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The constant introduction of innovation along agri-food value chains is fundamental to increase their sustain-
ability in environmental, economic and social terms and to allow the sector to contribute to sustainable rural
development. Operating by means of financial, regulatory and informational instruments, public policies can
play a central role in sustaining this process. However, not always all these instruments are perceived equally
appropriate in this regard. The objective of this study is to explore the importance of the different policy in-
struments for the introduction of specific types of innovation and the improvement of specific dimensions of
sustainability as perceived by 90 project coordinators retrieved on the platform of the European Innovation
Partnership for Agricultural Productivity and Sustainability (EIP-AGRI). The study shows that most of the ana-
lysed respondents — although belonging to different kinds of organisations (in terms of typology, provenience,
area of work, etc.) — converge in recognising the financial instruments as the most important ones. On the
contrary, educational and informational instruments, as for instance advisory/extension services and peer-to-
peer initiatives, are largely seen as the ones most in need of a stronger public support. Most of the re-
spondents, also demand reinforced public policies for improving the environmental dimension of sustainability

and boosting technological innovations along agri-food value chains.

1. Introduction and objective

The constant introduction of innovation along agri-food value chains
is fundamental to increase their sustainability in environmental, eco-
nomic and social terms and to allow the sector to contribute to sus-
tainable rural development (Anderson and Lent, 2019; OECD, 2019).
The adoption of technological innovations — such as more efficient
farming and processing techniques — can have important positive effects
in terms of input use (i.e. increased environmental sustainability), costs
saving (i.e. increased economic sustainability), and labour condition (i.
e. increased social sustainability) (Cagliano et al., 2016; Piedra-Munoz
et al., 2016). Also the adoption of organisational innovations — such as
new forms of collaboration among actors and logistic improvements —
can positively impact value chain sustainability leading to reduced
emissions along value chains, better distribution of the value generated,
and creation of employment in areas otherwise marginalised (Mundler
and Laughrea, 2016; Renner et al., 2008). Lastly, it should be also
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recognised the positive effect triggered by introducing institutional in-
novations — a legitimate change in the cognitive, normative, or regula-
tive rules of a social system (Cholez et al., 2021) - such as implementing
new branding strategies (Di Fonzo et al., 2019) or employing new cer-
tifications (Howard and Allen, 2006). Adopting such innovations can
enhance working conditions (both in terms of employee health and
rights), reduce pressure on natural resources, as well as increase the final
value of products (Chkanikova and Sroufe, 2021).

Acting by means of different types of instruments, public policies
play a central role in boosting the adoption of innovation, especially
with regard to sustainability (OECD, 2021). Subsidies and taxes, for
instance, are recognised monetary policy instruments able to stimulate
the adoption of innovation (Bocker and Finger, 2016; Nam et al., 2007).
Also regulatory instruments can induce the development and uptake of
innovation along value chains — such as in the case of fertilizer use,
pesticides and circularity rules (Bocker et al., 2020). Lastly, it is also
largely acknowledged the role played by public policies acting by means

E-mail addresses: riccardo.borgia2@unibo.it (R. Borgia), matteo.zavalloni@uniurb.it (M. Zavalloni), davide.viaggi@unibo.it (D. Viaggi).

https://doi.org/10.1016/j.jrurstud.2025.103695

Received 17 November 2023; Received in revised form 20 April 2025; Accepted 4 May 2025

Available online 7 June 2025

0743-0167/© 2025 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


https://orcid.org/0000-0002-8853-276X
https://orcid.org/0000-0002-8853-276X
mailto:riccardo.borgia2@unibo.it
mailto:matteo.zavalloni@uniurb.it
mailto:davide.viaggi@unibo.it
www.sciencedirect.com/science/journal/07430167
https://www.elsevier.com/locate/jrurstud
https://doi.org/10.1016/j.jrurstud.2025.103695
https://doi.org/10.1016/j.jrurstud.2025.103695
http://creativecommons.org/licenses/by/4.0/

R. Borgia et al.

of educational and informational instruments. Training, advisory ser-
vices, peer education, etc. are crucial in filling the skills/knowledge gap
also allowing actors to become familiar with innovation, then encour-
aging its uptake (Charatsari et al., 2020; Dunne et al., 2019; EU SCAR,
2017; Flynn et al., 2013; Lans et al., 2004; Mayor et al., 2022; Sgrensen
et al., 2021; Trivellas et al., 2019).

Making agri-food chains more innovative and sustainable is the
objective of numerous policies — sometimes even partly acting in contrast
one with the other (Parsons and Hawkes, 2019). This is the case, just to
mention one example, of the voluntary coupled support (pillar one of the
Common Agricultural Policy) paid to sectors such as cotton and rice in
Andalucia, Spain. The initiative, although contributing to strength the
economic viability of such sectors, supports value chains driving the
overexploit of water resources in regions vulnerable to drought thus
potentially contributing to worse social conditions in such rural areas
(European Commission et al., 2019). This is the reason why, when
exploring such theme, it is crucial to gain the most all-encompassing view
as possible, also embracing, when practicable, a comparative approach. To
date, however, most of the literature focuses on the single effect of specific
policy instruments impacting on the introduction of individual types of
innovation or the improvement of individual dimensions of sustainability
(Cholez et al., 2021). Looking at the adoption of technological innovations,
for example, authors such as Barnes et al. (2019) and Foster and Rose-
nzweig (2010), focused on the sole role of monetary instruments (e.g.
subsidies), recognising their positive effect, especially in encouraging and
accelerating the uptake of precision agriculture technologies. Pierpaoli
et al. (2013) and Tey and Brindal (2012) studied instead the specific
impact of educational instruments, acknowledging that practitioners with
higher education - but also the ones closer to consultants or with more
access to information — were more likely to adopt new technologies. With
regard to organisational innovations (such as participating in Interbranch
or Producers Organisations), Hooks et al. (2018) and Martino et al. (2019)
debated the relevance of EU regulations, recognising their current crucial
importance in supporting horizontal and vertical collaborations along
value chains. In relation to this type of innovations, further authors also
explored the impact of educational instruments, underlying — in the spe-
cific case of short food supply chains — the importance of strengthening
experience- and knowledge-sharing platforms (Chiffoleau and Dourian,
2020). Authors such as Shalley et al. (2015a,b) finally focused on the
specific contribution of normative and regulatory instruments as principal
lever to disseminate institutional innovations, as for instance in the case of
designing better employment contracts. Looking instead at the improve-
ment of the environmental sustainability, Nam et al. (2007), for instance,
provided important reflections on potential drawbacks behind the sole
employment of monetary instruments (e.g. input use taxes). Indeed, the
authors rather suggested the use of a policy mix, encouraging also the
employment of regulations and restrictions accompanied by public edu-
cation programmes. Regarding the improvement of value chains in
socio-economic terms, for example Renner et al. (2008) and Malak-Raw-
likowska et al. (2019) focused on the importance of reinforced regulations
for improving working conditions, and ensuring a fairer income distribu-
tion and bargaining power along value chains.

The objective of this study is therefore to assess the importance of the
different mechanisms that typically compose the policy mix affecting the
adoption of innovation along the agri-food chain. To do so, we surveyed
coordinators of projects retrieved on the platform of the European
Innovation Partnership for Agricultural Productivity and Sustainability
(EIP-AGRI) in light of their extensive experience in innovation along
agri-food value chains. The study of their perspective is of primary
importance for understanding which policy instruments are perceived as
the most relevant for achieving specific objectives, as for instance
improving individual facets of sustainability or sustaining the intro-
duction of specific types of innovation along value chains. As in Gil et al.
(2023), Kelly (2023), Podhora et al. (2013), and Zhovtonog et al.
(2005), we chose to reach coordinators of projects as they are, in most of
the cases, figures with a higher profile of knowledge and competences
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compared to other participants involved in the projects. In addition, in
our specific case of coordinators of projects participating in the
EIP-AGRYI, this choice was also instrumental in gaining a broader and
comprehensive view potentially enclosing the perspective of other value
chains’ actors. After having collected information on their perception,
we created clusters grouping the respondents with a similar view. Such
clusters were then analysed to detect predominant characteristics in
terms of respondent’s typology, provenience, area of work, as well as
other information related to the entities to which they belonged. Besides
investigating the perceived importance of instruments currently in
place, this study also explored the respondents’ view in terms of needs
for policy improvements. This aspect was also investigated by means of
open questions. Lastly, we also tried to explore additional reasons
behind the introduction of sustainable innovation along agri-food
chains.

The main novelty of our work is to provide a comprehensive and
comparative analysis of diverse types of policy instruments given the
general focus of literature on their single impact on the introduction of
individual types of innovations and the improvement of individual
facets of sustainability. Moreover, the study explores the view of in-
dividuals participating in programmes less frequently investigated in
literature. The perspective of participants involved in specific schemes
such as Horizon 2020 and the Operational Groups is widely explored in
the academic and grey literature — among the others Hermans et al.
(2015), European Commission Directorate-General for Research and
Innovation (2017), and Finco et al. (2018). Our study thus aims at
gaining a new and broader understanding on the topic by also including
the view of individuals involved in programmes such as — besides the
ones already mentioned — the LIFE Programme, the European Regional
Development Fund (ERDF) as well as other public (national and
regional) research programmes. This allows to explore more widely the
role of policies towards increasing the innovativeness and sustainability
of agri-food chains in the context of rural areas.

The paper is organised into five sections in addition to this one.
Section 2 illustrates the methodology, i.e. explains the rationale of the
work, the structure of the questionnaire, how information was collected,
and the analysis of data. Section 3 presents the results both referring to
the whole sample and within the clusters. Section 4 provides the dis-
cussion and study limitations, while conclusions and policy recom-
mendations are presented in Section 5.

2. Methodology

To study the perceived importance of different policy instruments,
we designed a questionnaire. As a preliminary step, as in Reed et al.
(2014), we interviewed different experts (n = 5) to better frame the
problem under investigation — in our case the relation between policies,
innovation and sustainability in agri-food chains. Indeed, as also
debated in Creswell and Plano Clark (2011) and Fischer (2000), the
participatory design of a questionnaire, based on the inputs collected
from a diversified sample of experts, is crucial to identify and formulate
the most appropriate questions able to effectively explore a given topic.
To gain a broader perspective, we chose experts from different countries
(i.e., Italy, The Netherlands, Hungary and Spain) and belonging to
different institutions both at national and regional level (i.e., regional
ministry for agriculture, national union of small-scale farmers, regional
crop research centre, national trade association, and national centre for
technology and food safety) (see more details in Appendix A). The ex-
perts suggested to explore the perceived importance of each policy in-
strument with respect to each considered type of innovation and each
dimension of sustainability, and then to compare them. Besides focusing
on instruments currently in place, the experts also hinted at exploring
respondents’ view in terms of needs for policy improvements, and po-
tential further reasons behind the introduction of innovation besides the
role of public policies. Due to the potential risk of respondents’ mis-
understandings or low comprehension of some terminology at the basis
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of the present study, the experts also underlined the importance of
providing the clearest possible definition of the following terms: finan-
cial policy instruments, regulatory policy instruments, informational and
educational policy instruments, technical innovation, organizational (or
managerial) innovation, institutional innovation, environmental sustain-
ability, economical sustainability, and social sustainability. Following their
advice, a short glossary was developed and attached to the questionnaire
(see more details at the bottom of page 4 of the questionnaire within the
supplementary materials). Once distributed the questionnaire and
collected the information, we first analysed them by means of descrip-
tive statistics. Then, we grouped the respondents with a similar view
employing a cluster analysis, to explore the presence of potential pre-
dominant characteristics within the clusters. This to see if different types
of respondents would have diversely perceived the importance of the
considered instruments in light to their specific characteristics and
needs.

Elaborating the suggestions of the policy experts, we organised the
questionnaire in the following sections (see more details in supple-
mentary materials):

1. Information on the study;

2. Information on the respondent and on his/her organization (open
and multiple choices questions);

3. Information on the project coordinated (open questions);

4. Perception of the importance of different policy instruments for the
introduction of different types of innovation and for the improve-
ment of different dimensions of sustainability (five-point Likert scale
questions);

5. Perceived needs for improved policy instruments for better sup-
porting the introduction of innovation and improving sustainability
along fruit and vegetable value chains (five-point Likert scale and
open questions);

6. General reasons driving the introduction of sustainable innovation
along fruit and vegetable value chains (multiple choices question).

To collect the information, between January and February 2022, we
sent the questionnaire to coordinators of projects retrieved on the
platform of the European Innovation Partnership for Agricultural Pro-
ductivity and Sustainability (EIP-AGRI). The platform collects from all
across the European Union projects boosting innovation in the agri-food
sector to foster competitiveness and sustainability (European Commis-
sion Directorate-General for Agriculture and Rural Development, 2020).
However, for better focus on the role of policies addressing multiple
actors, we choose to select in particular projects referring to the fruit and
vegetable sector. Fruit and vegetable value chains, usually include a
larger number of different steps and, as a consequence, a wider variety of
actors such as input suppliers, farmers, processors, traders, retailers, etc.
In addition, the production of fruit and vegetables is also probably one of
the agri-food sectors currently facing the largest number of challenges in
the transition towards sustainability (water use, food losses, packaging,
use of chemicals, just to mention a few) appearing then particularly
exposed to continual innovation processes (Fruit Logistica, 2020). To
select only projects dealing with fruit and vegetable products we set a

LI

query searching in the platform’s fields “Title (in English)”, “Objective
of the project (in English)”, “Description of activities (in English)” and
“Keywords” the terms apple, blueberry, citrus, fruit, grape, horticulture,
leguminous, lemon, olive, pea, peach, potato, raspberry, soybean, strawberry,
tomato, vineyard, viticulture, wine, coconut and vegetable. Once obtained
the sample of projects of our interest (n = 989), we sent to the corre-
sponding project coordinators the questionnaire by means of the plat-
form Qualtrics. As 90 project coordinators satisfactorily completed the
questionnaire, we reached an overall response rate of approximately 9
%.

After having explored the collected information by means of
descriptive statistics, we grouped the respondents according to their
preferences in terms of importance of the different policy instruments.

Journal of Rural Studies 119 (2025) 103695

The clustering was operated employing the Ward’s method (Ward,
1963) and, by the study of the scree plot and the dendrogram (see
Appendix B and C), we derived the number of clusters. In the analysis of
the order of preference of the different policy instruments (studied by
means of five-point Likert questions) we tested the statistical signifi-
cance of the observed differences employing the multivariate test of
means (Johnson and Wichern, 2007). To assess the significance of the
association between the clusters and the explored characteristics we
employed the Chi-square test (Cochran, 1952). The clusters were
explored to appreciate any potential predominant characteristics in
terms of respondents’ typology, provenience, area of work, as well as
other information related to the entities of which they were part. Lastly,
the open question related to the perceived need for improved policies
was explored by means of a content analysis (Hsieh and Shannon, 2005;
White and Marsh, 2006). First, we studied the textual content of the
answers identifying six main themes in line with the aim of the question,
three regarding the policy instruments addressed all across this study (i.
e. more educational, informational and demonstrative initiatives; reg-
ulatory improvements; more funding and monetary resources) and three
identified exploring the answers provided (i.e. increased marketability
and added value for sustainable productions; increased cooperation and
sharing of risks; increased administrative and accounting support).
Then, we coded the text according to the six categories and we analysed
the recurrence of the themes across the answers. All statistical analyses
were performed through the statistical software package Stata/MP,
version 12.0.

3. Results
3.1. Sample characteristics

The project coordinated by the respondents were mainly funded by
Sub-Measure 16.1 of the Rural Development Programme (RDP) — in the
overall framework of the Operational Groups (OGs) (Table 1). Then, the
second most important programme mentioned across the questionnaires
was Horizon 2020 (Research and Innovation Actions, Multi-Actor Ini-
tiatives, and Thematic Networks). Some coordinators also reported the
participation in the LIFE Programme (i.e. the European funding instru-
ment for the environment and climate action). Further schemes were
also mentioned across the questionnaires such as INTERREG, POP3 and
other programmes sustained within the EAFRD (European Agricultural
Fund for Rural Development) and the Horizon 2020 Programme. Lastly,
although the vast majority of the reported frameworks were linked to
the European Union, it also emerged that some respondents reported
initiatives funded (or co-funded) by national, regional and provincial
authorities.

Analysing the type of organization to which respondents belong, the
sample appeared quite evenly distributed among individuals from
NGOs, private service provider companies and civil society

Table 1
Schemes that supported the project coordinated by the respondents.

Reference programme Frequency

v
o

Operational Groups (RDP)
Horizon 2020

LIFE

INTERREG (ERDF)

EAFRD

POP3

PRIMA (H2020)

Bio-based Industries (H2020)
Provincial funds

National Ministry of Agriculture and Forestry
Regional water authority
Swissaid

No response

w

U o = =N W W W

Total

O
(=]
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organisations (39 %), public organisations, research institutes and uni-
versities (34 %), but also being themselves value chain actors (27 %)
(Table 2). Most of the entities to which they are part are operating for
more than ten years (84 %) and appear quite small, with less than ten
employees (40 %). The majority of respondents declared to be from the
South of Europe (58 %) while a smaller share was from Western (29 %)
and North-Eastern Europe (13 %). Finally, in terms of geographical area
of work, it emerges that most of the respondent’s organisations operate
on national (32 %), regional (27 %) or global scale (25 %). Only 15 % of
them, instead, work exclusively within the European borders.

3.2. Opinion on policy and clusters characterization

Looking at the global sample preferences in terms of policy in-
struments, the respondents appeared in general mostly oriented towards
monetary policy instruments, both for the introduction of innovation
and the improvement of sustainability along value chains (Table 3). Two
exceptions to this trend were observed: regulatory instruments were
recognised as the most important instruments for sustaining the intro-
duction of institutional innovation; informational instruments emerged
as the most relevant instruments for improving the social sustainability
along value chains. In both cases, however, the difference among the
observed means was not statistically significant.

To better explore the association between respondents’ characteris-
tics and their preferences in terms of importance of different in-
struments, we grouped the ones with a similar view by means of a
hierarchical cluster analysis (Ward, 1963). The study of the scree plot
(see Appendix B), derived from the analysis of the individual perception
of the importance of the three policy instruments with respect to the
introduction of the three types of innovation and to the improvement of
the three dimensions of sustainability (Table 3), suggested to identify
two clusters. Before choosing to consider two clusters, however, we also

Table 2
Characteristics of the respondents’ organisations (n=90).

Frequency” %

Type of organization

Value chain actor (including farmer, processor, trader, 24 27.27
etc.)

Public organisation, research institute or university 30 34.09

Private service provider, NGO, civil society 34 38.64
organisation

Number of employees

Less than 10 employees 34 39.53
10 to 250 employees 30 34.88
More than 250 employees 22 25.58

Geographical area in which sell products and provide services

Regional 24 27.27
National 28 31.82
European 14 15.91
Global 22 25.00

Age of the organisation
1-10 years 14 15.91
More than 10 years 74 84.09

European area of provenience”

North-East 12 13.33
South 52 57.78
West 26 28.89
Total 90 100.00

2 Differences in the total number of observations is due to the presence of
missing values.

b According to the United Nations Statistics Division (1996): North-East
Europe includes Denmark, Estonia, Finland, Latvia, Sweden, Hungary; South
Europe includes Spain, Greece, Croatia, Italy, Portugal; West Europe includes
Austria, Belgium, Germany, France, The Netherlands.
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tested other options considering a larger number of clusters, namely,
three, four and five clusters (see supplementary materials,
Tables S1-S6). These options were explored to see if a larger number of
clusters would have allowed to gain more internal coherence. Such
analyses show that a larger number of clusters provide clusters that are
less internally coherent in terms of policies’ preferences (see supple-
mentary materials, Tables S1, S3, S5). In addition, accounting for a
larger number of clusters does not provide a statistically significant gain
in terms of association between identified clusters and respondents’
characteristics (e.g., type of organization, number of employees, Euro-
pean area of provenience, etc.) (see supplementary materials, Tables S2,
S4, S6). Lastly, the analysis of the dendrogram (see Appendix C) allowed
to assign each respondent to the corresponding cluster.

Cluster 1 (n = 28) appeared mostly oriented towards monetary and
regulatory policy instruments. In this cluster, in particular, monetary
instruments were significantly acknowledged as the most important
instruments for improving the economical dimension of sustainability.
Regulatory instruments, instead, were recognised as the most relevant
instruments for supporting the introduction of organisational in-
novations along fruit and vegetable chains. Cluster 2 (n = 59) appeared
instead significantly more inclined towards monetary instruments for
supporting the introduction of organisational and technological in-
novations, while oriented towards informational instruments for the
improvement of the social and environmental dimensions of sustain-
ability. Regulatory policy instruments were instead significantly recog-
nised as the least important by the respondents belonging to this cluster,
especially when looking at the overall improvement of sustainability
along value chains. Further differences were also observed among the
means across the two clusters; however, they did not appear statistically
significant.

Exploring the respondents’ characteristics within the clusters, it only
significantly emerged that in cluster 2 the majority of respondents
belonged to entities mostly operating within their national borders (i.e.,
at regional or national scale). Respondents in cluster 1 appeared instead
more evenly distributed between organisations operating at national
and supranational scale (Table 4). Although appearing not statistically
significant, it also emerged that in cluster 2 value chain actors were
slightly less abundant, while no marked difference was observed in
cluster 1. Respondents belonging to organisations with less than 250
employees appeared slightly more present in cluster 1. No remarkable
prevalence was instead appreciated in cluster 2. Neither the age of the
organisation nor the geographical area of provenience were able to
notably characterize the two clusters. Both appeared predominantly
composed by respondents belonging to entities from South of Europe
and aged more than ten years.

3.3. Needs for improved policies and general reasons behind the
introduction of innovation

Looking at the needs for improved policies to better support the
introduction of innovation, nearly all the respondents recognised the
monetary instruments as the ones most in need to be improved, while
the regulatory instruments as the ones less in need (Table 5). An
exception to this were the value chain actors, that considered the
educational and informational instruments the ones less in need to be
improved. Conversely, public organisations, research institutes and
universities recognised instead this type of instruments as the ones most
in need of further reinforcements.

To complement the analysis, the perceived needs for improved pol-
icies were also observed across the single countries of provenience of the
respondents (Table A2, Appendix D). In most of cases, their preferences
appeared in line with what observed at supranational level, except for
respondents from Italy and France, that recognised the educational and
informational instruments as the ones most in need of further im-
provements. It should be remarked, however, that, as the respondents in
many countries were very few, the differences among the means were
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Table 3
Perception of the importance of different policy instruments on the introduction of different types of innovation and for improving the three dimensions of sus-
tainability along value chains. Mean values within clusters. Multivariate test of means. Means respectively significantly different with P-value *** = < 0.01; ** =
0.05; * = < 0.1.

Cluster 1 P-value Cluster 2 P-value Total” P-value

Technological innovation

Financial instruments 4.46 0.591
Regulatory instruments 4.39
Informational instruments 4.32

Organizational innovation

Financial instruments 4.18 0.099*
Regulatory instruments 4.39
Informational instruments 4.25

Institutional innovation
Financial instruments 4.32 0.940
Regulatory instruments 4.32
Informational instruments 4.29

Environmental sustainability
Financial instruments 4.61 0.285
Regulatory instruments 4.50
Informational instruments 4.46

Economic sustainability
Financial instruments 4.36 0.016%*
Regulatory instruments 4.32
Informational instruments 4.04

Social sustainability
Financial instruments 4.36 0.582
Regulatory instruments 4.36
Informational instruments 4.29
Number of respondents 28

4.22 0.000*** 4.30 0.000%**
3.34 3.68
3.78 3.95
3.51 0.027** 3.73 0.175
3.12 3.53
3.36 3.64
2.95 0.150 3.39 0.193
3.20 3.56
3.14 3.51
4.15 0.054* 4.31 0.030**
3.93 4.11
4.17 4.26
3.86 4.01
3.41 3.70
3.76 3.85
3.49 0.091* 3.76 0.162
3.32 3.66
3.63 3.84
59 87

Perception expressed in terms of importance: not important = 1, extremely important = 5.
# The difference of the number of observations from the total is due to the presence of missing values.

almost always not statistically significant.
The study of the answers to the open question allowed to further
explore the respondents’ view in this regard (Table 6). It should be taken

Table 4
Characteristics of the respondents’ organisations across the clusters. Relative
frequencies per column (%). The significance of the association between clusters

and characteristics was assessed through Chi-square test with P-value *** = <
0.01; ** = < 0.05; * = < 0.1; ns = no significant difference.
Cluster Cluster P-value
1 2

Type of organization
Value chain actor 35.71 22.03 0.390 ns
Public organisation, research institute or 28.57 37.29
university
Private service provider, NGO, civil 35.71 40.68
society organisation

Number of employees
Less than 10 employees 48.15 34.48 0.247  ns
10 to 250 employees 37.04 34.48
More than 250 employees 14.81 31.03

Geographical area in which sell products and provide services
Regional 32.14 25.42 0.022 wx
National 17.86 38.98
European 7.14 18.64
Global 42.86 16.95

Age of the organisation
1-10 years 7.14 18.64 0.160 ns
More than 10 years 92.86 81.36

European area of provenience
North-East 10.71 11.86 0.538 ns

South 67.86 55.93
West 21.43 32.2

into account that this examination is based on 47 replies only. The
missing observations are due to the lack of answer or - to a little extent —
to answers not included in the analysis as not matching the objective of
the question. Although the respondents were free to report any desired
topic, we found that the themes emerged in the answers were in large
part aligned to what observed in other sections of the questionnaire.
Most of the respondents encouraged the establishment of more educa-
tional, informational and demonstrative initiatives, followed by
demanding improvements of the current regulations, and the provision
of more monetary support. However, the analysis of the answers enabled
also to appreciate new themes not previously emerged such as the
request of reinforcing the cooperation among value chain actors,
improving the marketability of sustainable products, and increasing the
administrative and accounting support to facilitate the introduction of
innovation.

Although the differences among the means were often very small, the
sample generally recognised the technological innovations as the ones
most in need of reinforced policy support (Table 7), followed by the
organisational and the institutional ones (although such differences
appeared statistically significant only when looking at cluster 2, entities
aged more than ten years, and from the North-East of Europe). Only
organisations working at European scale appeared significantly differ-
ently oriented, considering the organisational innovations as the ones
less in need of improved policy support.

Lastly, the sample emerged fully aligned in recognising the envi-
ronmental dimension of sustainability as the facet most in need of
reinforced policy support, and the economic dimension as the one
generally less in need (Table 8). However, some tiny difference to this
trend were also observed. Cluster 2 considered the social dimension of
sustainability the one less in need of enhanced support, like the value
chain actors, the respondents belonging to organisations with more than
ten employees and operating within the national borders. It is important
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Table 5
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Comprehensive need for improved policy instruments. Mean values across clusters and organisations’ characteristics. Multivariate test of means. Means respectively
significantly different with P-value *** = < 0.01; ** = < 0.05; * = < 0.1; ns = no significant difference.

Financial instruments Regulatory instruments Informational instruments P-value

Clusters

1 4.46 4.32 4.39 0.685 ns

2 4.15 3.46 3.93 0.000 il
Type of organization

Value chain actor 4.39 4.04 3.96 0.073 *

Public organisation, research institute or university 4.13 3.63 4.17 0.005 e
Private service provider, NGO, civil society organisation 4.26 3.62 4.09 0.001 el
Number of employees

Less than 10 employees 4.42 3.82 4.15 0.000 ok

10 to 250 employees 4.20 3.70 4.00 0.048 b

More than 250 employees 4.05 3.59 4.05 0.011 e
Geographical area in which sell products and provide services

Regional 4.46 3.92 4.08 0.022 it

National 4.21 3.39 4.11 0.000 el

European 4.23 3.85 3.77 0.389 ns

Global 4.09 3.91 4.23 0.138 ns
Age of the organisation

1-10 years 4.31 3.54 3.92 0.038

More than 10 years 4.24 3.77 4.11 0.000 ok
European area of provenience

North-East 4.40 4.00 4.00 0.037 it

South 4.23 3.83 4.17 0.006 i

West 4.24 3.44 3.92 0.002 ok
Total 4.25 3.74 4.08 0.000 e

Need expressed in terms of importance: not important = 1, extremely important = 5.

to acknowledge, however, that such differences — although statistically
significant — were in most of the cases very small.

The sample emerged fully aligned (both across all the characteristics
and the two clusters) also when asked to state the importance of addi-
tional reasons behind the introduction of sustainable innovation.
Although with different levels of intensity, all respondents expressed
“improved efficiency and saving costs” as the most important reason for
introducing innovation, followed by “responding to the consumer de-
mand for sustainability” (Table 9). The “support of public policies”
appeared instead the least important among the three alternatives.

Table 6

4. Discussion

The main objective of this work was to explore the perceived
importance of different policy instruments for supporting the introduc-
tion of various types of innovations and improving the three dimensions
of sustainability along fruit and vegetable value chains. In general, the
study showed that in most of the cases respondents recognised the
financial instruments as the most important instruments both for sus-
taining the introduction of innovation and improving value chains sus-
tainability. As also observed by Barnes et al. (2019) and Foster and

Needs for improved public policies for better supporting the introduction of innovation along fruit and vegetable value chains.

Themes emerged across the open questions

Examples of answers

Number of respondents
addressing each theme”

%

More educational, informational and demonstrative initiatives
(including advisory/consultancy services, network events, peer-to-
peer trainings, pilot farms/projects, information exchanges,
prototypes, learning ecosystems, extension services)

Regulatory improvements (including standardization of rules across
countries, better taxations, enhanced legislation for sustainability,
supranational legislative frameworks, reduced/faster bureaucracy)

More funding and monetary resources (including financial support,
economic incentives, funds for investments, subsidies)

Increased marketability and added value for sustainable productions

Increased cooperation and sharing of risks

Increased administrative and accounting support

No answer

“To support more demonstration actions in innovative pilot farms as 18 48.65

peer-to-peer initiatives have higher impact in the adoption of

innovation by growers.”

“There are a lot of regulatory rules in each country and they are 15 40.54

different. New innovations should fight against this old rules.”

“Innovation and ideas need to be tested in absence of economic risks. 15 40.54

Institutional fundings should be close to 100 %. More projects with

lower budget would allow more innovations to be tested.”

“Increasing the marketability of sustainable chains of production.” 3 8.11

"Sharing/taking the risks together. If we don’t do that things will stay 2 5.41

the same and we won’t solve our (great) problems.”

“Support for innovation for SME with administrative processes.” 2 5.41
53 58.88

It can be possible that one respondent addressed more than one theme in the answer.
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Table 7
Need for overall improved policy instruments to better support the introduction of different types of innovation. Mean values across clusters and organisations’
characteristics. Multivariate test of means. Means respectively significantly different with P-value *** = < 0.01; ** = < 0.05; * = < 0.1; ns = no significant difference.

Technological innovations Organizational innovations Institutional innovations P-value

Clusters

1 4.29 4.32 4.29 0.899 ns

2 3.75 3.39 3.36 0.010 it
Type of organization

Value chain actor 3.96 3.78 3.74 0.454 ns

Public organisation, research institute or university 4.10 3.77 3.67 0.111 ns

Private service provider, NGO, civil society organisation 3.74 3.56 3.59 0.452 ns
Number of employees

Less than 10 employees 3.91 3.79 3.82 0.528 ns

10 to 250 employees 3.87 3.57 3.57 0.184 ns

More than 250 employees 4.00 3.77 3.59 0.500 ns

Geographical area in which sell products and provide services

Regional 3.96 3.92 3.83 0.729 ns
National 3.89 3.50 3.46 0.117 ns
European 3.92 3.38 3.54 0.051 *

Global 3.91 3.86 3.77 0.584 ns

Age of the organisation
1-10 years 3.54 3.62 3.85 0.631 ns
More than 10 years 3.99 3.70 3.62 0.008 Hrk

European area of provenience

North-East 4.20 3.70 3.50 0.074 *

South 3.94 3.83 3.83 0.505 ns

West 3.76 3.40 3.36 0.252 ns
Total 3.92 3.69 3.66 0.035 il

Need expressed in terms of importance: not important = 1, extremely important = 5.

Rosenzweig (2010), especially in case of a long payback period and To more deeply analyse the respondents’ preferences, we segmented
uncertain profitability, the financial support is still largely seen as the the whole sample in clusters. This allowed us to analyse more in-depth
principal lever to overcome the fear of undertaking innovative actions. the respondents’ preferences, suggesting that “belonging to entities
Table 8

Need for overall improved policy instruments to enhance the three dimensions of sustainability. Mean values across clusters and organisations’ characteristics.
Multivariate test of means. Means respectively significantly different with P-value *** = < 0.01; ** = < 0.05; * = < 0.1; ns = no significant difference.

Environmental sustainability Economic sustainability Social sustainability P-value
Clusters
1 4.43 4.21 4.39 0.142 ns
2 4.05 3.61 3.56 0.000 e
Type of organization
Value chain actor 4.17 3.96 3.83 0.083 *
Public organisation, research institute or university 4.13 3.83 3.87 0.130 ns
Private service provider, NGO, civil society organisation 4.21 3.68 3.79 0.001 bl
Number of employees
Less than 10 employees 4.30 3.88 4.03 0.025 ok
10 to 250 employees 4.03 3.67 3.60 0.004 el
More than 250 employees 4.18 3.86 3.82 0.120 ns

Geographical area in which sell products and provide services

Regional 4.04 3.75 3.96 0.118 ns
National 4.21 3.86 3.71 0.011 ok
European 4.00 3.62 3.69 0.077 *

Global 4.36 3.91 3.91 0.011 it

Age of the organisation
1-10 years 4.31 3.77 3.92 0.237 ns
More than 10 years 4.15 3.81 3.81 0.000 ok

European area of provenience

North-East 4.10 4.00 3.90 0.656 ns
South 4.15 3.90 3.96 0.037 wx
West 4.24 3.52 3.52 0.000

Total 4.17 3.80 3.83 0.000 e

Need expressed in terms of importance: not important = 1, extremely important = 5.
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Table 9
Perception of general reasons driving the introduction of innovation along value chains. Mean values across clusters and organisations’ characteristics. Multivariate
test of means. Means respectively significantly different with P-value *** = < 0.01; ** = < 0.05; * = < 0.1; ns = no significant difference.
Improved efficiency and costs Support of public Consumer demand for P-value
saving policies sustainability
Clusters
1 2.50 1.46 2.04 0.001 el
2 2.53 1.42 2.05 0.000 i
Type of organization
Value chain actor 2.70 1.35 1.96 0.000 el
Public organisation, research institute or university 2.50 1.43 2.07 0.001
Private service provider, NGO, civil society 2.41 1.50 2.09 0.000 ok
organisation
Number of employees
Less than 10 employees 2.58 1.48 1.94 0.000 i
10 to 250 employees 2.43 1.30 2.27 0.000 ok
More than 250 employees 2.55 1.55 1.91 0.010 ol
Geographical area in which sell products and provide services
Regional 2.38 1.54 2.08 0.009 s
National 2.61 1.39 2.00 0.000
European 2.54 1.23 2.23 0.001 ok
Global 2.55 1.50 1.95 0.012 o
Age of the organisation
1-10 years 2.62 1.31 2.08 0.001 e
More than 10 years 2.50 1.46 2.04 0.000 ok
European area of provenience
North-East 3.00 1.30 1.70 0.223 ns
South 2.54 1.33 213 0.000 HxE
West 2.28 1.72 2.00 0.215 ns
Total 2.52 1.44 2.05 0.000 i

Perception expressed in terms of importance: least important = 1, most important = 3.

selling products or providing services at supranational level” (i.e. Eu-
ropean and global scale) was the most relevant characteristic associated
to the different respondents’ perception of the relevance of the specific
instruments. Respondents being part of organisations more oriented
towards international contexts seemed to especially recognise the
importance of regulatory instruments for supporting the introduction of
innovation, and the role of financial instruments for improving value
chains sustainability. At the same time, they also appeared generally less
confident in the role of educational and informational instruments.
Conversely, respondents mostly operating at regional and national scale
appeared instead to more markedly recognise the importance of
educational instruments for improving sustainability along value chains,
and the role of financial instruments for sustaining the uptake of inno-
vation - but considering regulatory instrument overall the least relevant.
As also highlighted by Karali et al. (2014), the dynamics ruling the
agri-food sector are increasingly becoming global (e.g. input market,
labour force, etc.). Hence, it is reasonable that respondents more
exposed to international contexts would perceive the leading factors
behind the diffusion of innovation in a different way than the re-
spondents in large part working within their regional and national
borders. Just to mention one example, Di Fonzo et al. (2019) analysed
the case of Zespri — a New Zeeland corporate commercializing kiwifruits
at global level — that experienced an important innovation stimulus as a
response to the entry into force of the Plant Variety Protection Regulations,
especially in terms of technological (e.g. breeding improvements) and
organizational innovation (e.g. value chain governance). As also
observed by Chiffoleau and Dourian (2020) and Karali et al. (2014),
entities operating more at local level (as for instance the ones partici-
pating in short food supply chains) seem instead to generally recognise
informational and educational instruments (e.g. extension services,
public trainings, etc.) as the most relevant lever to stimulate innovation
and to enhance sustainability. It should be remarked, however, that to

unleash their full potential such initiatives should be offered as much as
possible in the form of non-formal and informal learning activities —
much quicker, more specific and providing faster results than formal
education and training (Lans et al., 2004; Stimane et al., 2018). On the
top of everything, however, it should be noticed that also after having
grouped the respondents on the basis of their preferences, the financial
instruments stayed in large part the most preferred instrument among
the two clusters, meaning that in most of the cases money are still seen as
the principal means to overcome the fear of “taking new avenues”. Other
characteristics such as type of organization, number of employees, age
of the organisation, and European area of provenience, were not
significantly associated with none of the two clusters - in line also with a
mixed effect frequently emerged in literature (Barnes et al., 2019; Finco
etal., 2018; Flynn et al., 2013; Lans et al., 2004; Tey and Brindal, 2012).

The general higher preference for the financial instruments appeared
also further remarked when respondents indicated such instruments as the
ones most in need of being strengthened for better supporting the intro-
duction of innovation and enhancing value chains sustainability. It should
be noticed, however, that respondents belonging to public organisations,
research institutes and universities perceive the educational and informa-
tional instruments as the ones most in need of reinforcements, while value
chains actors considered such instruments as the ones overall less in need of
further improvements. As also observed by Flynn et al. (2013), this pref-
erence appears quite reasonable given that respondents working in the field
of research and education are not entrepreneurs, hence not directly expe-
riencing the risk of making investments, and also because they “make their
living” from providing educational and informational services. Continuing
to analyse the type of measures perceived as most in need of further im-
provements, however, it should be also taken into account what emerged
from the open questions — slightly different from what just observed. When
asked to freely express their needs, “more educational, informational and
demonstrative initiatives” (e.g. more advisory/consultancy services,
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network events, peer-to-peer trainings, pilot farms/projects, information
exchanges, prototypes, learning ecosystems, extension services) emerged as
the policy improvement overall most demanded. This hints what also
observed by Flynn et al. (2013): financial constraints not always represent
the unique obstacle to the adoption of innovation, even if frequently neither
the actors themselves are aware of that. After that, however, reinforced
financial and regulatory instruments appeared also largely demanded. In
the first case: incentives, funds for investments, and subsidies. In the second
case: standardization of rules, better taxations, enhanced legislation, su-
pranational legislative frameworks, and reduced/faster bureaucracy. It
should be taken into account that this question was answered only by the
40 % of the sample. However, it still represented a key information for
expanding the understanding of such a policy relevant issue. The study of
this question allowed to observe themes otherwise not emerged in other
sections of the questionnaire: the need for increased marketability and
added value for sustainable productions, the need for improving the
cooperation and the sharing of risks among actors, and the request for
reinforced administrative and accounting support (especially for small and
medium-sized enterprises, SMEs).

The study also showed that technological innovations were the type of
innovation perceived as most in need of reinforced policy instruments.
Implicitly, this information hints at the idea that non-technological in-
novations — and the measures aimed at their support — still attracts little
consideration among actors, in spite of their amply recognised role in
improving sustainability along agri-food value chains. This view could
perhaps be grounded on the perceived lower upfront investments needed
for implementing such forms of innovations, and also because they are
somehow seen easier to be developed internally within the value chains.
Authors such as Bavec et al. (2017), Charatsari et al. (2020), and Chiffo-
leau and Dourian (2020) underlined the major priority of better support-
ing the uptake of organisational innovations as for instance the
implementation of innovative collective platforms, and the diffusion of
short food supply chains. On the other hand, Hargrave and Van De Ven
(2006) and Shalley et al. (2015a,b) stressed instead the great necessity of
better supporting institutional innovations, such as implementing new
branding strategies or employing new certifications. From this work it also
emerged that the environmental sustainability of value chains seemed the
dimension overall perceived as most in need of reinforced policy measures.
However, strengthening instruments for improving the social dimension of
sustainability seemed also highly acknowledged by large part of the
sample. This high demand for increasing policy efforts for the
socio-environmental sustainability of agri-food chains appeared also
amply debated by Piedra-Munoz et al. (2016) that remarked the major
priority of intensifying these initiatives especially in the context of SMEs
and family-owned activities. Another group of respondents (mostly
composed by individuals belonging to medium and large-sized entities)
considered a higher priority better supporting initiatives for improving the
economic sustainability of value chains.

Finally, the last section of this work seemed to essentially support
one of the main themes emerged all across this study: actors are prin-
cipally concerned of being able to cope financially with undertaking
innovative actions. The whole sample was fully aligned in considering
the “improvement of efficiency and saving costs” as the leading reason
for introducing innovation. Also in other works this explanation
appeared among the main drivers behind such a decision — as for
instance in the sample analysed by Barnes et al. (2019) — corroborating
that saving money is in general one of the major hopes of innovation
adopters (also for shortening the payback period and better coping with
the risk of investment). The second reason for introducing innovation
was instead “responding to the consumer demand for sustainability” —
also in line with what recorded by Karali et al. (2014, p. 955) in its study:
“responding to customer preferences (...) led to modifications in farm
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management, such as switching to integrated production or organic
farming”. Overall, what observed in our study thus suggested that for
many actors the supportive role of public policies seems to not represent,
at the moment, the main stimulus for introducing innovation, as other
factors seem to play a more incisive role in orienting in this choice.

Some limitations of this study need to be acknowledged. First, it
should be recognised that the overrepresentation of Southern Europe in
the analysed sample can represent a potential limitation of this work. It
should be acknowledged, however, that this coverage roughly reflects
the distribution of EIP-AGRI projects across Europe — actually seeing
Italy and Spain among the EU Member States hosting more projects (EU
CAP NETWORK, 2025; European Commission Directorate-General for
Agriculture and Rural Development, 2020). The decision to allocate
more or fewer resources for establishing EIP-AGRI projects is almost
completely in the hands of the Member States, according to their na-
tional strategic orientations for reinforcing specific facets of the
agri-food sector. Given the focus of this project on fruit and vegetable
value chains, the result of this strategic orientation can be therefore also
recognised in the larger number of projects established in Southern
Europe, compared to Western and especially North-Eastern Europe.
However, we recognise that this overrepresentation, although reflecting
the current picture of the projects’ distribution across Europe, could
have potentially provided a slightly polarised view of the issue under
study. For this reason, future research should improve the sample
stratification across Member States to increase the generalisability of the
findings across Europe. Second, we should provide a remark on the
sample composition. In order to comprehend the impact of policies in
making fruit and vegetable value chains more innovative and sustain-
able, we chose to reach coordinators of projects retrieved on the plat-
form of the European Innovation Partnership for Agricultural
Productivity and Sustainability (EIP-AGRI). This choice was taken in
light of the great opportunity offered by the EIP-AGRI platform to collect
from all across Europe stakeholders closely involved in innovation and
sustainability processes along agri-food chains. This enabled us to gain
the perspective of respondents as the value chains actors (e.g., farmers,
processors, etc.), but also the view of stakeholders not belonging, in the
narrow sense, to value chains - e.g., stakeholders from civil society or-
ganisations, NGOs and also researchers and scholars. In our opinion, we
believe that this choice helped the study to reach more effectively its
objective by gaining an additional view of stakeholders dealing at first
hand with innovation and sustainability, thus allowing to complement
what gained from the perspective of value chain’s actors. However,
future developments of the study should improve the sample composi-
tion also in terms of respondents’ representativeness, to account more
for the value chain actors’ perspective.

5. Conclusions and policy recommendations

The objective of this research was to study from the perspective of
coordinators of projects retrieved on the European Innovation Partner-
ship for Agricultural Productivity and Sustainability (EIP-AGRI) the
perception of the importance of diverse policy instruments (i.e., finan-
cial, regulatory, and educational) for supporting the introduction of
innovation along agri-food value chains and improving their sustain-
ability. In general, financial instruments (e.g., subsidies, tax reduction)
appeared the instruments recognised as most relevant across the whole
sample, almost regardless of the type of respondent considered. The only
characteristic that seemed to slightly differently orient the respondents’
preferences was belonging to entities more or less exposed to interna-
tional contexts. Indeed, respondents that are part of organisations
working (or providing services) at global level appeared more inclined
to recognise, besides the role of the financial instruments, also the



R. Borgia et al.

relevance of the regulatory instruments. Conversely, respondents mostly
operating within their national borders seemed instead to acknowledge,
together with the importance of the financial instruments, also the
relevance of educational and informational initiatives. This evidence
can represent a valuable contribution also in terms of policy recom-
mendations, especially in the framework of the EU Common Agricul-
tural Policy that is reaching the core of its implementation period 2023-
27. Observing, for example, that respondents mostly operating at local
scale perceive educational and informational instruments as more
relevant suggests the importance of strengthening the AKIS (Agricultural
Knowledge and Innovation Systems) strategy, that lays its basis on the
synergy of advisors, disseminators, researchers, etc. for promoting a
better generation, share and use of the agriculture related knowledge.
Actually, more advisory/consultancy services, network events, peer-to-
peer trainings, information exchanges, extension services, etc.
emerged also among the initiatives more demanded when asked to
openly express the perceived needs for policy improvements, a sign that
stakeholders are aware that the adoption of innovation is not exclusively
hampered by financial factors. In addition, evidences from the current
research can also suggest the consolidation of the LEADER (Liaison Entre
Actions de Développement de 1'Economie Rurale), the local develop-
ment approach based on the engagement of local actors in the decision-
making and resource allocation for the development of rural areas.
Indeed, one of the pillars of this approach is bringing actors together for
developing peer support, knowledge sharing, capacity building, and, last
but not least, to overcome isolation in rural areas.

Despite the crucial role that they play in promoting sustainability along
agri-food value chains, the study showed that non-technological in-
novations (i.e., organisational and institutional) are still seen as less rele-
vant than the technological ones, and the initiatives aimed at their support
consequently less a priority. The environmental dimension of sustain-
ability instead appeared acknowledged by any type of respondent as the
dimension most in need of reinforced public support. This evidence sug-
gests another important policy reflection. Strategies at the core of the
European agricultural policy making, such as for example the Farm to Fork
Strategy — largely focusing on the centrality of the role of each value chain
actor — seem to have not yet succeeded in bringing sufficient awareness
(especially among practitioners) on the importance of pursuing other av-
enues than solely focusing on technological innovations and environ-
mental sustainability to attain better agri-food value chains. As also
emerged in some open answer, public policies should therefore put greater
emphasis in communicating the importance of improving value chains
also in organisational terms (e.g., strengthening the cooperation among
actors — also to cope better with risks) encouraging also institutional in-
novations (e.g., simplified administrative processes for SME). In addition,
recognising the relevance of pursuing more sustainable value chains also
in economic and social terms would support strategies at the hearth of the

Appendix A

Table Al
List of the organisations of the interviewed policy experts.
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European policy agenda such as the European Green Deal, closely linked to
the prosperity of the agri-food sector.

To better put in context the discussion above, however, this study
also showed that, overall, the sample perceived the improved efficiency
and saving costs as the principal reason behind the choice of under-
taking innovative actions, followed by responding to the consumer de-
mand for sustainability. This suggests that, from the perspective of the
analysed sample, the current public policies appear to not represent a
primary lever for encouraging the adoption of innovation along agri-
food value chains, as other factors seem to actually play a more inci-
sive role in orienting this choice. This points at the need to carefully
consider policy action in the context of other drivers, and to design
policy instruments as appropriate.

Overall, the results of the study show the need to address the policy
mix as a whole, with two main motivations: a) having a variety of in-
struments that can actually fit the needs of different actors and different
types of innovation; b) ensuring complementarity between different
components of public policy. In this respect, internal consistency be-
tween different CAP measures (in particular financial support to mod-
ernisations, cooperation measures and AKIS) is key for the future of
innovation in agriculture. Also, consistency between CAP and non-CAP
measure (e.g. trade and environmental regulation) is a key point of
attention.
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Appendix B

Scree plot of eigenvalues after pca
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Dendrogram for _clus_6 cluster analysis
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Fig. A2. Dendrogram showing the respondents collocation in the clusters.

Appendix D

Table A2
Comprehensive need for improved policy instruments. Mean values across respondents’ countries of provenience. Multivariate test of means. Means respectively
significantly different with P-value *** = < 0.01; ** = < 0.05; * = < 0.1; ns = no significant difference; na = not applicable.

Country of provenience Frequency % Financial instruments Regulatory instruments Informational instruments P-value

North-East 12 13.33 4.40 4.00 4.00 0.037 **
Denmark 1 1.11 5.00 5.00 5.00 na
Estonia 1 1.11 4.00 4.00 4.00 na
Latvia 1 1.11 4.00 4.00 4.00 na
Finland 1 1.11 4.00 3.00 3.00 na
Sweden 6 6.67 4.40 4.00 4.00 0.177 ns
Hungary 2 2.22 5.00 4.00 4.00 na

South 52 57.78 4.23 3.83 4.17 0.006 ***
Greece 2 2.22 4.50 4.50 4.50 na
Portugal 7 7.78 4.29 4.00 4.57 0.120 ns
Croatia 2 2.22 5.00 4.00 4.50 0.500 ns
Italy 19 21.11 4.11 3.53 4.11 0.015 **
Spain 22 24.44 4.23 3.95 4.05 0.552 ns

West 26 28.89 4.24 3.44 3.92 0.002 ***
Austria 2 2.22 4.00 4.00 3.00 na
Belgium 1 1.11 5.00 2.00 5.00 na

(continued on next page)
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Table A2 (continued)

Country of provenience Frequency % Financial instruments Regulatory instruments Informational instruments P-value
Germany 7 7.78 4.71 3.86 3.86 0.007 **
France 8 8.89 3.88 3.13 4.00 0.093 *
The Netherlands 8 8.89 4.13 3.50 3.88 0.184 ns

Total 90 100.00 4.25 3.74 4.08 0.000 ***

Need expressed in terms of importance: not important = 1, extremely important = 5.

Table A3

Need for overall improved policy instruments to better support the introduction of different types of innovation. Mean values across respondents’ countries of pro-
venience. Multivariate test of means. Means respectively significantly different with P-value *** = < 0.01; ** = < 0.05; * = < 0.1; ns = no significant difference; na =
not applicable.

Country of provenience Frequency % Technological innovations Organizational innovations Institutional innovations P-value
North-East 12 13.33 4.20 3.70 3.50 0.074 *
Denmark 1 1.11 5.00 3.00 3.00 na
Estonia 1 1.11 4.00 3.00 3.00 na
Latvia 1 1.11 3.00 3.00 3.00 na
Finland 1 1.11 5.00 5.00 4.00 na
Sweden 6 6.67 4.00 4.00 3.80 0.373 ns
Hungary 2 2.22 5.00 3.00 3.00 na
South 52 57.78 3.94 3.83 3.83 0.505 ns
Greece 2 2.22 4.50 4.50 4.50 na
Portugal 7 7.78 4.43 4.29 4.00 0.264 ns
Croatia 2 2.22 4.00 4.00 5.00 0.500 ns
Italy 19 21.11 3.79 3.79 3.68 0.599 ns
Spain 22 24.44 3.86 3.64 3.73 0.335 ns
West 26 28.89 3.76 3.40 3.36 0.252 ns
Austria 2 2.22 4.00 4.00 4.00 na
Belgium 1 1.11 5.00 3.00 3.00 na
Germany 7 7.78 4.00 3.57 3.57 0.199 ns
France 8 8.89 3.75 3.38 3.25 0.561 ns
The Netherlands 8 8.89 3.38 3.25 3.25 0.957 ns
Total 90 100.00 3.92 3.69 3.66 0.035 **

Need expressed in terms of importance: not important = 1, extremely important = 5.

Table A4
Need for overall improved policy instruments to enhance the three dimensions of sustainability. Mean values across respondents’ countries of provenience. Multi-
variate test of means. Means respectively significantly different with P-value *** = < 0.01; ** = < 0.05; * = < 0.1; ns = no significant difference; na = not applicable.

Country of provenience Frequency % Environmental sustainability Economic sustainability Social sustainability P-value
North-East 12 13.33 4.10 4.00 3.90 0.656 ns
Denmark 1 1.11 5.00 5.00 4.00 na
Estonia 1 1.11 4.00 3.00 3.00 na
Latvia 1 1.11 3.00 3.00 2.00 na
Finland 1 1.11 4.00 3.00 4.00 na
Sweden 6 6.67 4.00 4.20 4.20 0.373 ns
Hungary 2 2.22 5.00 5.00 5.00 na
South 52 57.78 4.15 3.90 3.96 0.037 **
Greece 2 2.22 4.50 4.50 4.50 na
Portugal 7 7.78 4.57 4.57 4.57 1.000 ns
Croatia 2 2.22 4.50 3.00 4.00 0.500 ns
Italy 19 21.11 4.05 3.84 3.84 0.428 ns
Spain 22 24.44 4.05 3.77 3.82 0.041 **
West 26 28.89 4.24 3.52 3.52 0.000 ***
Austria 2 2.22 4.00 3.00 4.00 na
Belgium 1 1.11 4.00 4.00 4.00 na
Germany 7 7.78 4.43 3.71 3.86 0.159 ns
France 8 8.89 4.38 3.50 3.50 0.045 **
The Netherlands 8 8.89 4.00 3.38 3.13 0.143 ns
Total 90 100.00 4.17 3.80 3.83 0.000 ***

Need expressed in terms of importance: not important = 1, extremely important = 5.
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Table A5
Perception of general reasons driving the introduction of innovation along value chains. Mean values across respondents’ countries of provenience. Multivariate test of
means. Means respectively significantly different with P-value *** = < 0.01; ** = < 0.05; * = < 0.1; na = not applicable.

Country of provenience Frequency % Improved efficiency and costs saving Support of public policies Consumer demand for sustainability P-value

North-East 12 13.33 3.00 1.30 1.70 0.223 ns
Denmark 1 1.11 3.00 1.00 2.00 na
Estonia 1 1.11 3.00 1.00 2.00 na
Latvia 1 1.11 3.00 1.00 2.00 na
Finland 1 1.11 3.00 2.00 1.00 na
Sweden 6 6.67 3.00 1.40 1.60 0.704 ns
Hungary 2 2.22 3.00 1.00 2.00 na

South 52 57.78 2.54 1.33 2.13 0.000 ***
Greece 2 2.22 3.00 1.00 2.00 na
Portugal 7 7.78 2.86 1.14 2.00 0.001 **
Croatia 2 2.22 2.50 1.00 2.50 1.000 ns
Italy 19 21.11 2.53 1.47 2.00 0.002 **
Spain 22 24.44 2.41 1.32 2.27 0.000 ***

West 26 28.89 2.28 1.72 2.00 0.215 ns
Austria 2 2.22 3.00 1.00 2.00 na
Belgium 1 1.11 2.00 1.00 3.00 na
Germany 7 7.78 2.14 1.86 2.00 0.913 ns
France 8 8.89 2.75 1.50 1.75 0.072 *
The Netherlands 8 8.89 1.88 2.00 2.13 0.923 ns

Total 90 100.00 2.52 1.44 2.05 0.000 ***

Need expressed in terms of importance: not important = 1, extremely important = 5.
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.jrurstud.2025.103695.
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