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Exploring innovation adoption
behavior for sustainable
development of Mediterranean
tree crops

Giuseppe Timpanaro, Biagio Pecorino, Gaetano Chinnici,

Claudio Bellia, Mariarita Cammarata, Giulio Cascone and

Alessandro Scuderi*

Department of Agriculture, Food and Environment (Di3A), University of Catania, Catania, Italy

Introduction: The combination of knowledge, personal skills and company

resources influences, all things being equal, such as the availability of new

technologies, market conditions and other factors external to the company,

farmers in their innovation choices. This study is an attempt to understand

which psychological constructs influence the decision-making process of farmers

specialized in typical Mediterranean crops with regard to innovation. Previous

studies on the adoption of agricultural innovations have often considered socio

economic characteristics and ignored the underlying motivational factors that

influence the behavioral intention of farmers.

Methods: This study adopted three socio-psychological constructs, Attitude

(ATT), Subjective Norm (SN), and Perceived Behavioral Control (PBC), derived

from the Theory of Planned Behavior (TPB), and proposed three new constructs,

Perceived Innovations Characteristics (PIC), Benefits (B), and Transferability (T),

thus using an Extended Model of the Theory of Planned Behavior.

Results: The outcome of the multiple regression revealed that farmers’ intention

(I) to adopt sustainable irrigation innovations is positively influenced by attitude

(ATT), subjective norm (SN), and perceived innovation characteristics (PIC). This

last construct had mediating e�ects on the indirect relationships between PBC,

benefits (B), transferability (T), and intention (I).

Discussion: The results provide numerous insights, useful both for outlining the

demand for innovation and for calibrating future policies aimed at the primary

sector, especially on the sustainable management of irrigation resources. In

particular, the analyses carried out highlight the importance of factors external

to the company as key levers in shaping the demand for innovations.
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1. Introduction

In a knowledge-based economy and with the acceleration of the globalization process
that reduces the relevance of the spatial factor while accentuating the temporal factor to the
extreme, the competitiveness of the territorial system increasingly depends on intangible
resources (Capitanio et al., 2010), the capacity for interaction, collaboration and partnership
(Rose and Chilvers, 2018; Kumar et al., 2021). Technology and innovation consequently
acquire a strategic role in determining the competitive advantage of companies. In such
a competitive environment, where innovation progressively takes the form of interaction
between different companies or organizational units with complementary knowledge and
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skills (Guaitero et al., 2013; El Bilali, 2019), understanding the
innovation process between different organizations becomes of
great interest (Montes de Oca Munguia et al., 2021).

In economic theory, innovation is one of the key tools for
a company’s growth, entry into new markets and long-term
sustainability (Sulistyo and Ayuni, 2020; Gutiérrez and Macken-
Walsh, 2022; Ploll et al., 2022). Driven by increasing competition
in global markets and unprecedented interest in sustainability
practices, companies are seeking to implement more advanced
sustainability practices (Hasler et al., 2016; Liu et al., 2018), seeking
tomaintain the high value of the products and services they provide
through rapid and continuous innovation (Müller et al., 2018;
Rabadán et al., 2019). However, companies often face the intention
to innovate with uncertainty and concern, as they are confronted
with a number of unfavorable factors, such as: lack of financial
resources (Schaltegger and Wagner, 2011; Quintero et al., 2022),
innovation costs that are too high, lack of qualified staff to manage
innovations in the company, lack of knowledge of innovations,
lack of confidence in innovations (Shi et al., 2022), low interest in
innovations and long-term results (Sivertsson and Tell, 2015;Wang
et al., 2022).

The agricultural sector faces significant challenges due to
competing economic and environmental objectives. In this
context, agricultural innovation can contribute to achieving higher
production while preserving the environment (Läpple et al., 2015;
Kubankova et al., 2016). Innovation in the agro-food industry,
however, is lower than in other manufacturing sectors: according
to recent studies, the agro-food sector, like the paper, printing and
publishing, rubber and plastics sectors, invests around 2% of its
turnover in R&D (Jun and Kim, 2022), while other sectors such
as the chemical, electronic and mechanical sectors devote around
6–9% to this activity (Mekonnen et al., 2015).

The reasons for these low levels of expenditure compared to
other sectors are to be found in the lack of basic research, the
fact that innovation is exogenous and embedded in machinery,
packaging and supplies in general (Coghlan et al., 2020; Fieldsend
et al., 2022). Most of the innovations that have appeared in the
agri-food sector do not originate from within the sector, but
arise from the application and transfer of the results of research
conducted in other areas, as was the case, for example, with
the automation of processes, the control of results, especially in
terms of quality (Curry et al., 2021; Bigliardi and Filippelli, 2022).
Consequently, facilitating agricultural innovation is vital to the
success of the agricultural sector. This has also been recognized by
the EU with the creation of the European Innovation Partnership
for Productivity and Sustainability (EIP-AGRI), which aims to
foster sustainable and competitive agriculture as well as greater
dissemination of innovations through increased links between
research and agriculture (Barth et al., 2017; Feo et al., 2022a).
Furthermore, it is widely recognized that continuous innovation is
necessary in order to achieve sustainable agricultural development
(Ploll et al., 2022; Takács-György and Takács, 2022).

Agricultural innovation is increasingly seen as a process
involving the input of different actors and also as something that
depends on the social structure of a specific context (Läpple et al.,
2015; Feo et al., 2022b). It evolves as a result of interactions
between different actors, such as farming systems, supply chains

and economic systems (Klerkx et al., 2012), environmental policies,
extension and social systems, reflecting the idea of Agricultural
Innovation Systems (AIS) (Maru, 2018; Klerkx and Begemann,
2020). Among the different types of innovation in agriculture, a
particularly important role today is played by those related to
irrigation practices (Asadi et al., 2020). Today, in fact, water scarcity
and droughts are a major problem (Saeed et al., 2021), probably
exacerbated by climate change, which represents one of the greatest
environmental, social and economic threats to the entire planet
(Ungureanu et al., 2020; Ermolieva et al., 2022).

These needs also result from the fact that the agricultural
system, as a result of the climatic changes we have been observing in
recent years (Masia et al., 2018), has been affected bymeteorological
changes, which have led to earlier phenological phases of crops,
a decrease in the availability of water in the soil and in the flow
rates of watercourses, and low reservoir levels in natural and
artificial reservoirs (Nguyen et al., 2016; Zagaria et al., 2021). These
situations, over the years, have produced negative effects on the
production level of many crops (Hashem et al., 2019), drawing
attention to the rational use of water availability in agriculture
(Kalinin et al., 2018; Zhang et al., 2022). In this scenario, irrigation
can be used to offset the negative impacts of climate change on
food supply, (Kukal and Irmak, 2018; Malek et al., 2018; Masia
et al., 2018) but would require a 40–100% increase in water use for
irrigation (Liu et al., 2017; Bafdal et al., 2018; Zaporozhchenko et al.,
2022). In relation to this question, the question arises as to whether
the public is willing to allocate such quantities of irrigation water
for agriculture (Khandaker and Kotzen, 2018; de Oliveira Padilha
et al., 2022), also in relation to the limited availability of water for
domestic use and the alternatives set up by the food industry with
food obtained in the laboratory or in hyper-intensive systems such
as “Lab-grown meat” (van Loo et al., 2020; Galanakis et al., 2021)
or as Vertical farming (Niu andMasabni, 2021; van Gerrewey et al.,
2022).

Technology, innovation and Agriculture 4.0 are the solution
today, as they can reduce water consumption in agriculture by up
to 20 per cent compared to traditional irrigation systems (Adeyemi
et al., 2017; Velasco-Muñoz et al., 2019; Kourgialas et al., 2022).
In the fruit-growing world, the most economical systems are drip
systems: micro-sprinklers (Canaj et al., 2021), underground drip
sprinklers and mini-sprinklers (Loures et al., 2020; Rouzaneh et al.,
2021). In the context of innovations, the Mediterranean tree crops
sector is certainly one of those that has received less attention
in the economic literature (Coghlan et al., 2020). Furthermore, it
appears that the adoption of innovation has been studied mainly
in large fruit companies in developed countries, while research
on innovation in small companies has received little attention
(Migliore et al., 2015; Kim et al., 2019). Small farms in the sector are,
in fact, part of the agri-food system and play an important role in
the economic growth of the country (Rajapathirana and Hui, 2018;
Bigliardi and Filippelli, 2022).

In small business management, it is widely recognized in the
literature (Aksoy, 2017; Barth et al., 2017) that the competence
of entrepreneurs, farmers and professional managers plays an
important role in the adoption of business innovation (Mozzato
et al., 2018; Yan et al., 2022). This suggests that in small and
medium-sized farms, competitiveness, and sustainability require
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entrepreneurs capable of achieving all commercial, environmental
and social objectives with the help of a facilitator (Kim et al., 2019;
Chi and Chien, 2022) who enables the transfer of innovations to as
yet unexplored production systems, including Mediterranean tree
crops (Mirčetić et al., 2022; Nsele et al., 2022).

Among the Mediterranean crops we are interested in, the most
widespread tree crops such as olives, citrus fruits and vines still have
a limited degree of innovation diffusion. Regarding crops such as
olives and vines, these were considered in the study as irrigated
crops, even though they are normally not. This scenario allows us
to formulate the following research question:

“Farmers who grow Mediterranean tree crops, what level of
propensity for innovation do they express?”

The aim of this question is to understand whether this
innovation gap stems from a knowledge deficit, limited propensity,
structural limitations or other reasons. It is therefore interesting
to understand all the characteristics of entrepreneurs, farmers or
professional managers (Hsieh and Kelley, 2016), who promote
innovation, and why some organizations are able to generate
innovation better than others (Unsworth et al., 2012; Mirzaei
et al., 2016). Knowing the characteristics and determinants
of the propensity to innovate in the primary sector becomes
even more important because such information is fundamental
to the design of public policies aimed at supporting and
expanding demand (van Dijk et al., 2016; Small and Maseyk,
2022).

A company’s decision to innovate is based on its ability to
withstand the pressures of the process (Douthwaite and Hoffecker,
2017; Alam et al., 2021) and the degree of control it feels it has
over the implementation of the innovation (Maizza et al., 2019;
Harwiki and Malet, 2020). Since innovation requires a limited
and sometimes complex decision-making process (Bechini et al.,
2015), it is clear that those responsible for corporate innovation
can be influenced by several objective and subjective variables
(Brudermann et al., 2013; Montes de Oca Munguia et al., 2021).
Determining the behavioral motivations and psychological factors
of decision-makers in the agricultural industry is a rather complex
task (Borges et al., 2014; Adnan et al., 2017; Mesa-Vázquez
et al., 2021). The choice of a behavioral model is necessary
(Berti and Mulligan, 2016) because the farm’s intention to accept
or not to accept an innovation inevitably clashes with human
psychology, so we tried to analyze the factors and variables that
influence this behavior (Judge et al., 2019; Hannus and Sauer,
2021).

To this end, a questionnaire was proposed to a sample of
agricultural enterprises. This questionnaire aimed to detect the
propensity to adopt an innovation that favors the sustainability
of the production process, i.e., one that respects the environment,
animals, health and workers’ rights, as well as the resulting
economic and environmental benefits. Several behavioral models
have thus been identified to explain the decision-making
process of entrepreneurs (Issa and Hamm, 2017; Lang and
Rabotyagov, 2022), but among all the models proposed in the
literature, we have chosen the Theory of Planned Behavior
(TPB), which seems to be the most comprehensive tool for
studying entrepreneurial behavior (Sok et al., 2021; Sarkar et al.,
2022).

2. Materials and methods

2.1. The role of innovations in irrigation

Agricultural ecosystems play a key role in the conservation
and availability of sufficient and quality water resources (Aznar-
Sánchez et al., 2018), being the main providers of food but also
the main consumers of water resources globally (Velasco-Muñoz
et al., 2019; Shi et al., 2021). Irrigated agriculture is the primary user
of intercepted water for human purposes, reaching a proportion
exceeding 70–80% of the total in arid and semi-arid areas (Liu
et al., 2017; López-Felices et al., 2020) food production that requires
irrigation uses more than 40% of the total and uses only about 17%
of the agricultural area (Saeed et al., 2021). The reduced availability
of water resources for agri-food production systems increases the
complexity of the social, economic and environmental implications
in less developed regions (Gambelli et al., 2021). At present and
even more so in the near future, irrigated crops can be grown under
conditions of reduced water availability (Canaj et al., 2021; Pardo
et al., 2022). Insufficient water resources will, therefore, be the norm
rather than the exception and the emphasis of irrigation technology
will shift from increasing productivity per unit area to maximizing
water productivity (Ungureanu et al., 2020; Campana et al., 2022).

In this context, the solution to move toward is the development
of knowledge and innovative solutions for the management
and distribution of water resources to Mediterranean agro-
productive systems, to make them more resilient to climate
change, economically and technically efficient, sustainable, and
able to contribute to the economic growth and development of
the agricultural sector. The final recipient of such innovations is
the agri-food chain, which, faced with climate change and water
shortages, risks disrupting supplies of raw materials with quantity,
but also quality and health standards (Pandya and Sharma, 2021;
Dawit et al., 2022). But a second aspect to be emphasized is
the benefit to the environment and water resources generated by
innovations; indeed, every activity must be aimed at rationalizing
the use of water in agriculture and containing the release of
contaminants into the environment (Bowmer and Meyer, 2014).
Since an increase in water endowments is not imaginable, the
innovative solutions to be pursued must concern the integration
of purified wastewater with traditional water endowments and,
in particular, the improvement of water use efficiency. Improved
irrigation efficiency can be achieved through innovation and
technological adoption (Iocola et al., 2020; Tong et al., 2022).Water
use efficiency depends on the technology and approach to irrigation
(Velasco-Muñoz et al., 2019).

We therefore distinguish three main distribution methods in
fruit tree plantations: surface (75% of agricultural land), sprinkler
(20% of agricultural land) and micro-irrigation (5% of agricultural
land) (Adeyemi et al., 2017; Rouzaneh et al., 2021). The application
efficiencies of these general categories vary widely (Mateos et al.,
2016; Al-Agele et al., 2021b). Micro-irrigation is generally the most
efficient (80–90%) and surface irrigation is the least efficient (50–
70%). The efficiency of sprinkler irrigation is 55–80% (Loures et al.,
2020; Lopriore and Caliandro, 2022). In other words, the more
efficient irrigation approach is used less and vice versa (Mateos
et al., 2016). Emerging technologies, such as precision agriculture,
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agri-voltaic systems and technological innovation in irrigation
(Loures et al., 2020), can further increase efficiency and productivity
in the food-energy-water nexus (Assouline et al., 2015; Zhu et al.,
2022). Precision agriculture in particular proves to be a potential
technological ally for increasing water use efficiency (Turral et al.,
2010; Pino et al., 2017). This type of agriculture includes decision
support systems (DSS) (Bonfante et al., 2019; Souza and Rodrigues,
2022) to perform what-if analyses for managing small amounts
of irrigation water, monitoring the water status of soil and/or
vegetation (with remote sensing, proximal sensing and soil and
vegetation sensors) and precision irrigation (Abioye et al., 2020,
2022).

Traditionally, irrigation was considered precise if the same
amount of water could be distributed evenly over the entire surface
area, without taking into account the spatial variability of the
soil and vegetation (Cabarcas et al., 2019). In contrast, precision
irrigation pursues the objective of adapting water supplies to actual
crop needs on a small scale (Fernández et al., 2019; Jiménez
et al., 2022). Precision irrigation is still underused (Al-Agele et al.,
2021a; Beyá-Marshall et al., 2022), but farmer interest is high and
would be rapidly implemented if supported by adequate technical
dissemination entrusted to new professional figures (Bwambale
et al., 2022; Silva et al., 2022).

2.2. The approach to innovations in
Mediterranean tree crops

Mediterranean tree crops such as olives, citrus fruits and vines
have deep roots in our country, which run deep into our history.
They represent an important reality for Italy in the trade balance
with foreign countries and for the economies of many parts of
the country (Biasi et al., 2012; Sgroi et al., 2015). Although Italian
fruit-growing cannot be defined as a homogeneous system, it
often suffers from the same structural problems common to other
agricultural systems (de Ollas et al., 2019), which are leading to a
downsizing of cultivated areas and production, and faces similar
challenges (Testa et al., 2015; Medda et al., 2022). In order to do
this, awareness of the sector’s critical issuesmust be raised: its future
will depend on the strength of the ideas that entrepreneurs and
technicians will translate into concrete actions. For the future, it
will be essential to transfer useful innovation to farms, both process
and product (Pereira et al., 2020), by introducing into common
practice the results of the great advances made in the field of
sensor technology, for precise and timely monitoring of orchard
conditions (Campos et al., 2019; Yildirim et al., 2021).

It will be necessary to take greater advantage of advances
in mechanization to simplify cultivation operations and lower
production costs, both for canopy and soil management (Sarri et al.,
2015; Campos et al., 2019; Kourgialas et al., 2019). Planting systems
and forms of cultivation will have to be revisited in order to exploit
their potential in passive defense against pathogens and pests and
climatic adversities. The success of such agricultural enterprises
will also increasingly depend on their ability to collect and exploit
the large amount of data that will be generated, especially to
control costs and increase the quality of production (Keswani
et al., 2019). It is essential to invest in skills creation in a sector

characterized by operational processes based more on generational
skills and knowledge transfer than on innovation and process
optimisation (Wolf et al., 2001). The most present and easy to
take up innovation for these crops has always been genetics (de
Ollas et al., 2019; Pinto et al., 2021). The varietal landscape of
these species of 30 years ago has, in fact, been completely turned
upside down and this type of varietal innovation is justified by
the need to have “another” product to market (Parra-López et al.,
2021). Technological innovation for these crops, on the other hand,
has a much harder time penetrating (Kudryashova and Casetti,
2021; Dinelli et al., 2022), and hardly ever seems to do so through
processes that guarantee impartiality on the part of those who issue
technical advice that has a cost, and therefore must guarantee a
return (Sarri et al., 2015; Montanaro et al., 2017). From various
works in the literature, it appears to be that age is the factor that
most counteracts the fruit grower’s propensity to adopt innovation,
while the first mitigating factor would appear to be the availability
of a person to provide assistance in the event of difficulties (Chen
and Liang, 2020).

This study will seek to understand which psychological
constructs actually influence the innovation decision-making
process of agricultural entrepreneurs growing Mediterranean tree
crops, and to do so it will take into account the Theory of
Planned Behavior (TPB) through an extended conceptual model
where other factors come into play that influence the intention
to implement sustainable irrigation innovations in agriculture and
thus complement and extend the classical model.

2.3. Research questions

TPB provides a theoretical framework for the systematic study
of factors influencing behavioral choices and has been widely
used in other studies to analyze behaviors such as leisure choices,
driving offenses, shoplifting and fraud (Zhang et al., 2015). The
Theory of Planned Behavior (TPB) states that the decision to take
a particular action is directly related to the individual’s behavioral
intentions (Hansson et al., 2012; Gao et al., 2017; Soorani and
Ahmadvand, 2019). Intention (I) is, in turn, influenced by three
factors (Figure 1):

1. Attitude (ATT), the individual’s favorable or unfavorable
assessment of performing a behavior.

2. Subjective norm (SN), the individual’s perception of social
pressure to perform or not perform a behavior.

3. Perceived behavioral control (PBC), the individual’s perception
of their ability to perform a behavior.

This study proposes an integration of the Theory of Planned
Behavior (TPB) by including additional variables to increase its
predictive accuracy (Joao et al., 2015; Rezaei et al., 2018; Tama
et al., 2021; Sarkar et al., 2022). This conceptual model considers,
in addition to the three classical TPB factors, namely attitude (A),
subjective norms (SN) and perceived behavioral control (PBC),
three other factors (Hou and Hou, 2019) such as perceived
innovation characteristics (PIC), Benefits (B), and Transferability
(T) and hypothesizes that all these six elements could directly
or indirectly influence innovation intention (Wauters et al., 2010;
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FIGURE 1

Theory of planned behavior*. *Our elaboration.

FIGURE 2

Extended theory of planned behavior model*. *Our elaboration.

Müller et al., 2021). In the indirect case, this would be due to the
effect of perceived innovation characteristics (PIC), which act as a
link between the other factors and intention (Figure 2).

Attitude toward the adoption of an innovation in agriculture
refers to an individual’s positive or negative evaluation of its
implementation (Senger et al., 2017; Tóth et al., 2020). The second
determinant of intention in TPB, is the subjective norm, which
refers to the perceived social pressure on the person from the
peer group, family, society or culture to perform the behavior
under consideration (Tóth et al., 2020; Sarkar et al., 2022). The

objective is therefore to detect whether the adoption of sustainable
innovation in agriculture is conditioned by third parties. The third
factor within the TPB model is perceived behavioral control (PBC)
which refers to the sense of self-efficacy or ability with respect to
a potential behavior (Tóth et al., 2020; Saeedi et al., 2022). The
fourth element considered for the conceptual model is defined as
characteristics of perceived innovations (PIC) and is taken from
the theory of diffusion of innovations (Rogers, 1995). Rogers, in
his theory, mentions five characteristics of an innovation that can
affect the relative rate of adoption by different members of a social
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FIGURE 3

Di�usion of innovation theory. Source: Rogers (1995).

system: relative advantage, compatibility, complexity, observability
and trialability. All these factors influence the decision to adopt or
not to adopt technological innovation (Figure 3).

Among the additional variables considered, a further
determinant of intention is transferability, which makes it possible
to define whether the results of the experiment are transferable.
Within the extended model, the final determinant of intention is
the benefits, which allow the positive effects of innovation on the
company to be measured.

Based on this knowledge, we formulated 11 hypotheses:

H1. Attitude toward the adoption of sustainable irrigation
innovations in agriculture has a positive effect on
behavioral intention.
H2. Attitude toward the adoption of sustainable irrigation
innovations in agriculture has a positive effect on the
characteristics of perceived innovations.
H3. Agricultural entrepreneurs, who perceived social pressure to
adopt sustainable innovation, would be more likely to adopt it.
H4. Subjective norms have a positive effect on the characteristics
of perceived sustainable irrigation innovations.
H5. Perceived behavioral control has a positive effect on the
intention to innovate.
H6. Perceived behavioral control has a positive effect on
perceived innovation characteristics.
H7. Perceived innovation characteristics have a positive effect
on the intention toward the adoption of sustainable irrigation
innovations in agriculture.
H8. The transferability of an innovation has a positive effect on
the intention to innovate.
H9. The transferability of an innovation has a positive effect on
the characteristics of perceived innovations.
H10. The benefits have a positive effect on the intention
to innovate.
H11. Benefits have a positive effect on perceived
innovation characteristics.

2.4. Data acquisition and processing

The survey to detect the propensity to adopt an innovation that
favors the sustainability of the production process, i.e., respectful
of the environment, animals, health and workers’ rights, as well

as the resulting economic and environmental benefits, was carried
out through a specially designed questionnaire using the “Google
Forms” tool and divided into 4 sections. It was disseminated
online through the main social media channels between 6 June
2022 and 6 September 2022 with an active survey period of
90 days.

The first section deals with general information about the

company, consisting of a series of questions about the company and
the entrepreneur. The second section refers to the organizational
choices of the surveyed farm manager, in terms of both needs and

market. The third section concerns the analysis of the propensity
to adopt an innovation. This section consists of a series of
pre-defined questions designed to measure the behavior of the
entrepreneur. The fourth section concerns the expected results

following the adoption of an innovation. This section consists of

a series of questions designed to capture key elements (such as

perceived innovation characteristics, benefits and transferability of
innovations) of the behavioral model. The latter two sections of
the questionnaire are those concerning the TPB items in relation

to the intention to adopt sustainable innovation and mostly use

the 7-point Likert scale, where higher scores indicate greater

compliance with the items, except for the benefits which were

assessed on a multiple-choice format. Once the planning phase

of the questionnaire had been completed and before starting
data collection, we moved on to the control phase. At this

stage, the necessary checks were carried out to ensure that there

were no programming errors (bugs or malfunctions) and that
the questionnaire was computerized appropriately to achieve the

set research objectives. A total of 200 responses were collected

from as many farms, of which 125 were selected as suitable for
data analysis.

Previous studies have largely focused on socio-economic

characteristics and ignored psychological factors influencing
adoption intention (Borges et al., 2019). Instead, in this study,
we sought to examine psychological factors by hypothesizing

that these could explain greater variation in the dependent
variable (the intention to implement innovation) than the socio-

economic characteristics of farmers. The study aims to verify
whether the TPB variables, together with transferability and
benefits, predict the intention in relation to the adoption of

sustainable innovation in agriculture. The data were analyzed
using the Statistical Package for the Social Sciences (SPSS)
version 27. First, we cleaned and checked the data to identify
any missing values or irregularities. Secondly, we calculated
descriptive statistics (e.g., averages and standard deviations). We
checked the quality and adequacy of the measurement model
and, through exploratory factor analysis (EFA), attempted to
associate the variables with the various latent factors. Next, Pearson
correlation coefficients were calculated to assess the correlation
between the factors (Adnan et al., 2018). Therefore, we tested
the causal relationships between the different factors of the TPB
model with integrations by means of a hierarchical regression
analysis, where we entered intention as the dependent variable
and the TPB constructs as independent variables in the first
stage, and then in the second stage we entered PIC as the
dependent variable and the remaining constructs as independent
variables (Saeedi et al., 2022).
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TABLE 1 Socio-economic characteristics∗.

Variables Description Frequency Percentage
(%)

Gender Male 118 94.4

Female 7 5.6

Age <30 18 14.4

31–50 71 56.8

>51 36 28.8

Farm
management
title

Direct farmer 6 4.8

Professional
farmer

106 84.8

Other 13 10.4

Legal form Individual
company

14 11.2

Simple
company

105 84

Capital
companies (Srl,
Spa, ecc)

6 4.8

Size of farm (in
hectares)

Small (<5
hectares)

52 41.6

Medium (5–20
hectares)

61 48.8

Large (> 20
hectares)

12 9.6

Main production
address

Citrus 24 19.2

Other Fruits 24 19.2

Olive 22 17.6

Horticulture/
Citrus

14 11.2

Viticulture 14 11.2

Cereals/Citrus 14 11.2

Forager/
Zootechnical/
Other Fruits

1 0.8

Other 12 9.6

Educational level Primary school
license

21 16.8

Secondary
school
certificate

22 17.6

High school
diploma

40 32

Degree 42 33.6

Is the business
run only by
family labor?

Yes 65 52

No 60 48

∗Our elaboration.

3. Results

3.1. Socio-economic profile of participants

The results described in Table 1, show that the majority
of respondents (94.4%) were male, confirming that the role of
women is still marginal. Most of the respondents were between
31 and 50 years old (56.8%), while only 14.4% of the respondents
were young people under 30. With regard to the legal form
of the companies surveyed, it emerges that 84.8% of them are
run by professional agricultural entrepreneurs and the form that
prevails is that of the “Simple Company”, which accounts for
84% of the companies surveyed. With regard to farm size, we
note that 48.80% of the farms cover an area of between 5
and 20 hectares, 41.60% have an area of less than 5 hectares
and only 9.60% are identified as large farms with an area of
more than 50 hectares. Looking at the production addresses,
however, a homogeneous distribution appears, with citrus (19.2%),
fruit (19.2%), and olive (17.6%) being most present, and only
the mixed fodder/fruit address showing a very low percentage
(0.8%) with only one answer. Most of the respondents (33.6%)
completed their education, while 16.8% completed only primary
education and 17.6% completed secondary education. Finally,
with regard to the labor used in the company, 52% of the
companies surveyed use family labor, the remainder (48%) use
external labor.

The analysis of the questionnaires made it possible to construct
Figure 4, which well expresses with a visual element the frequency
with which a ’word or phrase’ connected with a sustainable
irrigation innovation is used by entrepreneurs in relation to other
words in an irrigation dataset. In our case, the evaluations proposed
in the optimization of water use were related to a number of
parameters among the many possible ones and, among them,
were considered:

• the quality of irrigation water;
• the cultivation method adopted (agronomic practices);
• the irrigation method used;
• the management of irrigation;
• the choice of when to irrigate (i.e., knowledge of the

crop’s evapotranspiration).

Minimization of water losses can be ensured through different
agronomic practices such as (i) mulching, use of (ii) grafted
plants and (iii) biostimulants. Mulching, in addition to preventing
weed growth, reduces evapotranspiration, improves root growth
and the uptake of water and nutrients, and increases water
use efficiency. Similarly, the use of grafted plants, due to the
better net CO2 assimilation and transpiration efficiency and
the greater development of the root system, is another valid
strategy to help reduce irrigation volumes. Not least, the use
of microbial and non-microbial bio-stimulants can improve
the morphological and physiological characteristics of crops,
enhancing their productive performance and contributing to a
more virtuous use of water resources.

The arboreal and mixed (arboricultural and other) farms
that participated in the survey stated that they adopt an
irrigation sustainability strategy partly for ethical reasons and
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FIGURE 4

Frequency of relationships between words or phrases relevant to sustainable irrigation innovations*. *Our elaboration.

FIGURE 5

Sustainable irrigation innovations adopted by the sample of farms

surveyed*. *Our elaboration.

partly to optimize water and energy consumption and achieve
adequate levels of economic-productive performance (Figure 5).
On the initiatives undertaken, in some cases there has been
a prior study of the terrain, the type of planting and the
characteristics of the irrigation service (with substantial differences
between those who own irrigation investments such as wells,
storage tanks, etc.) and those who acquire water from a
public body in charge of the purpose (irrigation consortium
mainly, which entails irrigation shifts, operating pressure, watering
volumes, etc. that are not always dependent on their own
will). Innovations in irrigation techniques include sprinkler
and micro-irrigation systems. Drip lines are also widely used
with micro-sprinklers to combine the positive effects of a
drip system with overhead sprinklers. Finally, innovations in
irrigation strategies were limited, such as the use of deficit

irrigation combined with micro meteorological remote sensing and
proximal sensing technologies, probably also due to the lack of
adequate expertise.

3.2. Latent variables and extended model
measurements

In order to extract latent variables from the questionnaire
items, exploratory factor analysis (EFA) was used. Through the
KMO and Bartlett’s verification tests, it was possible to confirm
the validity of the extended TPB model comprising seven latent
factors indicating intention, attitude, subjective norm, PBC, PIC,
benefit and transferability. The results show an adequate fit of the
model (Kaiser-Meyer-Olkin measure of sampling adequacy= 0.66,
Bartlett’s test of sphericity with Sign < 0.001). Table 2 shows the
number of items considered for the extraction of each latent factor
and their standardized factor loadings. Each item corresponds to
a question on the questionnaire that was measured by entering
a single scale from 1 to 7 differentiated by individual question,
where value 1 means Not at all agree/Absolutely unlikely and value
7 means Completely agree/Absolutely likely. Item factor loadings
below 0.50 were discarded from the analysis. In order to assess the
internal consistency and reliability of the scale, the study estimated
Cronbach’s alpha coefficients for each factor. Cronbach’s alpha to
assess internal consistency can be classified as: excellent (α ≥ 0.9),
good (0.7 ≤ α < 0.9), acceptable (0.6 ≤ α < 0.7), poor (0.5 ≤ α <

0.6), and unacceptable (α < 0.5). The results show adequate internal
consistency of the scale items, as Cronbach’s alpha coefficients
range from 0.70 to 0.96. In addition, descriptive analyses of the
items were conducted and the table shows the mean and standard
deviation, with the highest mean value for attitude and the lowest
for benefits.
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TABLE 2 Reliability, factor loading, mean and SD∗.

Variables Observed items α Factor loading Mean Standard deviation

Intention 3 0.963 0.940 4.70 1.116

0.985 4.80 1.075

0.920 4.79 1.070

Attitude 3 0.707 0.913 4.97 0.965

0.930 5.06 0.940

0.738 4.89 1.073

Subjective norm 6 0.925 0.636 3.12 0.945

0.944 3.85 1.229

0.860 3.87 1.200

0.890 3.90 1.215

0.816 3.77 1.180

0.838 3.59 1.138

Perceived behavior control 7 0.865 0.856 3.90 1.202

0.830 3.65 1.067

0.843 3.80 1.133

0.535 3.77 1.109

0.786 2.96 1.363

0.767 3.52 1.199

0.976 3.27 1.352

Perceived innovation
characteristics

10 0.951 0.800 4.44 1.068

0.800 4.46 1.065

0.799 4.36 1.091

0.772 4.40 1.053

0.794 4.32 1.089

0.805 4.29 1.080

0.861 4.55 1.133

0.829 4.59 1.240

0.845 4.52 1.045

0.786 4.47 1.122

Benefits 4 0.721 0.707 2.84 0.520

0.538 2.32 0.591

0.693 2.52 0.608

0.652 2.80 0.603

Transferability 7 0.802 0.787 4.61 1.050

0.574 3.95 0.917

0.723 4.09 0.900

0.778 4.04 0.849

0.660 4.08 0.834

0.607 4.15 0.794

0.641 4.01 0.852

∗Our elaboration.
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TABLE 3 Correlation matrix∗.

INT ATT SN PBC PIC B T

INT –

ATT 0.626�� –

SN 0.640�� 0.421�� –

PBC 0.242�� 0.077 0.284�� –

PIC 0.430�� 0.319�� 0.537�� 0.212� –

B 0.618�� 0.492�� 0.420�� 0.247�� 0.529�� –

T 0.158 −0.104 0.238� −0.036 0.498�� 0.212� –

∗Our elaboration. ��Correlation is significant at the 0.01 level (two-tailed). �Correlation is significant at the 0.05 level (two-tailed). Int, Intention; Att., Attitude; SN, Subjective norm; PBC,

Perceived behavior control; PIC, Perceived innovation characteristics; B, Benefits; T, Transferability.

3.3. Correlations between variables

The results of Pearson’s correlation coefficient test between
the variables are shown in Table 3, which reveals significantly
positive correlations between intention and all other variables in
the model with the exception of transferability. There is also a
good correlation between the variables, with a few exceptions, e.g.,
aptitude appears to be uncorrelated with PBC and transferability,
just as there is no correlation between PBC and transferability
itself, which appears to be the most problematic variable in
this respect.

3.4. Behavior of the entrepreneur

In order to test the general relationships between the variables
and thus answer the assumptions made, two different linear
regressions were conducted. The first was performed in order
to understand which variables influence the intention to adopt
the innovation and therefore intention was set as the dependent
variable and TPB constructs as independent variables. The second
regression was aimed at understanding the mediating effect exerted
by the characteristics of perceived innovations (PIC) against
intention for the other variables, thus setting PIC as the dependent
variable. With regard to the first regression, the ANOVA table
shows an F-value of 11.43 and a significance level p of <0.001,
the regression model therefore fitted well. The summary table of
the model shows that R2 has a value of 0.52, which indicates
that 52% of the variance of intention can be explained by
attitude (ATT), subjective norm (SN), perceived behavioral control
(PBC), perceived innovation characteristics (PIC), benefits (B) and
transferability. The results in Table 4 show that intention is strongly
determined by attitude (ATT) as the most important variable
influencing behavior (B: 0.337, significance level p < 0.001).
Subjective Norms (SN) (B: 0.377, significance level p = 0.001) and
Perceived Innovations Characteristics (PIC) (B: 0.263, significance
level= 0.008) also show a good level of influence toward intention.
The remaining factors such as perceived behavioral control (PBC)
(B: 0.042, significance level p = 0.647), benefits (B) (B: −0.044,
significance level p = 0.651) and transferability (T) (B: −0.077,
significance level p = 0.449), as we expected, do not directly
influence intention.

The second regression shows an ANOVA table with F equal
to 17.84 and a significance level p equal to <0.001, the regression
model therefore fitted well. The summary table of the model shows
that the R2 has a value of 0.58, which indicates that 58% of
the variance in the characteristics of perceived innovations can
be explained by attitude (ATT), subjective norm (SN), perceived
behavioral control (PBC), benefits (B), and transferability. The
results in Table 5 show that perceived behavioral control (PBC) is
directly related to PIC (B: 0.222, significance level p = 0.007), the
same applies to benefits (B) (B: 0.211, significance level p = 0.010)
and transferability (T) (B: 0.354, significance level p < 0.001).

The results show, therefore, that only attitude (ATT) subjective
norms (SN) directly influence the intention to adopt sustainable
irrigation innovations in agriculture (I). Other factors such as
perceived behavioral control (PBC), benefits (B), and transferability
(T), indirectly influence intention, due to the effect of perceived
innovation characteristics (PIC), which influences intention (I) by
acting as a mediator between PBC, T, B with I, and thus acting on
the psychology of the individual.

4. Discussion

Innovation in agriculture is an increasingly relevant topic. It is
seen as a broad concept that includes the creation and/or adoption
of innovations that may be new to the enterprise, new to the market
or new to the world (Kalaitzandonakes et al., 2018; Despotović et al.,
2019). It is absolutely necessary to enable Italian farmers to benefit
from technological innovation because growth and sustainable
development inevitably also come from knowledge transfer. We
must innovate for a sustainable future. The role of agriculture
is increasingly strategic in responding to major global challenges
such as growing food demand, climate change, the energy crisis,
and natural resource scarcity. But in order to produce more and
better, polluting less, the primary sector must be able to count on
large investments in research and innovation: only from here can
the answers come to combine increased farm income and food
resources, without altering the already too fragile environmental
balance. The management of water resources, in relation to current
climate changes, will lead to a rational use together with the analysis
of specific crop needs in order to avoid any form of waste. In this
scenario, the choice in farm cropping will increasingly shift toward
crops with lower water requirements and water-saving distribution
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TABLE 4 Regression coe�cients∗.

Model Unstandardized coe�cients Standardized coe�cients t Sign.

B Standard
error

Beta

(Costant) −0.006 0.071 −0.083 0.934

ATT 0.314 0.087 0.337 3.627 <0.001

SN 0.360 0.107 0.377 3.361 0.001

PBC 0.031 0.067 0.042 0.460 0.647

PIC 0.369 0.183 0.263 2.013 0.008

B −0.042 0.092 −0.044 −0.454 0.651

T −0.070 0.092 −0.077 −0.761 0.449

∗Our elaboration.

TABLE 5 Regression coe�cients∗.

Model Unstandardized coe�cients Standardized coe�cients t Sign.

B Standard
error

Beta

(Costant) 0.138 0.044 3.145 0.002

ATT 0.065 0.057 0.097 1.137 0.260

SN 0.082 0.059 0.102 1.274 0.179

PBC 0.116 0.042 0.222 2.766 0.007

B 0.142 0.058 0.211 2.433 0.010

T 0.229 0.054 0.354 4.217 <0.001

∗Our elaboration.

methods. Regarding the first point, relating to reductions in water
requirements, these may result from the application of agronomic
techniques, the choice of rootstock-graft combination as well as
mass selections in the field. With regard to the second point, the
current trend is toward micro-aspersion methods (Kourgialas et al.,
2022) together with the application of water deficit techniques,
which in some cases save water and improve crop quality. The trend
is to develop true precision irrigation, which will allow the plant
to always be guaranteed the amount of water it needs (Adeyemi
et al., 2017; Velasco-Muñoz et al., 2019; Caruso et al., 2021) based
on a system of information that will come to us from farm big
data, collected by a network of sensors and weather sheds capable
of managing irrigation through practices that connect to artificial
intelligence as the new challenge of agriculture 4.0.

The Mediterranean tree crop production sector is experiencing
difficult years that have led in some cases to a sharp downsizing
of cultivated areas. Phytosanitary and climatic emergencies,
product remunerations that are often lower than production costs,
structural and bureaucratic problems have put many fruit farms to
the test (Sgroi et al., 2015; Kourgialas et al., 2022). The challenge
for the future is certainly to maintain high yields and fruit quality
while using fewer resources. It will not be enough to produce
new knowledge; much will depend on the ability of production
systems to quickly introduce the right innovations in the fields
(Caruso et al., 2021). There will be an increasing need for up-
to-date and high-profile technical-scientific dissemination. Taking
the adoption of innovation as a point of view, the contribution

of this research is useful to explore the behavioral intentions of
farmers cultivating Mediterranean tree crops toward the intention
to adopt innovations.

The study aims to test the predictive validity of an extended
TPB model, which considers not only the classical three variables,
but also the characteristics of perceived innovations, transferability
and benefits in relation to the adoption of innovations in
agriculture. The results confirmed that the extended TPB is
a useful model to clarify which psychological factors drive
citrus, grapevine and olive entrepreneurs in adopting innovations.
The results suggest that attitude, subjective norms and PIC
significantly influence intention, thus supporting Hypotheses 1,
3, and 7, respectively. Whereas, PBC, transferability and benefits
are significantly influential in explaining PIC but do not directly
influence intention to innovate. Thus, Hypotheses 5, 9, and 11 hold,
but Hypotheses 6, 8, and 10 are not significant and are therefore
rejected. Hypotheses 2 and 4 are rejected, as the values are found to
be non-significant and prove that PIC is not influenced by attitude
and subjective norms. The results showed that entrepreneurs’
intentions to adopt an innovation are explained by attitudes toward
innovation adoption and subjective norms. Indeed, of all the
variables, they are the most influential in predicting the adoption
of sustainable innovation in agriculture. The greater impact of
attitude and subjective norms on intentions in relation to the
other constructs reveals that the people with whom we relate
have such a significant influence that they have power over choice
behavior. Perceived innovation characteristics are also significant
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predictors of entrepreneurs’ intention to innovate. The impact
of PIC on intentions suggests that less uncertainty and concern
for companies, which often face a number of unfavorable factors
(low financial resources, high costs, lack of knowledge about
innovations), could be helpful in increasing intentions. Perceived
behavioral control, transferability and benefits do not appear to
have a direct impact on intention, but indirectly through the
mediating effect of PIC, with positive values.

Current efforts to improve quality, company design and
technological conditions are very low, confirming our study, as
53.2% of the companies stated that they had not made any
innovations in the 5 years prior to the interview. Our analysis
confirmed that entrepreneurs’ positive attitude toward innovation
directly increases their intention to implement more innovation.
In summary, this study confirmed the predictive validity of TPB,
with the integration of PIC, transferability and benefits, to explain
the entrepreneur’s intention to adopt sustainable innovations
in agriculture.

5. Conclusion

The value of innovation as a fundamental strategy for growth
policies and the development of competitiveness in the primary
sector has strengthened over the years, acquiring ever greater
dimensions. Indeed, it is regarded as an important and necessary
component for the development of agricultural activities (Bowman
and Zilberman, 2013; Spendrup and Fernqvist, 2019). In order
to effectively motivate landowners’ behavior toward innovation,
policy-makers need to understand the characteristics of the
decision-makers that influence their intentions to adopt various
innovations, highlighting the importance of both observable and
unobservable factors underlying farmers’ decisions. Our study
sought to address this need by identifying which unobservable
socio-psychological factors influence farmers’ intentions. Indeed,
this study adds a contribution to the existing scientific literature
by analyzing the psychological factors influencing the intentions
of farmers producing Mediterranean tree crops toward the
application of sustainable irrigation innovations based on an
extended TPBmodel, especially in the context of a developing agro-
economy.

The results indicate that, TPB factors can explain farmers’
behavioral intentions to apply on-farm innovations, but also
that the addition of three other constructs (PIC, benefits, and
transferability) in the TPB framework can increase the predictive
power and accuracy of the theory. Based on our results, it can be
seen that the direct effect on the intention to innovate is negative,
although the direct influence on innovation is positive. This means
that the companies studied would like to innovate, but feel that their
innovation capabilities are not sufficient to implement adequate
innovation projects. Our analysis confirmed that entrepreneurs’
positive attitude toward innovation directly increases the intention
to implement more innovation, as it is a significant predictor of
intention. Furthermore, based on the greater impact of subjective
norms on intention, it appears that the combination of extension
services to improve the level of knowledge on the importance of
innovations could significantly influence farmers’ attitudes on the
intention to apply them.

In particular, given the direct effect of PIC on intention,
communication policies aimed at promoting the adoption of
sustainable innovations by farmers should mainly emphasize their
characteristics and the benefits they can bring to businesses.
These policies could be coordinated by public authorities (in Italy,
mainly the Ministry of the Environment and Agricultural Policies)
and environmental associations (e.g., Legambiente, WWF, etc.).
These organizations could devise and disseminate messages that
attract farmers with an innovative vision and try to stimulate the
modernization of the agri-food system, e.g., through workshops,
meetings on this topic or even ad hoc training programmes and/or
projects with developers of agricultural innovations.

We recognize the limitations of this study, pointing out that
other factors not considered may also influence actual behavior
between the time the intention is formed and its translation into
practice. The model proposed in this study did not consider
farmers’ emotions, e.g., fear/threat, positive or negative feelings.
The literature has, in fact, shown that this is an inherent
weakness of TPB, as no human behavior is independent of
emotions (Zhang, 2018). Moreover, farmers are more likely to
adopt less risky agricultural practices and technologies when
the existing production risk is high (Beyene and Kassie, 2015).
Therefore, in order to identify farmers’ intentions toward the
implementation of on-farm innovations, we suggest adding other
psychological constructs, e.g., risks, subsidies or government
incentives to future studies. Despite the limitations, however, it
is believed that the study contributes to the growth of a line
of research based on the intention to innovate in agriculture,
because it succeeds in highlighting the benefits of combining
economic and psychological perspectives through the study of the
entrepreneur’s intentions.

The future of the implementation of innovations in agriculture
will be facilitated by the upcoming availability of PNRR funds.
Following the enactment of the EU’s Next Generation Plan, the
Italian agricultural system, through the National Recovery and
Resilience Plan (PNRR), will have the opportunity to utilize special
measures dedicated to the country’s green and digital development.
From a total of EUR 750 billion, Italy has been allocated EUR 191.5
billion (70 in grants and 121 in loans) of which a large part is
earmarked for production systems. In this context, it will be crucial
to define management models and innovation packages that favor
innovation in productive agricultural systems, including irrigation,
so that the implementation of innovations does not present
barriers to entry and allows for a rapid and profitable nationwide
diffusion in all production systems, based on the assumption that
without innovation there is no future. The recent enactment of
the Ministry of Agriculture and Food Sovereignty also focuses
on the role of agricultural production from an economic, social
and environmental perspective, objectives that can be achieved
today thanks to the process and product innovations available as
a result of the Digital Transformation taking place with artificial
intelligence in the forefront.

In conclusion, this study may help to formulate future research
that can combine psychological and socio-economic factors to
understand the dynamics of innovation adoption and we are
confident that this would help to understand whether future
findings from other countries will follow the patterns highlighted
in this study and/or how the difficulties encountered in innovation
have been addressed.
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