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» Abstract. The tasks facing agro-industrial production in Ukraine are to stimulate the processes of
accumulation and effective use of investment resources according to the priorities of economic growth, and
prospects for the development of innovation activities. The prerequisite for this is macroeconomic stability,
which contributes to the accumulation of internal and external factors and resources by increasing investor
confidence in economic regulatory policy and reducing the level of risk of investment activity. The issues
covered in the study will primarily concern such important factors in ensuring the development of agro-
industrial enterprises as innovation and investment. These concepts are widely reflected in the research
of many economists, but the management of innovation projects and investment activities to ensure the
economic security of agribusiness entities is not sufficiently developed. This determines the relevance of
the article. The purpose of the study is to determine the nature and features of agricultural innovations,
to examine the conditions and factors of innovative development of agriculture, to assess the challenges
and prospects of using the latest advanced technologies in agriculture and their financial support. The
following methods were used in the investigation: dialectical, systematic approach, monographic, economic-
statistical, tabular, graphical, comparative analysis, abstract-logical and analytical forecasting. The features
of the introduction of innovative technologies in the agrarian sector of the economy are analysed and it
is revealed that agro-innovations are closely related to agrotechnical conditions of production, are linked
to living organisms, are seasonal and, accordingly, have a high level of risk. The analysis of material costs
for the production of cereals and the dynamics of their prices was carried out. Using the example of one
of the farms of the Vinnytsia Oblast, it is calculated how precision farming technologies and energy-saving
technologies can reduce the cost of grain production. The main trends in investment support for agriculture,
the relationship between capital investment and GDP are identified, and their role in the implementation of
agricultural innovations is clarified. The prospects of investment support of innovative activity of Ukrainian
agriculture in the war period are determined. The measures to address the issues related to the introduction
of innovations in agriculture are proposed. They will help to improve the production process, increase the
efficiency of using internal ones and maximise the attraction of external investment in the implementation
of innovative ideas

» Keywords: the agricultural sector, agricultural innovations, capital investments, precision farming, tillage
technologies, food security

» Introduction

A prerequisite for sustainable development of the
state is investment and innovation support of its
economy. According to the modernist theory of eco-
nomic growth of Harvard economist Robert Solow,
“Economic growth has three components: Capital,
labour, and general productivity (the level of tech-
nology, innovation, and quality of management)” [1].

Sustainable economic growth of agriculture
requires a high level of scientific support for agricul-
tural production (science, technology, production
experience, scientific and technological personnel)
and intellectualisation of the production process.
Perception and implementation of innovative solu-
tions should be a prerequisite for their implementation
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in the economic activities of agricultural produc-
tion entities in a competitive market environment.
However, the aggravation of a number of existing
systemic problems in agriculture due to the deteri-
oration of the material and technical base, and un-
equal exchange of agricultural products for indus-
trial resources narrows the investment and financial
component of economic entities and weakens their
innovation activity. New determinants of innovation
and investment development of agricultural produc-
tion, GDP growth, can significantly intensify invest-
ments in innovation and other resources [2]. Accord-
ingly, the implementation of innovative processes in
agriculture should increase the food security of the
country, provide the population with food in the re-
quired quantity and quality, and industry with raw
materials [3].

In a market economy, the vast majority of ag-
ricultural enterprises need to invest in a simple and
expanded renewal of fixed capital, the introduction
of innovative solutions, acquisition of new varieties
of plants and animal breeds, and other capital-inten-
sive innovative and investment projects. This raises
the question of finding new forms and methods of
activating the organisational and economic mecha-
nism for the development of innovation and invest-
ment activities.

One of the methods of such activation is the
creation of a highly productive export-oriented ag-
ricultural sector with further innovation and invest-
ment development, focused on the introduction of
advanced achievements in science and technology
to update the technical, technological, organisa-
tional base of agricultural production and obtain
competitive high-tech products. The increase in the
share of investment indicates a significant change in
the structure of expenditures in the economy: an in-
crease in the level of savings of the population, and
increased investment activity in modernization and
technological innovation.

For economies with low levels of fixed capital
formation, which is typical for Ukraine, investments
are crucial. Since the beginning of the 2000s, the an-
nual volume of capital investments in the Ukrainian
economy is 11-20% of GDP. In times of major eco-
nomic expansion in China, the level of capital invest-
ment was up to 50% of the GDP. For a sharp economic
recovery, Ukraine must invest at the level of 35% of
GDP for at least 5 consecutive years. This is 70-80
billion US dollars annually [1]. And in the agro-in-
dustrial complex in general, over the past five years,
the index of physical volume of investments in fixed
assets amounted to only 3.3%, which is insufficient
for the country’s economic growth.

In the current conditions of agricultural pro-
duction, many problems related to the prospects for
investment support for innovative activities of the
agricultural sector of the Ukrainian economy have
become more acute. The main ones are: an increase
in prices for goods and services consumed in agri-
culture, limited imports of agricultural products due
to military operations on the territory of Ukraine and

Zakharchuk et al. @

partial occupation, and a decrease in investment re-
sources for the expanded reproduction of the main
production assets of agricultural producers.

That is why the purpose of the study was to in-
vestigate the state of investment support for innova-
tive development of agricultural production and de-
termine its prospects in the war and post-war period.

The relevance of the study of investment and
innovation activities of agricultural enterprises is due
to increased competition in the food market and the
integration of Ukraine into the international economic
space, which is determined by the need to form an
innovative investment model for the development
of the agricultural sector of the Ukrainian economy.
And these issues will be especially relevant during the
post-war economic recovery. They will constitute the
basis of our further research and elaborations.

The issues concerning innovative and invest-
ment development of agricultural production are the
subject of research of many Ukrainian and foreign
scientists. Rui Hou, Shanshan Li, Hongyan Chen,
Guowen Ren, Wei Gao, Lijun Liu investigated the
communication mechanism and prospects for the
development of an innovative ecosystem in smart
agriculture based on blockchain [4]. They firstly analyse
the linkage mechanism between blockchain smart
agriculture and the innovation ecosystem; secondly,
they distinguish the innovation ecosystem evalua-
tion index system and measure the development ef-
ficiency of innovation ecosystems through the SBM
model, which calculates the coordination of inno-
vation ecosystem connectivity in different regions,
and analyses spatio-temporal, regional differences
and spatial agglomeration; thirdly, they propose to
increase the efficiency of the innovation ecosys-
tem by combining and coordinating its individual
components.

The researchers argue that building an inno-
vation ecosystem is consistent with the trend of ex-
panding the scope of innovation, the growth of the
innovation platform and the emergence of innova-
tive behaviour helps to overcome the uncertainty,
complexity and ambiguity of the innovation envi-
ronment in the context of the new norm, the emer-
gence of new ways of mass innovation, crowdsourc-
ing and crowdfunding, as well as the cultivation of
new economic formats such as e-commerce, inter-
net finance and intelligent logistics to form a new
point of economic growth.

The impact of promoting farmers’ awareness
of new agricultural technologies through systematic
linkages in the research and development contin-
uum on their adoption was investigated by a group
of scientists Yigezu Atnafe Yigezu, Amin Mugera,
Tamer El-Shater, Aden Aw-Hassan, Colin Piggin,
Atef Haddad, Yaseen Khalil, Stephen Loss [5]. They
believe that the low and slow adoption of innovative
technologies in agriculture among small agricultural
producers often hinders the development and pro-
motion of technologies. This is especially true for
those technologies that require a large initial in-
vestment.
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Researchers’ findings show that providing ex-
posure and awareness of no-till technology through
organised field days and demonstration trials, com-
plemented by providing free access to expensive
no-till equipment for first-time users, increases
the propensity, speed and intensity of its adoption.
The intensity of implementation is also positively
affected by the access of agricultural producers to
loans. They emphasise the importance of initial out-
reach to agricultural producers and the ease of test-
ing new agricultural technologies, especially those
that require large upfront investments, at low or no
cost to ensure their rapid and widespread adoption.

New agricultural technologies introduced in de-
veloping countries are mostly characterised by low
and slow implementation, which is disappointing for
researchers, practitioners, policy makers, and inves-
tors. Any innovation carries both risks and opportu-
nities, and agricultural producers are likely to try a
new technology that is less risky and has greater ex-
pected benefits than the prevailing technology. De-
ciding whether to apply the technology is even more
difficult when the new technology involves a large
initial investment.

The ease with which innovation can be tested
to confirm its benefits increases the tendency and
speed of adoption by farmers, and this may depend
on the extent to which it can be tested at low or no
cost. The compatibility of innovation with an existing
set of resources, practices, and technologies can also
affect the intensity of implementation.

The decision to adopt an innovation in agri-
culture at the individual farm level is defined as the
possibility of using a new technology in the long
term, when the farmer has full information about
the technology and its potential.

Lina Bjerke and Sara Johansson in their study
“Innovation in Agriculture: An Analysis of Swedish
Agricultural and Non-Agricultural Companies” [6]
presented a quantitative analysis of how the inno-
vation capabilities of agricultural enterprises and
enterprises in other sectors differ. With unique data
from a survey of Swedish firms, they showed that
one-third of companies in the agricultural sector are
authors of innovations. Moreover, technological in-
novation at the enterprise level is no more common
in agriculture than in other sectors. These results in-
dicate that agriculture is not a special case in terms
of innovative products, however, it is dominated by
technological innovation. The uniqueness of the study
lies in the fact that it investigates the acquisition of
relevant innovations by agricultural enterprises and
their doubts about the state policy of innovation sup-
port. Therefore, they more often point to the need to
strengthen their own knowledge in agricultural en-
terprises. This will improve their ability to collab-
orate with partners working at higher levels in the
knowledge system and benefit from collaboration.

They insist on the need for an in-depth study
of the features of innovation potential in agricultural
firms. Many aspects of agricultural production dis-
tinguish agricultural firms from companies in other
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sectors, but the development of the agricultural sec-
tor suggests that there are also many similarities. In
recent decades, agricultural enterprises have grown,
introduced more advanced technologies, become
more diversified and more market-oriented. There
is a growing understanding that agricultural enter-
prises today initiate and implement innovation pro-
cesses and should be recognized as creators of inno-
vations, not only as consumers.

Most enterprise-level innovation studies dis-
tinguish between small and large enterprises, where
the latter are expected to have more internal re-
sources spent on innovation. The hypothesis that
follows from this assumption is that large firms are
more innovative than small ones. Nevertheless, re-
search shows that a significant proportion of small
enterprises engage in innovation, and the benefits
of innovation are similar to those observed in large
enterprises. Small firms are often more flexible and
adapt faster to changing market conditions, allowing
small firms to take advantage of being small through
innovation. Primary sector research, however, generally
proves that the impact of firm size (measured as the
number of employees) on innovation is positive.

They also insist that human capital is a man-
datory factor influencing the innovation potential
of enterprises. It allows absorbing and assimilating
knowledge in processes where ideas are transformed
into commercial products and processes.

Using forecasting to understand the relation-
ship between research findings and the future of ag-
riculture and the food system is the research focus
of Steven D. Prager, Keith Wiebe [7]. In the context
of agriculture, long-term forecasting allows to inves-
tigate how investments can help agricultural devel-
opment, given the expected future related to various
factors ranging from climate change or policy envi-
ronment to increasing production efficiency.

The researchers argue that foresight approaches,
whether quantitative models, qualitative participa-
tory processes, or a combination of both, allow to
explore alarge number of scenarios and evaluate the
results in terms of specificity, desirability, plausibility,
return on investment, equity, etc.

An important asset of forecasting approaches,
in particular quantitative models, is their capacity to
assist in developing an insight into how agricultural
systems may respond differently in space and time
to interventions. Factors that affect agriculture and
the food system have temporal and spatial differ-
ences. This allows for a better appreciation of how
the productivity of the food system can be improved
through investment in agriculture.

A model for studying technical changes in EU
agricultural enterprises is considered in their re-
search by Amr Khafagy and Mauro Vigani [8]. The
parameters of a methodology that describes the
productivity of factors of production, the elasticity
of substitution between two factors, and technical
changes that increase productivity can be deter-
mined both exogenously and endogenously. To verify
reliability, they examine the availability of Hick-neutral




technical changes and Cobb-Douglas production
technology.

In their research, scientists concluded that in-
novations in physical capital are not enough to in-
crease productivity, but they must be complemented
by higher quality of labour. For example, innovative
digital technologies and precision machines must
be accompanied by qualified workers who can op-
erate them.

Polish scientists Arkadiusz Sadowski, Monika
Malgorzata, Wojcieszak-Zbierska, Patricia Beba in
their study “Territorial differences in agricultural in-
vestments co-financed by the European Union in
Poland” [9] investigate the relationship between the
active use of EU investment support programmes by
Polish farmers on the one hand, and local conditions
of socio-economic development and natural and
structural characteristics of agriculture on the other.

The synthetic Hellwig development indicator
was used to represent complex phenomena. The
study revealed a strong link between the implemen-
tation of co-financed investments and the agricul-
tural structure at the local level. Other factors were
insignificant. This suggests that the path of agri-
cultural development does not fully depend on so-
cio-economic and environmental conditions.

Based on the findings of their research, they
concluded that there is a strong link only between
the territorial heterogeneity of farmers’ investment
activity and the agrarian structure. There is also
a high correlation between the amount of invest-
ment per farm, and between the share of investing
farms and the share of farms with an area of more
than 10 hectares.

They found that the processes of agricultural
development at the local level are somewhat auton-
omous. The intensity of investment activities carried
out by producers from different regions was gener-
ally independent of their wealth and availability of
infrastructure.

Ukrainian scientists have also studied the es-
sence and features of innovation activity in the agri-
cultural sector, the development of precision farming
technologiesand energy-savingtechnologies.Among
them are Mykola Rudenko [10], Taras Dudar [11],
Nelya Chorna [12], Vadym Petrov [13].

Innovation and investment development of
Ukrainian agriculture is at the stage of stagnation.
Therefore, the results presented in the article are
relevant, timely and necessary.

» Materials and Methods

The methodological basis of the study is a dialectical
method of cognition and a systematic approach to
the examination of economic features of investment
and innovation development of agricultural pro-
duction. At the same time, the following methods
were used in the research process: monographic (in
covering the standpoints scientists on the issues and
problems under study, in the investigation of inno-
vative technologies and equipment for agriculture);
economic and statistical (in the analysis of the current
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state of investment and innovation support for ag-
ricultural production) tabular and graphic (when vi-
sually displaying the results of the study in the form
of figures and tables), empirical (when studying the
economic efficiency of introducing innovative tech-
nologies in an agricultural enterprise); comparative
analysis (to compare the cost of growing grain us-
ing traditional and innovative technologies); ana-
lytical forecasting method (to predict the volume of
investments in military and the post-war period);
abstract-logical (generalisation and formulation of
conclusions).

The main stages of the study are: identifying
the features of agricultural production and the in-
troduction of innovative technologies in it, their im-
portance for the development of agriculture; calcu-
lation of the economic efficiency of grain cultivation
with traditional and innovative production technol-
ogies; analysis of precision farming technologies
and energy-saving technologies, their cost and eco-
nomic efficiency; analysis of sources and volumes
of investment support for innovative activities in
agriculture; forecasting investments in agriculture;
forecasting of investments in agriculture in the war
and post-war periods.

The analysis and calculations were carried out
based on the materials of the State Statistics Service
of Ukraine (volumes of capital investments in agri-
culture, the ratio of GDP and capital investments),
financial statements of agricultural enterprises (to
calculate the effectiveness of the introduction of in-
novative technologies in grain production), prices
of dealers of innovative agricultural machinery and
other material and technical resources and services
for agriculture and the author’s calculations.

» Results and Discussion

Agriculture makes a significant contribution to the
development of the national economy. It produces
UAH 612 billion of products, forming 10.8% of gross
added value and about 45% of exports. Ukrainian
agriculture uses fixed assets worth UAH 540 billion
and 41.3 million hectares of agricultural land [14]. At
the same time, the innovative activity of enterprises
in terms of introducing technological innovations is
only 0.1-0.2% of their total number [15].

The consequence of technological modernisa-
tion determines the current state of the agricultural
sector. In an effort to adhere to the basic principles of
agro-innovative development, it is necessary to con-
sider the specifics of agricultural production [16].
They are primarily related to the main factor of agri-
cultural production - land, in particular: close con-
nection with the reproduction of living organismes,
seasonal nature of production, high level of risks,
etc. Besides, the features of the innovation process
are the diversity of agricultural products and prod-
ucts of their processing, differences in production
technologies, agrotechnical and climatic conditions
depending on the region, territorial dispersion.

The special features of the introduction of in-
novative technologies in agriculture are the diversity
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of enterprises by ownership forms - collective, pri-
vate, open and closed joint-stock companies, coop-
eratives, LLC, state enterprises; farms, private farms,
and, most innovatively active, holding companies.
All of them operate on their own and leased lands,
ranging from 2 to 10 thousand hectares.

The permanentrise in the price of fuel, mineral
fertilisers, plant protection products, seeds (Table 1),

and other material and technical resources forces
farmers to use them more efficiently and encour-
ages them to introduce innovative technologies.
The use of innovative technologies in agriculture
allows to increase the profitability per 1 hectare
due to the combination of optimal costs of mate-
rial resources included in the cost price and max-
imum yield.

Table 1. Average price of material and technical resources and services, used in agriculture

Year
2022 2022 to
2018 2019 2020 2021 (6 months.) 2018, %
Petroleum products UAH pert
motor gasoline 27123.8 25185.0 | 19980.7 28326.6 37983 140.0
gas oil (diesel fuel) 23863.2 21488.2 | 16466.1 28110.8 41602.9 174.3
Mineral fertilisers UAH/q
nitrogen 733.7 747.9 585.3 1337.4 29990 > 40 times
phosphorous 939.2 1001.0 909.3 1950 17750 > 18 times
potash 890.2 942.1 857.4 1457.6 21220 > 24 times
complex (concentrated NPK fertiliser) 1019.1 1169.2 1025.5 1800 25090 > 24 times
Plant protection products UAH/kg
Insecticides 388.9 460.5 374.1 762 1000 > 2.5 times
Fungicides 407.4 504.1 372.4 440 1436 > 3.5 times
Herbicides 728.6 268.4 905.8 1428 1181 162.1
plant growth regulators 107.5 180.8 79.5 175 470 > 4.3 times
Services UAH/ha
Crop protection 2474 269.5 259.2 300 300 121.3
Plowing 697.1 717.0 721.9 600 850 121.9
Cultivation 379.0 433.3 426.8 400 600 158.3
Harvesting of agricultural crops 651.8 924.1 959.2 1,100 1500 > 2.3 times
Fertilisation 381.5 384.4 356.1 350.0 350 91.7

Source: compiled according to the State Statistics Service of Ukraine [14] and Agroantal [17]

The analysis of the table data shows that while
the price of petroleum products, and, accordingly,
services in agriculture for 2018-2022 increased by
more than one and a half times, plant protection
products — up to 4.3 times, and mineral fertilisers
went up tenfold due to rising gas prices. This is due
to the fact that the share of gas in the cost of fertiliser
production is up to 80%, which is both raw mate-
rial and energy carrier. Plant protection products,
according to the results of the study, also increased
in price. According to Ukrainian Agribusiness Club
analyst Svitlana Lytvyn, the rise in price is caused by
disruptions in the production of active substances
for plant protection products by Chinese pesticide
manufacturers, which are the largest in the world as
aresult of the energy crisis [18].

According to the World Bank, energy and food
prices are expected to rise significantly in 2022. Its
reason being Russia’s war against Ukraine. Accord-
ing to forecasts, the rise in world energy prices will
be at the level of 50.5% compared to 2021, with a
further decrease by 12.4% in 2023. At the same time,
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food prices are expected to increase by 22.9%, with a
decrease of 10.4% in 2023. These data are presented
in the quarterly report of the World Bank Commodity
Markets Outlook Report [19].

Referring to the same resource, Markiyan Klym-
kovetskyi notes that, since the 1970s, the rise in en-
ergy prices in the last two years has been the most
significant, and for food and fertilisers, of which
Ukraine and the Russian Federation were the main
producers, — the highest since 2008 [19].

The Russian military invasion of Ukraine in
February 2022 resulted in material losses in agricul-
ture of almost USD 4.3 billion. only in the first three
months of the war. And this is almost two-year invest-
ment income in Ukrainian agriculture. Agricultural
land was damaged, equipment was destroyed (approx-
imately USD 1 billion), and livestock was killed [20].

Process charts are the main source of techno-
logical documentation. They include technologies
of production, costs of material and labour resources,
volumes of operations and means of production.
For each culture, such maps are drawn up separately,




considering rational and advanced production tech-
nologies of enterprises.

The study analysed the standard costs of grow-
ing winter wheat at an agricultural enterprise in
Vinnytsia Oblast. Their volume at a yield of 64 c/ha
amounted to UAH 25,000 per 1 ha. Accordingly, the
cost price of 1 ton of wheat was UAH 3,906. Material
costs accounted for 60% of the total production cost.
Therefore, their optimisation with innovative solu-
tions can be substantial savings for the company.

In 2021, the average cost of growing cereals, le-
gumes and oilseeds in the surveyed farm was UAH
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30,500 per 1 ha. Although a significant share of ma-
terial resources was acquired by the company in
the previous season, in 2022 production costs are
expected to increase by 30.2 % (from UAH 30,500 to
39,700 per ha).

Calculations have shown that it is possible to
reduce material costs by up to 35% with the help of
competent and timely application of agricultural in-
novations. Carrying out such measures by increas-
ingyields and gross harvest will also help to increase
income by USD 150-300 per ha. An example is the
above-mentioned farm (Table 2).

Table 2. Efficiency of implementation of innovative technologies for growing winter wheat
on the example of farms of Vinnytsia Oblast in 2022

c(s)?lsx;[:ririlflfél C OSts W.ith regarFl fo Reduce costs
technology innovative solutions
UAH % UAH % UAH %
Total cost price of crop production 25,000 100 19,700 100 5,300 100
Material costs 15,000 100 9,700 100 5,300 35.3
incl.
Seeds and planting material 3,000 20 2,850 29.4 150 5.0
Mineral fertilisers 6,000 40 3,000 30.9 3,000 50.0
Fuel and lubricants 4,500 30 3,400 35.1 1,100 24.4
Plant protection products 1500 10 450 4.6 1,050 70.0
Depreciation 2,000 8 2,000 10.2 X X
Labour Remuneration 2,000 2,000 10.2 X X
Other expenses 6,000 24 6,000 30.5 X X

Source: author’s calculations

In 2022, there was an increase in regulatory
costs for growing winter wheat to UAH 38,000 per
1 ha. The reason for this was the increase in the value
of the main cost components — fuel, mineral fer-
tilisers, plant protection products and other material
and technical resources. The calculations showed a
possible reduction of costs by 7,000-8,000 UAH due
to the introduction of innovative solutions-preci-
sion farming technologies, energy-saving technol-
ogies, combined tillage units. Technical innovations
will help to achieve positive results in agribusiness
in 2022 despite the decline in yields and rising prices
for material and technical resources.

Today it is impossible to solve the problems
in crop production by conventional mechanical
means. Precision farming technologies can do this.
The current level of scientific and technological
progress makes it possible to involve electronic auto-
mated systems and GPS in their solution. Along with
the information function, they control compliance
with the agrotechnical requirements of production
to obtain the programmed yield with the specified
quality characteristics. The basic principles of preci-
sion agriculture are determined by the use and man-
agement of mobile agricultural machines regardless
of their location, selective application of fertilisers

and plant protection products depending on plant pa-
rameters and soil fertility in different parts of the field.

Statistics show that in the United States and
Germany, 70-80% of agricultural producers use var-
ious elements of precision farming [21]. In Europe,
precision farming technologies are used on an area
of 0.5 hectares or more. Despite the high cost of such
technologies, investments in their acquisition pay
off within a year. About 90% of agricultural producers
who have tried some elements of precision farming
technologies, introduce their other elements.

According to the estimates of the analytical
company Research and Markets, the volume of the
global market for technical solutions for precision
farming technologies will grow from EUR 2.7 billion
in 2020 to EUR 3.7 billion in 2025 [22]. However, in
Ukraine, precision farming currently covers only 15%
of agricultural land.

The main users of precision farming technolo-
gies are large agricultural enterprises, farms and agri-
cultural holdings that have an area of more than 1000
hectares and use powerful tractors of over 100 kW.
They will benefit more from the installation of preci-
sion farming systems compared to low-power ones.

Systems of “precision farming”, assuming a
complete system, are quite expensive for both small
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and most medium-sized farmers. For example, the
average price of autopilot for a tractor or sprayer
(automatic driving system) is UAH 200,000, agrocop-
ter — UAH 600,000, precision seeder — UAH 600,000,
self-propelled sprayer — UAH 5 million. Furthermore,
additional costs should be taken into account, be-
cause the seeder or autopilot will not operate on it-
self, it requires a tractor. The agrocopter also needs
a mixing unit, a barrel and lighting (if the drone is
used for spraying). Also, a vehicle for its transporta-
tion is a necessity. All these devices require trained
specialists who could operate them. Therefore, the
volume of expenses is actually much larger.

The Ukrainian market of technical means for
precision farming, including sets of equipment, addi-
tional canopies and aggregates for machinery, soft-
ware products, services and agricultural drones today
is USD 60-70 million [23].

Due to the high costs of implementing preci-
sion farming technologies, its application is limited
to large enterprises and agricultural holdings. The
most innovatively active were: Kernel— USD 2.7 million
per 540 ha; AR Group — USD 2,0 million per 400 ha;
MHP - USD 2.5 million per 360 ha; Astarta— USD 1.0
million per per 250 ha; IMC — USD 1.0 million per
124 ha; Harveast — USD 1.0 million per 123 ha; Epi-
centr — USD 420,000 per 112 ha [24].

The successful examples of the implementa-
tion of agro-innovations in Ukraine are the Astarta
agricultural holding and Kernel. Using the GPS fuel
consumption monitoring system, Astarta managed to
reduce and save USD 15 million in 4 years, which is
more than the annual investment volume of the seven
largest agricultural holdings in Ukraine. Through
differentiated fertilization, Kernel managed to save
USD 120-300 per hectare, depending on the crop.

Despite the large initial investment in innova-
tion, the invested funds are quickly recovered due to
the reduction of time, material, and labour resources.
Increased investment risks will be offset by rising
global prices for food resources and will contribute
to additional incomes of agricultural producers and
an acceptable level of return on their investments.

Analysis of the effectiveness of implementing
new technologies shows that the easiest way to switch
to precision farming technologies with minimal costs
is to analyse and map the soil. This makes it possible
to increase the efficiency of technologies and reduce
resource consumption by more than 20% [25].

Autopilot technology can save 10-15% of work-
ing time, 40 liters of fuel per 100 ha, 3% of seeds, 5%
of plant protection products and, at the same time,
improve the quality of technological operations [26].

It is possible to save 3-8% of seeds by accurately
calculating the density of plant growth, considering
soil fertility, humidity, and relief, by applying the
technology of variable seeding rate. Seed drills with
a differentiated seeding rate adjust the seeding rate
depending on the specified conditions [27].

Parallel driving increases the efficiency of agri-
cultural production by an average of 10%. In partic-
ular, it saves 10% of working time and, accordingly,
10% of wages, reduces depreciation of equipment
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and fuel by 10%. A widely used innovative product
is the spot spray system. Modern optics, along with
computing capabilities, apply the herbicide only to
the detected weed. It allows reducing its costs by up
to 90% [28]. Simultaneous tillage, sowing with dif-
ferentiated application of various types of mineral
fertilisers reduces their consumption by up to 50%.
Due to the complexity of the operation, 40% of fuel is
saved [28].

The issue of trampling crops (3-5% when spray-
ing with ground equipment) and damage to the tops
of plants during spraying can be avoided by using
agricultural drones. Another advantage of the agro-
copter, as opposed to ground equipment, is the abil-
ity to work immediately after the rain and with the
possibility of local processing of field areas [29].

Today in Ukraine, precision farming systems
are used for 5% of arable land, and its individual el-
ements for 20 %. In the current conditions, the use
of resource-saving technologies of soil cultivation is
also relevant in Ukraine. These are no-till, mini-till,
strip-till, verti-till technologies. Working with these
technologies, agricultural producers can increase
the economic efficiency of production by saving
fuel, reduce technological impact on the soil, in-
crease the environmental friendliness of the process
of growing crops by reducing weather and climate
impact. The main disadvantages are significant ini-
tial costs for the purchase of equipment, the growth
of weeds and pests in the fields, pesticide load on
the soil.

Each tillage system has its own advantages and
disadvantages. When deciding upon the adoption of
one of them, it is necessary to consider the features
of the relief of the field, the natural density of the
soil, its chemical composition, the amount of pre-
cipitation and the temperature regime throughout
the year. In addition, the choice is affected by the
level of intensity of technology and biological char-
acteristics of the crops grown.

By applying moldboardless tillage technology,
it is possible to save 27% of fuel consumption on
pre-sowing works, mini-til — 43%, no-till - 86%. Im-
provement of the structure of the machine-tractor
fleet and rational aggregation of tractors contributes
to saving up to 20% of fuel and lubricants, combined
units of soil cultivation simultaneously with sowing,
application of mineral fertilisers and pesticides —
10-15% [30].

Generally, the use of resource-saving technol-
ogies and combined soil cultivation units reduces
general production costs by 15%, and minimum
tillage and precision farming technologies — by 20%.
The key condition for sustainable economic develop-
ment and growth of the national economy is invest-
ment in innovations, which is why they are under the
focus of the state’s economic policy. New highly pro-
ductive and technological activities will not be pos-
sible without investment resources and no diversi-
fication of the development of the Ukrainian agri-
cultural sector will take place. Usually, the growth of
capital investment as a basis for innovation precedes
the growth of gross domestic product (Table 3).




Zakharchuk et al. @

Table 3. Dynamics of gross domestic product growth and capital investment in agriculture in 2010-2021

Year Capitellrlﬂirr:\{(;ztlflnents, Investment growth GDPH?EI i{;xll'flural, GDP growth
2010 11311 1.16 195390 1.23
2011 16703 1.48 261331 1.34
2012 19086 1.14 269983 1.03
2013 18640 0.98 315546 1.17
2014 18388 0.99 381227 1.21
2015 29310 1.59 558788 1.47
2016 49660 1.69 655569 1.17
2017 63401 1.28 727352 1.11
2018 65059 1.03 871971 1.2
2019 58555 0.9 866138 0.99
2020 50189 0.86 766532 0.89
2021 62700* 1.25 876913 1.14
Average for 2010-2021 X 1,2 X 1.07

* — estimated

Source: calculated according to the State Statistics of Ukraine [14]

The role of investment support in the opera-
tion of the agro-industrial complex of the country
is that investment resources allow the introduction
of advanced technologies, the latest equipment,
new highly productive varieties of plants and ani-
mal breeds, innovative forms of labour organisation
and production management. Innovations, new
technologies and organisational solutions allow en-
terprises to overcome crisis situations, ensure high
competitiveness of products and enterprises.

After a small investment crisis in 2019-2020
(the decline in investment was up to 20%), in 2021
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the investment and innovation activities of agricul-
tural producers intensified and again reached a fig-
ure of over USD 2.3 billion which is one of the best
results since Ukraine’s independence (Fig. 1) [31].

There were expectations that this process would
continue in 2022, but the war will negatively affect
subsequent investment processes. During 2016-2021,
the total amount of capital investments per 1 ha of
agricultural land ranged from USD 70 to 100. How-
ever, the innovative modernization of the agrarian
sector can only be considered if the investment is no
less than USD 150 per ha [23].

19.7
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10.2

23

2016 2017 2018 2019 2020 2021

Value of fixed production assets, billion USD

Figure 1. Dynamics of the cost of fixed assets and investments in agriculture in Ukraine
Source: calculated according to the State Statistics of Ukraine [14]
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Mykola Kisil claims that the negative feature of
the investment process in agriculture is the reduc-
tion of participation of small agribusiness in it. If its
share in the total volume of capital investments in
2017 was 42.9%, then in 2018 - 37.6, in 2019 — 32.5,
and in 2020 - 31.5%, in 2021 - less than 30.0% [32].
As for their share in the fixed production assets of
agriculture, as can be seen from the figure, starting
from 2017, it has been rapidly decreasing and in 2021
amounted to only 10.6% of the value of fixed assets.

Small businesses sell their products mainly to
market intermediaries at lower prices. In addition,
they have relatively higher risks of losing products
and property as a result of raider attacks, fewer op-
portunities for lending and receiving state support,
etc. More than 90.8% of all investments are funds of
enterprises and organisations, 8.5% —bankloans and
borrowings. The state’s share is 0.43% [14]. Support-
ing and stimulating investment activities of small
agribusiness entities should be one of the most im-
portant tasks of the state’s agricultural policy.

The influence of large agribusiness on de-
cision-making on the use of budget funds and the
lack of transparency in the distribution of finances
strengthen monopolism in the industry and restrain
the investment processes for the development of
small and medium-sized agricultural enterprises.
The increase in agricultural raw material exports,
which provides a fairly high level of profitability,
negatively affects the development of both individual
companies that lose incentives to invest additional
investments, including in innovations, and the en-
tire industry, as well as hinders the development of
the processing industry.

The war in Ukraine will lead to a decrease in
2022 not only in the volume of exports of agricultural
products and food but also in investment and in-
novation in the development of agri-food sectors of
the economy. As a result of military operations and
the occupation of part of the territory, more than
20 million tons of grain were blocked in Ukrainian
seaports, most of which were intended for the UN
World Food Programme [33].

Instead, the growth of world food prices will
compensate only part of the loss of income of pro-
ducers and increase the level of investment attrac-
tiveness of agriculture and food industry of Ukraine.
Taking this into consideration, it is advisable for the
national agribusiness, even in the conditions of war,
to make the most of the opportunities to intensify
investment and innovation activities. To this end,
national, regional and local measures are needed
to improve investment support for agribusiness
development.

Scientists of the Institute of Agrarian Economics
predicted an increase in investment activity in ag-
riculture before the Russian military invasion of
Ukraine. The volume of investments in the industry
in 2022 should have amounted to UAH 72 billion.
However, the impact of the war negates this forecast.
It is likely that capital investments will decrease to
USD 1.1-1.2 billion. [34], and investment resources
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will mainly be used for simple reproduction of fixed
capital, maintaining existing production capacities
and replenishing working capital.

No significant changes should be expected in
the structure of sources of financing for capital invest-
ments for agricultural development in 2022. It is as-
sumed that the main source of investment financing
will continue to be the own funds of enterprises and
organisations (more than 90% of the total), which
depend on the profits received. The projected vol-
ume of capital investments in 2022 will not fully
ensure the creation of appropriate conditions for
the expanded reproduction of Agricultural Capital,
which in the future may negatively affect the pro-
duction potential of the industry and the development
of innovations.

During the war, it is possible to slow down the
introduction of innovative technologies due to the
reduction of capital investments, problems with
the logistics of agricultural machinery, seeds, plant
protection products, etc. Despite the difficulties, in-
novatively active enterprises will continue to imple-
ment innovative solutions.

The formation of an effective agricultural pol-
icy and giving it an investment-oriented character
should be considered one of the most important
tasks of the state policy of socio-economic develop-
ment. Although innovative investments in agriculture
play an important role, investors are still investing in
the production of a limited range of the most prof-
itable low-capital and export-oriented types of ag-
ricultural products, the creation of elevator capaci-
ties, and increasing logistics and export potential. At
the same time, mainly machinery and technologies,
seed material and plant protection products of for-
eign production are used. These features of innova-
tions in the investment process led to the fact that
most of the added value created in the National Ag-
riculture flows out of the state, and the material and
technical base of the national innovation infrastruc-
ture, especially agricultural science institutions, does
not develop properly.

For the successful development of the agro-food
sectors of the economy in Ukraine, it is necessary
to form an appropriate agricultural policy follow-
ing the example of OECD member countries, where
through various mechanisms of state regulation the
prices for sold agricultural products exceed the in-
put prices for production resources, which is con-
sidered as support for producers. At the same time,
production output and consumed resources are es-
timated in world market prices. In the vast majority
of countries, the ratio between the output and input
prices of agricultural producers for products and re-
sources, as well as the share of their support, is now
more than one, which allows producers to form their
own sources of financing investments for expanded
capital reproduction, and only in Ukraine this ratio
is minimal or even negative [35].

Increasing the investment attractiveness of the
agricultural sector can be achieved by carrying out
national measures to reform the economy and state




institutions with the functions of protecting inves-
tors, ensuring conditions for the development of en-
trepreneurship, state investment support for small
and medium-sized agricultural businesses, ensur-
ing the interaction of scientific institutions with ag-
ricultural enterprises in order to quickly implement
innovative ideas, international investment, inno-
vation, scientific and industrial cooperation. These
measures will be especially relevant in the post-war
period.

» Conclusions

Thus, the widespread use of innovations and their
investment support are essential elements of mod-
ern agricultural production. They will contribute to
solving socio-economic issues in the agricultural
sector related to the search for solutions to improve
the economic efficiency of enterprises in the indus-
try and food supply of the population. Investment
and innovation development of agriculture will
ensure its qualitative modernisation based on the
growth of both production indicators and the im-
provement of the socio-economic mechanism of
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This process should be accompanied by con-
tinuous use of the latest technologies for the pro-
duction and processing of agricultural products,
new agricultural machinery, plant varieties and an-
imal breeds, and modern information technologies.

The main issues that currently prevail in the
agricultural sector are the lack of investment re-
sources, limited state support, inactive or partially
effective legislation, and other problems caused by
the war, which hinder the effective and high-quality
investment and innovation development of agricul-
ture in Ukraine.

However, it is worth noting that the use of the
proposed measures to solve the problem of intro-
ducing investments and innovations in agriculture
will improve the production process, increase the
efficiency of using internal and maximise the attrac-
tion of external investment in the introduction of
investment technologies. Thus, creating favourable
conditions for investment and innovative develop-
ment is a priority task for Ukraine. Otherwise, it is
impossible to achieve economic growth, in particular,
in enhancing the country’s competitiveness in the

the agricultural sector and related industries.

world market.
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IHBeCTULINHO-IHHOBAWLIMHUIM PO3BUTOK
CinlbCbKOro rocnogapcTBa YKpaiHu

OnekcaHap BacunboBud 3axapuykK', Cepriit IBaHOBUY MeJibHUK?,
OkcaHa BacuniBHa BuwiHeBeLbKa', OkcaHa MNMaBnisHa MNonoBa?,
JllopMnna MukonaiBHa Koulo6UHCbKa?2

"HauioHanbHUM HAayKOBUW LEHTP «IHCTUTYT arpapHOi EKOHOMIKM»
03127, Byn. lepois O6opoHwU, 10, M. KuiB, YkpaiHa

2YKpPaiHCbKMIM IHCTUTYT eKCNepPTU3U COPTIB POCUH
03041, Byn. leHepana PoaumueBsa, 15, M. KuiB, YKpaiHa

» AHoTauiqa. HeoOxiqHOO MepeyMOBOIO CTAJIOT0 PO3BUTKY JePKaBU € iIHBECTUIIHHO-IHHOBAIliiTHe 3abe3medeHHsI
piBHA 1l eKOHOMIKH. 3TiIHO MOIEPHICTCHKOI Teopil EKOHOMIYHOTO 3pOCTaHHSI rapBapAChKOro ekoHoMicra Pobepra Costoy,
«eKOHOMiYHe 3pOCTaHHA MA€ TP CKJIA0BI: 06cAT KammiTasty, 06cAr mparii Ta 3aaraJbHUH (pakTOp IPOTYKTUBHOCTI (PiBEeHB
TeXHOJIOTiH, iHHOBaril Ta AKiCTH BpsAAyBaHHA)». 3aBHaHHSA, AKi CTOATH Nepej arpoIpPOMICIOBAM BUPOOHUIITBOM
YKpaiHu, € CTUMY/IIOBaHHS MIpPOIeciB HAKOMMYeHHA Ta eeKTUBHe BUKOPHUCTAHHA iHBeCTHULIMHUX pecypciB 3a
npiopureTaMu eKOHOMIYHOTO 3POCTaHHs1, IEPCIEKTUBY PO3BUTKY iHHOBALIMHOI [isAabHOCTI. Ilepe1yMOBOIO IILOTO €
MaKpOeKOHOMIYHa CTa0iIbHICTB, sika CIIpHUsie HAKOMMYEHHIO BHYTPIIIIHIX Ta 30BHIIIHIX YNHHUKIB i pecypciB HIIssXoM
MiIBUIIIEHHSA JOBipU iHBECTOPIB 10 EKOHOMIUHOI Pery/siTOpHOI OJIITUKY Ta 3HUKEHHS PiBHA PUSUKY iHBECTULIIAHOI
nistbHOCTI. [TMTaHHSA, BUCBITVIEH] B CTATTi, CTOCYBaTUMYThCS, HacCaMIIepel, TAKUX BayRJINBUX PaKkTopiB y 3abe3meueHHi
PO3BUTKY MiJIPUEMCTB arpoIpOMHUCIOBOTO KOMIIJIEKCY SIK iHHOBAIIl Ta iHBecTuIii. BOHN 3HAWILIN CBOE MiCIle B
JOCTiIKReHHSAX 0araTb0X eKOHOMICTIB, ajie YIpaBJ/iHHA iHHOBAIiIMHUMU MIPOEKTAMH Ta iHBECTUIIHHOIO AislJIHICTIO
IJIs1 3abe3nieueHHsI eKOHOMIUHOI 6e3neku cy0'ekTiB AITK HemocTaTHbO po3po0JieHi. [le BU3HAYAE aKTyasIbHICTD ITi€l
craTTi. Y MpoIeci AoCiyKeHHsI BUKOPUCTAHO TaKi METONIH: JliaJIeKTUYHUIN, CUCTEMHUH ITiJIXi1, MOHOTrpadiuHuii,
€KOHOMIKO-CTaTUCTUYHUH, TaOJIUYHUH, TpadidyHuii, MOPiBHAJBHUN aHasi3, aOCTPAKTHO-JIOTIYHUI Ta aHAJITUYHE
MIPOrHO3yBaHHsA. MeTOI0 TaHOI CTATTi € BUSHAYEHHA CYyTHOCTI Ta 0COOIMBOCTEH arpapHUX iHHOBAIIH, JOCITiKeHH
yMOB Ta (paKTOpiB iHHOBaLiMHOTO po3BUTKY AIIK, oLiHIOBaHHS MpoOJIeM i MEPCIEeKTUB BUKOPUCTAHHS HOBITHIX
TIPOTrPeCUBHUX TEXHOJIOTIH Yy ClIbCbKOMY TOCIIOAapcTBi Ta iX hiHaHncoBoro 3abesneueHHs. JJocaiikeHo 0cOOIUBOCTI
BIIPOBA/PKEHHsI iIHHOBAIITHUX TEXHOJIOTi B arpapHOMY CEKTOPi €eKOHOMIKHU i BHUSBJIEHO, III0 arpoiHHOBAIlil MalOTh
TiCHU 3B’I30K 3 arpOTeXHIYHUMU YMOBaMU BUPOOHUIITBA, MAIOTh 3B’I30K 3 SKMBUMU OpraHiaMaMu, MaloTh CE30HHU
XapakTep i 3ajie’KHO Bif IbOro MalTh BUCOKUU piBeHb pusauky. [IpoBeneHo aHali3 MmarepiaJbHUX BUTpAT Ha
BUPOOHUIITBO 3€PHOBUX Ta JUHAMIKY IIiH Ha HUX. Ha mpuKJIajIi OqHOTO 3 TOCIOnapcTB BiHHUITBKOIT 06J1acTi pO3paxoBaHo,
SIK 3a JOTIOMOT0I0 TEXHOJIOTIi TOYHOT0 3eMJIepoOCTBa Ta eHeProoIaJHUX TEXHOJIOTi MOKHA 3MEHIITUTH COO6iBapTiCTh
BUPOOHUIITBA 3€PHOBUX KYJIBTYD. BUSBIIEHO OCHOBHI TeHJEHIIil iHBECTULIHOrO 3abe3neueHHs CiIbChKOTO FOCIIOIapCTBa,
3B’s130K KarriTaabHuX iHBecTuilii i BBII Ta 3’sicoBaHO iX poJib B BHIPOBA/IKEHHI arpOiHHOBAIH. 3alIpOTIOHOBAHO 3aX0IA
3 BUpilIeHHsA Tpo6JieM BIPOBAIKEHHsI iHHOBAIil B CiJTbCBKOMY I'OCIIOJapCTBi

» Kio4oBi croBa: arpapHuil CEKTOp, arpOiHHOBAIIII, KalliTaIbHi iHBECTHIIiI, TOYHE 3eMJIEPOOCTBO, TEXHOJIOTI 0OPOOITKY
I'PYHTY, IPOIOBOJIbYA Oe3rmeKa
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