control, which can be explained by the fact that
the control sample contains more fat, which is less
well connected to other components of the minced
meat and is therefore easier to separate during the
heat treatment process. In the experimental sam-
ples, the value of the SMM indicator increases by
2.8...11.9%, compared to the control, which indicates
a better binding of moisture and fat in the exper-
imental samples and characterizes their consisten-
cy as denser. This can be explained by the fact that
couscous contains gluten, which has high elasticity
and is able to retain a significant amount of moisture
when it is separated from meat proteins during heat
treatment. This study also confirms the expediency of
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using couscous groats in the production technology
of chopped semi-finished products.

At the next stage, the organoleptic and physico-
chemical indicators of meatballs containing 9% cous-
cous groats and their compliance with the requirements
of requlatory documentation were investigated. For this,
two batches of meatballs were made according to the
traditional recipe, according to DSTU 4437:2005 and
according to the experimental recipe. Then they were
divided into two parts: one part was frozen to a tem-
perature in the center no higher than 10°C and these
products were evaluated in the frozen state; the second
- was boiled in boiling water for 15 minutes, removed
from the water, cooled to a temperature of 40°C and
organoleptic indicators were evaluated. Physico-chem-
ical indicators were evaluated in raw semi-finished
products. The obtained results are presented in Table 1.

Table 1. Quality indicators of meatballs with couscous grains

Name of the indicator

Control sample
(according to DSTU 4437:2005)

Test sample

Organoleptic indicators

Appearance

Sectional view

Consistence

Taste and smell

Not stuck together, not deformed. The shape of one piece is spherical. When shaking
the packaging unit, they make a clear, distinct sound.

The minced meat is evenly mixed, from dark red to light pink in color.

In boiled form - juicy, tender, not fragile.

In raw form, they are characteristic of good-quality raw materials and spices. In boiled -

characteristic of this product. Without extraneous taste, smell.

Physico-chemical parameters

Mass fraction of moisture in minced meat,

%, not more than 66.92 68.35

Mass fraction of fat, %, not more than 10.92 8.14
Mass fraction of table salt, % 1.82 1.67
Mass of one piece, g 8+1 8+1

The results of the conducted research demon-
strate that the partial replacement of grade | beef with
prepared couscous grits and raw fat with semi-fat pork
will allow to obtain products with stable functional
and technological properties and good taste character-
istics. The quality indicators of such products meet the
requirements of regulatory documentation. This prod-
uct will make it possible to rationally use raw materi-
als of animal origin and reduce the cost of production.

CONCLUSIONS
Theoretical and experimental research made it
possible to generalize the following:
1. Couscous grits are a promising ingredient for
use in the recipes of chopped semi-finished products.
2.1t was experimentally established that the intro-
duction of prepared couscous cereal up to 12% has an

insignificant effect on the change of functional-tech-
nological and structural-mechanical indicators, and
an increase in the mass fraction of the plant compo-
nent up to 18% is inappropriate due to a drop in MBC,
USS and an increase in losses during heat treatment.

3. Organoleptic evaluation of the line of experi-
mental samples made it possible to establish that it is
advisable to use no more than 9% of couscous grains
in new types of chopped semi-finished products.

4. In the experimental samples, organoleptic and
physico-chemical quality indicators are determined,
which fully meet the requirements of DSTU.

It is advisable to direct further research to the
establishment of product storage parameters, the as-
sessment of the economic effect and the development
of regulatory documentation for the introduction of
the technology into industrial production.
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POCNIMHHIi KOMMNOHEHTU Y TeXHOJIOrii BUPOGHMLTBA M'AcOoNpoAayKTiB

I. B. lWnanak,

KaHAMAAT TEXHIYHUX HayK, foueHT, Researcher ID: P-6853-2015

J1. B. AryHoBa,

KaHAMAAT TEXHIYHMX Hayk, aoueHT, ORCID ID: 0000-0002-6708-7396
H.T. Asapoga,

KaHAMAAT TEXHIYHUX Hayk, foueHT, ORCID ID: 0000-0003-1750-6828
Opecbka HauioHanbHa akafeMmis XapyoBUX TEXHOMOTIN

AHoTauif. M'aco Ta MACHi NPOAYKTU € HEOBXiAHMM MKepenoM BaroMoro nepeniky 6ionoriyHo akTMBHUX pevyoBUH
3 BMCOKOK 0i0oNoriYyHOK AOCTYMHICTIO, BOHM 30arayeHi He3aMiHHMMM aMiHOKMCIOTaMM, BiTaMiHaMu, Makpo- i
MikpoenemeHTamu. CaMe TOMYy BMHAMOEHHS HOBMX BWAIB Xap4yOBWMX MPOAYKTIB Ha MACHIM 6a3i i nokpalieHHs
BXXE HASIBHMX TEXHOMOriM iX BUPOOHULITBA € BarOMMM 3aBAAHHAM A5 HAYKOBLIB i cnewianictis MaconepepobHoi
ranysi. HeobxigHMM HanpsIMKOM Npu BUPOOHMLUTBI HOBUX BWAIB MSICOMPOAYKTIB € CMHTE3 CMPOBUHU TBAPUHHOIO
i POCAIMHHOIrO MOXOAXEHHS. Takuii TeXHOMOrYHMI MeXaHi3M [03BONSE OAEPXKYBaTW XapyoBi MPOAYKTH, AKi €
36arayeHMMM OpPraHiYHMMM HYTPIEHTaMM, LLO MO3UTUBHO BMIMBAKOTb HAa (YHKLiIOHYBAaHHS OpraHiB i cucrem
NIOLCbKOrO OpraHiaMy Ta CpuaioTb PaLlioHaNbHOMY 3aCTOCYBaHHIO CUPOBUHU TBAPUHHOIO MOXOAXKEHHS, L0 AA€ 3MOTY
pO3LWMPUTH aCOPTUMEHT NpoayKLii. BueHMMM Ta pocnigHukamu uiei chepm 6yno BUBYEHO MOXKIIMBICTb BHECEHHS [0
CKnaay MAConpoayKTiB Pi3HOMAHITHUX POCIMHHUX KOMMOHEHTIB i BUSIBNIEHO iX MO3UTUBHWUIA BNAMB HA CTPYKTYpPHO-
MexXaHi4Hi, OpraHoNenTUYHi, GYHKLiOHaNbHO-TEXHOMONiYHI BNACTUBOCTI Ta Hi0N0rivHy LiHHICTb. TaKMM YMHOM, METOIO
LOCNIKEHHS € 0OrpYHTYBaHHS BUKOPUCTAHHS POC/IMHHOIO KOMMOHEHTY, @ CaMe KpYnu KYCKyC i3 TBepAuX COpTiB
MLEeHWULL B TEXHONOTii BUPOOHMLTBA MCHUX HaniBdabpukaTis.Y cTaTTi 06rpyHTOBAHO | EKCNEPUMEHTANIbHO AOBELEHO
MOX/IMBICTb BUKOPUCTAHHS KPYMUW KYCKYC B TEXHONOTii BUPOOHMLTBA NociveHnx Hanisabpukatis. 3a pe3ynbratamu
[OCNIAKEHHS QYHKLIOHANbHO-TEXHONOTYHUX | OPraHONEeNTUYHMX NOKA3HMKIB MoAenbHMX hapLuiB BCTAHOB/EHO, LLLO
[0 peuenTypu GpUKaLeNnboK i3 ANIOBUYMHM | CBUHUHM PaLLiOHANbHO BHOCUTM He Ginblue 9 % nigroToBaHoi Kpynu
KYCKyCy. 3@ MOKa3HMKaMM SKOCTi HaniBdabpukaTtu BiANOBiIAAIOTb BUMOraMm Ait040i HOPMATUBHOI AOKYMEHTAL,i

Kniouosi cnoBa: Kyckyc, nocivyeHi Hanisbabpukatu, dpukanenbku, OyHKLIOHANbHO-TEXHONOTIYHI MOKA3HUKM,
OpraHonenT14Ha OLLiHKa
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Abstract. The COVID-19 pandemic has had and continues to have a profound effect on all areas of our lives. One
of the main areas affected by the pandemic is agriculture. The article emphasizes the need to apply science-
intensive technologies and expand innovative activities to ensure sustainable development of agriculture in the
current pandemic. The importance of new generation technologies in accelerating the innovative development of
the agricultural sector is also studied. Positive results have been obtained on issues that need to be solved when
organizing and developing an economy based on an innovation system in the agricultural sector in a pandemic
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activity

PROBLEM STATEMENT

Various economic processes in the modern world, as
well as the great disaster pandemic Covid-19, have
harmed all sectors of the economy on a global scale.
Such an undesirable event has affected our Republic
as well. It should be noted that due to the outbreak of
the Covid-19 pandemic, oil prices in world oil markets
in 2020 fell significantly. Unlike other sectors, there is
no visible demand for fuel and energy in agriculture.

It should be noted that in most of the devel-
oped countries of the world, about 20-25% of the la-
bor force is employed in the field of high technolo-
gies, science, and education. For example, Switzerland,
Sweden, and the United States ranked first in the 2020
Global Innovation Index. Azerbaijan ranks 82 nd in this
rating. In Switzerland, which ranks first in the ranking,
a highly skilled workforce plays an important role in
the country's economic development. Research funded
by the public and private sectors further improves the
business environment in the country and stimulates
support for new projects. The bulk of the financial sup-
port is provided by the private sector.

The purpose of the innovation is to change the
object of management, to achieve a new scientific,
technical, economic, and social effect. Innovation is
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assessed as the commercialization of scientific knowl-
edge,embodied as new or improved products (services),
techniques, technologies, organization of production,
and management, and has various effects. [4, p. 8]

Under current conditions, the whole world is
trying to further strengthen the innovation environ-
ment and transform itself into a digital economy. It
should be noted that:

1. digitalization, which today penetrates all life
spheres that is digital transformations are taking
place under the influence of a pandemic;

2. we have to look actually at digital transforma-
tion, which we recognize as a process of broad in-
tegration of digital technologies into business, in a
broader sense today due to the pandemic.

ANALYSIS OF ACTUAL RESEARCH
Preliminary analysis showed that innovative activity in
the agricultural sector brings the following benefits:
economic, social, environmental, technical, technolog-
ical, trade, budget, etc.

There are three mutually and interdependent
ways of innovative development of agriculture in cur-
rent conditions:

Mirzayey, N. (2021). COVID-19 pandemic and innovative agrarian economy. Ukrainian Black Sea Region Agrarian
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1. Investment in human capital - priority develop-
ment of agrarian education, fundamental and applied
research organizations, creation of a database on in-
novations, as well as the creation of an information
and consulting system serving agricultural producers;

2. Investment in biological resources - increasing
soil fertility and productivity of agricultural produc-
tion through the application of innovative methods;

3. Investment in new technology is the investment
in the development of technologies. They can improve
the technical and technological potential of agricul-
ture, dramatically increase labor productivity and ef-
ficiency of agricultural activities through the use of
energy conservation equipment and resource-saving
equipment, and high technologies [5, p. 77-81].

Azerbaijan is one of the two countries in the
world that offer Mobile Residency. Mobile Residency,
provided through the Digital Commerce Hub, is a pub-
lic-private partnership project that allows anyone to
access many e-services from wherever they are.

Digital transformations are the focus of the top
government. On January 6, 2021, the President of the
Republic of Azerbaijan signed a decree on the estab-
lishment of the “Center for Analysis and Coordination
of the Fourth Industrial Revolution” under the Minis-
try of Economy. The UN appeal in March 2020 stated
that the use of digital technologies in the fight against
Covid-19 is inevitable. Many countries have tightened
control over their crushing space-time neutron (media).

The development of new regulations is on the
agenda. As a digital technology, the Internet of Things
(IoT) provides a platform that allows health authori-
ties to monitor the Covid-19 pandemic.

It is no coincidence that cloud services are con-
sidered a necessary factor for sustainable online activ-
ity during the pandemic. These factors include: ‘chan-
nel capacity in the home network, the capacity of the
Internet channel depending on the server equipment,
software, cloud service capabilities”.

In the West, “Online Nation 2020 Report: 88%
of current news on social networks is dedicated to the
coronavirus. They want to increase the confidence in
distorted news by using mathematical statistics. In the
Western media, the figures for the coronavirus were
exaggerated 142 times last year compared to official
statistics [7].

The reality is that the relevant legal framework
is being formed and developed in developed coun-
tries. For example, in France, the law “On Confidence
in the Digital Economy” has been in force since 2004.
The law regulating digital economic relations in the
UK has been in force since 2010. In 2017, in addition,
the law “ On Digital Economy” was adopted. These ex-
amples can certainly be multiplied. Thus, in developed
countries, the relevant legislation has been enacted.
The European Union is currently working to unify the
relevant legal norms. unify the relevant legal norms.
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The purpose of the article. In the context of the
ongoing Covid-19 pandemicin the global economy, the
main goal is to identify the problems that need to be
solved when organizing and developing the agricultur-
al sector in the country based on an innovation system.

PRESENTATION OF THE MAIN MATERIAL
Innovation means new scientific and technical ideas,
new products, new technologies, new production pro-
cesses, the opening of new markets. Innovation is the
result of scientific and technical activity in the form of
a new or improved product (good or service) or tech-
nology. The main feature of the innovation is its ap-
plication. A new or improved product is considered an
innovative product only after it enters the market [8].

Innovation as a social category lies in the fact
that almost all inventions are aimed at reducing the
cost of energy, human labor, attracting new produc-
tive forces in production, increasing the efficiency of
labor and production, and improving product quality.
It leads to increased production and consumption,
helps to improve the quality of life, helps maintain a
balance between supply and demand, production and
consumption by improving product quality, reducing
costs, and improving production.

Giving preference to the institutional context of
innovation, K. Freeman noted that the National Inno-
vation System (NIS) is a network of institutional struc-
tures that create, change and promote the diffusion of
new technologies, activities, and interactions in public
and private sectors of the economy. These institutions
(institutions) include both the organizations respon-
sible for conducting the research and ‘copies of ac-
tivities that help organize and manage the resources
available at the enterprise and country level”.

In accordance with the Decree of the President
of the Republic of Azerbaijan dated December 19,
2018, the liberalization of the provision of the agri-
cultural sector with machinery has been carried out.
Techniques from different companies are leased to
farmers with certain discounts (40%). The application
of innovations, digitalization is under the influence of
the pandemic.

The impact of the Covid-19 pandemic on a digi-
tal transformation can be summarized as follows:

1. as quarantine conditions are tightened, the use
of digital technologies is expanding and activities in
the digital environment are intensifying. This tenden-
cy is also found in public life;

2. the situation is different in the economic envi-
ronment;

3.the doubts we have noted, of course, are reflect-
ed in the pace and proportion of the formation of the
digital economy;

4. however, there are more fundamental trends in
the development of the digital sector of the economy,
driven by intrinsic motives;
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5.these trends have more to do with economicinter-
ests than with conditions created by the pandemic [1].

Factors of economic activity play an important
role in economic processes occurring in a pandemic:

1.1t seems that the current processes in the world
economy are maneuvering between economic activity
and human health.

2. It is taken into account that prohibitions con-
trary to economic laws usually do not work effective-
ly. Therefore, economic activity factors are taken into
account in decisions on pandemic-related restrictions.

3. It is not difficult to see that such a situation ex-
pands the scope of digital technologies.

It should be noted that the article “Digital
Transformation: 4 Ways to Plan a Normal Life After a
Pandemic” by a very experienced expert like Bernie
Gracy suggests the following:

- proper finance;

- correct tools;

- correct selection of staff;

- the right decisions on the brand” [6].

The author recommends that the correctness of
finances, tools, staff,and decisions be assessed in terms
of the pandemic impact of digital transformations.

As a result of the successful, purposeful policy
pursued in Azerbaijan, which has chosen the path of
active integration into the world economic system, the
formation of the economy has created favorable con-
ditions for further business activity, the rapid develop-
ment of the oil and non-oil sectors, poverty reduction,
reliable social protection. has significantly improved
the situation.

However, given the Covid-19 pandemic, the
global economic crisis, and other ongoing economic
processes, the organization of an innovative economy
to ensure the competitiveness and sustainability of
the agricultural sector, which is an important sector of
the Azerbaijani economy, is a requirement of the day.

One of the priorities of the economic policy of
the Azerbaijani government is to accelerate the tran-
sition to an innovative economy in modern times, the
application of the most advanced technologies in our
country in line with the line of modernization and,
consequently, the implementation of regional pro-
grams. This is one of the most important issues in the
creation of an innovation system in the agricultural
sector. Because recently special attention is paid to the
development of the agricultural sector in the country.
The country's strategic plans include the development
of the agricultural sector, increasing food production,
and ensuring food security. Achieving the develop-
ment of the agrarian sector is one of the main direc-
tions of the country's economic diversification strategy.

The economic reforms implemented are proof
of this. “The share of the agricultural sector in the
country's labor market is more than 35%. However, the
share of this sector in the country’'s GDP per capita is
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low (6.0%)" [9]. It should also be taken into account
that the innovative system in the agricultural sector,
unlike other areas, is applied in a unique way. Such
a difference is mainly due to the need for a special
approach to the field. As mentioned above, food secu-
rity in the country is directly dependent on this area,
the share of workers in this area in the labor market
is high, and so on. factors can be cited as the main
reasons for this. Ensuring the innovative development
of Azerbaijan's agricultural sector can make a positive
contribution to the development of the non-oil sector
as a whole. This factor will also increase the share of
the agricultural sector in GDP per capita.

There are a number of problems in the agricul-
tural sector. So that:

- infrastructure and production technologies are
at a low level;

- access to local products to world markets is lim-
ited;

- poor coordination between producers and those
involved in this activity;

- poor coordination of the market of agricultural
products;

- there are few highly qualified, specially trained,
and experienced personnel in the agricultural sector;

- depending on the size, enterprises do not coop-
erate.

The agrarian strategy implemented in Azerbai-
jan requires a comprehensive study of various issues of
increasing the role of entrepreneurship in the agrarian
sector, creating favorable conditions for the effective
use of intensive and innovative development factors.
From this point of view, it is veryimportant to assess the
role of business entities in the field, to determine the
features of their strategic management, to coordinate
the policy of protection and liberalization of interna-
tional trade in the national agricultural sector, to justify
the effectiveness of the existing system of regulation.

The basis of the development strategy of the
agrarian sector should be the issues of stimulating
the application of the latest achievements of scientif-
ic and technological progress. Scientific and technical
progress in the XXI century will not be limited to new
means and objects of labor, machines, and technolo-
gies, but will include the productive forces, including
man himself, on the other hand, new production rela-
tions, primarily organizational forms and methods of
farming. The highest efficiency of scientific and tech-
nical progress in agriculture will be ensured through
the use of its latest directions and factors [3, p. 141].

For more effective cooperation between science,
public and private sectors in our country, it is neces-
sary to create appropriate legislation and institution,
as well as effective implementation of activities. In
addition to financial support in the agricultural sector,
the organization will assist in conducting monitoring
and further increase the knowledge of entrepreneurs



in the field of business. Such an approach will have
a positive impact on the development of the agricul-
tural sector by increasing its export potential and will
further accelerate the formation of an innovative ag-
ricultural economy.

In our republic, the Innovation Agency was es-
tablished under the Ministry of Transport, Commu-
nications and High Technologies of the Republic of
Azerbaijan, and the Innovation Center was established
under the State Agency for Citizen Services and So-
cial Innovations under the President of the Republic
of Azerbaijan. In addition, the vital importance of the
agricultural sector has led to innovation activity here.
“Thus, 12 agricultural research institutes operating in
the country, including 7 research institutes included
in the structure of the Center for Agrarian Science and
Innovation of the Ministry of Agriculture, Agrarian Re-
search Center, Araz Scientific Production Association
(Nakhchivan Autonomous Republic), A large part of
the 8 regional centers of agrarian science and innova-
tion and about 40 experimental and production bases
of research institutes make a valuable contribution to
the innovative development of this field” [2, p. 18].

It should be noted that such highly specialized
institutions have a direct impact on the development of
innovation in the agricultural sector. These bodies man-
age research and dissemination of results, and coordi-
nateresearchstructuresrelatedtotheagriculturalsector.

Realization of opportunities to increase the
economic efficiency of agrarian entrepreneurship in
the conditions of development of public-private part-
nership and diversification of activity is possible only
in the conditions of creation of specialized subjects of
innovative development in the regions.

The effectiveness of innovative entrepreneur-
ship in the agricultural sector depends on the estab-
lishment of specialized entities to carry out innovative
activities in the country, including innovation centers,
agro-parks, technology parks, and incubators, etc.,
which implement product and process innovations.
depends on the network capacity and distribution
area. Thus, the subjects of specialized innovation ac-
tivities promote the increase of innovation activity in
the agro-food industry by strengthening technologi-
cal, organizational, and information support.

Cluster development is based on criteria such
as efficient use of resources and infrastructure, in-
cluding joint logistics systems, improvement of labor
resources (staff training), and joint innovative produc-
tion activities, aimed at realizing the comparative ad-
vantages of agro-industrial integration and specializa-
tion. Given that the market orientation of innovations
is one of the main conditions for its sustainability, the
important role of agro-industrial clusters in promot-
ing entrepreneurship should be emphasized. On the
other hand, joint production and commercial activities
place quite specific and longterm requirements for
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the infrastructure of intellectual development. Cluster
initiatives, which envisage the realization of resource
conservation opportunities, modernization of pro-
duction infrastructure, and active application of high
technologies, create favorable conditions for the de-
velopment of innovative entrepreneurship in the agri-
cultural sector. These conditions should be conducive
to minimizing losses in the movement of resources
and finished products.

At present, our country is at the initial stage of
innovation development. As we have noted, the main
priority of the economic policy of our country is to de-
velop the non-oil sector of the economy.

Due to the priority of strengthening coordina-
tion between institutions or organizations engaged in
innovative activities, it is very important to promote
and produce innovative products based on science, to
stimulate free access to the market and their applica-
tion in production, especially in agricultural produc-
tion. Of course, the above can be done in exchange for
improving the regulatory framework.

Some production factors inhibit and support
innovation in agricultural production and processing
plants and research centers:

A. Production factors hindering innovation

1. low level of innovation potential,

2. lack of staff;

3.ignorance of technological innovations;
4.ignorance of the markets for new products.

B.Factors of production that supportinnovation:

1. state procurements;

2. prices;

3. subsidy;

4. information consulting services;

5. coordination in the implementation of innova-
tive programs.

Unfortunately, there are no official or unofficial
statistics on how much investment was made in inno-
vation in general and in the agricultural sector before
and during the pandemic. We can provide only the fol-
lowing indicators (Table 1).

The development of the agricultural sector
in Azerbaijan, the satisfaction of the country's food
needs, and the export of agricultural products to for-
eign markets are some of the priorities of economic
policy. Therefore, the achievement of technological
advances in the agricultural sector and the training
of highly qualified personnel is one of the most im-
portant issues. Regarding the consideration of inno-
vation in the agricultural sector as a systematic ap-
proach and the creation of an innovation system, it
was noted that our country has great potential and
opportunities in the agricultural sector. Based on the
experience of other countries, we can say that the ap-
plication of innovations in the agricultural sector and
its development brings a lot of benefits to the coun-
try's economy as a whole.
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Table 1. Structure of the use of investments in fixed assets by main types of production activities (in percent)

2010 2015
Agriculture 0.7 4.4 2.2 2.1 3.5 4.4 4.2
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Investments in fixed assets in

agriculture. million manats Sk

431.0 3554 325.1 617.8 764.4 769.5

Source: author own elaboration on the basis of materials [9]

At present, the American, Western European,
Israeli and Japanese experience of innovative activi-
ties in the agricultural sector is considered to be more
advanced. At the same time, according to internation-
al experts, the experience gained by Australia, China,
and some Latin American countries in various areas of
agriculture deserves special attention. At a time when
the tendency of agriculture to become a kind of indus-
try is intensifying, the innovation of agrarian entre-
preneurship depends on the intensity and stability of
inter-sectoral relations, especially on the sustainabili-
ty of agro-industrial relations, in other words, the level
of integration.

The world’'s economic power centers are also
known as areas with a high level of innovative activity in
various fields, including the agro-food sector. It is no co-
incidence that almost 80 percent of the market forinno-
vative products is atthe disposal of developed countries.

In Japan, where there is a high level of support
for agricultural producers, there have been significant
changes in food production policy due to the transition
to international diversification. Thus, Japan has had a
significant impact on the structure of agrofood devel-
opment in a large region to ensure national food secu-
rity by investing heavily in the establishment of joint
agro-industrial enterprises,innovative agricultural pro-
duction, and agroprocessing in developing countries.

Among the People's Republic of China, ex-
tensive reforms have been carried out to support
state-owned agricultural enterprises and agrarian
enterprises in a fully justified selection process. The
known results of these reforms can be instructive for
post-Soviet countries. The point is that to minimize
the negative consequences of "shock therapy’, it is the
latest experience of the transition from a centralized
economy to civilized market relations that is useful for
promoting innovative and sustainable entrepreneur-
ship in agriculture.
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The experience of different countries in this di-
rection can be listed. Azerbaijan can also achieve high
results using the experience of these countries.

CONCLUSIONS AND PROSPECTS
FOR FURTHER RESEARCH

The current crisis caused by the Covid-19 pandemic
has once again proved that the creation and devel-
opment of an innovative agrarian economy should be
considered as one of the main directions for the coun-
try. In this regard, it is very important to increase and
support the number of innovative institutions in the
country, to promote and give preference to innovative
products, as well as to apply for certain tax benefits.

It can be concluded that the following issues
are important for the organization and development
of the economy in the agricultural sector based on an
innovative system:

- creation of an effective legislative framework for
the innovation system of the agrarian sector of the
republic;

- establishment of an organization to coordinate
institutions engaged in innovation activities in the ag-
ricultural sector;

- formation and improvement of public-private
partnership in the field of innovation application;

- provision of financial support and tax incentives
by the state to institutions engaged in innovation and
research;

- private sector support for institutions involved in
these activities;

- support for the application of innovative - im-
proving the higher education system of the methods
and scientific research in the agricultural republic fol-
lowing the developed modern education sector. At the
same time, increase production system and training
highly qualified personnel for the efficiency and fur-
ther strengthen logistics links; agricultural sector.
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AHoTauis. MaHgemia COVID - 19 Mae rnbokuit BNIMB Ha BCi chepun Haworo xutTa. OgHieto 3 0CHOBHMX obnacTtei,
NopyLWeHUX NaHAEMIEI, € arpapHUiA CeKTOop. Y CTaTTi HAroNoWYETbCA Ha HEOOXiLAHOCTI 3aCTOCYBAHHS HAYKOMIiCTKMUX
TEXHOJIOTiV | pO3LWMPEHHSN iHHOBALIMHOI AisNbHOCTI ANs 3abe3neyeHHs CTanoro po3BMTKY CilbCbKOro roCnoaapcTea
B YMOBaX HUWHIWHLOI MaHAeMii. TakoX BMBYAETbCS BAXKAMBICTb TEXHOMOTiW HOBOrO MOKOMIHHA B MPUCKOPEHHI
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Abstract. The article analyses the role of intellectual capital in innovative economic growth within the knowledge
economy. To this end, the essence of social capital phenomena, one of the modern concepts of human capital and
institutional economy, which are the main components of intellectual capital, is explained, as well as the impact
of research and development activities on economic growth, one of the main indicators of scientific development
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PROBLEM STATEMENT

The knowledge economy is a new social and econom-
ic era in which knowledge is the most important and
basic economic resource, knowledge production and
communication are widespread, the number of people
working in the field of knowledge is higher than in oth-
er fields, and sustainable education and development.
In this society, the production, distribution, exchange,
use and development of knowledge are the main char-
acteristics of public life. The production, collection and
sale of knowledge have led to the emergence of new
areas of work in the information (knowledge) society.
Knowledge is both the main raw material and the
most important product of the modern economy. The
elements of capital necessary for wealth, prosperity,
and power, physical labour, smoky industrial machin-
ery, factories,and plants have given way to knowledge.

In the post-industrial society, information and
knowledge become a key factor in the development of
modern society. In the modern post-industrial econo-
my, knowledge is not only the main source of added
value, but also a key factor in ensuring competitive-
ness. Economies in the world that rely on cheap raw
materials and cheap labour are already struggling to
compete with economies based on knowledge and
high technology. The production of knowledge and
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information products play an extremely important
role in the development and competitiveness of coun-
tries moving from the stage of industrial development
to the post-industrial stage.

In other words, the development of countries
in modern times depends on the development of sci-
ence-based industries, including technological inno-
vations and new technologies.

Thus, the main source of value in knowledge-
based economies is innovation. Innovation is based
on intellectual capital. Unlike physical and financial
capital, the creation of intellectual capital makes this
organization a competitive advantage. Intellectual
capital includes knowledge, experience, work habits,
intangible assets, software, databases, and trademarks
of specific people. In other words, intellectual capital
is a system of characteristics that determines the abil-
ities of a person (in other words, the quality of the
workforce of an individual, enterprise, firm, company,
the country's total labour force) that materializes or
arises in the labour process.

In the post-industrial economy, the role of knowl-
edge as an economic resource is growing and the im-
portance of intellectual capital in ensuring econom-
ic development is observed. Intellectual capital is a

Mirzayey, N. (2021). COVID-19 pandemic and innovative agrarian economy. Ukrainian Black Sea Region Agrarian
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system that gives organizations a lasting intellectu-
al advantage in the market. The economic literature
identifies three components of intellectual capital:
human capital, organizational (or structural) capital,
and customer capital.

Rahimli

The analysis of the economic literature shows that
in its simplest form, intellectual capital consists of
three parts: human capital, organizational (or structur-
al) capital, and customer capital (Fig. 1). Each of them
can be borrowed or personal [14, p. 46].

Organizational
capital

Human capital

Customer capital

Intellectual
capital

Figure 1. The simple structure of intellectual capital

Human capital is the most important factor in
socio-economic development. But economic devel-
opment does not depend only on the quantity and
quality of knowledge and other economic resources.
Thus, in the modern market economy, there are many
events and processes of uneconomic nature that the
economic system cannot solve, which ultimately seri-
ously affects the results of the system. The solution of
monopolies, asymmetric information, income inequal-
ity, external effects, the problem of people without
tickets, etc., which are among the problems that arise
during collective activities, in fact depends on the lev-
el of cultural, ethical and psychological development
of the social environment. The level of development
of socioethical norms in society and the degree of
trust between people can be assessed by the concept
of social capital. Social capital is one of the basic con-
cepts of modern institutional economy. Economic de-
velopment can be achieved in countries through the
development of both human capital and social capital.

ANALYSIS OF ACTUAL RESEARCH

In the knowledgebased economy of the new century,
intellectual property and intellectual capital accumu-
lated in it play the role of the main currency. Intellec-
tual property assets have already surpassed material
assets and created a new stage in the world economy.
Over time, the “concrete and iron-based economy” has
become a “knowledge-based”, “digital’, “creative” econ-
omy,asaresultofwhichthe phenomenon of intellectual
capital, which has been overshadowed for many years,
has become the focus of public attention and analysis.

In modern times, human knowledge is the main
source of enrichment of the national economy and
economic growth. Knowledge comes to the fore from
capital, labour and natural resources, which are other
components of the production factors.

While labour and capital were the main factors
of production in an industrial society, in the postin-

dustrial society more knowledge and intellectual cap-
ital came to the fore. In developed countries, the lead-
ing sector of the economy is the sector that provides
intellectual services.

In conclusion, we can say that the analysis of
the following issues related to intellectual capital in
the knowledge economy is very important:

- to reveal the socio-economic essence of intellec-
tual capital;

- to analyse the structure of intellectual capital on
the basis of different models;

- comment on existing methods for assessing in-
tellectual capital,;

- to assess the impact of human (individual) cap-
ital, structural capital, technology and social capital,
which are components of intellectual capital, on eco-
nomic growth and economic development;

- to study the stages and features of the process of
intellectual capital formation,as well as the factors that
directlyaffectthetotalintellectualcapitalofthecountry;

- to show the relationship between intellectual
property, knowledge economy, innovative economy
and creative economy;

- to study the experience of advanced countries in
the formation of intellectual capital;

- improving the system of protection of intellectu-
al property rights and the mechanism of state support
for the development of intellectual capital;

- to determine the main directions of the state
policy on the formation of intellectual capital, etc.

The purpose of the article: The main purpose of
the study is to analyse and evaluate the potential of in-
tellectual capital to increase innovation in the knowl-
edge economyand ensure innovative economic growth.

PRESENTATION OF THE MAIN MATERIAL
The concept of intellectual capital was first intro-
duced to science in 1969 by the famous economist
J.K. Galbraith. Galbraith wrote that “one of the factors
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accelerating industrial society is money. But the factor
that accelerates and strengthens the post-industrial
society is knowledge. In modern times, new classes
have emerged with and without knowledge. This new
class does not derive its power from money or goods,
but only from knowledge [5, p. 8].

Before defining intellectual capital, it is nec-
essary to explain the concept of “intellectual”. Intel-
ligence is a set of characteristics attributed to an in-
dividual according to his various abilities, knowledge
and skills [1, p. 31].

Market assets
(brand, customer, sales channels, etc.)

Intellectual capital participates in the creation
of new values. At the macro level, national intellectual
capital is perceived as an important part of the knowl-
edge, skills, professionalism and economic growth of
the country's population.

P.H. Sullivan, one of the well-known researchers
of intellectual capital, noted that intellectual capital
covers such important concepts as knowledge, intelli-
gence, thinking and innovation [7, p. 40].

Scientificsourceshavearelativelyexpandedmod-
elofintellectual capital proposed by A.Brooking (Fig. 2).

Intellectual property assets
(know-how, trade secrets, patents, etc.)

Intellectual

Human-centered assets
(skills, creativity, management, etc.)

capital

Infrastructure assets
(corporate culture, market information,
communication system, etc.)

Figure 2. A Brooking's model of intellectual capital

Recent scientific research has also found an
brand (customer) and structural capital. Accord-
ing to approach called the “Integrated Intellectual
Capital the new model, the structure of intellectual

capital Model” (Fig. 3). According to this approach,
includes social, spiritual and technological capital
intellectual capital does not consist only of hu-
man, [12, p. 17].

Human
capital
Technological CuStqmer
capital capital
Intellectual
capital
Social o
capital Organizational
Moral ), capital
capital

Figure 3. Integrated Intellectual Capital Model

Researchers studying the impact of intellectual
competitiveness at both the micro and macro levels,
capital on the innovative economy at both the micro
especially at the macro level, creates great and macro
levels have concluded that increasing opportunities
for economic growth and economic development.

Knowledge-based economic activities lead to
the rapid enrichment of countries, as they allow the
production of products with higher added value and
higher productivity. There are several key elements of
intellectual capital that affect innovative economic
growth and sustainable economic development (Fig. 4).

Human capital Customer capital Social capital

Intellectual property Intangible assets Organizational capital

Research and development Innovation Knowledge technologies

Figure 4. The main elements of intellectual capital that affect economic development
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Let us now analyze the impact of intellectual
capital on innovative economic growth in three areas:
1.The impact of human (individual) capital on eco-
nomic growth.
2.The impact of social capital on economic growth.
3. The impact of research and development activi-
ties on economic growth.

According to J. Fischer, R. Dornbusch and
R. Schmalensee, investments in human capital gradual-
ly return in the form of higher wages or as a result of ac-
tivities that bring more income through this ability [17].

Studies show that the United States, Finland,
Germany, Japan, Switzerland, etc. human capital ac-
counts for about 80% of national wealth in developed
countries and 60-75% of national wealth in developed
countries as a whole. In these countries, 80-85% of
GDP growth is due to the development of knowledge.
G. Becker analyzed the economic efficiency of invest-
ment in education by comparing income with expen-
diture and determined that investment in education
allows to earn 12-14% per year [2, p. 49].

Approaches to the impact of human capital and
technological progress on economic growth manifest
themselves primarily in economic growth models.
To date, three main models of economic growth are
known: neo-Keynesian (Domar-Harrod), neoclassical
(Cobb-Douglas) and modern models of endogenous
technological progress. The current stage of econom-
ic growth is based on the efficient use of knowledge

Rahimli

and information resources. The introduction of new
technologies will help to overcome crises and de-
pressions, create new production opportunities and
the transition to sustainable economic growth. Hu-
man capital is one of the key factors in modern eco-
nomic growth models. In Solow's model of economic
growth, technical progress was taken as a condition
for basic economic growth. However, this factor was
mainly exogenous. Recent researchers G. Mankiw,
D. Romer and R. Lucas have tried to clarify and sup-
plement the Solow model, taking into account the im-
portant role of the human factor, in overcoming these
shortcomings. In the models of economic growth
worked by the above-mentioned authors, the Solow
model was proposed to expand it by introducing the
human factor into its new quality - human capital.
The impact of human capital on economic growth in
the following years was studied by C. Jones, R. Barro,
D.Jorgensen and others through various models [11].

The World Bank uses the “Human Capital Index”
to assess the level of human capital development in
countries. The Human Capital Index measures the ed-
ucation, skills and health status (health) of the world's
population. The index rates countries from 0 to 1.
The entire population of a country with a maximum
(HCI=1) result reaches the age of 60, while children
under the age of 14 receive a full and high level of
free education, and no child suffers from malnutrition.
The table below shows the HCI rankings for 2020.

Table 1. Ranking of some countries of the world according to the "Human Capital Index”

Rank Country Score
1 Singapore 0.88
2 Hong Kong 0.81
3 Japan 0.80
4 South Korea 0.80
5 Canada 0.80
6 Finland 0.80
41 russia 0.68
48 Turkey 0.65
53 Ukraine 0.63
75 Iran 0.59
83 Azerbaijan 0.58
85 Georgia 0.57

Source: table prepared by the author is based on data from the World Bank

According to the World Bank, between 2012 and
2018, Azerbaijan was able to rise from 0.56 to 0.60 on
HCI. In Ukraine, the HCI was 0.647 for 2017, 0.642 for
2018 and 0.631 for 2020.

Human Capital consists of the knowledge, skills
and health that people accumulate throughout their

lives and ensure the realization of their potential as
productive members of society. Investing in human
nutrition, health care, quality education, jobs and skills
contributes tothe development of human capital,which
is essential for the eradication of extreme poverty and
the creation of more inclusive societies [9,p.115-151].
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The World Bank's latest analysis, The Changing
Wealth of Nations 2018 (Building a Sustainable Fu-
ture), shows that human capital accounts for 64 per-
cent of global wealth, about 70 percent of the wealth
of high-income countries, and only 41 percent of the

6.5
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5.5 1
5.0
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Human capital (in logarithm)

4.5 '.,,0}'0

wealth of low-income countries (Fig. 5). This under-
scores the importance of human capital as a stimulus
for sustainable economic growth and poverty reduc-
tion, as it is more of a stimulus for economic growth
than previously understood [9, p. 126].
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Figure 5. The relationship between human capital and GDP per capita

Thus, economic activities based on knowledge
and intellectual capital lead to the rapid enrichment
of countries. The goal of any economic activity is to
further improve the living standards of the population
by achieving higher economic growth. Human capital
and technology are also the main sources of economic
growth in the knowledge economy, where knowledge
has become a strategic product. Investments in science
and education generate new knowledge and high hu-
man capital,which allow for innovations (technologies)
and their application to the economy accelerate the
latter economic growth, and higher economic growth
allows more investment in science and education.

One of the factors influencing the productivi-
ty of human capital is social capital. Social capital is
the most important informal institution of the institu-
tional environment. Studies show that societies with
a wide range of informal institutions have a healthy
environment for the spread of technological change.
Trust is the most important element of social capital.
It has been observed that countries with a lack of so-
cial capital suffer from underdevelopment. Behaviours
such as corruption, mistrust, opportunistic behaviour,
deviant behaviour, loss of moral norms, which can be
explained as unethical behaviour, have a negative im-
pact on human capital and, consequently, slow down
economic development. Developed countries attach
special importance to social capital because they
know that social capital is needed for the efficient and
effective use of human capital.

According to Francis Fukuyama, social capital is
an informal norm that supports relationships between

Ukrainian Black Sea Region Agrarian Science, 25(2), 110-118

individuals. Researcher Laserson showed that in so-
cieties with strong social capital, financial issues are
more easily resolved between individuals and even
companies. One of the positive features of social capi-
tal is the increase in economic efficiency as a result of
reduced transaction costs between companies. Arrow
(1974) also noted that without a minimum level of
trust between economic agents, no economic transac-
tion would take place. Trust facilitates economic trans-
actions by reducing transaction costs [3].

Inmosteconomicliterature,informalinstitutions
arealsocharacterizedassocialcapital.Tosumup,wecan
say that social capital creates positive external effects
for group members, and these positive external effects
are formed through trust, common norms and values.

Putnam noted that the main effects of bridge-
type social capital in the United States are reducing
unemployment, reducing crime, and increasing gov-
ernment efficiency. Thus, Putnam affirmed that there
is a positive link between social capital and economic
growth. In contrast, in countries with low levels of so-
cial capital, maintaining law and order and protecting
property rights requires significant additional trans-
action costs. This is evident in the spread of special
protection, the height of fences and additional costs
on other issues [15].

Putnam explained the link between social cap-
ital and economic growth with four main arguments:
Strong social capital increases coordination and coop-
eration for mutual benefit; creates solidarity among
the team; ensures the public interest (reduces selfish-
ness); reduces incentives for personal gain [16].



Rahimli

Table 2. Ranking

of some countries of the world according to the “Social Ca

pital Index”

Country

2 Norway

4 Finland

6 Austria

64.96

61.57

60.89

65 Georgia 47.38

91 Iran 43.06

99 russia 41.97

Source: table prepared by the author is based on data from the World Bank

Thus,social capital has a positive effect on the
efficiency of human capitalasitincreases trust (insti-
tutional trust) between people and between people
and between people andinstitutions.The table below
shows the “Social Capital Index” rankings for 2020.

There is no universal methodology for mea-
suring the level of development of institutions in the
scientific literature. One of the indicators used to mea-

sure social capital is the level of confidence in coun-
tries. This indicator is based on a survey in the coun-
try “Do you trust people?” is calculated as the ratio of
the number of respondents who answered positively
to the question to the number of respondents who
participated in the survey. Although there is a positive
relationship between confidence and GDP per capita,

this relat|onsh|p is quite fragmented (Fig. 6).
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Figure 6. The relationship between trust and GDP per capita
Source: World Values Survey
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Thus, as social capital increases trust between
people and between people and institutions, it creates
favourable conditions for the development of human
capital, and in countries with developed social capital,
the level of economic development is higher.

Science has a serious impact on the economy
only when it acts as a source for innovation and when
the commercial realization of scientific knowledge is
possible. A scientific product is the result of a long

process that begins with fundamental scientific re-
search, followed by applied research, design, produc-
tion, marketing and sales, and finally to the research
and development (R&D) expenditures, to commercial
stage. One of the main factors affecting GDP is one of
the most important indicators of the intellectual capi-
tal is the level of spending on level of development of
science and innovation in the scientific research. The
ratio of these costs, called country (Fig. 7).
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Figure 7. Share of R&D expenditures in GDP in some countries (as a percentage)
Source: Prepared by the author and based on data from the World Bank

According to 2020 data, the share of research
and development expenditures in GDP in Azerbaijan
is around 0.2%. If we look at the dynamics of research

1.2 I

and development expenditures in Ukraine, we can see
that since 2003, the share of research and develop-
ment expenditures in GDP has been declining (Fig. 8).
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Figure 8. Share of research and development (R&D) expenditures in GDP in Ukraine (as a percentage)
Source: Prepared by the author and based on data from the World Bank

The impact of research and development spend-
ing on economic growth can be simply explained by the

following scheme: Studies show that if the allocation of

Ukrainian Black Sea Region Agrarian Science, 25(2), 110-118

science to GDP is less than 2 percent, science does not
have a significant impact on the economy. For this rea-
son, the transition to a new model of economic(Fig.9)..
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Figure 9. The relationship between R&D and economic growth

Studies show that if the allocation of science
to GDP is less than 2 percent, science does not have a
significant impact on the economy. For this reason, the
transition to a new model of economic development
based on knowledge can only be achieved by increas-
ing funding for scientific research and thus strength-
ening science.

Conclusions and prospects for further research.
Thus, there is a chain link between the development
of intellectual capital and economic growth in the
knowledge economy. Therefore, resource-rich econ-
omies should strive to build this chain by gradually
increasing investment in science and education to en-
sure the transition to a knowledgebased economy.

The development of human capital is the most
important attribute of economic development. Social
capital, on the other hand, has a significant impact on
an individual's social, educational, health, family and

work life and public administration activities by con-
tributing to the productivity of human capital.Research
and development activities have a positive impact on
innovation and indirectly increase national income.

Evaluation of the development of intellectual
capital is the highest priority problem facing the state
in the knowledge economy. Undoubtedly, the main
role of the state in innovative economic growth in
the knowledge economy is, first of all, a high-quality
education system, research universities, technoparks,
etc., which the private sector cannot do alone, is form-
ing. Another task for the state is to adopt the rules of
the free market mechanism and monitor their imple-
mentation. While these rules encourage competition,
initiative, creativity and innovation, they must also
prevent unfair competition. At the same time, the free
market environment is a great incentive for carriers of
intellectual capital.
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OuiHKa poni iHTeneKTyanbHoOro Kanitany B iHHoBaLWiMHOMY
€KOHOMIYHOMY 3POCTaHHi B paMKaxX eKOHOMIKU 3HaHb
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Lankaran, Azerbaijan

AHoTauif. Y cTaTTi 4OCNigKEeHO ponb iHTeNeKTyanbHOro Kanitany B iHHOBALIMHOMY €KOHOMIYHOMY 3pOCTaHHi B
paMKax eKOHOMIKM 3HaHb. 3 LLIE0 METOI0 MOSICHIETLCS CYTHICTb EHOMEHY COLLIa/IbHOMO KaniTany, OAHIE 3 Cy4aCHMX
KOHLLeNLiN NACbKOro Kanitany Ta iHCTUTYLiMHOI €KOHOMIKM, SIKi € OCHOBHUMM KOMMOHEHTAMMW iHTENEKTYaNbHOro
Kanitany, a TakoX BMMB AOCNIAKEHb | pO3pOOOK Ha EKOHOMIYHE 3pOCTaHHSA OCHOBHMX MOKA3HUKIB PO3BUTKY HAyKM

KntouoBi cnoBa: eKOHOMIKA 3HaHb, iHTENEeKTYaNbHMI KaniTan, MACbKMIA KaniTan, CoLianbHUIM Kanitan, LOCNiAKEHHS
i po3p0bOKM, EKOHOMIYHE 3POCTaHHSA
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