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Abstract: The agricultural sector is undergoing a profound structural transformation driven by global challenges
and socio-economic and environmental changes. The growing need for adaptation and innovation among
agricultural enterprises is reflected in increased strategic investment activities aimed at improving sustainability,
resilience, and productivity. Empirical evidence shows a clear prioritisation of investments in technological
innovation as a key driver of modernisation and competitiveness. In contrast, responses to other global challenges,
including geopolitical instability, socio-demographic shifts, economic fluctuations, and environmental pressures,
remain fragmented. The availability and structure of financial resources, such as European Union funds, national
subsidies, and commercial financing, significantly influence investment behaviour and priorities. Quantitative
analyses confirm statistically significant relationships between investment scale, sources, timing, and the types
of global challenges addressed. These findings highlight the need for targeted policy instruments and integrated
innovation ecosystems to strengthen the adaptive capacity and long-term sustainability of agricultural enterprises.
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1 Introduction The Common Agricultural Policy (CAP) is a key
framework that sets standards for future agricultural

Agriculture plays a key role due to its multifaceted - ! ! He dglie
sector policies to reduce regional disparities and

impact on various aspects of society, [1]. Increasing

emphasis is being placed on the development of improve overall agricultural performance within the
modern and specialised agriculture, based on European Union (EU), [7]. The level of support
innovation, [2]. The transformation of traditional allocated to farmers fFom the overall EU budget
agriculture into advanced modern agriculture appears depends on several variables, [8], and the impact of

CAP direct payments on agricultural incomes in EU
Member States underlines the importance of these
payments also in shaping the economic performance
of agricultural activities, [9]. The CAP is thus also a

to be an effective strategy for supporting its
development, [3].

The historical development of FEuropean
agriculture has been a complex process influenced by

various political, economic, technological, and tool ) for shaping- the economic resources and
environmental factors, [4]. The conditions in which efﬁc1en(':y Qf ' different types of agricultural
farm managers perform their functions have changed production within the EU, [10].

significantly over the last century, as the sector has
faced many challenges, [5]. The interest of the
agricultural sector in adapting to the challenges and
trends within the constantly changing conditions of
the 21 century is confirmed by research data on the
increasing demand for advisory services, [6].

E-ISSN: 2224-2899 402 Volume 23, 2026



WSEAS TRANSACTIONS on BUSINESS and ECONOMICS
DOI: 10.37394/23207.2026.23.30

450
400
350
300
250
200
150
100

50

W
~
W

368,6

291,1

95,5

Billions of EUR

(=}
Total budget |G
Total budget [N

Total agricultural expenditures
Development

European Agricultural Fund for Rural

European Agricultural Guarantee Fund _

CAP EU 2014-
2020

CAP EU 2021-2027

Fig. 1: Support for farmers from the total EU budget
under the CAP in the periods 2014-2020 and 2021-
2027 in billion EUR

Source: created by the authors according to
European Commission, [11]

The EU’s Multiannual Financial Framework
(MFF) for 2014-2020 set the overall budget for the
CAPat EUR 373.17 billion in 2011 prices, i.e., 38.9%
of the total commitment appropriations for the EU-
28. The MFF for agriculture was amended in 2015,
following transfers between the two pillars of the
CAP decided by the Member States. Agricultural
expenditure finally reached a total of EUR 408.313
billion for the period 2014-2020, [12]. The CAP for
2021-2027 is based on the key reformed objectives,
[13], and the MFF allocated EUR 1.21 trillion, with
an additional EUR 808 billion from the Next
Generation EU (NGEU) instrument), [14], (Figure
1).

The agri-food system plays an important role in
achieving sustainable development, food security,
and environmental protection, [15]. Currently, there
is 0.21 ha of arable land per person on the planet.
However, this is likely to decrease to only 0.15 ha by
2050, and the current world population will increase
to an average of 9.7 billion people, [16]. However,
the CAP is still not able to reflect effectively enough
to changing conditions, challenges, and trends in
relation to environmental and socio-economic
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challenges. Appropriate and effective CAP proposals
are lacking, as well as the setting of priorities and the
necessary political will to improve them, [17]. The
challenges for agriculture and food production
concerning more efficient and ecological ways of
growing and processing raw materials will increase
significantly. Currently, the challenges and trends of
sustainable and resilient agriculture can be
structurally defined through the PESTLE analysis
method from a geopolitical, economic, social,
technological, and environmental perspective, [18]

Given the changing global conditions in the 21
century, it is possible to define 15 trends for
agricultural enterprises from different areas that
individual entities must face: 1. population growth,
urbanisation, and ageing; 2. global economic growth,
investment, and trade; 3. increasing competition for
natural resources; 4. climate change; 5. agricultural
productivity and innovation; 6. transboundary pests
and diseases; 7. conflicts, crises, and natural
disasters; 8. poverty, inequality, and food security; 9.
nutrition and population health; 10. structural
changes and employment; 11. migration and
agriculture; 12. change in the agri-food system; 13.
food losses and food waste; 14. management of food
security and nutrition; 15. financing for development,
[19]

Looking to the future, the main question is
whether today's agri-food system can meet the needs
of global demand with the current growth of the
human population, i.e., whether it can achieve the
required volume of production with increasing
pressure on land, water resources, and the
intensifying impact of climate change, [20]. To
achieve efficient, sustainable, and inclusive
production, agrifood businesses must face several
challenges, which are: 1. sustainably increasing
agricultural productivity to meet growing demand; 2.
ensuring a sustainable natural resource base; 3.
addressing climate change and intensifying natural
hazards; 4. eradicating extreme poverty and reducing
inequality; 5. ending hunger and malnutrition in all
its forms; 6. innovating the agri-food system towards
efficiency, inclusion, and resilience; 7. increasing
income in rural areas and addressing the causes of
migration; 8. building resilience to protracted crises,
disasters, and conflicts; 9. preventing transboundary
threats to the agri-food system; 10. addressing the
need for coherent and effective national and
international governance, [21].

2 Problem Formulation
The subject of the research was large Slovak
agricultural enterprises with an area of cultivated
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land of more than 100 hectares, focused on crop or
combined production. The mentioned enterprises
formed a sample of respondents for the research, in
which 341 enterprises out of a total of 2490 registered
in the country were involved through a questionnaire
survey. The questionnaire was designed as a
combination of specific and thematically relevant
open and closed questions, including dichotomous
and polytomous forms. The identified key global
challenges and trends were summarised for the needs
of the research into 5 summary categories according
to their character: geopolitical challenges and trends,
socio-demographic challenges and trends, economic
challenges and trends, technological challenges and
trends, and environmental challenges and trends. The
individual sources through which the selected
enterprises invested in global challenges and trends
were also summarized into 5 summary categories:
European funds and  programmes (Rural
Development Programme of the Slovak republic,
CAP 2021 - 2027, Horizon Europe, European
Territorial Cooperation); national subsidies and
support (Ministry of Agriculture and Rural
Development of the Slovak Republic, Slovak
Guarantee and Development Bank, Support and
Guarantee Agricultural and Forestry Fund); bank
loans and commercial financing (loans, leasing and
installment financing); crowdfunding and alternative
sources (crowdfunding platforms, investment
partners and business angels); cooperation with
research institutions and grants (universities, research
centers, Slovak Innovation and Energy Agency). The
period monitored in the research was limited to 5
years due to European and national project calls:
2020, 2021, 2022, 2023, and 2024.

2.1 Hypothesis Formulation

Given the fact that, according to FAQO, the volume of
funds invested by large agricultural enterprises in
activities reflecting global challenges and trends in
EU countries varies significantly depending on the
source of funding and the period under review, this
fact was also verified by the following research, [21]:

o Hypothesis Hp: There are no
statistically significant differences in the mean
volume of investments of large agricultural
enterprises according to the source and period of
investments in activities related to global
challenges and trends.

o Hypothesis ~ Hi:  There  are
statistically significant differences in the mean
volume of investments of large agricultural
enterprises according to the source and period of
investments in activities related to global
challenges and trends.
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2.2 Statistical Methods
Given the structure and organisation of the database
of the obtained data, the following statistical methods
were used to analyse the data and interpret the results
within the framework of the hypothesis:

e  Shapiro-Wilk test:

_ Gk ax)’
W= T, (xi—%)?
(1)
e  Spearman's correlation test:
ro=1-—
63 (xi=v)”
n(n2-1) (2)
e ANOVA test:
F =
SS etween k-1
bet /( ) (3)

SSwithin/(N_k)
e  McNemar’s test:
2 _ (b=0)?
T b+c

4)

3 Problem Solution

The surveyed agricultural enterprises were from all
regions of Slovakia. Most enterprises (77%) were
privately owned domestically, and their legal form
was most often a cooperative or limited liability
company. Two-thirds of the enterprises were focused
on combined production, and one-third on crop
production. The dominant production method of the
surveyed enterprises was the conventional
agricultural system (over 90%), alternative systems
(ecological, precision, and regenerative) were only
marginally represented. The most frequently grown
crops were cereals and energy and oil crops;
medicinal plants were grown the least. Most
enterprises achieved production of over 1 thousand
tonnes, with the highest production being reported by
enterprises with combined production systems.

The largest number of surveyed enterprises
invested in activities aimed at addressing
technological challenges and trends in the period
2020-2024, up to 60% (204 enterprises). The same
number of agricultural enterprises invested in
activities aimed at addressing geopolitical and
environmental challenges and trends, in both cases
18% (63) of enterprises. Investments were recorded
in activities related to socio-demographic challenges
and trends from 17% (58) of enterprises. The fewest
enterprises invested in activities related to economic
challenges and trends, where investments were
recorded from 16% (54) of enterprises (Figure 2).
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Fig. 2: Number of agricultural enterprises investing
in activities related to global challenges and trends
(2020-2024)

Source: created by the authors

Most agricultural enterprises exhibited a clear
preference for public and non-commercial sources of
financing when investing in activities aimed at
addressing global trends and challenges. Among
these, European Union funds and programmes
represented the most frequently utilised source, with
utilisation rates ranging from 67% for environmental
challenges to 82% for geopolitical challenges.
National subsidies and support schemes also played
a significant role, particularly in relation to
geopolitical challenges — where 77% of enterprises
investing up to EUR 50 thousand relied on them—
and socio-demographic issues. Alternative financing
mechanisms such as crowdfunding, grant schemes,
and cooperation with research institutions were
employed only marginally. Similarly, bank loans and
commercial financing were generally less favoured
across all categories, except for technological
challenges. In this area, more than one-third of
enterprises reported utilising commercial financial
instruments, which distinctly differentiated the
technological domain from the others. Investment
volumes varied according to the type of challenge
addressed. Geopolitical and socio-demographic
challenges were most frequently associated with
investment ranges of EUR 50,000 to 100,000, while
economic challenges typically attracted investments
of up to EUR 50,000 or in the EUR 100,000 to
200,000 range. Environmental challenges were most
linked to investments of EUR 200,000 to 500,000,
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whereas technological challenges were characterised
by the highest investment volumes, often exceeding
EUR 500 thousand (Figure 3).
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Fig. 3: Number of investments focused on global
trends and challenges in terms of funding source,
investment volume

Source: created by the authors

In terms of time, companies invested the most in
2020 in addressing geopolitical challenges, while this
year was also dominant for smaller investments in
socio-demographic trends. The year 2021 was a key
year for technological challenges, where up to 24%
of companies made investments exceeding EUR 500
thousand. In the same year, investments were also
significant in the environmental area (22% of
companies). In 2022, environmental (27%) and
technological investments dominated. Economic
challenges recorded the highest investment intensity
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in 2021 and 2024 (both 24%). Socio-demographic
challenges recorded the largest wave of investments
in 2024, with the same trend repeated for economic
challenges. Overall, individual challenge categories
showed different time dynamics of investment
activity, with technological and environmental
challenges dominating in most years with higher
investment volumes (Figure 4).
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Fig. 4: Number of investments focused on global
trends and challenges in terms of funding object and
year of investment

Source: created by the authors

For statistical verification of the hypothesis H°,
data on the sources of financing, year, and volume of
investments of the surveyed enterprises in individual
activities related to global challenges and trends were
used as input variables. Performing a test of the
normality of the distribution of wvariables was
necessary for the selection of an appropriate
statistical method. Descriptive statistics focusing on
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identifying the distribution of the monitored variables
using the Shapiro-Wilk test demonstrated statistically
significant deviations from the normal distribution (p
< 0.001) in relation to the data related to the
hypothesis Hy. Based on the above findings, only
non-parametric tests that assume a non-normal
distribution of variables could be used for further
testing of the hypothesis Ho, Table 1, equation (1).

Table 1. Test of normality of data distribution for

hypothesis Ho
Shaphiro-Wilk
Index N W p
Source of financing 442 0.769 <.001
Volume of investment 442 0.827 <.001
Year of investment 442 0.887 <.001

Source: created by the authors

Spearman's correlation coefficient was applied to
examine the statistical dependence between the
variables. The results of the correlation analysis
indicated only a weak and statistically less significant
(**) positive relationship between the source and
volume of investments of the surveyed enterprises in
activities related to global challenges and trends
(0.123). This suggests that no strong or highly
significant correlation exists between the variables.
Therefore, the null hypothesis could not be fully
rejected, and the results provided a rationale for
applying analysis of variance to further identify
potential differences across groups, Figure 35,
equation (2).

Volume of invst. Source of invst. Year of invst.

04 4

0.3 4
Corr

. . Volume of invst
0.2 4 0.123 -0.004

014

0.0 4

Corr:

0.054 Source of invst.

Year of invst.

Fig. 5: Spearman's correlation matrix for hypothesis
Ho
Source: created by the authors
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The results of the ANOVA test show that the
source of investment has a statistically significant
effect on the mean volume of investments of large
agricultural enterprises in activities related to global
challenges and trends (F = 17.48, p < 0.001). This
confirms that the average investment volumes differ
significantly depending on the source of financing. In
contrast, the effect of the period of investment, as
well as the interaction between the period and the
source of investment, did not prove to be statistically
significant (p = 0.872), Table 2, equation (3).

Table 2. ANOVA test for hypothesis Ho

ANOVA — volume of investment
SUM of df Mean p
Squares Square
Year of investment 0.0 NaN - -
Source of 525 3 1748 | <.001
investment
Year of investment
* Source of 17.3 15 1.15 0.872
investment
Residuals 797.8 418 1.91 -

Source: created by the authors

Based on these findings, the null hypothesis Ho,
which assumed no statistically significant differences
in the mean volume of investments according to the
source and period of investments, was rejected in
favor of the alternative hypothesis H;. This indicates
that differences exist particularly in relation to the
source of investment, while the period of investment
and its interaction with the source do not significantly
affect the volume of investments.

The results of the contingency table for
independent samples show significant differences in
the volume of investments with respect to the source
of financing. European funds and programmes
represented the dominant source, with 40.9% (94) of
enterprises investing more than EUR 500 thousand
through them. In total, these sources accounted for
52% (230) of all investments, concentrated mainly in
higher volumes above EUR 100 thousand. National
subsidies and support were the second most common
source of financing, with 38.7% (43) of enterprises
investing an amount exceeding EUR 500 thousand.
In contrast to European funds, these sources were
more evenly distributed between different investment
volumes. Although bank loans and commercial
financing were used less frequently, 61.1% (44) of
enterprises that used them invested more than EUR
500 thousand. This suggests that this source was
typical mainly for enterprises making large
investments. Cooperation with research institutions
and grants was mainly used for investments in the
range of 200 to 500 thousand EUR, namely in 54.5%
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(12) of the enterprises, while none of them invested
more than 500 thousand EUR. This source of
financing was less significant in the implementation
of large investments. Crowdfunding and alternative
sources were only marginal. The results indicate that
the managements of the surveyed companies
preferred European funds, national subsidies, and
bank loans to finance large-scale investments, while
smaller investment volumes were covered by more
diverse sources as shown in Table 1 (Appendix).
McNemar’s test was applied to the paired
contingency table examining the relationship
between the source and volume of investments of the
surveyed agricultural enterprises in activities related
to global challenges and trends. The obtained test
statistic (y, =278, df = 10, p < 0.001) indicates that
there is a statistically highly significant dependence
between the analyzed variables. This result confirms
that the distribution of investment volumes
significantly differs across the different sources of
financing, rejecting the assumption of independence.
Consequently, the null hypothesis of no association
was rejected, supporting the existence of a significant
relationship between the source and volume of
investments. This pattern of asymmetry can coexist
with the weak monotonic relationships observed in
Spearman correlation analyses, illustrating that
substantial differences in specific categorical
pairings may emerge even in the absence of strong
overall monotonic trends, Table 3, equation (4).

Table 3. McNemar'’s test for volume and source of

investments

Value df p
%12 278 10 <.001
¥z continuity 278 10 <.001
correction
N 442 - -

Source: created by the authors

4 Conclusion

The identification of key global challenges and trends
in agriculture has highlighted five main areas:
geopolitical, socio-demographic, economic,
technological, and environmental, which have
proven to be essential for the direction of farms in
changing conditions all over the world. These areas
fundamentally formulate the approach to innovation
and sustainability of farms, [1]. The transformation
of the agri-food system seems to be a logical step
regarding reflecting the above areas. Contemporary
agriculture faces increasing pressure to transition
from traditional production models to sustainable
ones. This transition requires the systematic
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implementation of strategic innovation, [22], [23]
Selecting the surveyed enterprises based on selected
indicators enabled a thorough analysis of the
behaviour and investment activity of mainly large
entities focused on crop or combined production,
while confirming their decisive influence on the
sustainability of Slovak agriculture and the resilience
of the agri-food system.

Quantification of investments showed that the
largest volume of funds was invested in technological
innovations (more than EUR 500 thousand for 82%
of enterprises), while only approximately 17-18% of
enterprises invested in areas other than geopolitical
or socio-demographic challenges and trends.
Technological innovations are associated with a
higher level of immediate effectiveness and a faster
return on investment, which favours their
implementation in farms, [24]. Technological
interventions play a crucial role in transforming the
agricultural sector. Implementation of technologies
enhances the efficiency of agri-supply chains, [25].
The identification of specific investment activities
showed that enterprises implemented various
measures, such as the implementation of precision
technologies, ESG reporting, diversification into
processing, cooperation with research institutions, or
greening of production. The evaluation of the effects
of investments confirmed the positive impact on
competitiveness, efficiency, production stability, and
modernisation. Effective investment frameworks
significantly enhance agricultural productivity and
economic robustness in the sector, [26]. Negative
effects such as technical complexity, financial risks,
or insufficient improvements in environmental areas
were less frequent but still present.

Analysis of investment behaviour revealed that
companies investing in technological challenges also
invested more often in environmental ones, although
these two areas are not structurally related. Up to
25% of technologically investing enterprises also
invested in environmental activities, compared to
8.8% of non-investing enterprises. Environmental
factors have become a significant consideration in
agricultural investment strategies, as seen in the
adoption of climate-smart agriculture approaches that
seek to optimise productivity while minimising
environmental impact, [27], [28]. However, most
management strategically prioritised only one of
these areas. Such strategic behaviour can potentially
be related to limited financial capacities and different
levels of awareness of the importance of
environmental innovations, [29], [30]. This also
points to a certain form of selective approach to
innovation, which can be seen because of different
strategic orientations of management, [31]. Overall,
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environmental investments remain a less preferred
area, which indicates their lower priority in the
decision-making process of enterprises.

The analysis of the relationship between the
volume of investment, the source of financing, and
the period of investment implementation showed
differences in the volume of invested financial
resources according to the source of financing. The
most important source was European funds, through
which more than 40% of the enterprises surveyed
invested more than EUR 500 thousand. Agricultural
subsidies under the CAP account for a major portion
of the EU's budget, emphasising their role in
promoting agricultural productivity and
sustainability. Subsidy programs are designed to
improve farmers’ incomes and enhance national food
security by increasing food production, thus
reinforcing the importance of financial support for
agricultural investment, [32], [33]. National subsidies
followed, more evenly distributed across different
investment volumes. In the study, the authors discuss
the impact of EU membership on Slovak agricultural
practices. They reveal that although Slovakia has the
option to supplement EU subsidies with national
funds, it often underutilises this potential. This
underutilisation hampers the competitiveness of the
agricultural sector in Slovakia, [34]. Bank loans and
commercial financing, although used less frequently,
were typical for large investments, especially in the
field of technology in agriculture. The risk associated
with credit for agricultural enterprises, indicating that
larger enterprises are more likely to access
commercial financing due to  established
relationships with financial institutions and the
perceived lower risk associated with investments in
advanced agricultural technologies, [35]. Another
study indicates that commercial banks are crucial
players in agricultural financing, yet their lending
practices are heavily influenced by economic
conditions, which can limit access for agricultural
enterprises seeking to invest, [36].
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APPENDIX
Table 1. Contingency table for alternative hypothesis H; — volume and source of investments
Volume of investments
Upto EUR | FromEUR | From EUR | From EUR | More than
isno\;feg‘;fn‘;‘;ts Index 50 5010100 | 10010200 | 200t0500 | EURS00 | °@
thousand thousand thousand thousand thousand
European funds and Ob_sqved 23 58 30 25 94 230
programmes % Wlt_hln oW 10.0 % 252 % 13.0% 10.9 % 40.9 % 100.0 %
% within column 59.0 % 69.0 % 455% 35.7% 51.4% 52.0%
. | subsidi Observed 14 19 21 14 43 111
a“ﬁé'gﬂ;pg‘;t siaies % within row 12.6 % 17.1% 18.9 % 12.6 % 387 % 100.0 %
% within column 359% 22.6% 31.8% 20.0 % 23.5% 25.1%
Bank loans and Observed 0 3 8 17 44 72
commercial % within row 0.0% 4.2 % 11.1% 23.6 % 61.1% 100.0 %
financing % within column 0.0% 3.6% 12.1% 243 % 24.0% 16.3%
Cooperation with Observed 2 3 5 12 0 22
research institutions % within row 9.1 % 13.6 % 22.7% 54.5% 0.0 % 100.0 %
and grants % within column 5.1% 3.6 % 7.6 % 17.1 % 0.0 % 5.0%
Crowdfunding and Ob.seFved 0 I 2 2 2 7
alternative sources % Wlt.hm row 0.0% 143 % 28.6 % 28.6 % 28.6 % 100.0 %
% within column 0.0 % 1.2% 3.0% 2.9% 1.1% 1.6 %
Observed 39 84 66 70 183 442
Total % within row 8.8% 19.0 % 14.9 % 15.8 % 41.4% 100.0 %
% within column 100.0 % 100.0 % 100.0 % 100.0 % 100.0 % 100.0 %
Source: created by the authors
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