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USD 0.8 bn was allocated for innovation, while in the Netherlands, USA (California and lowa) these indicators were
much greater, reaching USD 10-15 bn with innovation costs within USD 2.8-6.5 bn. For example, in Kazakhstan, a
stable growth of agro-industrial complex by 3.6% per year has been observed since 2010, which contributed to an
increase in labour productivity to USD 6.6 thsd per person - 30% greater than the indicators of Ukrainian farmers.
The study found that the availability of specialised infrastructure (agrotechnoparks, technology transfer centres)
contributed to accelerated innovation. The study also confirmed that the key barriers to innovative development
of agroclusters included insufficient research and development funding, lack of qualified personnel, and weak
cooperation between participants. For instance, the use of precision farming and artificial intelligence technologies
can increase crop yields by 20% and reduce water use by 30%. In regions with active state support and access
to investment, such as Kazakhstan, an increase in the number of start-ups and venture capital investments was
observed. Based on the analysis, recommendations for developing the innovation potential of agroclusters were
proposed, including the creation of incentive support measures, the development of educational programmes,
and the introduction of digital platforms for technology exchange. The findings obtained can be used to develop
strategies to support and stimulate innovation activity in regional agroclusters, which contributes to improving

their competitiveness and efficiency

Keywords: digitalisation; state support; cooperation; investment; technology; infrastructure

INTRODUCTION

In the context of globalisation and rapid technological
advancement, agriculture faces new challenges that
require finding effective solutions to improve the pro-
ductivity and sustainability of the agricultural sector. In
this regard, regional agroclusters are becoming crucial
centres of innovative development, bringing together
the efforts of agricultural producers, scientific insti-
tutions, technological and educational organisations.
They play a key role in the introduction of modern
technologies such as digitalisation, agrotechnologies,
and biotechnologies, contributing to the competitive-
ness of the agro-industrial complex. Analysing the
innovation potential of regional agroclusters allows
identifying the strengths and weaknesses of existing
models, as well as determining the factors affecting
the success of their development. A prominent aspect
is the integration of scientific research and technology
into real production processes, which requires close in-
teraction between multiple cluster participants. A sys-
tematic approach to assessing the innovation activity
of agroclusters opens opportunities for the creation
of effective development strategies, improvement of
the investment climate, and stimulation of sustainable
growth of agrarian regions.

The problem of assessing the innovation potential
of regional agroclusters lies in the need for a compre-
hensive approach that would include analysing the in-
teraction of participants, infrastructure development,
and the introduction of new technologies. K. Sharma
and S.K. Shivandu (2024) focused on the value of dig-
italisation in agro-production, stressing that technol-
ogies such as Internet of Things (loT) and Artificial
Intelligence (Al) enabled marked improvements in
agricultural productivity and competitiveness. The re-
searchers also argued that digital transformation was
a key factor for successful development of agroclusters
in the face of global change. V. Agarwal et al. (2023)

investigated the role of public-private partnerships in
the agricultural sector, emphasising that government
support helped to stimulate the adoption of the lat-
est technologies and innovative solutions. Their study
showed how tax incentives and subsidies could be ef-
fective tools to attract investment in the agro-industry.
M. Aydogan et al. (2021) stressed the significance of
cooperation between scientific institutions and agricul-
tural producers, emphasising that such integration con-
tributed to accelerated innovation and development
of innovative technologies. The researchers believed
that successful examples of collaboration considerably
improved the production performance of agroclusters.
L. Bjerke and S. Johansson (2022) investigated the re-
lationship between human resource quality and the
innovation capacity of agroclusters, arguing that the
training of skilled agricultural professionals was a cru-
cial element for the adoption of the latest technologies.
Their study emphasised the need for a close link be-
tween educational institutions and agro-producers to
build talent pools.

D. Akkaya et al. (2020) analysed the influence of
government policies on the innovative development of
the agribusiness sector, focusing on the significance of
subsidies and tax incentives to create favourable con-
ditions for business. The researchers also emphasised
that such measures stimulated entrepreneurial activity
and ensured the inflow of investments into the agro-in-
dustry. E. Mugoni et al. (2023) examined the value of
logistics and marketing in the success of agroclusters,
noting that efficient transport and marketing systems
for agricultural products played a key role in the de-
velopment of the industry. The researchers argued that
without an established infrastructure, innovation in the
agribusiness sector could not fulfil its full potential.
M. Yazdani et al. (2021) investigated the risks associ-
ated with the adoption of the latest technologies in
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agribusiness and highlighted the significance of devel-
oping risk management strategies to minimise poten-
tial losses. The researchers emphasised that effective
risk diagnosis and forecasting helped to increase the re-
silience of agroclusters to external and internal threats.

C-1. Coman et al. (2024) investigated the prospects
of adopting environmentally sustainable agro-technol-
ogies, emphasising their value for the long-term devel-
opment of agroclusters. The study also analysed the ef-
fects of clusters in managing technological challenges
and achieving sustainability of agri-food systems glob-
ally, highlighting the significance of cluster structure
in addressing the world’s environmental and economic
challenges. G.A.B. Aggrey et al. (2022) addressed the
need for SMEs to integrate into innovation processes,
which they found to improve the growth dynamics of
agroclusters. Their study emphasised that such enter-
prises could play a key role in the adoption of innova-
tive technologies, providing flexibility and adaptability
to the agribusiness sector. Despite significant contri-
butions to the study of the problem, there is a series
of gaps that require further investigation. Specifically,
insufficient attention has been paid to a comprehensive
analysis of the factors affecting the sustainability of in-
novation potential of agroclusters under conditions of
market uncertainty and variability. Further research is
required on the models of interaction between large
and small enterprises within agroclusters, as well as
the development of recommendations for optimising
state support mechanisms at the regional level.

The purpose of the present study was to identify
the factors that determine the innovation potential of
agroclusters, as well as to analyse the existing methods
of assessment and ways to develop this potential.

MATERIALS AND METHODS

The study comprehensively analysed the innovation
potential of agroclusters, covering both theoretical
foundations and practical methods of assessment. An
essential task was to identify the key factors affecting
the innovative development of agroclusters, as well as
to highlight the best practices and successful examples
of agrarian regions where innovative technologies are
actively implemented. Within the theoretical frame-
work of the study, the key components comprising the
innovation potential of an agrocluster were considered.
One of the key factors was the availability of human
resources, including qualified specialists, level of edu-
cation in the field of agrarian technologies, and com-
petences in the field of entrepreneurship. The research
base, including universities and agrarian institutes, also
played a major role by ensuring that the latest tech-
nologies were tested in real-life conditions through ex-
perimental farms. Furthermore, attention was paid to
financial support, including government subsidies and
private investment as a catalyst for the implementation
of innovative solutions.
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The next stage of the study concerned the meth-
odology for assessing the innovation potential of agro-
clusters. For this, various methods were employed, in-
cluding SWOT analysis, which helped to identify the
strengths and weaknesses of the agrocluster, as well
as to assess opportunities and threats to its develop-
ment. This analysis considered indicators such as gross
regional product (GRP), farm profitability, and employ-
ment growth. SWOT analysis was used to identify the
strengths, weaknesses, opportunities, and threats asso-
ciated with innovation in the agricultural sector. This
enabled the development of strategies to improve the
economic performance of the region based on the data
(Mastac & Vancea, 2024). The index method helped to
quantify the level of innovation activity, through the
number of patents and the degree of digitalisation. To
comprehensively assess the innovation potential of
agricultural clusters, an integral innovation index was
constructed. This index included several separate in-
dices: financial (share of investment in innovation, %
of GRP), infrastructural (number of technoparks and
technology transfer centres), human resources (share of
STEM personnel), and digital (number of digital solu-
tions per 100 agrarian enterprises) based on the data
(Musayeva, 2024). This method was aimed at a system-
atic assessment of the state of innovation infrastruc-
ture and human resource potential in the agricultural
sector. For this, the formula for calculating the integral
innovation index of agrocluster was used (Equation 1):

=w, x|/ +w, x

agrocluster_ 1 financial 2

+w, x| (1)

) +Ww. -
infrastructural 3 personnel 4 digital®

where w,, w,, w,, w, are weights assigned to each of
the indices. These weights reflect the relative signifi-
cance of each index to overall innovation activity. For
example, if infrastructure is more significant than the
human resources index, the infrastructure index may be
given a higher weighting. /___ is the index reflecting
the share of investment in innovation in the agricul-
tural sector. /. is the index reflecting the level
of development of infrastructure for innovation, such
as technoparks or technology transfer centres. / .
is the index reflecting the share of highly qualified per-
sonnel (e.g., STEM personnel) in the agricultural sector.
Idigital is the index reflecting the degree of digitalisation
of the agricultural sector (e.g., number of digital solu-
tions per 100 agricultural enterprises).

The cost-effectiveness method was employed to
assess the feasibility of introducing innovative solu-
tions such as digitalisation and agrodrones. It consisted
of comparing the costs of implementing these tech-
nologies with the resulting economic benefits, such as
increased yields, reduced losses, and increased value
added. The method was employed to understand how
effective investments in innovations can be in terms of

their economic and financial returns based on the data




(Taishykov et al,, 2023). One of the key aspects of the
study was to identify the factors influencing the inno-
vation potential of agroclusters. Geographical location
and climatic conditions, as well as the availability of
natural resources, played a prominent role in determin-
ing the potential for the adoption of innovative tech-
nologies. The specifics of agriculture in each region
required an individual approach to the use of technol-
ogies. Furthermore, the level of cooperation between
cluster members, including partnerships between pro-
ducers, research institutions, and processing enterpris-
es, was a significant factor. Government support and in-
frastructure support, such as the availability of logistics
centres and digital platforms, played a crucial role in
the successful implementation of innovative projects.

The study also included examples of successful
agroclusters with high innovation potential, such as
the Kazakhstan agrocluster (Ryskeldi et al, 2024), the
Dutch agrocluster Foodvalley (n.d.),and the US (Califor-
nia) agroclusters (Love, 2024) and IOWA (2023). These
examples demonstrated how the introduction of pre-
cision farming technologies, agricultural automation,
and the use of biotechnology can considerably improve
the productivity and sustainability of agricultural pro-
duction. Kazakhstan has actively developed its agri-
business sector through digitalisation and innovative
approaches, including the use of loT and drones. In the
Netherlands, pronounced levels of automation and sus-
tainable agriculture served as an example of how in-
novation can reduce costs and improve sustainability.
Agroclusters in the US have also used biotechnology
and artificial intelligence to predict crop yields, ena-
bling optimisation of agricultural processes.

RESULTS

The innovation potential of agroclusters is a set of fac-
tors and conditions that determine the ability of agrar-
ian associations to introduce innovative technologies,
improve agricultural efficiency, and adapt to changing
conditions. Modern agriculture, facing the challenges of
climate change, growing demands for food security,and
global competition, requires active use of innovations.
A prominent aspect in this process is to identify and
analyse the key components that determine the inno-
vation potential of agroclusters. These include human
resources, research and development base, financial
support, technological infrastructure, and institutional
environment. The introduction of innovations in the
agro-industrial complex (AIC) positively affects labour
productivity and the share of gross regional product
associated with this sector. For example, Kazakhstan
experienced steady growth in agribusiness at 3.6% per
annum since 2010, which contributed to an increase in
labour productivity to USD 6.6 thsd per person - 30%
greater than the performance of Ukrainian farmers.
Analogous trends are observed in other regions, where
a high innovation index correlates with higher labour
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productivity and increased contribution of agribusiness
to the economy. These data emphasise the value of
innovation for the sustainable development of the ag-
ricultural sector and the economy overall (Kazakhstan
and Ukraine, n.d.).

The key component of the innovation potential of
an agrocluster is the availability of qualified specialists
who can develop, adapt, and implement the latest tech-
nologies in agrarian production. The level of education
in the field of agrarian and innovative technologies
plays a key role in the training of personnel capable of
meeting the challenges faced by agroclusters. Special-
ists with a prominent level of education, including en-
gineers,agronomists, biotechnologists, and information
technology (IT) specialists, are needed to develop and
implement innovative solutions such as precision farm-
ing systems, biotechnology, and process automation.
Furthermore, competences in the field of innovative
entrepreneurship are significant, which allow effective-
ly transforming scientific developments into successful
commercial projects. The availability of such special-
ists facilitates the creation of innovative start-ups, im-
provement of business processes, and implementation
of advanced technologies.

The research base, which includes universities, ag-
ricultural research institutes and experimental farms,
represents the basis for the development of innovative
technologies and solutions. Universities and research
institutions play a key role in training and research
to address agricultural challenges such as increasing
yields, improving product quality and climate resilience.
Experimental farms, as a vital part of the research in-
frastructure, allow testing the latest technologies and
putting them into practice. These farms form the link
between scientific development and industrial imple-
mentation, where research results directly affect the
efficiency of agricultural production. Assessment of the
payback of innovative solutions is a key tool for analys-
ing the effectiveness of investments in innovative tech-
nologies in agriculture. For example, the introduction
of digital farm management systems such as AGRIVI
enables farmers to increase profitability by 50-100%
as early as in the first two years of use. Additionally,
the use of precision farming and artificial intelligence
technologies can increase crop yields by 20% while re-
ducing water use by 30%. These examples demonstrate
that investments in digital technologies not only pay
for themselves in a short time but also contribute to
major improvements in the efficiency and sustainability
of agricultural production (Zulj, n.d.).

One of the crucial factors determining the innova-
tion potential of agroclusters is financial support. The
development of innovation in agro-production requires
extensive investment from both the government and
private investors. Government subsidies, grants, and
programmes to support innovative projects are an in-
centive for the introduction of innovative technologies
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and improvement of production processes. Private and
venture capital investments also play a valuable role in
stimulating innovation activity. Agricultural technolo-
gy-focused companies and funds help finance start-ups
and projects aimed at introducing innovations such as
new biotechnologies, production automation, and im-
proving agricultural resilience to environmental chang-
es. Technology infrastructure is the set of facilities and
services needed to implement and disseminate innova-
tions. Agrotechnoparks and technology transfer centres
are the basis for creating, testing, and implementing
the latest agricultural solutions. These infrastructural
elements provide access to high-tech equipment, re-
sources for the development of innovative technolo-
gies and opportunities for the exchange of knowledge
and experience between scientists, entrepreneurs, and
producers. The development of digital platforms for ag-
ribusiness also forms an integral part of the technolog-
ical infrastructure. The digitalisation of agribusiness al-
lows for better management of agricultural processes,
improved resource efficiency, and the adoption of the
latest technologies such as yield monitoring and fore-
casting systems, the use of drones, and satellite data to
assess crop health.

The institutional environment includes the regu-
latory framework governing innovation in the agricul-
tural sector, as well as programmes and initiatives to
support and promote agro-innovation. Legal and insti-
tutional frameworks play a key role in creating favour-
able conditions for the adoption of innovative tech-
nologies and business models. Regulations governing

intellectual property protection, subsidies, and tax sup-
port for innovative projects provide stability and pre-
dictability for participants in agroclusters. Government
support programmes, such as research grants, subsidies
for the introduction of the latest technologies or train-
ing programmes for specialists, are key tools to stimu-
late innovation in the agricultural sector. Furthermore,
the integration of agroclusters into international net-
works and participation in international projects allow
sharing experience and adopting best practices.
Overall, the innovation potential of agroclusters
depends on many interrelated factors. Human resourc-
es, research and development base, financial support,
technological infrastructure, and institutional environ-
ment create conditions for the development of inno-
vations and increase the competitiveness of agricul-
tural regions. The development of these components
contributes to improving the quality of agricultural
products, enhancing the sustainability of the agricul-
tural sector, and addressing global challenges such as
climate change and food security. Innovation plays a
major role in increasing the profitability of agricultural
enterprises. As the level of innovation increases, such
enterprises become more efficient and competitive. The
introduction of innovative technologies can considera-
bly improve production processes, optimise resources,
and increase product quality, which ultimately leads to
higher profits. Companies that actively innovate often
find new markets and ways to increase profitability,
which allows them to compete in the face of globalisa-
tion and rapidly changing market conditions (Table 1).

Table 1. Profitability of agricultural enterprises depending on innovation potential

Level of innovation activity Profitability (%)
Low 5
Medium 12
High 20

Source: compiled by the authors of this study based on R. Kosfeld and T. Mitze (2023)

Clustering also has a noticeable impact on the eco-
nomic performance of regions. Regions with a promi-
nent degree of clustering have greater growth in indi-
cators such as exports, labour productivity, and wages.
Clustering facilitates the exchange of expertise and
technology between companies, increases access to

innovation, and improves infrastructure. This leads to
increased efficiency of the entire region, incentivising
both small and large businesses. Moreover, the devel-
opment of clusters helps to optimise processes and re-
duce costs, which improves the economic situation in
the region (Table 2).

Table 2. Dynamics of exports, productivity, and wages in regions with varying clustering levels

Level of clustering Export growth (%) Productivity growth (%) Wage growth (%)
Low 3 4 2
Medium 10 12 8
High 18 25 15

Source: compiled by the authors of this study based on S.Andros et al. (2021)

Assessment of the innovation potential of agro-
clusters plays a key role in designing strategies for their
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further development. This approach allows identifying
both strengths and weaknesses of an agrocluster, as




well as understanding what opportunities and threats
may affect its ability to introduce innovative technolo-
gies. There are several techniques that can be used for
a comprehensive assessment of the innovation poten-
tial of an agrocluster, among which the most popular
are SWOT analysis, index method, expert questionnaire
survey, and socio-economic analysis.

One of the most widespread assessment methods is
SWOT-analysis, which enables a systematic assessment
of internal and external factors affecting the innova-
tion potential of an agrocluster. This analysis consid-
ers strengths and weaknesses, as well as opportunities
and threats to innovation development. For instance,
strengths may be the availability of highly qualified

Sadenova et al.

specialists and a developed research base, which con-
tribute to the introduction of innovative technologies.
Weaknesses may include a lack of financial resources or
outdated infrastructure. Opportunities for growth may
be related to the development of new markets or the
introduction of environmentally sustainable solutions,
while threats may include economic instability or fierce
competition from other regions. A SWOT analysis iden-
tifies areas for improvement and optimisation of the
cluster’s innovation activities (Arion et al., 2023). SWOT
analysis by economic indicators, such as GRP, household
income, and employment growth, allows identifying key
factors that influence the development of a region or
industry (Table 3).

Table 3. SWOT analysis for economic indicators

Strengths

Weaknesses

High level of investment in key sectors (positive impact on GRP)

Low farm profitability, limited access to finance

Growing digitalisation index, which contributes to improved

Lack of highly qualified personnel, which limits innovation

productivity processes
Increased cooperation between enterprises, leading to increased Low diversification of the economy, dependence on several
employment industries
Stimulating small and medium-sized businesses, increasing the Infrastructure problems hampering the development of some
number of jobs industries
Opportunities Threats
Development of innovative technological and scientific solutions  Economic instability, possible external shocks that may reduce
that can increase farm profitability GRP
Attraction of foreign investment in innovative industries Obsolescence of productlozgzcr;l:jtelis and lack of technological

Improvement of the education and training system to raise the
skills of the workforce

Decrease in employment due to automation and digitalisation of

processes

Increased cooperation between regions, which contributes to
economic growth

Shortage of natural resources, which may complicate further
growth of the economy in the long term

Source: compiled by the authors of this study based on L. Mastac and D.P.C. Vancea (2024)

The strengths include the pronounced level of in-
vestment in key sectors, which positively influences
GRP growth and economic development in the region.
A significant contribution to the improvement of eco-
nomic performance is also made by the growth of the
digitalisation index, which increases labour productiv-
ity and reduces costs, leading to increased farm prof-
itability. A prominent factor is cooperation between
enterprises, which contributes to employment growth
and improved economic sustainability. Furthermore,
the stimulation of SMEs creates new jobs, which also
contributes to employment growth. However, there is
a series of weaknesses. For example, the low profita-
bility of farms caused by underfunding or the use of
obsolete technologies limits their potential and does
not contribute to GRP growth. Lack of highly skilled
labour constrains innovative development, while infra-
structure problems hinder the development of certain
industries, slowing overall economic growth. Some re-
gions also have poorly diversified economies, making
them vulnerable to external shocks.

At the same time, there are opportunities that can
contribute to improving the situation. The development

of innovative technological solutions and scientific ad-
vancement can markedly increase the profitability of
farms and make a valuable contribution to GRP growth.
Attracting foreign investment in innovative sectors will
modernise production, create additional jobs,and accel-
erate economic growth. Improvement of the education
and training system also helps to improve the skills of
the labour force, which will positively influence labour
productivity and economic activity. However, threats
such as economic instability or global crises may arise
in the long term, which could negatively affect invest-
ment and GRP growth. Furthermore, automation and
digitalisation of processes, despite their positive effects
on efficiency, may lead to a decrease in employment,
especially in conventional industries. There may also be
a shortage of natural resources, which will limit further
economic development, especially in sectors that are
highly dependent on them. This SWOT analysis helps
to understand which aspects need attention and which
factors may have the greatest impact on the economic
development of the region.

Another significant tool is the index method, which
involves the use of quantitative indicators to assess the
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level of innovation activity of an agrocluster. Among
these indicators can be the number of patents and
technologies, the degree of digitalisation, the amount
of investment in research and development. For in-
stance, a great number of patents may indicate a ro-
bust level of R&D activity, while the adoption of digital
technologies such as precision farming systems may
indicate a strong level of technological maturity. The
index method collects data on the current state of in-
novation and systematises it for further analysis (Ber-
nard et al., 2023). To build an integral innovation index
of Kazakhstan’s agrocluster, it is necessary to collect
data on key indicators such as the share of investment
in innovation, the number of technology parks and
technology transfer centres, the share of STEM person-
nel in the agricultural sector, and the number of digital
solutions per 100 agrarian enterprises. Each of these
indices should be standardised, bringing the values to a
common scale from 0 to 1 so that they can be compared
and integrated into an overall indicator.

Data for Kazakhstan can be used as an example
(Musayeva, 2024). For instance, the share of investment
in innovation was 1.5% of GRP, which with a maximum
value of 5% gives a standardised value of 0.30. The
number of technoparks in Kazakhstan is 4, with a max-
imum of 10 technoparks, this gives a value of 0.40. The
share of STEM personnel in the agricultural sector is
12%, which at a maximum of 30% also gives an index
of 0.40. Finally, the number of digital solutions per 100

agricultural enterprises is 25, which with a maximum of
50 solutions gives an index of 0.50. Once all the indices
are standardised, it is possible to assign them weights
that reflect their significance for innovation activity. In
this example, all indices have the same weighting of
0.25.Based on these data, the integral innovation index
of the agrocluster is calculated as follows:

=0.25x0.30+0.25x0.40+

agrocluster

+0.25x0.40+0.25x0.50=0.40.

This means that innovation activity in Kazakhstan’s
agricultural sector is at an average level, with poten-
tial for improvement in the areas of investment, human
resources, and digitalisation. Thus, the integral innova-
tion index allows assessing the current level of inno-
vation activity in the agricultural sector of Kazakhstan
and identify key areas for further development. The
Cost-Effectiveness Analysis (CEA) method is employed
to assess the costs of implementing innovative solu-
tions and their corresponding economic benefits. This
method compares the costs of technologies such as
digitalisation or agrodrones with the results they bring,
e.g., in the form of increased yields, reduced losses, or
increased value added. The essence of the method is
to assess how effective a particular technology invest-
ment is in terms of the economic results obtained. This
allows agricultural enterprises to make informed deci-
sions on the feasibility of implementing certain innova-
tions based on the cost-benefit ratio (Table 4).

Table 4 . Costs and economic benefits of implementing innovative solutions in the agricultural sector of Kazakhstan

Implementation

Reduction Increase invalue  Economic benefit

Technology costs (KZT mn) Yield growth (%) of losses (%) added (%) (KZT mn)
Digitalisation of processes 10 15% 10% 12% 12
Agrodrones for monitoring 5 10% 5% 8% 6
Precision farming systems 7.5 20% 15% 18% 15

Source: compiled by the authors of this study based on Z. Taishykov et al. (2023)

Each technology requires varying implementation
costs but brings its own economic benefits. For exam-
ple, digitalisation of processes requires an investment
of KZT 10 mn, while it can increase yields by 15%, re-
duce losses by 10% and increase value added by 12%,
which in total brings benefits of KZT 12 mn.Agrodrones
require less cost (KZT 5 mn) and produce lesser results,
but they also positively influence the growth of yields
and reduction of losses. Precision farming systems, al-
beit requiring greater costs (KZT 7.5 mn), provide the
greatest economic benefits, including a 20% increase
in yields, 15% reduction in losses, and 18% increase in
value added, giving an economic benefit of KZT 15 mn.
Thus, the cost-effectiveness method enables a com-
prehensive assessment of the economic feasibility of
introducing innovative solutions in the agricultural
sector, providing information on which technologies
will provide the greatest return on investment. Expert
questionnaire survey is a method in which the opinions
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of agrocluster participants such as farmers, represent-
atives of scientific institutions, and entrepreneurs are
collected. This method helps to obtain qualitative in-
formation on the perception of innovation within the
cluster, as well as to identify barriers and obstacles that
may hinder the introduction of innovative technologies.
The survey questions can be related to the level of in-
novation readiness, assessment of the need for inno-
vative technologies, as well as problems of interaction
between different cluster members. The data obtained
offers a better insight into the internal problems and
needs of the agrocluster, which helps to develop ade-
quate measures to stimulate innovative development
(Trushkina & Dzwigol, 2024).

Socio-economic analysis is also significant to as-
sess the level of investment in R&D activities and
the agrocluster’s involvement in global supply chains.
This method helps to understand how integrated the
agrocluster is in the international economy and what




resources it uses for its development. Significant in-
dicators here are the amount of investment in R&D,
which directly affects the cluster’s ability to develop
and implement the latest technologies, and the ex-
tent to which the cluster is involved in global supply
and knowledge sharing networks. An elevated Llev-
el of integration of an agrocluster into international
processes indicates its competitiveness and ability to
adapt to changing global market conditions (Duy &
Huong, 2024). Thus, the methodology for assessing the
innovation potential of agroclusters includes several
complementary approaches, each of which provides a
better understanding of the current opportunities and
constraints for innovation development in the agricul-
tural sector. The use of SWOT-analysis, index method,
expert assessments, and socio-economic analysis helps
to form a comprehensive picture and develop a strat-
egy aimed at increasing innovation activity and com-
petitiveness of the agrocluster. These methods together
allow not only understanding the current level of inno-
vation potential, but also identifying ways to improve it,
which contributes to more effective development of the
agricultural sector overall.

The innovation potential of agroclusters depends
on a variety of factors that can both favour their devel-
opment and limit the opportunities for the introduc-
tion of innovative technologies. These factors include
geographical location, climatic conditions, the level of
cooperation between cluster members, government
support, and infrastructure provision. Geographical lo-
cation and climatic conditions play a vital role in deter-
mining the opportunities for agricultural development
and, consequently, innovation in agro-production. The
availability of natural resources such as water, land,
minerals, and climatic conditions directly influence the
choice of agricultural products that can be successfully
grown in a particular region. For instance, for north-
ern regions with short growing seasons, innovations
in greenhouses, agrotechnics, and crop protection are
particularly valuable to maximise the use of limited
resources. Whereas for southern regions, where the cli-
mate favours a longer growing season for a variety of
crops, special attention can be given to drought toler-
ance, innovative irrigation methods, and high-yielding
varieties. Thus, geographical location and climatic con-
ditions not only determine the specificity of agriculture
but also dictate areas for the introduction of innovative
technologies aimed at overcoming the specific chal-
lenges of the region (Yuan et al,, 2024).

Regions with developed cluster infrastructure
demonstrate significantly higher rates of investment
attraction. For instance, in Central and Eastern Europe
(CEE), around 1,000 startups from more than 110 cities
attracted a combined EUR 2.1 bn of investment in 2023,
indicating high investment activity in these regions.
Specifically, countries such as Poland, Ukraine, and Es-
tonia contributed significantly to the total investment
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volume, with EUR 49 bn, EUR 28 bn, and EUR 28 bn,
respectively. Furthermore, in Central Asia and the South
Caucasus, including Kazakhstan, Uzbekistan, and Arme-
nia, venture capital funding has grown 5.5-fold over
the past five years, reaching USD 110 mn in 2023, and
the number of start-ups has increased six-fold to 6,000.
This data emphasises that regions with developed clus-
ter infrastructure not only attract extensive amounts of
venture capital but also contribute to the growth of the
number of start-ups and their investment attractive-
ness (Over 1,000 startups..., 2024). The level of coop-
eration between cluster members also markedly affects
the innovation potential of agroclusters. The existence
of active partnerships between the different actors -
producers, research institutions, processors, and tech-
nology companies - facilitates faster innovation. When
farmers, researchers, and entrepreneurs work in close
cooperation, it allows not only to share knowledge
and experience, but also to jointly develop innovative
technologies, solve practical problems, and reduce the
risks associated with the introduction of new solutions.
For example, close cooperation with scientific institu-
tions can lead to the development of new plant varie-
ties resistant to diseases and adverse conditions, while
cooperation with processing companies can optimise
supply chains and improve the quality of end products.
It is essential that collaboration and trust mechanisms
exist in an agrocluster to enable participants to share
information and resources effectively, and to ensure
successful innovation at all levels of the production
process (Wardhana et al., 2021).

Government support and policies are key factors
that stimulate innovation activity in agroclusters. Sub-
sidy programmes and grant support for innovation pro-
jects in the agribusiness sector play a leading role in
financing research, developing innovative technologies,
and bringing innovations into production. In countries
with active state support for the agricultural sector, in-
novations are often implemented much faster, as farm-
ers and entrepreneurs have access to the necessary fi-
nance to implement innovative solutions. Technology
subsidies, tax incentive programmes for innovative en-
terprises,and research grants help to attract investment
and stimulate innovation. Additionally, public policies
can include an enabling environment for the adoption
of digital technologies, biotechnology, and cleaner pro-
duction methods, which also positively influence the in-
novation potential of agroclusters (Sarma et al., 2022).

Investment in digital technologies considerably
affects economic growth, especially in agriculture. For
example, studies suggest that the development of dig-
ital agriculture positively affects the green total factor
productivity (GTFP). One study found that as digital fi-
nancial services increased by 1 percentage point, GTFP
productivity increased by 0.0866 percentage points.
Analogously, a one unit increase in the digital econ-
omy improved rural export competitiveness by 1.596
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units. These findings confirm the existence of a multi-
plier effect of digital investment leading to pronounced
economic growth in the agricultural sector (Zhou et
al., 2023). Infrastructural support forms an integral part
of the innovation potential of agroclusters. The avail-
ability of logistics centres, digital platforms, laborato-
ries, and agrotechnoparks can markedly improve the
efficiency of innovation processes in the agribusiness
sector. Logistics centres that ensure fast and efficient
transport of products help to reduce costs and expedite
the process of bringing new products to market. Digi-
tal platforms that enable data exchange between agri-
business participants optimise agricultural production
management processes, improve yield forecasting, and
increase the accuracy of agronomic calculations. Agro-
technological parks and laboratories play a key role in
the development and testing of the latest technologies,
providing access to the necessary equipment and pro-
fessional specialists. All these infrastructure elements
create conditions for effective innovation, provide sup-
port for start-ups and new agro-projects, and help cre-

ate synergies between academia and industry (Bahodir-
jon & Hafizaxon, 2021).

The innovation potential of agroclusters depends
on many interrelated factors. Geographical location and
climatic conditions determine the specifics of agrarian
production, the level of cooperation between cluster
members promotes knowledge sharing and accelerated
technology adoption, while government support and in-
frastructure provision create favourable conditions for
innovative development.The integrated development of
these factors is the key to the successful functioning of
agroclusters and their ability to introduce innovations,
increase productivity,and adapt to changes in the condi-
tions of modern agribusiness. Agroclusters with strong
innovation potential play a crucial role in the develop-
ment of agriculture, introduction of innovative technol-
ogies, and increasing the sustainability of agro-produc-
tion. Examples of such clusters can be found in different
parts of the world, where innovations are actively im-
plemented to improve the efficiency, sustainability,
and competitiveness of agricultural regions (Table 5).

Table 5. Level of financing, innovation costs, and technology adoption in successful agroclusters

Agrocluster Level of financing (USD bn) Innovation costs (USD bn) Technology adoption (%)
Kazakhstan agro-industrial cluster 2.5 0.8 60%
Foodvalley (the Netherlands) 10 4.2 85%
California agrocluster (USA) 15 6.5 90%
lowa agrocluster (USA) 7 2.8 75%

Source: compiled by the authors of this study based on A. Tkacheva et al. (2024)

Kazakhstan’s agro-industrial cluster is one of the
examples of successful implementation of innovative
technologies in agriculture. In recent years, Kazakh-
stan has been actively developing its agro-industrial
complex, emphasising the introduction of precision
farming technologies and digital solutions. In 2023,
investments in agro-technologies totalled USD 2.5 bn,
and the level of implementation of digital solutions
reached 60%. One of the key areas of focus is the use
of loT to monitor crop health, control soil moisture, and
determine the best timing for agronomic interventions.
Currently, over 1,200 farms across the country are using
loT sensors to monitor soil microclimate. Drones are
used for aerial photography and plant health monitor-
ing, allowing farmers to react quickly to changes and
make prompt decisions to improve crop yields. Kazakh-
stan has more than 500 agricultural enterprises using
advanced digital technologies, including automat-
ed irrigation systems, Al-based crop forecasting, and
cloud-based farm management platforms. Kazakhstan
is also actively investing in innovative technologies to
improve agricultural logistics, including warehouse au-
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tomation and blockchain-based supply chain manage-
ment systems. As a result, product losses at the storage
and transport stages have decreased by 15%, and av-
erage yields on leading farms have increased by 20%
(Ryskeldi et al., 2024).

The specifics of agro-industrial complex develop-
ment in different regions of Kazakhstan also play a
significant role in the development of innovation po-
tential (Table 6). For instance, North Kazakhstan Oblast
is known for its grain production, where innovative
methods are actively implemented to increase yields
and improve grain quality. South Kazakhstan Oblast,
specialising in cotton and vegetables, actively uses
technologies to improve irrigation and minimise wa-
ter losses. Almaty Oblast, with developed horticulture
and livestock farming, is actively introducing modern
technologies for herd management, as well as apply-
ing monitoring systems in greenhouses to improve fruit
and vegetable yields. These specific regional features
require distinctive approaches to technology imple-
mentation, which makes Kazakhstan one of the leaders
in agrarian innovation in the post-Soviet space.
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Table 6. Key agrarian specialisations and indicators of agricultural production in the regions of Kazakhstan

Primary

Region specialisation

Major agrarian areas

Notes

North Kazakhstan

Oblast Grain production

Production of wheat, barley, maize, introduction of
precision farming technologies, improvement of grain

In 2023, the wheat harvest was
3.5 mn t, the average yield was

quality. 2.2 t/ha.
Cotton and Cotton growing, vegetable growing (tomatoes, Cotton production - 60 thsd t/
South Kazakhstan . N L
vegetable cucumbers), improvement of irrigation system, year; 250 thsd ha of irrigated
Oblast S S .
cultivation application of the latest agro-technologies. land.
Horticulture and Horticulture (apples, grapes), development of dairy and Apple harvest - 150 thsd t;
Almaty Oblast beef cattle breeding, innovations in herd management cattle population -

animal husbandry

and monitoring systems in greenhouses.

1.2 mn heads.

Source: compiled by the authors of this study based on G.Alibekova et al. (2023)

The Dutch agrocluster Foodvalley (n.d.) is an exam-
ple of one of the most technologically advanced agricul-
tural clusters in Europe. The Netherlands, being a world
leader in agricultural technology, has created a unique
agrocluster Foodvalley, which has become a centre for
research and implementation of innovative solutions
in the agricultural sector. In 2023, funding for innova-
tive projects in this cluster totalled USD 10 bn, with the
share of R&D expenditure reaching USD 4.2 bn. One of
the key areas of focus in Foodvalley is the prominent
level of automation in agricultural production, which
includes the use of robotic systems for planting and
harvesting, as well as automatic systems for controlling
temperature and humidity in greenhouses. As a result,
the level of automation in greenhouse farms has reached
85% and the average yield of tomatoes and cucumbers
has increased by 40% compared to conventional meth-
ods. Importantly, up to 95% of all greenhouses in the
Netherlands use closed-loop water recycling systems,
which reduced freshwater consumption by 60%. The
Netherlands is also focusing on sustainable agriculture,
including developing environmentally friendly technol-
ogies, minimising the use of chemical fertilisers and
pesticides, and applying innovative water management
solutions. A prominent component of the agrocluster is
innovative greenhouses that utilise LED lighting, ver-
tical farming, and autonomous moisture control sys-
tems. These advances made the Netherlands a global
example of sustainable and highly efficient agricultur-
al production, with exports valued at EUR 120 bn per
year, making the country the second largest export-
er of agricultural products in the world after the US.

US agroclusters, such as those in California and
lowa, also demonstrate a prominent level of innovation
potential. These regions are actively using biotechnol-
ogy and artificial intelligence to solve agricultural pro-
duction problems. In California, in 2023, the volume of
investments in biotechnological developments totalled
USD 15 bn, which allowed implementing 90% of auto-
mated agricultural solutions. Here, genetically modified
crops resistant to disease, drought, and pests are wide-
ly used, which increased maize and soybean yields by
25% and reduced pesticide use by 40%.Automated farm

machinery technology is also being actively developed
here, including unmanned tractors, Global Positioning
System (GPS) navigation, and machine vision for auto-
mated fruit and vegetable harvesting (Love, 2024). In
lowa, USD 7 bn was allocated for innovation, with Al
adoption rates reaching 75%. Al is being used to pre-
dict crop yields, analyse soil and weather data, enabling
a more accurate determination of the best timing for
planting and harvesting. The adoption of these tech-
nologies resulted in a 20% reduction in agricultural
production costs and a 35% increase in average farm
yields (IOWA, 2023).

Furthermore, water-saving agriculture plays a sig-
nificant role in the innovative development of US agro-
clusters: California has introduced intelligent drip irri-
gation systems that reduce water losses by 50%, while
lowa is actively using carbon-neutral farming tech-
nologies to reduce carbon dioxide emissions by 30%
through the use of biochar fertilisers and crop rotation.
Examples of agroclusters show how implementing in-
novative solutions in agriculture leads to greater yields,
lower costs, reduced wastage, and increased environ-
mental sustainability. The use of digital technology,
artificial intelligence, robotic systems, and precision
farming is achieving a highly competitive position in
the global market. Importantly, the success of each of
these clusters is driven by a systemic approach, govern-
ment support, investment in R&D, and effective coop-
eration between academic institutions, businesses, and
producers. These examples highlight the value of an
integrated approach to the development of agricultural
technologies and can become a basis for the develop-
ment of effective agricultural modernisation strategies
in other countries. To achieve sustainable growth and
innovative development of agroclusters, it is necessary
to take comprehensive measures aimed at creating a
favourable environment for the introduction of innova-
tive technologies and effective use of existing capabil-
ities. In this context, several key recommendations can
substantially contribute to increasing the innovation
potential of agrarian regions.

Establishing agro-innovation centres is a major step
towards introducing the latest agrarian technologies
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and accelerating knowledge transfer between scientific
institutions, entrepreneurs, and farmers. These centres
can become key platforms for testing and disseminat-
ing innovative solutions in agriculture, as well as for
conducting research aimed at solving specific problems
of the agricultural sector. They can include research
laboratories, agro-technoparks, and educational insti-
tutions where advanced technologies are developed
and implemented. Agro-innovation centres can also act
as intermediaries between public and private investors,
helping to find resources for start-ups and agricultural
projects. Such an approach will accelerate innovation
and improve the competitiveness of agro-production.
State support for startups in the agribusiness sector
is a prerequisite for stimulating innovation activity.
In conditions where agrarian start-ups face financial
and organisational difficulties, support from the state
through subsidies, grants, and tax incentives can be-
come a decisive factor for their successful functioning.
Government programmes aimed at the development of
startups will provide them with access to the necessary
resources, help them overcome the initial stage,and re-
duce financial risks. Grant and subsidy programmes can
range from developing innovative technologies to sup-
porting environmentally friendly and sustainable agri-
culture. Tax incentives for such enterprises will favour
their long-term development and attract investment.
Thus, support for innovative start-ups will facilitate the
creation of fresh solutions and increase competition in
the agricultural sector.

The development of digital infrastructure, including
loT, Big Data, and Al technologies, is key to increasing
the innovation potential of agroclusters. Agriculture,
like many other industries, faces the need to optimise
processes, improve accuracy, and reduce costs. The
adoption of 10T technologies allows farmers to monitor
crop health, soil moisture levels, air temperature, and
other critical parameters in real time to help make in-
formed decisions. The use of Big Data and Al can mark-
edly improve yield forecasting processes, analyse soil
health data, and predict risks associated with climate
change or pests. The creation and development of dig-
ital platforms for agribusiness and the implementation
of such technologies at all levels of production will help
agroclusters to significantly increase their efficiency,
reduce losses and improve product quality. Integration
of educational programmes for training specialists in
agro-innovation is another valuable recommendation
for increasing the innovation capacity of agroclusters.
In the context of rapid technological progress, agri-
culture needs highly qualified specialists who can ef-
fectively work with the latest technologies and adapt
them to the specifics of the region. The development of
educational programmes focused on agro-innovation
should include courses on modern technologies in ag-
riculture, biotechnology, sustainable development, and
digital solutions. It is vital that educational institutions
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work in close cooperation with agribusiness, research
centres, and government agencies, which will not only
train specialists, but also introduce relevant knowledge
and solutions into the learning process.Additionally, the
development of advanced training and retraining pro-
grammes for existing specialists will help to improve
the overall technological literacy of the agricultural
sector and prepare it for the challenges of the future.
Thus, the recommendations on the creation of
agro-innovation centres, state support for startups, de-
velopment of digital infrastructure, and integration of
educational programmes are aimed at creating a sus-
tainable and innovative ecosystem in the agricultural
sector. These measures will help accelerate the process
of introducing the latest technologies, improve the
knowledge and skills of agricultural workers, and make
agroclusters more competitive in the international
arena. In the face of global challenges such as climate
change and a growing world population, these steps
will play a crucial role in ensuring food security and
sustainable development of the agricultural sector.

DISCUSSION

The analysis of the innovation potential of agroclusters
revealed that the key factors determining the success
of such clusters include the availability of qualified
personnel, research base, financial support, as well as
developed technological infrastructure. First of all, hu-
man resources play a fundamental role. In regions with
highly developed agroclusters, such as the Netherlands
or the USA, the level of education and competence of
specialists in the field of agricultural and innovative
technologies directly affects the implementation of
new solutions. For instance, in the agrocluster Foodval-
ley, due to the strong level of education and close inter-
action between universities and scientific institutions,
successful projects in the field of sustainable agricul-
ture and automation are implemented.

C-I. Coman and V. Cojanu (2024) also investigated
this problem, with their findings confirming that the
value of human resources and education for the inno-
vative development of agroclusters lies in their ability
to ensure the effective implementation of the latest
technologies and management practices. Highly skilled
professionals play a key role in developing and im-
plementing innovative solutions that help to improve
agricultural competitiveness. Education and training
in agroclusters contribute to the development of pro-
fessionals capable of integrating advanced knowledge
and skills into practice, leading to increased productiv-
ity and sustainability of agricultural enterprises. S. Ima-
nuella et al. (2025) also showed that the role of skilled
labour and innovative entrepreneurship in agroclus-
ters is intricately linked to the development of social
entrepreneurship and rural support. Social entrepre-
neurship creates more employment opportunities and
improves the quality of life in rural areas through the




implementation of sustainable business models. Such
initiatives help to attract investment and improve infra-
structure, which supports the long-term development
of agroclusters, increasing their social and economic
significance.

Notably,successful innovative development of agro-
clusters requires not only a strong level of education
and qualification of personnel, but also the creation of
a favourable environment for innovation. This includes
access to modern information technologies, as well as
support from public and private investors. It is essential
that specialists not only have theoretical knowledge,
but also can apply it in practice, which is possible in
close c-operation with agricultural enterprises, scientif-
ic institutions, and business (Ussenova et al., 2023). The
methodology for assessing the innovation potential of
agroclusters was also analysed in detail. The findings
showed that the use of SWOT-analysis allows identi-
fying the strengths and weaknesses of the agrocluster,
as well as possible threats and opportunities for fur-
ther development. Innovation activity indices, such as
the number of patents and the level of digitalisation,
play an essential role in assessing the effectiveness of
innovation processes. These methods allow identifying
potential areas for improvement and directing efforts
towards the most promising areas. Expert question-
naires and socio-economic analyses also showed the
significance of involving all actors in the agrocluster,
including farmers, research institutions, and processors,
to obtain a comprehensive assessment of the situation.

O.1. Sayitkulovich et al. (2024) concluded that the
methodology for assessing the organisational and eco-
nomic efficiency of agroclusters includes an integrated
approach combining various analytical tools. The use
of expert surveys provides valuable information on
the current state and needs of agroclusters, as well as
identifying the primary problems and obstacles to their
development. This method provides an opportunity to
gain a deeper understanding of subjective factors that
affect innovation processes and form an accurate pic-
ture of the potential and risks of agrarian enterprises.
A.Foglia et al. (2021) found that socio-economic analy-
sis is a significant element in assessing the innovation
activity of agroclusters, as it reveals the relationship
between the adoption of innovative technologies and
social outcomes. This method allows assessing how
innovation initiatives affect the improvement of living
conditions of the population and the development of
the region. Combining expert surveys with socio-eco-
nomic data provides a more comprehensive picture of
the influence of innovation projects on the economy
and social sphere of the agrocluster, which contributes
to more objective policy and management decisions.
These results corroborate the conducted study as they
demonstrate analogous findings on the significance of
an integrated approach to assessing the performance
of agroclusters. Expert surveys and socio-economic
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analyses identify not only current problems but also
prospects for sustainable development of agribusiness-
es. These tools help to identify the factors affecting
innovation processes more accurately and allow devel-
oping recommendations to improve the organisational
and economic structure of agroclusters, which was con-
firmed by analogous studies in other regions.

Factors affecting the innovation potential of agro-
clusters were also considered in the context of geo-
graphical and climatic conditions. For instance, the
North Kazakhstan region, known for its grain produc-
tion, is characterised by specific climatic conditions that
require the introduction of precision farming technolo-
gies to increase yields. At the same time, South Kazakh-
stan Oblast, which specialises in cotton and vegetables,
needs technologies that optimise water and energy
consumption. The influence of government support
and policies also proved to be a decisive factor for the
development of innovative solutions in agroclusters. In
countries with developed agro-economies, such as the
Netherlands, USA, and Kazakhstan, government pro-
grammes aimed at subsidising innovative projects and
stimulating private investment are actively implement-
ed (Malik et al., 2024). A. Mukumov et al. (2021) also
found that geographical and climatic conditions play
a crucial role in the innovation potential of agroclus-
ters, as they influence the choice of applied agricultural
technologies and business practices. The specificity of
the region determines the opportunities to adopt sus-
tainable agronomic solutions such as drip irrigation, use
of crop rotation, and adapted crops. In regions with un-
favourable climatic conditions, innovative approaches
become particularly significant to increase productivity
and minimise the risks associated with climate change.

D.B. Olimjonovich and K.Jakhongir (2024) conclud-
ed that state support and cooperation of agrocluster
participants serve as a basis for the development and
implementation of innovative technologies in the ag-
ricultural sector. Effective interaction between govern-
ment agencies, research institutions, and entrepreneurs
contributes to the creation of a favourable innovation
ecosystem, where the exchange of knowledge and re-
sources helps to overcome technological barriers. A
vital element in this process is support from the au-
thorities, which stimulates the development of busi-
ness activity in rural areas and promotes the imple-
mentation of the latest solutions aimed at improving
the competitiveness of agroclusters (Khrystenko et
al.,2025). These findings are consistent with the theses
presented in the previous section, as they confirm that
geographical and climatic factors form an integral part
of the innovation potential of agroclusters. The specific
location and natural conditions influence the choice of
appropriate technologies and strategies to optimise ag-
ricultural production (Shuvar et al., 2022; Andreitsev et
al., 2024). Thus, the integration of modern solutions in
the agricultural sphere is impossible without factoring
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in the specifics of the region, which is also reflected
in the successful examples discussed in the previous
section of this study.

Examples of successful agroclusters with prom-
inent innovation potential, such as the Kazakhstan
agro-industrial cluster, Foodvalley in the Netherlands,
and agroclusters in the USA, demonstrated remarka-
ble achievements in the implementation of innovative
technologies. For example, in Kazakhstan, the appli-
cation of precision farming technologies and the use
of drones to monitor crops resulted in improved agri-
cultural efficiency and reduced losses in storage and
transport of produce. In the Netherlands, high levels of
agricultural automation, including robotic harvesting
systems and innovative greenhouses, resulted in high
productivity and sustainable agro-production. These
examples showed how the integration of innovative
technologies can substantially improve the compet-
itiveness and sustainability of agricultural sectors in
different countries.

M.W.Sitnicki et al. (2024) confirmed that examples of
successful agroclusters with high innovation potential
demonstrate the value of strategically forming agrarian
market clusters to achieve global competitive advan-
tage. In agroclusters such as the one in Ukraine, there
is a synergy between agricultural producers, research
institutions,and government agencies, which facilitates
the adoption of innovative technologies and increas-
es overall productivity. These clusters actively utilise
modern agro-technologies and allocate resources effi-
ciently, making them role models in the international
arena. M. Saidov and I. Ochilov (2023) also found that
the sustainability of agroclusters becomes a key factor
in their long-term development as it enables them to
adapt to changing market conditions and environmen-
tal challenges. Sustainability is achieved through the
adoption of sustainable agricultural practices such as
the utilisation of renewable resources, ecological inno-
vation, and support for biodiversity. Good governance
and the ability to respond flexibly to changes in the
external environment ensure that such agroclusters are
sustainable, which is particularly significant in the con-
text of global competition and climate change.

Comparing the data from the studies, it can be ob-
served that successful agroclusters with prominent in-
novation potential do share a series of features, such
as close cooperation between different actors in the
ecosystem and active adoption of innovative technol-
ogies. These clusters demonstrate the ability to adapt
to changing market conditions and ensure long-term
economic sustainability. Their success can be attributed
not only to the integration of innovation, but also to
a strategic approach to resource management, as evi-
denced by studies in different countries. It was noted
that the development of innovation potential of agro-
clusters plays an essential role in ensuring sustainable
development of the agricultural sector and increasing
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its competitiveness. An integrated approach, including
scientific research, government support, technological
infrastructure development, and human resources, con-
tributes to the creation of effective agroclusters (Pav-
liv, 2023). The development of agro-innovation in such
clusters leads to the creation of new jobs, improved
product quality, and increased economic sustainability
of the regions.

P. Rambe and P. Khaola (2022) concluded that the
influence of innovation on the sustainability and com-
petitiveness of agricultural regions cannot be underes-
timated, as the introduction of innovative technologies
helps to improve production efficiency and reduce risks
associated with climate change and market fluctuations.
Innovation allows agricultural regions to optimise pro
cesses, use resources more efficiently, and reduce pro-
duction costs, making them more resilient to external
economic and environmental challenges. The applica-
tion of advanced technologies in agriculture also con-
tributes to the improvement of product quality, which
is a significant factor for competitiveness in the global
market (Mamasydykov et al.,2019).T.S.Jayne et al. (2021)
revealed that the innovation capacity of the agricultural
sector directly affects economic growth and stability, as
the introduction of new methods and solutions increas-
es productivity and stimulates job creation. The devel-
opment of high-tech industries, such as agro-process-
ing or the use of smart agricultural systems, contributes
to the diversification of the region’s economy and the
creation of sustainable supply chains. Innovation plays
a key role in long-term economic stability, as it pro-
vides greater incomes for farmers and businesses, and
helps reduce dependence on external economic factors
such as changes in commodity prices or climate risks.

Analysis of the findings of the study, clearly shows
that innovation plays a key role in improving the sus-
tainability and competitiveness of agricultural regions.
The introduction of innovative technologies not only
improves production processes but also helps agrarian
enterprises to adapt to changes in the external environ-
ment, such as fluctuations in market prices or changes
in climate (Pasichnyk et al., 2023). These factors make
regions that actively innovate more flexible and can
respond to challenges effectively, which is confirmed
by the successful examples of agroclusters considered
in the study. Based on the findings, recommendations
for further development of agroclusters were proposed.
First of all, it is necessary to create agro-innovation
centres, which will facilitate the introduction of inno-
vative technologies and knowledge transfer between
participants in agro-production, scientific institutions,
and government agencies. The development of state
support for start-ups in the agribusiness sector through
subsidies, grants,and tax incentives is also a major step.
Finally, it is necessary to develop digital infrastructure,
including the use of 10T, Big Data, and artificial intelli-
genceto better manage agribusinessand increaseyields.




CONCLUSIONS

The study of innovation potential of agroclusters re-
vealed that their development directly depends on
several key factors such as human resources, research
and development base, financial support, and techno-
logical infrastructure. Successful interaction between
government agencies, research institutions, and private
companies plays a crucial role in achieving meaningful
outcomes in the agricultural sector. Examples of such
effective agroclusters are regions with prominent lev-
els of innovation, such as the Netherlands, Kazakhstan,
and the USA. In Kazakhstan, the level of agribusiness
financing is USD 2.5 bn, of which USD 0.8 bn is allo-
cated to innovation spending. This demonstrates the
government’s commitment to investing in the develop-
ment of innovative technologies and solutions for the
agribusiness sector. In the Netherlands, particularly in
Foodvalley, the level of agrocluster financing is much
higher, reaching USD 10 bn, of which USD 4.2 bn is allo-
cated on innovation spending. In the US, in agroclusters
such as California and lowa, funding reaches USD 15 bn
and USD 7 bn respectively, with innovation spending of
USD 6.5 bn and USD 2.8 bn. These data underscore the
significance of investment in innovation, which directly
contributes to improving the technology base and agri-
cultural productivity.

Furthermore, successful agroclusters are active-
ly adopting advanced technologies such as precision
farming, loT, biotechnology, and artificial intelligence.
These technologies not only increase productivity
but also make agriculture more resilient to climate
change and economic fluctuations.The methodology for

Sadenova et al.

assessing the innovation potential of agroclusters, in-
cluding SWOT analysis, index method, and expert ques-
tionnaires, allows accurately identifying strengths and
weaknesses and directing efforts to the development
of the most promising areas. For instance, the intro-
duction of innovations in Kazakhstan’s agro-industrial
complex has led to a 3.6% annual growth since 2010,
while labour productivity has increased to USD 6.6 thsd
per person. This is 30% greater than the indicators of
Ukrainian farmers. The introduction of digital technolo-
gies in agriculture can considerably increase profitabil-
ity by 50-100% in the first two years of use, highlight-
ing the value of innovation for sustainable growth of
the agricultural sector. For a deeper understanding, it is
necessary to examine the impact of climate change on
the innovation capacity of agroclusters and their ability
to adapt to changing conditions.
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AHoTauif. B paMkax [OCNIAKEHHS aHanNi3ylTbCs KAYOBI pecypcy Ta YMOBW, LLO BMAMBAKOTb HAa PO3BMUTOK
iHHOBALiMHOI Ai9aNbHOCTI B perioHasbHUX arpoknacrtepax. Y AocnigkeHHi 6yno npoBefeHO KOMMIEKCHUIA aHani3
iHHOBALIMHOro NOTEHLiany arpoknacTepis, WO BKAKYAE OLIHKY K1OHOBMX (HAKTOPIB, TAaKMX SK KagpoBi pecypcu,
HaykoBO-AoCniAHa 6a3a, diHaHCOBA MiATPUMKA Ta TEXHOMOriYHa iHGPACTPYKTypa 3 BUKOpUCTaHHAM SWOT-
aHanisy, iHAeKCHOro Metoay Ta ekcnepTiB. AHaNi3 NoKasasg, WO PiBEHb iHHOBALIMHOIO NOTEHLiany perioHanbHUX
arpokfacTepiB BU3HAYAETLCSA CTYyNEHeM B3aEMOAIT MiXK NiANPUEMCTBAMU, HAYKOBUMU YCTAHOBAMMU Ta AEPXKABHUMMU
CTpyKTypamMu. MiHaHCYBaHHS arponpoMMCIOBOro knactepa B KasaxctaHi cTaHOBMTb 2,5 MApA [o0napis, 3 SKUX
0,8 mnpa npsMyloTb Ha iHHOBaUii, Toai gk y Higepnanpax, CLUA (KanidopHis Ta Aii0oBa) Ui MOKa3HMKM 3HAYHO
BuLLi, gocaratoumn 10-15 mnpa gonapis 3 iHHOBaUiMHMMKM BUTpaTamu Big 2,8 oo 6,5 mnpa nonapis. Hanpuknag, y
Kazaxcrani 3 2010 poky cnocTtepiraeTbcs CTabinbHe 3pOCTAaHHS arponNpoOMMUCIOBOro KOMMeKcy Ha 3,6 % Ha pik,
WO CNpusano 36inblEeHHI0 NPOAYKTUBHOCTI Npaui Ao 6,6 TUC. AonapiB Ha NtoauHy — Ha 30 % BuLLe 33 NOKA3HUKK
yKpaiHCbknx depmepiB. BcTaHOBNEHO, WO HASIBHICTb CNeLiani3oBaHoi iHPPaACTPYKTYpH (arpoTexHONapKiB, LEHTPIB
TpaHcdepy TEXHONOTIN) CNpUATUME NPUCKOPEHOMY BNPOBAMAXKEHHIO iHHOBALIN. [oCniaXeHHs TakoX NiaTBepanno,
WO KI4YOBMMM Bap'epaMu Anig iHHOBALLIMHOINO PO3BWUTKY arpoKnacTepiB € HeJOCTATHE diHaHCYBaHHS HAYKOBO-
[OCNIJHHUX Ta AOCNILHO-KOHCTPYKTOPCbKMX pOGIT, Hectaya kBanidikoBaHMX KaapiB Ta cnabka koonepadis
MiXK y4YacHWMKamu. Hanpuknag, BUKOPUCTAHHS TEXHOMOTIM TOYHOro 3emMnepobCTBa Ta LUTYYHOrO iHTENEKTY MOXe
306inbWwKnTK BpoXaMHicTb Ha 20 % Ta 3HW3UTM BUKOPUCTaHHS Boau Ha 30 %. Y perioHax 3 akTMBHOM AEPXKaBHOK
NiATPUMKOI Ta AOCTYNOM A0 iHBECTULIN, TaknxX 9K KasaxcTaH, CnocTepiraeTbCs 3pOCTaHHA KiNbKOCTI CcTapTanis
Ta BEHYypHMX iHBeCTUUiN. Ha niactaBi npoBegeHOro aHanisy 3anponoHOBAHO peKOMeHAauii LoAO0 pO3BMUTKY
iHHOBALIMHOro NOTEHLiany arpoknacTepis, BKAKOYAOUYM CTBOPEHHS CTUMYIOKYMX 3aX04iB NiIATPUMKMU, PO3BUTOK
OCBITHiX MpOrpaM Ta BNpOBaAXeHHs LUPPOBUX NIAaTHGopM Ans 06MiHy TexHonorismu. OTpuMaHi pe3ynbTaTv MOXYTb
6yTW BUKOPUCTaHI AN po3pobKu cTpaTerii NiATPUMKM Ta CTUMYNIOBAHHS iHHOBALLiHOT aKTUBHOCTI B PerioHanbHUX
arpoknactepax, Wo CNpUsE NiaBULLEHHIO IXHbOI KOHKYPEHTOCMPOMOXHOCTI Ta eheKTUBHOCTI

Kniouosi cnoBa: undposisaLis; nepxaBHa NiATpMMKA; Koonepauis; iHBeCTULi; TeXHoNOorii; iHppacTpykTypa
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