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Abstract. Despite water scarcity and the numerous benefits offered by micro-irriga-
tion systems, the implementation of these systems on potato crops in the Bekaa Val-
ley of Lebanon is notably low. This could be related to the local farmers’ acceptance
to use this technique. The objective of this study is to investigate the factors that may
or may not affect the adoption and investment in a new micro-irrigation system. For
this purpose, the unified theory of acceptance and use of technology (UTAUT) served
as the conceptual framework. A qualitative approach using focus group discussion
was applied. A total of six focus groups with 34 farmers were conducted in the three
main districts of the Bekaa Valley. From the analysis, performance expectancy, effort
expectancy and facilitating conditions emerged as the three most prominent factors
which influenced the farmers’ acceptance and adoption of micro-irrigation systems.
According to the results of the focus groups, potato farmers are willing to adopt a new
micro-irrigation system if they are assured that it will result in gains and reduce the
amount of time and effort required for farming Barriers included lack of knowledge
about the system, financial capabilities and extension services. Participants were enthu-
siastic about the idea of adopting a micro-irrigation system, but hindered by the unsta-
ble socio-economic conditions in Lebanon and the financial situation. It was concluded
that age, experience and voluntariness of use exert an effect on the related major deter-
minants. This study will provide recommendations that can be considered while draft-
ing agricultural policies.

Keywords: UTAUT model, Focus group, climate change, Micro-irrigation, Technol-
ogy acceptance.
JEL codes: QO01, Q2, Q3.

1. INTRODUCTION

Climate change is having a huge detrimental impact on freshwater avail-
ability on a worldwide scale, affecting water resources quantitively and quali-
tatively (Field & Barros, 2014). Water scarcity is one of the most dangerous
threats which has already resulted in catastrophic losses, notably in the arid
regions. High temperatures, increased evaporation and fluctuations in precipi-
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tation are altering water availability and reducing crop
yields (Arbuckle et al., 2013; Niles & Mueller, 2016). These
factors affect the management of farms, especially in arid
and semi-arid regions (Scoville-Simonds et al., 2020).
Moreover, climate change is endangering the agricultur-
al sector presenting risks for developed and developing
countries (Field & Barros, 2014; Niles & Mueller, 2016).

Lebanon is a small mountainous country on the
Mediterranean Sea’s eastern coast, covering a total area
of 10,452 Km? From a climatic point, Lebanon is char-
acterised by a Mediterranean climate with a cold rainy
winter and a semi-hot dry summer. According to the
Lebanese Ministry of Agriculture (MoA), Lebanon expe-
riences water shortages during the dry season which goes
from July through October, with about 60 percent of the
country’s territory undermined by desertification (MoA,
2003). This condition is expected to worsen in the future
as a result of the effects of climate change. (Bank, 2014).
According to the Lebanese Agricultural Research Insti-
tute (LARI), water scarcity more than land resources is
actually the constraining factor in the country’s expan-
sion of agricultural production (LARI, 2019). In Lebanon,
groundwater sources are increasingly stressed by climate
change as well by the increased demand from agricul-
ture, the inadequate utilisation of underground water,
the population growth and the industrial development
(UNDP & UNHCR, 2021). Further, recent results (Hal-
wani & Halwani, 2022) showed that from 1930 to 2019,
the average temperature in Lebanon increased between 1
to 3 °C and a recent report from USAID (USAID, 2018)
expects a 4-11% decrease in precipitation by 2100. Thus,
various conditions threatening water balance make adap-
tation to climate change more difficult in Lebanon. In
this situation, the enhancement of irrigation water usage
efficiency and the conservation of water resources are
turning into strategic priorities. For this to happen, ade-
quate institutional arrangements are required to comple-
ment technical interventions in order to achieve effective
water usage (Speelman & Veettil, 2013).

According to the Lebanese Ministry of Economy
(MoE) and the UNDP, the Bekaa valley of Lebanon,
which represents 42% of Lebanon’s area, is a very fer-
tile valley in which 60% of Lebanon’s agricultural pro-
duction is concentrated including cereals, potatoes, veg-
etables and grapevine (MoE & UNDDP, 2011; MoE et al,,
2015). The production of potatoes typically ranks first
among the top 10 commodities produced in Lebanon
each year, with a total production of 390,000 tonnes in
2017 (FAOSTAT, 2017). Two-thirds of Lebanon’s pota-
to production comes from the Bekaa Plain, which is
entirely irrigated (MoA & LARI, 2008). The Bekaa val-
ley is divided into three main zones: North Bekaa, Cen-
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tral Bekaa and West Bekaa. The valley is confronting
the consequences of drought and reduced water avail-
ability that menace the yield and quality of irrigated
crops (Karam & Karaa, 2000; MoE et al., 2015; Jaafar et
al., 2016) . This is the case of potato crops which is one
of the most sensitive crops to soil moisture stress and
requires a systematic irrigation schedule (Ayas, 2013).

Since potato crops are sensitive to water stress, water
use efficiency such as water-saving technologies are
becoming of high importance. Until now, in the Bekaa
region, the high majority of potato farmers are still
using the ordinary sprinkler irrigation (MoA & LARI,
2008). Micro-irrigation, particularly mini-sprinklers,
could be a solution to the above-mentioned climate-
change related problems (Houston et al., 2018). Mini-
sprinklers are small sized static sprinklers with a flow
varying between 150 and 300 L per hour and a pressure
of 1.5 bars inducing a water cooling canopy (Deligios et
al., 2019). Micro-irrigation can induce an even applica-
tion of water resulting in an improved crop quality and
yields, in water savings and which also leads to energy
and fertilizer savings compared with other irrigation
methods (Varma & Namara, 2006; Shah, 2011). Further,
micro-irrigation systems allow for a high level of control
of chemical applications and weed and disease reduction
due to limited wetted area. Previous research executed
in the Middle East and North Africa (MENA) region,
in Lebanon and beyond indicated that the use of micro-
irrigation in potato cultivation could have promoting
results in terms of water savings of up to 40% (Darwish
et al., 2003; Darwish et al., 2006), and allow for energy
savings associated with higher crop quality and yields
(Karam & Karaa, 2000; Varma & Namara, 2006; Shah,
2011; Rouzaneh et al., 2021). In this context, it should
also be noted that the improvement of the diffusion of
innovations such as water saving techniques is a crucial
strategy for promoting economic development (Lopolito
et al., 2022).

Given the lack of information available on the per-
formances of innovative technologies, farmers may
evaluate these new systems through their experience
and knowledge. This study aims to analyse the indi-
rect non observed factors such as farmers’ motivations,
attitudes and socioeconomic factors which may influ-
ence the farmers’ perceptions and behaviours in their
investment in and adoption of a new micro-irrigation
system. By disentangling these factors, effective strat-
egies, and support systems for promoting the use of
micro-irrigation systems in the area could be designed.
To this end, the Unified Theory of Acceptance and Use
of Technology (UTAUT) model (Venkatesh et al., 2003)
was adopted. The UTAUT model (Venkatesh et al., 2003)
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is a tool that was mainly used to analyse the accept-
ance and diffusion of information systems and technol-
ogy by evaluating the influencing factors. Nowadays, the
UTAUT model is commonly used to study individual
intention and behaviour to adopt any type of technol-
ogy (Rippo & Cerroni, 2023). Previous studies utilised
the UTAUT model to investigate factors affecting the
adoption of pressurised irrigation technology among
olive farmer (Nejadrezaei et al., 2018), the acceptance
of e-agriculture (Eweoya et al., 2021), farmers’ use of
communication technologies (Mahamood et al., 2016),
the acceptance of water saving technologies (Sabbagh &
Gutierrez, 2022) as well as farmers’ participation in the
apple-Income Stabilisation Tool (IST) (Rippo & Cerroni,
2023).The UTAUT model integrates behavioural factors
such as system ease of use, experience, and facilitating
conditions , which give valuable insights into individu-
als” decisions to innovate. Understanding the impact
of behavioural variables in innovation adoption could
increase the efficacy and success of policies such as agri-
cultural ones (Cerroni, 2020; Streletskaya et al., 2020).
This is what makes UTAUT useful to analyse the adop-
tion of other types of technologies other than informa-
tion systems and technology.

A qualitative study that utilised a focus group dis-
cussion (FGD) approach was employed. In this study,
FGD could be an appropriate tool because it can allow
for drawing upon the respondent’s knowledge, views,
and experiences about the specific topic of introducing
micro-irrigation systems. To the best of our knowledge,
this is the first study to use the UTAUT model com-
bined with a Focus Group Discussion approach to shed
light on the impact and importance of socio-econom-
ic, psychological and behavioural factors in influenc-
ing the adoption and use of a micro-irrigation system.
Several researchers found that these three factors work
simultaneously to understand and obtain a more com-
plete vision of the intention to adopt a new investment
(Heller et al., 1988; Konana & Balasubramanian, 2005).
To this end, the scope of this paper is to enlarge the lit-
erature on technology investment analysing the impacts
of socio-economic, psychological and behavioural fac-
tors that may affect the intention to adopt and invest in
a micro-irrigation system by the potato farmers in the
Bekaa Valley of Lebanon.

The remainder of this paper is organised as follows.
Section two briefly analyses the UTAUT model. Section
three explains the methodological approach employed in
this study to explore the acceptance of a new micro-irri-
gation system. Section four presents the results of focus
groups conducted with potato farmers in three main
districts of the Bekaa valley. Section five discusses the

main findings providing insights about policies that the
government could implement to encourage potato farm-
ers to adopt a micro-irrigation system. In section 6, the
main conclusions are presented.

2. RESEARCH BEHAVIOURAL MODEL AND
RESEARCH QUESTIONS

A number of theories have been put forward to
explain an individual’s behavioural intention to intro-
duce a new technology. The current study employed
the Unified Theory of Acceptance and Use of Technol-
ogy (UTAUT) (Venkatesh et al., 2003) as a technology
adoption model, which integrated previous technology
acceptance models. Thus, UTAUT is basically a synthe-
sis through unifying at least eight existing technology
acceptance and use models and specifically i) the Theo-
ry of Reasoned Action (TRA) (Fishbein & Ajzen, 1975);
ii) the Theory of Planned Behaviour (TPB) (Ajzen,
1985); iii) the Technology Acceptance Model (TAM)
(Venkatesh & Davis, 2000); iv) the Combined TAM
and TPB (C-TAM-TPB) (S. Taylor & P. A. Todd, 1995);
v) the Innovation Diffusion Theory (IDT) (Moore &
Benbasat, 1991); vi) the Motivation Model (MM) (Davis
et al., 1992); vii) the Social Cognitive Theory (SCT)
(Bandura, 1994; Compeau & Higgins, 1995; Compeau
et al., 1999) and finally viii) the Model of PC Utiliza-
tion (MPCU) (Thompson et al., 1991). According to
UTAUT, an individual’s views on technology impact
his or her behavioural intent to use and actual use of
the technology. Based on the integration of the eight
models, UTAUT suggests four major determinants that
have an effect on a person’s “use behaviour” to adopt
a technology: performance expectancy (PE), effort
expectancy (EE), social influence (SI), and facilitating
conditions (FC). The first three constructs influence
use behaviour through a behavioural intention vari-
able, while the fourth construct directly impacts the
use behaviour. These constructs can be affected by four
moderators a) age, b) gender, c) experience with similar
technology, and d) voluntariness of use. Fig. 1 presents
the model.

The Performance Expectancy (PE) represents the
user’s level of belief in how advantageous a system
usage will be and how it will help to attain benefits
(Venkatesh et al., 2003). PE aggregated all job perfor-
mance related aspects, like usefulness (adapted from
TAM/TAM?2 and C-TAM-TBP) (S. Taylor & P. Todd,
1995; Venkatesh & Davis, 2000), job fit (from MPCU)
(Thompson et al., 1991), relative advantage (from IDT)
(Moore & Benbasat, 1991), extrinsic motivation (from
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Figure 1. Unified theory of acceptance and use of technology model (UTAUT) (Venkatesh et al., 2003); Adapted with permission from
Viswanath Venkatesh, MIS Quarterly, 2003. The figure employs terminology, with ovals identifying latent variables and rectangles identify-

ing moderator variables.

MM) (Davis et al.,, 1992) and outcome expectations
which are related to the consequences of the behav-
iour (from SCT) (Bandura, 1994; Compeau & Higgins,
1995; Compeau et al., 1999). Based on previous findings,
PE will significantly and positively influence behav-
ioural intention and technology acceptance (Venkatesh
et al., 2003; AbuShanab & Pearson, 2007). People with
high PE had high intentions to use a new technology
(AbuShanab & Pearson, 2007). Additionally, the influ-
ence of performance expectancy on behavioural inten-
tion is suggested to be impacted by the moderating
effects of gender and age (Venkatesh et al., 2003).

The Effort Expectancy (EE) construct suggests that
the level of ease of use affiliated with the user’s adop-
tion of a system is an important component in the adop-
tion of a new technology (Venkatesh et al., 2003). In this
case, it is composed of three constructs: perceived ease
of use (TAM/TAM?2) (Venkatesh & Davis, 2000), com-
plexity (MPCU) (Thompson et al., 1991) and ease of
use (IDT) (Moore & Benbasat, 1991). Previous research
concluded that EE is a positive predictor of behavioural
intention so that the higher the perceived ease of use of
a new technology, the higher the intention to adopt it
(Venkatesh et al., 2003; Bandyopadhyay & Fraccastoro,
2007; Kallaya et al., 2009; Nassuora, 2012). According
to Venkatesh et al.( 2003), the influence of effort expec-
tancy on behavioural intentions is moderated by gender,
age, and experience.

The social influence determinant (SI) refers to the
magnitude to which individuals perceive they should
adopt a technology based on inputs from people who
carry significant positions in their life (Venkatesh et
al., 2003). It also consists of “the degree to which peers
influence use of the system” (Venkatesh et al., 2003;
Slade et al., 2015; Sumak & Sorgo, 2016). Social influ-
ence (SI) consists of three variables: a) subjective norms
which relate to the person’s perception that people who
are important to her or him think that they should or
should not execute the particular behaviour (Ajzen,
1991; Davis, 1989; Fishbein & Ajzen, 1975; S. Taylor &
P. Todd, 1995), b) social factors which connect to the
interpersonal arrangements that the individual has
made with others as with co-workers (Thompson et al.,
1991) and c) image which is the extent to which the use
of a new technology is seen to enhance one’s image or
status in one’s social system (Moore & Benbasat, 1991).
Based on the review of the literature, it is expected that
social influence positively influences the behavioural
intention to use a new technology (Bandyopadhyay &
Venkatesh et al., 2003; Fraccastoro, 2007; Kallaya et al,,
2009; Im et al., 2011; Slade et al., 2015; Sumak & Sorgo,
2016). In addition, Venkatesh et al. (2003) hypothesised
that the influence of social influences on behavioural
intentions is moderated by gender, age, voluntariness
and experience.

Facilitating conditions (FC) represent the organisa-
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tional and technical conditions or infrastructure that the
individual believes would encourage the use of the sys-
tem and make it simpler for him or her to use it (Ven-
katesh et al., 2003). The facilitating conditions determi-
nant consists of three distinct constructs: a) perceived
behavioural control (Ajzen, 1991; S. Taylor & P. Todd,
1995), which are the possible internal and external limi-
tations on behaviour related to resources, b) facilitating
conditions adapted from (Thompson et al., 1991), which
relate to objective factors that persons agree make an
act easy to realise, and c¢) compatibility from (Moore &
Benbasat, 1991) which indicates the extent to which a
new technology is perceived as being consistent with
the current needs and capabilities of potential adopters.
Each one of these constructs is operationalised to incor-
porate technological and/or organisational aspects that
are intended to eliminate obstacles to use. Facilitating
conditions are found to positively influence use behav-
iour (de Veer et al., 2011). According to Venkatesh et al.
(2003), the influence of facilitating conditions on usage
is hypothesised to be moderated by age and experience.

As mentioned above, UTAUT hypothesised that
gender, age, voluntariness and experience would moder-
ate the relationships depicted in the model. These varia-
bles have been shown to moderate the intention to adopt
new technologies in several studies (Pearson et al., 2002;
Venkatesh et al., 2003; Al-Gahtani, 2004).

In order to expand the literature on technology
investment, such as water saving systems, by analysing
the impacts of behavioural, psychological and socio-
economic factors, this paper studied the reasons behind
using the current irrigation technique on potato fields,
farmers’ perception of others” opinions as well as the
barriers that could hinder adopting a new irrigation
system and the policies that could be used to encourage
potato farmers to invest in a micro-irrigation system.

3. MATERIALS AND METHODS

The objective of this study was to explore via focus
group discussions how socioeconomic, behavioural and
psychological factors influence the adoption of a micro-
irrigation system as a mean to save water and avert the
water scarcity crises among potato farmers in the Bekaa
Valley of Lebanon. The focus groups discussed the
socio-economic, psychological and behavioural aspects
related to the possible shifting from the current irriga-
tion technique (ordinary sprinkler) to micro-irrigation
(drip or mini-sprinkler) that saves more water, induces
higher production and better quality in the cultivation
of potato crops.

3.1. The focus group protocol

The focus group research protocol was divided into
three sections. The first section aimed to start the dis-
cussion by introducing the research theme and to collect
information about gender, age, education, type of land
management, farm size and the annual irrigation water
used. Participants also received explanations of the role
undertaken by the facilitator and that audio recordings
would have only been used for the purpose of this study,
thus reasserting the significance of privacy of all partici-
pants. It was explained that all participants were free to
reveal their opinions related to the discussion and that
all answers were to be accepted.

Section two aimed to provide information regarding
the potato cultivation, the status of underground water
in the Bekaa region as well as the differences between
the sprinkler irrigation system and the micro- irrigation
system thus highlighting the advantages that could be
obtained by implementing a micro-irrigation system.

Section three contained open ended questions relat-
ed to the UTAUT model that the moderator asked par-
ticipants of the three main districts of the Bekaa Val-
ley. To trigger the discussion around the behavioural
elements of the UTAUT model, section three started
by asking participants about their knowledge of the
micro-irrigation system and the reasons behind using
ordinary sprinklers. This allowed the moderator to
explore the degree to which each farmer believed that
using a micro-irrigation system would help him or her
to attain gains, thus exploring the performance expec-
tancy determinant. The moderator then asked about
the farmers’ perceptions of easiness of tasks related to
the implementation and operation of the micro irriga-
tion system and how they perceived the related techni-
cal operations. This permitted the moderator to explore
the farmers’ effort expectancy towards micro-irrigation
systems. Further, participants were asked to list people
whose judgment is important to them and who would
approve or disapprove the adoption of a micro-irrigation
system and the effect of personal moral obligation norms
to adopt a micro-irrigation system for the sake of pro-
tecting the environment by preserving water resources.
This revealed the social influence construct. To measure
the facilitating conditions, the moderator explored the
farmers’ opinion of being able or not to access required
resources, as well as to obtain training and the necessary
support needed to use micro-irrigation systems. Follow-
ing the UTAUT model variables, questions related to the
moderating variables were raised in the focus groups.
The moderator asked participants if they believed that
the age of the farmers affect their incentive to adopt new
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irrigation practices. Experience was tested by the famili-
arity of the farmers with the functioning of the micro-
irrigation system either by their own trial on their crops
or by observing others using it on potatoes or on other
crops. For the voluntariness of use, farmers were asked
about their tendency to adopt a micro-irrigation system
in the case of the presence of external obligations as well
as in the case of subsidies offered by the government.

3.2. Sampling and data analysis

Fig. 2 shows the geographical area in which focus
groups were carried out in the months of March and
April 2020, among the potato farmers using the ordi-
nary sprinkler irrigation system, in the three main dis-
tricts of the Bekaa Valley (North, Central, and West
Bekaa). The total number of potato growers in the area
is approximately 500, and the sample of farmers par-
ticipating the FG were selected using the information
furnished by the President of the syndicate of potato
growers in the Bekaa Valley. So, 35%, 20% and 45% of
the farms are located in North Bekaa, Central Bekaa and
West Bekaa, respectively. There was a total of 34 farmers
in six focus groups consisting of five or six farmers each.
Two focus groups in each of the three main districts of
the Bekaa valley were run/organized/led to help ensure

Figure 2. Map of Lebanon map showing the districts of the Bekaa
Valley focus group discussions.
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a variety of points of views amongst participants and to
test their likeliness or unlikeliness to adopt a micro-irri-
gation system in their farms.

Due to COVID-19 restrictions and safety limita-
tions, three focus group meetings were conducted via a
virtual “Zoom” meeting platform among farmers having
IT resources. After the restrictions were lifted the three
remaining focus groups took place, in conference rooms
where all required safety measures were taken.

Farmers taking part in the focus groups were
engaged in choices regarding agricultural techniques,
type of crops, and irrigation strategies to be implement-
ed in their farms; interviewees were chosen from dif-
ferent ranges of age, different educational levels, having
different types of land management, and different farm
sizes. The proportion of males among the participants
was 100% since there were no women running farms in
the area given that potato cultivation fields are largely
male owned while female participation is higher in the
industrial sector (Konishi, 2017).

All focus groups were audio-recorded, manually
transcribed, and qualitatively analysed using NVivol2
software.

4. RESULTS
4.1. Characteristics of participants

Table 1 presents the demographic characteristics.
The focus groups were held among a total of 34 farm-
ers of which 11 participants came from West Bekaa, 11
others from North of the Bekaa and 12 farmers were
from Central Bekaa. In West Bekaa, the average age
was 55 years ranging from 45 to 60 years old for most
of the N farmers (N=11). In North and Central Bekaa
most of the farmers had a mean age of 46 (N=11) and
52 (N=12) years, respectively. In the cited 3 regions, the
percentage of farmers who were older than 60 years was
more or less equal (36% for both West and North Bekaa
while 33% in Central Bekaa). With regard to the educa-
tional level, the minority had a primary level (28%) in
West Bekaa, while the majority had a university diploma
(64%) in North Bekaa. However, in the region of Central
Bekaa most of the participants had a secondary educa-
tional level (42%).

As also shown in Table 1, in each focus group there
was a diversity in the size of the farms in order to gather
the maximum points of views possible. In West Bekaa
the average farm was 146 hectares (SD=208), whereas
in North Bekaa, the mean farm size was 590 hectares
(SD=1,55). In the region of Central Bekaa, it was 663
hectares (SD=1,55).
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Table 1. The mean and standard deviation results regarding the
demographic data of the sample.

Characteristics West Bekaa  North Bekaa Central Bekaa
(N=11) (N=11) (N=12)
Mean (SD)
Age (years) 55 (11) 46 (13) 52 (16)
Farm Size (hectares) 146 (208) 590 (1,555) 663 (1,556)
Age Ranges [N (%)]
<=45 2 (18%) 6 (55%) 6 (50%)
>45 and <60 5 (45%) 1 (9%) 2 (17%)
>= 60 4 (36%) 4 (36%) 4 (33%)
Educational Level [N (%)]
Primary 3 (28%) 1 (9%) 3 (25%)
Secondary 4 (36%) 3 (27%) 5 (42%)
University 4 (36%) 7 (64%) 4 (33%)

Unfortunately, almost all of the participants were
not aware of the quantity of the water used in the irriga-
tion of their potato crops, which is an alarming problem.

4.2. Results of the focus groups

This section has the aim of presenting the findings
from the six focus groups. After being transcribed from
Arabic to English, text files were imported into Nvivol2
to first begin with the codings and finding core themes
that reflect what participants were discussing to indicate
the frequency of each core theme (Allsop et al., 2022).
The results are categorised into the investigated determi-
nants affecting the acceptance of the micro-irrigation sys-
tem in potato farming and three key moderators. To fur-
ther emphasise and distinguish statements analysis from
quotes, all direct quotes given by the participants will be
highlighted in italics in the following findings’ part.

4.2.1. Major determinants
4.2.1.1. Performance expectancy

Performance expectancy was measured by the per-
ceptions of using a micro-irrigation system in terms of
providing benefits. Firstly, participants were asked about
their knowledge of the micro-irrigation system and the
reasons behind using the ordinary sprinklers. All the
participants showed a basic technological knowledge of
the micro-irrigation system stating that it incorporates
drip irrigation and mini-sprinklers irrigation. Concern-
ing the reasons for the adoption of the current irriga-
tion system, which is the ordinary sprinklers, the most

frequent answer was that sprinklers are less expensive
(53%), and changing the ordinary sprinkler network that
they have had for many years would cost them a fortune.
One of the respondents said:

I have been using sprinklers for a very long time and
changing it and buying a micro irrigation network will be
very expensive, especially for covering large areas.

Also, in the same context a second participant
argued

I still use sprinklers because I have had my equipment for
a long time and in order to change it I will spend a lot of
money because micro irrigation is a big investment, so I
prefer to stay with sprinklers.

Furthermore, when participants were asked about
their opinion about the following statement “adopting
micro irrigation can be useful in your farm in terms of
increasing potato yield, saving energy, labour, and quan-
tities of pesticides and increasing your benefits”, 56%
of the respondents totally agreed. Some participants
reported:

Yes, I totally agree with this statement in the sense of that
micro irrigation controls water, consumes less fuel, and
there is more control of the use of fertilizers. When the
quantity of the crop increases, revenues and profits will
surely increase.

The more we irrigate the plant with a small amount, only
as much as it needs, and at regular times, the more abun-
dant the production and the better the quality and there-
fore we use less labour and pesticides. So I agree with this
statement.

On the other hand, 26% partially agreed with this
statement arguing for example that

Micro irrigation definitely saves energy by saving water
and because the water pressure is slight through it. It cer-
tainly increases the yield and increases profits, but I do not
think it saves pesticides, as this amount remains the same
as the sprinklers.

However, one of the respondents asserted:

Since micro-irrigation uses less pressure, this saves ener-
gy. Also, when using this irrigation technique, we don’t
need a large amount of pesticides, but the yield won’t
increase, it remains the same as in the case of sprinklers.

Finally, 18% of the participants fully disagreed with
the statement, as other reported
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In practice, micro irrigation cannot be used on potatoes
and cannot be adopted. It does not increase yields, nor
save energy, nor reduce the amount of pesticides and it
could not increase profits

or

Micro irrigation does not increase the yield and does not
save energy, nor does it reduce the amount of pesticides
and fertilizers. Micro irrigation does not add anything to
sprinkler irrigation”.

The most relevant statements that underpin this
construct are the ones that relate to the general benefits
associated with micro-irrigation use. Therefore, partici-
pants were asked about their perceptions about the pos-
sible advantages deriving from the adoption of micro
irrigation systems. Based on the content analysis, the
most important benefit mentioned by the respondents
was water saving. This pattern is evident from the word
cloud in Fig. 3 which depicts the most frequently occur-
ring words emerging from the focus group discussions.

In Fig. 3, central words with larger fonts are the
most frequent, while distant words with smaller fonts are
the less frequent. Thus, the most recurrent words (water,
distribution, saving, control, etc.) are important advan-
tages according to farmers. Participants highlighted that
micro-irrigation is a water saving technique since it sup-
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Figure 3. Word cloud of the perceived advantages of micro-irriga-
tion.
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plies water directly to the soil surface close to the plant
roots, rather than the land around. In addition, they
believe that micro-irrigation ensures uniform distribu-
tion of water by delivering water only wherever necessary
and evenly over the whole land despite the presence of
wind. Moreover, farmers consider that micro-irrigation
enhances the financial benefits by increasing yield, pro-
ductivity, and therefore, farm profits. They also believe
that micro-irrigation is a way to reduce operational costs
in terms of reducing energy (less energy for water supply/
low pumping needs) and saving pesticides and fertilizers.
Overall, it was revealed that farmers perceived
micro-irrigation as a system having many key advan-
tages in potato farming from saving water, labour, and
pesticides to increasing profits. Therefore, we expect that
“performance expectancy” will be positively associated
with the intention of using micro-irrigation technology.

4.2.1.2. Effort expectancy

Regarding the participants’ perception of the ease
of use of a micro-irrigation system, and whether or not
they would be skilled in using it, 62% of them consid-
ered micro-irrigation easy to be extended over fields.
Half of the 62% said that it saves labour and effort
because it is installed once at the beginning of the sea-
son and there is no need to worry about moving it.
Moreover, the other half believed that micro-irrigation
helps to save time. Hence, the farmer can gain more
time to take care of other profitable agricultural opera-
tions. Accordingly, many participants claimed that

Micro irrigation is easier than sprinkler irrigation, and
it is installed only once per season; therefore, the farmer
will not worry about moving the network from one place
to another as is the case with sprinklers. Thus, micro irri-
gation saves labour.

Micro irrigation does not require significant time and
effort to extend and remove the network. It is easier than
sprinklers, because the network is extended once at the
beginning of the season and does not need to be moved
from one part to another part of the land as in the case of
sprinklers.

On the other hand, 38% of the participants per-
ceived a high difficulty in extending the network of the
micro-irrigation system on large fields and especially
in the case of potato farming. They believed that, once
extended, it decreases the efficacy of some agricultural
operations.

To highlight this problem some respondents com-
mented
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Micro irrigation is very difficult to install and needs a lot
of time since the technical process to extend the network
takes about a week and more. There is a difficulty in the
tasks related to micro irrigation because we can’t apply
pesticides and carry out all the mechanical agricultural
practices when it is installed.

Aside from that, they also argued that the instal-
lation of a micro-irrigation system needs a lot of atten-
tion and a specialised work force which induces a huge
effort due to the complexity of the network equipment
that should be implemented. Additionally, one-third of
the respondents who perceived a difficulty in the use of
micro-irrigation claimed that micro-irrigation is time
consuming. Furthermore, another third considered
micro-irrigation as labour consuming because the sys-
tem needs constant attention in order to prevent damage
to the hoses. Some participants said

Micro irrigation initially requires a lot of effort in order to
extend the network. Likewise, if the hoses become clogged
and we want to replace them then there is great effort and
difficulty during the season.

When installing the micro irrigation system, it will no
longer be possible to operate properly on the field as the
presence of the hoses restrains us. The sprinklers are
much easier than micro irrigation, so that, just in one day,
we can install, remove, and transfer 100 sprays. Sprinklers
require less labour because you only need one worker to
do this, contrary to micro irrigation , which needs a lot of
labour.

Furthermore, the effort expectancy construct is rel-
evant to the question of whether participants believe they
would/could become skilled at using micro-irrigation on
potato crops. On one hand, 88% claimed that they would
be skillful in using micro-irrigation. Approximately one
third of respondents believed they would do their best to
develop their knowledge in order to improve the yield,
and possibly to increase their profits; they would get
used on any new agricultural practices that give posi-
tive results. One-fifth of the 88% participants described
micro-irrigation as an easy technique and not difficult to
implement on potatoes. These responses can be summa-
rised with the following comment

Of course, it can be used in a successful way on potato
and personally I will use it in a great way since it’s not
difficult to manage.

Moreover, another fifth thought they would surely
become skillful in micro-irrigation after getting appro-
priate training and guidance. Further, approximately
one-fifth of 88% of the participants assumed that they

would improve their skills in every new technique to
adopt it properly because it could improve their personal
skills, thus their productivity. A respondent said:

As farmers, we are most interested in developing our agri-
cultural practices and noticing their positive results, and
we therefore do our utmost to strengthen our skills in any
new agricultural technology we adopt.

On the other hand, 12% of the participants thought
they would not become skillful in using micro-irrigation
technology on potatoes. Half of those participants were
not convinced of the technology and believed it has no
benefits on potato cultivation at all.

No, since I see that it has no benefit in growing potatoes,
obviously I wouldn’t improve my skills in using it.

The other half considered micro-irrigation difficult
and exhausting to be implemented in potato cultivation.

Overall, it was found that “effort expectancy” plays
a positive role in user’s intention to use micro-irrigation

technology.

4.2.1.3. Social influence

In the context of this construct, participants were
asked to list people whose judgment is important to
them and who would approve and disapprove their
adoption of a micro-irrigation system. To this extent,
47% of the participants stated that they don’t care about
others’ opinions, because each of them prefers to take
his own decision concerning his work, and they know
best what the soil requirements on their lands are; not
every technique can be applied on all types of soil. For
example, they said:

I don’t care about someone else’s opinion. When I make
my decision, I am convinced and sure that I will take
advantage of it.
Since I believe that each one has a different point of view,
I have my own.

Moreover, 21% of the respondents considered the
opinion of “other farmers” or “nearby farmers” impor-
tant. They expressed their trust in each other’s objective
opinions about potato cultivation needs (irrigation, etc.)
based on the soil type and the climate of the region.

I only care about the opinion of the farmers, friends and
relatives because I trust them and know they won’t sug-
gest anything but useful things to help me in agricultural
issues.
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I am very interested in the opinion of my neighbouring
farmers in the area, because they express their opinion rel-
atively to our area; as each region is different from the oth-
er concerning the soil, water availability, air velocity, etc.
The opinion of other farmers is very important to me
because we are in the same sector, and we face the same
risks and problems.

In addition, 20% of the farmers highlighted the
importance of their family members’ opinion such as
fathers, sons and/or cousins. Two participants expressed
this sentiment as

My father’s opinion is very important to me, because eve-
rything I have learned is from him as he has large expe-
rience in agriculture in general and especially in potato
agriculture.

Furthermore, 12% of the farmers were interested
in NGO’s judgment and advice, as well as agricultural
associations, organisations and engineers. According
to those farmers, those organisations realise the sig-
nificance of new agricultural practices and support the
farmer in adopting these practices to develop his farm.
They commented:

I am also interested in the opinion of an agricultural
organisation, because whenever it becomes clear that the
farmer improves and adopts new technologies in his land,
this agency supports and helps him by exporting cultivat-
ed yields.

Moreover, farmers responded to the question about
the importance of collecting information from other
farmers and observing what they think about their pos-
sible successes before adopting a new irrigation system.
Nearly all participants, 94%, were very interested in hav-
ing access to the experience and suggestions of other
farmers. Inside this group, 50% voted for the collective
benefit, and 44% were interested in continuous develop-
ment and knowledge of existing and new agricultural
practices. Two statements can represent the general feeling

Collecting information from other farmers is important
in order to share experience and increase development. It
helps us to discover all new agricultural techniques, to test
them and find out if they are useful in the region or not;
this is a common interest.

For this reason, I created the syndicate of potato farmers
to exchange our knowledge and experiences, to share with
each other every new agricultural practice, as well as our
successes and failures so that we can learn more.

On the other hand, 6% of the participants were not
interested in the exchange of experience, because they

Maria Sabbagh, Luciano Gutierrez

believed that each farmer has his own individual specific
agricultural practices and requirements. For example,

Each farmer has his own technologies and the specifica-
tion of his land which differ from the other.

Some farmers may give agricultural information that can’t
be adopted in the same way in my farm.

Obtaining a better understanding of the farmers’ per-
spectives on climate change and water shortage was also
connected to this construct. Participants were asked to
define what these two terms meant for them. Firstly, half
of the farmers believed that climate change and water
scarcity lead to loss in yield, thus in profits. Accord-
ing to them, the scarcity of water resulting from climate
change causes cultivated areas to be minimised, resulting
in huge losses. They also stated that climate change and
water scarcity have negative consequences on agriculture
in terms of the quality of yields. Moreover, 16% argued
that climate change and water scarcity affect potato farm-
ing in particular because potato crops are very sensitive to
high temperatures and low precipitations. This group of
farmers confirmed that climate change directly and nega-
tively affects cultivation, especially potato crops, because
it makes it vulnerable to climatic fluctuations. This fact
may force them at some point to move from growing
potatoes to rain-fed agriculture. Further, 16% of the par-
ticipants claimed that climate change and water scarcity
put agriculture continuity at risk, because they lead to
disasters that negatively affect agriculture. Furthermore,
9% defined climate change as a fluctuation of precipita-
tion and temperature during seasons. According to these
farmers, climate change has led to changing temperatures
during seasons, therefore to low precipitation rates, and
consequently water scarcity. They also believed that cli-
mate change has caused the reduction of groundwater.
Finally, 3% of the participants argued that climate change
and/or water scarcity do not exist because they still find
water in abundance.

In the same context of social influence, 91% of the
respondents affirmed that a farmer should have moral
norms and personal obligations as regards preserving
water for the environment, future generations and for
continuing appropriate agricultural practices.

They stated that

It is compulsory to have ethical and personal values to
be forced to save water in order to preserve nature, water
wealth and to keep the water resource for our children as
well as to ensure the natural and continuous development
of agriculture.

Personally, as I'm worried about climate change, if the
government or a non-profit organisation will support us, I
will adopt a micro-irrigation technique to conserve water
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for the ecosystem’s well-being and to maintain a normal
life-sustaining environment.

Overall, it seemed that social influence does not
influence the farmers’ intention to use a micro-irrigation
system.

4.2.1.4. Facilitating conditions

This construct is relevant to the question regarding
the guidance role of the agricultural/irrigation extension
services in the area. Seventy-nine percent claimed that
there was no presence at all, neither of agricultural guid-
ance and extension nor of training courses. They stated
that the agricultural sector is marginalised and neglect-
ed; therefore, the farmers had to rely on their personal
experiences or the experiences of other farmers in the
surrounding areas. They added that the non-presence of
extension services made them unaware of the existence
of new agricultural practices. They stated that

The agricultural sector is marginalised, there are no agri-
cultural policies, not even agricultural extension, and we
have become used to relying on ourselves, our individual
information, and the information we take from each other.
In Lebanon, we do not have agricultural policies, and
farmers are not supervised by the Ministry of Agricul-
ture, which does not provide any guidance. Every farmer
in this area depends on himself and on his personal expe-
rience.

The other 21% of the participants stated that there
was limited agricultural extension from some companies
and institutions for the purpose of marketing. That is
why they did not trust those types of companies and they
relied on their personal experience. This common feeling
can be summarised in the words of the participants:

There is no appropriate agricultural extension role, there
are some agricultural companies that deal with pesticides,
they do some extension courses related only to the sub-
ject of insects so as to sell and market their products, but
nothing more. So, I only rely on my personal information
and experience.

We have some agricultural guidance from some agri-
cultural associations and institutions; they are doing all
they can for agricultural extension. I take into account
the information they provide, because agricultural guid-
ance is necessary and sometimes it is a way to refresh my
memory about things I know, but I do not remember.

In the same context of facilitating conditions, par-
ticipants were asked about the barriers they thought
might prevent them from implementing a micro-irri-
gation system. Participants had the possibility of mul-
tiple choices. Several barriers were mentioned by each
participant and results are illustrated in Fig.4. All par-
ticipants considered the most important barrier as the
high initial expenses for installing the system: 53% stat-
ed they lacked the capital in order to cover the whole
area; 53% believed they needed training to raise aware-
ness about the benefits of the system; 44% said the sys-

Barriers to implementation
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| need motivation and family/friends/farmers support M
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Figure 4. Barriers to implementation of a micro-irrigation system.
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tem needed attention and time for minor repairs; 38%
emphasised that micro-irrigation was effort consuming;
38% thought that they needed credit facilities as farm-
ers; 35% believed that subsidies were necessary to imple-
ment this new technique with high costs; 26% said they
did not have the required technical knowledge; 21%
believed that micro-irrigation was not feasible on large
fields; 18% found it technologically complicated; 12%
stated that they wanted the good spirit among farmers
because if famers cooperated they could support each
other. However, only 3% needed motivation from family
and friends in order to implement micro-irrigation, and
another 3% believed that their land was very scattered,
which impeded the installation of the system.

Overall, facilitating conditions could improve a
farmer’s use behavior of a micro-irrigation system.

4.2.2. Key moderators

In addition to the previously mentioned four main
determinants, the UTAUT model included four main
“moderating” factors: gender, age, experience, and vol-
untariness of use. Given that in this research all the
farmers were of the same gender, the paper only includ-
ed exploration of the possible effects of age, experience
and voluntariness of use as moderating factors on the
four main constructs.

4.2.2.1. Age

The question that was relevant to this factor was
whether the participants believed that the age of the
farmers affected their incentive to adopt new irrigation
practices and in what way.

It emerged that 62% of the participants considered
that age had no influence on the intention of use of a
new agricultural technology. They stated that farmers
adopted a new technology once convinced of the advan-
tages of that technology. They asserted that, no matter
his age, a farmer remains enthusiastic about adopting
new technologies, thus developing himself and his land.
According to them, if a farmer is convinced of the ben-
efits of modern technology, he will adopt anything that
is beneficial for his land. Some respondents commented
that

If it becomes clear to the farmer that the modern irriga-
tion system will give him high profits, he will adopt it no
matter what his age is.

No, age does not decrease the incentive of adopting new
agricultural technologies. A farmer who is convinced of
the benefits of adopting new irrigation practices or other
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agricultural practices can only be hindered by financial
capacity.

No, there are young farmers who can’t be convinced of
changing and developing, whereas there are older farmers
(70 years and over) who always are willing to to keep up
with progresst.

However, 38% of the participants believed that age
decreases a farmer’s incentive to adopt new agricultural
practices because the age lessens the farmers” enthusi-
asm. Age was an important moderator in the context of
adopting a micro-irrigation system among potato farm-
ers. The younger group affirmed that it would be more
difficult to persuade the older generation who does not
have initiative to try new technologies, contrary to what
the elderly said. Moreover, in their opinion, elder farm-
ers believe they have all the knowledge they need and
that satisfies them. Thus, it would be very difficult for
them to be convinced of adopting new practices. Those
participants also added that, the older the farmer the
more he rejects new technologies because he has no faith
in them. In this case the usual comment was

Yes, when a farmer gets older, adopting a new irrigation
system on his land becomes a secondary matter for him.
He no longer has the urge to learn agricultural practices.

4.2.2.2. Experience

Experience was tested by the familiarity of the
farmers with a micro-irrigation system either by their
own trial on their crops or by observing others using it
on potatoes or on other crops. Based on the analysis of
the focus group discussion, some participants assumed
that adopting micro-irrigation is not difficult for them
as they witnessed its usage by other farmers on potato
cultivation or on other crops. Therefore, they have the
know-how which increases their incentive to implement
it on potato cultivation if they have the capital for the
investment. In the same context, a participant stated

As a member of my family uses micro irrigation on water-
melon, I have professional and technical knowledge of
this subject, and therefore I will not find great difficulty in
using it on potatoes.

Another added

I am adopting micro-irrigation on a small part of my land
in vegetable cultivation, so I have experience of how to
install it in an efficient way.
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4.2.2.3. Voluntariness of use

Moreover, “voluntariness of use” was measured by
the tendency to adopt a micro-irrigation system in a
situation where there is no external obligation to adopt
the technology. External obligations can be defined for
example as limited quantity of water usage imposed by
the responsible authorities in the region. Almost half of
the participants (53%) stated that they can adopt micro-
irrigation without external obligations, in order to
induce good results and to ensure the continuity of their
land cultivation:

Yes, I will move to a micro irrigation system in order to
improve the quality of potatoes and produce more quan-
tities, and the most important thing is to reduce water
waste.

However, it is worth mentioning that only one par-
ticipant asserted that he will gradually adopt micro-
irrigation regardless of its high initial cost, because
he believed that it will greatly improve the quality and
quantity of his potato yield:

Yes, I will move to the micro irrigation system, but in
stages, due to the high cost.

On the other hand, the other half of the participants
(47%) have no tendency to adopt micro-irrigation spon-
taneously without external obligations: half of them con-
sider it an expensive technology and they do not have
the financial resources. The other approximate half does
not perceive any benefit from adopting it on potatoes,
and only very few have abundance of water so they do
not need -water-saving irrigation technology. Some com-
ments were:

No, because I am convinced that the sprinklers are bet-
ter than the micro irrigation on potato crops, and I don’t
have the financial resources to try and attempt micro irri-
gation even on a small part of my land.

No, because I have enough water and I pay careful atten-
tion to the amount of water that the plant needs (manu-
al soil testing) so that I don’t waste water and therefore
micro irrigation won’t help me.

No, I am not convinced that micro irrigation would be
better than sprinklers on my land, so I won’t implement it.

Furthermore, participants were asked about the pos-
sibility of them adopting micro-irrigation if the gov-
ernment decided to subsidise the use of water-saving
irrigation systems. Eighty-five percent of interviewees
responded that they would prefer to use a micro-irri-
gation system if government incentives were available.

According to them, subsidies would reduce the financial
burden on them at the beginning of the investment, and
encourage them to take the first step toward the total
adoption of the micro-irrigation system:

Yes, if the government provides subsidies, conducts train-
ing courses and supports us to export our production, of
course I will adopt it.

Yes, I agree, because the state and the government have an
obligation to take care of the farmer, who is the core of
the Lebanese economy. Hence, micro irrigation is essen-
tial and necessary in improving the quality of potatoes to
become competitive with potatoes from other countries.

Nonetheless, 15% of the participants insisted on not
moving to micro-irrigation system even if there is sup-
port, because they do not perceive any benefit from it:

No, I don’t agree... In the end, the productivity will be
identical to that of the sprinklers.

No, although this technique provides large quantities of
crop production, it is not suitable for the large areas I cul-
tivate, and thus the moth will surely appear resulting in
high losses.

It is crucial to note in this part that individuals who
initially tended to adopt micro-irrigation without exter-
nal obligations are also likely to adopt it if subsidies are
given since they reduce the financial burden. Further,
participants who said they would not use micro-irriga-
tion because of its expensive cost changed their mind
when the interviewer mentioned the subsidies. The most
notable change in intentions was that of the participants
who had no tendency to adopt the system claiming that
it has no benefits. However, 50% of them changed their
answers when the question of subsidies was raised. They
stated in this section that they would move to micro-
irrigation gradually by applying it at first on a small part
of the land to test its advantages. For example:

Yes, it will be possible for me to start adopting it on only
one hectare. If my results are positive and there are no
diseases, then I will gradually adopt it year after year until
I have thoroughly checked its benefits.

4.2.3. The direct determinant: the behavioural intention

The measurement of behavioural intention in this
study included the intention and predicted use of a
micro-irrigation system. The behavioural intention was
measured by asking whether the participants had plans
for the adoption of a micro-irrigation system in the fol-
lowing 12 to 24 months as well as the major concerns
related to this system.
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Fifty-nine percent of the participants said that they
did not have any plan for the adoption of micro-irri-
gation in the next 12-24 months. This group of partici-
pants was divided into 3 groups according to the rea-
son for not having a plan for adoption: a) the unstable
economic conditions in Lebanon that do not encourage
farmers to invest large amounts of capital (the major-
ity); b) the lack of micro-irrigation usefulness in terms of
profits and feasibility ( a quarter of the respondents); c)
lack of financial means (only 10%). The following quotes
revealed the participants’ views:

No, because sprinkler irrigation is easier for the farmer
and does not require much effort, and I am satisfied with
the quality and productivity that I get.

No, if the government does not support me, I will not
adopt the micro-irrigation system.

Then again, 41% of the participants stated that a
plan to adopt the micro-irrigation system was possible
in the near future. This group was also divided into sev-
eral groups in terms of implementation conditions: a)
presence of subsidies by the government (approximately
half); b) better economic situation in the country (one
quarter); ¢) in case of water shortage (6%); d) no condi-
tions at all (14%). The following quotes revealed the par-
ticipants’ views:

In light of the current conditions in the country, I can
adopt it in this period if there is protection for our prod-
ucts and if the State provides support.
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Yes, if the country’s situation stabilises, I have the inten-
tion to adopt a micro-irrigation system soon;

Yes, when necessary, and that means if the water runs out
on my land, I will adopt a micro irrigation system.”

Fig. 5 below shows the different answers obtained
when investigating the concerns of the participants
regarding micro-irrigation systems. Each participant had
the possibility to mention multiple concerns. As is clear,
the main concern was the high cost of initial equipment
and the possibility of financial losses (47%). In addi-
tion, 15% confirmed that micro-irrigation is a labour
intensive technique that requires a lot of effort, time and
attention. Furthermore, 29% have no concerns at all. The
remaining concerns differ in small percentages from the
frequent maintenance to the emergence of diseases (fun-
gal and moth), short lifespan, feasibility on large areas,
no wind resistance.

Further, when asked about their willingness to adopt
a new micro-irrigation system, 82% of the participants
said yes and 18% said that they were not willing to.

In conclusion, in order to recapitulate the main
results of each construct, Table 2 summarise the findings.

5. DISCUSSION

The purpose of this study was to obtain a deeper
understanding of the influential determinants (socio-
economic, psychological and behavioral factors) for

Concerns related to micro-irrigation

Non resistance for the air factor

Lack of knowledge

Equal results as sprinklers

Not suitable for large areas/ for potatoes
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Figure 5. Concerns related to micro-irrigation systems.
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Table 2. Main findings from the focus group discussions.
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Construct or
Moderator

Questions

Findings

Performance
Expectancy

A.

Knowledge of micro-irrigation systems.

. The reasons behind using ordinary

sprinklers.

. Possible advantages deriving from the

adoption of micro irrigation systems.

Basic technological knowledge of micro-irrigation systems stating that it
incorporates drip irrigation and mini-sprinklers irrigation.

Sprinklers are less expensive.

Water saving, uniform distribution,
yield increase, farm profits, energy cost reduction, reduction of pesticides
and fertilizers.

Effort
Expectancy

. Perception of the easiness of use of a

micro-irrigation system.

. Skillfulness in using micro-irrigation.

Easy extension over the field, labour and effort saving, time saving.

88% of farmers claimed that they would be skillful in using micro-irrigation.

Social
Influence

. List people whose judgment is important

to farmers and who would approve or
disapprove the adoption of a micro-
irrigation system.

. The importance of collecting information

from other farmers and observing their
possible successes before adopting a new
irrigation system.

47% stated that they did not care about others” opinions.

21% considered the opinion of “other farmers” or “nearby farmers”
important.

20% highlighted the importance of their family members’ opinion such as
fathers, sons and/or cousins.

12% of the farmers were interested in NGO’s judgment and advice, as well as
agricultural associations, organisations and engineers.

94% of farmers were very interested in having access to the experiences and
suggestions of other farmers.

Facilitating
Conditions

. The guidance role of the agricultural/

irrigation extension services in the area.

. Barriers that farmers thought might

prevent them from implementing a micro-
irrigation system.

79% claimed that there was no presence, neither of agricultural guidance and
extension nor of training courses. They stated that the agricultural sector
was marginalised and neglected; therefore, the farmers had to rely on their
personal experience or the experience of other farmers in the surrounding
areas.

The most important barrier was the high initial expense of installing the
system.

Age

. The age of the farmers affects their

incentive to adopt new irrigation practices.

62% of the participants considered that age had no influence on the intention
of use of a new agricultural technology because no matter his age, a farmer
remains enthusiastic about adopting new technologies, thus developing
himself and his land.

Experience

. The familiarity of the farmers with micro-

irrigation systems either through their own
trial on their crops or by observing others
using it on potatoes or on other crops.

Participants assumed that adopting micro-irrigation is not difficult for them
as they witnessed its usage by other farmers on potato cultivation or on other
crops. Therefore, they have the know-how which increases their incentive to
implement it on potato cultivation if they have the capital for the investment.

Voluntariness
of use

. The tendency to adopt a micro-irrigation

system in a situation where there is
no external obligation to adopt the
technology.

. The possibility of adopting micro-

irrigation if the government decides to
subsidise the use of water-saving irrigation
systems.

Half of the participants (53%) stated that they can adopt micro-irrigation
without external obligations, in order to induce good results and to ensure
the continuity of their land cultivation.

85% of the participants stated that they would adopt a micro-irrigation
system if there were subsidies from the government. According to them,
subsidies would reduce the financial burden on them at the beginning of
the investment and encourage them to take the first step toward the total
adoption of a micro-irrigation system.
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Construct or

Moderator Questions Findings
Behavioural A. A plan for the adoption of a micro- 59% of the participants said that they do not have any plan for the adoption
Intention irrigation system in the following 12 to of micro-irrigation in the next 12-24 months due to the unstable economic

24 months as well as the major concerns
related to this system.

B. Concerns regarding micro-irrigation
systems.

conditions in Lebanon which do not encourage farmers to invest a large
amount of capital; the lack of micro-irrigation usefulness in terms of profits
and feasibility and the lack of financial means.

41% of the participants stated that a plan to adopt the micro-irrigation
system is possible in the near future if there is the presence of subsidies by
the government.

The main concern was the high cost of initial equipment and the possibility
of financial losses (47%).

15% confirmed that micro-irrigation is a labour intensive technique that
requires a lot of effort, time and attention.

29% have no concerns at all.

The remaining concerns differ in small percentages from frequent
maintenance to the emergence of diseases (fungal and moth), short lifespan,

feasibility on large areas, no wind resistance.

potato farmers’ adoption of micro-irrigation technol-
ogy on their lands in the Bekaa region in Lebanon. This
research further examined which factors seem to influ-
ence the farmers and their willingness to use a micro-
irrigation system.

Based on the focus group analyses performed, per-
formance expectancy, effort expectancy and facilitating
conditions could have a significant effect on the accept-
ance of micro-irrigation technology while social influ-
ence does not.

The effect of performance expectancy on behav-
ioural intention was found to be relevant for many par-
ticipants, which reflects the perceived benefits obtained
using micro-irrigation systems. The benefits were iden-
tified as saving water, reducing labour effort and time,
saving energy, increasing yield, improving crop quality
and improving agricultural operations. Farmers’ perfor-
mance expectancy might increase by emphasizing the
usefulness of micro-irrigation systems. That means if the
advantages of micro-irrigation systems were presented in
meetings conducted by specialists, this probably would
increase the acceptance and adoption by people who
were against this method, and who preferred ordinary
sprinklers. Almost all the participants declared that gen-
eration of good results and water saving were the main
advantages of micro-irrigation systems. However, they
were very anxious about losing financial investments
if they could not apply this method without profes-
sional guidance. This asserts the idea of the essentiality
of establishing agricultural guidance, in order to pro-
mote the advantages of micro-irrigation systems and its
usage. This result was found to be consistent with pre-
vious research findings ( Louho et al., 2006; Bahramza-
deh & Shokati Mogharab, 2010; Im et al., 2011; Yu, 2012;

Nejadrezaei et al., 2015; Sa’ari et al., 2017; Ronaghi &
Forouharfar, 2020) that have found a positive relation-
ship between performance expectancy and behavioural
intention to use technology.

Effort expectancy was measured by the perception
of ease of learning and using the system, as well as how
much effort should be spent on using the micro-irriga-
tion system on potatoes. From the focus group analy-
sis, it seemed that farmers preferred to adopt an easy
way to use systems which required less effort and time
than ordinary sprinklers on potato crops. Furthermore,
almost all participants, including a part of those who
showed a high effort and attention concerns in extend-
ing the micro-irrigation system on their potato lands,
demonstrated their willingness to learn about the micro-
irrigation functions. For that, organising training and
pilot studies could be a way for farmers to decrease their
level of doubt. During on-field training courses, farm-
ers discover how micro-irrigation functions, and the
right way to install it in potato fields. Similar with oth-
er research (Venkatesh et al., 2003; Louho et al., 2006;
Birch & Irvine, 2009; Im et al., 2011; Nkandu & Phiri,
2022), effort expectancy could have an effect on behav-
ioural intention.

The third determinant, social influence, seemed
to have an insignificant impact on behavioural inten-
tion to use micro-irrigation. This result was consist-
ent with Venkatesh et al.(2003), Rosen(2005) and Yang
et al.(2020). In his research, Venkatesh et al. (2003) had
found that the adoption of a new system depends on the
user’s beliefs and not others’ opinions. Social influence
was not found to affect potato farmers’ willingness to
adopt a micro-irrigation system since the vast majority
does not care about the opinion of nearby farmers, fam-
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ily members, NGOs, engineers, agricultural associations
or organisations. This is why promoting the importance
of agricultural associations and farmers’ gatherings,
would revitalise the spirit of collaboration among farm-
ers and the cooperation between them which enhances
the spread of innovations as highlighted by Nkegbe &
Shankar (2014) and Lopolito et al. (2022).

Lastly, the facilitating conditions determinant was
measured by evaluating the available resources and sup-
port to use micro-irrigation systems. The study results
clearly depicted the direct effect of facilitating conditions
on use behaviour of using micro-irrigation systems con-
sistently with Venkatesh et al. (2003), Hung et al. (2006)
Wang & Shih (2009) and Im et al. (2011). Guidance
departments at the Ministry of Agriculture, non-govern-
mental organizations (NGOs) working in agricultural
extension, particularly on the subject of climate change,
social media advertising raising awareness of new ways
of saving water, and any other available services to assist
individuals in adopting and using micro-irrigation sys-
tems could be an important way to increase the adoption
of a micro-irrigation system. Nevertheless, all farmers
confirmed that these conditions were unavailable in Leb-
anon, and there was no guidance regarding agricultural
practices in the country, which meant that they could
not know about the benefits of micro-irrigation, or its
right usage.

With respect to the moderating effect of age, it was
found that it was an important moderator in the con-
text of adopting a micro-irrigation system among pota-
to farmers. The younger group affirmed that it would
be more difficult to persuade the older generation who
did not have the initiative to try new technologies, con-
trary to what the elderly said. In fact, moderation by age
impact was reported in several studies (Venkatesh &
Morris, 2000; Venkatesh et al., 2003; Morris et al., 2005).

Experience was considered by Venkatesh et al.
(2003) as one of the important factors that affect behav-
iour intention. In this study, it was shown that the effect
of effort expectancy on behaviour intention was in fact
moderated by experience. The findings of this study
revealed that, in terms of micro-irrigation usage, experi-
enced farmers were more likely to accept and use micro-
irrigation than inexperienced farmers.

However, it appeared that experience was not a mod-
erator of the effect of the facilitating conditions construct
on use behaviour because farmers with different levels
of experience have almost the same perceptions towards
the resources supporting the use of micro-irrigation. This
result is not consistent with the study of Alshehri et al.
(2013) who claimed that experience moderates the effect
of facilitating conditions on use behaviour.

Voluntariness of use had moderated the effect of
social influence on behaviour intention. It was measured
on the basis of not using external obligations or incen-
tives in order to implement the new irrigation system.
The results confirmed that in the case of subsidies, the
level of adoption would increase, and farmers would
definitively implement the system. That is, if the micro-
irrigation system was financially subsidised, almost all
farmers in Lebanon would adopt it. Furthermore, the
study findings showed that almost half of the partici-
pants did not have the tendency to adopt a micro-irri-
gation if there was no external obligation which is con-
sistent with what Venkatesh et al.(2003) had reported.
In this case, if the government granted subsidies to sup-
port the implementation of a micro-irrigation system,
the vast majority would adopt it gradually or immedi-
ately. This is compatible with what Nkegbe & Shankar
(2014) found, that providing facilities to farmers, such as
accessing credits in their case, could promote and inten-
sify the adoption of agricultural technology.

6. CONCLUSIONS

The aim of this study was to investigate the potato
farmers’ behaviour in adopting a micro-irrigation sys-
tem. To achieve this objective, we adapted the unified
theory of acceptance and use of technology (UTAUT)
model.

The outcomes offer visions for policymakers to
encourage potato farmer to adopt a new micro-irrigation
system. Firstly, farmers are willing to accept micro-irri-
gation technology when they can make gains and reduce
task uncertainty on their farming activities. Secondly,
they are keen to adopt a micro-irrigation system if they
find that it reduces effort and time spent on their farm-
ing activities. Finally, it is relevant to encourage farmers
to adopt it through financial aids or subsidies which pro-
vide opportunities for farmers to decrease the financial
burdens on them. Furthermore, agricultural extensions,
field training and pilot area studies are also important in
increasing the farmers’ intention to adopt a micro-irriga-
tion system.

However, the study suffers from some limitations.
Legal restrictions and safety measures linked to the
COVIDI9 pandemic were a reason for the limited sam-
ple size. Also, the sample used lacked gender differentia-
tion since no females operated farms in the study area.
Thus, it would be useful to repeat the analysis with a
larger sample for focus group discussions incorporating
female participation and extending the study to other
countries.
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