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Abstract

The capabilities of farms often limit the possibility of using technologically advanced agricultural digital solutions.
However, the experience of many countries shows that several easily accessible digital solutions can bring results in
the form of optimising agricultural production processes. Hence, the research aimed to recognise the usefulness of
digital solutions for systems supporting decision-making in farms operating in areas with sizeable agrarian fragmen-
tation and to determine the barriers to their implementation. In order to achieve the research objective, the survey
guestionnaire method was used—389 farms from the Matopolskie and Podkarpackie voivodeships (areas with the
most significant scale of agrarian fragmentation in Poland) were examined. The study showed that 34% of the sur-
veyed farms used at least one technology that can be classified as a decision-support system. Financial constraints,
insufficient equipment, and insufficient IT knowledge were indicated as the most critical barriers to their use. From
the perspective of the surveyed farms, the functions of the systems above considered to be the most useful were the
possibility of estimating resource consumption, the possibility of receiving information on the occurrence of the risk
of plant diseases and access to an accurate weather forecast for individual agricultural plots. It is worth noting that
respondents noticed the usefulness of the systems mentioned above in the remote exchange of information.
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1. Introduction processes between farmers and transferring scientific
knowledge to agricultural practice, improving access
to data and enabling their use in decision-making
processes (Czapiewski et al., 2012; Dutta et al., 2023;
Daum, 2018). ICT includes, among others, media-

enabling

Small farms encounter multiple development problems.
These are technical limitations (lack of appropriate
equipment) and those resulting from the lack of
knowledge and underdevelopment of integration ties
between agricultural producers. Developing digital
technologies can help overcome these barriers. Digital
technologies in the agricultural sector are mainly
associated with concepts such as precision farming,

communication, information recording
technologies, IT systems processing and transmitting
data (Tomaszewska, 2013), and cloud-based farm

management platforms (Fountas et al., 2020).

According to Bourrnaris and Papathanasiou (2012),

smart farming or agriculture 4.0 (Foray, David &
Hall, 2009; Hinisch, 2017; Hornung & Hofmann, 2017;
Reichardt et al., 2009; Runowski, 2019; Runowski &
Kramarz, 2025). In addition, the so-called information
and communication technologies (ICT) play a unique
role in the development of modern agriculture. The use
of ICT is associated with the possibility of accelerating
transfer

communication, intensifying knowledge

farmers are a professional group facing significant
limitations in access to information, while at the same
time, the level of difficulty in the decisions they must
make is constantly increasing (due to factors such as
changing climatic conditions, growing consumer
awareness, and legal regulations). Additionally, the
conditions for conducting agricultural activitiesin areas
with high land fragmentation, as is the case in the study
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area (Poland), typically result in a lower propensity
to adopt modern technologies. When agricultural
land within a farm is divided into multiple plots (a
phenomenon known as land fragmentation (Bentley,
1987)), and these plots are small, there is generally less
interest in new production methods. Such conditions
also require greater labour input (Demetriou, 2013).
According to Eder (2024), the average distance between
agricultural plots negatively affects a farm’s level of
technical efficiency. However, the mere dispersion of
plots does not show a statistically significant impact.
The topic of implementing digital technologies in
such farms to improve their functioning and facilitate
the adaptation of production profiles to market needs
remains largely unexplored. Discussions mainly
focus on barriers to implementing advanced digital
technologies (including those based on artificial
intelligence), the most frequently cited of which
is the limitation of financial resources. However,
the experience of developing countries shows
that overcoming social resistance and increasing
willingness to share information can enable solutions
that help improve agricultural efficiency without
requiring high investment outlays. These include
primarily applications that support decision-making
and facilitate farmer communication (Balkrishna &
Deshmukh, 2017). Such technologies are regarded
as a tool for improving agricultural productivity
through more efficient resource management
(Sridevy & Djanaguiraman, 2023). This potential may
be particularly significant in challenging farming
conditions, such as extensive agrarian fragmentation
or low socio-economic development in rural areas.
Therefore, the analyses aimed to recognise the
usefulness of digital solutions for systems supporting
decision-making in farms operating in areas with
sizeable agrarian fragmentation and to determine the
barriers to their implementation. The analyses sought
answers to the following questions: 1. To what extent
are decision support systems used on farms located in
highly fragmented areas of Poland? 2. What functions
of decision support systems can be used in the
operation conditions of farms from highly fragmented
areas? 3. What factors determine the implementation
of decision support systems on farms from highly
fragmented areas, and what limits it?

2. Literature review -
application of decision support
systems in agriculture

Challenges related to running agricultural activities
appear, especially in areas with a high level of agrarian
fragmentation and significant land fragmentation.
Agrarian fragmentation is closely tied to land
configuration, which hinders progress and results
in low production efficiency (Szymarska, 2021). In
Poland, the regions experiencing the highest levels
of agrarian fragmentation are the Malopolskie and
Podkarpackie voivodeships. In the Malopolskie
voivodeship, farms covering less than 5 hectares (ha)
make up 81% of all farms, while in the Podkarpackie
voivodeship, this figure stands at 79%. In Poland as
a whole, this percentage is 52%. These areas, which
were part of the Austrian partition, implemented legal
and organisational solutions that contributed to the
consolidation of an unfavourable structure of farms.
Additionally, they are characterised by the most
diverse terrain in the country, including mountain
ranges (Szymanska, 2024; GUS, 2020). Highly
fragmented agricultural areas are typical in Poland
and many countries globally. Consequently, efforts
are being made to enhance the efficiency of farms in
these regions. However, the agrarian fragmentation
of agriculture is currently perceived not only in
the context of problems related to its impact on the
economic development of regions but also in the
context of its positive impact on the state of the natural
environment - especially regarding the need to build
resilience to climate change and the desire to preserve
biodiversity (Dhillon et al., 2023; Stepieri et al., 2022).
Therefore, efforts are being made to improve small
farms’ efficiency and increase production profitability
while maintaining these areas’ environmental
importance. Digital technologies—especially ICT—
may prove helpful in this respect. Other types of
digital technologies, such as those related to precision
farming or forms of plant production automation on
small farms, are challenging to apply, mainly due to
financial barriers or disproportion of the investment
that would have to be made to the expected effects
(Runowski & Kramarz, 2025; Geppert, Krachunova
& Bellingrath-Kimura, 2024). According to some
authors (Rybicki, 202; Kadigi, 2017), fragmentation
of agricultural plots means that the land used is in
different ecological zones, which in turn allows
for diversification of production, adjustment of the
schedule of agrotechnical treatments and helps to
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minimise production risk. When plots are located at
different heights, crops ripen at different rates, which
allows for spreading the work over time. Ecological
values include fitting smaller plots with diversified
crops into the landscape and limiting soil erosion
(Demetriou, 2014). These assumptions are somewhat
at odds with the economic goals of agricultural policy.
However, at the same time, the results of the analyses
indicate problems arising from land consolidation,
which may affect their productivity. According
to Rybicki (2021), in Western Roztocze (Poland),
the consolidation of plots located on a slope with
high intensity led to the elimination of terraces and
transverse slopes present on them, with soil erosion
increased several times as a result.

Another problem is the high intra-regional
diversification of soil quality in Poland (Krasowicz et
al., 2011), and in Southern Poland, the diversification
of the terrain of agricultural plots. The key to
supporting small-scale farms may be using decision
support systems. In particular, these so-called decision
support applications and modular cloud-based farm
management systems can be distinguished here. The
history of using electronic systems and computer
software to support agricultural decisions dates back
to the 1980s. The development of digital technologies
to the point that can be observed today has caused these
systems to become highly advanced (Bellon-Maurel et
al., 2022; Gonzalez-Andujar, 2020). Their operation
is possible thanks to the dynamic technological
progress—especially in digitisation. Decision support
systems are designed to integrate information from
various sources. The Internet of Things and the
possibility of using artificial intelligence are helpful
in this process. It is about accelerating the decision-
making process, increasing the accuracy of decisions,
and striving to be based on data collected in real-time
(Fountas et al., 2020).

To achieve high efficiency in decision support
systems, sensors that collect data in real-time are
helpful. The main types of data obtained using sensors
include time series, remote sensing data, and satellite
images. The high number and heterogeneity of data
collected in the field pose particular challenges.
They are, firstly, related to recognizing deviations
and detecting which results may be related to sensor
error. Secondly, they are related to aggregating data
at the stage of preparing them as support for decision-
making and modelling (Bellon-Maurel et al., 2022).
In the absence of the possibility of using sensors, it
is possible to use satellite data provided by software
developers or agricultural data banks created in the

cloud, as indicated by the specifications of many
systems available on the market.

Decision support applications allow for receiving
recommendations regarding the selection of crop
type, use of plant protection products or fertilisation.
They help increase farm resource management
efficiency and improve the profitability of agricultural
production. Some also enable access to financial
services, building a history of financial transactions or
credits (Kassambara, Mondal & Nguyen, 2019; Singh
etal., 2023; Zhai et al., 2020). All this helps improve the
quality and accuracy of decisions (Gonzélez-Anddjar,
2020). There are many types of decision support
applications. These include irrigation management
applications, pest and disease recognition applications,
weather forecasting applications, crop simulations,
agricultural marketing applications, and nutrient
optimisation applications (Sridevy & Djanaguiraman,
2023; Ivanochkoa, Gregusa & Melnykb, 2024). Many
other possibilities for creating this type of solution
include, among others, illustrating the relationships
between meteorological conditions and plant
pathogens (Wojtowicz et al., 2016), the use of plant
protection products or applications dedicated to
various aspects of animal production (CDR, 2019),
applications focusing exclusively on one type of crops
(Ara et al, 2021). A frequently noticed problem
that hinders the popularisation of decision-support
applications is their design according to a top-down
idea with a simultaneous lack of interest in feedback
on the effectiveness of their operation coming from
farmers (Ara et al., 2021). This approach often results
in a lack of intuitiveness in the operation of decision-
support systems or their failure to adapt them to the
real needs of farmers (lakovidis et al., 2024).

Therefore, the challenges in improving the
operation of applications include simplifying
their use, increasing intuitiveness, and adapting
functionality to external factors whose changes are
dynamic—e.g., weather or characteristic only for
certain regions, enabling historical data analysis and
increasing the scope of forecasting. It is worth noting
that research on this subject both increases farmers’
awareness of the possibilities of using this type of
technology and communicates the need to supplement
them with additional options (Zhai et al., 2020). As a
result, applications dedicated to specific problems are
created. Here, we can distinguish, for example, the free
programme Nawozy-5, which was created in Poland
in 2018 to support mineral fertilisation, dedicated to
smallfarmsthatare notequipped with devices enabling
the use of precision agriculture and do not use any
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commercial software supporting farm management
(Cupial & Kowalczyk, 2018). Observations leading to
such solutions appear in various regions of the world.
Jiao et al. (2019), referring to the mode of introducing
technological innovations that promote productivity
and sustainable development goals, propose a model
in which advisors from an organisation operating in
rural areas of China verify the actual technological
needs of farmers from small farms, thanks to which
it is possible to adapt the technology. This mainly
concerns technologies that allow for better resource
management and reduced fertilisation. Then, the
solutions developed based on the grassroots initiative
are presented to farmers, and in this way, the
technology transfer takes place. According to Singh et
al. (2023), using the local language is also essential—
especially since mobile applications are sought to
accelerate the transfer of scientific knowledge to
agricultural practice. Applications that provide
access to agricultural information and raise farmers’
awareness are also prevalent. For example, the Polish
application Hektar Wiedzy, highly rated by users, has
been downloaded by over 10 thousand farmers since
its creation. Meanwhile, digital technology offers even
more advanced solutions enabling the optimisation of
agricultural production. Cloud computing technology
allows for information collection through information
platforms and data banks (Choudhary, Jadoun &
Mandoriya, 2016), provides new possibilities in remote
sensing (Gokool, 2024), or creates space for interaction
between experts and agricultural producers. Aspects
of the production process can be observed and assessed
in real-time (Lin et al., 2024).

Cloud-based farm management systems are
systems composed of many modules covering
various tasks performed by a farm. Usually, software
suppliers offer the farmer a combination of modules
best suited to his farm’s potential. The cost of using a
cloud-based farm management system depends on the
combination of selected modules, sensors that collect
data in real-time, and specific databases. Several free
applications and systems constitute a simplified test
system supporting farm management (e.g. xFarm
or 365FarmNet, within which additional options
can be purchased). Their availability can facilitate
farmers’ familiarisation with the technology. Small
drones (UAVs) can be considered as a complement
to these possibilities. They are gaining popularity in
the agricultural sector and have great potential for
applications in small farms, which is noticed globally
(Lin et al., 2024; Dhillon et al., 2023).

A more far-reaching formula for ensuring
knowledge transfer in agriculture is creating a network
of intelligent, connected farms. This involves the
possibility of sharing data between farms to improve
the functioning of all participants in the network.
The operation formula somewhat resembles a virtual
organisation’s objectives, in which the cooperators
join together to optimise the use of resources. In the
case of farms, the benefits of participating in a virtual
network include, for example, early and effective pest
control, reducing losses and supplementing specialist
knowledge. Such solutions seem particularly useful
for farmers with limited resources and experience.
Another type of solution ensuring interactions
between farms is applications that allow them to
be compared (e.g. Lely Benchmark). As with other
systems based on cloud data processing, the challenge
is to protect data and provide participants with a sense
of security. Cost may also be a barrier, which may be
the subject of consideration in the justification for
subsidising such solutions or determining the price
proportional to the benefits (Herd, 2014; Singh et al.,
2024). Other challenges include the need for constant
access to a good quality internet connection, the need
to supplement farmers’ digital skills, lack of trust in
technology (including fear of sensor measurement
errors), hardware shortages, infrastructure problems,
additional work time related to system implementation
and data entry, lack of adaptation to the actual needs
of farmers, lack of advisory support, errors in the use
of technology, and reluctance to abandon traditional
agricultural production practices (Choudhary et al.,
2016; Dhillon et al., 2023; Gebresenbet et al., 2023;
Dibbern, Santos Romani & Silveira Massruh, 2024;
Herhem et al., 2017; Eastwood et al., 2023). The lack
of farmers’ experience using digital technologies is
also a significant factor, particularly in areas with
less developed agriculture, where such technologies
remain relatively unpopular and unfamiliar.
Additionally, the failure to consider farmers’ actual
needs when designing the functionalities of digital
systems, in conjunction with an inflexibility of
adapting to changing soil and climatic conditions,
further contribute to the issue (Zhai et al., 2020).

3. Materials and methods

Two Polish voivodeships were designated as the study
area—the Malopolskieand Podkarpackie voivodeships.
The area of the Malopolskie and Podkarpackie



CEEJ +12(59) « 2025 « pp.120-137 « ISSN 2543-6821 « DOI:10.2478/ceej-2025-0008 =— 125

Table 1. The area structure of the surveyed farms in comparison to Poland

Area Number of farms Farm structure by size [%]
[GUS, 2020] upto 1 hainclusive 1-5ha 5-10 ha 10-15ha 15 ha and more

Poland 1316759 1.87 50.15 21.95 9.91 16.12

Matopolskie 126 172 2.54 78.37 13.24 2.79 3.06
voivodeship

Podkarpackie 114182 2.30 76.86 13.75 2.96 414
voivodeship

Farms surveyed 389 X 62.98 20.05 7.20 9.77

Source: own study

voivodeships is uniform in terms of natural and
historical conditions, which, among other things,
result in their high level of agrarian fragmentation
(Jalowiecki, 1996). In both voivodeships, the average
size of a farm, according to GUS (2020), was similar
and amounted to 5.97 in the Podkarpackie voivodeship
and 5.26 in the Malopolskie voivodeship, respectively
(with the national average of 12.65 ha). There are
240,392 farms in the study area (GUS 2020).

The study was conducted using a questionnaire
method with stratified random sampling. The number
of questionnaires collected from the voivodeships
was proportional to the number of farms operating
in each area: 53% of the questionnaires were from
the Malopolskie voivodeship, while 47% came from
the Podkarpackie voivodeship. A stratified random
sampling method was employed for this process. First,
six counties were randomly selected from each of the
provinces, resulting in a total of 12 counties chosen
out of the 40 located within the surveyed provinces
(cities with county rights were excluded from the
study). Following this selection, surveys were
conducted among the owners of the randomly selected
farms. The study covered 389 farms. It was conducted
using the PAPI method in direct conversation with
the surveyed farms’ owners. The study was entirely
anonymous. The average area of the surveyed farms
was 8.4 ha. The area of individual farms ranged from
1 ha to 390 ha. The structure of the surveyed farms
was dominated by those whose area did not exceed
5 ha—they constituted 62.98% of all surveyed farms.
The structure of the surveyed farms according to the
size classes included in the Central Statistical Office
reports (GUS, 2020), is presented in Table 1.

The analysis considered dividing the surveyed
farms into two groups based on their area. The basis
for the division was the median value (4 ha). In this
way, the following farm groups were created:

e Up to 4 ha inclusive: farms with an average area of
2.64 ha (199 farms surveyed).

e Over 4 ha: farms with an average area of 14.38 ha
(190 farms surveyed).

In the surveyed farms, crop production was the
primary activity, accounting for 79% of the total
surveyed farms, and even higher at 90% for farms up
to 4 hectares in size. Among the 389 farms surveyed,
11% produced exclusively for their own use, while
42% had owners who worked both on the farm and
in other professional roles. This dual employment
was notably more common among the smaller
farms. Characteristics for this group of farms were
also the education profiles of the farmers managing
the farms—more often than in larger farms, they
declared education in profiles other than agriculture.
Characteristics of respondents and surveyed farms in
the group in general and depending on farm size are
presented in Table 2.

The analysis also referred to the age of the
respondents (separating the group before and after the
age of fifty—51% and 49% of respondents, respectively)
and the direction of their education—divided into
respondents with agricultural and non-agricultural
education—33% and 67% of respondents, respectively.
Conclusions resulted from analysing data referring
to aspects related to the barriers to implementing
decision support systems perceived by respondents
and assessing the usefulness of the functions offered
by cloud-based farm management systems. The
conclusions presented were confirmed by the chi-
square test of independence (Table 5). The results
presented in the article come from a study conducted
as part of the MINIATURA?7, scientific activity
financed by the National Science Centre in Poland.
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Table 2. Characteristics of respondents and surveyed farms in the group in general and depending on farm size [% of

responses]
Specification Farm size
Total <4ha >4ha
Age up to 35 10.80 11.56 10.00
35-50 39.59 32.16 47.37
>50 49.61 56.28 42.63
Respondents’ education Elementary 6.43 9.55 3.16
Vocational agricultural 16.71 9.05 24.74
Vocational other than agricultural 26.99 36.68 16.84
Secondary agricultural 1414 3.02 25.79
Secondary other than agricultural 23.65 28.64 18.42
Higher agricultural 1.80 0.00 3.68
Higher other than agricultural 10.28 13.07 7.37
Employment On the farm exclusively 58.61 45.73 7211
On and off the farm 41.39 54.27 27.89
Organisational form Individual farm 99.74 100.00 99.47
Agricultural enterprise 0.26 0.00 0.53
Type of farm Conventional Farm 96.14 97.49 94.74
Organic farm 2.83 2.51 3.16
Farm with integrated production 1.03 0.00 2.10
Dominant production direction Crop production 79.18 90.95 67.08
Animal production 20.57 9.05 32.92

Source: own study

4, Results

In the studied area of the Malopolskie and
Podkarpackie voivodeships, the implementation of
digital technologies in agriculture has been minimal.
In total, any digital technology was used in 34% of the
surveyed farms, and solutions in the field of precision
farming, the use of drones, or plant production
automation systems were prevalent—such solutions
were indicated by less than 1.5% of the respondents.
The most commonly used digital technologies
included applications enabling the recognition of
plant diseases (used by 26% of the surveyed farms)
and decision support applications (used in 19% of the
surveyed farms). In third place were animal production
automation systems, present in 9% of the surveyed
farms, and fourth place was a technology of similar
popularity, present in 8% of the surveyed farms—
cloud-based farm management systems. In total, the

systems mentioned above, which can be classified
as decision support systems—applications enabling
the recognition of plant diseases, decision support
applications and cloud-based farm management
systems—were used by 33% of farms (and 16% used at
least two of the solutions listed).

The most frequently indicated barriers to
using decision support system solutions (including
decision support applications and cloud-based
farm management software) included the financial
barrier—reported by 55% of respondents (Table 3).
According to 43% of respondents, decision-support
applications and cloud-based farm management
systems are not needed in their agricultural activities,
and 13% were unfamiliar with this tool before the
survey. A high percentage of respondents (38%)
indicated that the problem with their implementation
was hardware shortages, and for 22%, the barrier was
the need to improve IT skills. The hardware shortages
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noticed in farms were accompanied by technical
problems related to the quality of local infrastructure
and the lack of high-speed Internet access (indicated
by 16% of respondents). As for barriers on the farm
side, 7% of farms were also afraid of sharing data on
their agricultural activities with applications, and
6% of respondents declared a lack of time to operate
these systems. The perceived barriers differed
slightly depending on the characteristics of the
farm—specifically its area and the age and education
of the farmer managing the farm. The lack of need to
implement the discussed solutions was indicated more
often by farmers from farms with a smaller area—up
to 4 ha (67% of responses), farmers who were over 50
years old (60% of responses), farmers with education
other than agricultural (56% of responses).

For comparison, among respondents with
agricultural education, the lack of need to use the
discussed systems was indicated by 16% of respondents.
The situation was similar to the lack of trust—this
was a barrier significantly more often indicated
by respondents over 50 years old and respondents
with non-agricultural education. The lack of trust
in decision-support systems in the surveyed group
was declared by as many as 19% of respondents. It is
also worth noting that the lack of trust in decision
support systems was expressed by as many as 65% of
respondents among those who declared no need to use
them on their farm.

The study also revealed barriers to the functioning
of decision-support applications and cloud-based farm
management systems. Problems related to their lack
of intuitiveness and complex operation were reported,
which turned out to be essential for 16% of respondents,
as well as problems related to the lack of systems that
fully meet the needs of the respondents’ farms (13%
of responses). These two problems were particularly
evident in the group of owners of farms with an area
of over 4 ha (28% of responses), respondents under
50 years of age and respondents with an agricultural
education. This is probably the result of greater
interest in the above technologies in these groups and
better knowledge of how they function.

In verifying the usefulness of individual functions
within agricultural decision support
systems, the focus was on cloud farm management
systems due to their high complexity and wide range
of offered functions. Farmers were asked to indicate
which functionalities of cloud farm management
systems listed in Table 4 they are inclined to consider
necessary in their farms. In the study group, the most

available

frequently indicated usefulness was the possibility of
receiving information on the occurrence of the risk
of infection/plant disease (78%), access to an accurate
weather forecast for individual agricultural plots
(62%), the possibility of estimating the consumption
of raw materials (e.g. consumption of seed material,
plant protection products, fodder (62%). The number
of indications between 59% and 48% was recorded
by functionalities such as predicting the amount
of crop (depending on the resources used, detailed
weather forecasts), collecting and storing data sent
by sensors on soil moisture, air temperature, nutrient
content in crops, remote exchange of information
with other farmers, records of sales, stocks, payments,
profits. Slightly less popular were the possibilities of
examining the impact of the conducted activity on the
natural environment (37%), the possibility of collecting
and processing information from systems tracking the
behaviour, condition and motor activity of animals
(32%), remote assignment of tasks to employees in
the field (20%), remote receipt of information from
employed employees (19%). In the perception of the
usefulness of elements of cloud farm management
systems, the size of the farm and the education profile
were important. In farms with an area of over 4 ha, it
was rated much higher. Particularly noteworthy is the
recognition of the significance of the function allowing
for the study of the impact of the conducted activity
on the natural environment in this group—55% of
respondents considered it worthwhile. The fact that
among farmers declaring that they had an agricultural
education, this percentage was even higher—62%, may
indicate a greater awareness of the importance of this
aspect for the sustainable development of the farm.
Functionalities related to the possibility of remote
communication between the person managing the
farm and employees (the last two items in Table 4) were
also valued more by farmers from farms with an area
of over 4 ha and with an agricultural education, which
may result from the need to coordinate a larger group
of seasonal or permanent employees. The possibility
of remote exchange of information with other farmers
was valued by 68% of respondents with an agricultural
education. Cloud-based farm management systems
enable sharing of information and knowledge, among
other things, by granting access to data and documents
or the ability to create networks.

The group of respondents who declared that they
used at least one decision-support system on their
farm at the time of the survey rated the functionalities
characteristic of cloud-based farm management
systems highly. The percentage of indications
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Table 3. Barriers to the use of decision support applications and cloud-based farm management systems in the study group
in general and depending on selected farm and respondents’ characteristics [% of responses]

Specification Total Farms Farms Respondents Respondents Respondents Respondents
with an with an up to50 over with with
area area years of age 50yearsof  agricultural education
of up to of over age education other than
4 ha 4 ha agricultural

Financial barrier 55.01 3719 73.68 66.84 43.01 78.57 43.51

The belief thatthereisnoneed 4319 67.34 17.89 26.02 60.62 15.87 56.49

to implement such solutions

Hardware shortages 38.05 26.63 50.00 47.45 28.50 55.56 29.39

The need to improve IT skills 2211 9.05 3579  26.02 18.13 31.75 17.56

Lack of trust in such systems 19.02 20.60 17.37 9.69 28.50 1.1 22.90

and their creators

Technical problems (the quality  16.20  11.56 21.05 23.47 8.81 27.78 10.69

of local infrastructure makes it

difficult to access high-speed

Internet)

These systems are not intuitive/ 16.20  5.03 27.89 21.43 10.88 26.19 11.45

difficult to use

Lack of systems that fully meet  13.11  7.54 18.95 20.41 5.70 18.25 10.69

the needs of farm (too few

options available)

Lack of knowledge of such 12.85 19.10 6.32 5.10 20.73 9.52 14.50

solutions until taking partin the

study

Lack of access to training in the  8.23 1.51 15.26 12.24 415 15.87 4.58

use of this type of solutions

Concern about sharing 7.46 4.02 11.05 8.16 6.74 8.73 6.87

agricultural activity data with

applications

Lack of time to learn how these  5.66 3.52 7.89 7.14 415 7.94 4.58

systems work

| do not see any barriers to using 1.29 1.01 1.58 2.04 0.52 0.79 1.53

these solutions

Source: own study

confirming the usefulness of individual solutions
ranged from 51% in the case of remote receipt of
information from employees and the possibility of
remote assignment of tasks to employees to 100% in
the case of the possibility of receiving information
on the risk of plant infection/disease. The number of
indications exceeding 90% was obtained by functions
such as access to accurate weather forecasts for
individual agricultural plots, the ability to estimate
the consumption of raw materials, predict the number
of crops, record sales, stocks, payments, profits and
the collection and storage of data sent by sensors on
soil moisture, air temperature, nutrient content in

crops. Around 80% of indications obtained the ability
to share information with other farmers, and 77% the
ability to study the impact of the conducted activity
on the state of the natural environment. The ability
to collect and process information from systems
tracking animals’ behaviour, condition and motor
activity was necessary for 67% of respondents from
this group. Among the respondents from this group,
32% declared the dominance of animal production
in their agricultural activity. Users of at least one of
the decision-support systems ran farms with an area
of 1.1 ha to 390 ha. These respondents indicated the
financial barrier as the most significant barrier to
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Table 4. Assessment of the usefulness of functions available within cloud-based farm management systems in the surveyed
farms in general and depending on selected farm and respondents’ characteristics [% of responses]

Specification Total Farms Farms Respondents Respondents Users of at Not using
withan withan with with least one decision
area area agricultural education decision support
ofupto ofover education other than support systems
4 ha 4 ha agricultural systemin (n=262)

total (n=127)

Possibility to receive 77.63 65.83 90.00 91.27 70.99 100.00 66.79

information about the risk of

plant infection/disease

Access to an accurate weather  61.95 48.24 76.32 80.95 52.67 92.91 46.95

forecast for individual

agricultural plots

Possibility to estimate the 61.70 42.71 81.58  86.51 49.62 96.85 44.66

consumption of raw materials

(e.g. consumption of seed, plant

protection products, fodder)

Yield prediction (dependingon  58.61 39.20 7895  80.95 47.71 95.28 40.84

the resources used, detailed

weather forecasts)

Collecting and storing data sent 55.27  35.18 76.32  80.16 43.13 95.28 35.88

by sensors about soil moisture,

air temperature, and nutrient

contentin crops

Remote information exchange  48.33  31.66 65.79  68.25 38.55 81.10 32.44

with other farmers

Records of sales, inventories, 47.56 24.62 71.58 72.22 35.50 91.34 26.34

payments, profits

Research on the impact of 37.28 20.10 55.26  61.90 25.19 7717 17.94

farm activities on the natural

environment

Possibility to collect and process 32.13 13.57 51.58 58.73 19.08 66.93 15.27

information from systems

tracking animals’ behaviour,

condition and physical activity

Remotely assigning tasks to 19.54 5.53 34.21 38.89 9.92 51.97 3.82

employees

Remotely receiving information 19.28  5.53 33.68 38.10 9.92 50.39 4.20

from employees (about the
progress of work, problems)

Source: own study

implementing decision-support technologies (87% of
indications). This may be related to the need to incur
expenses at subsequent stages of implementation
related to the desire to use additional paid modules or
the need to supplement technological equipment, e.g.,
additional sensors collecting data in real-time. About
9% of respondents from this group expressed fear of
sharing data. Barriers such as the lack of intuitiveness

and difficulty of using systems and the lack of systems
that fully meet the needs of the business were indicated
more often than in the group as a whole—24% of
indications compared to 16% and 13% respectively in
the group studied in general. This indicates a broad
scope for action in improving this type of system.

Respondents using both cloud-based farm

management systems, decision-support applications,
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Table 5. Chi square test of independence results

Criterion x?

Assessing the usability of cloud-based farm
management system features

Farm size (up to 4 ha; over 4 ha) 28,91*
Education type (agricultural; non-agricultural) 21,39*
Use of decision support systems (Yes; No) 48,80*

Assessment of Barriers to Implementation of Decision
Support Systems

Age (up to 50; under 50) 97,55*
Farm size (up to 4 ha; over 4 ha) 65,92*
Education type (agricultural; non-agricultural) 64,36%

Source: own study. * Statistically significant a = 0.05

and applications recognizing plant diseases showed
interest in many sources of agricultural information,
combining information obtained from social media
and official sources. Many respondents from this
group (89%) reached for social media materials
published by other farmers (60% of the total group),
58% used the trade press (34% of the total group), 40%
used scientific publications (14% of the total group),
58% used manuals and guides (41% of the total group
studied), 86% used internet forums (55% of the total
group studied). This group was also distinguished by a
high percentage of farmers using courses and training
to gain knowledge (38% compared to 18% of the total
group studied). The percentage of farmers who treated
direct conversation with other farmers as a source of
information was similar in both groups—55% in the
total group and 51% in the group using decision support
systems. Digital means of facilitating the exchange
of information and knowledge are becoming very
popular and gaining importance. This relationship
requires further analysis and consideration of how
decision support systems can be supplemented with
functions related to communication and knowledge
exchange.

The chi-square test of independence confirmed
conclusions that resulted from analysing data
pertaining to aspects related to respondents’
perceptions of barriers to implementing decision
support systems and to the assessment of the
usefulness of the functions offered by cloud-based
farm management systems (Table 5).

5. Discussion

Data-based systems—such as decision support
systems—enable farmers to participate in decision-
making. It promotes their activity and strengthens
their sense of agency (Yadav et al., 2024). In the study
area, decision support systems were among the most
frequently used digital technologies (their use was
reported by 34% of respondents). primarily due to the
significant division of agricultural plots and the small
average size of agricultural holdings, which limits
their investment potential. Numerous studies indicate
that a key factor influencing farmers’ decisions about
the extent of digital technology adoption is their
expectations regarding the outcomes and the perceived
usefulness of these solutions. This includes how well
these technologies are adapted to the specific needs
and local conditions of agricultural practices (Wang &
Dong, 2023; Caffaro et al., 2020; Dittmer et al., 2022).
In the study area, respondents showed exceptionally
high interest in such functionalities of decision
support systems as the ability to receive information
on the occurrence of plant disease risk. These are
considered essential DSS solutions. However, it should
be emphasised that the scale of their popularity in the
study area remains limited. Trendov (2019) points out
that education level and income influence the way
digital solutions are utilised. Optimizing resource
use with the help of DSS is typically the primary goal
of their adoption in developing countries (Kamai &
Bablu, 2023; Elbehri & Chestnov, 2021). This may be
particularly relevant for interpreting research results
from the studied area, where the implementation
of digital technologies remains a relatively new
phenomenon. According to Cupial & Kowalczyk
(2018), an important factor triggering interest in
decision support systems is the belief that the benefits
associated with implementinga digital programme will
not exceed its purchase costs. Especially since farmers
with small farms usually do not need applications of
very high complexity. The scale of work involvement
when implementing a new solution is also important
(Dhehibi et al., 2020). Similar conclusions can be
drawn from the study conducted in the Malopolskie
and Podkarpackie provinces, where the barriers to
implementing decision support systems were mainly
financial, related to the lack of conviction about the
justification for implementing these systems in the
farms managed by the respondents and resulting from
equipment shortages. Additionally, simple decision
support systems were often used, such as applications
that enabled the recognition of plant diseases.
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Insufficient financial resources are frequently
highlighted in studies addressing the barriers to
implementing digital technologies, a challenge that
extends even to highly developed countries (Geppert
et al., 2024). This situation may stem from a general
lack of resources hindering the adoption of digital
technologies and farmers’ heightened awareness of
their associated costs. In the study area, respondents
with a greater propensity to use decision-support
systems—i.e., those managing farms over 4 ha, as
well as respondents under 50 years of age— more
often indicated the existence of a financial barrier.
It is worth noting that simple DSS systems, which
are particularly popular, do not require significant
financial outlays, while more advanced modules of
cloud-based farm management systems or solutions
requiring sensors to collect data are associated with a
higher level of investment. The importance of phone
applications is appreciated primarily in developing
countries, where the financial potential of farms is
far lower than in the situation of farms operating in
Western countries. Hence, it may also be possible to
overcome the financial barrier, for example, by creating
solutions dedicated to specific activities that do not
require the use of advanced technological equipment
or by providing cheaper access to them—for example,
thanks to institutional support (Stepieri et al., 2023;
Cordel, 2021). Respondents declared a relatively high
interest in the impact of farm activities on the state
of the natural environment (37% of respondents). Due
to the simultaneous interest in optimizing resource
consumption or tracking weather changes, it can be
assumed that there is potential in the studied area
to use DSS systems (especially cloud-based farm
management systems) in building resilience to climate
change or to adapt to the increased unpredictability of
weather phenomena.

According to Piwowar (2018), all ICT systems
help direct agriculture towards low carbon footprint
activities. In a study conducted in Germany, Geppert
et al. (2024) identified the most important goals
related to the use of digital technologies as field
monitoring, improving operational management,
implementing solutions supporting environmental
protection, and supporting knowledge and data
transfer. Research conducted in Chinese farms by
Chi et al. (2022) showed that ICT technologies can
indirectly reduce the intensity of chemical fertiliser
use—promoting both resource optimisation and
reducing the impact on the natural environment. This
happens by influencing farmers’ awareness and faster
dissemination of knowledge. ICT technologies have

been identified as those that reduce the increased use
of fertilisers in highly fragmented areas (in China, an
increasein fertilisation has been observed in areas with
highly fragmented land, resulting from challenges in
implementing precision farming technologies). The
tendency to use Decision Support Applications in the
studied, agrarian-fragmented Polish voivodeships
(Malopolskie and Podkarpackie) may be conducive to
achieving similar effects. The scale of popularity of
these solutions is still too low, but the high interest in
the functionalities of cloud-based farm management
systems may support their further popularisation.

On a global scale, problems related to the
implementation of digital technologies include
infrastructure and hardware deficiencies and limited
access to high-speed internet (Cordel, 2021; Geppert
et al., 2024), which in the studied area was revealed
as a problem with the implementation of decision-
supporting systems in the case of 16% of farms. Few
respondents expressed concerns about sharing data
with these systems. However, some were accompanied
by a general lack of trust in decision-support systems
(19%)—particularly characteristic of farmers over 50
(29%).

The lower propensity to use digital technologies
in older age groups has been revealed in many studies.
In addition to lower levels of trust in technology,
older farmers often declare insufficient digital skills,
which may be discouraging (Irish Farm Centre,
2019; Dibbern et al., 2024; Subejo et al., 2019). This
area requires further research, especially since the
spectrum of effects related to lack of trust may be broad.
Linsner et al. (2021) expand the context of concerns
about data sharing by pointing to farmers’ resistance
to the additional effort required to collect data.
Linsner’s study in Germany also identified concerns
regarding heightened competition from agricultural
companies, uncertainty about the data processing,
and apprehensions that companies providing such
solutions may exploit the shared data for profit. Such
barriers will be robust in situations of low trust in
digital technologies. In the study conducted in the
Matopolskie and Podkarpackie voivodeships, one in
five respondents stated that the lack of trust was the
reason for not using decision support systems. On the
other hand, respondents often declared their interest in
exchanging information via decision support systems
with other farmers (48%). Despite concerns resulting
from limited trust, farmers are increasingly willing
to seek information digitally (Kramarz & Runowski,
2025; Colussi et al., 2022). The role of decision
support systems and applications is primarily to
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facilitate access to information, enable more informed
decisions, optimise resource management, and, as a
result, strengthen the market position (Kamai & Bablu,
2023; Shilomboleni et al., 2020; CTA, 2018, Dhehibi
et al., 2020). According to many authors, knowledge
sharing promotes the implementation of technology
in agricultural practice (Wayessa, 2017; Gebresenbet
et al., 2023; Dibbern et al., 2024). This trend is also
noticeable in the studied area, where a greater interest
in information from formal and informal sources was
revealed among respondents using decision support
systems than in the general group. It is worth noting
that in areas dominated by small-scale farms, learning
through direct observation is challenging. Hence, DSS
systems may prove invaluable in implementing this
function in such areas. They can also help build trust.
As Fisher (2013) points out, the regularity of contact
is one of the key determinants of trust, and farmers
are more likely to use acquired knowledge when they
believe it comes from a trusted source.

Dhehibi et al. (2020), in a study on the effectiveness
of agricultural technology diffusion measures in
Tunisia, found that the most effective advisory
methods are demonstrations and farmer-farmer
interactions. Therefore, the range of functions related
to establishing contacts has the potential to accelerate
knowledge transfer in agriculture. Such functions of
decision support systems should be promoted first,
starting with those with no concerns related to data
transfer. It will facilitate the gradual overcoming
of resistance and help familiarise farmers with how
these technologies function.

6. Conclusion

The wuse of digital technologies creates new
development opportunities for farms. In addition to
improving the efficiency of agricultural production
processes, it helps increase the flexibility of operations,
improve work comfort and reduce the scale of the
impact of agricultural activities on the natural
environment. An essential aspect of the digitalisation
of agriculture is the possibility of providing easier
access to data and information and advanced systems
for their processing. Raising farmers’ awareness
and knowledge gives them a chance to improve the
accuracy of decisions made in farm management. A
feature of agricultural digital technologies is their
diversity—from advanced production robotisation
systems to the possibility of using decision support

systems available using smartphones or laptops. The
latter has enormous potential to build a trend of farm
management based on knowledge and information.
The opportunity that can be associated with using
decision support systems is the possibility of their
implementation in small-scale farms.

A study conducted in two Polish voivodships,
characterised by the smallest average farm size in
the country, showed that farms in this region tend to
reach for decision-support systems. In total, the use of
systems such as decision-support applications, cloud-
based farm management systems or applications
enabling the recognition of plant diseases was
declared in 34% of the surveyed farms. Although the
most popular technology, which was the most easily
accessible—applications enabling the recognition of
plant diseases—was the most commonly used, the
very fact of interest in these applications suggests
that small farms operating in agrarian fragmentation
conditions may be a target for initiatives promoting
specific digital solutions. In terms of assessing the
need for using decision support systems in the studied
area, the most important were those that could lead
to the optimisation of resource consumption (the
usefulness of the resource consumption estimation
function was indicated by 62% of respondents), faster
and more accurate responses to plant disease risks,
as well as a more rational use of plant protection
products (76% of respondents indicated the usefulness
of the possibility of receiving information on the
risk of plant infection), and to increasing the farm’s
resistance to the increasing variability of weather
phenomena (62% of respondents indicated the
usefulness of access to an accurate weather forecast
for individual agricultural plots). The functionalities
of agricultural decision support systems were more
often assessed as applicable in larger farms, where,
for example, the percentage indicating the usefulness
of receiving information on the risk of plant disease
reached 90%. It should be noted, however, that the
average size of the farms studied was slightly over 8
hectares. These results suggest that there is potential
for using at least some of the functions of decision
support systems in fragmented agriculture. Each of
the types of systems mentioned includes functions
that allow communication with other users, which
gives them the role of a tool supporting the exchange
of agricultural knowledge. The possibility of remote
exchange of information with other farmers was
appreciated particularly by farm owners with an
agricultural profile, related education and respondents
who have experience using at least one type of decision
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support technology. In the study group, nearly 50%
of farm owners recognised the importance of such
a function. The most significant barrier to using
decision support systems was financial constraints.
Problems related to technology features were also
revealed, and about 16% of respondents assessed them
as not fully adapted to the operating conditions of their
farms. Another significant barrier was the lack of IT
skills and limited trust, which was revealed mainly
in respondents who did not feel the need to reach
for decision support systems and respondents over
50. Many authors advocate launching programmes
that support decision-support technologies through
co-financing. Because of the opportunities their
use may bring—optimizing farm management or
achieving environmental goals—such a solution seems
justified. However, the possibility of intensifying
the knowledge exchange process seems particularly
important. This aspect requires further research.

Theresearch focused on a specificarea with unique
characteristics that should be taken into account when
interpreting the results and acknowledging their
limitations. Owners of small farms from the research
area often declared work on the farm and outside
it. The inability to focus exclusively on work on the
farm may hinder progress in these areas. On the other
hand, the use of DSS systems can be helpful not only
in terms of increasing production efficiency but also
in significantly promoting the growth of farmers’
awareness. This includes important topics such as
health and safety regulations, agricultural insurance,
and the necessity of monitoring environmental
impacts, all of which facilitate informed decisions
regarding the farm’s future. The role of larger farms
operating in such areas also seems significant. They
can be a reference point for small farms in recognizing
technologies and a source of agricultural services.
Additionally, they can take the lead in implementing
decision support systems in this area (in the studied
area, the problem of fragmentation of agricultural
plots also affects farms with relatively large areas).

Further research should refer more broadly to
the aspects of adapting decision support systems
depending on regional conditions and assessing
the degree of their impact on the functioning of
the farm. The presented results can be verified and
supplemented by extending the study to the entire
country or selected regions of Europe and referring to
small farms operating in conditions characteristic of
other regions. The ability to compare research results
from different areas will facilitate the development
of strategies for overcoming barriers to decision

support systems implementation. However, there is a
need to improve the digital skills of farmers and take
steps to adapt decision-support systems to regional
characteristics.

Aknowledgments

The research was financed by the National Science
Centre in Poland, as part of the MINIATURA7?
research project (DEC-2023/07/X/HS4/01181). For
the purpose of Open Access, the author has applied
a CC-BY public copyright licence to any Author
Accepted Manuscript (AAM) version arising from
this submission.

References

Ara, J., Turner, L., Harrison, M. T., Monjardino,
M., deVoil, P., & Rodriguez, D. (2024). Application,
Adoption and Opportunities for Improving Decision
Support Systems in Irrigated Agriculture: A Review.
Agricultural Water Management, 257, 1-16. https://doi.
org/10.1016/j.agwat.2021.107161

Balkrishna, B. B., & Desmukh, A. A. (2017).
A Study on Role of Social Media in Agriculture
Marketing and its Scope. Global Journal of Management
and Business Research, 17(1), 32-36.

Bellon-Maurel, V., Brossard, L., Garcia, F., Inria,
N. M., & Termier, A. (2022). Agriculture and Digital
Technology. France: INRIA.

Bentley, W. (1987). Economic and Ecological
Approaches to Land Fragmentation: In Defence of

a Much-Maligned Phenomenon. Annual Review of
Anthropology, 16, 31-67.

Bournaris, T., & Papathanasiou, J. (2012). A
DSS for Planning the Agricultural Production. Int. J.
Business Innovation and Research, 6(1), 117-134.

CDR. (2019). Woykorzystanie Programéw
Komputerowych i Aplikacji  Mobilnych w
Gospodarstwie Rolnym [The Use of Computer
Programs and Mobile Applications on the Farm].
Poznan: Centrum Doradztwa Rolniczego w Brwinowie
Oddzial w Poznaniu.

Chi, L., Han, S., Huan, M., Li, Y., & Liu, J. (2022).
Land Fragmentation, Technology Adoption and
Chemical Fertilizer Application: Evidence from



CEEJ +12(59) « 2025 « pp.120-137 « ISSN 2543-6821 « DOI:10.2478/ceej-2025-0008 — 134

China. International Journal of Environmental Research
and Public Health, 19, 8147. https://doi.org/10.3390/
ijerph19138147.

Choudhary, K., Jadoun, R. S., & Mandoriya, H.
L. (2016). Role of Cloud Computing Technology in
Agriculture Fields. Computer Engineering and Intelligent
Systems, 7(3), 1-7.

Cordel, P. (2021). Overcoming Barriers to Uptake
of Digital Agriculture by Farmers. Report. Retrieved
from  https://www.h2020fairshare.eu/wpcontent/
uploads/2023/03/FAIRshare_D3.6_Overcoming_
barriers_to_uptake_of_DA_by_farmers_FINAL.pdf.

CTA. (2018). Serving Smallholder Farmers in
a Digital Age. Brussels Development Briefings, 190.
Brussels: CTA.

Cupial, M., & Kowalczyk, Z. (2018). Computer-
Aided Fertilisation Using the Nawozy-5 (Fertiliser-5)
Software. BIO Web of Conferences — Contemporary
Research Trends in Agricultural Engineering, 10, 1-4.
http://dx.doi.org/10.1051/bioconf/20181002002

Czapiewski, K. L., Kulikowski, R., Banski, J.,
Bednarek-Szczepariska, M., Mazur, M., & Ferenc, M.
(2012). Wykorzystanie ICT w Rolnictwie Mazowsza
- Ujecie Przestrzenne. [Use of ICT in Mazovian
Agriculture - Spatial Approach]. Studia Obszaréw
Wiejskich, tom XXX. Warszawa: PAN.

Daum, T. (2018). ICT Applications in Agriculture.
In P. Ferranti, E. Berry, & A. Jock (Eds.), Encyclopedia
of Food Security and Sustainability. Edition 1 (pp. 255-
260). Elsevier. http://dx.doi.org/10.1016/B978-0-08-
100596-5.22591-2

Demetriou, D. (2013). Land Fragmentation. In
D. Demetriou (Ed.), The Development of an Integrated
Planning and Decision Support System (IPDSS) for Land
Consolidation (pp. 11-37). Springer. http://dx.doi.
org/10.1007/978-3-319-02347-2

Dhillon, R., Moncur, Q., Lowell, C., Kumaran, S.,
Folck, A., & Cao, D. (2023). Precision Agriculture (PA)
Techniques for Smallholder Farmers in the US: Status
and Potential Opportunities. Proceedings of the National
Conference on Next-Generation Sustainable Technologies
for Small-Scale Producers. Springer Nature, 34, 166-175.
https://doi.org/10.2991/978-94-6463-282-8_19

Dibbern, T., Santos Romani, L. A., & Silveira
Massruh, S. M. F. (2024). Main Drivers and Barriers
to the Adoption of Digital Agriculture Technologies.
Smart Agricultural Technology, 8, 1-10. https://doi.
org/10.1016/j.atech.2024.100459

Caffaro, F.,, Cremasco, M. M., Roccato, M. &
Cavallo, E. (2020). Drivers of Farmers’ Intention to
Adopt Technological Innovations in Italy: The Role
of Information Sources, Perceived Usefulness, and
Perceived Ease of Use. Journal of Rural Studies 76: 264-
27. http://dx.doi.org/10.1016/j.jrurstud.2020.04.028

Dhehibi, B., Rudiger, U., Moyo, H. P., & Dhraief,
M. Z. (2020). Agricultural Technology Transfer
Preferences of Smallholder Farmers in Tunisia’s
Arid Regions. Sustainability, 12(1), 1-18. http://dx.doi.
org/10.3390/su12010421

Gonzélez-Andgjar, J.L. (2020). Introduction
to Decision Support Systems. In G. Chantre, & L.
Gonzélez-Andtjar (Eds.), Decision Support Systems for
Weed Management. Springer (pp. 25-38). https://doi.
org/10.1007/978-3-030-44402-0_2

Dittmer, K. M., Burns, S. Shelton, S, &
Wollenberg, E. (2022). Principles for Socially Inclusive
Digital Tools for Smallholder Farmers: A Guide.
Agroecological TRANSITIONS: Inclusive Digital Tools
to Enable Climate-informed Agroecological Transitions
(ATDT). Cali, Colombia: Alliance of Bioversity &
CIAT. https://cgspace.cgiar.org/server/api/core/
bitstreams/49d17f1e-eb5a-4f27-823f-25e20e916e43/
content

Dutta, M., & Ketan, A. (2023). Role of Information
Communication  Technology in  Agriculture.
International Journal of Novel Research and Development,
8(10), 863-870.

Eastwood, C., Turner, J. A., Selbie, D., Henwood,
R., Espig, M., & Wever, M. (2023). A Review of
Multi-Scale Barriers to Transitioning from Digital
Agriculture to a Digital Bioeconomy. Retrieved from
https://www.cabidigitallibrary.org/doi/full/10.1079/
cabireviews.2023.0002

Eder, A. (2024). The Effect of Land Fragmentation
on Risk and Technical Efficiency of Crop Farms. DFG
Research Unit 2569, Humboldt-Universitit zu Berlin,
Berlin.

Elbehri, A., & ChestnovR. (2021). Digital Agriculture
in Action — Artificial Intelligence for Agriculture. FAO and
ITU, Bangkok.

Foray, D., David, P. A., & Hall, B. (2009). Smart
Specialisation — The Concept. Knowledge Economists
Policy Briefno 9. Brussels.

Fountas, S., Espejo-Garcia, B., Kasimati, A.,
Mylonas, N., & N. Darra. (2020). The Future of Digital
Agriculture: Technologies and Opportunities. IT


https://doi.org/10.1007/978-3-030-44402-0_2
https://doi.org/10.1007/978-3-030-44402-0_2
https://www.cabidigitallibrary.org/doi/full/10.1079/cabireviews.2023.0002
https://www.cabidigitallibrary.org/doi/full/10.1079/cabireviews.2023.0002

CEEJ +12(59) « 2025 « pp.120-137 « ISSN 2543-6821 « DOI:10.2478/ceej-2025-0008 —— 135

Professional, 22(1), 24-28. http://dx.doi.org/10.1109/
MITP.2019.2963412

Gebresenbet, G., Techane, B., Patterson, D., Henrik,
P., Fischer, B., Mandaluniz, N., ... Nasirahmadi, A.
(2023). A Concept for Application of Integrated Digital
Technologies to Enhance Future Smart Agricultural
Systems. Smart Agricultural Technology, 5, 1-12. https://
doi.org/10.1016/j.atech.2023.100255

Geppert, F.,, Krachunova, T., & Bellingrath-
Kimura, S. D. (2024). Digital and Smart Technologies
in Agriculture in Germany: Identification of Key
Recommendations for  Sustainability  Actions.
Studien zum deutschen Innovationssystem, No 4. Berlin:
Expertenkommission Forschung und Innovation
(EFD).

Gokool, S., Mahomed, M., Brewer, K., Naiken,
V., Clulow, A., Sibanda, M., & Mabhaudhi, T.
(2024). Crop Mapping in Smallholder Farms Using
Unmanned Aerial Vehicle Imagery and Geospatial
Cloud Computing Infrastructure. Heliyon, 10(5), 1-25.
https://doi.org/10.1016/j.heliyon.2024.26913

Hinisch, T. (2017). Grundlagen Industrie 4.0.
In V. Andelfinger, & T. Hinisch (Eds.), Industrie 4.0
(pp. 9-31). Wiesbaden: Springer Gabler. http://dx.doi.
Org/l().1007/978-3-658-15557—5

Hirtel, 1. (2019). Agrar-Digitalrecht fiir eine
nachhaltige Landwirtschaft 4.0. Natur und Recht, 41,
577-586.  https://link.springer.com/article/10.1007/
s10357-019-3571-y

Herd, D. (2014). Network Systems and Cloud
Applications in Livestock Farming. Landtechnik, 69(5),
245-249.

Hornung, G., & Hofmann, K. (2017).
Rechtsfragen bei Industrie 4.0: Rahmenbedingungen,
Herausforderungen und Losungsansitze. In G.
Reinhart (Ed.), Handbuch Industrie 4.0 - Geschdftsmodelle,
Prozesse, Technik (pp. 191-212). Miinchen: GmbH.
http://dx.doi.org/10.3139/9783446449893.008

Herhem, T., Rooijakkers, L., Berckmans, D., Pena
Fernindez, A., Norton, T., Berckmans, D., & Vranken,
E. (2017). Appropriate Data Visualisation is Key to
Precision Livestock Farming Acceptance. Computers
and Electronics in Agriculture, 138, 1-10. http://dx.doi.
org/10.1016/j.compag.2017.04.003

Ivanochkoa, 1., Jr, Gregusa, M., & Melnykb,
O. (2024). Smart Farming System Based on Cloud
Computing  Technologies.  Procedia ~ Computer

Science, 238, 857-862. http://dx.doi.org/10.1016/j.
procs.2024.06.103

Irish Farm Centre. (2019). Digital Agriculture
Technology. Adoption & Attitudes Study. https://www.
ifa.ie/wp-content/uploads/2020/11/Digital-Ag-Tech-
Adoption-Attitudes.pdf

Jiao X., Zhang, H., Ma, W., Wang, Ch., Li, X,, &
Zhang, F. (2019), Science and Technology Backyard: A
Novel Approach to Empower Smallholder Farmers for
Sustainable Intensification of Agriculture in China.
Journal of Integrative Agriculture, 18(8), 1657-1666.
http://dx.doi.org/10.1016/52095-3119(19)62770-X

Kadigi, R. M. ]J., Kashaigili, J. J., Sirima, A.,
Kamau, F., Sikira, A. & Mbungu. W. (2017). Land
Fragmentation, Agricultural Productivity and
Implications for Agricultural Investments in the
Southern Agricultural Growth Corridor of Tanzania
(SAGCOT) Region, Tanzania. Journal of Development
and Agricultural Economics, 9(2), 26-36. http://dx.doi.
org/10.5897/JDAE2016.0797

Kamal M., & Bablu, T. A. (2023). Mobile
Applications Empowering Smallholder Farmers: A
Review of the Impact on Agricultural Development.
International Journal of Social Analytics, 8, 36-50.

Kassambara, A., Mondal, M. A. H., & Nguyen,
T. T. (2019). Al for Decision-Making in Agriculture.
Agriculture, 9(3), 56

Kramarz, P., & Runowski, H. (2025). Trust and
Communication in Agriculture. In J. Paliszkiewicz, K.
Chen, & M. Mendel (Eds.), Trust in Social and Business
Relations: Theory and Practice (pp. 178-191). New York:
Routledge. http://dx.doi.org/10.4324/9781032633749-
18

Krasowicz, S., Oleszek, W., Horabik, J., Debicki,
R., Jankowiak, J., Stuczynski, J. & Jadczyszyn, J.
(2011). Racjonalne Gospodarowanie Srodowiskiem
Glebowym Polski. Polish Journal of Agronomy, 7, 43-58.

Lin, Y., Huixiang, L., Li, A., Shi, Y., & Zhuang, S.
(2024). Application of Al-driven Cloud Services in
Intelligent Agriculture Pest and Disease Prediction.
Applied and Computational Engineering, 67(1), 61-67.
https://www.ewadirect.com/proceedings/ace/article/
view/13335#

Linsner, S., Kuntke, F., Steinbrink, E., Franken,
J., & Reuter, Ch. (2021). The Role of Privacy in
Digitalization — Analyzing Perspectives of German
Farmers. Proceedings on Privacy Enhancing Technologies,


http://dx.doi.org/10.1016/j.procs.2024.06.103
http://dx.doi.org/10.1016/j.procs.2024.06.103
https://doi.org/10.1016/S2095-3119(19)62770-X
http://dx.doi.org/10.5897/JDAE2016.0797
http://dx.doi.org/10.5897/JDAE2016.0797
https://www.ewadirect.com/proceedings/ace/article/view/13335#
https://www.ewadirect.com/proceedings/ace/article/view/13335#

CEEJ +12(59) « 2025 « pp.120-137 « ISSN 2543-6821 « DOI:10.2478/ceej-2025-0008 =— 136

3, 334-350. http://dx.doi.org/10.2478/popets-2021-
0050

Piwowar, A. (2018). Opportunities and Barriers to
the Development of Agriculture 4.0 in the Context of
Low Carbon Agriculture in Poland. Retrieved from
http://dx.doi.org/10.36689/uhk/hed/2018-02-016

Reichardt, M., Jiirgens, C., Kloble, U., Hiiueter, J., &
Moser, K. (2009). Dissemination of Precision Farming
in Germany. Acceptance, Adoption, Obstacles,
Knowledge Transfer, and Training Activities. Precision
Agriculture, 10(6), 525-545. http://dx.doi.org/10.1007/
s11119-009-9112-6

Rybicki, R. (2021). Environmental Effects of
Reducing Land Fragmentation in Land Consolidation
at West Roztocze at the Slope Scale. Journal of
Ecological Engineering, 22(1), 240-248. http://dx.doi.
org/10.12911/22998993/129580

Runowski, H. (2019). Digitalization in Agriculture
— Development Opportunities and Barriers. In J.
Paliszkiewicz (Ed.), Management and Information
Technology: New Challenges (pp. 233-246). Warsaw:
Warsaw University of Life Sciences Press.

Runowski, H., & Kramarz, P. (2025). Trust
in Artificial Intelligence in Agriculture. In J.
Paliszkiewicz, & J. Goluchowski (Eds.), Trust and
Artificial Intelligence: Development and Application of Al
Technology (pp. 229-241). New York: Routledge. http://
dx.doi.org/10.4324/9781032627236-21

Singh, A. K, Balabaygloo, B. J., Bekee, B., Blair, S.
W., Fey, S., Fotouhi, F,, ... Valdivia, C. (2024). Smart
Connected Farms and Networked Farmers to Improve
Crop Production, Sustainability and Profitability.
Front. Agron., 6, 1-18. doi: https://doi.org/10.3389/
fagro.2024.1410829

Singh, N. K., Sunitha, N. H., Tripathi, G., Saikanth,
D. R. K., Sharma, A., Jose, A. E., & Karuna Jeba
Mary, M. V. (2023). Impact of Digital Technologies in
Agricultural Extension. Asian Journal of Agricultural
Extension, Economics & Sociology, 41(9), 963-970. http://
dx.doi.org/10.9734/AJAEES/2023/v41i92127

Shilomboleni, H., Pelletier, B., & Gebru, B. (2020).
ICT 4 Scale in Smallholder Agriculture: Contributions
and Challenges. Information Technologies & International
Development, 16, 47-65.

Sridevy, S., & Djanaguiraman, M. (2023). A Glance
at Agricultural Decision Support Systems. The Pharma
Innovation Journal, 12(5), 755-757.

Szymarnska, E. (2021). Zmiany w Powierzchni
Gospodarstw Rolnych w Polsce w Latach 2010-2018
[Changes in the Agrarian Structure of the Polish
Countryside in the Years 1918-2018]. Zeszyty Wiejskie,
27, 31-58. http://dx.doi.org/10.18778/1506-6541.27.02

Stepieni, S., Smedzik-Ambrozy, K., Matuszczak,
A., & Tosovié-Stevanovié. A. (2022). Small-Scale
Farms in the Environmental Sustainability of Rural
Areas. Opinions of Farmers from Poland, Romania
and Lithuania. Economics and Environment, 9, 168-185.
http://dx.doi.org/10.34659/eis.2022.81.2.450

Stepier;, S., Smedzik-Ambrozy, K., Polcyn, J.,
Kwiliriski, A., & Maican, I. (2023). Are Small Farms
Sustainable and Technologically Smart? Evidence
from Poland, Romania, and Lithuania. Central
European Economic Journal, 10(57), 116-132. http://
dx.doi.org/10.2478/ceej-2023-0007

Subejo, Untari, D. W., Wati, R. 1., & Mewasdinta,
G. (2019). Modernization of Agriculture and Use of
Information and Communication Technologies by
Farmers by Costal Yogyakarta. Indonesian Journal of
Geography, 51, 332-345. http://dx.doi.org/10.22146/
ijg.41706

Tomaszewska, W. (2013). Dostep do Technologii
Informacyjno-Komunikacyjnych w Spoleczeristwie
Informacyjnym. Przykiad Polskich Regionéw.
[The Access to Information and Communication
Technologies in the Information Society. The Example
of Polish Regions]. Acta Universitatis Lodziensis, Folia
Oeconomica, 290, 23-37.

Trendov, N. M., Varas, S., & Zeng, M. (2019).
Digital technologies in agriculture and rural areas. Briefing
paper. Food and Agriculture Organization of the
United Nations, Rome.

Wang, B., & Dong, H. (2023). Research on the
Farmers’ Agricultural Digital Service Use Behavior
Under the Rural Revitalization Strategy—Based on
the Extended Technology Acceptance Model. Frontiers
in  Environmental Science, 11:1180072. https://doi.
org/10.3389/fenvs.2023.1180072.

Wayessa, B. G. (2017). The Role of Farmers to
Farmers Knowledge Sharing in Improved Sesame
Technology Adoption in Case of Meisso District
West Hararghe Zone. Journal of Poverty, Investment and
Development, 39, 13-21.

Wojtowicz, A., Pasternak, M., Zacharczuk, M.,
& Mroczek, M. (2016). Systemy Wspomagajace
Podejmowanie Decyzji w Ochronie Roslin -
Wyzwanie Dla Nauki i Doradztwa Rolniczego


http://dx.doi.org/10.36689/uhk/hed/2018-02-016
https://doi.org/10.3389/fagro.2024.1410829
https://doi.org/10.3389/fagro.2024.1410829
http://dx.doi.org/10.2478/ceej-2023-0007
http://dx.doi.org/10.2478/ceej-2023-0007

CEEJ +12(59) » 2025 « pp.120-137 « ISSN 2543-6821 « DOI:10.2478/ceej-2025-0008 — 137

[Decision Support Systems in Plant Protection — The
Challenges for Science and Extension Service].
Zagadnienia Doradztwa Rolniczego, 1, 62-75.

Yadav, A. L., Khare, S., & Talwandi, N. S. (2024).
Cloud-Based Agricultural Monitoring System for
Precision Farming. Retrieved from https://www.
researchgate.net/publication/380587749_Cloud-
Based_Agricultural_Monitoring_System_for_
Precision_Farming.

Zhai, Z., Martinez, J. F., Beltran, V., & Martinez,
N. L. (2020). Decision Support Systems for Agriculture
4.0: Survey and Challenges. Computers and Electronics
in Agriculture, 170, 1-16. http://dx.doi.org/10.1016/j.
compag.2020.105256



