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» Abstract. The study aimed to assess the impact of investments in agricultural technology on the productivity,
economic efficiency and profitability of farming enterprises. The emphasis was on analysing yields of the three
leading agricultural holdings in Ukraine: Svarog West Group, Stepova and Agroproduct LLC, which operate in
different natural and climatic conditions. The methodology involved collecting data for three agricultural seasons
(2021-2023), which was used to identify long-term trends and determine the impact of technology investments on
key performance indicators of enterprises. A correlation analysis with the calculation of Pearson's coefficients was
used to assess the relationship between agricultural technology expenditures and yields. The economic efficiency
was calculated based on profitability and resource efficiency, which compared the results between agricultural
holdings and identified management features in different conditions. The main results showed that investments in
agricultural technology have a positive impact on yields, although their effectiveness depends on the specialisation
of the farms and environmental conditions. For Svarog West Group, a strong correlation between investment and
yield was determined (r = 0.85), which highlights the importance of technological innovation. Agroproduct LLC
demonstrated the highest level of profitability (40%), which indicates effective cost management. In turn, Stepova
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achieved the highest efficiency of resource use (0.0056 t/thousand UAH) due to its specialisation in seed production.
The results showed that it is necessary to combine technological innovation with adaptation to climate conditions
to ensure the long-term efficiency of agricultural production. These findings can be useful for researchers, managers
and practitioners involved in agricultural sector development and seeking ways to achieve food security in a changing

climate

» Keywords: agronomic technologies; profitability; yield; climate change; food security; correlation analysis;

agricultural management

» Introduction

Agribusiness is a key sector of the Ukrainian economy,
ensuring not only domestic food security but also a sig-
nificant contribution to the global agricultural market.
Modern agriculture is at the crossroads of several impor-
tant challenges, such as rising demand for food, climate
change and the need for sustainable resource use. Accord-
ing to a study by S. Kvasha er al. (2024), the global popula-
tion is growing, which requires innovative approaches to
increase agricultural productivity and ensure food secu-
rity. At the same time, many scholars emphasise the need
to balance economic efficiency with environmental sus-
tainability (Kushniruk ez al., 2021; Kotykova et al., 2022). In
this context, the role of large agricultural holdings should
be studied and their efficiency assessed in both economic
and environmental terms. Various studies already high-
lighted the impact of agricultural technologies on farm
yields and economic efficiency. For instance, M. Hay-
daroglu and P. Bilgi¢ (2024) demonstrated that innova-
tions in seed and soil management increase crop pro-
ductivity by 15-20%. However, L. Yang (2024) noted that
investments in technology may be less effective without
accounting for climate change. This challenge is particu-
larly relevant for Ukraine, where natural and climatic con-
ditions vary between regions, creating additional risks for
agricultural production (Vernooy, 2022).

Despite substantial research, not all aspects of the
efficiency of large agricultural holdings were sufficiently
covered. Most previous studies focus on either technical
productivity or economic performance. To a lesser extent,
how different business models respond to external chal-
lenges, such as economic crises and climate change, has
been studied (Henderson, 2022). In addition, agriculture
holdings in the context of sustainable development often
lack complexity. The challenge of this study is to determine
how investments in agricultural technology and efficient
resource management affect the economic stability and
productivity of large agricultural holdings. In addition, it
is necessary to determine which management models are
most effective in the face of economic instability and en-
vironmental challenges. The use of modern technologies
not only increases yields but also contributes to economic
profitability, if they are adapted to local climatic conditions
(Bulgakov et al., 2019). The study of this topic will help
identify the best approaches to agricultural business man-
agement and develop recommendations for increasing the
productivity and sustainability of agricultural enterprises.

In this regard, a study of Ukrainian agricultural hold-
ings, which have different specialisations and operate in
different regional climates, is particularly important for
determining what strategies can ensure long-term food
security. Thus, the research relevance is determined by
several factors. The first is the growing role of agriculture
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holdings in the structure of Ukrainian agriculture. In re-
cent years, large agricultural enterprises have become
key players in the market, controlling a significant por-
tion of grain and oilseed production (European Com-
mission, 2023). Second, global climate change is creating
new risks for the agricultural sector, forcing producers
to adapt their technologies and management practices
(Ploeg, 2020). Thirdly, despite considerable scientific in-
terest in agricultural technologies, the question of how
different management models affect the economic and
environmental outcomes of farming remains open (Ohlan
& Ohlan, 2022). In this context, it is also necessary to ad-
dress the current economic and political conditions af-
fecting agribusiness in Ukraine, including rising energy
and fertiliser costs, the impact of climate change on agri-
culture, and the need to adapt to new market conditions.
Assessment of profitability, resource efficiency and the
impact of agricultural technologies on yields will help to
develop practical recommendations for optimising the
management of large agricultural enterprises in the face
of economic and climate challenges.

The study aimed to analyse the relationship between
investments in agricultural technologies and their impact
on yields, profitability and resource efficiency of agricul-
tural holdings to identify optimal strategies for managing
agricultural enterprises in the context of climate change.

»Materials and methods
The selection included 3 leading agricultural holdings
from different regions of Ukraine, which differ in terms of
natural and climatic conditions. During three agricultural
seasons (2021-2023), data on the production performance
and financial activities of the three leading agricultural
holdings in Ukraine were collected: Svarog West Group,
Stepova, and Agroproduct LLC. These companies are in
different regions of the country and operate in different
natural and climatic conditions, which was used to com-
pare their efficiency and adaptation to environmental and
economic changes. The assessment of efficiency and rela-
tionships between indicators is carried out using several
economicand statistical approaches, including correlation
analysis and calculation of key performance indicators.
Svarog West Group specialises in various areas of ac-
tivity: growing grain, oilseeds and industrial crops, dairy
and meat products, growing fruits and berries, own plant
for seed production and processing, and storage of prod-
ucts. This agricultural holding is highly diversified, which
makes it more resilient to market and climate fluctuations.
Stepova the core business is the development of new
corn hybrids and seed production. Narrow specialisation
provides a competitive advantage in creating productive
varieties but increases dependence on demand for seeds.




Agroproduct LLC: the production of crop and live-
stock products. The combination of both areas creates a
synergy: crop residues are used for animal feed, and or-
ganic fertilisers from livestock are returned to the soil.

The following indicators were used to assess the im-
pact of climate change on the operations of agricultural
holdings: average annual temperature, precipitation and
frequency of extreme weather events in the regions where
they are located. This data served as the basis for analys-
ing the impact of climatic conditions on costs, yields and
overall economic performance of enterprises. The sourc-
es of climate data were state meteorological services that
provided data on weather conditions for the study period
(2021-2023), as well as satellite observations to verify and
refine the indicators. This approach determined not only
average annual changes but also specific climate events
that could affect the operations of agricultural holdings.
The analysis was based on the integration of climate data
with the production and financial performance of agricul-
tural holdings. This approach was used to track dependen-
cies and develop recommendations for improving climate
changeresilience. Pearson’s correlation coefficient is effec-
tive in assessing the relationship between investment and
productivity, as it measures the strength and direction of a
linear relationship between two quantitative variables. The
correlation coefficient is calculated using the formula (1):

Ein= 1(Xi -X)(Y; _?)
T (i - T, (Yi=Y)

r=

1)

where x, and Y, — variable values (e.g. yield level and ag-
ricultural inputs) for i-th observation; ¥ and Y — average
values of variables X and Y; n — number of observations.
Correlation analysis was used to assess, for example, the
relationship between yields and investments in agricultur-
al technology, or between changes in climate conditions
and farm productivity. It also determined how economic
changes, such as rising input prices, affect the operations
of agricultural holdings.

Profitability reflects how profitable a farm is by show-
ing how much profit is generated for each hryvnia of costs.
This metric is widely used to assess the efficiency of both
agricultural holdings and farms (2):

R= % x 100%, @)

where R - profitability; P — profit; C — expenses.

The resource efficiency ratio (E) shows how many
units of output (e.g. tonnes of grain) are produced per unit
of input. The higher the E, the more efficiently the farm
uses its resources. It is useful for comparing agricultural
holdings and farms with similar inputs (3):

__ Yields
" Total costs’

3)

where E —resource efficiency factor; yields is the volume of
output (e.g. tonnes of grain per hectare); Total costs is the
total cost of production (fertiliser, fuel, water, wages, etc.).

A higher ratio indicates a rational use of resources and
increased productivity. This compares the performance of
differentbusinessesatsimilarcostsandidentifieswhichones
are better able to adapt to changes in the market or climate.
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» Results

Specific investments in agricultural technologies for each
agricultural holding were considered, the amounts of
these investments, and their impact on yields were deter-
mined, and the return on investment based on productivi-
ty gains was calculated. The impact of investments in agri-
cultural technologies was reflected in this study based on
data for the period 2021-2023. Improving the productivity
of agricultural holdings such as Svarog West Group, Stepo-
va and Agroproduct LLC is crucial in ensuring Ukrainian
food security. Increased yields result in higher agricul-
tural output, which reduces dependence on imports and
ensures stable supply on the domestic market. This situ-
ation helps to reduce price fluctuations and increase the
availability of food for the population, which is essential
for maintaining economic and social stability in the face
of crises or climate change.

In the context of Svarog West Group, investments
in precision farming systems, including the use of GPS
navigation and drones for mapping and field analysis,
are proving to be effective, as they significantly improve
resource management and yields. This optimised field
processing and reduced fertiliser use by 15%, which im-
proved the economic results due to lower costs. The in-
troduction of a system that achieves real-time moisture
levels has mitigated unnecessary irrigation, reducing wa-
ter consumption by 20%. This ensured a stable yield level
even in conditions of moisture deficit. The introduction of
new biological products to replace some chemical pesti-
cides has reduced the risk of crop loss due to pest resist-
ance and improved yields. The use of GPS navigation and
drones reduced the amount of fertiliser and optimise field
cultivation, which increased yields by 8% and reduced
production costs by 10%. This had a positive impact on
profitability, which was reflected in economic indicators
(State Statistics Service of Ukraine, 2024).

Spending on splicing ensured optimum moisture lev-
el, which further increased yields by 5%, and during dry
seasons, which reduced costs by 15%. The use of biologi-
cal products to protect crops reduced pest losses, increas-
ing yields by 6% and improving profitability, resulting in a
7% reduction in the profitability margin. Investments in
agricultural technologies during the study period (2021-
2023) totalled approximately (UAH 1,200 thousand). The
main expenditures were made on precision farming sys-
tems, automated management of agricultural operations
and the use of biological products for plant protection.
Innovations (precision farming systems and biological
products) increased yields by 20%, which resulted in an
additional income of (UAH 1,500 thousand) (State Statis-
tics Service of Ukraine, 2024).

In the context of Stepova, investing in the treatment
of corn with highly effective products to improve the qual-
ity of genetic material, increased yields by 10%. The use
of a precision irrigation system equipped with sensors,
reduced water and energy consumption by 15%, increas-
ing resource efficiency. Installation of a greenhouse where
temperature and humidity can be controlled to reduce
the impact of external climatic factors. This extended
the growing season and maintained yields even in un-
stable weather conditions. Specialisation in treatments
helped to increase its disease resistance, which increased
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yields by 10%. Growing high-quality seed had a positive
impact on profitability, which increased by 8% (State Sta-
tistics Service of Ukraine, 2024). Saving water and energy
through automation has led to a 5% increase in profitabil-
ity due to lower operating costs and a 7% increase in yield.
By stabilising growing conditions, high yields were main-
tained even in adverse weather conditions. This increased
the company’s revenues by 12%, especially in a changing
climate, while maintaining a stable level of profitability.
Investments were approximately (UAH 800 thousand), of
which a significant part was spent on the use of innovative
treatment technologies, automation of splicing and cli-
mate control in greenhouses. This allowed the company
to reduce its dependence on climatic factors and improve
the quality of its products. Processing technologies and
climate control increased yields by 15%, which brought in
(UAH 1,100 thousand) in additional income (State Statis-
tics Service of Ukraine, 2024).

In turn, in the context of Agroproduct LLC, invest-
ments in equipment for analysing macro- and microele-
ments justification ensured optimal fertiliser rates, which
increased yields by 12% and reduced fertiliser costs. Ag-
ricultural operations management systems. Implemen-
tation of an agricultural operations management system
that allows for real-time monitoring of material costs and
assessment of the efficiency of each stage of production.
This helped optimise production costs and increase profit-
ability. The use of biological pest control products reduced
the cost of chemical pesticides by 18% and increased the
risk of environmental pollution. Optimisation of fertil-
iser application through analysis increased yields by 12%,
which led to increased economic efficiency by reducing
fertiliser costs by 10%. Agricultural operations manage-
ment systems. These systems helped control costs and

increased productivity by 9%. It also led to a 6% increase in
profitability, which reduced unproductive costs. The use of
biosecurity has reduced chemical pesticide costs by 18%,
which has increased the overall profitability of the com-
pany by 4% and reduced environmental costs. The total
investment amounted to approximately (UAH 1,000 thou-
sand). The main costs were invested in a feasibility study
to optimise fertiliser, the farm management system and
the use of biosecurity. These investments have contribut-
ed to increased yields and resource efficiency. The feasibil-
ity analysis and the farm management system increased
yields by 18%, resulting in an additional income of (UAH
1,400 thousand) (State Statistics Service of Ukraine, 2024).

Environmental sustainability is an important com-
ponent of food security, especially in the face of climate
change (Zibtsev et al., 2024). Reducing the use of chemical
plant protection products and optimising resource con-
sumption helps preserve ecosystems and improve soil fer-
tility. This has a positive impact on the long-term produc-
tivity of agricultural companies such as Svarog West Group,
Stepova and Agroproduct LLC. Rational use of resources
and implementation of environmentally friendly practices
also reduce the negative impact on the environment, which
ensures the sustainability of agricultural systems and con-
tributes to the stability of food production. Thus, an en-
vironmentally friendly approach to agriculture supports
food security and ensures sustainable development in the
long term. These three agricultural holdings represent dif-
ferent business models: Svarog West Group with diversified
activities, Stepova with specialisation, and Agroproduct
LLC as an integrated crop and livestock production sys-
tem. Table 1 summarises the costs, revenues and profits for
the three agricultural holdings over the study period (2021-
2023). Average yields are also included for comparison.

Table 1. Average expenses and income for 2021-2023 (thousand UAH)

Agricultural holding Total costs Income Profit Yield (t/ha)
Svarog West Group 1.200 1.500 300 5.2
Stepova 800 1.100 300 4.5
Agroproduct LLC 1.000 1.400 400 5

Source: compiled by the authors based on State Statistics Service of Ukraine (2024)

Svarog West Group has the highest costs (UAH
1,200 thousand) but also achieves high revenues (UAH
1,500 thousand) and profit (UAH 300 thousand). Yields of
5.2 t/ha indicate the effective use of agricultural technol-
ogies. This is due to the diversification of activities and the
use of innovations in crop and livestock production. Ste-
pova incurred the lowest costs (UAH 800 thousand) and
relatively low revenues (UAH 1,100 thousand). Despite
the smaller scale of its operations, profits remain stable
(UAH 300 thousand). Yields of 4.5 t/ha indicate speciali-
sation in seed production and cost efficiency. Agroprod-
uct LLC has balanced expenses (UAH 1,000 thousand)
and income (UAH 1,400 thousand), with a profit of UAH
400 thousand. Yields of 5.0 t/ha demonstrate the syner-
gy between crop and livestock production, which allows
for efficient use of resources. The analysis demonstrated
a positive correlation between investment in agricultural
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technology and yields. This confirms that modern tech-
nologies are critical in increasing productivity. The im-
pact of investments in agricultural technology on yields
depends on a range of factors that can vary significantly
between farms. This impact varies depending on the nat-
ural and climatic conditions, business strategy and pro-
duction specialisation of each farm, with business model
and specialisation affecting the final results. Pearson’s
correlation coefficient (r) measures the strength and di-
rection of a linear relationship between two variables — in
this case, between agricultural technology expenditures
and yields. The coefficient ranges from -1 to 1, where:
r=1: perfect direct correlation (the two variables increase
together), r=-1: perfect inverse correlation (one variable
increases and the other decreases), r=0: no linear rela-
tionship between the variables. Table 2 presents the re-
sults of the correlation analysis (Table 2).
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Table 2. Results of correlation analysis for each agricultural holding

Agricultural holding Pearson’s coefficient (p) Correlation power
Svarog West Group 0.85 Strong direct correlation
Stepova 0.72 Moderate direct correlation
Agroproduct LLC 0.78 Strong direct correlation

Source: compiled by the authors

The correlation coefficients show that agricultural
technology plays an important role in increasing yields,
but the extent of its impact differs between farms due to
different production approaches and conditions.

Svarog West Group: R=0.85, a high coefficient, which
indicates a strong direct correlation between spending on
agricultural technology and yields. Therefore, investments
in modern technologies, such as automation and innova-
tive crop protection products, significantly improve re-
sults. As the agricultural holding is involved not only in
crop production but also in livestock and seed produc-
tion, technological innovations increase the efficiency of
all areas of production.

Stepova. R=0.72 indicates a moderate direct correla-
tion. Although technology is also of substantial effect, its
impact is not as significant as in Svarog West Group. The
company’s specialisation in corn seed production and
breeding partly explains this result, as its main invest-
ments are directed at developing new hybrids rather than
increasing the yield of the final product.

Agroproduct LLC: R=0.78, a positive correlation be-
tween expenditure on agricultural technology and yield.
The integration of crop and livestock production allows
the company to use technology to increase yields and op-
timise resources. For instance, crop residues are used as
feed and organic waste is used as fertiliser, which also af-
fects productivity.

The strong correlation between investment and
yields for Svarog West Group and Agroproduct LLC con-
firms that innovative agricultural technologies are a key
factor in the success of these businesses. Svarog West
Group can continue to invest in technologies aimed at
automating and managing large amounts of data to im-
prove efficiency across the board. Agroproduct LDT can
expand its use of agricultural technology to improve in-
tegration between crop and livestock production, result-
ing in even greater productivity and efficiency. Stepova
shows a moderate correlation, which confirms the impact
of specialisation in seed production on production effi-
ciency. Expenditures on agricultural technology are more
focused on breeding than on directly increasing the yield
of the final product. Stepova should introduce new tech-
nologies to optimise production and increase profitabil-
ity. The variability of the results shows that, while tech-
nology has a significant impact on productivity, natural
and climatic conditions and management practices also
play an important role. This underscores the importance
of adapting business models to specific operating condi-
tions. This correlation analysis confirms that technologi-
cal investment is a major factor in increasing farm yields
and efficiency, but that farm-specific and regional condi-
tions need to be taken into account. Table 3 shows the cal-
culations of profitability for each of the three enterprises
based on their costs and profits.

Table 3. Profitability calculations

Agricultural holding Profit (P) Expenses (C) Profitability (R, %)
Svarog West Group 300 1,200 25
Stepova 300 800 37.5
Agroproduct LLC 400 1,000 40

Source: compiled by the authors based on State Statistics Service of Ukraine (2024)

Agroproduct LLC demonstrated the highest profit-
ability (40%), which indicates efficient use of resources
and well-balanced costs. The company combines crop
and livestock production, which optimises the use of pro-
duction waste and reduces overall costs. Despite the high
level of technological investment, the company achieves
excellent financial performance. Stepova has a profitabil-
ity of 37.5%, which is also a high level. Specialisation in
corn breeding and seed production allows the company to
maintain low production costs by focusing on optimising
its cost processes. The high profitability is due to cost-ef-
fective resource management, although agricultural-tech-
nological investments are not as large as those of other
agricultural holdings. Svarog West Group has a profitabil-
ity of 25%. This is lower than other companies due to its
more diversified operations: the company is engaged not
only in crop production but also in livestock, horticulture
and seed production. This diversity requires significant

investments in different areas, which affects the overall
costs and reduces profitability. The profitability analysis
shows that Agroproduct LLC has the highest resource effi-
ciency (40%). This confirms the importance of integrating
different areas of production and using agricultural tech-
nologies to increase productivity. Stepova also demon-
strates high profitability due to its narrow specialisation
and low production costs.

The lower profitability of Svarog West Group (25%)
suggests that diversified businesses may have lower short-
term financial performance. However, this model en-
sures sustainability and risk reduction in the long term.
Agroproduct LLC should continue to develop integrated
production processes and optimise costs to maintain
high profitability. Stepova should invest in new breeding
technologies and expand the market for its seeds, which
could increase profitability. Svarog West Group should ad-
dress the efficiency gains in certain areas (e.g., livestock
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automation) and use cost analysis to identify the most
profitable production processes. This analysis highlights
the importance of prudent resource management and
diversification to achieve sustainable development and
economic efficiency in the agricultural sector. Resource

efficiency determines how efficiently a company uses its
inputs. It measures how many units of output (in this case,
tonnes of grain per hectare) are produced for every thou-
sand hryvnias of total costs. Table 4 shows the results for
each of the three agricultural holdings.

Table 4. Resource efficiency ratio

Agricultural holding Yield (t/ha) Total expenses (thousand UAH) E (tonnes/thousand UAH)
Svarog West Group 5.2 1.200 0.0043
Stepova 4.5 800 0.0056
Agroproduct LLC 5 1.000 0.005

Source: compiled by the authors based on State Statistics Service of Ukraine (2024)

Stepova demonstrated the highest efficiency ratio of
0.0056 t/thousand UAH. This means that the company re-
ceives 5.6 kg of grain for every thousand hryvnias of costs.
Such a high figure is explained by the specialisation in
breeding and seed production, which allows the company
to optimise production costs and produce quality prod-
ucts with less investment. Agroproduct LLC has an effi-
ciencyratio of 0.005 tonnes/thousand UAH. This indicates
an efficient use of resources, although slightly lower com-
pared to Stepova. The high productivity of this company is
ensured by a combination of crop and livestock produc-
tion, which allows for optimal use of secondary resources
(e.g. organic fertilisers). Svarog West Group demonstrated
the lowest efficiency ratio of 0.0043 t/thousand UAH. De-
spite higher yields (5.2 t/ha), the high costs of supporting
the various activities (livestock, horticulture, seed produc-
tion) resulted in lower resource efficiency. This underlines
that diversified enterprises may have higher costs due to
a wider range of operations. The analysis of the resource
efficiency ratio shows that specialised enterprises, such as
Stepova, achieve the highest efficiency rates due to their
narrow specialisation and cost optimisation. Enterprises
engaged in diversified operations (e.g. Svarog West Group)
may have a lower ratio due to the higher costs of maintain-
ing different production lines. This analysis confirms that
effective resource management is critical to improving
productivity and economic efficiency, especially in times
of economic change.

The results of the study showed that investments in
agricultural technologies and rational resource man-
agement have a significant impact on productivity and
economic efficiency, as well as the yield of agricultural
enterprises. The positive correlation between agricultur-
al technology expenditures and yields demonstrates the
importance of innovation in increasing productivity. This
is particularly evident for Svarog West Group, where the
correlation coefficient of R=0.85 indicates a strong link
between investment and yield growth. Innovations in seed
production, the use of modern machinery and the optimi-
sation of agricultural practices have allowed this company
to achieve high yields (5.2 t/ha). However, the diversified
nature of the business increases costs, which reduces over-
all economic efficiency. Agroproduct LLC has the high-
est profitability. This enterprise achieved a profitability
of 40%, indicating a high level of cost management and
profitability. The combination of crop and livestock pro-
duction allows for efficient use of resources: organic fer-
tilisers from livestock production reduce chemical costs,
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improving soil quality and yields (5 t/ha). The company’s
profitability demonstrates the optimal use of resources,
even in difficult economic conditions. Stepova demon-
strates the highest resource efficiency ratio. The efficien-
cy ratio of 0.0056 t/thousand UAH indicates that Stepova
uses its investments most rationally. This is attributable to
the narrow specialisation in breeding and seed produc-
tion, which requires lower costs but ensures high-quality
products. This approach reduces financial risks and opti-
mises production. This study confirms that the efficiency
of agricultural production depends on both the level of
technological investment and the ability of enterprises
to adapt to changing conditions. High profitability and
resource efficiency indicate that enterprises that skilfully
combine innovation with good management can achieve
significant results. However, to ensure long-term sustain-
ability and food security, strategies need to be developed
that consider both economic and environmental factors.

Achieving food security requires a comprehensive
strategy that addresses environmental and economic
challenges, climate change, and the structural character-
istics of the agricultural sector. The main strategic com-
ponents are state support (direct subsidies, preferential
lending to farmers), infrastructure development (logistics,
storage facilities, digitalisation of agribusiness), stimulat-
ing investment in the latest agricultural technologies, and
legislative initiatives to harmonise the regulatory environ-
ment. Based on the experience of other countries, such as
the Netherlands or Israel, the integration of precision agri-
culture, irrigation systems and climate change adaptation
programmes remains a priority. The experience of other
countries in precision agriculture and water management
demonstrates significant potential for improving food se-
curity. For instance, Israel uses sensor technologies and
intelligent water management systems that have reduced
water consumption by 50% and increased yields by 25%
through optimised irrigation. The Netherlands has suc-
cessfully applied precision agriculture using the Internet
of Things, machine learning, and cloud computing, which
has increased yields by 15-20%, reduced losses due to crop
diseases and stress, and improved soil fertility manage-
ment (Ramdinthara & Bala, 2019; Lopushynska et al., 2022).

For Ukraine, the implementation of these approaches
through government support programmes is crucial. This
includes subsidies for sensor-based soil monitoring sys-
tems, the development of research clusters to adapt tech-
nologies to local conditions, and the establishment of co-
operation with international partners. The development of




training programmes for farmers on the use of new tech-
nologies and risk management is also needed. Given the
success of other countries, such initiatives could increase
yields and reduce dependence on weather conditions in
Ukraine. It is necessary to create financial support mech-
anisms through government guarantees and partnerships
with international organisations to attract investment in
agriculture. Adaptation to climate change involves de-
veloping risk management programmes, such as crop
insurance, drought-resistant crops, and water optimisa-
tion (Ivanova et al., 2021). Improving logistics can include
developing rail transport, modernising ports and ensur-
ing efficient distribution of resources within the country.

The state is central in ensuring food security through
financial support, regulatory measures and partnerships
with international organisations. One of the most effective
mechanisms is the introduction of targeted subsidy pro-
grammes for the purchase of modern machinery, sensor
systems and software for precision farming (Bulgakov et
al., 2017). For instance, similar programmes in Germany
provide up to 40% of the cost of innovative agricultur-
al technologies, which has significantly increased yields
and reduced environmental impact. In Ukraine, similar
subsidies could be targeted at farmers who introduce soil
monitoring tools, crop monitoring drones or automated
irrigation systems. Financing for small and medium-sized
farmers can be provided through concessional lending
programmes. For instance, Poland has a programme where
farmers receive low-interest loans subsidised by the state.
In Ukraine, a similar model could stimulate the develop-
ment of small farms, which make up asignificant part of the
agricultural sector (Javed et al., 2022; Berxolli et al., 2023).

Crop insurance is another vital mechanism. The US
has a Federal Crop Insurance programme where the gov-
ernment covers up to 60% of the insurance premium. In
Ukraine, this is possible through partial compensation of
the cost of insurance for farmers who grow strategically
important crops such as wheat or corn. Partnerships with
international organisations, such as the Food and Agri-
culture Organisation, the World Bank and the European
Union, can provide access to long-term financing grants.
For instance, the Food and Agriculture Organisation sup-
ports sustainable water use programmes in Southern Af-
rica, while the World Bank finances agricultural innova-
tion through low-interest loans to developing countries
(Ncube et al., 2018). In Ukraine, it is advisable to create
a trust fund for the development of the agricultural sec-
tor, attracting investments from these organisations for
the construction of infrastructure, training of farmers
and digitalisation of agribusiness. Practical measures for
Ukraine should address the specifics of the regions. For in-
stance, in the southern regions, the creation of water sup-
ply systems, and in the western regions, the strengthening
of organic farming. A programme to train farmers in new
technologies and move towards more sustainable produc-
tion practices is also needed. Overall, a clear strategy that
integrates international experience and national priorities
is key to achieving food security.

» Discussion
The results of this study show that investments in agri-
cultural technology have a positive impact on yields, but
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the level of this impact varies between agricultural hold-
ings due to the specifics of their operations and climatic
conditions. The highest correlation between agricultural
technology expenditures and yields was found for Svarog
West Group (r =0.85), which correlates with the study by
H. Ayeb &R. Bush (2019), who emphasised that innova-
tive technologies in agriculture can increase productivity
by 15-20%. This indicates a significant impact of techno-
logical innovation on productivity and is consistent with
the findings of B. Boulay et al. (2020), who emphasised
that the effectiveness of technologies varies depending
on environmental conditions and needs to be adapted.
This emphasises the importance of a flexible approach to
technology adoption at enterprises operating in different
climatic zones.

The analysis of Stepova Agroholding showed a moder-
ate correlation between agricultural technology expendi-
tures and yields (r=0.72). This can be attributed to the spe-
cialisation in seed production, where the focus is not on
increasing yields but on improving genetic material. Sim-
ilar conclusions were reached by S. Madsen et al. (2020),
determining that seed farms have a different productivity
focus that affects economic performance. The analysis of
the resource efficiency coefficient showed that the highest
indicator was for Stepova Agroholding (0.0056 t/thousand
UAH). For Agroproduct LLC, the correlation between in-
vestment and yield was also high (r=0.78), indicating the
efficient use of technology to increase productivity. This is
consistent with the study by B. Feyisa et al. (2024), empha-
sising that optimal resource management allows for high
yields even in conditions of limited access to resources.

The profitability analysis also revealed interesting
patterns. The highest profitability was shown by Agro-
product LLC (40%), which indicates effective cost man-
agement. This result corresponds to the findings of W. G.
Moseley (2013), noting that effective cost management
is a key factor in the success of agricultural enterprises,
regardless of the level of investment in technology. This
may be due to efficient cost management and optimi-
sation of production processes. Other studies, such as
M. Babych & A. Kovalenko (2018), who analysed the effi-
ciency of large agricultural holdings, also demonstrated
that higher profitability can be achieved through efficient
resource management even with high technology costs.
0. Kotykova & M. Babych (2021) noted that high levels
of investment in agricultural technology do not always
lead to a proportional increase in profitability Stepova’s
profitability was 37.5%, which highlights the importance
of cost optimisation for seed-focused farms. The study
by E. Holt Giménez and A. Shattuck (2011) also confirms
that reducing costs without sacrificing productivity is an
important component of economic resilience in the face
of climate change.

The coefficient of resource use efficiency showed
that the highest efficiency was in Stepova (0.0056 t/thou-
sand UAH), which indicates the rational use of resourc-
es. This correlates with the findings of M. Sommerville et
al. (2014), who emphasised the importance of efficient
use of resources in agriculture, especially in the context
of limited financial resources. This can be attributed to
the focus on specialised areas, such as corn seed produc-
tion, which optimises production costs. This is confirmed
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by R. Merino (2020), emphasising that enterprises
with specialised activities can achieve higher efficien-
cy through resource optimisation, even if their overall
productivity is lower than that of diversified farms. For
Svarog West Group, this coefficient was lower (0.0043 t/
thousand UAH) due to the scale of operations and wider
diversification of production. This structure may require
higher costs to support different production areas, mak-
ing it difficult to achieve maximum efficiency.

However, the study also revealed certain limitations.
The impact of climate change on productivity remains
a significant factor that makes it difficult to predict eco-
nomic results in the long term (TOP-10 wheat produc-
ing..., 2022). This conclusion is supported by J. Essex et
al. (2014), who noted that farms that are not adapted to
climate change lose some of their productivity despite
investments in technology. Without proper adaptation,
enterprises may lose some of their efficiency, even when
using modern technologies. Thus, this study confirms
the need for an integrated approach to agricultural hold-
ing management. While investments in technology con-
tribute to increased yields and efficiency, success also
depends on the ability of enterprises to adapt to climate
and economic changes. The optimal combination of
innovative technologies, rational use of resources and
adaptation strategies is key to the long-term sustaina-
bility and success of agricultural enterprises (Kyfyak et
al., 2024). Overall, the findings of this study demonstrate
the importance of an integrated approach to agricultural
holding management. The use of modern technologies
does indeed help to increase productivity, but success
also depends on the ability of enterprises to adapt their
strategies to external challenges (Pietrzyk, 2022). The
findings are in line with international research but also
point to some unique aspects, such as the importance of
specialisation and effective cost management for profita-
bility. The study also showed that climate change remains
a significant factor that makes it difficult to predict eco-
nomic performance in the long term. This underscores
the need to develop comprehensive adaptation strate-
gies aimed at increasing the resilience of enterprises to
climate challenges.

Thus, the findings of this study indicate that achiev-
ing long-term sustainability in the agricultural sector
requires a comprehensive management approach that
combines investment in technology, resource optimi-
sation and adaptation to changing conditions. This will
allow enterprises to use available resources efficiently
and achieve sustainable productivity even in the face of
climate and economic challenges. The findings of this
study confirm the importance of combining effective
governance with technological innovation and adapta-
tion strategies as key factors for ensuring food security
and the sustainable development of agricultural enter-
prises. Both economic and environmental factors need
to be addressed to ensure food security. In the future, it is

»References

necessary to continue researching the impact of climate
change on agricultural production and to develop more
flexible management strategies that can ensure stability
in a changing environment.

»Conclusions

The study was conducted based on three agricultural hold-
ings in Ukraine — Svarog West Group, Stepova and Agro-
product LLC and revealed the importance of investing in
modern agricultural technologies to increase agricultur-
al productivity. An analysis of data for three agricultural
seasons (2021-2023) showed a clear positive correlation
between technology spending and yields, confirming the
importance of innovative practices as a key factor in en-
suring high productivity. In the case of Svarog West Group,
the correlation coefficient between investment and yield
reached r=0.85, indicating a high impact of agricultural
technology on the results. This underlines the importance
of not only the number of financial expenditures but also
their adaptation to the specifics of the crops and natural
and climatic conditions in which the company operates.

For the Stepova agricultural holding, which special-
ises in seed production and breeding, the correlation co-
efficient was slightly lower (r=0.72), indicating a differ-
ent nature of the impact of the investment. However, this
specialisation contributed to high efficiency in the use of
resources with an indicator of 0.0056 t/thousand UAH.
This suggests that enterprises that focus on the quality
of genetic material can maximise the return on invest-
ment. This approach confirms the importance of narrow
specialisation in the agricultural sector, which allows to
optimise of production costs and increases the efficien-
cy of resource use. In terms of profitability, the highest
financial performance was demonstrated by Agroprod-
uct LLC, with a profitability of 40%. This demonstrates
effective cost management and strategic use of invest-
ments in technology. The study showed that even signif-
icant expenditures on agricultural technologies can pay
off if resources are managed efficiently and production
processes are optimised.

Thus, the results of the study underline the need
for a comprehensive approach to agricultural holdings
management that addresses both economic and envi-
ronmental aspects. In addition to investing in technolo-
gy, enterprises should integrate environmental practices
to adapt to climate challenges. The prospect of further
research is to investigate the long-term contribution of
investments in agricultural technologies to the adapt-
ability of agricultural enterprises to climate change and
their economic sustainability.
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» AHoTauif. MeToo bOro JOC/i/IPKeHHsI OyJI0 OI[iHUTH BIJIMB iHBECTHIIif B arpOTEXHOJIOTI] Ha IPOAYKTUBHICTS,
eKOHOMIYHY e(peKTUBHICTb i peHTabe IbHICTh arpomnianpueMcTB. OCHOBHUM aKIIeHT 3p00JIeHOo Ha aHaJIi3i TOKa3HUKIB
BPOYKAMHOCTI, TPbOX NPOBITHUX arpoxoJIuHriB YKpainu: «CBapor Bect I'pym», «CremoBa» Ta TOBapUCTBO 3
obmeskeHoo BignoBiganbHicTIO (TOB) «Arponponykt, JIT», ki GyHKIIOHYIOTH Y Pi3HUX MPUPOIHO-KIIMaTUYHUX
ymoBax. MeTonoJ1orist BK/II09asa 30ip JaHuX 3a TPHU Ci/IbCBKOTOCIONApChKi ce30HM (2021-2023 pokw), 110 1aJI0 3MOT'Y
BUSIBUTH JIOBIOCTPOKOBI TEHIEHIIiT Ta BUBHAYNTH BIJIMB iHBECTUIIiH Y TEXHOJIOTIT Ha KJII0UOBI MOKa3HUKY [TiLIbHOCTI
mignpueMcTB. ISl OIiHKKA B3a€EMO3B’I3Ky MK BATpaTaMU Ha arpOTEXHOJIOTII Ta BposKaliHiCTIO OyJI0 3aCTOCOBAHO
KOpeJIALiifHuN aHauTi3 i3 po3dpaxyHKkoM KoedirienTiB [Tipcona. EkoHOMiuHa e(peKTUBHICTH pO3pax0OByBaJIacsi HA OCHOBI
TOKa3HUKIB peHTabeJbHOCTI Ta KoedillieHTa eeKTUBHOCTI BUKOPUCTAHHS PECypcCiB, 10 JO3BOJIMJIO HNOPIBHATU
pesyJibTaT! Mi’K arpoxoJIiIMHIaM{ Ta BUSBUTU OCOOJIMBOCTI YIpaBJ/iHHA B pisHuUX yMoBax. OCHOBHI pe3ysjbsraTu
TI0Ka3aJjy, 110 iHBeCTHIIil B arpOTEXHOJIOTII TIO3UTUBHO BILJINBAIOTh HA BPOKAWHICTB, X04a iX e(peKTUBHICTh 3aJ1€3KUTh
Bij crmemiasisartii miampueMCcTB Ta YMOB JOBKias. 3okpeMa, mist «CBapor Bect I'pym» Oy/I0 BUSIBJIEHO CUJIBHUM
3B’sI30K Mi’K iHBECTHUIIISIMU Ta BposKalHIicTIO (r=0.85), 110 MiIKpec/ o€ BasKIMBICTh TEXHOJIOTIYHUX iHHOBaIii. TOB
«ArponpofyKT, JIT[]» mpogeMOHCTpyBasIo HaWBUIINHI piBeHb peHTabeabHOCTi (40%), M0 CBiguUTh PO edeKTUBHE
YIpaBJIiHHS BUTpaTaMu. Y CBoIO 4epry, «CTenoBa» 10csrIa HallBUIIO] epeKTUBHOCTI BUKOPHUCTAaHHSA pecypciB (0.0056
T/THC. TPH) 3aBISAKHU CIeliaiisarii Ha HaciHHUITBI. OTpUMaHi pe3y/IbTaTé CBigYaTh PO HEOOXiTHICTh MOETHAHHS
TEXHOJIOTiYHMX iHHOBAIH i3 aganTarieio g0 KJIIMaTUYHUX YMOB 11 3a0e3IedYeHHs JOBIOCTPOKOBOI e(heKTUBHOCTI
arpoBupoOHHUNTBA. 1li BUCHOBKM MOKYTh OyTHM KOPHUCHUMH [UJIsI HAYKOBINB, VIIPAaBJIHIIB Ta INPAKTHKIB, sAKi
3aiIMaIOTHCSI PO3BUTKOM arpopOMUCIJIOBOTO CEKTOPY Ta MIYKAIOTh CIIOCOOHU TOCATHEHHS MPOI0OBOJIBUO]I OE3MEeKH B
yMOBax 3MiHHOT0 KJjliMary

» Knou4oBi cnoBa: arpoHOMiYHiI TEXHOJIOTIi; peHTabeJbHICTh; BPOMKANHICTD; KIIMAaTHYHI 3MiHM; IPOJOBOJIbYA
Oesrexa; KOpeJALiiHNN aHaJli3; arpapHe YIIpaBJIiHHSA
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