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Abstract

Digital agriculture technologies represent a solution for improving productivity levels and environmental sustain-
ability, thanks to data with great potential. Therefore, understanding the mechanisms of adoption and diffusion of 
digital farming technologies is crucial. Notably multiple factors are responsible for farmers’ technology adoption 
rate. The objective of this paper is to analyze the barriers to technology adoption and drivers of diffusion for a group 
of Italian stakeholders by using qualitative research methods. Results identify many barriers to technology adoption 
and point out that cooperation between stakeholders, along with collaborative efforts through technical support 
and training activities are key strategies.
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1	 Introduction

Global agriculture needs to increase overall productivity 
to meet the demand for food, feed and fibers in the com-
ing years while also targeting environmental challenges 
(Finger et al., 2019; Navarro et al., 2020). In this context, 
the European Commission developed the Green Deal 
Farm to Fork strategy, aimed at transforming European 
agri-food sector towards a sustainable food system 
(World Economic Forum, 2022). Transition to alterna-
tive food systems is crucial for addressing agricultural 
challenges, and technology, diversification and organic 
farming have been identified as the key alternative sys-
tems attributes (Reidsma et al., 2023).

This complex issue can only be resolved by address-
ing the twin transition, ecological and digital, while 

improving productivity levels and environmental sus-
tainability (Bauer et al., 2021).

As regards the digital transition, an interesting ave-
nue is related to a large amount of information, with 
great potential, that modern technologies (e.g., such 
as Canbus/Isobus protocols, Remote Sensing, IoT, etc.) 
generate and that the entire sector must accurately 
and effectively manage (European Commission, 2020; 
Lytos et al., 2020; Medici et al., 2021). Digital agricul-
ture can be seen as an extension of precision agricul-
ture (Sponchioni et al., 2019) as it does not refer to a 
specific application, but the collection, integration 
and analysis of data from different sources is consid-
ered. Agriculture 4.0 or smart agriculture consists of 
technologies combining sensors, information systems, 
enhanced machinery, and informed management to 
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optimize production by accounting for variabilities and 
uncertainties within agricultural systems (Mammarella 
et al., 2022). The rise of these technologies and the 
potential disruptive impact of digital agriculture make 
it particularly important to understand the mechanisms 
of adoption and diffusion of digital farming technolo-
gies (Barbosa Júnior et al., 2024; Shang et al., 2021).

The existing literature clearly shows the complex-
ity and dynamic nature of the adoption process of new 
technologies (Montes De Oca Munguia et al., 2021). 
Indeed, multiple factors involved in the decision-making 
process have been identified as responsible for the tech-
nology adoption rate by farmers (Dibbern et al., 2024; 
Drewry et al., 2019; Fragomeli et al., 2024; Gemtou et al., 
2024; Osrof et al., 2023; Verbeke et al., 2024).

According to recent studies, in Italy, the agricultural 
technology adoption process is still at an early stage 
(Osservatorio Smart Agrifood, 2023). Several points of 
misalignment between supply and demand have been 
found in the Italian smart farming market, with the 
result being that the services offered do not fully meet 
the real needs of farms (Osservatorio Smart Agrifood, 
2023). Among these misalignments, most Italian farms 
do not take advantage of data because they lack the nec-
essary equipment and technology to collect and process 
it. In addition, few Italian farms produce data by using it 
in a sectoral and non-interoperable way. Thus, increas-
ing the use of digital agricultural technologies could be 
crucial in tackling modern agriculture challenges (Lee 
et al., 2021). However, the knowledge of factors affecting 
farmers’ decision-making process is still incomplete.

Although the literature has studied the mechanisms 
of innovation diffusion for several years, there seems 
to be no convergence in the theories and models that 
attempt to explain the phenomenon. Some authors 
underscore the specificity of theories in modelling 
different aspects of the technology adoption process 
(Dissanayake et al., 2022; Osrof et al., 2023), and oth-
ers raise doubts about the generalist capacity of theo-
ries in representing different technologies and practices 
(Montes De Oca Munguia et al., 2021). In particular, 
Montes De Oca Munguia and Llewellyn (2020) identi-
fied a lack of clarity regarding the analytical methods 
and the choice of explanatory variables to model adop-
tion. Shang et al. (2021) state that the mechanisms of 
adoption and diffusion of digital farming technologies 
must be understood at both farm and system levels, pay-
ing attention to system interactions alongside individual 
characteristics in determining technology diffusion.

Several examples of categorising determinants of dig-
ital agricultural technologies have been provided in the 
literature (Dibbern et al., 2024; Fragomeli et al., 2024; 
Gemtou et al., 2024; Kakkavou et al., 2024; Osrof et al., 
2023; Shang et al., 2021; Troiano et al., 2023).

However, not many studies have focused on farmers’ 
knowledge of digital solutions and their levels of adop-
tion (Maffezzoli et al., 2022). In addition, most of the 
studies on the adoption of innovative agricultural prac-
tices and technologies have generally covered the farm-
level dimension, whereas the recent literature on the topic 
calls for a more holistic approach, considered critical in 
implementing the sustainable transition and demon-
strating technology’s real impact (Barrett and Rose, 2022; 
Djekic et al., 2021; Pedersen et al., 2024; Vinod Chandra 
et al., 2024; Zaharia et al., 2021). McGrath et al. (2023) 
argued that such an approach could be realised through 
needs analysis and co-design initiatives, although they 
found little emphasis in the literature. Indeed, Monteiro 
Moretti et al. (2023) focused on the actors’ perceptions of 
precision agriculture innovations system and their role 
in influencing their diffusion, finding that the actors’ dif-
ferent and contrasting perceptions of technologies hin-
der the adoption and diffusion process.

Similarly, other authors highlighted the importance 
of considering stakeholders’ perceptions and engaging 
them in the development and scaling up of a resilient 
innovation framework to effectively deploy technolo-
gies on farms (Knierim et al., 2019; Reimer et al., 2023; 
Sun et al., 2024; Vecchio et al., 2022). Finally, stakehold-
ers’ involvement and coordination in the agricultural 
transition process could positively affect the adoption 
decision-making process, having a cumulative effect on 
it (Pedersen et al., 2024).

Overall, the ability of farmers to adopt digital solu-
tions and the further integration of the collected data in 
their current working setting is influenced by different 
components, such as farm and operators’ characteris-
tics, interactions with peers and institutions, technol-
ogy attributes and attitudinal aspects (Osrof et al., 2023; 
Shang et al., 2021). Specifically, the category of interac-
tions includes technical support as an adoption factor, 
when the implementation of smart agricultural tech-
nologies requires hard skills that are difficult to obtain, 
depending on farmers and technology characteristics 
(Pedersen et al., 2024).

In particular, advisors play a role in linking estab-
lished and new actors in the innovation system, bridging 
the gap between developers and users (Kernecker et al., 
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2020). Less prevalent, but no less valuable, seems to be 
the role of human-centered design as a process-based 
approach to resolving the contrast between available 
tools and the low levels of adoption and inclusiveness of 
agricultural technologies (Müller et al., 2024). Therefore, 
the crucial role of systemic factors in the adoption of 
agricultural innovations is evident, reflecting many 
studies that have highlighted the importance of farmers’ 
access to extension services, such as education and 
training (Gemtou et al., 2024; Knierim et al., 2019).

Furthermore, the study of the risks and benefits of 
agricultural data sharing is emerging in the landscape of 
digital agriculture adoption, identifying the promotion 
of collaboration across the agri-value chain as the main 
driver and concerns about data privacy and security 
among the main barriers to data sharing (Jakku et al., 
2019; Sullivan et al., 2024). Based on evidence from the 
literature, categories of individual, technological, social, 
and economic factors that influence technology adop-
tion can depict the overall decision-making process 
(Dibbern et al., 2024; Dissanayake et al., 2022). In the 
decision-making process context, three main gaps remain 
in the literature: (1) the divergence within the technol-
ogy adoption explanatory factors (de Oca Munguia and 
Llewellyn, 2020); (2) an assessment of the role of sys-
tem interactions on individual behaviour (Gemtou et al., 
2024; Shang et al., 2021); (3) stakeholders’ perceptions 
of the challenges and opportunities in the digital farm-
ing system (Monteiro Moretti et al., 2023).

This paper describes an exploratory study on stake-
holders’ needs and demands for digital technologies 
along the Italian food supply chain and the barriers hin-
dering the diffusion of system innovations. Therefore, 
our research will integrate earlier studies on digital agri-
culture adoption by including stakeholders’ perceptions 
of the process. The general objective of our study was 
to provide qualitative empirical evidence on the barri-
ers to the adoption of digital agricultural technologies 
and the drivers of its diffusion. Special attention is given 
to specific needs and demands that could be useful in 
designing tailored pathways for implementing the digi-
tal transition, such as the role of interactions along the 
food supply chain.

The primary contribution of this research lies in its 
technology-neutral perspective, offering a comprehen-
sive examination of the adoption process. This approach 
stands in contrast to previous investigations, which typi-
cally focus on the adoption of a specific technological 
innovation or tool.

2	 Materials and Methods

In this study, an exploratory approach was used to inves-
tigate the phenomenon. Based on a rational inductive 
process, starting from observing individual cases, the 
study aimed to derive a general rule through a process 
of abstraction (Molteni and Troilo, 2007). The investiga-
tion was based on two alternative and complementary 
qualitative research methods, focus groups and inter-
views, that have been previously used to investigate 
stakeholders’ decision-making process in the agri-food 
sector (Galabuzi et al., 2021; Marcu et al., 2015; Osei 
et al., 2021; Sabbagh and Gutierrez, 2023).

Two Focus Groups (FGs) were planned to discuss 
stakeholders’ demands and barriers related to the use of 
tools for tracing farming activities at the field level. At the 
same time, in-depth interviews were designed and car-
ried out to deepen the understanding of those demands 
and barriers from the perspective of key informants. A 
FG is a discussion led by a moderator in a unstructured 
and natural manner with a small group of participants 
(Malhotra et al., 2013) intended to generate creative 
discussion by promoting interactions within the group. 
This method was chosen as it is a useful tool for gather-
ing qualitative information to answer specific research 
questions (Bloor et al., 2001) and allows for capturing 
opinions, motivations, decisions, and priorities about a 
particular area of interest.

In-depth interviews consist of a conversation where 
people talk with each other and interact. Usually and 
predominantly, a researcher poses questions and the 
participant answers (Knott et al., 2022). In this case, 
interviews were used as a combined research method 
with focus group providing a space for extended con-
versations that allowed for more insightful results 
(Monteiro Moretti et al., 2023; Osei et al., 2021). We used 
semi-structured interviews as the most common type, 
based on a topic guide informed by the focus group 
outcomes.

Table 1 provides the list of the respondent categories 
along with the type and number of interviews. The two 
FGs were conducted with 14 participants in total, rang-
ing from farmers’ associations to farm entrepreneurs 
and machine and service providers. Participants were 
selected to represent different interest groups, includ-
ing public and private sector representatives. One FG 
was held in February 2023 in Bologna (Emilia-Romagna 
Region, Italy) with 6 participants, and a second was 
held on September 2023 in Catania (Sicily Region, Italy) 



4 R. Addorisio et al.

International Journal on Food System Dynamics 16 (2025) 1–12

with 8 participants. Along with the FG meetings, 14 
semi-structured interviews were administered among a 
wider range of stakeholders from different tiers of the 
food supply chain to focus on their needs regarding digi-
tal technologies’ adoption and to discern the heteroge-
neity of the adoption’s barriers. Overall, the stakeholder 
group interviewed consisted of farmers, machinery, ser-
vice and technology providers, representatives of coop-
eratives and certification bodies.

The suitable selection of participants followed a pur-
posive sampling approach, which is generally considered 
the most useful method for interview-based research 
since the number of interviews to be conducted is too 
small to achieve representativeness (Knott et al., 2022). 
The number of interviewees was defined according to 
the concept of saturation (Knott et al., 2022), and 27 key 
informants from the Italian farming supply chain, which 
plays a crucial role within the Italian agricultural sector, 
were recruited.

Table 1	 Summary of the interviewees’ characteristics

Focus groups Interviews

Farmers 5 1 
Machine providers 2 1 
Input providers 1 
Associations 3 
Service and tech providers 2 3 
Consultants 4 
Processors 1 
Certifiers 2 
Policy makers 2 
TOTAL 13 14

SOURCE: authors’ elaboration

Specifically, the participants were selected based on 
evidence from the literature (extrinsic motivation) and 
the objectives of the project (intrinsic motivation) which 
aligned with the same inclusion criteria: the interviewee 
plays a role within the supply chain and has an interest 
in the innovation system under investigation. The top-
ics for the discussion were aimed at understanding: i) 
data needs for each actor along the supply chain; ii) the 
major barriers to digital technologies adoption and ii) 
the major benefits of digital technologies.

The semi-structured interviews focused on general 
perceptions of digital farming technologies, barriers and 
drivers to their adoption and the needs of digital farming 

technologies for managing field activities, resulting in 
a total of seven open-ended questions. In both, FGs 
and interviews, stakeholders were informed about the 
study’s objectives. The data collection sessions took 
place from February to October 2023. The FGs lasted 
approximately 1 hour and 30 minutes, while the inter-
views lasted about 1 hour each.

To obtain a subjective interpretation validated within 
the research group, the transcriptions of the interview 
texts and FGs were analysed through latent content 
analysis, a systematic and objective research method 
that produces valuable inferences from verbal, visual 
and written data, aiming at describing and quantifying 
a specific phenomenon (Downe‐Wamboldt, 1992). Spe-
cifically, the process of analysis involved: decontextual-
ization, identifying meaning units; recontextualization, 
including content and excluding dross; categorization, 
identifying homogeneous groups; data reduction, clari-
fying information, and data interpretation, finding the 
underlying meaning (Bengtsson, 2016).

As shown in Figure 1, the analysis was performed 
through the following stages, adapted from Bengtsson 
(2016):

Decontextualization. The participants’ state-
ments, classified into individual units of meaning, 
constitute the unit of analysis which thematizes 
the phenomenon under investigation to facilitate 
its analysis and interpretation.

Recontextualization. According to the previous 
phase, individual statements are contextualised in 
the relative units of sense, enabling the exclusion 
of any information that does not contribute to 
answering the research questions.

Categorization. Categorization is based on the 
study’s theoretical assumptions and consists of 
dividing the units of meaning into categories of 
information that help to make the results explicit.

Data reduction. Interviews produced a huge 
number of statements, pertaining to ten units 
of sense, which in turn were reduced to elimi-
nate redundancy and assigned to the four main 
categories.

Data interpretation. Data categorisation allows 
the information collected to be categorised sys-
tematically facilitating a clearer and more objec-
tive thematization of the contents. Meanwhile 
with data interpretation, an attempt is made to 
provide a general explanation of the phenomenon, 
based on the research hypothesis.
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Classification. Classes of data interpretation 
were identified to promote the objectivity and 
comparability of the results of the study, as well as 
to maximise their evidence.

3	 Results

Data analysis is summarised in Table 2 and identifies 
three major themes: the data requirements to improve 
the management of the farming activities, the charac-
teristics of the innovation adoption process, and the 
benefits related to the technologies’ adoption, which are 
composed of different units of sense that can be inter-
preted as opportunities, challenges or actions regarding 
the adoption and diffusion of Agriculture 4.0.

Table 2	 Summary of categories

Categories Units of sense

Data requirements 1 Data availability
2 Demands
3 Data management
4 Data security and property

Adoption 
determinants

5 Adoption drivers
6 Adoption barriers 

Adoption benefits 7 Economics benefits
8 Environmental benefits
9 Social benefits
10 Relations with supply 

chain

SOURCE: authors’ elaboration

 

 

 

 

 

4 Data Reduction 

Reduce and clarify informations 

1 Decontextualisation 

Identify meaning units  

3 Categorisation 

Identify homogeneous groups  

2 Recontextualitation 

Include ‘content’ –exclude ‘dross’ 

Inductive Coding system 

Compare with the original data 

Condense meaning units  

Remove redundant statements 

5 Data Interpretation 

Produce knowledge 

Find the underlying meaning  

6 Classification 

Identify classes of interpretation 

Make objective results 

Figure 1	  
Overview of data analysis process
Source: adapted from Bengtsson, 
2016
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3.1	 Data requirements
Data requirements encompass four different units of 
sense that have been reported by participants: data 
availability, demands, data management and data secu-
rity and property.

Data availability and demands, respectively, refer 
to the current availability and usefulness of data for 
farm management, from whatever source they origi-
nate. Overall, participants stated that although farm 
data availability is mostly appropriate for management 
needs, there are few requirements for additional data 
emerging. Indeed, stakeholders reported a lack of fully 
exploited data potential due to their inability to use 
technologies and lack of awareness regarding their use-
fulness. Specifically, interviewees reported seven addi-
tional requests for activities to be tracked. They focused 
on: soil mapping; predictive data for crop protection 
and nutrition and water management; inputs saving 
and crop yields to analyse farm efficiency; predictive 
machine maintenance (only one participant); traceabil-
ity of farming activities to report to public bodies; and 
carbon credits evaluation as an indicator of environ-
mental performance (only one participant).

Data management encompasses anything related 
exclusively to farmer data use. Certainly, the element 
to which stakeholders placed the most importance was 
the complexity in managing and processing data rather 
than collecting it. Indeed, they frequently showed inter-
est in having specific tools to fulfil priority needs rather 
than equipment, i.e. Decision Support Systems (DSS). In 
most cases, data integration from different sources such 
as machine sensors, remote sensing, field observations, 
and data interoperability between different protocols 
were the attributes of complexity more emphasized. 
Indeed, farmers in our sample claim the need for further 
technical support and training programs to overcome 
challenges in technologies complexity. Furthermore, 
Italian stakeholders mostly raised concerns about the 
effectiveness of the national public incentives for tech-
nology purchases, arguing that linking subsidies for 
conventional equipment to the adoption of digital tech-
nologies, often leads to dysfunctional adoption. Thus, 
the outlined condition would exacerbate farmers’ con-
straints in effectively integrating new technologies into 
their existing work setting, while reinforcing the previ-
ously mentioned needs.

Finally, data security and ownership were investigated 
with respect to the perceived risk of manipulations as 

well as attention to digital rights and intellectual prop-
erty. Overall, participants perceived a general low risk 
of misappropriation of sensitive data in collection and 
management process, evaluating it more as an oppor-
tunity to improve farm operability through sharing 
data rather than as a threat. They clearly perceived the 
importance of sharing data to improve farm operability 
exhibiting a good level of confidence toward service and 
technology providers even though they claim the own-
ership of the data.

3.2	 Innovation adoption process
Certainly, the adoption process was the primary issue, 
receiving great attention from all the participants. It 
refers to the determinants of the adoption and diffusion 
of digital farming technologies and includes two further 
units of sense: barriers and drivers of adoption, listed 
in Table 3. Participants focused more on the barriers to 
adoption rather than the drivers of diffusion, identify-
ing many factors that may hinder the adoption of a tech-
nology, preventing both purchase and use of a specific 
equipment.

The main barriers affecting technology adoption that 
emerged were: the lack of innovativeness intended as 
attitude and trust toward innovations; cultural barri-
ers, such as traditional habits and beliefs that prevent 
change; the lack of awareness of technology benefits 
and usefulness; farm size and farm system meaning 
specialization and crops profitability, influencing the 
investment capacity especially compared to high tech-
nology costs; the lack of technical support in collecting 
and interpreting data; the lack of technical expertise at 
different levels of the supply chain and farm location in 
terms of bio-physical conditions.

Concerning the diffusion drivers, it strongly emerged 
that the trigger for the use of digital technologies in 
agriculture is the ability to improve the economic 
performance of farms by reducing operational costs. 
However, some participants highlighted the importance 
of improving environmental performance, particularly 
for areas with resource constraints. They also pointed 
out the pivotal role of the interactions among actors 
in increasing competitiveness through aggregation, 
spreading information and building trust in the digital 
farming system. In addition, political and societal pres-
sure to control the compliance of agricultural activi-
ties, as well as market demand for products’ reliability, 
emerged as drivers for technology adoption.
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Table 3	 Determinants of digital agriculture adoption according to Italian stakeholders (full list)

Barriers Drivers

1 Lack of attitude and trust toward innovations
2 Cultural barriers
3 Lack of awareness of technology benefits and usefulness
4 Lack of information availability
5 Lack of extension service availability
6 Farm succession (turnover)
7 Farm size
8 Farm location/region (bio-physical conditions)
9 Risk management attitude
10 Type of cropping system
11 Education level
12 Lack of technology competence at different levels
13 Barrier from farm subsidies
14 Farm system (specialization and crops profitability)
15 Low investment capacity
16 Lack of technical support 

1. Contractors’ availability
2. Technical support
3. Training
4. Availability of information on technology
5. Laws and regulations
6. Political and societal pressure
7. Economic performance improvement
8. Environmental performance improvement
9. Interactions to increase Knowledge, confidence 
and competitiveness

SOURCE: authors’ elaboration

3.3	 Adoption benefits
This theme includes the benefits according to the triple 
bottom line (that is, people, planet, and profit) princi-
ples (Norman and MacDonald, 2004), as well as benefits 
from any aspect that contributes to improving relation-
ships with stakeholders in the supply chain.

Among the adoption benefits reported by partici-
pants, the economic advantages were judged to be the 
most important, even though a lack of strategical eco-
nomic analysis was found. Indeed, participants mainly 
reported a stand-alone use of technology aimed at reduc-
ing operational costs, without exploiting the potential 
of temporal analysis and planning. This is strictly in 
line with the demands and difficulties in managing the 
technological complexity that have been raised, point-
ing to the need for increased adoption intensity from 
embodied-knowledge technologies towards information- 
intensive ones.

On the contrary, the social advantages related to the 
safety and working conditions appeared poorly under-
stood, having been reported as risk reduction and 
increased organisational capacity in a few cases. Envi-
ronmental advantages were mentioned, especially by 
linking them to economic benefits and the ability to 
manage soil fertility and climate change risk.

Finally, the capacity to implement supply chain rela-
tions was well valued through aggregation initiatives 
that are able to moderate business risk and increase the 
competitiveness and investment capacity of farms, con-
tributing to a greater readiness to innovate. The inter-
viewees also referred to the benefits for administrative 
compliance and activities traceability to improve reli-
ability and competitiveness operating in specific sup-
ply chain.

4	 Discussion

Our research contributes to the study of factors involved 
in farmers’ decision-making process in adopting digi-
tal farming technologies. The objective was to explore 
the perceptions of Italian stakeholders along the farm-
ing supply chain to provide a systemic overview of the 
process capturing interactions within the system. Our 
findings show several barriers and drivers for adoption 
and diffusion of digital technologies in crop production 
and provide useful insights into farmers’ needs and solu-
tions to encourage farm digital transition. Stakeholders 
from our sample stated that Italian farmers are not able 
to fully exploit their current technology endowment and 
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integrate it into their actual work-setting, because they 
are not aware of technology’s usefulness and benefits.

In addition, due to their lack of expertise, Italian farm-
ers are reported to be overwhelmed by the complexity of 
technology, especially in managing and processing data, 
and require enhanced technical support and training.

These findings are aligned with the recent literature 
that highlights the importance of farmers’ access to the 
extension services (Gemtou et al., 2024), confirming the 
crucial role of the systemic approach that, through inter-
actions along the supply chain, support stakeholders’ 
integration, generating positive effects on the decision-
making process (Pedersen et al., 2024).

In addition, the negative impact of the fragmented 
market development of agricultural technologies on 
their integration complexity, suggests the need for more 
effective and focused incentives. Stakeholders inter-
viewed depicted a situation with a low level of maturity 
and knowledge of technology among Italian farmers, 
aligning with previous literature (Maffezzoli et al., 2022), 
and highlighting the endogenous role of awareness in 
the adoption process (Vecchio et al., 2020).

Consistent with previous findings (Kolady et al., 2021; 
Miller et al., 2019) that found that the adoption rate of 
embodied-knowledge precision farming technologies 
is higher than information-intensive ones, they under-
scored the necessity for knowing specific tools to fulfil 
high-priority needs and increase adoption intensity. 
Therefore, it is clear that in order to lead Italian agricul-
ture towards the digital transition process effectively, it 
is essential to target the involvement of all stakehold-
ers to create effective technological solutions that meet 
farmers’ demands (McGrath et al., 2023). Stakeholders’ 
evidence regarding factors affecting farm technology 
adoption is largely consistent with the extended field 
literature (Dibbern et al., 2024; Fragomeli et al., 2024; 
Gemtou et al., 2024; Osrof et al., 2023; Shang et al., 
2021; Troiano et al., 2023), in fact they identified struc-
tural, individual and systemic factors at the core of the 
decision-making process.

Particularly, respondents align with the recent litera-
ture in underlining the leading role of behavioral factors 
and individual perception, which affect the propensity 
to adopt innovations (Kakkavou et al., 2024; Vecchio 
et al., 2022, 2020). On the contrary, with regard to the 
agricultural data sharing, Italian stakeholders inter-
viewed mostly perceive the relative benefits of collabo-
ration within the supply chain rather than the privacy 
and security risks as reported in the literature (Sullivan 
et al., 2024). In our interpretation, this misalignment 

could be ascribed to the observed lack of technological 
awareness and adoption intensity.

Participants in the study point out the lack of exper-
tise in the supply chain and their necessity to access 
more effective technical support and training activi-
ties to develop awareness of the usefulness and ben-
efits of technology. This concept relates to the systemic 
approach reported in recent literature (Masi et al., 2022; 
Monteiro Moretti et al., 2023) which states that interac-
tions among actors (especially meso-actors) can spread 
awareness, information and knowledge within the inno-
vation system by contributing to overcoming barriers. 
The majority of stakeholders interviewed highlighted 
the role of economic and environmental benefits in 
adopting digital farming technologies (Osrof et al., 2023; 
Shang et al., 2021; Troiano et al., 2023) and only in a few 
cases benefits from relations within the supply chain 
were perceived.

Nevertheless, most of the emerged factors hindering 
the adoption, such as farm systems, lack of technical sup-
port and lack of technical expertise at different levels, 
can be overcome by fostering the interactions with peers 
and institutions and through stakeholders’ participation 
(Gemtou et al., 2024; Pedersen et al., 2024). Therefore, 
these findings demonstrate that the role of relationships 
in the supply chain is rather underestimated and suggest 
delving into individual factors and determining how to 
overcome them through system interactions.

Indeed, the literature focused on the influence of 
social relations on adoption, suggesting this approach as 
a strategy to overcome hurdles and improve innovations 
(Busse et al., 2014; Monteiro Moretti et al., 2023).

Given the limitations of the study stemming from 
its explorative and qualitative nature and its limited 
scope, a more in-depth analysis that incorporates dif-
ferent geographical locations, farm systems, and supply 
chain actors is needed to explore system perceptions 
accurately and obtain generalisable results. Qualitative 
methods are an effective tool for investigating complex 
or emerging topics in depth (Coderoni et al., 2021). 
However, they have certain limitations that need to 
be handled carefully. For example, Focus Groups have 
limitations regarding groups’ representativeness (Gibbs, 
1997) and the influence of individuals’ traits (Gibbs, 
1997; Smithson, 2000), such as secrecy or tendency to 
prevaricate, on the progression of the discussion. In 
this regard, an expert moderator helped manage these 
limitations.

On the other hand, semi-structured interviews allow 
individual opinions to emerge freely without external 
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affectation, but they have limited applicability, due 
to their time-consuming (Barriball and While, 1994). 
Therefore, the results might suffer from methodological 
biases. Nevertheless, they did not prevent transparent 
findings which were validated within the project team. 
In addition, it might be useful in creating a meaningful 
cognitive framework to replicate the study using a quan-
titative methodology to measure the effect of the identi-
fied barriers on digital technology adoption intention.

5	 Conclusion

Digital agriculture represents a strategic tool to address 
challenges of modern agriculture. Despite this, its adop-
tion remains relatively low and confined to embodied-
knowledge technologies that fail to meet farmers’ 
specific needs. Our research contributes to understand-
ing the factors influencing farmers’ decision-making 
process in adopting digital farming technologies. The 
objective was to explore the perceptions of Italian stake-
holders across the farming supply chain to provide a sys-
temic overview of the process and capture interactions 
within the system (Pedersen et al., 2024). Our findings 
highlight several barriers and drivers to the adoption 
and diffusion of technologies in crop production, offer-
ing valuable insights into farmers’ needs and solutions 
to accelerate the agricultural digital transition.

Stakeholders in our sample indicated that Italian 
farmers are unable to fully exploit their current tech-
nological endowment and integrate it into their work 
setting due to a lack of awareness of the technologies’ 
usefulness and benefits. Additionally, farmers’ lack of 
expertise leaves them overwhelmed by the complexity 
of technology, especially in managing and processing 
data, which makes greater technical support and train-
ing essential. These findings align with recent literature 
that emphasizes the importance of farmers’ access to 
extension services (Gemtou et al., 2024), confirming 
that a crucial precondition for embracing digital trans-
formation is to perceive this process from a perspec-
tive of interaction along the supply chain, supporting 
stakeholders integration to generate positive effects on 
decision-making process.

Therefore, we believe promoting cooperation and par-
ticipation might emerge as a key strategy. Collaborative 
efforts have the potential to prioritize farmers’ needs 
within the marketplace while fostering and facilitating 
behavioural change. The agricultural sector could effec-
tively embrace digital transformation by tackling these 

identified challenges through strategic policies and 
collaborative training programs, ensuring sustainable 
growth and resilience in the face of evolving technologi-
cal demands.

Furthermore, the profitability of farms will increas-
ingly depend on their ability to collect and use the large 
amounts of data generated. It is worth noting that there 
is still a lack of clarity among stakeholders regarding 
how to exploit these opportunities and increase the 
adoption intensity. Indeed, the study results suggest a 
need for targeted policy interventions and comprehen-
sive training programmes to increase awareness and 
knowledge about the benefits associated with the adop-
tion of digital technologies. Thus, it is essential to invest 
in both technologies and skills, as well as in training and 
developing understanding of the opportunities of digi-
tal transformation.

In conclusion, this study demonstrates that the role 
of relationships in the supply chain is rather underesti-
mated and suggests delving into individual factors and 
figuring out how to overcome them through system 
interactions. Future research should focus on the eco-
nomic assessment of technologies across different farm 
systems, to highlight the benefits of adopting digital 
technologies. Additionally, it should evaluate the expe-
riences of those who have already adopted these tech-
nologies to guide the decision-making of potential new 
adopters.
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