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Abstract: Recent studies have pointed out how digital innovations may boost more sustainable 

farming systems and have positive impacts on supporting the trajectories of smart rural development. 

The present work aims to analyze possible connections among digitalization, innovation and 

sustainable rural development through a three-pronged nexus thinking approach. This link is examined 

from a “discrete context” perspective, by assuming heterogeneity (which means that differences among 

farms may emerge in the process of adopting innovation) as a characteristic in adopting innovation 

and by investigating the potential impacts on local rural development. The empirical analysis draws 

on secondary sources, taking farms from the last Italian census of agriculture into account. Through a 

multivariate analysis, farms are grouped into homogenous clusters according to different types of 

nexuses. The results reveal a very interesting reality characterized by high levels of territorial 

heterogeneity in the adoption of digital and innovative solutions, bringing about scattered geographies 

of nexuses in the Italian farming system. 

Keywords: digitalization–innovation–sustainability nexus; Italian agriculture; smart rural 
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1. Introduction 

Digitainability, combining actions oriented toward either digitalization and sustainability [1], has 

gained ground in the policy agenda and in addressing the issue of sustainable agrifood systems. 

Digitalization is a fundamental driver of innovation that, at the same time, may boost sustainable 

agrifood systems and smart rural development [2]. In fact, digital solutions foster higher levels of 

sustainability in the farming sector, thereby contributing to the development of more sustainable, 

resilient, and multifunctional farming systems [3]. Moreover, digitalization is considered to be an 

enabling technology for sustainable agriculture [4], and a key driver to enhance rural development 

processes [5]. As a matter of fact, the adoption of digital tools is often accompanied by investment 

strategies aimed at strengthening farms’ sustainability, thus creating a virtuous circle based on the 

digitalization–innovation–sustainability nexus.  

On the other side, the disruptive role of digital solutions [6] raises concerns about two main issues 

that must be considered [7,8], namely  

- Directionality, concerning which smart solution fits best within certain business contexts; 

- Non-neutrality, i.e., the risk of excluding potential beneficiaries from the advantages of new digital 

technologies.  

As a consequence, potential effects of “misconfigured innovations” emerge [9], which call for broader 

analytical perspectives based on the idea that “the digitalisation of agriculture is a political and 

ecological process representing a further ingredient of the uneven and combined patterns of the 

capitalist development of agriculture” [10]. 

This risk may be linked to context-related variables, and, consequently, have diversified impacts 

on agrifood systems and local development. As a matter of fact, scholars have pointed out that non-

neutrality is particularly associated with small-scale farmers, especially those who are elderly, less 

educated, and located in remote and/or marginalized areas [7]. Therefore, assuming digitalization as a 

social process implies acknowledging different potential impacts at the individual and local level. 

Moreover, the impact of digitalization cannot be separated from the impact on the dynamics of 

sustainable transition, as pointed out in the twin transition approaches, combining ecological and 

digital transition [11]. These approaches analyze the twin transition in the framework of transformative 

innovation, addressing “the systemic causes of societal problems and activates systemic mechanisms 

to fix them” [12]. The complexity of the processes may bring about high levels of heterogeneity, as 

“heterogeneity among farmers is the main cause of different levels of adoption” [13].  

This paper is set against this background with the purpose of exploring the nexuses of 

digitalization, innovation, and sustainable rural development. More precisely, the research question 

we aim to answer through our analysis is as follows. 

RQ1: What are the linkages among the adoption of digital solutions, innovation, and strategies of 

rural development implemented at farm level?  

To answer the research question, our paper assumes a nexus thinking perspective [14].  

Widely used for exploring the water–energy nexus to analyze potential solutions for a more 

efficient use of natural resources and to boost sustainable adaptation [15], the nexus approach has also 

been used for other purposes. In our paper, through a micro-level perspective focused on the farms, 

we focus on a three-pronged approach that considers three dimensions [14] by exploring the links 

among digitalization, innovation, and sustainable rural development. To the best of our knowledge, 

these nexuses have not been explored in the literature, despite them deserving attention. Therefore, our 
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paper fills a gap by providing an original contribution to the existing body of work.  

Accordingly, the analysis tries to explore: 

a. The adoption of digital solutions and/or innovation at the farm level; 

b. The links between innovative strategies and actions targeted towards boosting sustainable farming 

systems and territorial strategies of rural development. 

As shown in Figure 1, the nexus thinking perspective aims to test the contemporary presence of 

either the introduction of digital solutions, the adoption of innovation, or strategies of sustainable rural 

development through farm boundary shifts, which depicts a three-pronged nexus. Alternatively, only 

two nexuses or no nexus may emerge.  

 

Figure 1. Digitalization–innovation–sustainable rural development nexus: A three-pronged approach.  

The farms’ strategies of sustainable rural development are framed within portfolio 

entrepreneurship [16], targeted to supporting territorial approaches to rural development [17]. These 

strategies are investigated through a double lens perspective, which includes the two main dimensions 

of multifunctional farming systems, focused on either deepening or broadening strategies  [18–21]. 

Deepening strategies adopt a sectorial perspective by involving the agrifood supply chain through 

considering eventual differentiation strategies, such as adoption of organic farming. Broadening 

strategies account for the rural space and the adoption of diversification strategies synthesized by the 

presence of other gainful activities.  

The results of the analysis reveal how the “disruptive” nature of digital innovation [6,22] may 

stimulate heterogeneous dynamics (no nexus vs three-pronged approaches), with consequent 

diversified impacts on the farming systems and (smart) rural development. 

In order to analyze different trajectories and nexuses, a “context” lens is adopted. More precisely, 

heterogeneity is analyzed from a “context” perspective, as put forward by Welter [23]. By considering 

the multiplex facets of the context, business, social, and spatial contexts are analyzed.  

In the following section, we present the methodology of analysis, based on the use of secondary 

sources, while in Section 3, we present the results of the empirical analysis. The paper will close with 

a discussion of the results and policy implications. 
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2. Materials and methods 

The empirical analysis is drawn on secondary data extracted from the last Italian Census of 

Agriculture carried out by the Italian Institute of Statistics (ISTAT) [24]. The sample includes 226,668 

farms and is limited to those that adopt either innovations or digital technologies or both. The aim of 

the analysis is to evaluate eventual strategic nexuses connecting innovation paths and digital transition 

with the presence of sustainable farming practices and extended strategies of territorial rural 

development [17,25].  

Therefore, we have extracted the information by which it is possible to investigate the three-

pronged nexus. More precisely, variables are extracted from Sections A, D, and F of the questionnaire, 

as shown in Table 1.  

Table 1. Questions extracted from the ISTAT census of Italian agriculture. 

 Questions extracted from the ISTAT census of Italian agriculture 

Digitalization F13: Does the farm use digital or ICT technologies?  

F14: For which purposes (accounting, organizational issues, market 

development, etc.)? 

F15: Does the farm use the internet? 

Innovation  F16: In the last three years, did the farm adopt innovations?  

F17: For which purposes? 

Sustainable rural 

development 

A7: Does the farm use organic farming?  

A9: Is the farm converting to organic farming? 

D1: Does the farm carry out other gainful activities? 

Type of rural area (A, B, C, D, according to the national strategic plan) 

ICT, information and communication technology. 

More precisely, digitalization is considered through the access to information and communication 

technologies (ICTs) and to the farms’ eventual use of the internet. More precisely, we have extracted 

information from the ISTAT questionnaire regarding the use of computers or other ICT and digital 

equipment for business purposes by farms. Additionally, we identified the specific activities for which 

farms use software solutions, such as accounting, administrative services, crop/livestock management, 

and the management of other gainful activities.    

As far as innovation is concerned, from Section F, we have analyzed the uptake of innovations 

and the related purpose. More precisely, the extracted data allow us to explore the types of innovation 

adopted, such as those related to varieties, breeds, plant irrigation, fertilization, livestock housing, 

animal nutrition, milking, waste management, mechanization, buildings’ structure and use, farm 

organization and management, product sales and marketing, and other gainful activities. 

Finally, in order to analyze sustainable farming practices and extended rural development [26], 

we have drawn our analysis on van der Ploeg et al’s boundary shift model, considering either 

deepening or broadening strategies [18]. Diversification of agricultural activity can be realized in farm-

related activities or in farm diversification (for instance, agritourism).  

Moreover, the farm’s territorial localization is taken into account to point out examples of the 

extended territorial strategy bringing about sustainable development paths in particular areas, such as 

rural remote areas, as classified by the strategic plan for common agricultural policies. Therefore, 
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belonging to areas classified as D provides strength to the territorial extended strategy. 

The related variables have been created in two steps. 

1. The first step investigates the use of digital innovation or the adoption of innovation by the farms. 

More precisely, with the purpose of exploring the digitalization–innovation nexus, a new variable 

was created to assess whether farms adopt digitalization and/or innovations; this variable, called 

“digitalization and/or innovation”, includes three modalities: digitalization only, innovation only, 

and both digitalization and innovation. Moreover, as far as innovation is concerned, the 

aforementioned data available from the dataset allow us to classify innovations into different 

typologies, such as technical or managerial/organizational innovations.  

2. In the second step, the three-pronged nexus (digitalization–innovation–sustainable farming and rural 

development) is analyzed. To this end, we selected the following variables related to the impact on 

sustainable farming practices and rural development. As far as sustainable farming is concerned 

(deepening strategies), we have selected variables related to the presence of organic or conversion 

to organic farming practices, which can be considered as indicators of the adoption of agronomically 

sound agricultural practices. This choice could represent a limit of the analysis, as sustainable 

farming is limited to the adoption of organic agriculture. Regarding sustainable rural development, 

the adoption of diversification strategies at farm level and localization in specific areas classified by 

the national plan for rural development are considered to be broadening strategies. As far as 

diversification strategies are concerned, other gainful activities are considered from the available 

variables of the Italian census. These strategies include diversification into farm-related and farm 

diversification activities. Moreover, the farms’ localization is also taken into account under the 

hypothesis that the presence of digitalization–innovation nexus in the remote rural context (Area D) 

has great impact on the promotion of smart rural development as underlined in the long-term vision 

for rural areas, addressing the development of strategies focused on strong, prosperous, connected, 

and resilient rural areas [27].  

Accordingly, different types of nexuses can be discovered as shown in Table 2. 

Table 2. Classifying the nexuses. 

The following potential nexuses can be discovered  

✓ No nexus Only digitalization, or innovation, or sustainable 

farming 

✓ DSA = dual-sector approach For instance, digitalization + innovation 

✓ TPA = three-pronged approach   Digitalization + innovation + sustainable farming 

practices or other gainful activities 

✓ MPA = multi-pronged approach  Digitalization + innovation + sustainable farming 

systems and other gainful activities 

In order to classify the farms according to the typology of nexuses, we conducted a multivariate 

analysis (using SPAD software), made up of a multiple correspondence analysis (MCA) and a cluster 

analysis (CA) via a mixed (both hierarchical and nonhierarchical) method [28,29].  

MCA is commonly used with the purpose of investigating the relationships among multiple 

categorical variables. More precisely, MCA allows us to reduce dimensionality through simplifying 

complex data and identifying the patterns of relationships among qualitative variables. Accordingly, 

the method allows us to extract the main factors that contribute to the shaping of the clusters. The 
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MCA method presents limitations when used with census data, such as potential biases related to self-

selection, and a lack of dynamic variables. Nonetheless, it has been considered a valid approach for 

identifying a synthetic number of factors to process in the subsequent cluster analysis.  

The following CA permits us to pinpoint homogeneous groups of farms according to the results 

of the MCA. More precisely, the objective of the CA is to group statistical units into clusters that are 

characterized by the maximum homogeneity within the same groups and by the maximum 

heterogeneity amongst different groups. This allows us to clearly distinguish groups of farms on the 

basis of the presence of different degrees of connection (digitalization–innovation–sustainability), 

which is the purpose of our paper.  

Clustering of the statistical units is carried out using a mixed method, starting with a 

nonhierarchical method, which is later integrated with a hierarchical method. The choice of the optimal 

number of clusters is realized by cutting the tree-like diagram (the dendrogram) where the branches 

are longer, i.e., where the internal groups’ variance starts increasing. The dendrogram analysis was 

carried out by considering the relationship between analysis and synthesis and then choosing the 

partition that best met the research's objectives. The selected partition was able to highlight the 

differentiating and characterizing elements of the groups, which optimally addressed the study's 

hypotheses and objectives.  

Therefore, 19 active categorical variables contributed to the building of the homogenous clusters, 

while 34 supplementary categorical variables were useful for better describing the resulting clusters 

(through their positioning in the factorial space). The variables are presented in Table 3, specifying the 

active and the supplementary ones: Active variables contribute to identifying the clusters, while 

supplementary variables provide relevant information to characterize the homogeneous groups of 

farms.  

Table 3. Discrete context variables used in the empirical analysis. 

Type of context Variables  

Business 

Utilized agricultural area (active), livestock units (active), standard output (active), types of 

farming (active), other on-farm and off-farm activities (active), passive subcontracting 

(supplementary)  

Social 

Associationism (active), farmer’s age (active), farmer’s level of education (active), farmer’s 

gender (active), number of days worked by the farmer (active), training programs joined by 

the farmer (active), organic farming (supplementary). 

Spatial Types of rural areas (active), altimetric zone (supplementary)  

3. Results 

3.1. Multiple correspondence analysis 

The MCA conducted with the abovementioned variables led to the generation of four factorial 

axes explaining 94% of the variance, which were re-evaluated using Benzècri’s reweighted formula [30]; 

these axes can be briefly described as follows. 

Factor 1 identifies the structural characteristics of the farms. It contrasts farms with smaller and with 

greater physical and economic dimensions. 

Factor 2 depicts the farms’ adoption of innovation: It contrasts farms that do not innovate at all with 



796 

AIMS Agriculture and Food  Volume 10, Issue 3, 790–802. 

farms adopting one or more innovations.  

Factor 3 specifies the presence of digitalization and/or innovation, contrasting farms adopting only 

digital solutions and farms only adopting innovations without digitalization.  

Factor 4 indicates the territorial localization of the farms, contrasting farms in remote rural areas and 

farms in areas with specialized and intensive agriculture.  

3.2. Cluster analysis 

According to the analysis of the dendrogram, the CA clearly identified five groups of 

homogeneous farms (Figure 2). 

C las s ific ation mix te
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 5

 

Figure 2. Clusters extracted from the analysis (percentage values). 

In Table 4, we have synthesized the main characteristics of each cluster, highlighting any nexuses 

found. The table shows a high degree of heterogeneity, with a diversified set of relationships among 

the analyzed variables.  

Table 4. Characteristics of the clusters and presence of nexuses. 

 No. of farms Presence of a nexus  

Cluster 1 88,332 Only digitalization – no nexus 

Cluster 2 30,842 Three-pronged nexus 

Cluster 3 14,662 Dual-sector nexus (digitalization + innovation) 

Cluster 4 41,816 Only innovation – no nexus 

Cluster 5 57,016 - Dual sector nexus (digitalization + innovation) 

- Multi-pronged approach 

Cluster 1 includes 88,332 farms and accounts for 36.3% of all sample, predominantly located in 

intermediate rural areas (t-test = 26.36) and, to a lesser extent, in urban areas (t-test = 15.33) or areas 

with intensive agriculture (t-test = 7.11). Farms declared that they use digital technologies (t-test = 

444.73), while they declared that they do not innovate (t-test = 444.73). Neither diversification 

strategies nor organic farming have been adopted. Farms in this cluster are quite small: Half of them 

36.5% 13.6% 6.5% 18.5% 25.2% 
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have a standard output lower than € 25.000,00. Moreover, they are more specialized in arable and 

permanent crops, with no animal farming (t-test = 154.93).  

Cluster 2 includes 30,842 farms, making up 13.6%. These farms are characterized by the presence 

of a three-pronged approach (digitalization + innovation + sustainable rural development). Farms 

grouped in Cluster 2 are full-time farms specialized in breeding herbivores (t-test = 281.21); 60.51% 

of the farms are located in remote rural areas (Area D) (t-test = 126.99), 46.48% of which are in 

mountainous areas (t-test = 103.99). In this cluster, the three-pronged nexus is fully verified, in that 

the farms display both digitalization (t-test = 137.53) and innovation (t-test = 43.28), which may 

support diversification strategies (t-test = 34.86), through either on-farm or off-farm diversification, 

aimed to empower multifunctional agricultural systems. 

Cluster 3 is made up of 14,662 farms (6.5%), showing a dual-sector nexus (digitalization–

innovation). These farms are mainly located in areas with specialized and intensive agriculture (t-test 

= 85.27) in northern Italy (t-test = 75.45). More precisely, Cluster 3 is made up of animal farms (t-test 

= 287.25) that operate within conventional farming systems, with the adoption of digital technologies 

for supporting the management of animal farms (t-test = 154.81), and with high rates of adopting 

innovation (t-test = 74.88). Moreover, farms in this cluster are characterized by the presence of 

intensive livestock farming, with 86.5% of farms having more than 100 livestock units, and with a 

large share of farms with a standard output higher than €500.000,00 (t-test = 203.19).  

Cluster 4 (41,816 farms; 18.5%) includes farms with no nexus; only the presence of innovation 

is discovered. Actually, this cluster is distinguished by the absence of any kind of digitalization (t-test 

= 340.75). Nonetheless, these farms have adopted innovations (t-test = 239.76). The innovativeness of 

farms is principally reflected in the crops, with special reference to innovative solutions for the 

mechanization of farming activities (t-test = 88.52). No other gainful activities are adopted (t-test = 

88.13). As far as structural characteristics are concerned, farms grouped in Cluster 4 typify farming 

systems with small farms, managed by old farmers (t-test = 87.34) with low levels of education and 

no relational assets (no adhesion to collective farmer marketing initiatives) (t-test = 52.73). Most of 

the farms are on hills (49.7%) (t-test = 34.89) and located in intermediate rural areas (42.4%).   

Cluster 5 includes 25.2% of total farms (57,016 farms) and is characterized by the presence of 

farms with a dual-sector nexus (digitalization + innovation). However, a potential transition towards a 

multi-pronged approach is discovered in some of these farms (innovation + digitalization + 

investments in other gainful activities + sustainable farming). More precisely, farms in Cluster 5 adopt 

innovations (t-test = 327.92) and use digital technologies (t-test = 288.49). Numerous innovations have 

been adopted in the last years by the farms in this cluster (t-test = 158.74). Moreover, some farms in this 

cluster are investing in farm diversification strategies (t-test = 73.15) and organic farming (t-test = 46.29). 

For most of the farms, digital tools are used for business purposes (89.7%), and software packages are used 

for administrative services (73.3%) and for crop management (34.3%). At the same time, the innovations 

adopted are also strongly concentrated on aspects of the farm related to cultivation (60.3%) and business 

organization (10.5%). The farms are prevailingly managed by young farmers. 

4. Discussion and conclusions 

The three-pronged approach here has been explored through the help of secondary sources and 

allowed us to explore, in greater depth, the potential impact of digitalization and innovation in building 

up sustainable farming practices and smart rural development processes. Future research is necessary 
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to better excavate the nexuses, especially with the support of primary sources, which may enable a 

wider comprehension of the nexus thinking perspective. This would allow a better comprehension of 

the determinants of adopting enabling technologies, which may suggest alternative and integrated 

approaches for a sustainable transition [4].  

Despite these limits, from our analysis, interesting insights emerge. The sustainability of agrifood 

systems and rural embeddedness through the activation of diversification strategies strongly rooted in 

rural contexts (like areas classified as D) set up the basis for alternative and sound business models 

grounded on the idea of either weak or, most importantly, strong multifunctionality [31]. In Figure 3, 

we have synthesized the results of our analysis within a dynamic perspective highlighting the transition 

towards smart rural development processes, read through the lens of the nexus approach. 

The context lens is sound in revealing the heterogeneity in the adoption of digital solutions, 

innovation, and strategies of sustainable farming and rural development. Nonetheless, the study shows 

some limits related to the use of secondary data and the use of organic farming as a proxy variable for 

sustainable farming practices. Therefore, further research is needed to better examine the nexuses and 

to shed light on the institutional context in which farms operate, as it is not considered in this study. 

Despite these limits, we believe the analysis provides useful insights if read through the lens of the 

three-pronged nexus adopted in this paper.  

 

Figure 3. Different dynamics and nexuses. 

As a matter of fact, three main types of nexuses are highlighted. In the first one, the digitalization–
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innovation–sustainable rural/agricultural development nexus clearly emerges and depicts two different 

strategies. The first, adopted by farms in Clusters 2 and 5, is a territorial strategy widely explored in 

the literature [26], which indicates a sound entrepreneurial approach which is functional to 

strengthening rural communities and landscape management (particularly in areas classified as D, 

characterized by complex problems of development), thanks to the implementation of strategies of 

diversification carried out through on- and off-farms diversification into farm-related and farm 

diversification activities [16]. Digitalization encourages innovations aimed to promote smart rural 

development and to increase the degree of multifunctionality in the farming systems in remote rural 

contexts, thus improving the quality of life of local rural communities [2]. Our results are congruent 

with the idea that, notwithstanding the vicious circle of rurality in which they are trapped, farms located 

in marginal rural areas contribute to the local development of those areas, confirming that they have 

the potential to obtain advantages and benefits from digital transformation [32]. Set against this 

background, our analysis confirms previous studies pointing out that digitalization and innovation may 

represent the engine to boost new paths of sustainable rural development [11,33], particularly in inner 

areas [34]. Empirical analysis shows that the digitalization–innovation nexus emphasizes new 

“disruptive” technologies aimed at boosting sustainable farming systems and smart rural development, 

with a high impact on agricultural and rural local communities. Moreover, the dynamics found in 

remote rural areas are coherent with the long-term vision for rural areas [27]: Having ‘digitally 

connected’ rural areas by 2040 will somewhat favor the adoption of innovations in those areas. The 

second entrepreneurial strategy is grounded on sustainable agrifood systems, where the digitalization–

innovation nexus is functional for pursuing the adoption of various innovations 

(product/process/organizational) aimed at strengthening differentiation strategies based on organic 

and/or conversion to organic farming practices (Cluster 5), particularly in farms specializing in crops 

and located in areas with intensive agriculture or in urban/periurban contexts. Therefore, farms in this 

group are oriented towards digitalization and innovations serving the transition towards sustainable 

farming systems. Moreover, digitalization engenders new communities of practice [35], as 

demonstrated by the high rates of membership in farmers’ cooperatives or producers’ organizations. 

The second type of nexus is a dual-sector approach and concerns only the digitalization–

innovation nexus. This nexus confirms the literature on the role of digital technologies in boosting 

farms’ efficiency [36], and is consistent with productivity strategies aimed to consolidate 

entrepreneurial strategies within the agro-industrial paradigm [26], where the digitalization–innovation 

nexus is functional for pursuing efficiency logics within a globalized mode of food provisioning (Cluster 3), 

mainly in the livestock sector, particularly in the intensive animal farms located in the lowland areas 

of northern Italy. Consequently, the choice of digitalizing and innovating is adopted within a well-

identified and conventional business model. 

In the third type, the nexus is not working at all. More precisely, the first group of farms (Cluster 1) 

adopts digital solutions, but they have introduced no innovations in the last three years. In this case, 

the nexus between the introduction of other innovations and farms with digital technologies cannot be 

taken for granted; as a consequence, the analysis demonstrates how digitalization is not a sine qua non 

condition for innovation, given the variety of dimensions and contexts that characterize innovation. A 

second group of farms (Cluster 4) shows innovative characteristics but without digitalization. 

Innovation is mainly targeted to represent the level of farm mechanization, thus generating higher 

levels of production efficiency. The lack of technological infrastructure [37] seems to limit the 

adoption of further innovations. 
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Against the backdrop of the aforementioned heterogeneous scenario, rural policies play a relevant 

role. As clearly stated in the long-term vision for rural areas 2040 [27], the further development of 

rural areas is dependent on them being well connected between each other and to periurban and urban 

areas. Digital connectivity, sustainable food production, and diversification of economic activities are 

key pillars of the long-term vision. Our analysis also emphasized potential connections among these 

strategies through three-pronged approaches, which could be replicated at policy level. More precisely, 

the current rural policies for 2023–2027 support, on one hand, the adoption of innovative and digital 

solutions through investments aimed to encourage farms’ competitiveness. On the other hand, funding 

for infrastructure investments and digital services is also expected to strengthen farms and to boost the 

socioeconomic development of rural areas. Finally, “traditional” interventions for diversifying farming 

activities in rural contexts, through empowering multifunctional agriculture, are key drivers to 

stimulate sustainable rural development. Accordingly, a nexus perspective could also be encouraged 

through the effective support of farm advisory services, which may encourage access to a diversified 

set of measures, with the purpose of triggering smart rural development strategies. However, it is also 

necessary to incentivize farms to obtain the minimum (digital) technological requirements for adopting an 

innovation, which could accelerate the transition towards more diversified and digitalized rural areas. 

Use of AI tools declaration  

The authors declare they have not used artificial intelligence (AI) tools in the creation of this 

article. 

Acknowledgments  

This paper was realized within the research project of national interestfunded by the Italian 

Ministry of University and Research: “Puzzling out smart ruralities, sound knowledge and rural 

(agricultural) entrepreneurial ecosystems (Smarties)”, Prot. 2020SMZPZX, coordinated by Gianluca 

Brunori. 

Conflict of interest 

The authors declare no conflicts of interest. 

Author contributions 

All authors contributed equally to the manuscript. 

References 

1. Lichtenthaler U (2021) Digitainability: The combined effects of the megatrends digitalization and 

sustainability. J Innovation Manage 9: 64–80. https://doi.org/10.24840/2183-0606_009.002_0006  

2. Torre A, Wallet F, Corsi S, et al. (2021) Is there a smart development for rural areas? In: Torre A, 

Corsi S, Steiner M, et al. (Eds.), Smart development for rural areas, London: Routledge. 

https://doi.org/10.4324/9780429354670 

https://doi.org/10.24840/2183-0606_009.002_0006


801 

AIMS Agriculture and Food  Volume 10, Issue 3, 790–802. 

3. Marangon F, Bertossi A, Troiano S (2023) Valuing for sustainability: Hidden costs and benefits 

in multidimensional agriculture. Ital Re Agric Econ (REA) 78: 53–65. 

https://doi.org/10.36253/rea-14613 

4. Timpanaro G, Foti VT, Cascone G, et al. (2024) Living lab for the diffusion of enabling 

technologies in agriculture: The case of sicily in the Mediterranean context. Agriculture 14: 2347. 

https://doi.org/10.3390/agriculture14122347 

5. Falter M, Thór Jóhannesson G, Ren C (2023) Hacking Hekla: Exploring the dynamics of digital 

innovation in rural areas. Sociologia Ruralis 63: 328–347. https://doi.org/10.1111/soru.12412 

6. Klerkx L (2020) Advisory services and transformation, plurality and disruption of agriculture and 

food systems: Towards a new research agenda for agricultural education and extension studies. J 

Agric Educ Ext 26: 131–140. https://doi.org/10.1080/1389224X.2020.1738046 

7. Schnebelin E (2022) Linking the diversity of ecologisation models to farmers' digital use profiles. 

Ecol Econ 196: 107422. https://doi.org/10.1016/j.ecolecon.2022.107422 

8. Schnebelin E, Labarthe P, Touzard JM (2021) How digitalisation interacts with ecologisation? 

Perspectives from actors of the French agricultural innovation system. J Rural Stud 46: 599–610. 

https://doi.org/10.1016/j.jrurstud.2021.07.023 

9. Fraser A (2023) Up in the air: the challenge of conceptualizing and crafting a post-carbon 

planetary politics to confront climate change. J Peasant Stud 50: 2113779. 

https://doi.org/10.1080/03066150.2022.2113779  

10. Benegiamo M, Corrado A, Fama M (2023) Agricultural digitalisation and just transition: a 

framework for the analysis. Ital Rev Agric Econ 78: 5–17. https://doi.org/10.36253/rea-14491 

11. Brunori G (2022) Agriculture and rural areas facing the “twin transition”: Principles for a 

sustainable rural digitalisation. Ital Rev Agric Econ 77: 3–14. https://doi.org/10.36253/rea-13983  

12. Brunori G, Muro M (2025) Transformative innovation for the ecological transition of food 

systems. Policy Brief, Institute for European Environmental Policy, Brussels. 

13. Heiman A, Ferguson J, Zilberman D (2020) Marketing and technology adoption and diffusion. 

Appl Econ Perspect Policy 42: 21–30. https://doi.org/10.1002/aepp.13005 

14. Ponce Oliva RD, Fernández FJ, Vasquez-Lavín F, et al. (2021) Nexus thinking at river basin scale: 

Food, water and welfare. Water 13: 1000. https://doi.org/10.3390/w13071000 

15. Albrecht TR, Crootof A, Scott CA (2018) The water-energy-food nexus: A systematic review of 

methods for nexus assessment. Environ Res Let 13: 043002. https://doi.org/10.1088/1748-9326/aaa9c6 

16. Vik J, McElwee G (2011) Diversification and the entrepreneurial motivations of farmers in 

Norway. J Small Bus Manage 49: 390–410. https://doi.org/10.1111/j.1540-627X.2011.00327.x 

17. Froning P, Stotten R (2024) Shaping territorial agri-food systems through social innovations: The 

example of Valposchiavo, Switzerland. Ital Rev Agric Econ 79: 33–46. 

https://doi.org/10.36253/rea-14833 

18. van der Ploeg JD (2024) Rural studies: A new paradigm that integrates previously separated 

disciplines. Ital Rev Agric Econ 79: 5–17. https://doi.org/10.36253/rea-15324 

19. Renting H, Rossing WAK, Groot JJC, et al. (2009) Exploring multifunctional agriculture. A 

review of conceptual approaches and prospects for an integrative transitional framework. J 

Environ Manage 90: S112–S123. https://doi.org/10.1016/j.jenvman.2008.11.014 

20. van der Ploeg JD, Renting H, Brunori G, et al. (2000) Rural development: From practices and 

policies towards theory. Soc Rural 40: 391–408. https://doi.org/10.1111/1467-9523.00156 

https://doi.org/10.36253/rea-14613
https://doi.org/10.3390/agriculture14122347
https://doi.org/10.1111/soru.12412
https://doi.org/10.1016/j.jrurstud.2021.07.023
https://doi.org/10.1080/03066150.2022.2113779
https://doi.org/10.36253/rea-13983
https://doi.org/10.1002/aepp.13005
https://doi.org/10.3390/w13071000
https://doi.org/10.36253/rea-14833


802 

AIMS Agriculture and Food  Volume 10, Issue 3, 790–802. 

21. van der Ploeg JD, Long A, Banks J (2002) Living Countrysides. Rural development processes in 

Europe: The state of the art, Doetinchem: Elsevier.  

22. Klerkx L, Rose D (2020) Dealing with the game-changing technologies of Agriculture 4.0: How 

do we manage diversity and responsibility in food system transition pathways? Global Food Secur 

24: 100347. https://doi.org/10.1016/j.gfs.2019.100347  

23. Welter F (2011) Contextualizing entrepreneurship—Conceptual challenges and ways forward. 

Entrep Theory Pract 35: 165–184. https://doi.org/10.1111/j.1540-6520.2010.00427.x 

24. ISTAT (2020) 7th general census of agriculture. Rome. 

25. Vandecandelaere E, Arfini F, Belletti G, et al. (2009) Linking people, place and products. FAO, Rome.  

26. Lamine C, Renting H, Rossi A, et al. (2012) Agri-Food systems and territorial development: 

Innovations, new dynamics and changing governance mechanisms. In: Darnhofer D, Gibbon D, 

Dedieu B (Eds.), Farming Systems Research into the 21st Century: The New Dynamic, Dordrecht, 

Springer, 229–256. https://doi.org/10.1007/978-94-007-4503-2_11 

27. European Commission (2021) A long-term Vision for the EU’s Rural Areas—Towards stronger, 

connected, resilient and prosperous rural areas by 2040. Brussels 30: 2021. 

28. Benzecri JP (1973) L’analyse des données (parts 1 and 2), Paris, Dunod.  

29. Fabbris L (1983) Analisi esplorativa di dati multidimensionali, Padova: Cleup editore. 

30. Greenacre MJ (1984) Theory and Applications of Correspondence Analysis. London: Academic Press.  

31. Wilson GA (2008) From ‘weak’ to ‘strong’ multifunctionality: Conceptualising farm-level 

multifunctional transitional pathways, J Rural Stud 24: 367–383. 

https://doi.org/10.1016/j.jrurstud.2007.12.010 

32. Arcuri S, Brunori G, Rolandi S (2023) Digitalisation in rural areas: exploring perspectives and 

main challenges ahead. Ital Rev Agric Econ 78: 19–28. https://doi.org/10.36253/rea-14368 

33. Ronzhin A, Figurek A, Surovtsev V, et al. (2025) Digital transformation and precision farming as 

catalysts of rural development. Land 14: 1464. https://doi.org/10.3390/land14071464 

34. Timpanaro G, Cascone G, Foti VT (2025) T enabling technologies in citrus farming: A living lab 

approach to agroecology and sustainable water resource management. Bio-Based Appl Econ Just 

Accepted. https://doi.org/10.36253/bae-17357 

35. Dubois MJF, Fourati-Jamoussi F, Dantan J, et al. (2019) The agricultural innovation under 

digitalization. In: Business Transformations in the Era of Digitalization, Publisher: IGI Global, 

276–303. https://doi.org/10.4018/978-1-5225-7262-6.ch015  

36. Choruma DJ, Dirwai TL, Mutenje MJ, et al. (2024) Digitalisation in agriculture: A scoping review 

of technologies in practice, challenges, and opportunities for smallholder farmers in sub-saharan 

Africa. J Agric Food Res 18: 101286. https://doi.org/10.1016/j.jafr.2024.101286 

37. Lioutas ED, Charatsari C (2022) Innovating digitally: The new texture of practices in agriculture 

4.0. Sociologia Ruralis 62: 250–278. https://doi.org/10.1111/soru.12356 

© 2025 the Author(s), licensee AIMS Press. This is an open access 

article distributed under the terms of the Creative Commons 

Attribution License (https://creativecommons.org/licenses/by/4.0) 

https://doi.org/10.1016/j.jafr.2024.101286

