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INSTITUTIONAL
CONSTRAINTS ON THE
DIGITAL TRANSFORMATION
OF UKRAINIAN
AGRICULTURAL SECTOR

This study investigates the theoretical and
methodological foundations and tools of digital
transformation in Ukraine’s agricultural sector
and develops scientific and methodological
approaches to establishing a system of indicators
for assessing agricultural digital maturity in the
context of sustainable development and European
integration. The hypothesis is put forward that the
effectiveness of digital transformation is deter-
mined not so much by the level of implementation
of individual digital technologies as by the
coherence of organisational, economic, techno-
logical, and institutional tools that ensure their
integration into the agricultural sector manage-
ment system. The hypothesis was tested through
the systematisation of scientific approaches to the
digitalisation of agricultural production, compa-
rative and structural-functional analysis, asses-
sment of the relationships between digitalisation
indicators, innovation potential, and sustainable
development, and an examination of official
statistical data, European Commission materials,
and international indices, including the Global
Innovation Index and the Digital Economy and
Society Index. It was established that the digital
transformation of the agricultural sector is a
comprehensive process encompassing the use of
precision agriculture technologies, sensor and
satellite monitoring, the Internet of Things, Big
Data, artificial intelligence, geographic informa-
tion systems, unmanned technologies, and digital
management platforms. Indicators for assessing
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IHCTUTYLIAHI
OBMEXKEHHSA LIM®POBOI
TPAHCOOPMALLI
ArPAPHOIO CEKTOPY
YKPAIHM

Hocniooceno  meopemuxo-memooono2iuni
3acaou ma iHcmpymeHmapiu yugposoi mparc-
dopmayii acpaprozo cexmopy Yxpainu, a maxooic
PO3pOONIEHO  HAYKOBO-MemOOUUHi  nioxoou 00
Gopmysanns cucmemu NOKA3HUKIE OYIHIOBAHHS
pieHs yugposoi 3pinocmi azpapHoi cepu 6
KOHMEeKCMI CIManozo po3eUmKy ma €8poneucvkoi
inmeepayii. Bucynymo cinomezy, wo pe3yiv-
mamusHicms yugpoeoi mpancopmayii eusnaya-
€MbCsi He CMIUIbKU — PIBHEM  YAPOBAOJICEHHs.
OKpeMux yupposux mexHonozit, CKilbKu y3e0-
OJHCEHICMIO Op2aui3ayitiHux, EKOHOMIYHUX,
MEXHONOSTYHUX A IHCIUMYYIIHUX — THCMpY-
Menmis, wo 3abesneyyromev ix iHmezpayio y
cucmemy YnpaeninHs azpapuum cekmopom. Ilepe-
8IpKYy ecinomesu 30ilICHEHO WIAXOM Cucmema-
muzayii Haykosux nioxoodie 00 yu@posizayii
azpaprozo  8UPOOHUYMEA, NOPIBHATLHO20 Md
CMPYKMYPHO-QIYHKYIOHATILHO20 AHAI3Y, OYIHIO-
BAHHS B3AEMO36 A3KI8 MIJC NOKAZHUKAMU YUDpO-
8izayii, IHHOBAYIUIHO20 NOMEHYIATy ma Cmano2o
PO36UMKY, A MAKOHC AHANIZY OQIYIIHUX cmamuc-
MUYHUX Oanux, mamepianie €eponeticbkoi Komicii
ma  MidcHapooHux inoexcie, 3sokpema Global
Innovation Index i Digital Economy and Society
Index. Bcmanoeneno, wo yughposa mpancgop-
Mayis azpapHo2o cexmopy € KOMHAEKCHUM npoye-
COM, AKUL OXONMIOE BUKOPUCHAHHS MEXHONO2I
MOYHO20 3eMIepPOOCMBA, CEHCOPHO2O MaA CYnym-
HUKo06020 MoHimopuney, Internet of Things,
Big Data, wmyunoco inmenexmy, 2eoingop-
MAYiuHux cucmem, OEe3NIIOMHUX MEXHON02I |
yughposux naamgpopm ynpaeninms. Cucmemamu-
306aHO  NOKA3HUKU  OYIHIOBAHHA — YUQppoeoi
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digital transformation were systematised into
technological, economic, environmental, social,
and institutional blocks, enabling a compre-
hensive assessment of the level of digital maturity
of the agricultural sector and the effectiveness of
digital solutions implementation. Technological
heterogeneity of the agricultural sector was
identified, manifested in a significant gap between
digitally mature large enterprises and small and
medium-sized producers with limited access to
digital infrastructure, financial resources, and
modern digital competencies. Methods and tools
for digital transformation were systematised
according to organisational, economic, techno-
logical, and institutional criteria. The feasibility
of their integrated application was substantiated
to ensure the relationship between digital
modernisation and increased efficiency of agri-
cultural production. The proposed approach can
be used to improve state digitalisation policy,
substantiate priorities for supporting agricultural
enterprises, and monitor the effectiveness of
digital transformation in Ukraine’s agricultural
sector.

Keywords: digital transformation, agricul-
tural sector, digital platforms, sustainable deve-
lopment, innovation system.

JEL Classification: Q16, 033, 032.

Introduction

mpancopmayii  3a  MEXHONOIYHUM, — eKOHO-
MIYHUM, EKONO2IYHUM, COYIANbHUM ma IHCMU-
MYYIIHUM O10Kamuy, wo 0de 3M02y KOMIIEKCHO
BUBHAHAMU PiBeHb YUDPOBOT 3pinocmi azpapHo2o
CeKmopy ma pe3ybmamueHiCs YIPOB8AOI#CEHHs.
yugposux  piwenv. BuaenenHo  mexHonoziumy
HeOoOHOPIOHICMb A2papHO20 CeKMopy, Wo Nposie-
JIEMbCSL Y 3HAYHOMY PO3PUGI MIdIC YUPposo
SPINUMU 8EIUKUMYU NIONPUEMCIMBAMYU A MATUMU U
CEPeOHIMU BUPOOHUKAMU 3 OOMEICEHUM O0CHY-
nom 0o yugpoesoi ingpacmpykmypu, Qinancosux
pecypcie i cyvacHux yugposux KomnemeHm-
rocmetl. CucmemMamu3o8aHo Memoou ma iHcmpy-
Menmu yughposoi mpancgopmayii 3a opeauiza-
YIUHOMN, eKOHOMIUHOK, MEXHOI02IYHON Ma IHCMU-
myyitiHoto o3Haxamu. J{osedeHo OoyinbHicmb ix
KOMHJIEKCHO20 3ACMOCYBAHHA O/l 3a0e3neyeHHs
830EMO38 A3KY MidC YUDPOBOI MOOEpHIi3ayicio,
NIOBULYEHHAM epeKMUBHOCI azpapHo2o 8Upoo6-
Huymea. 3anpononosanuti nioxio modxce Oymu
BUKOPUCMAHULL Ol 8600CKOHANCHHSI 0EPAHCABHOL
nonimuxu yugposizayii, oOIpyHmMyeanHs npiopu-
memis RIOMPUMKU A2PaPHUX NIONPUEMCING | MOHI-
MOPUH2Y Pe3VIbMAmUeHOCHI Yu@gposoi mpauc-
gopmayii acpaprozo cexkmopy Ykpainu.

Knwuoei crosa: mmadpposa TpaHchopMallisi,
arpapHuii cextop, nudpoBi wIaTGOPMH, CTATHNA
PO3BHTOK, IHHOBaIliifHa cUCTEMA.

Ukraine’s agricultural sector is going through a massive digital shift.

Right now, adopting new technology isn’t just a trend; it’s actually become
essential for keeping farms profitable and making sure they can access European
markets (Mamchur et al., 2025; Mamchur & Studinska, 2024). Digital
transformation helps connect data that used to be isolated, bringing together
things like field telemetry, weather patterns, and financial analytics. This
integration allows farm managers to make decisions based on solid data instead
of just going by gut feeling. However, national strategies still tend to treat
digitalization as an extra tool rather than a main driver of economic growth,
which keeps holding back long-term development (Mishchenko, 2024).
Changing the agricultural landscape is a bit of a balancing act.
Policymakers have to align regional and national goals, protect food supply
chains, and update domestic rules to meet strict European Union standards
(Mamchur et al., 2025; Huyen et al., 2025; Ye, 2025). This brings up a major
question: how do we actually measure the real impact of digital adoption? Right
now, Ukraine’s statistical framework only gives us a partial picture. It doesn’t
really capture the full depth of these digital shifts, and it’s completely out of sync
with EU evaluation standards like DESI or PMEF (Rudenko, 2019; Huyen
et al., 2025). Without standardized metrics, it’s impossible to compare progress
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against EU benchmarks, which causes public policy to lose focus and makes
foreign investors hesitant (Mamchur et al., 2025; Li et al., 2025). Because of
this, updating these evaluation methods has become an urgent priority
(AgroTimes, 2021; Aros et al., 2025; European Commission, n. d.).

Research into agricultural innovation and sustainability is built on a
deep academic foundation. Scholars like B. M. Danylyshyn, M. I. Dolishniy,
S. I. Dorohuntsov, M. F. Kropyvko, H. M. Kaletnik, S. V. Kozlovskyi,
L. V. Melnyk, Ye. V. Mishenin, M. M. Palamarchuk, V. M. Trehobchuk,
P. T. Sabluk, and O. H. Shpykuliak established the groundwork regarding
sector dynamics, institutional capacity, and public policy. More recent
studies build on this by showing how public institutions and regulatory
frameworks drive agricultural progress (Mamchur et al., 2025; Mamchur &
Studinska, 2024; Ministry of Agrarian Policy and Food of Ukraine, n. d.;
Ye, 2025).

On an international level, experts see digitalization as much more than
just upgrading software or machinery. It’s viewed as a systemic institutional
shift that changes how businesses operate and makes them more agile. Global
studies look at how digital tools support sustainable growth (Bilochenko
et al., 2020; European Commission, 2021; Ferla, et al., 2024; Huyen et al.,
2025) and how they help shape policy monitoring tools within the EU
(Rudenko, 2019; AgroTimes, 2021; Aros et al., 2025). Researchers are even
creating composite indices to measure digital readiness while staying aligned
with the Sustainable Development Goals and the European Green Deal
(Bilochenko et al., 2020).

Even with all this theory, there’s still a big gap in the Ukrainian
literature. While local studies often talk about general digitalization strate-
gies, very few actually look at how to practically align national metrics with
EU benchmarks (lvantsov, 2024). We’re still missing comprehensive
research that measures how efficient digital tools actually are using EU-
compatible indicators that are specifically tailored to Ukraine’s unique
regional conditions (Mamchur et al., 2025).

The aim of this study is to theoretically ground the digital tools
transforming Ukraine’s agricultural sector while designing an indicator
system to track digital progress against sustainability and EU integration
benchmarks.

The study operates on the hypothesis that digital transformation’s success
isn’t just about adopting new tech, but about how well organizational, economic,
technological, and institutional tools are aligned. To test this, the research uses a
mix of scholarly analysis, official statistics, European Commission data, and
international indices through comparative and systems analysis.

The article is organized into three main parts. First, it looks at the
theoretical foundations of agricultural digital transformation. Second, it
discusses the key components of sustainable agricultural development in a
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digital age. Third, it develops the methodological tools for this transfor-
mation. This third section specifically looks at the organizational and
territorial hurdles to adopting digital tools, the economic and technological
factors at play, priority areas for growth, and a comparison between digital
strategies in the EU and Ukraine.

1. Theoretical and methodological foundations of agricultural
digital transformation

Digitalization is changing the way agricultural enterprises organize
production, manage resources, and interact with markets. These changes
concern not only the introduction of new technologies but also the revision
of established management practices, approaches to production planning, and
relationships between participants in agricultural value chains (Ferla
et al., 2024; lvantsov, 2024). Precision farming, big data analytics, artificial
intelligence, the Internet of Things (10T), and digital management platforms
are increasingly used to monitor agricultural operations, assess production
conditions, and process information from different sources (Mamchur &
Studinska, 2024). The availability of such information enables enterprises to
assess the relationship between production costs, resource consumption,
environmental conditions, and expected output when making management
decisions. It also helps identify potential production risks at an earlier stage
(Rudenko, 2019; Li et al., 2025). Previous technological developments in
agriculture mainly involved the mechanization of physical operations and the
computerization of specific management functions. In contrast, technologies
associated with Industry 4.0 allow data from machinery, sensors, production
records, and management systems to be processed and used together
(Mamchur et al., 2025; Mishchenko, 2024; Huyen et al., 2025). Their
application can improve the accuracy of production planning, reduce losses
of materials and other inputs, and support more efficient use of labor,
equipment, and agricultural resources. The extent of these improvements,
however, depends on the compatibility of the technologies introduced, the
quality of available data, and the capacity of enterprises to incorporate
analytical results into their everyday operations.

1.1. Methods and tools of agricultural digitalisation in the context of
European integration

Agricultural enterprises apply digital technologies in different ways.
Much depends on the size of the farm, its financial capacity, technical
equipment, and production needs. Some enterprises use digital systems to
monitor field conditions. Others focus on production planning, cost control,
or the management of agricultural machinery. The methods also differ in their
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complexity and the amount of data required. Several approaches can be
distinguished:

« monitoring methods involve collecting information from field
sensors, satellite images, and unmanned aerial vehicles. These technologies
are used to examine soil conditions, observe crop development, and monitor
agricultural machinery. The collected data help farmers identify changes in
field conditions and decide when specific operations are needed (Mamchur &
Studinska, 2024; European Commission, n. d.);

« analytical methods rely on statistical models, machine learning, and
artificial intelligence. They are used to estimate crop yields, examine
weather-related risks, and compare possible farming decisions. The accuracy
of such estimates depends on the quality of the input data. Incomplete
records and differences between growing seasons may affect the results
(Ivantsov, 2024; Ye, 2025);

« digital management platforms are used to organise information about
farm activities. Production records, machinery schedules, logistics, and financial
data can be maintained within the same system. This reduces the need to process
information from several unrelated sources. It also makes it easier to compare
planned activities with actual results (Mamchur et al., 2025);

« digital traceability methods are concerned with recording transactions
and product movements. Blockchain is one of the technologies that can be
used for this purpose. It allows information about individual operations to
be stored in a form that can be checked by authorised participants. Such
records are useful when agricultural products pass through several stages of
processing and distribution (Pomirna, 2015).

The use of these methods does not produce identical results across
agricultural enterprises. A large farm may have the resources to maintain its own
digital infrastructure and employ specialists to analyse production data. A
smaller producer may rely on basic software or services provided by external
companies. Internet access, equipment costs, and employee qualifications also
influence the choice of technologies. These differences are especially important
when examining agricultural digitalisation in Ukraine. The country’s closer
economic cooperation with the European Union has increased the importance
of agricultural data management, environmental reporting, and product
traceability (European Commission, n. d.; Huyen et al., 2025).

Evaluating digitalisation requires more than identifying which techno-
logies are available. The presence of specialised software does not necessarily
mean that it is used regularly. The same applies to sensors, automated
equipment, and digital platforms. An enterprise may purchase such tools but
continue making most decisions through conventional procedures. For this
reason, the assessment should consider both technology adoption and its actual
use. Changes in production costs, labour requirements, resource consumption,
and management practices are also relevant.
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Several groups of indicators can be used for this purpose.
Technological indicators describe the availability of equipment, commu-
nication networks, and digital services. Economic indicators concern
investment costs, productivity, and the financial results of technology use.
Environmental indicators may include water consumption, fertiliser applica-
tion, and energy use. Social indicators describe employees’ digital skills and
access to technological services in rural communities. Institutional indicators
concern public information systems, regulatory requirements, and the
exchange of agricultural data. These groups should be examined together,
although each measures a different aspect of digitalisation.

The European Union provides a useful reference for such an assess-
ment. Agricultural Policy in EU member states is organised within the
Common Agricultural Policy (CAP). Its objectives extend beyond increasing
agricultural output. They also concern farm incomes, market competitive-
ness, environmental conditions, climate-related issues, and the development
of rural communities. Digital technologies are relevant to several of these
objectives, but they are not equally important in every area. Their role
depends on the problems being addressed and the conditions under which
agricultural enterprises operate (European Commission, n.d.; Huyen
etal., 2025).

For instance, data collected through precision farming systems can be
used to examine changes in fertiliser and water consumption. Digital
accounting systems provide information about operating costs and financial
performance. Electronic records of product movement can support tracea-
bility within food supply chains. These examples concern different aspects
of agricultural activity. They cannot be evaluated using the same indicators
alone. A reduction in resource consumption, for example, describes a
different outcome from improved access to production records.

The EU uses established monitoring and evaluation procedures to
examine the implementation of agricultural policy. The Common Moni-
toring and Evaluation Framework (CMEF) was developed for this
purpose. For the 2023-2027 CAP period, the relevant system is the
Performance Monitoring and Evaluation Framework (PMEF). These
frameworks contain indicators covering different policy objectives and
results. However, many of the indicators do not measure digital
technology adoption directly. Instead, they describe changes in
agricultural production, environmental conditions, or rural development.
When analysing digitalisation, it is therefore necessary to distinguish
between indicators of technology use and indicators of outcomes that may
be influenced by that use. Table 1 presents selected CAP indicators
alongside the areas of agricultural digitalisation to which they are related.
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Table 1
Relationships between EU Common Agricultural Policy indicators and
agricultural digital transformation

Manifestations of
digitalisation

CAP priority

Key digital indicators

Share of farms using digital

Sustainable development Precision farming systems; soil and yield monitoring

and green practices satellite and sensor monitoring
systems
Innovation and knowledge _EIP-AG_RI projects; digital Nur_nber of digital innovation
innovation hubs projects under the CAP
Competitiveness and Big data; loT; automated Labour productivity on
efficiency resource accounting digitally active farms
Social cohesion and rural Online platforms; digital Share of farmers with high-
development advisory services speed internet access
Climate neutrality Copernicus; GIS technologies S O.f el ke
monitoring

Source: systematised by the author based on European Commission (n. d.) and Huyen
et al. (2025).

To examine agricultural digitalisation in relation to sustainable
development and the EU Common Agricultural Policy, a set of indicators is
proposed. The indicators cover five areas: technological, economic,
environmental, social, and institutional. Each area addresses a different
aspect of change in agricultural enterprises. Some indicators describe the
availability and use of digital technologies. Others concern their economic
results, environmental effects, or the conditions needed for their wider
adoption. This distinction is important because the installation of digital
equipment does not always lead to measurable improvements in farm
performance.

The technological dimension concerns the extent to which digital tools
are used in agricultural production and management. It includes the following
indicators:

« the proportion of agricultural enterprises applying precision farming
methods;

« the use of 10T devices, geographic information systems (GIS), large-
scale data processing, and automated farm management software;

« the proportion of production and logistics operations supported by
digital systems;

« the availability and quality of internet connections in rural areas.

The economic dimension focuses on the costs and results of
introducing digital technologies. Particular attention is given to whether these
technologies improve farm operations and justify the resources invested in
them. The indicators include:

« labour productivity at farms that regularly use digital technologies;

« financial returns relative to the cost of digital equipment and software;

« the amount of private and public investment directed towards
agricultural technologies;
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« the proportion of agricultural exports covered by digital product
traceability systems.

« the environmental dimension examines how digital technologies are
used to manage natural resources and reduce the environmental effects of
agricultural production. Four indicators are considered:

« the area of agricultural land monitored using digital mapping and
observation systems;

« changes in fertiliser and pesticide consumption associated with
precision application technologies;

o changes in CO: emissions resulting from adjustments to agricultural
operations;

« the proportion of farms using electronic systems to monitor environ-
mental conditions.

The social dimension concerns the people who use agricultural
technologies and the opportunities available to rural communities. Purcha-
sing new equipment is only one part of digitalisation. Farm employees also
need the knowledge required to operate it, interpret the information collected,
and apply the results in their work. The proposed indicators are:

« the level of digital skills among farmers and agricultural employees;

« the proportion of workers who have completed training in the use of
digital technologies;

« the availability of high-speed internet services in rural settlements;

« the number of advisory services providing practical assistance with
agricultural digital tools.

The institutional dimension addresses the regulatory and organisational
conditions under which agricultural digitalisation takes place. This area is
particularly relevant to Ukraine because national agricultural practices and
information systems need to be considered in relation to EU requirements.
The indicators include:

« the extent to which Ukrainian agricultural legislation corresponds to
relevant EU regulations;

« participation in agricultural innovation and cooperation programmes,
including EIP-AGRI and applicable CAP-related initiatives;

« the amount of government funding allocated to agricultural digita-
lisation;

« the adoption of data protection and cybersecurity measures in agricul-
tural information systems.

The five groups of indicators provide different types of information.
They should not be interpreted as interchangeable measures. For example,
the number of farms using precision agriculture equipment describes
technology adoption, whereas changes in fertiliser consumption may indicate
one of its practical effects. Similarly, investment in agricultural software does
not automatically demonstrate higher productivity. These relationships need
to be examined using comparable data and, where possible, observations over
several years.

ISSN 2786-7978; eISSN 2786-7986. SCIENTIA FRUCTUOSA. 2026. N2 5 91



ECONOMY

The proposed indicators can be used to compare agricultural
enterprises, regions, and changes over time. They can also help identify
where digital development is uneven. One region may have relatively good
internet coverage but limited use of farm management systems. Another may
show substantial investment in agricultural technologies while having
relatively few trained employees. Such differences are important for selec-
ting public support measures and assessing their results. In the Ukrainian
context, the indicators also provide a basis for examining the relationship
between agricultural digitalisation, sustainable resource use, and the require-
ments associated with European integration.

1.2. The role of innovation potential in agricultural digitalisation

The Global Innovation Index (GII) can also be used when examining
agricultural digitalisation. It provides information about the conditions that
influence the development and use of new technologies in different countries.
These include the quality of institutions, access to infrastructure, education,
research activities, and investment. Such conditions matter for agriculture as
well. Farms need reliable communication networks, skilled employees, and
financial resources to introduce digital equipment and software. However, a
country’s position in the Gll does not necessarily show how widely these
technologies are used in its agricultural sector. The index describes the
broader innovation environment, while sector-specific indicators are needed
to examine what happens at the farm level. Comparing the two can help
identify differences between national innovation capacity and the actual use
of digital technologies in agriculture. Table 2 presents the main groups of Gl
indicators and their relationships with agricultural digitalisation, including
technical infrastructure, workforce skills, innovation activities, and public
support.

Table 2
Relationships between Global Innovation Index indicators
and agricultural digitalisation

Related indicators of

GlI indicator Examples of GlI . Area of
roup indicators a.g'T'C”_'t“Ta' relationship
9 digitalisation
ArE] gzl Technological
ICT access; ICT use; connectivity; 109
Infrastructure foundation of
e-government use of GPS, IoT, B o
and drones g

Quality of education;
number of researchers;
education expenditure

Human capital
and research

Farmers’ digital literacy;

AgriTech programmes Workforce training

. R&D investment; Joint projects between .
Business . - . Innovation
sophistication busmess—r_esearch agricultural companies ecosystem
collaboration and IT start-ups
Market Access to finance; Investment in (.j'g'tal . . .
L . farms and AgriTech Financial provision
sophistication venture capital start-ups
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End of Table 2

Gll indicator Examples of GlI Relatea _mdlcators g Area of
roup indicators a_grlcu_ltural relationship
g digitalisation
Institutional Gover_nment . Goverr)ment programmes  ~ oo ent
. effectiveness; for agricultural
environment . S e support
regulatory quality digitalisation
Knowledge and Patents; high- Precision farming Effectiveness of
technology outputs | technology exports developments digital innovation

Source: systematised by the author using data from Rudenko (2019) and Aros et al. (2025).

The adoption of digital technologies in agriculture depends on the
technical and economic conditions in which farms operate. New software or
equipment cannot always be introduced into existing production systems
without additional investment. Farms may first need to improve their
communication networks, replace outdated machinery, or train employees.
The level of technological development can therefore be examined through
several indicators. These include the automation of production processes, the
use of ICT, precision farming equipment, ERP systems, and data analytics.
Research expenditure, investment in AgriTech, broadband coverage, and
access to digital management services are also relevant. Together, these
indicators describe the resources available for digitalisation and the extent
to which they are already used in agricultural activities (Mamchur &
Studinska, 2024; Ferla, et al., 2024).

However, technological development differs considerably across the
agricultural sector. Large agricultural holdings often have better access to
capital, equipment, and technical expertise. Many already use satellite
imagery to monitor fields, sensors to collect production data, and specialised
software to coordinate machinery and logistics. Some have introduced digital
systems across several stages of production, from field planning to product
distribution. Smaller farms operate under different conditions. The cost of
equipment may be too high relative to their production scale. Maintaining
specialised software also requires money and qualified personnel. As a result,
digital technologies may be used only for individual tasks, such as
accounting, field mapping, or machinery monitoring. This does not mean that
all small farms have low technological capacity. Their level of digitalisation
varies according to specialisation, available resources, and management
decisions.

These differences should be considered when assessing the
technological development of agriculture as a whole. A sector-wide average
can conceal substantial variation between enterprises. For example, a
relatively small number of technologically advanced agricultural holdings
may account for a considerable share of production, while many smaller
producers continue to use conventional management methods. The resulting
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average depends on whether enterprises are weighted by their number,
agricultural area, output, or employment. The choice of measurement
therefore matters. A low average level of digitalisation does not necessarily
describe every farm. Equally, the presence of several highly automated
enterprises does not indicate that similar technologies are widely available
throughout the sector.

Differences in technological capacity also affect the pace of further
digitalisation. Farms with existing information systems can often introduce
additional applications without making major changes to their infrastructure.
Enterprises that lack reliable internet access, compatible machinery, or digital
records face more difficulties. They may need to address these basic
requirements before adopting more complex technologies. For this reason,
support measures should take account of the actual conditions in different
groups of agricultural enterprises. Smaller producers may benefit from
shared digital services, affordable equipment, training, and technical advice.
Rural broadband development remains important, particularly in areas where
limited connectivity restricts the use of online platforms and remote
monitoring. Cooperation between agricultural producers, technology
companies, and research institutions can also make specialised solutions
more accessible (Rudenko, 2024; Aros et al., 2025; Ferla et al., 2024).

A uniform approach to agricultural digitalisation would overlook
these differences. The same investment or support measure may produce
different results depending on a farm’s initial technological capacity. For
some enterprises, the main requirement is access to basic digital
infrastructure. Others need assistance with integrating existing systems or
processing the data they already collect. Public policy should therefore
distinguish between these needs. Such differentiation would allow resources
to be directed towards specific technological constraints rather than treating
the agricultural sector as a group of enterprises with similar levels of digital
development.

2. Key components of sustainable agricultural development and
prerequisites for digital transformation

Agricultural sustainability is shaped by the conditions under which
farms produce, invest, and manage their resources. Higher output alone does
not indicate that an enterprise is developing sustainably. A farm may increase
production while facing rising operating costs, declining soil quality,
or shortages of qualified employees. These problems require different
responses. Digital technologies can help with some of them, particularly
where decisions depend on accurate information about production, finances,
and natural resources. Their usefulness should be judged by the results
obtained in everyday farming activities.
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For agricultural producers, economic stability largely depends on the
relationship between production costs, output, and market prices. Investment
in machinery and software may improve labour productivity or reduce
unnecessary expenditure. Yet these benefits are not guaranteed. The costs of
purchasing equipment, maintaining software, and training employees must
also be considered. Environmental issues present another set of concerns.
Soil degradation, inefficient water use, and excessive application of fertilisers
can affect future production. Digital field monitoring and automated
application systems allow farmers to adjust certain operations according to
local conditions. This may reduce resource consumption, although the
outcome depends on the technology selected and the way it is operated
(Mamchur & Studinska, 2024; Ye, 2025).

Conditions in rural communities influence agricultural development as
well. Modern equipment requires technical knowledge. Employees must be able
to work with electronic records, understand information from monitoring
systems, and respond to equipment faults. Such skills are not equally available
across farms. Smaller enterprises may find it difficult to employ dedicated
technical specialists or pay for additional training. Poor internet connectivity
creates further limitations. In these circumstances, local advisory services can
provide assistance with equipment selection, digital applications, and
agricultural regulations. Their work is particularly useful when advice addresses
specific problems faced by producers rather than offering general information
about new technologies.

Agricultural investment also depends on the rules and financial
arrangements within which enterprises operate. Access to credit, the
availability of public support, and the clarity of regulatory requirements can
influence whether farms decide to introduce new technologies. This is
relevant to Ukraine as agricultural producers adjust to European standards.
Compliance may require changes in record keeping, product documentation,
and environmental reporting. Larger enterprises can often assign these tasks
to specialised departments. Smaller farms may need external assistance. The
availability of advisory organisations and accessible public information
therefore has practical importance for the implementation of regulatory
changes (Mamchur & Studinska, 2024).

The organisation of farm management is another factor. Digital
equipment produces little benefit when the information it collects is not used.
Field observations, machinery records, and financial data need to be
reviewed and incorporated into production planning. This requires
employees with suitable qualifications and managers willing to adjust
established procedures. Cooperation with research institutions, software
developers, and equipment suppliers can help farms solve technical
problems. Joint projects involving public authorities and private enterprises
may also support infrastructure development and professional training. Their
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effectiveness depends on the needs of participating producers and the
resources available for implementation (lvantsov, 2024; Mamchur &
Studinska, 2024; Ye, 2025).

The spread of new agricultural practices is also influenced by relationships
between producers. Farmers exchange experience, discuss equipment perfor-
mance, and obtain information through professional associations and local
networks. These contacts can reduce uncertainty when an enterprise considers an
unfamiliar technology. They are especially valuable in communities where access
to specialised advice is limited. Regional differences in infrastructure, employ-
ment, education, and business cooperation therefore need to be considered when
examining agricultural digitalisation. The same technological solution may be
useful in one locality and difficult to apply in another. This makes local economic
and social conditions an important part of assessing changes in agricultural
production (Pomirna, 2015).

2.1. Components of sustainable agricultural development

Sustainable development in agriculture concerns three areas: environ-
mental protection, economic stability, and social conditions. Each has its own
priorities, although changes in one area often affect the others. Agricultural
production depends on natural resources, financial opportunities, and the
people involved in farming. For this reason, these three areas need to be
considered together.

The environmental aspect concerns the condition of agricultural land,
water resources, and surrounding ecosystems. Farming practices should limit
soil degradation, unnecessary water consumption, and pollution without
compromising production needs. Biodiversity conservation and adaptation to
changing climatic conditions are also important. Digital technologies can
assist with these tasks. For example, precision farming equipment allows
fertilisers and water to be applied according to field conditions. Monitoring
systems provide information about soil moisture, crop development, and
resource consumption. Farmers can use these data to adjust their operations
and avoid unnecessary expenditure on inputs.

The economic aspect concerns the ability of agricultural enterprises to
maintain profitable production over time. This depends on operating costs,
labour productivity, access to investment, and market conditions. Digital
tools can be useful in managing these factors. Farm management software
helps organise production records and financial information. Automated
equipment may reduce the time required for certain operations. Data analysis
can also support decisions about purchasing resources, scheduling agricul-
tural work, and selling products. However, the financial results depend on the
scale of production, initial investment, and the actual use of the technologies
introduced.
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The relationships between these three aspects are presented in Figure 1.

The socio-environmental The economic—social dimension

dimension encompasses the reflects the relationship between

responsible management of natural economic development and social
resources, taking account of justice. It includes business ethics, fair
societal interests and the principles . trade, decent working conditions, and

of environmental justice. Social the protection of workers’ rights.

sustainability
Environmental Economic
sustainability sustainability

The environmental—economic dimension
combines economic efficiency with
environmental responsibility. It is realised
through improved production energy
efficiency, resource-saving technologies,
and incentives for the efficient use of natural
resources.

o J

Figure 1. Structural interaction of sustainable agricultural development
components

Source: compiled by the author based on Prokopenko (2024) and Olawale et al. (2024).

The social side of things involves jobs, professional skills, and what it
is actually like to live in rural areas. As technology changes, the skills needed
for agricultural work change too. Some jobs are being taken over by
machines, while others now require a solid grasp of digital tools and
information systems. Because of this, getting access to training is vital,
especially for people working on smaller farms. On top of that, gaps in
internet access and education can make inequalities between rural
communities even worse. We really need to focus on groups that struggle to
access jobs, technology, or basic public services. It also helps to involve local
residents in development decisions so their needs are weighed alongside the
economic goals of big agricultural businesses.

It is also worth noting that environmental, economic, and social goals
don’t always line up. For example, pushing for higher crop yields can put a
lot of strain on soil and water. On the flip side, environmental regulations can
drive up costs, which is especially hard on farms that don’t have much extra
cash. Even technology can be a double-edged sword; it might boost
productivity, but it also changes what kind of jobs are available in the
countryside. Since these goals often pull in different directions, it is hard to
pursue all of them at once. Agricultural development requires making tough
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calls that account for these trade-offs, the resources on hand, and the unique
situation of each farm.

Digital tools can actually help farmers make better decisions by using
data from their own production. Field monitoring can show exactly how
soil and crops are doing, while management software makes it easy to track costs
and resource use over time. These tools can point out where things are being
wasted or where farming methods need to change. However, technology only
helps with sustainability if that information actually leads to real-world changes.
Just installing a new digital system isn’t enough on its own.

There are still several big hurdles facing the future of agriculture. Soil
degradation is lowering productivity, unpredictable weather makes planning
a nightmare, and water shortages combined with rising costs are putting a lot
of financial pressure on farmers. At the same time, uneven access to income,
infrastructure, and technology means not all producers are starting from
the same place. These issues are all linked, but there is no single solution that
fixes everything. Their importance also changes depending on the region and
the type of farming being done.

Moving forward, changes in farming should balance environmental
needs with the economic reality of the producers. This could mean moving
toward agroecological methods, better soil conservation, smarter water
management, or practices that fit local climates. Small and medium-sized
farms, in particular, might need better access to loans, technical advice, and
shared services. Public support should also recognize that a tiny farm and a
massive operation have very different needs. Digital systems can be great for
monitoring results and managing records, but they work best when they are
used to solve specific, practical problems rather than just being used for the
sake of modernization.

2.2. Factors shaping the initiation of agricultural digital
transformation

An examination of the fundamental factors shaping the initiation of
agricultural digital transformation allows them to be grouped into four
principal categories: the sector-specific characteristics of agricultural produc-
tion, its territorial conditions, the development of the agricultural innovation
system, and the specific features of the sector’s information provision
(Figure 2). A closer examination of these groups shows that:

« broadband internet coverage in rural areas is substantially lower than
in urban areas because of the high cost of developing telecommunications
infrastructure where farms are spatially dispersed and population density is
low. This limits producers’ integration into digital platforms and their access
to cloud services and data analytics systems. These observations are
consistent with the approaches to assessing digital development used in the
Digital Economy and Society Index (DESI), where connectivity and digital
skills are key determinants of economic digitalisation;
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« the share of small and medium-sized farms using precision farming
systems remains limited owing to the high capital intensity of digital
solutions, long investment payback periods, and restricted access to finance.
This creates a technological asymmetry between large agricultural holding
companies and small producers, reflecting the imbalances in innovation
development captured by the GlI, particularly its "business sophistication™
and "knowledge and technology outputs" pillars;

o agricultural R&D investment is unstable because of insufficient
interaction between research institutions and businesses and the low
commercialisation of research findings. This reduces the effectiveness of
technology transfer and slows the adoption of innovations in production.
These constraints are reflected in countries’ positions on GII indicators that
describe the innovation ecosystem and the effective use of research potential;

« the shortage of digital technology specialists in rural areas results from
the migration of skilled workers, limited access to quality education, and an
insufficiently developed AgriTech training system. This complicates both the
adoption and the effective use of digital tools. Within DESI, this problem
correlates with "human capital” indicators, which capture the population’s
digital skills as a key prerequisite for digital transformation.

DIGITAL TRANSFORMATION

[ FACTORS SHAPING THE INITIATION OF AGRICULTURAL J

v

Sector-specific
factors

1. Need to interact
with land and
biological objects.
2. Dependence on
environmental and
climatic conditions.
3. Spatial dispersion
of production units.
4. Long production
cycles and
seasonality.

5. Low production
process automation.
6. Diversified
production activities.

Territorial
factors

1. Lower living
standards and quality
of life in rural areas.
2. Conservative
attitudes and limited
readiness for radical
change.

3. Deteriorating
demographic
conditions.

4. Shortage of
suitably qualified
workers.

5. Low economic
activity among rural
residents.

6. Insufficient
intellectual capital
development.

Innovation
system factors

1. Low innovation
activity among
enterprises.

2. Low demand for
innovative
developments.

3. Limited potential
of domestic
agricultural research.
4. Low
commercialisation of
research.

5. Fragmented
innovation
infrastructure.

6. Weak state support
for innovation
system development.

'

Information
environment
factors

1. Limited use of
information
technologies in
production.

2. Limited use of
information
technologies in
production
management.

3. Low integration into
a shared information
environment.

4. Critically poor
information
infrastructure.

5. Lack of effective
integrated standard IT
solutions for the
agri-food sector.

6. Limited IT training
among managers,
specialists, and
workers.

Figure 2. Factors shaping the initiation of agricultural digital transformation
Source: compiled by the author based on Mamchur et al. (2025) and Ivantsov (2024).
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Agriculture’s strong dependence on environmental and climatic factors,
particularly temperature fluctuations, soil moisture, and seasonal production
patterns, further increases the need for digital solutions. Real-time
agrometeorological monitoring, digital yield forecasting, and automated risk
management can reduce uncertainty in production processes, improve the
adaptability of agricultural production, and enable more efficient resource use.

3. Methodological foundations and tools of agricultural digital
transformation

The methods used in agricultural digitalisation differ in their purpose
and practical application. For further analysis, they are divided into four
groups: organisational, economic, technological, and institutional. Section 1.1
examined the main approaches to digitalisation and the indicators used to
assess their application. The present section focuses on how these methods
are introduced into agricultural activities and how they relate to sustainable
development objectives and Ukraine’s integration with the European Union.
The proposed classification is presented in Table 3 (Mamchur et al., 2024;
Ivantsov, 2024).

Table 3
Classification of methods and tools of agricultural digital transformation
Catego Characteristics Principal tools

Transform management Business process re-engineering; digital
Organisational | systems and the organisation of = farm management platforms; value chain

production processes integration; agricultural clusters

Provide financial and economic | Government support programmes; grants;
Economic incentives and assess subsidies; public—private partnerships;

digitalisation effectiveness methods for assessing economic effects

Provide the technological Precision farming; 10T; big data; artificial
Technological | foundation for digital intelligence; GIS; unmanned technologies;

transformation automated systems

National digital development strategies;
harmonisation with EU requirements;
information and advisory centres;
cybersecurity systems

Create the regulatory and
Institutional organisational environment for
digitalisation

Source: systematised by the author based on Mamchur et al. (2024) and Ivantsov (2024).

The results of applying different digitalisation methods can be
examined using the indicators proposed earlier. Each group of methods
concerns a particular area of agricultural activity. Technological methods are
associated with the use of digital equipment, software, and automated
production systems. Economic methods can be assessed through changes in
labour productivity, operating costs, and returns on technological investment.
Organisational methods concern how digital solutions are incorporated into
farm management and everyday operations. Institutional methods relate to
regulatory requirements, the adoption of European standards, and environ-
mental obligations. Examining these relationships allows the proposed
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indicators to be used not only to describe the level of digitalisation but also
to assess changes associated with particular management decisions.

The classification also draws attention to the conditions under which
agricultural enterprises introduce new technologies. The same method may
produce different results depending on the type of production, farm size, and
location. Agricultural activities are spread across large territories, often with
uneven access to communication networks and technical services. Seasonal
workloads and dependence on weather conditions create further difficulties.
The availability of qualified employees also matters. Farms with established
information systems and trained personnel can generally introduce additional
digital applications more easily than enterprises that still rely on manual
records and conventional equipment. These differences need to be considered
when selecting digitalisation methods and evaluating their practical results.

3.1. Organisational and territorial constraints on digital tool adoption

The way agricultural production is spread out geographically makes
digitalization quite a challenge. Fields, machinery, and storage sites are often
far apart and frequently located in areas where internet coverage is spotty at
best. Getting all these locations connected requires extra equipment and
significant investment. This is especially tough for smaller farms, which
usually have much tighter financial and technical resources to work with
(Mamchur et al., 2024; lvantsov, 2024).

Infrastructure needs also differ from one farm to the next. Some
operations might need field sensors and satellite monitoring, while others are
more focused on building communication networks or setting up independent
power supplies. Ultimately, the costs depend on where the farm is located, how
large it is, and what facilities are already in place. On top of that, limited access
to technical support services makes things even harder (Rudenko, 2024;
Aros et al., 2025; Ferla et al., 2024).

Data management is another major hurdle. Information like weather
records, soil measurements, machinery logs, and transport schedules is often
stored in separate silos. Because these different data formats don’t always
play well together, analyzing them as a whole is difficult. Even when the data
Is accessible, it might not be in a format that can be used right away for
production planning.

Seasonal production also makes investment decisions a bit of a gamble.
The real benefits of adopting new technology might not show up until after a
harvest or even after several growing seasons have passed. Plus, unpre-
dictable weather and shifting market prices can impact financial returns. For
smaller producers, this level of uncertainty often leads to delays in buying
digital equipment (Rudenko, 2024; Ferla et al., 2024).

Farm management platforms can help solve some of these issues by
bringing production schedules, machinery records, and logistics into one
place. They allow managers to spot delays and adjust their operations on the
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fly. However, their actual usefulness depends on having high-quality data
and using the system consistently. Because of this, choosing the right
technology has to be a careful process that considers a farm’s specific needs,
its infrastructure, and its budget (Ivantsov, 2024; Mishchenko, 2024).

3.2. Technological and economic factors in digital transformation

Agricultural businesses often juggle several different production
activities at once, and each one needs its own specific equipment and
management tools. Because of this, trying to integrate all these technologies
can drive up digitalization costs by anywhere from 20 to 40 percent, based
on recent estimates (Mamchur et al., 2025; Mishchenko, 2024; Li et al., 2025;
Ye, 2025). Smaller farms, in particular, deal with much higher costs per
hectare. When it comes to precision farming systems, the cost gap between
small farms and large producers can be as much as 1.5 to 2 times higher. One
way to ease this financial pressure could be through shared equipment and
digital services (Mamchur et al., 2025; Li et al., 2025).

The actual results also depend on how these technologies are rolled out.
Research shows that when digital solutions are applied across several
production stages, productivity gains can hit 10 to 25 percent. On the other
hand, using these tools in isolation only yields about 5 to 7 percent in
improvements (Li et al., 2025; Ye, 2025). Still, widespread adoption is being
held back by a few key issues, like poor cooperation between researchers and
agribusinesses, a lack of commercialized innovations, and not enough
funding. High upfront costs are still a major worry for small-scale producers.
Depending on the specific technology and the size of the operation, it
typically takes between three and seven years to see a return on these
investments (Table 4).

Table 4
Quantitative manifestations of technological and economic factors
in agricultural digital transformation

Factor Quantitative manifestation Economic consequences
Diversified production Technology integration costs = Higher digitalisation costs and
structure increase by 20-40% more complex implementation

Costs per unit of area Reduced accessibility of digital
Small farm scale . ; .

are 1.5-2 times higher technologies

S Productivity increases by Limited effectiveness of isolated

Fragmented digitalisation .

only 5-7% solutions
Comprehensive Productivity increases . .
digitalisation by 10-25% Generation of systemic effects
Low commercialisation of = Implementation lags Slower technological
innovation by several years development

More than 60% of producers
cite high costs
Long payback period 3—7 years Reduced investment attractiveness

Source: systematised by the author based on Mishchenko (2024), Mamchur et al. (2025),
Li et al. (2025), and Ye (2025).
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Under these conditions, digital transformation requires both techno-
logical upgrading and effective economic mechanisms to reduce the costs
of entering the digital environment. Particularly important are models for
sharing digital technologies, platform-based solutions, expanded access
to financial instruments, and incentives for public—private partnerships,
consistent with European practices for supporting agricultural innovation.

3.3. Priority directions for agricultural digital transformation

The synthesis of the identified problems makes it possible to determine
priority areas for agricultural digitalisation, which form the methodological
foundation for the corresponding digital transformation methods and tools
(Figure 3).

PRIORITY AREAS FOR AGRICULTURAL
DIGITALISATION

Adoption of digital technologies for production
information management

— Adoption of platform-based information solutions

—|  Development of a multifunctional information system

— Modernisation of information infrastructure

— Streamlining of information exchange processes

A 4

Figure 3. Key directions for agricultural digital transformation
Source: compiled by the author based on Mishchenko (2024) and Mamchur et al. (2025).

Priority directions for agricultural digital development include digital
solutions for production information management; platform-based infor-
mation tools for integrated agricultural production management; multifun-
ctional information flow management systems; upgraded and expanded
information infrastructure; and optimised information exchange between
agricultural enterprises and their counterparties.

A fundamental prerequisite for initiating agricultural digital transfor-
mation is therefore the development of modern information infrastructure
capable of integrating agricultural producers into a shared information
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environment, providing access to relevant information resources, and
enabling widespread adoption of proven and promising digital technologies.
Together, these factors substantiate the integrated use of organisational,
economic, technological, and institutional methods and tools for agricultural
digital transformation.

3.4. Comparative analysis of the effectiveness of EU and Ukrainian
digital strategies

The study compares the EU’s and Ukraine’s strategic digital develop-
ment documents to assess the effectiveness of digitalisation methods and
tools in agriculture. The analysis covers key European and national
programmes aimed at digital skills, infrastructure, innovation, e-government,
and the digital economy more broadly.

The comparative findings indicate substantial alignment between the
EU’s and Ukraine’s strategic objectives, creating favourable conditions for
digital policy integration and the adoption of modern agricultural techno-
logies (Table 5).

Table 5

Comparative analysis of EU and Ukrainian digital strategies

Document /

Objectives and

Key areas

Integration potential

programme

Digital Decade
Policy Programme
2030

Digital Compass

eGovernment
Action Plan

Horizon Europe

Concept for the
Development of
Ukraine’s Digital
Economy

Diia. Digital State
Digitalisation

under the National
Recovery Plan

priorities

Achieve full EU
digital
transformation
by 2030

Define the principal
benchmarks for
digital development

Modernise public
services

Support research
and innovation

Create conditions
for digital economy
development

Ensure access
to electronic
services
Restore and

modernise digital
infrastructure

Digital skills;
infrastructure;
business digitalisation;
public services

Skills; infrastructure;
business; public services

Single digital portal;
register nteroperability;
once-only principle

Digital technologies;
innovation; research and
development

Infrastructure;
innovation;
digital skills

Mobile application;
electronic documents;
online services

Broadband internet;
startups; digital skills

Establish shared
objectives and
mechanisms

for cooperation
with Ukraine

Align strategies
and exchange best
practices

Improve public
service transparency
and efficiency

Enable Ukrainian
researchers and
enterprises to
participate in joint
projects

Harmonise with
European standards

Integrate with
European digital
platforms

Promote economic
growth and social
integration

Source: systematised by the author based on the Ministry of Digital Transformation of Ukraine
(n. d.) and European Commission (n. d.).
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When you look at the comparison, it is clear that European programs
focus on a broad, systemic approach to digital development. They don’t just
look at one thing; they cover everything from human capital and
infrastructure to innovation and governance. In the agricultural sector, this
creates the right environment for things like precision farming, digital
production management, satellite monitoring, and big data analytics to
actually take root.

Ukraine is taking a similar path by rolling out digital services,
electronic document management, and online access to public services, all
while supporting innovative startups. The Diia platform and various
electronic registers have been huge for agricultural businesses, helping to
simplify administrative tasks, cut down on transaction costs, and make
regulatory processes much more transparent.

On top of that, Ukraine’s involvement in international research
programs is a big factor in making digitalization more effective. By joining
joint Horizon Europe projects, the country can facilitate technology transfers,
spread innovative solutions, and build a modern scientific and technological
base for agricultural production.

That said, the research also shows that how well digital tools are
actually adopted in Ukraine depends a lot on a few key things: rural
telecommunications infrastructure, access to funding, and how digitally
literate agricultural workers are. Also, while the EU has a well-established
system for monitoring and evaluating digital transformation, Ukraine’s own
mechanisms are still very much in the development stage.

Ultimately, the comparison shows that EU and Ukrainian digital
strategies are built on the same core values and institutions, focusing on
innovation, digital skills, and modern infrastructure. This shared foundation
makes it much easier for Ukraine’s agricultural sector to integrate into the
European digital space.

By using these shared approaches to digitalization, Ukraine can see
higher productivity, more efficient resource use, the growth of smart farming,
and better competitiveness for its enterprises. In the long run, this will help
speed up agricultural recovery after the war and lead to deeper integration
with Europe.

Conclusions

The study examines digital transformation in Ukraine’s agricultural
sector in the context of sustainable development and European integration.
The findings support the research hypothesis that digitalisation effectiveness
depends not only on adopting individual technologies but also on coordi-
nating technological, economic, organisational, and institutional measures.

The combined use of precision farming, artificial intelligence,
0T, GIS, and digital management platforms can increase productivity by
10-25%, reduce costs, and improve resource efficiency. However, small and
medium-sized farms face considerable barriers. Their technology adoption
costs per hectare may be 1.5-2 times higher than those of large enterprises, while
complex organisational structures can increase integration costs by 20-40%.
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The comparison with EU countries shows that European digitalisation
relies on developed infrastructure, financial support, and cooperation bet-
ween businesses, research institutions, and government. In Ukraine, digital
development remains uneven, with large enterprises having better access to
modern technologies.

The research hypothesis is supported by the finding that isolated
digital solutions provide limited benefits, while coordinated implementation
across production, logistics, and management offers greater potential for
lasting improvements. Ukraine therefore needs better rural digital infra-
structure, accessible financing, workforce training, and common digital
maturity indicators.

Further research should focus on measuring digital transformation
effectiveness and its impact on agricultural productivity and sustainable rural
development.
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