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ABSTRACT

The aim of this paper was to investigate the current level of knowledge, competence and interest of agronomists
in participating in the digitalisation of agriculture in Croatia, as well as the role of some stakeholders in training the
farmers since it can be assumed that agronomists will play a significant, perhaps even decisive role in the process of
digitalisation of agriculture in Croatia. Primary data were collected through a survey using an online questionnaire (n
= 80) as a research tool. The target group of respondents were agronomists, regardless of their age and occupation.
According to the research findings, 20.0% of respondents have some difficulties in using digital technologies, while
12.5% of respondents do not use digital technologies at all. On the 5-point agreement scale (1 to 5), respondents
rated the importance of agronomists in the digitalisation of agriculture at 4.54, their personal interest in participating in
digitalisation at 4.38, and their current competence for digitalisation at 3.09. The main conclusions are that the majority
of respondents believe that: 1. Agronomists are important and well-trained to participate in the digitalisation process of
Croatian agriculture.; 2. Faculties, extension services, the Chamber of Croatian Agronomists, distributors and producers
of software and digital equipment should play a key role in providing additional training in digital skills.; 3. Knowledge of
digital technologies is equally important for medium and large farms as well as for state units.

Keywords: education, extension services, rural area, skill sources, knowledge sources

SAZETAK

Ciljrada bio je istraziti trenutnu razinu znanja, kompetencije i zainteresiranosti agronoma za sudjelovanje u digitalizaciji
hrvatske poljoprivrede kao i ulogu pojedinih subjekata u osposobljavanju bududih poljoprivrednika, buduéi da mozemo
pretpostaviti da ¢e agronomi imati znacajnu, mozda cak i odlucujucu ulogu u procesu digitalizacije poljoprivrede u
Hrvatskoj. Primarni podaci prikupljeni su putem metode ankete, a kao instrument istraZivanja je koristen online anketni
upitnik (n = 80). Ciljana skupina ispitanika bili su agronomi, bez obzira na dob i zanimanje. Prema podatcima istrazivanja,
20,0 % ispitanika ima odredene poteskoce u koristenju digitalnih tehnologija, dok 12,5 % ispitanika uopce ne koristi
digitalne tehnologije. Na ljestvici slaganja od pet stupnjeva(od 1 do 5) ispitanici su vaznost agronoma u digitalizaciji
poljoprivrede ocijenili ocjenom 4,54, osobni interes za sudjelovanje u digitalizaciji 4,38, a njihovu trenutnu kompetenciju
za digitalizaciju 3,09. Glavni zaklju¢ci proizasli iz istrazivanja su: 1. agronomi su vazni i dobro obuceni za sudjelovanje u
procesu digitalizacije hrvatske poljoprivrede; 2. fakulteti, savjetodavne sluzbe, Hrvatska agronomska komora, distributeri
i proizvodaci softvera i digitalne opreme trebaju imati klju¢nu ulogu u pruzanju dodatnog osposobljavanja vezanog za
digitalne vjestine; 3. poznavanje digitalnih tehnologija jednako je vazno za srednja i velika gospodarstva kao i za drzavne
jedinice.

Kljucne rijeci: obrazovanje, savjetodavne usluge, ruralno podrucje, izvori vjestina, izvori znanja
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INTRODUCTION

Increasing concerns about global food security have
accelerated the need for next-generation industrial farms
and intensive production methods in agriculture (Abbasi
et al., 2022). Disruptive technologies are at the heart
of the fourth industrial revolution such as the Internet
of Things (loT), Data Science, Deep Learning and areas
such as agriculture, plant science, animal science, food
science and social science (Catal et al.,, 2019; Sott et
al., 2020; Zhai et al., 2020; Liu et al., 2021; Javaid et al.,
2022). According to Aubert et al. (2012), Wolfert et al.
(2017), Ingram and Maye (2020), Khanna et al. (2022)
and Cui and Wang (2023), digital agriculture leads to
incremental improvements in efficiency, productivity and
sustainability at the farm level and across the value chain.
Sensor systems and related analytics provide producers
with better information to make timely decisions with
more predictable outcomes, while automation of tasks
through sensor technologies and machine learning can
increase reliability (Ingram and Maye, 2020). According to
the authors, rapid developments in the Internet of Things
(loT), cloud computing, robotics and artificial intelligence
are accelerating the transition to smart agriculture and
the advancement of Big Data and precision agriculture
to improve agricultural sustainability. However, while all
these new technologies associated with digital agriculture
promise multiple benefits, they also bring with them
technical, social, economic, ethical and practical issues
that have significant implications for how commercial
agriculture is structured, practised and managed (Ingram
and Maye, 2020). Despite the multiple benefits of
digital agriculture, the adoption rate in Europe is still
low and depends on a variety of variables, such as the
size of agricultural producers, location, organisational
and institutional factors (Ali and Kumar, 2011; Ritaban
et al., 2014; Paustian and Theuvsen, 2017; Kumar et
al., 2021; Scuderi et al., 2022). In Croatia, for example,
awareness of the potential of digital agriculture tools is
gradually increasing among farmers (Loncai¢ et al., 2023).
The application of digital technologies in agricultural
production is a great challenge, but at the same time an
inevitable change for all stakeholders in the agriculture

and food production sector. A prerequisite for successful
digitalisation is the training and competence of all
stakeholders, from local and regional authorities, through
farmers and agronomists to traders, sellers and even
consumers. But it seems that the greatest challenge
will be to achieve sufficient infrastructural and financial
capacities to transfer knowledge, skills and competencies
to the rural actors and farmers, especially small and
medium-sized farmers. There is a strong digital divide
between countries, caused by differences in access to
information and technology, but also within countries
themselves, between rural and urban areas as well as
different production sectors (Scuderi et al., 2022). Digital
agriculture systems are much more developed in urban
areas than in rural areas (Spielman, 2006; Gumbi et al.,
2023). Given that we can expect a significant, perhaps
crucial, role of agronomists in this process, this paper
aimed to investigate the current level of knowledge,
competence and interest of agronomists participating in
the digitalisation of agriculture in Croatia, as well as the
role of some stakeholders in the education of farmers. In
the continuation of the paper, the materials and methods
section describes the survey instrument, the survey
procedure and the statistical analysis of the data obtained.
In the Results and Discussion sections, the results are
presented and discussed with regard to the importance,
the current level of competence and knowledge of
agronomists for participation in the digitalisation of
Croatian agriculture and the importance of the individual
actors for the further training of agronomists in Croatia,

from which conclusions are drawn in the last section.

MATERIALS AND METHODS

The primary data was collected using the survey
method, whereby an online questionnaire (n = 80) was
used as a research instrument. The survey was conducted
using online software as it has advantages over face-to-
face, telephone or postal data collection, such as covering
a wider geographical area, quick response time, lower
costs and fewer errors (Dillman et al., 2014; Bonnichsen
and Olsen, 2016; Khachatryan et al., 2021; Mariel et al.,
2021). However, there are also some shortages of using
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online surveys, including the availability of computers
and Internet access, sampling and representativeness
issues, and non-response bias (Bonnichsen and Olsen,
2016; Mariel et al.,, 2021). Given the difficulty in
obtaining a random sample that faithfully represents
the population, a random non-probabilistic sample was
reached. The survey was disseminated from October to
December 2022 through various channels, starting with
emails to the main agricultural companies, family farms,
regional and local units and through social networks. In
accordance with the law on the protection of personal
data and the guarantee of digital rights, all participants
were informed before the start of the survey about the
study procedure and data management, as well as that
their participation is voluntary and that they therefore
have the right to withdraw from the study at any time
and without giving any reason. The target group of
respondents were agronomists (agricultural experts with
a degree in the scientific field of biotechnical sciences,
the field of agriculture - agronomy), regardless of their
legal form and scope of production. Before taking part in
the survey, the participants were asked about completed
agricultural training for agronomists. Only participants
who have completed an education in the scientific field of
biotechnical sciences, the field of agriculture - agronomy
could take part in the survey. The full questionnaire
contained a total of 35 open and closed questions,
divided into several groups. For this study, only 8 socio-
demographic questions (age, place of residence, years
of completion of highest level of education, experience
in agriculture, labour situation, employment by sector
and employment in agriculture) and 11 questions on
familiarity with the concept of digital agriculture and
terms related to digital agriculture, from which sources
they were educated about digital agriculture, whether
they have difficulties with the use of ICT on the farm,
whether they consider the digitalisation of Croatian
agriculture necessary or useful, to express their opinion
on digital technologies from the perspective of business
management, to express their opinion on the importance
of agronomists and advisory services in the digitalisation
of agriculture, personal interest and current competence

for digitalisation and future training of agronomists.
The statements regarding the current competence,
knowledge and additional training of agronomists for the
digitalisation of Croatian agriculture, their importance
for the digitalisation of agriculture and the importance
of individual actors in the education and training of
agronomists were measured using a 5-point agreement

scale.

Statistical analysis was carried out using the statistical
software package IBM SPSS Statistics V26. Descriptive
statistics were used to describe the sample (percentages,
frequencies, arithmetic mean and standard deviation).
The collected data were analysed using descriptive
statistics (frequency analysis, arithmetic mean, mode,
median and standard deviation) and parametric tests
(independent samples t-test, one-way test ANOVA).
Descriptive statistical analysis was used to describe the
socio-demographic characteristics of the sample and the
knowledge about digital agriculture. The independent
samples t-test and ANOVA were conducted to determine
the significant differences between the segments in
terms of respondents' socio-demographic characteristics
and agronomists' knowledge about digital agriculture.
The results were illustrated in suggestive graphics and

tables and have been interpreted accordingly.

RESULTS AND DISCUSSION

The respondents included 40.0% females and 60.0%
males, with 48.8% residing in urban areas, 38.7% in rural
areas, and 12.5% in suburban settlements. In terms of
age, 33.8% were between 23 and 34 years old, 28.7%
were between 35 and 44, 25.0% were between 45 and
54, and 12.5% were older than 54. The respondents'
experience in agriculture varied, with equal proportions
(45.0%) having up to 10 years and more than 10 years of
experience, while 10.0% were not involved in agriculture.
Additionally, 16.3% of the surveyed agronomists own
their own company, trade, or family farm, and 81.3%
are currently employed in agriculture, either full or part-
time. The majority of respondents (58.8%) are employed
in the primary sector, including agriculture, fishing,

and forestry, while 27.4% are in the quaternary sector
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(administration, knowledge, education, health care) (Table
1). Most respondents came from Osijek-Baranja County
(55.0%), the city of Zagreb (14.0%) and Vukovar-Srijem
County (13.0%). According to the Croatian Bureau of
Statistics and the Croatian Employment Service (Croatian
Bureau of Statistics, 2022; Employment Service, 2022),
3,181 people completed agricultural training in Croatia
in 2022 and 603 people were employed in the primary
sector (agriculture, fishing, forestry) in Croatia, of which
166 people came from Osijek-Baranja County, 69 from
Vukovar-Srijem County and 42 from the city of Zagreb.
92.0% of the surveyed agronomists are familiar with
the concept of digital agriculture, 20.0% have some
difficulties with the use of digital technologies, while
12.5% of the respondents do not use digital technologies
at all. The majority (55.0%) of the surveyed agronomists
consider the digitalisation of Croatian agriculture useful
and necessary and believe that agronomists are the key

factor in the digitalisation process of Croatian agriculture.

Most of the agronomists surveyed found out about
digital agriculture through independent research on the
Internet (28.7%), 25.0% through the media (news, portals,
newspaper articles, etc.) and 21.3% of respondents
through scientific articles. When asked which terms
they were familiar with, the agronomists stated that they
were primarily familiar with the terms: digital agriculture
(83.3%), (80.0%)
agriculture (66.3%). Of the other terms, they are familiar
with artificial intelligence (46.3%), e-agriculture (36.3%)
and cloud ICT systems (26.3%), and least familiar with
the term Agriculture 4.0 (12.5%) (Figure 1). According to
a study conducted in Italy by Scuderi et al. (2022), the
market growth potential of Agriculture 4.0 and Farming

precision agriculture and smart

4.0 solutions is very high, but the adaptation of the
aforementioned technological innovation is still low. As
in Croatia, Italian companies are increasingly aware of the
opportunities offered by Agriculture 4.0, but there are
still enormous technological limits that must be resolved
for full application.

None of the above 1,30

Crowdsourcing 21,30

E-agriculture 36,30

Artificial intelligence 46,30

Big data analytics 17,50

Cloud ICT system 26,30

Agriculture 4.0 12,50

Digital agriculture 83,80

Smart agriculture 66,30

Precision agriculture 80,00

0,0 200 400 60,0 80,0 1000

Figure 1. Well-known terms

The agronomists surveyed were also asked to express
their opinions on digital technologies from the perspective
of company management, regardless of whether
they are employed by a company or own their own
business. The results are shown in Figure 2. Agronomists
overwhelmingly believe that digital agriculture helps to
simplify daily work and administration (73.8%), reduce
costs and increase turnover (57.5%), is necessary for the
management and development of the company (47.5%)
as well as for the competitiveness of production on
the market (45.0%), while only 10.0% of them believe
that digital agriculture has no impact on companies. In
the administrative sector, digitalisation is perceived as
making work easier, as information is more accessible
(Scheepers et al., 2022). Recent studies have shown that
digital agriculture has led to a 13.0% reduction in costs
per hectare and a 30.0% reduction in the use of water,
fuel, fertilizers and pesticides, in terms of environmental
sustainability, and that the carbon footprint of crops has
been reduced by 15.0% (Scuderi et al., 2022; Liao and
Zhou, 2023; Zhu et al., 2023). Studies have also shown
that the adaptation of digital agriculture depends on
the size of the company and production and that digital
solutions in agriculture are mainly focused on precision
agriculture and the so-called Internet of Things (IoT) (Jin
et al.,, 2020; Vecchio et al., 2020; Zhang et al., 2023).
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Table 1. Overview of respondents' sociodemographic characteristics

Frequency Percent (%)
Gender Male 48 60.0
Female 32 40.0
Age 23-34 27 33.8
35-44 23 28.7
45 -54 20 25.0
> 54 10 125
Place of residence Urban 39 48.8
Suburban 10 125
Rural 31 38.7
Years of completion of the <10yrs 40 50.0
highest level of education
10-20 25 31.2
>20yrs 15 18.8
Experience in agriculture up to 10 yrs 36 45.0
10-20yrs 14 17.5
> 20 yrs 22 27.5
| am not employed in agriculture 8 10.0
Labour situation Own company, trade, family farm 13 16.3
Employed 62 77.5
Employed part-time 3 3.8
Retired 2 24
Employment by sector Primary (agriculture, fishing, forestry) 47 58.8
Secondary (industry, mining, construction) 2 2.5
Tertiary (non-productive economic activities) 9 11.3
Quaternary (administration, knowledge, education, healthcare) 21 27.4
Currently employed in the Yes 65 81.3
agriculture profession
No 15 18.7
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Undoubtedly, digital technologies in agriculture enable a
better understanding of the interdependence of factors
that determine different aspects of the business, as the
collection of data, analysis and results can be carried out
with a single system and are less subject to errors (Akkem
et al., 2023; Niedbata et al., 2023).

It is necessary for the competitiveness of

production on the market 45,0

It has no impact on the business 25

It has little impact on the business 7.5

It is necessary for the management and

development of the company 2l

Reducing costs and increasing turnover 57,5

Simplification of daily work and

administration 73,8

0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0
Figure 2. A statement on digital technologies from the perspec-

tive of the management and development of the company in
which the respondents are employed

On a 5-point agreement scale (1 - not important, 5
- very important), respondents rated the importance of
agronomists for the digitalisation of agriculture at 4.54,
personal interest in participating in digitalisation at
4.38, but current competence for digitalisation at only
3.09. They also rated the importance of establishing an
advisory service for the digitalisation of agriculture led by
agronomists as high (4.50). To check whether there are
differences between the individual answers with regard to
the current competence of agronomists for digitalisation
and the importance of each actor in the continuing
education of agronomists, an independent t-test was
carried out. The differences in the arithmetic mean of
the ratings given by the agronomists on the importance
of agronomists in the digitalisation of agriculture, on
the importance of individual actors in the training of
agronomists and on the importance of knowledge of
digital technologies in agriculture were tested in terms of
the age of the respondents, the year of completion of their
final level of education and familiarity with the concept of
digital agriculture. Respondents were asked to give their
opinions on the variables presented in the tables below.

The results of the independent samples t-test showed

that there is a statistically significant difference in the
statement of current competence of agronomists for the
digitalisation of agriculture (t = 3.223, df = 78, P < 0.01)
with respect to the gender of the respondents (Table 2).
Table 2 shows that females (M = 3.38, 1.003) compared
to male agronomists (M = 2.66, 0.937) are, according to
their own opinion, more competent in the digitalisation of

Croatian agriculture.

Moreover, the competence of agronomists to digitalise
agriculture is statistically significant (t = 2.068, df = 78,
P < 0.05) in relation to the employment of agronomists
in their own profession (Table 3). Agronomists who are
employed in their profession (M = 3.20, 0.971) are more
competent in the digitalisation of Croatian agriculture
than those who are not employed in their profession (M
=2.60,SD = 1.183).

Itis also evident from Table 4 that there are statistically
significant differences between the variables regarding
the competence of agronomists for the digitalisation
of agriculture (t = 2.793, df = 78, P < 0.01) in terms of
respondents' familiarity with the concept of digital
agriculture. Agronomists who are familiar with the concept
of digital agriculture (M = 3.18, SD = 0.984) are also those
who are more competent in digitalising agriculture.

A statistically significant difference was found
between the statement of the importance of agronomists
for the digitalisation of agriculture and the variable
regarding the year of completion of their final level of
education (F = 3.451, df = 2, P < 0.05). Agronomists
who completed their education in the last ten years (M
= 4.72, SD = 0.554) and between ten and twenty years
ago (M =4.48, SD = 0.770) are more likely to agree with
the statement that agronomists are important for the
digitalisation of agriculture than those who completed
their education more than twenty years ago (Table 5).
Agronomists who graduated before the digital boom in
agriculture did not have the opportunity to be exposed
to these technologies during their education, as deep
learning applications and the Internet of Things (loT) were
introduced in agriculture after 2010, while most higher
education institutions today recognize the importance
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of preparing future-ready agronomists for the challenges
of digitalisation (Soma and Nuckchady, 2021; Charatsari
et al., 2023). According to Table 6, there are statistically
significant differences between the variables stating that
faculties are important actors in the continuing education
of agronomists (t = 2.117, df = 78, P < 0.05), as well
as the Croatian Chamber of Agronomists (t = 2.410,

df = 78, P < 0.05) in terms of respondents' familiarity
with the concept of digital agriculture. Agronomists
who are familiar with the concept of digital agriculture
believe that faculties (M = 3.96, SD = 1.053) and the
Croatian Chamber of Agronomists (M = 3.97, SD =1.085)
are important actors in the continuing education of

agronomists.

Table 2. T-test results comparing the current competence of agronomists for the digitalisation of agriculture in relation to the

gender of the respondents

Gender

Agronomists are educated to participate in the digitalisation

Female Male

process of Croatian agriculture

t-test P
M SD M SD

3.38 1.003 2.66 0.937 3.223 0.002**

M = mean; SD = standard deviation; ** P < 0.01; * P < 0.05

Table 3. T-test results comparing the current competence of agronomists for the digitalisation of agriculture with regard to their

employment in the profession

Employment in the profession

Agronomists are educated to participate in the digitalisation

Yes No

process of Croatian agriculture

t-test P
M SD M SD

3.20 0.971 2.60 1.183 2.068 0.042*

M = mean; SD = standard deviation; ** P < 0.01; * P < 0.05

Table 4. T-test results comparing the current competence of agronomists for the digitalisation of agriculture in terms of familiarity

with the concept of digital agriculture

Familiarity with the concept of digital agriculture

Agronomists are educated to participate in the digitalisation

Yes No

process of Croatian agriculture

t-test P
M SD

3.18 0.984 2.00 1.095 2.793 0.007**

M = mean; SD = standard deviation; ** P < 0.01; * P < 0.05

Table 5. Analysis of variance for the variable regarding the importance of agronomists for the digitalisation of agriculture according

to the year of completion of agronomists’ final level of education

Familiarity with the concept of digital agriculture

Importance of agronomists for the digitalisation

<10 10-20 >20

of agriculture

M SD M SD M SD

472 0.554

4.48 0.770 413 1.125 3.451 0.037*

M = mean; SD = standard deviation; ** P < 0.01; * P < 0.05
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Table 6. T-test results comparing the importance of the individual actors in the continuing education of agronomists in relation to
familiarity with the concept of digital agriculture

Familiarity with the concept of digital agriculture

The importance of individual actors in the continuing educa- Yes No t-test p
tion of agronomists M sD M sD

Faculties 3.96 1.053 3.00 1.265 2.117 0.037*
Advisory Service 3.59 1.238 3.67 0.816 -0.140 0.889
Croatian Chamber of Agronomists 3.97 1.085 2.83 1.472 2.410 0.018*
Employers 3.91 1.088 3.50 1.378 0.862 0.392
Distributors and manufacturers of software and equipment 3.88 1.097 3.33 0.816 1.187 0.239
Companies and organisations 3.93 1.102 3.50 0.837 0.937 0.352

M = mean; SD = standard deviation; ** P < 0.01; * P < 0.05

The results of the study conducted are consistent
with the study by Hansen et al. (2022) in their review of
digital adaptation in Australian agriculture. The authors
concluded that Australian agriculture relies heavily on
knowledge transfer from agronomists, as they invest time
in understanding how the technology works and are seen
as trusted key players in educating the wider farming
community about digital agriculture. But overall, the
authors argue, practice will only change if researchers,
technology developers, suppliers, farmers and advisors
work together across the digital innovation system (Fielke
et al., 2020; Hansen et al., 2022).

Table 7 shows the results of the analysis of variance
(ANOVA), which
differences between the variables Croatian Chamber
of Agronomists (F = 3.380, df = 3, P < 0.05), traders
and producers of software and equipment for digital
agriculture (F = 4.135, df = 3, P < 0.01) and companies

and organisations for the dissemination and transfer

revealed statistically significant

of knowledge and skills in the field of digitalisation of
agriculture important for the training of agronomists (F =
6.050, df = 3, P < 0.01), and the age of respondents. These
findings are consistent with Ingram and Maye's (2020)
research on the digital transformation of agriculture.

Table 7. Analysis of variance for the variable importance of the individual actors in the continuing education of agronomists ac-

cording to the age of the respondents

Age
The importance of individual actors in 23-34 35-44 45-54 >54 F p
the continuing education of agronomists M SD SD M SD M SD
Faculties 393 1.107 4.09 1.041 3.60 0.995 3.90 1370 0.723 0.541
Advisory Service 3.74  1.259 3.78 1.278 3.15 0.745 3.70 1567 1258 0.295
Croatian Chamber of Agronomists 3.70 1.103 435 0.885 340 1.314 430 1.059 3.380 0.023*
Employers 400 1.074 413 0.920 3.55 1.146 3.60 1430 1.320 0.274
Distributors and manufacturers of 400 10774 417 1072 315 1040 400 0667 4135 0.009**
software and equipment
Companies and organisations 404 1.018 430 1.063 3.10 1.021 420 0.632 6.050 0.001**
M = mean; SD = standard deviation; ** P < 0.01; * P < 0.05
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The authors agree that the knowledge capacities of
all actors in the agricultural knowledge and innovation
system are important. Improving skills at every level,
from farmers and extension workers to new technology
and software providers and established researchers,
is important if digital technologies are to deliver their
full value, according to the authors. Co-learning and
collaboration in implementing new technologies should
be an important aspect of future development and
research (2020).

Hansen et al. (2020) conducted a survey of 739

Norwegian farmers and concluded that training

in agricultural knowledge and innovation, a better
management system that avoids data overload, and
access to extension services and colleagues are important
for farmers' well-being and that providers and extension
services need to offer adequate training in agricultural
knowledge and innovation system. Future extension
service models could provide back-office services that
monitor key performance variables and help farmers
interpret the data in order to make better decisions.
Providers, preferably in collaboration with extension
services, should improve agricultural knowledge and
innovation system management software to avoid
technostress among farmers (Hansen et al., 2020).

in Table 8 show that
agronomists had the opportunity to receive training

The results if Croatian
in digital agriculture, they would use this training to
participate in mandatory administrative tasks for state
institutions (F = 3.142, df =2, P < 0.05), to use applications
in order to update the company website (F = 12.034, df =
2, P <0.01), to develop software according to the specific
functional needs of the company (e.g. for production
planning, optimisation of fertilisation, optimisation of
crop protection) (F = 3.280, df = 2, P < 0.05), to follow
technological changes in digital agriculture (F = 7.379, df
= 2, P < 0.01), to become familiar with the basic rules
and possibilities of electronic commerce (F = 12.447, df
=2, P <0.01), to be able to handle programmes for data
storage and transfer (databases, cloud, data transfer) (F =
8.690, df = 2, P < 0.01), to become familiar with the legal
and ethical aspects of using digital tools (ICT) (F = 7.051,

df = 2, P < 0.01), to become familiar with the methods
of data collection, processing and storage (F = 12.326,
df = 2, P < 0.01), to be able to select the necessary and
optimal information for decision-making (F = 4.819, df
= 2, P < 0.01) and to be able to pass on the necessary
knowledge or organise training for teamwork in the
company in a digital environment (F = 5.927, df = 2, P
< 0.01). Agronomists who completed their education in
the last ten years and ten to twenty years ago are more
likely to agree with the statement about the benefits of
additional training in digital agriculture than those who
completed their education more than twenty years ago
(Table 8).

Agronomists who consider the digitalisation of
Croatian agriculture necessary and useful are more
likely to agree with the statement that the knowledge of
digital technologies in agriculture is equally important for
medium-sized and large farms, as well as for cooperatives,
clusters and state units. According to the results in Table
9, a statistically significant difference was found between
the statements regarding medium farms (F = 4.975, df =
3, P < 0.01), large farms (F = 5.513, df = 3, P < 0.01),
cooperatives (F = 5.326, df = 3, P < 0.01), clusters (F =
4.410, df = 3, P < 0.01), local (F = 6.269, df = 3, P < 0.01),
regional government units (F = 4.054, df = 3, P < 0.01),
and agencies and ministries (F = 2.876, df = 3, P < 0.05),
with regard to the digitalisation of Croatian agriculture.

In their qualitative study, Linsner et al. (2021) analysed
the perspective of 52 German farmers and concluded
that the interviewed farmers have a balanced opinion on
improvements in their field of work. Small and medium-
sized farmers agree that digitalisation in agriculture,
especially automated precision farming, is helpful for
farming within complex parcel boundaries resulting from
the small-scale and fragmented land structure in rural
Germany, and that office work is also changing in terms
of meeting the reporting obligations towards authorities.
The farmers interviewed also mentioned negative
aspects such as lack of knowledge, lack of availability,
high prices that are not affordable to owners of small and
medium-sized farms, and lack of support from machine

and software developers.
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Table 8. Analysis of variance for the variable possibility of additional training in the field of digital agriculture according to the year

of completion of agronomists’ final level of education

Year of completion of the highest level of education

The possibility of additional training in the field of digital <10 10-20 >20 £ p
agriculture M sD M D M sD

F-arplllar W.Ith the possibilities of various software tools in 408 1023 368  1.249 333 1397 2422 0.096
digital agriculture

Famlllar with various IT hardware needed for digital 370 1.285 348 1295 307 1335 1.312 0.275
agriculture

Familiar with different machinery for precision agriculture 390 1.194 3.68 1.345 3.20 1.373 1.645 0.200
.Famlllar'W|th the use of sensors in agriculture as well as their 390 1.236 340 1.323 307 1580 2497 0.089
installation, operation and maintenance

Able to aSSISF WIFh mandatory administrative tasks to 395 1108 356 1.356 307 1100 3142 0.049*
government institutions

Able to use applications to update the company website 395 1.154 3.56 1.387 213 1.125 12.034 0.000**
Able to develop software according to the specific functional 375 1565 308 1.552 260 1724 3280 0.043*
needs of the company

Able to follow technological changes in digital agriculture and 425 0981 360 1.225 300 1309 7379 0.001**
the latest trends

Familiar with the basic rules and possibilities of e-commerce 405 1.061 3.28 1.242 247 0.834 12447 0.000**
Skilled in handling programmes for data storage and transfer 3.98 1.209 3.44 1.325 240 1242 8.690 0.000**
Familiar with the legal and ethical aspects of using digital 378  1.250 296 1.274 247 1246 7051 0.002**
tools (ICT)

SF:\;:;Ilgaer with the methods of data collection, processing and 413 1.067 304 1338 253 1246 12.326 0.000**
Able to select the required and optimal information for 410 1033 344 1294 307 1486 4819 0011°
decision-making

Able to pass on the necessary knowledge or organise training 413 1.017 324  1.300 320 1320 5927 0.004*

for teamwork in the company in a digital environment

M = mean; SD = standard deviation; ** P < 0.01; * P < 0.05

This is in line with the study by Bolfe et al. (2020) on
504 Brazilian farmers, whose challenges related to digital
framing are mainly related to the investment and cost
of digital technologies (purchase, upgrade or services)
(67.1%), lack of connectivity in rural areas (47.8%), the
value of hiring specialized service providers (44.0%) and
lack of knowledge about which technologies they should
use in their farm (40.9%). A similar analysis is conducted
in the United States, Canada, Europe, Australia, Brazil,
China, Iran and Tanzania and shows that the main barriers
pointed out by farmers are related to the costs associated
with digital technologies and services, reliable internet,
training and knowledge about digital agriculture (Ruder,

2019; Erickson and Deboer, 2020; Shang et al., 2021;
Pesci et al., 2023; Kitole et al., 2024). For this reason,
many universities are creating new study programs
specifically designed for future agricultural experts,
animal scientists, food experts, and plant scientists, rather
than computer science students, to provide relevant
training in Agriculture 4.0 (Catal and Tekinerdogan,
2019; Varallyai and Sziladgyi, 2021; Akramovich, 2022).
To enable the development of Agriculture 4.0 alongside
the development of new educational programmes, it is
necessary to train supply chain actors and raise awareness
among farmers so that they can take full advantage of
the benefits of digital agriculture (Scuderi et al., 2022).
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Table 9. Analysis of variance for the variable importance of knowledge about digital technologies in agriculture according to the
digitalisation of Croatian agriculture

Digitalisation of Croatian agriculture

Necessary Useful Neither Both

M SD M SD M SD M SD ’ ’
Small farms 3.67 1.414 271 1.083 2.33 1.155 3.34 1.180 2566  0.061
Medium farms 4.22 0.972 3.04 1.083 2.33 1.155 3.80 1.091 4975 0.003**
Large farms 4.67 0.707 3.63 0.970 2.67 1.528 4.36 1.080 5.513 0.002**
Large (industrial) producers 4.78 0.667 4.21 1.021 4.00 1.000 4.61 0722 1971 0.125
Cooperatives 4.67 0.707 3.67 1.090 2.33 0.577 4.14 1.002 5.326 0.002**
Clusters 4.44 0.882 3.75 1.073 2.33 1.528 4.23 0.985 4410 0.006**
Local government units 4.78 0.667 3.46 1.215 2.00 1.000 3.95 1.077  6.269 0.001**
Regional self-government units ~ 4.78 0.667 3.63 1.135 2.67 1.528 4.05 1.077 4.054 0.010**
Agencies and ministries 478 0.667 4.00 0.933 3.33 1.155 4.36 0.917 2.876 0.042*

M = mean; SD = standard deviation; ** P < 0.01; * P < 0.05

In order to realise the full potential of digitalisation in
the agri-food sector, governments need to create a
trustworthy environment as well as protective laws and
regulations. Agricultural policy has the challenging task of
ensuring that digitalisation occurs in an ethical, equitable
and inclusive manner, and collaboration between research
centres, digital innovation hubs, start-ups and technology
companies should be encouraged to improve the flow
of knowledge and innovation (MacPherson et al., 2022;
Sadjadi and Fernandez, 2023). It is very important to
organize cooperation between universities, which need
to restructure the education of bachelor's and master's
graduates to meet the new realities of modern production,
and organizations that develop digital technologies so
that college graduates are able to work in new conditions
(Khudyakova et al., 2023).

This preliminary study on the competence, perspective
and potential role of agronomists in the digitalisation of
agriculture in Croatia is a contribution to the literature
because, to our knowledge, this is the only study in Croatia
that examines the role and importance of agronomists
in the adoption of new technologies in agriculture.

However, based on the results, it is clear that it is
necessary to conduct such studies to obtain information
on the opinions of agronomists in order to improve the
awareness and adaptation of digital agriculture. It is also
important for economic and educational policymakers in
order to be able to create new educational programs to
train the future generation of agronomists in the field of
digital agriculture. Before drawing any conclusions, we
should mention some limitations of the study. Future
research should focus on a larger sample of respondents,
investigate additional impacts of digital agriculture and
willingness to adopt innovation systems in production
and examine the role of agronomists and farmers from
different production entities.

In addition, studies could focus on investigating the
intensity and impact of the learning curves associated
with new educational programs for digital agriculture,
thus driving the development of educational modules
that can provide a stronger sense of the necessity and
effectiveness of change.
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CONCLUSIONS

The application of digital technologies in agricultural
production is a major challenge but at the same time an
inevitable change for all stakeholders in the agriculture
and food production sector. A prerequisite for successful
digitalisation is the education and competence of all
stakeholders, from local and regional authorities, farmers
and agronomists to traders, sellers and even consumers.
While knowledge of digital technologies is equally
important for medium and large farms, as well as for
government entities, transferring this knowledge to small
and medium-sized farmers necessitates a well-structured
process to ensure sufficient access to training and the
adoption of new technologies. Adequate infrastructural
and financial resources, combined with focused efforts
to build skills and competencies, are essential for the
advancement of digital agriculture, especially in rural
areas. The main conclusions that can be drawn from this
research are: 1. Agronomists are the central figures and
are sufficiently competent to lead the digitalization of
agriculture; 2. Faculties, extension services, the Chamber
of Croatian Agronomists, along with software and digital
equipment distributors and producers, should play a key
role in providing additional training in digital skills.

ACKNOWLEDGEMENT

The paper is the result of research within the project
KK.01.1.1.04.0052 "Innovative production of organic
fertilizers and substrates for growing seedlings" funded
by the European Union under the Operational Programme
Competitiveness and Cohesion 2014-2020. from the
European Regional Development Fund.

REFERENCES

Abbasi, R., Martinez, P., Ahmad, R. (2022) The digitization of agricultural
industry - a systematic literature review on agriculture 4.0. Smart
Agricultural Technology, 2, 100042.

DOI: https://doi.org/10.1016/j.atech.2022.100042

Akramovich, N. A. (2022) The priority of using innovative technologies
in the agricultural education system. Journal of Academic Research
and Trends in Educational Sciences, 1 (10), 185-191.

DOI: https://doi.org/10.5281/zenodo.7194084

Ali, J., Kumar, S. (2011) Information and communication technologies
(ICTs) and farmers’decision-making across the agricultural supply
chain. International Journal of Information Management, 31, 149-
159. DOI: https://doi.org/10.1016/j.ijinfomgt.2010.07.008

Akkem, Y., Biswas, S.K., Varanasi, A. (2023) Smart farming using
artificial intelligence: A review. Engineering applications of artificial
intelligence, 120, 105899.

DOI: https://doi.org/10.1016/j.engappai.2023.105899

Aubert, B. A., Schroeder, A., Grimaudo, J. (2012) IT as enabler of
sustainable farming: an empirical analysis of farmers’ adoption
decision of precision agriculture technology. Decision Support
Systems, 54, 510-520.

DOI: https://doi.org/10.1016/j.dss.2012.07.002

Bolfe, E.L., Jorge, L.A.d.C., Sanches, I.D., Luchiari Junior, A., da Costa,
C.C., Victoria, D.d.C., Inamasu, RY., Grego, C.R., Ferreira, V.R,,
Ramirez, A.R. (2020) Precision and Digital Agriculture: Adoption of
Technologies and Perception of Brazilian Farmers. Agriculture, 10,
653. DOI: https://doi.org/10.3390/agriculture10120653

Bonnichsen, O., Olsen, S.B. (2016) Correcting for non-response bias
in contingent valuation surveys concerning environmental non-
market goods: An empirical investigation using an online panel.
Journal of Environmental Planning and Management, 59, 245-262.
DOI: https://doi.org/10.1080/09640568.2015.1008626.

Catal, C., Tekinerdogan B. (2019) Aligning Education for the Life
Sciences Domain to Support Digitalization and Industry 4.0.
Procedia Computer Science, 158, 99-106.

DOI: https://doi.org/10.1016/j.procs.2019.09.032

Charatsari, C., Michailidis, A., Lioutas, E.D., Bournaris, T., Loizou, E.,
Paltaki, A., Lazaridou, D. (2023) Competencies Needed for Guiding
the Digital Transition of Agriculture: Are Future Advisors Well-
Equipped? Sustainability, 15, 15815.

DOI: https://doi.org/10.3390/s5u152215815

Croatian Bureau of Statistics (2022) employment according to activities.
Available at: https:/podaci.dzs.hr/en/ (Accessed 12 January 2022).

Cui, L., Wang, W. (2023) Factors Affecting the Adoption of Digital
Technology by Farmers in China: A Systematic Literature Review.
Sustainability, 15, 14824.

DOI: https://doi.org/10.3390/s5u152014824

Dillman, D., Smyth, J., Christian, L.M. (2014) Internet, Phone, Mail, and
Mixed-Mode Surveys, 4th ed., Wiley: New Jersey, United States.
Available at: https:/www.perlego.com/book/997936/internet-
phone-mail-and-mixedmode-surveys-the-tailored-design-method-
pdf (Accessed 27 August 2021).

Employment Service (2022) Labor market statistics. Available at: https:/
www.hzz.hr/statistika/ (Accessed 15 January 2022).

Erickson, B., Deboer, J.L. (2020) Precision Agriculture Dealership
Survey-2020, Purdue University: West Lafayette, IN, USA, p. 30.
Available at:  https:/ag.purdue.edu/digitalag/_media/croplife-
report-2020.pdf (Accessed 11 March 2024).

Fielke, S., Taylor, B., Jakku, E. (2020) Digitalisation of agricultural
knowledge and advice networks: A state-of-the-art review.
Agricultural Systems, 180, 102763.

DOI: https://doi.org/10.1016/j.agsy.2019.102763

Gumbi, N., Gumbi, L., Twinomurinzi, H. (2023) Towards Sustainable
Digital Agriculture for Smallholder Farmers: A Systematic Literature
Review. Sustainability 15, 12530.

DOI: https://doi.org/10.3390/s5u151612530

Hansen, B.G., Bugge, C.T. Skibrek, P.K. (2020) Automatic milking
systems and farmer wellbeing-exploring the effects of automation
and digitalization in dairy farming. Journal of Rural Studies, 80, 469-
480. DOI: https://doi.org/10.1016/j.jrurstud.2020.10.028

Hansen B. D., Leonard E., Mitchell M. C., Easton J., Shariati N., Mortlock
M.Y., Schaefer M., Lamb D. W. (2022) Current status of and future
opportunities for digital agriculture in Australia. Crop & Pasture
Science, Special Issue. DOI: https:/doi.org/10.1071/CP21594

JOURNAL

Central European Agriculture
ISSN 1332-9049

1132


https://doi.org/10.5513/JCEA01/25.4.4370

Original scientific paper

DOI: /10.5513/JCEA01/25.4.4370

Jeli¢ Milkovi€ et al.: Level of knowledge, competence and interest of agronomists in digitalisation...

Ingram, J., Maye, D. (2020) What Are the Implications of Digitalisation
for Agricultural Knowledge?. Frontiers in Sustainable Food Systems,
4, 66. DOI: https:/doi.org/10.3389/fsufs.2020.00066

Javaid, M., Haleem, A., Pratap Singh, R., Suman, R. (2022) Enhancing
smart farming through the applications of Agriculture 4.0
technologies, International Journal of Intelligent Networks, 3, 150-
164. DOI: https://doi.org/10.1016/].ijin.2022.09.004

Jin, X,, Yu, X,, Wang, X., Bai, Y., Su, T., Kong, J. Deep Learning (2020)
Predictor for Sustainable Precision Agriculture Based on Internet of
Things System. Sustainability, 12, 1433.

DOI: https://doi.org/10.3390/5u12041433

Khachatryan, H., Rihn, A., Wei, X. (2021) Consumers' Preferences for
Eco-labels on Plants: The Influence of Trust and Consequentiality
Perceptions. Journal of Behavioral and Experimental Economics, 91,
101659. DOI: https://doi.org/10.1016/j.socec.2020.101659

Khanna, M., Atallah, S.S., Kar, S., Sharma, B., Wu, L., Yu, C., Chowdhary,
G., Soman, C., Guan, K. (2022) Digital Transformation for a
Sustainable Agriculture in the United States: Opportunities and
Challenges. Agricultural Economics, 53, 924-937.

DOI: https://doi.org/10.1111/agec.12733

Kitole, F.A., Mkuna,E., Sesabo, J.K. (2024) Digitalization and agricultural
transformation in developing countries: Empirical evidence from
Tanzania agriculture sector. Smart Agricultural Technology, 7,
100379. DOI: https://doi.org/10.1016/j.atech.2023.100379

Khudyakova, E., Shitikova, A., Stepantsevich, M.N., Grecheneva, A.
(2023) Requirements of Modern Russian Agricultural Production
for Digital Competencies of an Agricultural Specialist. Educcation
Sciences, 13, 203. DOI: https://doi.org/10.3390/educsci13020203

Kumar, S., Raut, R.D., Nayal, K., Kraus, S., Yadav, V.S., Narkhede, B.E.
(2021) To identify industry 4.0 and circular economy adoption
barriers in the agriculture supply chain by using ISM-ANP. Journal
of Cleaner Production, 293, 126023.

DOI: https://doi.org/10.1016/j.jclepro.2021.126023

Liao, Y., Zhou, X. (2023) Can Digital Finance Contribute to Agricultural
Carbon Reduction? Evidence from China. Sustainability, 15, 15824.
DOI: https:/doi.org/10.3390/su152215824

Linsner, S., Kuntke, F., Steinbrink, E., Franken, J., Reuter, C. (2021) The
Role of Privacy in Digitalization - Analyzing Perspectives of German
Farmers. Proceedings on Privacy Enhancing Technologies, 3, 334-
350.

Liu, Y., Ma, X, Shu, L., Hancke, G. P, Abu-Mahfouz, A. M. (2021) From
Industry 4.0 to Agriculture 4.0: current status, enabling technologies,
and research challenges. IEEE Transactions on Industrial Informatics,
17 (6), 4322-4334.

DOlI: https://doi.org/10.1109/T11.2020.3003910

Loncai¢, R., Stapi¢, V., Bozi¢, V., Uzelac, |., Relatic, M., Jeli¢ Milkovic, S.,
Loncari¢, Z. (2023) The attitude of agronomists and family farmers
on the use of satellite technologies in agriculture. In: Proceedings of
the 99t International Scientific Conference on Economic and Social
Development - Plitvice Lakes, Croatia, 15-16 September.

MacPherson, J., Voglhuber-Slavinsky, A., Olbrisch, M., Schébel, P.,
Dénitz, E., Mouratiadou, 1., Helming, K. (2022) Future agricultural
systems and the role of digitalization for achieving sustainability
goals. A review. Agronomy for Sustainable Development, 42 (70),
1-18. DOI: https://doi.org/10.1007/s13593-022-00792-6

Mariel, P., Hoyos, D., Meyerhoff, J., Czajkowski, M., Dekker, T., Glenk,
K., Jacobsen, B., Liebe, U., Olsen, S.B., Sagebiel, J., et al. (2021)
Environmental Valuation with Discrete Choice Experiments,
Guidance on Design, Implementation and Data Analysis, Springer:
Cham, Switzerland.

DOI: https://doi.org/10.1007/978-3-030-62669-3.

Niedbata, G., Piekutowska, M., Hara, P. (2023) New Trends and
Challenges in Precision and Digital Agriculture. Agronomy, 13,
2136. DOI: https://doi.org/10.3390/agronomy13082136

Paustian, M., Theuvsen, L. (2017) Adoption of precision agriculture
technologies by German crop farmers. Precision Agriculture, 18,
701-716. DOI: https://doi.org/10.1007/s11119-016-9482-5

Pesci, S., Galt, R. E., Durant, J. L., Manser, G. M., Asprooth, L., Pinzén,
N. (2023) A digital divide in direct market farmers’ online sales and
marketing: Early pandemic evidence from California. Journal of
Rural Studies, 101, 103038.

DOI: https://doi.org/10.1016/j.jrurstud.2023.103038

Ritaban, D., Ahsan, M., Jagannath, A., D'Este, C., Aruneema, D. (2014)
Development of an intelligent environmental knowledge system for
sustainable agricultural decision support. Environmental Modelling
& Software, 52, 264-272.

DOI: https://doi.org/10.1016/j.envsoft.2013.10.004

Ruder, S.L. A (2019) Digital Agricultural Revolution: Ontario Grain
Farmer Perceptions of Digital Farming and Big Data. Master of
Environmental Studies.

DOI: https://doi.org/10.13140/RG.2.2.11162.18880

Sadjadi, E. N., Fernandez, R. (2023) Challenges and Opportunities of
Agriculture Digitalization in Spain. Agronomy, 13, 259.

DOI: https://doi.org/10.3390/agronomy13010259

Scheepers, L., Angerer, P., Dragano, N. (2022) Digitalisation in Craft
Enterprises: Perceived Technostress, Readiness for Prevention and
Countermeasures—A Qualitative Study. International Journal of
Environmental Research and Public Health, 19, 11349.

DOI: https://doi.org/10.3390/ijerph191811349

Scuderi, A., La Via, G., Timpanaro, G., Sturiale, L. (2022) The Digital
Applications of “Agriculture 4.0": Strategic Opportunity for the
Development of the Italian Citrus Chain. Agriculture, 12, 400.

DOI: https://doi.org/10.3390/agriculture12030400

Shang, L., Heckelei, T., Gerullis, M.K,, Bérner, J., Rasch, S. (2021)
Adoption and diffusion of digital farming technologies - integrating
farm-level evidence and system interaction. Agricultural Systems,
190, 103074. DOI: https:/doi.org/10.1016/j.agsy.2021.103074

Spielman, D. J. (2006) A critique of innovation systems perspectives on
agricultural research in developing countries. Innovation Strategy
Today, 2, 41-54.

Soma, T., Nuckchady, B. (2021) Communicating the benefits and risks of
digital agriculture technologies: Perspectives on the future of digital
agricultural education and training. Frontiers in Communication, 6,
259. DOI: https://doi.org/10.3389/fcomm.2021.762201

Sott, M. K., Furstenau, L. B., Kipper, L. M., Giraldo, F. D., Lopez-Robles,
J. R, Cobo, M. J., Zahid, A., Abbasi, Q. H., Imran, M. A. (2020)
Precision techniques and agriculture 4.0 technologies to promote
sustainability in the coffee sector: state of the art, challenges and
future trends. IEEE Access, 8, 149854-149867.

DOI: https://doi.org/10.1109/ACCESS.2020.3016325

Varallyai, L., Szilagyi, R. (2021) Is it essential the digitization in agriculture?
Experiences in Curriculum Development for Agri-digitalization
engineer at BSc level. Journal of Agricultural Informatics, 11 (2),
34-40. DOI: https:/doi.org/10.17700/jai.2020.11.2.592

Vecchio, Y., Agnusdei, G.P., Miglietta, P.P., Capitanio, F. (2020) Adoption
of Precision Farming Tools: The Case of Italian Farmers. International
Journal of Environmental Research and Public Health, 17, 869.
DOI: https://doi.org/10.3390/ijerph17030869

Wolfert, S., Ge, L., Verdouw, C., Bogaardt, M. J. (2017) Big data in smart
farming-a review. Agricultural Systems, 153, 69-80.

DOI: https:/doi.org/10.1016/j.agsy.2017.01.023

JOURNAL

Central European Agriculture
ISSN 1332-9049

1133


https://doi.org/10.5513/JCEA01/25.4.4370

DOI: /10.5513/JCEA01/25.4.4370

Original scientific paper
Jeli¢ Milkovi¢ et al.: Level of knowledge, competence and interest of agronomists in digitalisation...

Zhang, J., Goebel, R.G., Wu, Z. (2023) “Smart Agriculture” Information  Zhu, Y., Wang, X., Zheng, G. (2023) Blessing or Curse? The Impact of
Digital Technologies on Carbon Efficiency in the Agricultural Sector

Technology and Agriculture Cross-Discipline Research and

Development. Agronomy, 13, 2536. of China. Sustainability, 15, 15613.

DOI: https://doi.org/10.3390/agronomy13102536 DOI: https://doi.org/10.3390/s5u152115613
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, 105256.

DOlI: https://doi.org/10.1016/j.compag.2020.105256

JOURNAL 1134
Central European Agriculture
ISSN 1332-9049


https://doi.org/10.5513/JCEA01/25.4.4370
http://www.tcpdf.org

