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Abstract: Enabling technologies (KETs) offer transformative potential for agriculture by addressing 

major challenges such as climate change, resource efficiency, and sustainable development across 

economic, social, and environmental dimensions. However, KET adoption is often limited by high 

R&D requirements, rapid innovation cycles, investment costs, and cultural or training barriers, 

especially among small agricultural businesses. Sicily's agricultural sector, already strained by 

pandemic-related economic setbacks and inflationary pressures, faces additional barriers in 

adopting these technologies. To investigate these adoption challenges and develop viable solutions, 

the ARIA Living Lab (Agritech Research Innovation Environment) was established within the 

PNRR framework. A qualitative approach was used, involving documentary analysis and data from 

stakeholders across Sicilian agriculture. This approach enabled an in-depth exploration of sector-

specific needs, infrastructure, and socio-economic factors influencing KET adoption. The analysis 

highlighted that adoption barriers differ significantly across sectors (citrus, olive, and wine), with 

public incentives and digital infrastructure playing key roles. However, a persistent lack of technical 

skills among farmers reduces the effectiveness of these innovations. The findings suggest that an 

integrated approach—combining targeted incentives, training, and enhanced infrastructure—is 

essential for a sustainable transition to KETs. Future research should examine collaborative efforts 

between farms and tech providers and evaluate the impact of public policies in promoting the 

widespread, informed adoption of enabling technologies.  

Keywords: KETs; open innovations; participatory innovation; agriculture; cause and effect analysis; 

barriers to adoption innovations 

 

1. Introduction 

In recent years, the agricultural sector has undergone a remarkable transformation due to the 

increasing adoption of enabling technologies. These technologies, ranging from precision farming 

tools to digital platforms, have helped to improve the productivity, sustainability and efficiency of 

farming practices. The adoption of such innovations is important not only for farmers, but also for 

the entire food production system and environmental conservation efforts [1,2]. 

Enabling technologies in agriculture refer to a wide range of innovative tools, systems and 

solutions that are revolutionising the way farming practices are conducted [3–5]. These technologies 

are designed to increase the productivity, efficiency, sustainability and profitability of agricultural 

activities [6–9]. 

Some common examples of enabling technologies in agriculture are precision agriculture 

(involving the use of technologies such as GPS, sensors, drones and satellite imagery to optimise farm 
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management); the Internet of Things (IoT) (to collect real-time data on crop health, soil conditions, 

weather patterns and equipment performance); artificial intelligence (AI) and machine learning (for 

crop yield prediction, plant disease detection, irrigation schedule optimisation and inventory 

management); robotics and automation (transforming activities such as planting, weeding, 

harvesting and sorting in agriculture with autonomous vehicles, robotic arms and smart machines); 

blockchain technology (to improve traceability, transparency and trust in the food supply chain); 

farm management software (for functionalities such as inventory management, crop planning, 

financial analysis and compliance monitoring) [10]. 

These are almost always technologies that enable farmers to make data-driven decisions, 

resulting in more efficient use of resources and increased yields [11–13]. 

Enabling technologies in agriculture continue to evolve and play a crucial role in modernising 

the sector, addressing sustainability challenges and meeting the growing demand for food 

production. By harnessing these technological innovations, farmers can improve their productivity, 

reduce their environmental impact and achieve long-term success in a rapidly changing agricultural 

landscape [14]. 

Despite the clear benefits of these enabling technologies, gaps persist in the literature regarding 

the extent of their adoption, the challenges faced by farmers in integrating them into their practices, 

and the overall impact on agricultural sustainability [15–17]. Understanding these gaps is critical to 

formulating effective strategies to promote the widespread adoption of technological innovations in 

agriculture [17–19]. 

Several barriers to the adoption of enabling technologies in agriculture have been identified in 

the existing literature. Some common barriers include upfront investment, lack of technical skills and 

training, difficulties in accessing reliable internet connectivity and infrastructure, data privacy and 

security issues, as well as those of complexity and compatibility with existing farm management 

systems; finally, resistance to change and regulatory and political constraints [20,21]. Understanding 

these barriers is essential for developing strategies and interventions that facilitate the adoption of 

KETs in agriculture. Addressing these challenges through targeted initiatives, capacity building 

programmes, policy advocacy and stakeholder collaboration can help overcome barriers and unlock 

the full potential of technological innovations in transforming the agricultural sector for sustainable 

growth and resilience [22,23]. 

A possible enabling technology deployment strategy can be set up with the contribution of living 

labs (LLs). LLs in agriculture are collaborative platforms where farmers, researchers, technology 

developers and other stakeholders come together to co-create, test and implement innovative 

solutions, including enabling technologies. The integration of enabling technologies in living labs can 

facilitate the dissemination and adoption of these innovations through the following approaches [24–

27]: 

 Co-creation and user involvement: LLs encourage active participation and co-creation between 

farmers and end-users in the development and testing of enabling technologies. By involving 

farmers in the design process, understanding their needs and incorporating their feedback, 

technology developers can customise solutions to better meet the requirements of farming 

practices. 

 Demonstrations and field trials: in LLs farmers can observe the practical application of these 

technologies, interact with experts and gain hands-on experience in using the tools within their 

own farming operations. This hands-on approach enhances learning and facilitates technology 

adoption. 

 Knowledge sharing and networking: Farmers can learn from colleagues, researchers and 

technology providers, benefiting from different perspectives and best practices in technology 

adoption and implementation. 

 Training and capacity building: because they offer training programmes and capacity building 

initiatives to improve farmers' technical skills and knowledge in the use of KETs. 

 Feedback mechanisms and iterative improvement: because they facilitate continuous feedback 

loops and iterative improvement processes to refine and optimise KETs. 
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 Political engagement and advocacy: as they serve as platforms to engage policymakers, 

practitioners and regulators in discussions related to KETs in agriculture. By showcasing the 

benefits and outcomes of technology adoption within living labs, stakeholders can advocate for 

supportive policies, funding mechanisms and regulatory frameworks that promote innovation 

in agriculture. 

By harnessing the collaborative and experimental nature of living labs, enabling technologies 

can be effectively disseminated, validated and scaled up in agriculture, leading to sustainable 

adoption, increased productivity and positive socio-economic impacts for farmers and the wider 

agricultural ecosystem [28]. 

In the context of Sicily, a region with a rich agricultural heritage, it is crucial to evaluate the 

challenges associated with the adoption of these innovations and explore ways to overcome existing 

barriers. By examining the socio-economic and environmental factors that influence technology 

adoption in this region, valuable knowledge can be gained to improve agricultural practices and 

ensure the long-term sustainability of farming activities [29,30]. 

In this context, the following research questions were developed: 

1. What are the main challenges and specific barriers faced by Sicilian farmers in the citrus, olive 

and wine-growing sectors in adopting KETs, and to what extent do these vary between 

different production sectors? 

2. What socio-economic factors, including availability of incentives, digital infrastructure and 

technical skills, influence the adoption of KETs in the Sicilian agricultural sector, and how do 

these elements affect the degree of innovation in different production sectors? 

3. What customised strategies can be implemented to foster widespread and sustainable KETs 

adoption in the main Sicilian agricultural sectors, considering the different levels of perceived 

usefulness and sectoral priorities in terms of efficiency, quality and revenue stability? 

The aim of this research is to provide insight into the complexities surrounding the adoption of 

enabling technologies in Sicilian agriculture. The findings will inform evidence-based solutions to 

improve technology adoption and promote agricultural sustainability in the region. 

2. Materials and Methods 

2.1. Context in Which the Study Was Carried Out 

The research, conducted in Sicily—a region in Southern Italy—analyzed the structure of 

agricultural production and the sector's openness to innovation. Data from ISTAT’s 2020 VII General 

Census of Agriculture [31] reveal a concerning trend: only 11% of Italian farms invested in innovation 

between 2018 and 2020, with this percentage dropping sharply to just 5.7% in Sicily. This difference 

underlines the structural difficulties and the climate of uncertainty that has negatively affected the 

propensity for innovation in the region. 

Table 1 shows that Sicily accounts for only 6.5% of farms that have undertaken at least one 

innovative initiative. This figure reflects not only local economic challenges, but also a broader 

context marked by economic crises and unstable international confidence. Despite these difficulties, 

some areas of investment show signs of interest on the part of entrepreneurs. 

Table 1. Innovative farms in Italy and Sicily (2024) (*). 

 Areas Total farms 

Farms with at least one 

innovative investment in 

the three-year period 2018-

2020 

% 

Sicily, a 142,416 8,114  5.7 

Italy, b 1,133,023 124,904  11.0 

% a/b 12.6 6.5     

The total of 1,133,023 contains 2,495 collective properties for which the questions on the tendency to innovate were 

not provided. VII General Agricultural Census, ISTAT, Rome. 
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Figure 1 shows that innovations were mainly focused on traditional agricultural techniques and 

production management, varieties and breeds, irrigation, fertilisation, and pruning activities. There 

is also evidence of a commitment to product sales and marketing, a crucial aspect for improving the 

competitiveness of farms in the market. However, the available data do not allow for a precise 

assessment of the use of enabling technologies, although it is assumed that they implicitly fall into 

some of the categories presented. 

 

Figure 1. Areas of innovation in which investments have been made in Sicily and its incidence % on 

the total Italy. 

Another significant finding concerns company size: innovative companies tend to be larger in 

size, as can be seen in Table 2. In Italy, 58% of the companies that invest in innovation have more than 

10 adult work units per year (AWU or the amount of work performed in the year by a full-time 

employee, or the equivalent amount performed by part-time workers or by workers who do double 

work) [32]. In Sicily this percentage is reduced to 41%, indicating a greater fragmentation of the sector. 

Table 2. Innovative farms by AWU classes (2024) (*). 

  All farms   Innovative farms 
   AWU classes    AWU classes 

Areas Total 

Farm, n. 
0<AWU<=1 1<AWU<=10 AWU>10 

 Total 

Farm, n. 
0<AWU<=1 1<AWU<=10 AWU>10 

    

Sicily, a 142,416 123,563 18,409 358   8,114 4,792 3,174 148 
      5.7 3.9 17.2 41.3 

Italy, b 1,133,023 912,938 214,117 3,473  124,904 55,995 66,895 2,014 
      11 6.1 31.2 58 

% a/b 12.6 13.5 8.6 10.3   6.5 8.6 4.7 7.3 

(*) Source. VII General Census of Agriculture, ISTAT, Rome. 

However, the numerical decline of Sicilian companies over the last ten years is marked: 

compared to 2010, the region has lost 35% of its companies, from 220,000 to around 142,000. This 

change has led to larger companies, but with an on average older entrepreneurial population, less 

inclined to adopt new technologies. The size and age of companies are key factors influencing their 

openness to innovations, particularly advanced technological innovations.  

The overall picture suggests the urgency of targeted policies to support the digital and 

technological transformation of the Sicilian agricultural sector, stimulating both the renewal of 
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production structures and the adoption of innovative tools capable of ensuring greater 

competitiveness and sustainability. 

2.2. Living Lab as a Tool for the Co-Construction of Innovation Needs 

The context analysis on the propensity to adopt innovations based on ISTAT data, revealed 

significant opportunities to foster the use of enabling technologies. This was the main objective of the 

research project developed under the PNRR Agritech, which led to the creation of a living lab to foster 

the integration of research and innovation processes in real-world contexts [33]. Such an environment 

makes it possible to: 

 identify the main factors influencing the adoption of innovations by actors in the various supply 

chains 

 identify potential barriers to the diffusion of such innovations at the local level; 

 facilitate the scalability of innovations to other communities and promote large-scale diffusion; 

 support decision-makers in defining strategies for the ecological and digital transition of the 

agricultural sector. 

The living lab, called ARIA (Agritech Research Innovation and Environment), promotes a 

participatory and collaborative approach and has been operational since May 2024. The stakeholder 

engagement phase was particularly challenging and required preliminary meetings, both in-person 

and online, with different stakeholders and partner researchers from other Agritech Spoke 3 projects 

(Figure 2). 

 

Figure 2. Types of stakeholders involved in ARIA Living Lab activities (2024). 

Collaborations with strategic partners, including companies and start-ups, technology holders 

(drones, sensors, meteorological huts, satellite systems for monitoring plant development conditions, 

etc.), consultants and operators of professional associations (agronomists and graduate agro-

technicians), have been set up. 

The ARIA living lab activated a calendar of periodic meetings, articulated in moments of 

confrontation, practical demonstrations in the field and discussions according to the ‘World Café’ 

methodology. Each meeting was made dynamic and interactive through the adoption of instant 

polling technologies, ensuring active involvement of the participants (Figure 3). 

Individual or associated 

farmers (target group)

63%

Public actors (long term 

perspective & regulatory role)

14%

Knowledge institutes 

(expertise & scientific 

substantiation)

5%

Private actors (practical know-

how & resources)

18%
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Figure 3. Moments of the Living Lab ARIA activities (2024). 

The sectors selected for study were olive growing, agriculture and wine growing, which are all 

areas of regional excellence in production, providing an optimal context for experimentation and 

innovation. 

2.3. Tools Used 

The ARIA Living Lab integrated innovative participatory methodologies such as the World 

Café, the Ishikawa diagram and the Business Model Canvas. These tools supported an in-depth 

collaborative reflection on motivations and barriers related to technology adoption, facilitating the 

co-creation of concrete solutions. 

The World Café methodology, as suggested by Brown and Isaacs (2005) [34], allows participants 

to engage in structured and inclusive dialogues, facilitating the emergence of shared perspectives on 

complex issues. In ARIA, the World Café made it possible to investigate the innovation needs of local 

actors and to analyse the main motivations and barriers to the adoption of advanced technologies. 

Through thematic tables and open discussions, participants shared experiences and perceptions on 

the potential of innovation, while highlighting barriers such as high initial costs and lack of specific 

skills for implementation [34,35]. This approach strengthened the involvement of all participants, 

facilitating a participatory dialogue in which ideas could be freely compared [36–41]. 

Subsequently, the Ishikawa diagram, also known as a fishbone diagram, was used for an in-

depth analysis of the causes of the barriers that emerged and for the identification of corrective 

actions. Ishikawa (1986) [42] describes this technique as essential for structuring and systematically 

analysing the factors contributing to a specific problem. In the context of ARIA, the Ishikawa diagram 

made it possible to visualise the root causes of the difficulties faced by stakeholders in adopting 

technologies, such as technical complexity, access costs and training. This structured representation 

enabled the identification of targeted actions, such as technical training and financial support, to 

facilitate the adoption of innovations and overcome existing barriers [42–48]. 

To develop a concrete plan forthe adoption of enabling technologies, ARIA adopted the Business 

Model Canvas, a tool developed by Osterwalder and Pigneur (2010) [49] to outline business models 

that facilitate the adoption and sustainability of innovations. Through the Canvas, participants 

analysed key components such as the value proposition, essential resources, distribution channels 

and strategic partnerships. This approach enabled a clear and practical visualisation of the ways in 

which each actor can benefit from the implementation of new technologies, supporting integrated 

and sustainable planning in the local context [49–57]. 

Ultimately, the integration of these three methodologies allowed the ARIA Living Lab to explore 

in a systematic and participatory manner the key factors for the adoption of enabling technologies in 

agriculture. These tools, combined in a participatory process, facilitated an in-depth understanding 
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of the challenges and opportunities, enabling the co-creation of concrete strategies adaptable to the 

local context. The combination of these methodologies is an effective example of open innovation and 

stakeholder involvement in building shared solutions for a sustainable technology transition [58,59]. 

3. Results and Discussion 

3.1. Propensity for Innovation Through KETs 

The analysis conducted at the regional level showed widespread participation of stakeholders 

from the main agricultural sectors under study: citrus, olive and wine growing. The geographical 

coverage was wide, including both conventional and Protected Designation of Origin (PDO) growing 

areas, as illustrated in Figure 4. 

 

Figure 4. Stakeholders involved in the ARIA Living Lab by origin (2024). 

In recent years, operators have adopted or encouraged the introduction of innovative 

technologies on farms, also supported by public interventions. A crucial element for the widespread 

adoption of such innovations is the availability of appropriate financial instruments to promote KETs 

(Figure 5). 

 

Figure 5. Innovations introduced in agriculture in the last three years, by main type (2024). 
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In Italy, various instruments at both national and regional level have been developed to 

stimulate these transformations, such as: 

1. Strategic Plan for Innovation and Research in Agriculture, Food and Forestry (2014-2020): 

approved by Decree of the Ministry of Agriculture, Food and Forestry (Mipaaf) No. 7139 of 1 

April 2015, this plan established a specific Working Group for precision agriculture, which drew 

up Guidelines for the sector. This provided a solid basis for the adoption of innovative 

techniques in Italian agricultural practices. 

2. ISMEA Incentives for Agricultural Innovation: The Istituto di Servizi per il Mercato Agricolo 

Alimentare (ISMEA) has earmarked 75 million euros per year for the period 2023-2025, with the 

aim of supporting agricultural enterprises in adopting advanced technologies and sustainable 

production methods. 

3. PNRR - Investment 2.3: as part of the National Recovery and Resilience Plan, a specific measure 

aims to modernise agricultural machinery, thus promoting the adoption of precision farming 

techniques to increase productivity and efficiency. 

In Sicily, further local regulations have been introduced to incentivise the adoption of innovative 

practices: 

1. Bill No. 394 of 11 October 2018: this bill aimed to promote the diffusion of precision agriculture 

techniques through the creation of a Regional Observatory for Precision Agriculture (ORAdP). 

Although the DDL was not fully implemented, some of its provisions were integrated into 

Regional Law 21 of 29 July 2021, which emphasises the protection of biodiversity and the 

strengthening of agroecology in Sicily, reaffirming the establishment of the Regional 

Observatory. 

2.  PSR Sicily 2014-2022: the Sicilian Rural Development Programme has included specific 

incentives, such as Commitment 2.3 and measure SRA24 - ACA24, to encourage the use of 

precision techniques, optimising the use of fertilisers and other agricultural resources. 

Knowledge of KETs among stakeholders is varied (Figure 6). Some technologies are well known 

and widespread, while others are less well known, despite their potential value for agriculture. 

 

Figure 6. Type of enabling technology known to the stakeholders involved in the ARIA Living Lab 

(2024). 

For instance, tools such as sensors for soil monitoring or drones for crop observation are among 

the best known, probably because of their practical and immediate application in improving 

productivity and efficiency. In contrast, other technologies, such as advanced big data platforms or 

artificial intelligence for crop forecasting, seem less popular. This could be due to a combination of 

factors, including technical complexity, the lack of specific skills and the need for advanced digital 

infrastructure to support the use of these innovations. 
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In their assessment of perceived usefulness, many stakeholders give enabling technologies a 

high degree of relevance for business efficiency (Figure 7). 

 

Figure 7. Perceived usefulness of enabling technology adoption in agriculture by ARIA Living Lab 

stakeholders (2024). 

Figure 7 presents a detailed examination of the perceived usefulness of KETs, employing a rating 

scale that ranges from 1 (strongly disagree) to 5 (strongly agree). The data indicate that the majority 

of stakeholders recognise the high usefulness of enabling technologies for business efficiency. 

Technologies that promote precision in farming practices - such as automated irrigation systems and 

digital crop management - score high, demonstrating widespread agreement on their ability to 

improve production processes and reduce environmental impact. This appreciation confirms that 

stakeholders are aware of the transformative potential of the technologies, while still requiring 

technical and financial support for large-scale implementation. 

Alongside the benefits, stakeholders also identify some risks associated with the adoption of 

these technologies, which may hold back faster deployment (Figure 8). 

 

Figure 8. Perceived risks of enabling technology adoption in agriculture by ARIA Living Lab 

stakeholders (2024). 

Among the main fears are the initial cost of equipment, the complexity of use, and potential 

problems with handling sensitive data. The fear of high costs can be a significant barrier for small 

companies, which often lack the means to invest in new technology without adequate incentives or 
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funding. Difficulty in managing data is also perceived as a critical risk, especially for companies 

lacking the necessary digital skills. The lack of adequate digital infrastructure and the risk of cyber 

vulnerabilities are further factors that may hinder widespread adoption. 

3.2. Analysis of Barriers to KET Adoption 

The limited adoption of KETs in agriculture is a complex phenomenon, influenced by multiple, 

interconnected factors that hinder the diffusion of innovations that are essential for improving farm 

competitiveness and sustainability. To analyse the main causes of these difficulties, an Ishikawa 

diagram, or cause-and-effect diagram, known for its effectiveness in highlighting the roots of 

structural problems, was used. The visual tool presented in Figure 9 allows for the observation of the 

decisive influence exerted by different elements on the adoption of new technologies, thereby 

facilitating the identification of targeted strategies. 

 

Figure 9. Cause and effect analysis in the Ishikawa diagram on the adoption of enabling technologies 

in agriculture (2024). 

Among the main factors emerging from the analysis, the availability of financial resources is one 

of the most significant barriers. Enabling technologies often require large upfront investments to be 

implemented, making access to public funds and incentives a crucial issue for many companies, 

especially smaller ones that are unlikely to be able to afford these expenses without external support. 

Figure 9 also highlights how access to adequate infrastructure, such as high-speed internet 

connections and modern communication networks, is essential for the successful implementation of 

digital technologies. However, the lack of infrastructure in rural areas results in a major constraint, 

which holds back the possibilities of innovation in many rural areas. 

Government support emerges as a key factor in encouraging technology adoption, and takes 

various forms, such as tax incentives, subsidised financing and dedicated training programmes. 

Public policies therefore play a decisive role: their presence or absence directly influences the 

propensity of farms to adopt innovations. A further critical factor is the awareness of farmers with 

regard to the technologies that are available to them and the training that is required in order for 

them to use these technologies effectively. It is frequently the case that farmers are not adequately 

informed about the potential of these innovations, or lack the requisite skills to integrate them 

correctly into farm practices. 

The structural characteristics of the farm also influence the adoption of KETs: larger farms have 

a greater capacity for investment, while small farms, limited by limited economic resources, are less 

willing to take the financial risk associated with innovation. Furthermore, the environmental context 

plays a significant role; technologies must be adaptable to specific climatic and territorial conditions, 

and in some regions this may require costly customisation and adaptation. 
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In addition to economic and infrastructural factors, the importance of cultural acceptance also 

emerges. The predisposition of farmers to adopt innovative practices varies according to personal 

and cultural factors: established habits, mistrust of change and limited familiarity with modern 

technologies may represent significant obstacles, especially in more traditional settings. 

Using a causal map, the main factors influencing the adoption of enabling technologies in 

agriculture were visualised, highlighting the cause-effect interactions between them (Figure 10). This 

framework helps to understand how to improve intervention strategies by identifying where action 

can be taken to foster a more widespread adoption of agricultural innovations. 

 

Figure 10. Causal map on the adoption of KETs in agriculture in Sicily (2024). 

Each node represents a relevant aspect; such as the ‘technical skills of operators,’ the ‘availability 

of technological infrastructure,’ or ‘support policies’. The arrows show how one factor can stimulate 

or hinder other elements within the farming system: for example; ‘training support’ can improve 

technical skills and reduce ‘resistance to change,’ thus facilitating technology adoption. At the same 

time, ‘economic factors’ such as ‘adoption costs’ and ‘economic incentives’ determine the accessibility 

of new technologies for farmers 

These findings highlight how the adoption of KETs in agriculture requires an integrated 

approach, where knowledge, financial support and favourable regulations work together to 

overcome existing barriers. Investment in awareness-raising and training programmes is essential so 

that farmers can appreciate the benefits of new technologies and learn how to use them effectively. 

Furthermore, enhanced access to financial resources can expedite the incorporation of innovative 

techniques, whereas an encouraging regulatory environment can stimulate the pursuit of 

technological advancement by agricultural enterprises. In conclusion, the combination of these 

measures is essential for fostering a sustainable and inclusive modernisation of the agricultural 

sector, improving productivity and ensuring greater competitiveness for farms of all sizes.  

3.3. Tools to Promote the Adoption of Innovations 

The adoption of enabling technologies on farms is a strategic response to environmental and 

market pressures, as well as the need to improve production efficiency. To better understand the 
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benefits and costs of KET adoption and facilitate informed decision-making, a business model canvas 

has been developed (Table 3). 

Table 3. Business Model Canvas for the adoption of enabling technologies in agriculture in Sicily. 

Key partners: 

 Agricultural 

technology 

providers 

 Consultants 

and agronomists 

specialising in 

enabling 

technology 

 Universities 

and research 

institutes for 

experimental 

projects 

 Government 

agencies to access 

grants and funding 

 Trade 

associations for 

experience sharing  

Key Activities: 

 Needs 

assessment and 

selection of 

appropriate 

technologies 

 Continuous 

staff training and 

updating 

 Maintenance 

and management of 

implemented 

technologies 

 Collaboration 

with partners for 

sustainability and 

innovation projects 

 Data analysis 

to optimise 

agricultural 

practices 

Value proposition: 

 Reduced operating costs and 

resource savings through 

automation and monitoring 

 Improved product quality 

and higher yield per hectare 

 Ease of management and 

access to data for informed 

decision-making 

 Increased sustainability and 

access to green certifications 

 Adaptation to changing 

environmental regulations 

 Opportunities for positioning 

as an innovative company in the 

market  

Customer relations: 

 Customised 

support for 

technology 

implementation and 

use 

 Tailor-made 

training programmes 

for agricultural 

personnel 

 Technical 

support services and 

constant updates 

 Creation of a 

farm community to 

share good practices 

 Surveys and 

feedback to improve 

the technology 

offering 

Customer Segments: 

 Farms seeking 

to improve 

productivity and 

sustainability 

 Small and 

medium-sized farms 

with modernisation 

needs 

 Family farms 

seeking greater 

efficiency 

 Producers 

seeking market 

differentiation 

Key Resources: 

 Technological 

and agronomic 

expertise 

 Infrastructure 

for monitoring and 

data collection 

 Relationships 

with technology 

providers and 

consulting partners 

 Initial capital 

for technology 

adoption 

 Trained staff 

for new technology 

management  

Distribution channels:

 Local 

agricultural 

technology suppliers 

 Sales 

representatives 

specialising in 

agricultural solutions 

 Technology 

partners and 

agricultural 

consultants 

 Participation in 

agricultural fairs and 

workshops 

 Online 

platforms and trade 

magazines 

Cost Structure: 

 Initial investments for the purchase of technology 

 Personnel training costs 

 Maintenance and technology upgrades 

 Consultancy for technology implementation and 

optimisation 

 Operating costs related to data management and 

analysis 

Revenue streams: 

 Reduction of operating costs through more efficient 

use of resources 

 Potential increase in value of certified products 

 Incentives and funding for technology transition 

 New business opportunities, such as the sale of 

anonymised agronomic data 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 December 2024 doi:10.20944/preprints202412.0062.v1

https://doi.org/10.20944/preprints202412.0062.v1


 13 

 

The distinction into productivity- and sustainability-oriented farms, small and medium-sized 

farms, family farms, and market differentiation-oriented producers is strategic. This segmentation 

takes into account the variety of specific needs in technology and management. However, a critical 

challenge may lie in the ability to customise technological demand, especially for small and family 

farms that may have limited budget constraints and technical skills [60]. 

With reference to the value proposition, reduced operating costs, optimised yield per hectare 

and easier access to data are essential elements for modern farms that want to stand out. Moreover, 

access to eco-certification not only responds to changing regulations, but also increases the perceived 

value of products. Perceived benefits may take a significant time to emerge, which makes an accurate 

assessment of the return on investment and the potential for amortisation of initial costs essential 

[61]. 

The use of multiple channels, ranging from local agricultural technology suppliers to specialised 

sales representatives, facilitates access to technologies. The effectiveness of these channels depends 

on the ability of farmers to understand and apply the technologies. Participation in agricultural fairs 

and workshops can help disseminate knowledge, but technology transfer remains a challenge, 

especially for small producers [62]. 

Customer relationships, including customised support, training and the creation of communities 

of practice, are essential for successful technology adoption. Ongoing support and customised 

training are crucial to ensure optimal technology integration. Creating communities of farms also 

facilitates the dissemination of experiences and best practices, improving the collective learning 

curve. This cooperative approach can increase farmers' confidence in the effectiveness of technologies 

[63]. 

In addition to reducing operating costs, the potential for enhancing the value of products 

through certifications and incentives for technology transition emerges. Innovation in the agricultural 

sector also offers new business opportunities, such as the sale of anonymised agronomic data. 

However, the effectiveness of such revenues is closely linked to the ability of the farm to manage data 

securely and to gain a real competitive advantage from the technology adopted [64]. 

The key resources listed, such as technical expertise, data collection infrastructure, start-up 

capital and qualified personnel, represent crucial investments. Continuous training and upgrading 

of skills are essential aspects of successful technology integration, while the availability of capital can 

be a barrier for smaller farms. Moreover, the resilience of the infrastructure is crucial to ensure the 

business continuity of the implemented technologies [65]. 

Key activities, such as technology selection, staff training, equipment maintenance and data 

analysis, are resource-intensive operations. In particular, data analysis is crucial for adapting 

agricultural practices to real field needs, but requires advanced interpretation and management 

skills. Collaboration with partners for sustainability projects is also strategic, but requires careful 

management of relationships and expectations between the parties involved. Identified key partners 

- including technology providers, academic institutions and industry associations - are an essential 

element in supporting technology adoption. Such partnerships can facilitate the transfer of 

knowledge and resources, as well as access to funding for innovation. Collaboration with research 

organisations and consultants also allows technologies to be adapted to local specificities, increasing 

the value and effectiveness of investments [66]. 

Finally, the cost structure highlights the main economic barriers, which include high initial 

investments, training and maintenance costs, and technical consultancy. Although the 

implementation costs are significant, the long-term benefits may justify the investment, especially 

through reduced waste and increased production efficiency. However, the variability of agricultural 

conditions may affect the actual return on investment, making accurate and flexible financial 

planning crucial [67]. 

In summary, in order to ensure successful implementation and a positive return on investment, 

it is essential that farms balance the drive for innovation with available resources and technology 

management capacity. Ongoing support from the living lab and research institutions is required to 
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reduce the risk associated with adoption and enhance the long-term sustainability and 

competitiveness of the farm. 

Deepening the analysis on the main productive sectors of Sicilian agriculture, stakeholders were 

asked to evaluate the individual items of the business model canvas in order to make it possible to 

define customised adoption strategies for each sector (Figure 11). 

 

Figure 11. Evaluation of the relative importance of Business Model Canvas items for three key sectors 

of Sicilian agriculture: citrus, wine and olive growing (2024). 

Figure 11 shows how the three sectors attach different importance to the key items of the 

Business Model Canvas. Citrus growers are the most sensitive to the benefits of adopting technology 

to improve efficiency and sustainability, while grape growers maintain a strong focus on quality and 

market relations. Olive growers, although more tied to traditions, are beginning to consider the 

potential of technological innovation, but with different priorities.  

In detail, citrus growers attach high importance (score 7) to customer segments and the value 

proposition, reflecting an urgent need to reduce operating costs and improve sustainability to remain 

competitive in global markets. Consequently, they attach high values to optimising revenues and 

containing costs in order to remain competitive (score 7); to this end, technology and skills are 

perceived as essential (score 6). They also value the contribution of partners to modernisation (6). 

In contrast wine growers see certified products and new markets as an opportunity to increase 

revenues (6) as quality and innovation are essential to maintain the prestige of Sicilian wine and 

promote a premium product (6); they attach high importance to the adoption and effective use of 

technology (7) as key resources and activities and consider collaborations with technology and 

research partners to improve quality and innovate (7) as essential. 

Finally, for olive growers, revenue stability is more of a priority than diversification probably 

due to the more traditional and less technologically oriented nature of the sector (5); they value 

traditional skills more, although interest in innovations is growing (5) collaborating mainly with 

trade associations (5). Olive growers see customer relations as important, but in a more traditional 

way (5). 

4. Discussion 

Regarding research question QR1, the adoption of enabling technologies in Sicilian agriculture 

encounters numerous barriers that vary between the main production sectors - citrus, olive and wine 

growing - depending on sectoral needs and specific structural barriers. Citrus growers, with greater 

exposure to global markets and sustainability pressures, perceive the need for technologies to 

increase efficiency and reduce costs, but are hampered by initial equipment costs and management 
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complexity [68]. Olive growers, more oriented towards tradition and revenue stability, show less 

inclination to change and encounter difficulties in integrating complex technologies, mainly due to 

cost and difficulty in training [69]. Winegrowers, who emphasise quality and certification, see 

technologies as essential tools to preserve the competitiveness of a premium product, although the 

cost and technical complexity of precision innovations are critical barriers [70]. 

These specific barriers reflect the results of studies that have shown that the adoption of smart 

technologies in agriculture is limited by a lack of awareness of the benefits and uncertainty about the 

economic returns, especially in more traditional settings with fewer financial resources [71,72]. 

Moreover, the lack of skills to use advanced technologies, such as artificial intelligence and big data 

analysis, is a further obstacle, particularly for small and medium-sized agricultural enterprises [73]. 

Sectoral differences show that adoption strategies need to be modulated taking into account the 

characteristics and priorities of each sector to be effective. 

Regarding the influencing factors (QR2), socio-economic factors, including public incentives, 

digital infrastructure and technical skills, play a central role in KET adoption in agriculture, especially 

in Sicily, where infrastructural inequalities and limited economic resources represent crucial 

challenges. The analysis of public policies in Italy shows that incentives such as the National Recovery 

and Resilience Plan (PNRR) and the Strategic Plan for Innovation are key to mitigating the costs of 

KET adoption [68]. However, the distribution and accessibility of these incentives are often limited 

by the administrative capacities of small farms, which lack the skills to apply for and manage 

adequate funding [74]. 

Digital infrastructures, such as high-speed internet connection, are lacking in many rural areas 

of Sicily, preventing the adoption of technologies that require continuous access to data and remote 

support, in line with Akella et al.'s [75] findings on systemic barriers to the adoption of smart 

technologies in rural areas. Furthermore, the lack of technical skills - from data monitoring via sensors 

to the use of digital management tools - is relevant in all the analysed sectors. This lack of skills limits 

the diffusion of KETs, as farmers and producers often lack adequate training to fully exploit the 

benefits of new technologies [76,77].  

Socio-economic factors influence technology adoption both directly, through the availability of 

incentives and infrastructure, and indirectly, through access to training and technical support. This 

influence varies between production sectors, as wine-producing companies, due to their size and 

propensity to innovation, are more able to access resources and incentives than small-scale olive and 

citrus producers. 

Finally, on QR3, to facilitate a sustainable adoption of KETs in Sicily, a strategic differentiation 

is needed that takes into account the sectoral needs and specific priorities of farmers. In particular, 

there is a need for the introduction of targeted and accessible incentives to support small olive farms, 

e.g. subsidies that cover a significant portion of the initial costs of technology adoption, a strategy 

also suggested by studies that emphasise the importance of reducing economic burdens in the early 

stages to increase the adoption of innovations [69,72]. For the wine sector, the integration of 

partnerships with research institutions and universities for the use of advanced technologies could 

promote sustainable production, while ensuring a competitive advantage through eco-certification 

and market premiums [70]. 

The creation of a digital ‘Living Lab’ for the citrus sector can facilitate technology transfer and 

training, promoting collaborative learning between farmers and technology operators, as indicated 

by Scuderi et al. [68] in the context of the Italian citrus chain. This approach has proven effective in 

stimulating technology adoption through the creation of local support networks and the sharing of 

experiences among farmers [73]. Finally, a strategy to improve digital skills, as suggested by [71], 

should include targeted training programmes for Sicilian farmers, specifically oriented towards the 

use and management of precision technologies. 

5. Conclusions and Future Policy Recommendations 

Enabling technologies represent a fundamental pillar for the future of Sicilian and global 

agriculture, with transformative potential in terms of efficiency, sustainability and competitiveness. 
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However, the adoption of such innovations cannot be approached in a generalised manner: each 

technology has specific characteristics and requirements that need to be adapted to the different 

needs of production sectors [70]. In the future, these differences will become increasingly marked, 

with varying impacts in the citrus, olive and wine sectors, which will benefit differently from 

innovations according to their respective market needs, investment capacities and access to resources. 

The role of the market, in particular large retail chains (GDO), will be decisive in determining 

the adoption of enabling technologies, demanding products with increasingly high sustainability 

standards [69]. Therefore farms will have to adapt to these demands, especially to maintain 

competitiveness in the long term. This change requires policies that encourage the adoption of 

innovative practices and offer tailored technical and educational support to farmers, promoting the 

diffusion of advisory services and new opportunities based on artificial intelligence and collaborative 

solutions such as digital ‘Living Labs’ [68,73,78]. 

A crucial aspect for technology adoption is the enhancement of the supporting infrastructure. 

The diffusion of broadband and reliable Internet networks in inland areas of Sicily is a prerequisite 

for the functioning of many digital technologies, as suggested by [75]. The lack of infrastructure 

currently limits access to digitalisation, highlighting the need for public and private interventions to 

fill these gaps, particularly in rural areas. 

The issue of privacy and security remains an open question, with important implications for the 

management of sensitive data collected by advanced technologies such as drones and smart sensors 

[74]. Farmers, who are already inclined to be sceptical of innovations, may be further disincentivised 

by the risk of data theft or unauthorised access. Consequently, it is essential to promote security 

solutions that increase trust in the use of enabling technologies, through clear regulations on data 

protection and educational support that reduces resistance to change. 

Finally, to facilitate a successful transition to KETs adoption, access to funding needs to be 

improved, with more inclusive eligibility criteria and a broad spectrum of targeted grants [77,79]. 

Funding criteria and support programmes should be adapted to include small farms, which often 

face the greatest difficulties in investing in innovation [72,80]. Such measures need supportive 

regulations that facilitate the diffusion of technological and sustainable practices by offering long-

term incentives and reducing economic entry barriers [81]. 

This study offered a detailed overview of the challenges and opportunities for the adoption of 

enabling technologies in Sicily's main agricultural sectors. However, it has some limitations that need 

to be considered. First, the research is limited to the Sicilian region and the specificities of its 

production sectors, which makes it difficult to generalise the results to other geographical areas with 

different economic and infrastructural conditions. An extension to comparable contexts in the 

Mediterranean or other Italian regions could allow a broader evaluation of success and critical factors, 

improving the transferability of the proposed solutions. 

A second limitation is the absence of longitudinal data showing the evolution of barriers and 

enabling factors over time. Precision agriculture and enabling technologies are constantly evolving, 

necessitating constant monitoring that can adapt intervention strategies to new technological 

requirements and changes in supporting policies. 

Finally, the study is predominantly based on a qualitative perspective, which limits the 

possibility of quantifying the direct economic impact of technology adoption for individual sectors. 

Future studies could benefit from integrating quantitative data to analyse the return on investment 

and economies of scale achievable through precision technologies and automation. 

Future research will have to combine an integrated, multi-sectoral view, focusing on the specific 

needs of production sectors and continuous technological and regulatory developments. Such an 

approach may contribute not only to enriching existing knowledge, but also to effectively orient 

policies and strategies for the adoption of KETs in agriculture. 

In conclusion, the policy implications of these reflections are relevant for several stakeholder 

categories. It is imperative that public decision-makers implement policies that facilitate the 

development of inclusive digital infrastructures and financing systems. Technology providers must 

prioritise the creation of robust security solutions and the provision of technical support. Agricultural 
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associations must intensify their training and awareness-raising programmes to address the urgent 

need for enhanced digital literacy. By adopting an integrated approach that combines innovation, 

sustainability and support, Sicily can position itself as a leader in the adoption of advanced 

agricultural technologies, transforming current challenges into opportunities for sustainable and 

competitive growth for all sectors. 
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