Bio-based and Applied Economics

a OPEN ACCESS

Citation: Moussaoui, A., Ghelfi, R.,
& Viaggi, D. (2025). Agritech policy land-
scape: Insights from relevant stake-
holders on policy issues and stra-
tegic plans in lItaly. Bio-based and
Applied Economics 14(4): 121-133. doi:
10.36253/bae-17356

Received: February 25, 2025
Accepted: July 27, 2025
Published: 2025-12-30

Data Availability Statement: All rel-
evant data are within the paper and its
Supporting Information files.

Competing Interests: The Author(s)
declare(s) no conflict of interest.

Guest editors: Giulia Maesano,
Davide Menozzi, Davide Viaggi

ORCID

AM: 0009-0006-9333-0501
RG: 0000-0003-2482-6651
DV: 0000-0001-9503-2977

n- AIEAA

a ASSOCIAZIONE ITALIANA DI

ECONOMIA AGRARIA E APPLICATA

Agritech policylandscape: Insights from
relevant stakeholders on policyissues and
strategic plans in Italy

AHMED Moussaoul, RIN0 GHELFI, DAVIDE VIAGGI

University of Bologna, Italy
*Corresponding author. E-mail: ahmed.moussaoui2@unibo.it

Abstract. Agricultural practices face growing challenges, including climate change,
resource constraints, meeting sustainability goals and food security. This study exam-
ines stakeholder perspectives on smart farming technologies and their integration
into policy frameworks. A mixed-method approach, using triangulation of qualitative
and quantitative data, combines an online survey (targeting experts from academia,
industry, and policymaking) distributed through the Agritech project network and
face-to-face interviews (engaging key stakeholders with in-depth knowledge of agricul-
tural policy and technology implementation). Key findings reveal significant optimism
about the potential of smart technologies to enhance efficiency, sustainability, and pro-
ductivity in agriculture. However, widespread adoption is hindered by barriers such as
high initial investment costs and a lack of technical knowledge. The study identifies
policy gaps and provides actionable recommendations, including financial incentives,
capacity-building initiatives, and improved infrastructure, to support the integration of
these technologies. The findings underscore the critical need for adaptive policies that
align with the evolving landscape of agricultural innovation, ensuring equitable access
and long-term sustainability.

Keywords: Agritech, technology adoption, European agricultural policy, sustainability,
stakeholders’ perspectives.

1. INTRODUCTION

The global agricultural sector faces increasing challenges in balanc-
ing productivity, sustainability, and environmental responsibility. Climate
change and resource constraints are putting increasing pressure on agricul-
tural systems, whereas food security remains a multifaceted challenge that
goes beyond production. Ensuring stable access to affordable, nutritious food
also depends on market structures, distribution networks, and social inclu-
sion (FAO, 2021). While technological innovation can support more efficient
and sustainable production, it must be embedded within broader strategies
that address systemic barriers to food security (FAO, 2021; IPCC, 2023).
Given the limitations of arable land and the growing demand for sustaina-
ble food production, smart agriculture technologies are gaining recognition
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as a key driver of transformation. These technologies,
encompassing sensor-based systems, IoT' configurations,
AT applications, and renewable energy solutions, offer
advanced tools for precision farming, real-time monitor-
ing, and resource optimization (Basso and Antle, 2020;
Finger et al., 2019; Knierim et al., 2019). However, their
adoption remains low and uneven despite their poten-
tial, primarily due to high initial costs, limited technical
knowledge, and inadequate infrastructure (Akimowicz
et al., 2021). These barriers are particularly pronounced
for small and medium-sized farms, which often lack the
necessary resources and institutional support to imple-
ment such technologies effectively.

Recent research by Menozzi et al. (2023) also high-
lights that farmers’ decisions to engage in sustainability
practices are shaped not only by economic incentives but
also by behavioral drivers, such as perceived control and
peer influence. In the case of digital agriculture, these
behavioral aspects, especially regarding trust in digi-
tal systems and ease of use, are equally important and
deserve policy attention.

Complementing this view, Giampietri et al. (2020)
emphasize the role of trust in intermediaries and insti-
tutional transparency in shaping farmers’ willingness
to adopt CAP-subsidized risk management tools. While
their study addresses instruments like insurance and
mutual funds, our work extends this behavioural fram-
ing to digital agriculture, where trust also involves con-
fidence in data systems and algorithm-based decision-
making. While these behavioral dynamics were not the
primary focus of our empirical study, they provide a val-
uable conceptual lens through which to interpret stake-
holder concerns around adoption.

A well-structured policy environment is critical in
facilitating the adoption of smart agriculture technolo-
gies. Policies that support financial incentives, train-
ing programs, and rural infrastructure development
can significantly enhance accessibility and encourage
broader implementation among diverse farming opera-
tions (Détang-Dessendre et al., 2018). While existing
frameworks, such as the Common Agricultural Policy
(CAP), the Green Deal, and the Farm to Fork Strategy,
emphasize the role of innovation in agricultural sustain-
ability, they exhibit notable gaps in addressing key adop-
tion barriers. For instance, the CAP’s current funding
mechanisms primarily benefit large-scale farms with
greater financial capacity, leaving smallholders with lim-
ited access to grants and subsidies necessary for adopt-
ing high-cost digital technologies (Lovec et al., 2020).
Additionally, despite the Green Deal and Farm to Fork
Strategy highlighting the need for sustainable agricul-
ture, they fall short in prioritizing investments in rural
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digital connectivity, an essential component for integrat-
ing smart technology, particularly in remote agricultural
regions (Ehlers et al., 2022). There is a need for proactive
and adaptive policy approaches that address both finan-
cial and technical barriers while fostering stakeholder
collaboration and long-term sustainability.

This study aims to examine stakeholder perspectives
on the adoption challenges and opportunities of smart
agriculture technologies and identify policy interven-
tions that can facilitate their broader integration. Using
a mixed-method approach, the research combines quali-
tative interviews with key stakeholders and a quantita-
tive online survey to gather diverse insights on the pol-
icy landscape, adoption barriers, and potential solutions.
The analysis applies triangulation between the qualita-
tive and quantitative findings to strengthen the inter-
pretation of results and ensure that policy recommenda-
tions are grounded in multiple sources of evidence. The
findings contribute to the existing literature by bridging
the gap between technological advancements and policy
implementation, providing evidence-based recommenda-
tions to enhance the diffusion of technology in agricul-
ture.

This study is part of the Agritech project, a national
research initiative funded by the Italian National Recov-
ery and Resilience Plan (PNRR) that brings together
universities, research institutions, and industry stake-
holders to foster innovation in precision agriculture, A,
and sustainable farming. Conducted within Spoke 3,
which focuses on policy frameworks and governance for
smart agriculture adoption, this research builds on prior
project activities that mapped key actors in the innova-
tion ecosystem and developed targeted engagement strat-
egies (AGRITECH, 2023). The stakeholder database,
created in the framework of the project, enabled the dis-
tribution of our questionnaires through a trusted and
well-informed network, ensuring policy-relevant insights
from diverse, experienced participants across academia,
industry, and policymaking.

The paper first describes the methodological frame-
work, detailing the qualitative and quantitative data
collection and analysis approaches. It then presents key
findings, highlighting stakeholder perspectives on the
benefits and challenges of smart agriculture technolo-
gies. The discussion explores the broader implications
for policy and practice, focusing on the need for strate-
gic policy interventions to overcome adoption barriers.
Finally, the study concludes with recommendations for
future research and actionable policy measures to foster
a more supportive environment for smart agriculture
innovation.
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2. METHODOLOGY
2.1. Overview

To comprehensively assess stakeholder perspectives
on smart agriculture technologies, this study employed
a mixed-method approach, integrating qualitative and
quantitative data collection techniques. This methodo-
logical choice is well-suited for exploring complex issues
such as technology adoption in agriculture, as it allows
for in-depth insights from expert stakeholders while
also capturing broader trends in the sector (Creswell
& Clark, 2017; Fielke et al., 2020). The combination of
qualitative interviews and a structured online survey
aims to strengthen the study’s analytical depth by trian-
gulating stakeholder perceptions across different back-
grounds and levels of expertise.

Given the exploratory aim of this research and consid-
ering the quantitative sample size, the survey quantitative
data primarily serve to identify general trends and percep-
tions rather than provide statistically robust conclusions.
This quantitative approach is complemented by the quali-
tative interviews, which offer deeper, context-rich insights.
By combining both qualitative and quantitative data, we
follow an established methodological practice known as
triangulation, enhancing the reliability and validity of our
findings through cross-verification (Fetters et al., 2013).

The review of the existing literature revealed that
previous research has often examined technology adop-
tion in agriculture from either a purely economic or
behavioral perspective. The focus of this study is to inte-
grate policy dimensions and directly involve stakehold-
ers from multiple sectors, including academia, technol-
ogy providers, policy institutions, and farmers’ associa-
tions. This holistic approach, which explicitly links tech-
nological innovation with policy development, represents
a novel contribution to the existing body of literature.

The study focused on stakeholders in Italy. While
Emilia-Romagna, one of Italy’s most technologically
advanced agricultural regions, was the starting point
of the stakeholders’ mapping, the survey distribution
and interviews also involved participants from other
key agricultural areas such as Puglia, Lombardia, and
Veneto. This broader geographical engagement allowed
the research to capture a more representative view of the
national smart agriculture policy landscape.

Both qualitative and quantitative components of the
study shared a common core of thematic focus, center-
ing on:

- The barriers and drivers of smart agriculture tech-
nology adoption.

- The role of existing policies in shaping adoption tra-
jectories.

- The perceived needs for policy innovation to facili-
tate broader uptake.

These dimensions were used both to frame the
design of the survey and interviews and to guide the
interpretation of findings in the results and discussion
sections. Rather than formal hypotheses, they function
as thematic pillars for an exploratory investigation into
how policy, behavior, and technology interact in the cur-
rent agricultural innovation landscape.

This methodological design aims to ensure a holis-
tic assessment of the policy landscape surrounding smart
agriculture technologies, while providing valuable insights
for both academic discourse and policy formulation.

2.2. Qualitative data collection

The qualitative phase focused on gathering compre-
hensive insights from experts with extensive knowledge
of smart agriculture technologies and policies. It was
essential to understanding the barriers and opportuni-
ties surrounding the adoption of these technologies. A
semi-structured interview format was used to ensure a
structured approach, allowing for a mix of predefined
questions and open-ended discussions. This approach
provided a comprehensive view of stakeholder experi-
ences, enabling the identification of key themes related
to technology adoption and policy needs.

In-depth qualitative interviews were conducted with
carefully selected experts in smart agriculture technolo-
gies and policy. These interviews were designed to elicit
rich, detailed insights from highly experienced individu-
als. Although the final sample comprised five (5) par-
ticipants, The decision to proceed with these interviews
was taken based on the principle of thematic saturation,
that is, the point at which no substantially new insights
emerge from additional interviews (Guest et al., 2006).
Given the specificity and expertise of our respondents,
the interviews provided consistent and robust informa-
tion across key themes. This approach aligns with accept-
ed qualitative research standards, where small, purpo-
sively selected samples are typical and appropriate for
exploratory, expert-based investigations (Creswell, 2013).

The questionnaire was designed based on the Agri-
cultural Knowledge and Innovation System (AKIS)
framework, which highlights the importance of multi-
actor collaboration in agricultural innovation. It was
structured into five main sections: (1) the respondent’s
background and expertise, (2) their perspectives on
smart agriculture technologies, (3) challenges related to
adoption, (4) awareness and evaluation of current poli-
cies, and (5) recommendations for improving policy sup-
port. This structured design ensured that responses cov-
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ered both technical and policy-related dimensions, mak-
ing this phase a crucial foundation for the overall study.

Participants were selected through a purposive sam-
pling approach, ensuring that only individuals with sig-
nificant expertise and direct involvement in the field
were included. The selection process was based on a
stakeholder mapping exercise carried out earlier in the
Agritech project. Experts were identified from three key
groups: public sector representatives involved in agricul-
tural policy, academic researchers specializing in preci-
sion agriculture and rural policy, and industry profes-
sionals working with smart agriculture technologies
and farmer cooperatives. This targeted selection process
ensured a diverse yet highly relevant sample, strengthen-
ing the credibility of the findings.

Interviews were carried out face-to-face whenever
possible, allowing for detailed discussions and clarifica-
tions. In cases where in-person meetings were not feasible,
remote interviews were held. Five key experts participated
in this qualitative survey. Thematic and textual analy-
sis was used to process the responses, identifying recur-
ring themes and key insights. The results from this phase
informed the refinement of the quantitative survey in the
next stage of data collection, ensuring that the study cap-
tured both broad trends and in-depth perspectives.

2.3. Quantitative data collection

The second data collection phase involved an online
questionnaire to capture broad stakeholder perspectives
on smart agriculture technologies, their adoption, per-
ceived benefits, policy awareness, and associated chal-
lenges. This structured survey was designed to comple-
ment the qualitative insights gathered in the first phase
by providing quantifiable data to identify patterns and
validate expert opinions. The integration of both qualita-
tive and quantitative methods was an attempt to ensure
a comprehensive and balanced understanding of the key
factors influencing the adoption of smart agriculture
technologies.

The online questionnaire was adapted from the
qualitative questionnaire, and structured into multiple
sections, each addressing a critical aspect of technol-
ogy adoption and policy implications. The first section
focused on general respondent information, including
their professional background, sector of activity, and geo-
graphic location, allowing for an analysis of how perspec-
tives varied across different stakeholder groups. The sec-
ond section examined familiarity and involvement with
smart agriculture technologies, prompting respondents
to indicate their level of knowledge and direct engage-
ment with specific technologies, such as robotics, IoT, Al
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renewable agri-systems, and spectral technologies. The
third section examined the perceived contributions of
these technologies, evaluating opinions on their potential
to improve agricultural productivity, resource efficiency,
environmental sustainability, and labor optimization.

A key component of the questionnaire was its focus
on policy awareness and barriers to adoption. Respond-
ents were asked whether they were aware of existing pol-
icies that support smart agriculture technologies, provid-
ing insights into the effectiveness of current policy com-
munication and identifying gaps where improved dis-
semination of information might be needed. Addition-
ally, the survey investigated major obstacles preventing
the widespread adoption of these technologies, including
financial constraints, technical knowledge gaps, regula-
tory barriers, and infrastructure limitations. The final
section solicited policy recommendations, encouraging
respondents to suggest changes to existing policies or
propose new policy instruments that could facilitate the
integration of smart agriculture technologies into main-
stream agricultural practices.

The questionnaire was strategically distributed
across multiple channels to ensure a high-quality and
representative dataset. It was shared within the Agr-
itech project network, reaching academics and research-
ers with expertise in agricultural policy, technology, and
innovation. It was also circulated among stakeholders
from the previously established project stakeholders’ net-
work, including policymakers, industry representatives,
farmers’ associations, and technology developers, poten-
tially reaching over 90 persons. This distribution strat-
egy was designed to maximize diversity in respondent
backgrounds while maintaining a high level of expertise
in the responses collected.

The sampling approach was purposive, targeting
individuals with direct experience and informed per-
spectives on adopting smart agriculture technologies.
Rather than aiming for a large random sample, the focus
was on obtaining high-quality responses from knowl-
edgeable stakeholders whose input could provide valu-
able insights into policy needs and adoption challenges.
A total of 35 responses were collected, and after apply-
ing validity criteria, 20 responses were retained for final
analysis. While this sample size may appear modest for a
quantitative survey, it is consistent with expert-elicitation
methods in policy and innovation research, where depth
of knowledge and professional insight are prioritized
over statistical representativeness (Baker et al., 2013).

The criteria for inclusion ensured that responses
were complete, internally consistent, and provided by
individuals with relevant expertise in the field of smart
agriculture. Validity was assessed based on complete-
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ness, consistency, and relevance to the research topic.
Responses that were incomplete, contained inconsisten-
cies, or came from participants with no clear connec-
tion to smart agriculture were excluded. Both the online
questionnaire and the qualitative interviews were con-
ducted in parallel in the same period of time.

Rather than claiming statistical generalizability,
the primary goal of the quantitative data is to highlight
general patterns, stakeholder perspectives, and areas
needing policy attention. These quantitative insights are
therefore exploratory and are critically supported and
contextualized through the qualitative findings obtained
from in-depth expert interviews, ensuring that the inter-
pretations are robust and contextually meaningful.

While the sample size of five qualitative interviews
and 20 valid quantitative responses may appear lim-
ited, it is justified by the methodological rigor applied
in the selection and analysis processes. The qualitative
interviews were conducted with carefully selected key
stakeholders representing different sectors of agricul-
ture, including policy, research, and industry, ensuring
expert-driven insights. Thematic saturation was reached,
as no significantly new themes emerged in later inter-
views, suggesting that the core challenges and opportu-
nities had been effectively captured (Baker et al., 2013).

For the quantitative survey, although the response
count is modest, it reflects targeted participation from
experienced stakeholders within the Agritech project
network and a pre-established stakeholder database. The
respondents’ expertise ensured high-quality, informed
perspectives, making the findings valuable for under-
standing adoption trends and policy needs. Future
research could expand the sample size to further validate
the findings.

2.4. Data analysis

The analysis of the collected data followed a struc-
tured multi-step approach, integrating both qualitative
and quantitative methodologies to ensure a comprehen-
sive interpretation of stakeholder perspectives on the
adoption of smart agriculture technology and policy
needs. Given the mixed-methods nature of the study, dif-
ferent analytical strategies were applied to the qualita-
tive and quantitative datasets to maximize the depth and
reliability of insights.

The qualitative data obtained from face-to-face inter-
views were manually analyzed using a combination of tex-
tual synthesis and thematic analysis. This approach was
chosen to extract detailed insights from expert responses
while maintaining the depth and context of qualitative
feedback. In particular, thematic analysis involved iden-

tifying recurring patterns in the responses related to
technology adoption, policy gaps, financial constraints,
and regulatory needs (Kiger & Varpio, 2020). While the
analysis was primarily descriptive, it provided structured
insights into the challenges and opportunities surround-
ing each specific smart technology developed in the Agr-
itech project. The responses were synthesized into key
themes aligned with the study’s focus, ensuring stakehold-
ers’ perspectives on technology diffusion, policy barriers,
and suggested interventions were effectively captured.

To ensure a structured interpretation of the quali-
tative data, insights were categorized into two main
dimensions. The first focused on technology-specific
insights, where each smart technology of the Agritech
project, namely: IoT, AI, sensor-based systems, and
robotics, was examined separately. Responses highlight-
ed perceived benefits, adoption challenges, and policy
needs unique to each innovation. The second dimen-
sion analyzed the broader policy environment, capturing
stakeholder views on existing policy frameworks, gaps in
regulatory support, and recommendations for improving
policy measures. This approach ensured that the quali-
tative findings were systematically organized, aiming to
understand stakeholder perspectives.

Given the exploratory purpose and the sample size,
the quantitative data obtained from the online survey
were analyzed in XLSTAT using basic descriptive sta-
tistical methods (frequencies, percentages, and cross-
tabulations) to highlight general trends and stakeholder
perceptions regarding smart technology adoption, rather
than conducting in-depth statistical tests. Frequency dis-
tributions were used to summarize categorical variables
such as familiarity with specific technologies, perceived
benefits, policy awareness, and adoption challenges.
Cross-tabulations were applied to compare stakeholder
perspectives across different professional sectors. Addi-
tionally, mean and standard deviation calculations were
used to analyze responses on Likert-scale questions,
assessing attitudes toward policy effectiveness, invest-
ment challenges, and knowledge dissemination needs.

The findings from the quantitative analysis provided a
broad overview of key trends in technology adoption and
policy perceptions. These insights were cross-referenced
with the qualitative findings to ensure that the study’s con-
clusions were supported by both in-depth expert opinions
and a wider range of stakeholder perspectives.

3. RESULTS

The presentation of results follows the dual structure
of our research design, distinguishing between general
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(cross-cutting) trends observed across stakeholders from
the online survey (Section 3.1) and technology-specific
insights derived from expert qualitative interviews (Sec-
tion 3.2).

3.1. Cross-cutting perspectives on smart technology adop-
tion

3.1.1. Geographic distribution and professional sectors of
the online survey

The geographic distribution of online respondents
shows a balanced representation from Italy’s major agri-
cultural regions (figure 1), with the highest representa-
tion from Emilia Romagna (46%), followed by Puglia
(36%), and smaller contributions from Lombardia and
Veneto (9% each). This distribution indicates a blend of
perspectives from key agricultural areas, offering insights
into potential regional variations in technology adoption
and policy needs within the smart technologies sector.

In terms of professional sectors, the respondents rep-
resented a broad spectrum within the agricultural and
smart technologies domains (figure 2). Approximately
33.33% of participants were involved in agricultural
technology, including roles related to software develop-
ment and research in precision agriculture. Another
33.33% came from academic backgrounds, emphasizing
the importance of research-driven insights in advancing
smart technologies solutions. Direct farming operations
accounted for 12% of respondents, ensuring representa-
tion of the practical, on-ground perspective crucial to
understanding adoption barriers. The remaining partici-
pants were involved in diverse areas, including profession-
al training, technological transfer, manufacturing, and
viticulture. This multifaceted representation highlights
the need for cross-sectoral collaboration to create compre-
hensive and inclusive smart technology adoption policies.

The level of involvement with specific smart agricul-
ture technologies varied among online respondents (fig-

H Emilia Romagna
Puglia
H Lombardia

m Veneto

Figure 1. Geographic distribution of stakeholders.
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W Agricultural technology companies

Academic Research

M Direct Farming Operations

H Others

Figure 2. Professional Sector of the stakeholders.

m Autonomous and Robotic Systems
w loT Technologies

Artificial Intelligence / Machine Learning
and Modelling

W Sensor-based technologies/ Remote
Sensing/Geospatial technologies

31,82%

Nature-based/Innovative Renewable
Agri-Systems / Water, soil, wastewater,
and nutrients reuse / Organic Agriculture

Novel Spectral Interface Technologies

Figure 3. Key stakeholders’ familiarity with Agritech project inno-
vative technologies.

ure 3). Sensor-based technologies emerged as the most
familiar, with 31.82% of respondents indicating famili-
arity. Autonomous systems, Al, IoT, and nature-based
renewable systems each garnered attention from 13%-
18% of respondents, reflecting a broad interest in diverse
smart agricultural innovations. Novel spectral interface
technologies were the least familiar, with only 4.55% of
respondents indicating involvement or interest, which
could be attributed to limited applications or high imple-
mentation costs.

Online Respondents identified several primary con-
tributions of smart technologies to the agricultural sec-
tor (figure 4). The leading perceived benefit was resource
waste reduction, cited by 25.81% of participants as a
crucial advantage. Closely following was the poten-
tial for reducing environmental impact, highlighted by
22.58% of respondents as a key benefit. Improved crop
yields were also a prominent contribution, recognized
by 19.35% of participants as a fundamental outcome of
adopting smart technologies. Enhanced pest, as well as
disease detection and increased labor efficiency were
both identified as significant benefits, with each select-
ed by 16.13% of respondents. Interestingly, none of the
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Reduction of environmental impact
Increase in labor efficiency
Enhanced pest/disease detection
Reduction of resource waste
Improved crop yields

Figure 4. Contributions of innovative technologies to the agricul-
tural sector, according to key stakeholders.

respondents chose the “Others” option, suggesting that
the primary contributions listed were comprehensive
enough to cover stakeholders’ perceptions of the benefits
of smart technologies.

3.1.2. Policy awareness and integration

The survey revealed varied levels of policy aware-
ness among respondents. A substantial portion, 50%,
expressed uncertainty regarding whether smart agricul-
ture technologies are acknowledged within existing policy
frameworks, suggesting a need for clearer communication
on policy provisions. In contrast, 37.50% of respondents
believed that relevant policies do exist, while 12.50% indi-
cated an absence of any supportive policy. Several specific
frameworks were noted among those who confirmed pol-
icy awareness, including PAC 2023-27, Agenda 2030, and
precision farming policies. Additionally, respondents men-
tioned partial policy alignment with broader frameworks
such as the Green Deal, Farm to Fork, and Soil and Bio-
diversity Strategies. This feedback highlights a fragmented
policy environment where existing frameworks recognize
the importance of innovation in agriculture but lack spe-
cific support for smart agriculture technologies.

Survey participants identified significant barriers
impacting the adoption of smart agriculture technolo-
gies, primarily focusing on high initial investment costs
and limited technical knowledge. 45% of respondents
cited each of these factors, emphasizing the need for
financial strategies and educational initiatives to address
these challenges. Additionally, 10% of respondents not-
ed limited infrastructure as an obstacle, highlighting
the importance of developing robust infrastructure to
support connected technologies like IoT. None of the
respondents considered regulatory barriers an issue, sug-
gesting that financial and knowledge-based obstacles are
the most immediate concerns. These findings imply that
while policies supporting smart agriculture technologies
exist, they are not tailored to alleviate farmers’ specific

challenges, particularly small and medium-sized opera-
tions with limited capital and expertise.

Participants offered a range of recommendations
for policy adjustments that could facilitate the adoption
of specific smart agriculture technologies. For autono-
mous and robotic systems, respondents suggested finan-
cial incentives, such as non-repayable grants, and the
diddemination of broader information to raise aware-
ness. IoT technologies were identified as requiring tar-
geted training programs, while AI and machine learning
would benefit from a structured data-sharing framework
and technical support to aid users in navigating com-
plex algorithms. Sensor-based technologies require poli-
cies that focus on transforming raw data into actionable
information, enabling farmers to make informed deci-
sions based on real-time insights. For renewable agri-
systems, respondents suggested training vouchers and
regulatory adjustments to support organic and sustain-
able practices. These policy recommendations emphasize
the importance of tailoring support mechanisms to the
distinct requirements of each smart agriculture technol-
ogy, thus enhancing both accessibility and usability.

Online survey respondents prioritized several key
research questions to guide future policy development
regarding smart agriculture technologies. Approximately
44.44% of participants identified “How can government
policies foster innovation in agriculture?” as the most
pressing question, signaling strong interest in govern-
ment’s direct role in driving technological advancements.
Equally prioritized was “How can smart agriculture tech-
nologies be integrated into the existing agricultural sys-
tem?” indicating that the practicalities of implementing
new technologies within current systems are of critical
concern alongside policy considerations. The importance
of understanding the impact of existing policies on the
adoption of smart agriculture technologies was also not-
ed, with 11.11% ranking it as the primary concern and
44.44% ranking it as the second most important concern.
Lastly, the collaboration between government and pri-
vate sector stakeholders was noted as an area for future
exploration, even if with lower priority. The diversity of
opinions on this question suggests a balanced focus on
government-led and collaborative initiatives.

The online survey also identified key stakehold-
ers essential to the development of smart agriculture
technologies policy, including farmers and academia
(each cited by 25% of respondents), smart technologies
companies (17.86%), public agencies, and large retailers
(14.29% each). This distribution underscores the neces-
sity of engaging diverse participants to create policies
that address practical needs, market demands, and tech-
nological feasibility.
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3.2. Technology-specific insights

The qualitative data gathered from the qualitative
expert interviews provide a deeper understanding of
stakeholder perspectives on specific smart agriculture
technologies, their potential contributions, and the bar-
riers that may hinder their adoption. The insights gained
through these interviews underscore the diversity of
challenges and recommendations within the smart agri-
culture technologies domain, offering nuanced perspec-
tives that supplement the survey findings.

3.2.1. Perspectives on robotic systems

Stakeholders frequently highlighted the trans-
formative potential of robotic systems in addressing
labor shortages, a pressing issue particularly in labor-
intensive areas such as fruit and vegetable production.
Robotic technologies allow for precise management of
tasks, from field crop monitoring to harvesting, which
can significantly improve efficiency while reducing
reliance on manual labor. This technological preci-
sion supports a shift toward sustainable practices, as
robots can optimize resource allocation, minimize
wastage, and even carry out tasks with environmen-
tal sensitivity in mind. However, stakeholders pointed
out that the high costs associated with robotic systems
pose substantial barriers to adoption, especially for
small and medium-sized farms. The financial outlay
required for these technologies and their technical
complexity presents a formidable challenge for farm-
ers without specialized knowledge or resources to sup-
port this transition.

To address these issues, stakeholders suggested
targeted financial incentives, such as non-repayable
grants or tax relief for farms adopting robotic systems.
Furthermore, they advocated for broader policy adjust-
ments to ease the learning curve associated with these
technologies. Suggestions included on-site training
programs, community equipment-sharing initiatives,
and educational workshops that demystify the use of
robotics in farming. From a policy perspective, inter-
viewees indicated that while overarching strategies like
the Green Deal and Farm to Fork acknowledge the
importance of agricultural innovation, they lack spe-
cific provisions to support the adoption of robotics. By
expanding precision farming policies to include robot-
ics, policymakers could foster a more comprehensive
approach to integrating these technologies into agri-
cultural systems.
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3.2.2. IoT for resource optimization

IoT technologies were recognized by stakeholders
as essential for optimizing resource use, particularly in
water management. By integrating IoT-enabled devic-
es, farmers can collect real-time data on soil moisture,
crop health, and environmental conditions, allowing for
precise irrigation adjustments that conserve water and
reduce costs. Beyond individual farm benefits, stakehold-
ers noted that the data generated by IoT systems could
support broader agricultural analytics, improving fore-
casting and resource management on a regional or even
national level (Weersink et al., 2018).

Despite these advantages, stakeholders expressed
concerns over the cost and interoperability of IoT sys-
tems, which can make adoption challenging, particularly
for smaller farms. The lack of standardized protocols for
data sharing among different IoT devices presents anoth-
er barrier, as farmers often require an integrated view of
data across multiple devices and systems. To address these
issues, stakeholders recommended policy interventions to
promote data-sharing standards and compatibility proto-
cols to enable seamless integration across IoT platforms.
Additionally, they advocated for reducing bureaucratic
complexities surrounding IoT implementation, which
could encourage more farms to adopt IoT configurations
and benefit from their potential efficiencies.

3.2.3. Sensor platforms and remote sensing technologies

Sensor technologies, particularly those designed for
unmanned or automated configurations, were identified
as having significant potential to enhance agricultural
efficiency. These technologies allow for precise manage-
ment of resources like water and nutrients and provide
real-time monitoring that supports effective disease con-
trol and overall crop health management. For example,
by using soil moisture sensors, farmers can optimize
irrigation schedules, reducing water use without com-
promising crop quality. Additionally, the environmental
benefits of sensor-based systems are considerable, as they
minimize the need for excess inputs, thereby lowering
the environmental footprint of agricultural operations.

However, stakeholders noted that sensor platforms
face barriers similar to those of other advanced technolo-
gies, including high installation costs, technical limita-
tions, and the need for specialized training. Furthermore,
respondents pointed out that the absence of a unified data
platform for sensor integration complicates data inter-
pretation, making it challenging for farmers to convert
raw data into actionable insights. To support the adop-
tion of sensor technology, stakeholders suggested policy
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adjustments that include infrastructure investments, such
as broadband expansion to rural areas and establishing
public-private partnerships for data platform development.
These initiatives could facilitate real-time data aggregation
and analysis, allowing farmers to maximize the benefits of
sensor platforms for sustainable agriculture.

3.2.4. Role of artificial intelligence and machine learning in
agriculture

Artificial Intelligence (AI) and Machine Learn-
ing (ML) technologies hold transformative potential for
agriculture, enabling real-time analysis and predictive
insights that enhance decision-making and resource
allocation. Al-driven applications allow farmers to moni-
tor crop health, predict yield outcomes, and optimize
input use, making farm management more efficient and
responsive. Stakeholders believe that Al could streamline
processes across the agricultural value chain, from plan-
ning and planting to harvest and market delivery, there-
by adding value at each production stage.

Despite this promise, Al adoption in agriculture is
restricted by several challenges. First, the high costs asso-
ciated with AI solutions can be prohibitive, particularly
for smaller operations. Second, data interoperability pre-
sents technical challenges, as different AI applications
often require diverse data inputs that may not be read-
ily compatible with each other. Lastly, stakeholders high-
lighted the complexity of using AI solutions, which often
require advanced technical knowledge that may be inac-
cessible to many farmers. Recommendations for policy
interventions included establishing open data systems,
which could facilitate data sharing across AI platforms,
and government-supported training programs that simpli-
fy the use of AL Additionally, respondents advocated for
technical support mechanisms to help farmers navigate Al
applications and fully realize their potential benefits.

3.2.5. Nature-based solutions and renewable agriculture

Stakeholders emphasized the growing importance
of nature-based solutions, such as water and soil reuse,
nutrient recycling, and organic farming practices, as
essential components of sustainable agriculture. These
renewable systems reduce environmental impact by
reducing reliance on synthetic inputs and fostering a
more balanced relationship between agriculture and the
environment. Nature-based solutions promise healthier
soils, improved crop resilience, and long-term sustain-
ability, making them an attractive alternative for farmers
aiming to minimize their ecological footprint.

However, the transition to renewable agri-systems
is not without challenges. Stakeholders noted that high
initial investment costs, limited expertise, and regula-
tory inconsistencies are significant barriers. To address
these challenges, respondents recommended that policies
provide financial incentives, such as subsidies for transi-
tioning to organic farming and grants for infrastructure
investments. Training programs focused on sustainable
farming practices and more robust certification systems
were also suggested to ensure market recognition of
organic and nature-based products. By supporting these
transitions, policymakers can promote a more sustainable
agricultural model that aligns with environmental goals.

3.2.6. Novel spectral interface technologies

While novel spectral interface technologies, includ-
ing microwave and THz radiation applications, were
less familiar to many respondents, some stakeholders
acknowledged their potential for non-invasive agricul-
tural monitoring. These technologies allow for detailed
analysis of crop health, soil composition, and other
critical indicators without physical contact, which could
prove valuable for precision agriculture. However, the
application of spectral technologies faces unique chal-
lenges, including high costs, safety concerns related to
radiation use, and the need for specialized expertise to
interpret complex data.

Stakeholders recommended targeted policy interven-
tions to address these challenges. Suggestions included
funding for research focused on agricultural applica-
tions of spectral technologies, safety standards to ensure
that radiation use does not pose health risks, and farmer
training programs to build competence in spectral data
interpretation. Additionally, respondents expressed inter-
est in exploring integrating spectral data with AI, which
could improve data analysis and support more efficient
agricultural decision-making.

4. DISCUSSION

The findings of this study reinforce the well-doc-
umented potential of smart agriculture technologies to
address pressing challenges in the agricultural sector,
such as resource efficiency, climate adaptation, and sus-
tainability. These technologies, when the right conditions
are met, also play a growing role in building food system
resilience by improving productivity and reducing losses,
particularly under climate stress, as reported by Gemtou
et al,, (2024). Despite this potential, adoption remains lim-
ited due to financial, technical, and infrastructural con-
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straints. These results align with previous research, which
emphasizes that economic barriers and knowledge gaps
are among the most significant obstacles to the adoption
of technology in agriculture (Basso & Antle, 2020; Finger
et al., 2019). However, the findings also highlight a critical
gap in policy awareness, which has received less attention
in the existing literature but emerged as a key concern
among stakeholders in this study.

One of the particularities of this research lies in its
mixed-methods approach, which combines qualitative
depth with exploratory quantitative insights. While the
number of responses in the survey is modest, the align-
ment between the survey trends and the interview nar-
ratives provides a form of triangulation that enhances
the robustness of the results. This integration allowed us
to validate emerging patterns, ensuring that the insights
are not reliant on a single data source but are reflected
across multiple forms of stakeholder engagement (Fet-
ters et al., 2013; Creswell & Plano Clark, 2017). The tri-
angulation design was particularly valuable for assessing
the adoption barriers and policy dynamics around smart
technologies, where numerical trends were consistently
reinforced by expert perspectives.

This convergence of evidence across the two meth-
ods strengthens confidence in the relevance of the
results. One of the most striking of these results is the
widespread lack of clarity regarding the role of existing
policies in supporting smart agriculture technologies.
Many respondents expressed uncertainty about whether
current frameworks, such as the Common Agricultural
Policy (CAP) 2023-2027, the Green Deal, and Farm to
Fork, sufficiently address the specific needs of techno-
logical adoption in agriculture. This reflects findings
from previous studies indicating that while sustainability
and innovation are often mentioned in high-level poli-
cies, their implementation at the farm level is often frag-
mented and unclear (Candel, 2022; Rose et al.,, 2021). A
key implication of this study is that policymakers must
improve communication strategies to ensure that farm-
ers, technology developers, and other stakeholders are
well-informed about existing policy instruments and
funding opportunities.

This lack of clarity is also linked to a broader issue
of trust and how farmers perceive these policies. For
instance, Giampietri et al. (2020) show that trust in
intermediaries plays a critical role in adoption of CAP-
subsidized risk management tools. Our findings suggest
that in the context of smart farming, this trust must
extend to digital service providers and data systems,
highlighting the need for transparency, digital literacy,
and certification mechanisms that can build farmers’
confidence in technological tools.
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Consistent with earlier research (Long et al., 2016;
Weersink et al., 2018), this study also confirms that high
initial investment costs remain a fundamental barrier
to technology adoption. This is particularly problematic
for small and medium-sized farms, which struggle to
access capital for automation, Al-driven decision support
tools, and IoT-enabled monitoring systems. The explora-
tory quantitative results highlighted the widespread
concern about financial and technical barriers, and like-
wise, these survey insights were strongly supported by
qualitative findings, where experts repeatedly empha-
sized similar barriers such as high upfront costs, limited
access to financial resources, and difficulties accessing
technical support. This cross-analysis between survey
data and expert interviews strengthens the validity of
our observations and highlights the need for targeted
policy responses that directly address these barriers.
While financial incentives, such as grants, tax credits,
and low-interest loans, are already part of some policy
frameworks, stakeholders expressed concerns that these
incentives are often complex, difficult to access, or insuf-
ficient to offset adoption costs. Policymakers should con-
sider simplifying administrative procedures for funding
applications and targeting financial assistance toward
the most impactful technologies identified in this study,
such as sensor-based monitoring, Al-driven decision-
making, and precision irrigation systems.

Additionally, as reinforced by both datasets, cost-
sharing and infrastructure emerged as cross-cutting
themes, underscoring their significance regardless of
methodological lens. Stakeholders recommended public-
private partnerships to support cost-sharing initiatives,
particularly for expensive infrastructure investments,
such as rural broadband expansion. These findings
reinforce recent discussions on the role of co-financing
mechanisms and innovation clusters in mitigating the
risk associated with technology adoption for farmers
(Ehlers et al., 2022).

A consistent finding across both data sources was
the importance of technical knowledge and training in
shaping adoption outcomes, consistent with previous
studies (Charatsari & Lioutas, 2013; Lovec et al., 2020).
Smart agriculture technologies often require specialized
skills, yet many farmers have limited access to training
programs that could help them integrate these innova-
tions effectively. Stakeholders emphasized the need for
structured, hands-on training initiatives that focus on
technology usability, data interpretation, and integration
into existing farming systems.

This highlights an important policy gap: while some
funding exists for technology development, there is often
insufficient investment in farmer education and capacity
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building. Policymakers should consider expanding agri-
cultural extension services to provide in-person training,
online courses, and demonstration farms where farmers
can experience the benefits of digital agriculture first-
hand. Knowledge transfer partnerships between research
institutions and farming communities could also play
a crucial role in reducing this barrier. This aligns with
Menozzi et al. (2023), who emphasize that perceived
behavioural control and attitudes are pivotal in shaping
adoption decisions, especially when practices are unfa-
miliar or technically demanding. Similarly, our respond-
ents stressed the difficulty of using AI or IoT platforms,
reinforcing the need for support measures that go
beyond finance to include training, usability, and peer-
to-peer learning networks.

The study also highlights infrastructure limita-
tions, particularly concerning internet connectivity in
rural areas. Technologies such as IoT-based monitor-
ing, remote sensing, and Al-driven decision support
tools rely on high-speed internet and cloud comput-
ing, yet many agricultural regions lack the necessary
broadband infrastructure. This issue is consistent with
prior research, which emphasizes that the digital divide
between urban and rural areas is a significant barrier to
the diffusion of technology (Ehlers et al., 2022).

A broader finding from this study is that smart agri-
culture policies must be adaptive, responsive, and inclu-
sive. Stakeholders reported that existing policies often
fail to differentiate between the needs of different types
of farmers, particularly smallholders versus large-scale
agribusinesses. One-size-fits-all policy approaches may
not be effective in promoting equitable adoption, sug-
gesting the need for targeted support mechanisms.

Additionally, stakeholder engagement must be pri-
oritized in policy design and implementation. The find-
ings of the qualitative survey suggest that many policy
frameworks lack farmer representation in the decision-
making process, leading to misalignment between policy
objectives and on-the-ground realities. To improve this,
policymakers should, according to the key expert stake-
holders, incorporate participatory approaches, such as
co-design workshops, multi-actor innovation networks,
and regional consultation forums.

While this study aims to provide valuable insights
into the adoption barriers and policy needs of smart
agriculture technologies, using triangulation, combin-
ing exploratory survey findings with detailed expert
interviews, to provide a balanced and credible approach,
in an attempt to make the insights more robust, certain
limitations should be acknowledged. The sample size,
particularly for the qualitative interviews, was relatively
small, which may limit the generalizability of some find-

ings. Additionally, the reliance on self-reported data
introduces the possibility of response biases, as par-
ticipants’ perceptions may not always reflect objective
realities. However, it is important to note that the study
purposefully targeted key stakeholders, namely: policy
experts, researchers, and technology developers, identi-
fied through a structured stakeholder mapping within
the Agritech project. As such, the participants likely rep-
resent some of the most informed individuals on smart
agriculture policy and technology in Italy, enhancing
the relevance and depth of the insights gathered. Future
research should explore larger and samples to validate
these findings across different agricultural systems and
geographic regions. Comparative studies examining pol-
icy effectiveness in multiple countries could offer deeper
insights into best practices for supporting smart agricul-
ture adoption.

5. CONCLUSION AND POLICY IMPLICATIONS

This study highlights the importance of policy frame-
works in facilitating the adoption of smart agriculture
technologies while revealing key barriers hindering their
widespread implementation. The results emphasize stake-
holders’ strong optimism regarding these technologies’
role in improving agricultural efficiency, sustainability,
and resilience. However, the study also identifies three
major obstacles: high investment costs, technical knowl-
edge gaps, and inadequate infrastructure, all of which
must be addressed through targeted policy interventions.

A critical takeaway from this research is the neces-
sity for policy alignment and accessibility. While exist-
ing frameworks acknowledge innovation, a discon-
nect exists between policy provisions and stakeholder
awareness. This highlights the need for simplified
policy regulations, better communication strategies,
and stronger engagement with the farming community.
Policies should be designed to be practical, transparent,
and adaptable, ensuring that they effectively support
farmers and technology adopters in different agricul-
tural settings.

Another key implication is the urgent need for finan-
cial instruments tailored to the realities of smart agricul-
ture, Such as differences in farm sizes, digital readiness
and access to broadband infrastructure, among others.
Policies must focus on incentives such as subsidies, tax
relief, and low-interest loans to lower the entry barri-
ers for farmers, particularly small and medium-sized
operations. At the same time, public-private partnerships
should be expanded to create co-financing models that
distribute investment risks across multiple stakeholders.
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The role of education and technical training also
emerges as a fundamental aspect of successful adoption.
Smart agriculture technologies require specialized skills
that many farmers currently lack. To address this, agri-
cultural extension services should integrate digital train-
ing programs, on-field demonstration projects, and men-
torship initiatives. Collaboration between universities,
policymakers, and industry leaders can create structured
knowledge-sharing platforms that provide ongoing sup-
port to farmers.

Finally, this study underscores the importance of an
inclusive and adaptive policy-making approach. Engag-
ing diverse stakeholders, from farmers to technology
developers and policymakers, is essential for crafting
policies grounded in real-world needs. Multi-actor gov-
ernance structures, such as stakeholder consultation
groups, regional innovation hubs, and participatory pol-
icy platforms, should be institutionalized to ensure that
agricultural policies evolve in tandem with technological
advancements.

In conclusion, smart agriculture technologies rep-
resent a transformative opportunity for the agricultural
sector; however, their full potential can only be realized
with robust, well-coordinated, and forward-thinking poli-
cies. Policymakers can accelerate the transition toward a
more sustainable, productive, and resilient agricultural
system by addressing financial constraints, bridging the
knowledge gap, expanding digital infrastructure, and
improving stakeholder engagement. Beyond economic and
technological advancements, the successful integration
of these innovations has profound implications for long-
term sustainability and global food security. By improving
resource efficiency, reducing environmental degradation,
and enhancing adaptive capacity to climate change, smart
agriculture technologies contribute to more resilient food
systems that can meet the demands of a growing popu-
lation. However, ensuring equitable access to these tech-
nologies is essential to prevent the widening of disparities
between large-scale and smallholder farmers. Future pol-
icy efforts should focus on fostering inclusive innovation,
integrating sustainability goals into technology adoption
strategies, and aligning digital agriculture with broader
climate and food security policies. By doing so, agricul-
tural technologies can evolve in ways that not only drive
economic growth but also ensure environmental sustain-
ability and food system resilience.
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