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Abstract: Irrigated agriculture determines large blue water withdrawals, and it is considered a key
intervention area to reach sustainable development objectives. Precision agriculture technologies have
the potential to mitigate water resource depletion that often characterises conventional agricultural
approaches. This study investigates the factors influencing farmers’ intentions to adopt variable
rate irrigation (VRI) technology. The Technology Acceptance Model 3 (TAM-3) was employed as a
theoretical framework to design a survey to identify the factors influencing farmers’ decision-making
process when adopting VRI. Data were gathered through quantitative face-to-face interviews with a
sample of 138 fruit and grapevine producers from the Northeast of Italy (Veneto, Emilia-Romagna,
Trentino-Alto Adige, Friuli-Venezia Giulia). Data were analysed using partial least squares path
modelling (PLS-PM). The results highlight that personal attitudes, such as perceived usefulness and
subjective norm, positively influence the intention to adopt VRI. Additionally, the perceived ease of
use positively affects intention, but it is moderated by subject experience.
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1. Introduction
Irrigated agriculture can be considered a key element in reaching sustainable development objectives since approximately 70% of water worldwide is used for agriculture [1].
During the last century, impacts of irrigation have been of pivotal importance, and not just
in terms of agricultural development. They have embraced relevant rural developments
while transforming the health and the entire way of life in rural areas [2]. Today, irrigated
agriculture must cope with several threats and challenges such as water scarcity, mitigation of negative environmental impacts associated with conventional agriculture, climate
change effects [3], and groundwater bodies’ deterioration [4–6]. In this context, site-specific
approaches associated with improvements in the operation and management of irrigation
and fertigation practices can represent feasible solutions.
Among the various approaches, variable rate irrigation technology (VRI) is a branch
of precision agriculture (PA) that allows better control of the water used in irrigation
systems, improves resource management and control, and increases water use efficiency.
This approach is essentially based on collecting information on crop water need, analysing
data to produce irrigation prescription maps, and precisely applying water to the soil. For
instance, the detection of spatial variability in soil and crops’ hydrological characteristics
can be conducted using proximal and remote sensing technologies [7]. The spatial data
can be managed through Geographical Information Systems (GIS) to obtain homogeneous
management zones for applying a dedicated irrigation schedule [8]. Finally, VRI is applied
thanks to irrigation systems able to distribute water to the management zones, and this
may take the form of pivot, sprinkler, or drip irrigation, depending on the type of crop.
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Very few contributions have documented water conservation strategies using VRI, particularly in viticulture. Ortuani et al. [9] experimented a VR drip irrigation in Northern Italy,
achieving a reduction in water usage by 18% compared to the farmer’s habits and a more
homogeneous grape maturation, without affecting yield and product quality. Balafoutis
et al. [10] experienced a VRI coupled with a VR fertiliser application in North-eastern
Greece that reduced grape carbon footprint. Klein et al. [11] presented a fully automated
large-scale closed-loop VR drip irrigation system in California, resulting in a 26% yield
increase in the second year and an average increase of 16% in water use efficiency.
Although currently underutilised, VRI technology has the potential to positively
impact water use efficiency, water, and energy conservation, with positive effects on the
environment. Thus, there is a critical need to develop fully integrated VRI technology
systems to mitigate water scarcity and negative environmental impacts associated with
conventional agriculture, as well as climate change effects.
Among existing adoption barriers, Evans et al. [12] hinted at high technology marginal
costs, poor economic incentives, limited research support to growers and lack of know-how,
particularly regarding data analysis. Rather than focusing on the most common objective
factors influencing technology adoption, such as monetary costs and benefits, this study
aimed to understand what factors affect growers’ intention to adopt a VRI approach to
irrigate their orchards and vineyards. The goal is to highlight those behavioural aspects that
can be addressed by political, technical and peer-to-peer mediation to facilitate PA uptake.
The behavioural aspect is especially important for adopting new technologies [13].
Therefore, firstly, we considered a theoretical model of the growers’ behaviour. A relevant
body of research has addressed the examination of factors affecting information technology
acceptance, laying its foundation in the technology acceptance model (TAM), initially
developed by Davis [14] to explain computer-usage behaviour. Several models and theories
have been discussed in the field of information technology acceptance, such as the theory
of planned behaviour (TPB) [15], the diffusion of innovation (DOI) theory [16,17], and the
unified theory of acceptance and use of technology (UTAUT) [18] but, apparently, TAM
still is the dominant model for investigating factors affecting users’ acceptance of novel
technical systems [19,20].
TAM is based on the theory of reasoned action (TRA) proposed by Fishbein and
Ajzen [21], who demonstrated that the behaviour is best predicted by intentions determined
both by the person’s attitude and subjective norms concerning the behaviour. In its
earlier version, TAM states that two particular beliefs, the Perceived Ease of Use and the
Perceived Usefulness, referring, respectively, to the degree to which the user expects the
technology to be free of effort, and the prospective user’s subjective probability to use
the technology, will increase their job performance. An expanded version of the model,
TAM2 [22], was developed by introducing new determinants for the Perceived Usefulness
and two moderators (Experience and Voluntariness). Finally, the latest version, TAM-3 [23],
also includes a list of determinants for the Perceived Ease of Use. Determinants play the role
of external variables influencing individual perceptions that, in turn, determine behaviours.
The intention to adopt a certain technology was included within the construct Attitude
toward Use. Figure 1 concisely illustrates TAM-3, considering both Davis [14] and Venkatesh
and Bala’s [23] contributions.
Thus, in this study, we assume that the intention to adopt VRI is affected by perceptions
and attitudes regarding the technology and the social context. The TAM-3 constructs were
operationalised through a set of Likert scales, and the empirical data necessary to test the
strength of the relationships between constructs were collected using a questionnaire-based
survey.
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Figure 1. A concise illustration of Technology Acceptance Model 3 (TAM-3).

The data collection was conducted in the Northeast of Italy. This area includes
the region of Friuli Venezia Giulia, Veneto, Trentino Alto Adige, and part of the EmiliaRomagna region, and it is considered one of the most productive areas in Europe regarding
food production. Among the most famous products that characterise this area, it is worth
mentioning Prosecco (a DOC (Denominazione di origine controllata: Italian certification
for controlled designation of origin) or DOCG (Denominazione di origine controllata e
garantita) is intended to be a superior classification to DOC) white wine produced in a
large area spanning nine provinces in the Veneto and Friuli Venezia Giulia regions), and
the South Tyrolean PGI (Protected geographical indication) is a EU scheme of geographical
indications and traditional specialties) Apple produced in Trentino Alto Adige. Fruit
growing is one of the most important agricultural activities in Emilia-Romagna, a region
that is considered Italy’s main orchard. This wide area was affected in the summer of 2017
by a severe drought, and this negative contingency could make VRI technology of interest
to those farmers who found it necessary to mitigate the problem of water scarcity.
The study is organised as follows. In Section 2, the methodological framework is
described, specifying the determinants of the intention to adopt VRI technology, the
underlying hypotheses, as well as the constructs measurement method; thus, the method
adopted to administrate the questionnaire to collect data from growers is described, and
data analysis conducted using partial least square path modelling (PLS-PM) is explained.
The growers’ sample description is reported in Section 2.4. Sections 3 and 4 report research
results and discussion. Section 5 concludes the study, with recommendations for PA
stakeholders and policy-makers.
2. Materials and Methods
2.1. Theoretical Framework and Construct Operationalisation
Following the TAM-3 theoretical model, we set the construct “Intention to adopt
VRI” (INT) as the dependent variable; its value is affected by two endogenous constructs,
Perceived Ease of Use (PEU) and the Perceived Usefulness (PUF), and the exogenous construct
Subjective Norms (SN) and a series of interaction variables. Several external variables were
chosen in line with Venkatesh and Bala [23] as potential direct or indirect determinants of
the PEU and PUF constructs, as reported in Table 1. Each variable was defined by a set of
items (typically 3 or 4) included in the structured questionnaire that has been pre-tested
in November 2017 with 15 growers. The final version of the items used in the survey is
reported in the Appendix A. In considering the variables of the TAM-3 model, we decided
to exclude the endogenous construct Objective Usability (OU), defined as a “comparison of
systems based on the actual level (rather than perceptions) of effort required to completing specific
tasks” [24]. The reason is that we perceived such adjustment not easily applicable in the
context of VRI technology; the pre-test confirmed this hypothesis: growers had no sufficient
background to judge any actual level of effort required to use VRI, having no experience in
any of the technology and equipment which define VRI. Therefore, including OU would
have led to misrepresentation. Table 1 shows the TAM-3 version with the set of variables
adopted in this study.
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2.2. Survey Procedure
The requirements to join the survey were that growers were responsible for decisionmaking in their farm and still have not adopted VRI technology. The final questionnaire
was structured in three parts: (1) intention to adopt VRI technology and attitudes toward
novel technology, (2) grower demographics, and (3) main farm production and economic
characteristics, with single- and multiple-choice questions. In part (1), respondents were
asked to give their opinion about statements related to TAM-3 variables according to
a 7-point Likert-like scale, ranging from 1 (totally disagree) to 7 (totally agree). These
items were presented in a randomised order to avoid order bias. Prior to part (1), general
information about PA and VRI was provided. At first, participants were told the following:
“Precision agriculture is a farming approach for agronomic interventions that considers the actual needs of the crop and soil characteristics so that it can calibrate the
application of nutrients within the field. In this way, it can lead to environmental and
economic benefits”.
Then, specific information about VRI technology features was provided in order to
make the participants aware of VRI potentials and benefits, with the following:
“Variable Rate Irrigation is a site-specific/plant-specific approach regarding better
water management. Irrigation water can be applied when and where it is needed, resulting
in increased water efficiency. It combines several precision agriculture tools that enable a
centralised water use control. Variable Rate Irrigation allows growers to apply water at
different time rates, based on specific crop needs.”
In addition, to help participants better understand VRI, a picture describing the use of
an irrigation-management software was shown to them and explained. The questionnaire
was through face-to-face interviews with a sample of grape and fruit growers in the
Northeast of Italy. Surveys were administered with fruit and grape growers during the
“FuturPera” Agricultural fair (16–18 November 2017, Ferrara, Italy). In a second moment,
participants were asked to fill out an online survey until February 2018. The sampling
procedure was enriched by a snowballing sample procedure, with some new participants
suggested by whom we met at the fair.
2.3. Data Analysis
Data from the questionnaire related to TAM-3 variables were processed adopting a
partial-least square path modelling (PLS-PM) approach [25] based on the statistical package
“plspm” available in R [26]. PLS-PM is a multivariate technique used to test path dependence models and estimate the model parameters that minimise the dependent variables’
residual variance [27]. In PLS-PM, constructs are estimated as a linear combination of their
items through simple regression. The adopted algorithm follows a sequential procedure
that can be divided into three stages: (1) calculating the weights to compute variable scores
based on constructs’ items, (2) estimating the path coefficients (inner model) through leastsquares regressions, and (3) obtaining the path loadings by means of simple correlations
(outer model).
Path modelling applied to our data allows us to measure how much each factor could
influence the decision to adopt the VRI technology. Moderating effects of Experience
(EXP) and Voluntariness (VOL) as described in Table 1 were considered using the Product
Indicator approach [26], i.e., adding new constructs in the form of product-indicators of
the new latent variables. To have an idea, the new items related variable PEU*EXP resulted
from the product between the two items of PEU and the three items of EXP; in general, for
each moderated construct, n*k additional items were obtained from the product between
the n items of the moderator variable with the k items of the latent variable.
The reliability of the PLS-PM model was evaluated in terms of constructs’ internal
and external consistency. Internal consistency was checked using Cronbach’s alpha and
the Dillon-Goldstein’s rho statistics [26,28], while the external consistency was checked by
evaluating items’ loadings, calculated as correlations between the latent variable and its
items [26,28].
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Table 1. TAM-3 hypotheses and paths.
Hypotheses

Path

H1. Perceived Usefulness (PUF) affects the intention to adopt VRI.

PUF → INT

H2. Perceived Ease of Use (PEU) affects the intention to adopt VRI.

PEU → INT

H3. Subjective Norm (SN) affects the intention to adopt VRI.

SN → INT

H4. Perceived Ease of Use moderated by Experience (EXP) affects the intention to adopt VRI.

PEU*EXP → INT

H5. Subjective Norm moderated by Experience affects the intention to adopt VRI.

SN*EXP → INT

H6. Subjective Norm moderated by Voluntariness (VOL) affects the intention to adopt VRI.

SN*VOL → INT

H7. Perceived Ease of Use affects the Perceived Usefulness of VRI.

PEU → PUF

H8. Image (IM) affects the Perceived Usefulness of VRI.

IM → PUF

H9. Result Demonstrability (RD) affects the Perceived Usefulness of VRI.

RD → PUF

H10. Subjective Norm affects the Perceived Usefulness of VRI.

SN → PUF

H11. Job Relevance (REL) affects the Perceived Usefulness of VRI.

REL → PUF

H12. Job Relevance moderated by Output Quality (OQ) affects the perceived Usefulness of VRI.

REL*OQ → PUF

H13. Subjective Norm moderated by Experience affects the Perceived Usefulness of VRI.

SN*EXP → PUF

H14. Perceived Ease of Use moderated by Experience affects the Perceived Usefulness of VRI.

PEU*EXP → PUF

H15. Output Quality moderated by Relevance affects the Perceived Usefulness of VRI.

OQ*REL → PUF

H16. Perception of External Control (PEC) affects the Perceived Ease of Use of VRI.

PEC → PEU

H17. Perceived Enjoyment (ENJ) affects the Perceived Ease of Use of VRI.

ENJ → PEU

H18. Self-Efficacy (SE) in performing tasks using VRI affects the Perceived Ease of Use of VRI

SE → PEU

H19. Anxiety (ANX) facing with the possibility of using VRI affects the Perceived Ease of Use of VRI.

ANX → PEU

H20. Playfulness (PLY) with VRI affects the Perceived Ease of Use of VRI.

PLY → PEU

H21. Anxiety facing the possibility of using VRI moderated by Experience affects the Perceived Ease
of Use of VRI.

ANX*EXP → PEU

H22. Playfulness with VRI moderated by Experience affects the Perceived Ease of Use of VRI.

PLY*EXP → PEU

H23. Perceived Enjoyment moderated by Experience affects the Perceived Ease of Use of VRI.

ENJ*EXP → PEU

H24. Subjective Norm affects Image

SN → IM

2.4. Sample Description
In total, 138 participants completed the survey. The net response rate was around
25% and the completion rate was around 10%, which is reasonable in this type of survey.
Seventy-one participants (51.4%) were from Emilia-Romagna, 29 (21.0%) were from Veneto,
21 (15.2%) were from Trentino Alto Adige, and 17 persons (12.3%) were from Friuli Venezia
Giulia. As expected, most respondents were male (89%), with an average age of 43. The
average number of years of experience working in agriculture was 21. Most respondents
graduated from high school (45%), and the number of growers with a university degree
was quite high (38%). The average total farm surface was 30 ha, ranging from 1 ha to
200 ha.
In terms of PA technology adoption, 34.5% of respondents declared they had already
adopted at least one technology other than VRI. The adopted technologies were, in descending order: sensors monitoring humidity and temperature (62.5%), guidance technology
(47.9%), automated section control (30%), monitoring technology and VR technology, both
with 29.2%. The high adoption rate was surprisingly beyond expectations but, on the other
hand, most of the respondents declared the use of just sensors monitoring the environment,
which may be representative of the first step of a more comprehensive PA adoption process.
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3. Results
3.1. Reliability and Consistency of the Model
Before examining the model result, its reliability and validity are examined. In particular, we evaluated the following three aspects: (1) internal and (2) external consistency of
the model, and (3) possible similarities between latent variables. This study considered
the threshold level of 0.7 to assess model adequacy based on Cronbach’s alpha and the
Dillon-Goldstein’s rho statistics [26,28]. For almost all constructs (17 out of 19), Cronbach’s
alpha exceeded 0.7, with the exceptions of SN (Subjective Norm, 0.65) and PEC (Perception
of External Control, 0.62). For these two constructs, Cronbach’s alpha is still higher than
0.6, which can be considered acceptable for marketing research. Dillon-Goldstein’s rho is
higher than 0.7 for all constructs (Table 2). These statistics indicate an overall good internal
consistency of the model and the main constructs’ internal reliability.
Table 2. Internal consistency of TAM-3 constructs.
Construct

Cronbach’s Alpha

Dillon-Goldstein’s Rho

OQ*REL
SN
IM
REL
RD
VOL*SN
EXP*SN
SE
PEC
ANX
PLY
ENJ
EXP*PEU
EXP*ENJ
EXP*PLY
EXP*ANX
PEU
PUF
INT

0.966
0.630
0.801
0.839
0.685
0.897
0.909
0.649
0.493
0.707
0.759
0.812
0.908
0.925
0.937
0.843
0.454
0.789
0.821

0.972
0.844
0.883
0.904
0.864
0.928
0.936
0.851
0.798
0.872
0.862
0.888
0.929
0.942
0.950
0.894
0.786
0.877
0.918

The external consistency reflects constructs’ consistency in explaining latent variables.
In this case, item loadings (>0.7) are used to evaluate convergent validity. A loading greater
than 0.7 means that its latent construct captures more than 50% of the variability in an
indicator. In the first run, almost all the 71 item loadings were higher than 0.7, except
PEU_02 (0.69), PEU_01 (0.66), RD_01 (0.65), SN_02 and PEC_01 (both 0.64), and PEC_04
(0.46). This outcome suggested removing alarming items considered unfit. Hence, we
started to remove the items with the lowest loading iteratively while checking the model’s
internal and external consistency. By the end, PEC_04, SN_02, RD_01 and PEU_01 were
removed from the constructs. Although we observed a slight decrease in Cronbach’s alpha
for the PEC, SN, RD and PEU constructs, respectively, from 0.62 to 0.49, from 0.65 to 0.63,
from 0.62 to 0.69, and from 0.60 to 0.45, Dillon-Goldstein’s rho values were still fine for the
same constructs: 0.78 for PEC (same as before), 0.84 for SN (increased from 0.81), 0.86 for
RD (increased from 0.80), and 0.79 for PEU (same as before). Hence, we decided to keep
the model version with the highest model external consistency with almost no effects in
internal construct consistency. Lastly, possible similarities between latent variables were
excluded by checking items’ cross-loadings: no traitor indicators were observed.
After the quality of the measurement model is successfully assessed, the next step is to
assess the quality of the structural part. This aspect was evaluated by considering a pseudoR2 associated with the regression with the exogenous dependent variables, the goodness
of fit (GoF), and the average variance extracted (AVE). The pseudo-R2 coefficients were
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calculated as 0.5499 for the Intention to Adopt (INT), 0.7603 for the Perceived Usefulness
(PUF), and 0.5842 for the Perceived Ease of Use (PEU), indicating reasonable fit for all three.
GoF was calculated as 0.6421, indicating a good fit for the whole model. All constructs’
values of AVE were above 0.5 (the least was PEC with 0.54).
As expected, Subjective Norm (SN) plays a pivotal role, both considering the direct
effect (H3) and as moderated by Voluntariness (VOL) (H6) and Experience (EXP) (H5).
Intention to Adopt (INT) appears to be determined by Perceived Ease of Use (PEU), only if
moderated by Experience (EXP) (H4), while the total effect of Perceived Ease of Use (PEU)
on Intention to Adopt (INT) appears to be not significant (H2). These results demonstrate
that peers have a vital effect on producers’ intention to adopt VRI, while possible easiness
of VRI would only affect producers’ intention if he/she has already experienced new
technologies.
Turning to the Perceived Usefulness (PUF), the most evident determinant is Job
Relevance (REL) moderated by Output Quality (OQ) (H15). Contrarily to expectations,
however, Job Relevance (REL) is negatively correlated with Perceived Usefulness (PUF)
(H11). The correlation between Result Demonstrability (RD) and Perceived Usefulness
(PUF) was found to be positive and meaningful (H9). Less significant but still positive
were the relationships with Subjective Norm (SN), both alone (H10) and moderated by
Experience (EXP) (H13), and Image (IM) (H8). On the contrary, we observed a negative
relationship between Perceived Usefulness (PUF) and Perceived Ease of Use (PEU) if
moderated by Experience (EXP) (H14), which was found to be positive if not moderated
by Experience (EXP) (H7); this suggests that with increasing experience, the influence of
Perceived Ease of Use (PEU) on Perceived Usefulness (PUF) will be weaker.
3.2. Path Modelling Results
Table 3 shows the results associated with the PLS-PM model from the original sample
(N = 138). Four out of six hypotheses (H1, H3, H4, and H6) in terms of factors affecting the
Intention to Adopt (INT) were clearly verified.
Table 3. PLS-PM results of TAM-3 constructs.
Hypothesis

Path

Direct
Relationship

Indirect
Relationship

Total

R2

H3.
H1.
H4.
H6.
H5.
H2.

SN → INT
PUF → INT
PEU*EXP → INT
SN*VOL → INT
SN*EXP → INT
PEU → INT

0.3045
0.3032
0.3074
0.2124
−0.0951
−0.0415

0.0415
−0.0310
0.0366
0.0392

0.3460
0.2764
−0.0585
−0.0023

INT: 0.550

H15.
H9.
H11.
H10.
H7.
H13.
H14.
H8.

OQ*REL → PUF
RD → PUF
REL → PUF
SN → PUF
PEU → PUF
SN*EXP → PUF
PEU*EXP → PUF
IM → PUF

0.6584
0.3301
−0.2691
0.0895
0.1293
0.1207
−0.1024
0.0812

0.0474
-

0.6584
0.3301
−0.2691
0.1368
0.1293
0.1207
−0.1024
0.0812

PUF: 0.760

H23.
H17.
H22.
H19.
H21.
H16.
H18.
H20.

ENJ*EXP → PEU
ENJ → PEU
PLY*EXP → PEU
ANX → PEU
ANX*EXP → PEU
PEC → PEU
SE → PEU
PLY → PEU

−0.7806
0.6739
0.5791
−0.3125
0.2650
0.2616
0.2572
−0.1034

-

−0.7806
0.6739
0.5791
−0.3125
0.2650
0.2616
0.2572
−0.1034

PEU: 0.584

H24.

SN → IM

0.5832

-

0.5832

IM: 0.340
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Regarding Perceived Ease of Use, a strong positive correlation was found with Perceived Enjoyment (ENJ) (H17). However, with increasing experience, the influence of
Perceived Enjoyment (ENJ) on Perceived Ease of Use (PEU) will be significantly weaker
(H23). On the contrary, Experience (EXP) positively affects the influence of Playfulness
(PLY) on Perceived Ease of Use (PEU) (H22). This outcome appears reasonable: cognitive
spontaneity characterising Playfulness (PLY) increases with experience, while the enjoyment aside from the technology’s performance may just affect less experienced subjects.
As expected, Anxiety (ANX) was found to negatively affect Perceived Ease of Use
(PEU) (H19), with Experience (EXP) mitigating this effect (H21). A positive correlation was
also observed with Perception of External Control (PEC) (H16); this confirms the theoretical
hypothesis that organisational resources may favour Perceived Ease of Use (PEU). A
similar effect was also observed for Self-Efficacy (SE) (H18). Surprisingly, increased levels
of Playfulness (PLY) are associated with diminishing Perceived Ease of Use (PEU) (H20),
albeit with a low level of significance; perhaps some growers partially perceived VRI as
an amusement object, rather than something really useful. Lastly, Subjective Norm (SN)
was found to significantly affect Image (IM) (H24), in line with theoretical assumptions.
Figure 2 shows the TAM-3 model applied to growers’ intention to adopt VRI technology.
Anxiety (ANX) in applying new technology is negatively associated with the perceived
ease of use of VRI (PEU), and experience (EXP) does not mitigate such effect.

Figure 2. Partial least squares path modelling (PLS-PM) of TAM-3 constructs.

4. Discussion
Most of the theoretical assumptions of TAM-3 were verified, but somehow subjects’
attitudes regarding VRI technology emerge with their peculiarities. The results found that
Job Relevance (REL) and Output Quality (OQ) are the two important determinants of PUF,
which positively affect the intention to adopt VRI.
Overall, these results are in line with other studies which have measured intentions to
adopt PA. In particular, the prominent role played by the Perceived Usefulness (PUF) in
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the decision to adopt PA technologies was also recognised in Adrian et al. [29], in which
the weak direct effect of the Perceived Ease of Use (PEU) was also acknowledged. Similar
findings were also observed in Lu et al. [30]. Our findings are in accordance with Aubert
et al. [31], who found that PEU and PUF lacked significant correlation. PEU does not
directly affect the Intention to Adopt (INT), but it has a direct and significant effect on PUF.
Therefore, the more the technology is perceived as being easy to use, the more it tends to
be perceived as useful and, consequently, the intention to adopt it increases.
Going back to the analysis of TAM-3 relationships between determinants, it was found
that the Perceived Enjoyment (ENJ) largely influenced the Perceived Ease of Use (PEU),
in accordance with Shyu and Huang [32]. Additionally, Result Demonstrability (RD) has
shown a remarkable influence on PUF.
In interpreting the effect that Job Relevance (REL) has on the Perceived Usefulness
(PUF), the moderation of Output Quality (OQ*REL) must also be considered; indeed, REL
is strongly affected by OQ, and, not surprisingly, the two constructs are highly correlated.
Despite the apparently negative relation between REL and PUF, it is to be noted that since
OQ*REL has a very high positive value, the combined effect of REL and its interaction with
OQ is still positive.
Both internal controls such as Self-Efficacy (SE), which reflects the ability to use
new technology, and external controls, such as expected public policies and financial and
technical support, would encourage growers to adopt VRI.
The results did suggest some aspects for scholars and policymakers to consider.
Researchers should better demonstrate benefits related to PA adoption. Public authorities
should provide appropriate policies as well as financial and technical support to encourage
producers to adopt the technology while reducing possible anxiety. Moreover, as already
suggested by Evans et al. [12], there is a large need to educate government boards and
bankers on the potential benefits of VRI systems. In this context, the challenge is to
demonstrate that VRI will improve water management and increase farm net returns.
Lastly, as noted by several scholars in the last few years, water management improvements cannot prescind from the inclusion of measures for controlling the expansion of the
irrigation area to overcome undesirable effects such as Jevon’s paradox [33,34].
5. Conclusions
To foster the adoption of this technology, and, in general, of PA technologies, in this
study, we examined the factors that affect the intention to adopt VRI technology and applied
the TAM-3 model to a sample of fruit and grape growers from Northeast Italy. Model items
were mathematically assessed with PLS-PM. The TAM-3 model gave satisfactory outcomes
and explained, to a good extent, the intention to adopt VRI technology. The findings
highlight that several factors concur to determine individual attitudes and behaviours
that may favour adopting this type of system. Subjective norms, perceived usefulness
and perceived ease of use moderated by experience are the most important constructs for
farmers when adopting new technology.
In particular, this study confirms that the Subjective Norm construct, which describes
social pressure and neighbour influence, mostly affects the intention to adopt this technology. In addition, it has a remarkable effect when moderated by the subject’s voluntariness
to adopt. The intention to adopt is also positively affected with the same magnitude by the
Perceived Usefulness (PUF) and by the Perceived Ease of Use (PEU), only if it is moderated
by Experience. The remaining constructs appear quite strong, with significant effects of
TAM-3 determinants on PEU and PUF. The role of Experience is recognised with a higher
emphasis on PEU determinants than PUF.
In turn, these constructs are associated with several determinants, of which it is
worth mentioning job relevance and output quality, result demonstrability, and perceived
enjoyment. These associations can pave the ground to numerous actions that service
providers, technology suppliers, public authorities and scholars may consider to foster
PA technology adoption. In particular, this study suggests that several aspects belonging
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to different agricultural businesses and stakeholders should be stressed to promote the
adoption of VRI. PA technology providers should emphasise the relevance of VRI to
growers by giving examples of farmers who successfully adopt it, have fruitful results and
enjoy the technology.
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Appendix A
Table A1. Original items used for the definition of constructs.
Item

Definition

INT_01

I am sure that I will use VRI in the near future

INT_02

I intend to use VRI in the near future

INT_03 *

If significant barriers did not exist, I would use VRI in the near future

SN_01

Persons who influence my decisions think I should use VRI

SN_02 **

Many producers I know have already used VRI

SN_03

My clients think I should use VRI

PUF_01

VRI could make it easy to do my job

PUF_02

VRI could increase my productivity

PUF_03

VRI gives me greater control over my job

IM_01

Using VRI would make me feel better than my colleagues

IM_02

Using VRI could create a good image for my farm

IM_03

Producers who use VRI will have more prestige than those who do not

REL_01

In my job, using VRI is important

REL_02

VRI could be useful for my farm

REL_03

The use of VRI is relevant to my farm activities

OQ_01

I consider the output of using VRI will be excellent

OQ_02

Using VRI will improve the quality of my products

OQ_03

Using VRI will allow me to control the quality of my products
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Table A1. Cont.
Item

Definition

RD_01 **

The result of using VRI will be apparent to me

RD_02

I believe I could communicate to others the consequences of using VRI

RD_03

I believe I would have no problem explaining to others the benefits/drawbacks of using VRI

PEU_01 **

VRI could be used easily

PEU_02

Using VRI will not require a lot of effort

PEU_03

It would be easy for me to become skilful at using VRI on the farm

SE_01

I would feel comfortable using VRI on my own

SE_02

I am confident in my ability to use VRI

SE_03 *

I am proficient in the use of a computer

PEC_01

There are public policies supporting producers to use VRI

PEC_02

I could receive the necessary financial support to invest in VRI

PEC_03

I could receive the necessary technical support and help while I use VRI

PEC_04 **

I think I would need a technical support when adopting VRI

ANX_01

I get nervous when working with new technology

ANX_02

Working with a computer makes me nervous

ANX_03 *

Computer makes me feel uneasy

PLY_01

I am creative when using new technology

PLY_02

I am calm when using new technology

PLY_03

I am fast learning when using new technology

ENJ_01

I think I might enjoy using VRI

ENJ_02

Using VRI will be pleasant for me

ENJ_03

Using VRI will be fun/entertaining

VOL_01

My use of VRI will be voluntary

VOL_02

The decision to adopt VRI depends entirely on me

VOL_03 *

I will use VRI even when my clients did not ask me to use it

VOL_04 *

Although it might be helpful, using VRI is not compulsory to me

EXP_01

I have experience using new technology in farm activities

EXP_02

I have experience using other precision agriculture technologies

EXP_03

I have experience using computers in farm management

* Dropped after pre-test evaluation and internal consistency check; ** Dropped after constructs’ external consistency check.
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