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This study aims to investigate whether farmers are willing to use recycled water for
irrigation purposes. It attempts to analyze the attitudinal, socio-demographics and
environmental factors that affect a potential user’s acceptance for wastewater reuse.
A primary research designed in order to elicit farmers’ preferences and a statistical
analysis applied to analyze the relationships among the variables influence their
attitudes. The results were obtained from data collected through 302 questionnaires
that were answered by the farmers in Nestos catchment, Greece. The research findings
might usefully assist policy-makers and planners in the implementation of strategy in
water management sector. Farmers’ awareness about the recycling water and their
level of acceptance to use it might constitute incoming parameters, on which the
decisions in agriculture water planning could be based. Moreover, the identification
of factors influencing stakeholders’ acceptance provide the underpinnings for success
in any recycling project.

public perceptions, behavior analysis, water recycling, integrated water
resources management, agriculture water management
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Water is a vital resource, for ecological, economic and social reasons, but overexploita-
tion and irrational use have made it an insufficient resource. Moreover, climate change
is expected to adversely affect further the water quality and availability for supply, as
well as the functioning of aquatic ecosystems [9, 13]. Among the feedback solutions
have been proposed to address water scarcity, is the use of recycling water. It has
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been recognized as an encouraging solution to cope with the problem of water scarcity
around the globe [6]. Recycling water makes a new water supply source available [6],
while it entails using the same resource for as much benefit as possible [14].

Although it has been adopted in many sectors, particularly promising is regarded the
use of it in agriculture, for irrigation purpose. It is known that agriculture is the sector
affected more than any other by water scarcity. At the same time it constitutes the
largest consumer worldwide, as it accounts for 90% of consumption [4]. In Greece, it
is estimated that 83% of the water demand per year is used for crop irrigation [11].

So, the need for more efficient use of irrigation water is imperative due to the
increasing environmental concern and the competition with other uses (urban, indus-
trial, energy) [2]. In this direction, wastewater reclamation for agriculture mitigates:
(i) the demand for fresh water, (ii) the application of fertilizers, (iii) the discharge of
pollutants into surface waters and (iv) the pressure on water stressed bodies. Apart
from the aforementioned, water recycling may be used to restore the previous char-
acteristics of the natural water bodies’ ecological status [12].

However, successful implementation of any recycling project depends on its accep-
tance of potential users. So, this study tries to look into public perceptions and accep-
tance of water reclamation for irrigation purpose. Moreover, it attempts to investigate
the potential factors influence public perceptions of using recycled water and how
these factors determine farmers’ process of decision-making.

Nestos catchment is located in north eastern part of Greece and extends to prefectures
of Kavala, Drama and Xanthi (Figure 1). It is a transboundary river basin between
Bulgaria and Greece. The total area of the catchment is around 5,750 km?, with about
60% lying in Bulgarian and the rest in the territory of Greece. The population of the
Greek part of the catchment in 2011 reached up to 35,543 inhabitants. The greater part
of Nestos river basin is mountainous and semi-mountainous, while the Delta of Nestos
River is considered to be as an extremely fertile and productive agricultural area. This
feature of Nestos catchment leads to the fact that, a relatively high percentage of its
population is partly or fully employed in agriculture. More specifically, 26.23% (2,551
people) of the total workforce in the Delta region belongs to the primary sector of
economy. Thereby, agriculture played a decisive role to the total Gross Domestic Prod-
uct (GDP) produced in the region. The main products of the primary sector produced
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in the Nestos cultivated fields are corn, wheat, rice, vegetables, tree crops, as well as
asparagus and kiwis.
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Figure 1: Map of Greece (research area is highlighted).

As would be expected, the intensive agricultural activities in the area have an influ-
ence on the water quality and quantity of the region. Extensive use of fertilizers and
overexploitation of groundwater for irrigation purpose, have caused water quantity
and quality problems [5, 10].

This study was based on data collected from answers to a fully structured question-
naire. The questionnaire was developed in discrete sessions. It contains some ques-
tions about the irrigation and cultivation practices that respondents apply. Others ques-
tions then followed, such as the environmental profile of the respondents and their
familiarity with the environmental degradation of water in the studied area. Subse-
quently, participants asked if they knew about the meaning and the current state of
recycled water. The interview context continued with an information section, clarified
the meaning of recycled water. This section was essential in order to be sure that par-
ticipants had some basic knowledge for the good that they were asked. The ecological
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and economic benefits of wastewater recycling, as well as the potential risks arising
from its use, explained to respondents. Special emphasis was given in the fact that
reclaimed wastewater might reduce the need for fertilizers, because of its nutrients
content.

After being informed, interviewees were asked ‘If you had available recycled water,
would you use it water for your crops irrigation?” They could select one option on the
Likert's scale 5 points: ‘Definitely no’, ‘Probably no’, ‘Neutral’, ‘Probably yes’, ‘Definitely
yes’. The next question raised in this section was ‘If you had available both fresh and
recycled water, which would you choose?” There were three options offered in this
question, fresh water, recycled water and the option ‘I do not know/answer’. Finally,
some personal and general socio-economic characteristics of respondents were asked,
such as gender, age, income and education level.

Using the random sampling method a total of 321 face-to-face interviews took place
in public places, from November 2016 to April 2017 in the region of Nestos Delta. From
them, 302 were retained for further analysis, while 19 questionnaires were left out.
The self-reported demographic characteristics of the sample are summarized in Table
1.

TABLE 1: Frequencies and percentages of membership in demographic groups for the sample.

Variable Frequency Percentage
Gender

Female 43 14,2
Male 259 85,8
Age

20-29 7 2,3
30-39 47 15,6
40-49 58 19,2
50-59 78 25,8
60-69 80 26,5
70-79 29 9,6
> 80 3 1,0

Education level

Illiterate 11 3,6
Primary and Secondary school 187 61,9
High school 52 17,2
Associate degree 19 6,3
University 33 11,0
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As it arises from Table 1, farmers involved in the survey were mainly middle-aged
and elderly men, namely the typical agricultural population of Greece. It is, also, obvi-
ous from the results that most of them completed primary schooling (109 participants
out of 302).

Results show that a high proportion (65.6%) of the farmers expressed ignorance about
the wastewater reuse in irrigation agriculture. When participants were asked, after the
explanatory section, if they would accept wastewater reuse for crops irrigation about
64.2% in total were positive (‘Probably yes’ or ‘Definitely yes’). As shown in Figure
2, 25.5% of participants believe that they would use definitely recycled water in the
future, while 38.7% of farmers regard it as a probable option. Moreover, significant
percent of the sample (13.2%) assessed as ‘Somewhat improbable’ to adopt the recy-
cled water, followed by 11.9 percent of the respondents who reject such a possibility.
Finally, about 10.6 percent of the farmers select the option of neutrality.
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Acceptance of using recycled water

Figure 2: The percentages of responses to the acceptance of use question.

From the statistical analysis arises a correlation between the demographic charac-
teristics examined (age, gender, educational level) and the acceptance of respondents
to adopt wastewater in their cultivations. Specifically, a one-way ANOVA explored
statistical significance between the education level and the acceptability of recycled
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water. The interaction between these two factors approached significance, F(6,295)
= 4.43, p < 0.0001. Another demographic factor influences the implementation of
recycled water for farmers is their age. Namely, younger participants express higher
levels of acceptance (Pearson correlation coefficient r = -0,21). As it is usually found
in this type of studies, age has a notable influence on respondents’ attitude. So, the
greatest opposition to water reuse schemes would be from older people [1, 7]. More-
over, women tend to be more supportive of water reuse, as statistical analysis shows
that females (Mean = 3,77, S.D. = 1,171) are more positive toward adopting recycled
water than males (Mean = 3,49, S.D. = 1,342).

In addition, familiarization with the meaning of recycled water has a significant
positive impact on farmers’ level of support for the scenario. Respondents who are
informed about it, state higher probability of using recycled water. Knowledge con-
stitutes a factor identified previously as being associated with higher levels of public
acceptance of recycled water [3].

Finally, results from further analysis did yield an effect of environmental concern,
as attitudes toward the environment may also play a crucial role in stakeholders’
acceptance. In particular, participants express a significant level of concern about water
protection, display higher acceptability of recycled water (Pearson correlation coeffi-
cientr = 0,242). This confirms previous survey finding according to which, farmers with
greater environmental concern adopt a relatively positive stance toward proposed
environmental amelioration measures [8].

This article contributes to the literature through exploring farmers’ preferences with
regard to the contingent use of recycled water, for irrigation purposes. The data col-
lected show that farmers in Nestos catchment have, in principle, a positive perception
of water reuse in cultivations. As it arises, stakeholder’s acceptance of recycled water
may be correlated with socio-demographics characteristics, environmental concern
and the familiarization level with this kind of water. Generally, the social research
into public perceptions and conditions shape stakeholders’ participation in any water
management project, are recognized as the cornerstone of success for the introduction
of any alternative proposal.

The research findings might usefully assist policy planners in the implementation of

strategy in water management sector. Farmers’ acceptance to use it might constitute
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an incoming parameter, on which decisions in agriculture water planning can be based
in the future.
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