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Abstract: In a global situation where water constraints are a daily concern and expected to worsen in
the upcoming years, finding new water alternatives to guarantee its supply is of critical importance.
Against this background, reclaimed water has proved to be a sustainable alternative that recycles
wastewater from a circular economy approach, thus enhancing water availability for key sectors
such as agriculture. In such a context where public policies should encourage the implementation of
this sustainable resource that helps reduce climate change by allowing wastewater reuse, there is
too often a lack of knowledge of farmers’ perceptions, thus resulting in them being ineffective. In
this sense, studying and analyzing agriculturalists” perceptions is of interest for the development
of appropriate policies that truly foster reclaimed water use in agriculture and enhance its shift
from waste to resource. For this research 231 farmers, both long-time users of reclaimed water and
non-users, were surveyed to find common and differing attitudes and perceptions. Results show how
once farmers start irrigating their crops with this alternative resource there is a marked improvement
in their opinion. The high price is the most widespread barrier, which can be tempered with public
subsidies that absorb part of this cost. The insights obtained from this research may be of interest
to other regions, especially for those in arid and semi-arid climates where water scarcity is a critical
problem and sustainability a growing concern.

Keywords: reclaimed water; tertiary water; treated wastewater; circular economy; sustainable agriculture;
perceptions; farmers

1. Introduction

Even distribution of water, a dwindling resource, is currently a major issue when one
considers that over 4 billion people suffer from severe water scarcity for a minimum of a
month every year [1,2]. In light of this, the role of agriculture should be underlined, as
it is the world’s major water consumer, reaching a consumption of up to 90% of the total
water supplies in some areas, with this figure expected to worsen in many places [3-7].
Agriculture is also of crucial importance with regard to climate change, one of the greatest
threats to both humans and the environment; in addition to its high vulnerability because
of extreme and unpredicted weather conditions that increase water scarcity, agriculture
contributes up to 14% of greenhouse gas emissions [8-12]. Against this background and
taking into account the inherent relationship between water and land use, agriculture
plays a key role in the global task of guaranteeing water supply from a sustainability
perspective [13-16]. The importance of agriculture in meeting the demand of an ever-
growing population relies on the search for and implementation of a successful, lasting and
sustainable water source to irrigate crops [17]. Moreover, this irrigation alternative should
be able to ensure economic, environmental and social development [18].

To fight against this concerning situation, tertiary water use has been further im-
plemented over the last decades, and even more considerably in recent years, as it is a
resource that, apart from being cheap, enhances the preservation of essential water supplies
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when used for irrigation purposes [19,20]. Tertiary water, which can also be referred to as
reclaimed water or treated wastewater, requires handling urban wastewater in treatment
plants in order to develop an alternative water source to irrigate crops [21]. This treatment
should be adequate and controlled before irrigating crops to avoid microbiological or
physicochemical soil alterations or high heavy metal concentrations that may damage
human health [22-24]. Reclaimed water implementation for irrigation, as well as reducing
freshwater extractions, reduces the possibility of wastewater spilling into water bodies,
preventing the deterioration of aquatic ecosystems and lessening environmental pollu-
tion [25-27]. Reclaimed water helps the whole of society with the ever-more-difficult task
of meeting global water demand for irrigation whilst enhancing economic development in
a sustainable way [28-30]. Treated wastewater also contributes positively to those crop soils
irrigated with it, since this resource has proved to be an excellent fertilizer that improves
soil quality due to the high quantity of essential nutrients it contains [31-33]. Furthermore,
productivity in crops irrigated with tertiary water has been proved to be boosted by using
this water source. These advantages enable environmental sustainability and cost savings
and growth revenue for the farmer [34].

Another aspect of using treated wastewater to irrigate crops in agriculture that de-
serves special attention due to its relevance and great potential is its contribution to the
circular economy (CE), since the process of treating wastewater enhances its shift from
waste to resource through reusing and recycling [35,36]. As a very important element in
the process towards the implementation of the CE model is enabling waste management
through sustainable practices, considering treated wastewater within the framework of
CE has a fundamental role because of the high number of interconnections between CE
and sustainability, which result in an integrated approach [37]. In this context, potentiating
the use of reclaimed water in agriculture plays a key role in connecting a circular economy
with the water sector, since this industry, which is highly dependent on water resources,
is critical for the supply of raw materials and food [38—41]. This relationship between
the implementation of tertiary water in agriculture and the circular economy, apart from
promoting the sustainable approach of water reuse, positively contributes to decreasing
the negative impact that raw wastewater would have on the environment, and it improves
the efficiency of the water resources as well [42].

Promoting and implementing circular economy policies in the water sector, apart
from guaranteeing water supply, has been proved to make national and local economies
more competitive, independent and protected from other areas with abundant water
resources [43]. Furthermore, channelling wastewater affluents from waste to resource
following the principles of the CE model will help communities cope with future water
demands necessitated by current global population increase predictions [44]. In fact, since
its beginning as a concept in the 1970s, CE has increasingly been considered a major
driver in reclaimed water management as its reuse not only maximizes the recovery of
freshwater but also encourages the correction of problems that arise from current patterns
of production and consumption [45,46]. This being said, reaching the goal of sustainability
through the CE approach and water reuse is a pressing need taking into account the proved
ineffectiveness of the traditional water management approach, which has led to the existing
water stress [47,48].

Nevertheless, and despite the increase in its worldwide use on account of its widely
proved environmental, social and economic benefits, reclaimed water implementation for
irrigation is still at low levels due to poor social acceptance [49-51]. Although every sector
of society is important in terms of perceptions, the role of farmers should be highlighted,
as they have the final decision regarding supporting and accepting or declining tertiary
water use [52-54]. This low level of acceptance seems to stem from farmers’ scepticism,
as they are only aware of this sustainable source of irrigation’s capacity to fertilize and
provide nutrients once they have implemented it and seen the benefits for themselves,
despite vast research published in this field [55]. Furthermore, this negative standpoint is
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often influenced by the flawed belief that due to the inadequate regulation of its treatment,
using tertiary water affects soil and crop quality and productivity in a negative way [56,57].

Despite the popularization of treated wastewater use for several purposes, many
misperceptions about current policies affecting the treatment of wastewater for irrigation,
which are often perceived as too weak, limit its implementation [58]. Although regulation
is increasing, it is true that there are still many areas in the world, particularly in less-
developed nations, where there is a lack of adequate protocol and proper treatment of
wastewater [59]. So much so that more than 20 million ha (hectares), which represents
7% of the total irrigated land, is watered with raw wastewater [60,61]. However, a year
after the World Health Organisation (WHO, Geneva, Switzerland) published standard
regulations for the reuse of wastewater to properly ensure human health, there was a
milestone event that changed the face of water reutilization [62]. When the World Water
Assessment Program (WWAP) stated treated wastewater as a reliable and sustainable water
resource, the national and international landscape started to change, and since then, the
development of regulations on this issue has been ever more frequent in national and
international institutions to ensure high standards of water quality [63]. The European
Union developed specific regulation (EU 2020/741) where minimum requirements for
using reused water in agriculture guarantee a high level of quality in order to protect
the environment and human health and foster a circular economy [64]. For its part, the
World Health Organisation (WHO) has also evolved regulations regarding the reuse of
wastewater to properly ensure human safety [62].

In consideration of increasing utilization and regulation, it is vital to address farmers’
perceptions, which have been frequently sidelined despite them being key stakeholders [65].
Their importance is due to the crucial role they play in supporting and accepting programs
and policies that promote reused water and in taking the action to properly, safely and
effectively implement it in their farms [66-68]. To cover the aforementioned gaps in
previous research, the following questions have been addressed in the present study:
(1) Can a characterization of farmers’ profiles in an area of study be established?; (2) How far
does farmers’ acceptance extend towards the use of tertiary water for irrigation compared
to other water alternatives?; (3) Why do long-time users of treated wastewater use it to
irrigate crops?; (4) What are the main perceived benefits and drawbacks derived from this
use?; (5) Are non-users less willing to use tertiary water than users? Why?; and (6) Which
measures are seen as the most effective to promote reclaimed water implementation from
farmers’ points of view?

This research introduces an important novelty for the first time by considering the
perceptions, understood as a subjective way of identifying and interpretating something
based on personal beliefs and experiences, of long-time users of tertiary water and compar-
ing them with those of non-users. After studying farmers’ perspectives from both sides,
these empirical results shine a light on the reality of those who have the final decision
regarding using tertiary water with the CE approach, thus enabling the development of
adequate, adapted and realistic regulations, which, unfortunately, are currently far from
being a reality. Moreover, the results are particularly significant considering that in the
EU, Spain stands out as one of the main practitioners of wastewater reclamation so the
insights obtained from this research may be of help to those countries or areas where the
construction of appropriate distribution channels from treatment wastewater plants to
irrigation communities or farms is being considered [69].

2. Materials and Methods
2.1. Study Area

The present study was conducted in the province of Almeria because of its represen-
tativity in the area. As it can be seen in Figure 1, it is a Mediterranean area located in
southeastern Spain, because of its representativity. Its scarce annual rainfall, which is lower
than 200 m, combined with a mean annual temperature of 18 °C, makes it a semi-arid area
marked by high solar radiation [70]. Furthermore, available water for irrigation conditions



Agronomy 2022, 12, 435

4 0f 20

its production and acts as one of the main limiting factors in one of the driest spots in Eu-
rope [71,72]. This area is well known for its key agricultural role, so much so that it has the
highest concentration of greenhouses in the world and is the biggest exporter of fruits and
vegetables in the whole of the European Union [73-76]. The constant growing demand on
its agricultural products along with the already scarce water resources has led the province
to a water deficit sustained over time [77]. Despite its characteristic high water productivity
and the presence of a significant number of aquifers, due to the lack of constant water
streams that enhance water collection, local aquifers have suffered much pressure after
many years of being the main water resource used to irrigate [71]. With 60,699 total hectares
cultivated in the 2019/2020 agricultural season and a medium surface of 3 hectares per
farm, the overall number of farms in the area amounts to 20,233. Crops grown in the area
are based on conductivity limitations in some irrigated areas since the high conductivity
levels in some wells and aquifers narrow the possibilities. The system used to irrigate
crops in the region has suffered an intense modernization in recent years due to localized
irrigation, automated fertigation and tensiometers use, all of which improve the efficiency
of the water in the area [74]. Irrigated areas are geographically divided among irrigation
communities, which have different sources of water. This semi-arid region deserves special
attention, as its case study can be extrapolated to other countries in a similar situation,
especially those situated in arid and semi-arid climates, which also have several limitations
regarding their water resources [78-82].

Campo de Dalias
Bajo Andarax

City of Almeria

A |

Figure 1. Area of study adapted from Fototeca Digital CNIG.

The province is made up of six main subareas, two of which stand out for holding more
than 77% of the greenhouse concentration of the province [83]. These two areas, Campo
de Dalias and Bajo Andarax (which includes Almeria City), are significantly important to
this study as in Campo de Dalias the use of tertiary water for irrigation is nonexistent, as
the main water resource is groundwater, whereas Bajo Andarax has been using treated
wastewater for irrigation since 1997 [84]. Water management in both areas is organized by
the aforementioned irrigation communities, which are in charge of supplying the amount
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of water needed by irrigators for their crops. In Campo de Dalias, the Users Central Board
is composed of many irrigation communities that have signed an agreement to enable
the recovery of Beninar Reservoir. Since then, the water price of this reservoir, 0.02 €/ m?3,
has been combined with the cost of desalinated water, at the cost of 0.60 €/m3, in order
to establish a balanced price, so the cost charged to farmers for the water is 0.3 0€/m?
regardless of where the water comes from. The impossibility of using reclaimed water
in Campo de Dalias stems from the lack of a distribution channel from the wastewater
treatment plant to the irrigation communities. Conversely, most farmers from Bajo Andarax
use reclaimed water from the wastewater treatment plant located in Almeria city where raw
urban wastewater coming from industries and households undergo primary, secondary
and tertiary treatments. Reclaimed water resulting from the treatments has a homogeneous
quality and meets the parameters stipulated by the EU. Its cost varies from 0.44 €/m? to
0.62 €/m3 depending on where the farm is located because of distribution costs. Although
tertiary water is a commonly used resource in the area, chosen by 60% of local farmers,
there are other alternatives available, such as underground water from the Bajo Andarax
Reservoir. There are also various nearby irrigation communities that manage wells from
which underground water is drawn. The coexistence of these two areas, both of which have
board agricultural experience but use completely different irrigation resources, makes it
the most suitable place for this study where new water alternatives should be implemented
to cope with depleting aquifers, which results in increasing water conductivity and salinity
and decreasing water quality.

2.2. Qualitative Research: Questionnaire Design

In view of the methodologies implemented in other studies that aimed to evaluate
similar water-related perceptions, the research conducted has both qualitative and quan-
titative analyses [51,85,86]. Before carrying out the first part of the qualitative analysis, a
thorough bibliographical review was conducted to establish the state of the art in order
to determine the current priorities, trends and methodologies within the perceptions of
reclaimed water used for irrigation. This analysis enhanced the decision to use combined
media for the survey where questions have been both distributed online using the platform
Google Forms and with person-to-person semi-structured interviews in places of interest
to farmers such as irrigation communities, supply depots or other facilities linked to the
agricultural holding [85,87-90]. The locations of farmers surveyed through in-person inter-
views were selected so as to ensure the representativity of the whole range of agricultural
holdings in the area of study. A total of 159 in-person interviews were conducted with
a duration of 15-20 min each, and 72 online surveys were collected with an estimated
individual length of around 10 min. The questionnaire was in Spanish. Moreover, and in
order to guarantee the inclusion of all the main aspects of further research needed among
the group of questions initially proposed, questions included in the questionnaire were
based on previous investigations [66,71,74,87,89,90]. Furthermore, previous studies in the
same province with clear results allowed the discarding of some groups of questions such
as those related to greenhouse irrigation technology, type of soil or greenhouse type, among
others, as extensive answers had previously been obtained [71,74,75]. Finally, all people
surveyed were informed that there were no correct answers and anonymity was ensured.

For the qualitative study, a total of 5 people with deep expertise in agriculture in the
area of study were interviewed: a full-time professor of agriculture, the president of an
irrigation community, the president of an agricultural cooperative and two farmers with
more than 40 years of experience. In these first five interviews, a concise guide was used for
obtaining the farmers’ initial responses. The first part of this guide was a presentation on the
topic and was followed by an open debate to set burning issues that needed to be tackled in
the personal interviews. Then, three different set of questions were purposed by a general
agreement. Stakeholders, in consensus with the researchers of this study, finally decided
on three sets of questions about farmers’ details, characteristics of the agricultural holding
and crop-related aspects. From the interview, the most relevant topics were extracted to be
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used during the next steps of the research. Then, twelve farmers, forming the focus group,
were reunited to develop a focus group discussion where the main water issues addressed
by the experts in the previous interviews were tackled. Furthermore, the objective was
posing the questions for the three sets in an easily understandable way for the farmers to
avoid the maximum number of doubts, uncertainties and biased answers. This group was
made up of six farmers with extensive experience in tertiary water irrigation in agriculture
and six farmers that had never used this water resource before. Once representative key
stakeholders had been initially surveyed, the initial questionnaire to consolidate the most
important information obtained was formulated. In order to pretest it before its launch,
a pilot survey with eight farmers, four of whom were users of reclaimed water and the
other four non-users, was carried out [27,91]. As the same questionnaire was given to both
users and non-users, it contained conditioned questions that led down different paths for
both groups, so depending on the respondent there might have been 17 to 22 questions.
Different types of questions were used: open-ended answer, short answer, Likert-type
scale (5 or 3 points scale) and multiple choice, some having the possibility of more than
one option [85,88,92]. Furthermore, and in order to avoid survey bias, answers in closed-
response questions were randomized and presented to each respondent in a different order
in both onsite and online formats [93]. The questionnaire was grouped into four sections:

1.  Featuring farmers and their agricultural holdings. Three sets of questions were asked,
referring to: (a) farmer’s details (age, level of education, specialized agricultural
training courses, years of experience and annual median gross income); (b) charac-
teristics of agricultural holding (surface area of the agricultural holding, year of the
greenhouse construction, greenhouse type, climatic system, total workers, number of
family members working in the holding, water consumption per hectare and type of
water used to irrigate); and (c) crop-related decisions (crop variety decision maker
and buyer).

2. Attitudes towards diverse alternatives of water resources. In this part of the ques-
tionnaire two topics were addressed by the farmer; water alternatives and water
characteristics. Firstly, an evaluation of four different water alternatives (surface
water, underground water, desalinated water, reclaimed water) using a Likert-type
scale was requested. To keep the survey concise and avoid lengthy scales that have
proved to induce fatigue and unmotivated respondents, Likert-type scale values to
score options from —2 to 2 were used; negative numbers reflect negative perceptions,
0 indifference, and positive numbers indicate positive perceptions [94].

3. Perceptions and acceptance towards reclaimed water use. In this part of the survey,
every respondent was asked if he had ever used tertiary water for irrigation and as
this was a conditioned question depending on the answer, it led to different questions.
If the farmer had used reclaimed water to irrigate crops, then he was asked if he had
continued using this resource. In case of an affirmative answer, the next aspect to
be covered would be the estimated percentage of its use taking into account other
water alternatives used in the holding. Then, reasons why the farmer uses reclaimed
water and its perceived benefits and drawbacks would be surveyed. Lastly, if the
agriculturalist complemented reclaimed water with other alternatives, the differences
perceived among them had to be clarified. On the other hand, if the farmer had
never used this alternative resource, his willingness to use it if he could would be
evaluated. In the case of a negative or dubitative response, the reasons for this
reluctance would be requested, and one or more answers could be chosen (the idea
of reusing human waste is disgusting, high prices, fear of soil quality loss, fear of a
reduction in production, fear of product quality loss, fear that its use for irrigation
results in the consumer becoming ill, I need more information about advantages and
disadvantages and I would only use it if  had no other alternative). A negative answer
in the question about continuity would also lead to an option to choose the reason for
use cessation.
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4. Measures to promote tertiary water use in irrigation. Six different actions were
measured using Likert-type scale values from 1 to 3 from less to more effective
(subsidies for those irrigation communities that implement this irrigation method,
direct subsidies to farmers that implement it, price reduction for users, volume
discounts, information campaigns about its economic and environmental benefits and
more stringent regulation that assures water quality).

2.3. Quantitative Research: Sample Size and Selection

The second part of the present research comprises a quantitative approach for which
a data collection process was required. In order to determine the sample size needed, a
confidence level of 95% and a maximum error level of 5% were set on the basis of hectares.
From the greenhouse area of Campo de Dalias, which accounts for 21,801 hectares with
no reclaimed water users, 378 hectares had to be surveyed to meet statistical requirements.
For its part, the group of reclaimed water users accounts for 3069 hectares; nevertheless,
only 1800 of them are regular users of Cuatro Vegas Irrigation Community, which is the
irrigation community that provides treated wastewater to its farmers. For this reason,
the 1800 hectares were evaluated as a total in order to assure the representativity of the
farmers that use this alternative water resource. Then, and in order to meet already stated
statistical requirements a total of 317 hectares were evaluated. This sample guarantees
representativity among the research group. In total 231 farmers were surveyed from April
to June 2021.

2.4. Data Analysis

Once data had been collected from all the questionnaires, they were compiled and
tabulated in Microsoft Office Excel to then be submitted to a statistical analysis program that
classified the main characteristics of the farmers surveyed and their agricultural holdings.
The analysis was performed using SPSS software (version 23). From the study of the
data gathered, a profiling of the farmers and their agricultural holdings was carried out.
Subsequently, an in-depth examination was undertaken to approximate water preferences
to farmers’ socioeconomical profiles with a statistical analysis where maximum, minimum,
mean, mode, standard deviation and coefficient of variation were calculated. Differences in
water preferences among water users were evaluated using Friedman's test separately for
each water user type. Friedman'’s test looks for differences in the ratings of the 4 separate
categories where each person gives a rating for the 4 categories. So, the test verifies if
there are significantly different ratings for the four categories across all people in the
dataset. In this case, the categories were the water sources, and the people were those
surveyed from a water user group. When the dependent variable being measured is
ordinal, this analysis is used to examine differences between groups. This test was run
separately for each group of water users. In other words, it answered the question: “Do
water users from the same group have a preference for any of the water sources?” On the
other hand, differences in water ratings across different users were evaluated separately
for each water source using a Kruskal-Wallis test. This non-parametric alternative to the
one-way ANOVA is used for differences in the ratings of one water source among different
water user groups. In other words, it answered the question: “Do water users from the
same group have a preference for any of the water sources?”. Then, the survey responses
studied from the qualitative analyses were extensively analyzed based on mean, median
and mode to find out acceptance and perceptions of the use of reclaimed water. Lastly, the
evaluation of how farmers perceived different actions to promote the use of reclaimed water
for irrigation and the influence their socioeconomical conditions may have had on their
answers was conducted. This evaluation was carried out through a statistical analysis using
SPSS software to try to find statistical patterns, correlations and groupings. A K-Means
cluster analysis was performed for this purpose with the unlabelled data to detect direct
relationships among variables and group those that are directly related based on feature
similarity through this unsupervised learning algorithm. Numerical answers and statistical
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analysis results were measured using tables. Graphs were mainly based on the frequency of
the answers to explain the high concentration of some responses. The relationship between
water source perceptions and water source used was evaluated in a combined graph of a
line and bar chart using Excel. Short questions were analyzed and grouped so the top 3
perceived advantages and disadvantages of using reclaimed water could be represented in
a graph bar. Willingness to implement reclaimed water is shown in a pie chart. Likert-type
scale and multiple answer questions are detailed in spider graphs.

3. Results and Discussion

Data resulting from the survey has been divided into three different sections: farmer
profiles, preferences and attitudes regarding tertiary water of users and non-users, as well as
incentives for boosting the implementation of reclaimed water to irrigate agricultural crops.

3.1. Farmers Profiles

Table 1 shows the variables that have been statistically studied and for which the
minimum, maximum, average, standard deviation and coefficient of variation have been
calculated. These variables, elaborated with data from 231 farmers, have been grouped into
three areas:

Farmers’ details. A total of 71% of the farmers surveyed are over 40 years old, and the
average age in the sample is 48 years. Experience is also high in this traditional profession
with an average of 25 years. If average age is compared with mean experience, it can be seen
that most agriculturalists started farming in their early twenties, which provided them with
deep expertise. In terms of education level, despite 62% of the agriculturalists having basic
levels of education (primary or secondary), 69% of the total sample attended specialized
agricultural training courses, which shows high levels of specialization. In terms of gross
turnover, the average is EUR 226,811with a minimum of EUR 10,000 and a maximum of
EUR 2,000,000.

Characteristics of the agricultural holding. The mean surface area of the farms surveyed
is 3.05 ha, which, if compared with the annual gross income, an approximate gross yield
of EUR 74,364 per hectare was obtained for every agricultural campaign. Average data
resulting from the greenhouse construction year show that medium holding age is 18 years.
The most common greenhouse type is a sloping roof, found on 66% of the greenhouses.
This was followed by the flat-arch type, representing 28% of the sample. The residual
4% for other types shows a clear prevalence of two main types in the area of study. Only
a marginal percentage of the farms, around 6%, have a climate monitoring system. As
employed labour may vary significantly depending on the time of the year and the seasonal
tasks to be completed, only full-season workers were considered. A little over half of the
farmer labour is provided by family members, with numbers increasing with decreasing
farm size. Whereas in agricultural holdings up to 1 ha family members working represent
74% of the total labour, in those larger than 2 ha family labour represents 33%.

Crop-related aspects. Although crop selection varies deeply depending on the area,
agricultural holding characteristics are a deciding factor when deciding which crop to
sow for 43% of the farmers. It must be highlighted that depending on the area, driving
forces vary considerably. In Almeria and Bajo Andarax, where conductivity levels are
an increasing problem, the crop selection is weighted in favour of water limitations or
tradition, which is based on many years with high levels of salinity. In Campo de Dalias,
the pervious campaign prices and recommendations suggested by cooperatives have a
more important role. Wholesalers and agricultural cooperatives stand out, accounting for
78% of the trading channels used by the agriculturalists surveyed.

As seen in the standard deviation results, a great majority of the variables have a
coefficient of variation higher than 30%, which is not acceptable as this shows a great extent
of variability of the data dispersion around the sample in relation to the mean. This can also
be observed when analysing the coefficient of variation, which is the ratio of the standard
deviation to the mean. The higher the coefficient is, the greater the level of mean sample
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dispersion is. Both statistics analyses prove that the dispersion is too widespread in the
sample and thus impedes cluster grouping with acceptable errors to test its significance.

Table 1. Features of farmers surveyed and their agricultural holdings.

Field

Variable

Description

Min.

Max.

Average

Standard
Deviation

Coefficient of

Variation

Farmers’
details

Vi

Farmer’s age (years old)

20

82

47.52

12.16

25.59%

Va

Years of farming
experience (years)

1

69

25.34

14.5

57.20%

V3

Level of education: (1) primary
education, (2) secondary
education, (3) upper-secondary
school or vocational training,
(4) university degree

213

V4

Specialized agricultural training
courses: (1) yes, (2) no

1.31

Vs

Annual median gross
income (EUR)

10,000

2,000,000

226,811

310,466

136.88%

Characteristics
of agricultural
holding

Vs

Surface area of the agricultural
holding (hectares)

0.2

32

3.05

3.57

117.09%

N

Year of the greenhouse
construction (4-digit)

1970

2021

2003

10.77

0.54%

Vg

Greenhouse type: (1) sloping
roof, (2) flat arch,
(3) multi-tunnel, (4) others

1.4

\E

Climatic system: (1) yes, (2) no

1.94

Percentage of
family-based workforce

0%

100%

52%

0.35

67%

Crop-related
aspects

Vi

Crop selection: (1) It's my own
decision based on my
agricultural holding
characteristics. (2) It’s my own
decision based on tradition.
(3) It’s my decision based on
water limitations such
as conductivity, consumption
or salinity. (4) It's my own
decision based on the previous
campaign prices. (5) The
cooperative where I am a
member suggests what to sow.
(6) Others

2.86

Vio

Trading channel:
(1) wholesalers, (2) agricultural
cooperative, (3) intermediary
companies, (4) others

1.95

* Cannot be calculated on qualitative variables.

3.2. Preferences and Attitudes towards Tertiary Water

3.2.1. General Perceptions towards Different Water Alternatives

Once farmers had been evaluated four different water alternatives, including under-
ground, surface, desalinated and reclaimed sources, various connections could be drawn.
Before analysing the results, the fact that responses were based on perceptions must be
highlighted. These responses were based on the subjective, biased and personal experi-
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ences of the farmers with different water resources. This perceived evaluation is of great
importance since the main barrier to achieving an integral implementation of reclaimed
water in agriculture is the refusal of the farmers based on their negative perception.

According to the Friedman test (p < 0.001) each water user ranked the alternative
water sources significantly different. Nevertheless, differences in water preference by water
use type was significant only for underground water sources (p < 0.001) and insignificant
for the remaining water sources (p > 0.20). K-Means cluster analysis results are inconsistent
and not significant, as any direct relationship may be proved across most variables with
acceptable errors to test significance and therefore, to extrapolate results with a reasonable
degree of certainty, it was excluded from the research.

As can be seen in Figure 2, every alternative received its highest score in terms of
desirability from its users. This evaluation of an everyday used resource shows the positive
relationship between the use of a water alternative and its perceived quality and benefits,
as in all cases its users are those who give the highest rating to each resource. This is in line
with previous research but contrasts a study where users had a more negative perspective
about reclaimed water after using it than the one they had used before [52,54,65]. In terms of
general desirability, surface water is the most preferable alternative, contrary to reclaimed
water, which is the least. Such a negative assessment by farmers contrasts with other
research where the desirability of tertiary water is higher than that of other alternatives
such as underground and desalinated water [95]. Despite its low levels of popularity
among general farmers, its irrigators see it as the second most desirable alternative for
them. The low rating of underground water given by tertiary water users, the second lowest
in terms of desirability for most farmers surveyed, is based on the fact that in Almeria and
Bajo Andarax water wells and aquifers often have levels of conductivity and salinity that
are too high, which impede its use for irrigation. On the other hand, Campo de Dalias
agriculturalists evaluated underground water positively as their wells are of a much higher
quality. Moreover, it must be noted that when asking farmers about desalinated water,
their negative perceptions towards it were often connected to its negative environmental
consequences and its high price. Last but not least, it should be highlighted that although
differences seem to be low, they are significant as they show a whole point out of five points
of difference between different alternatives. This means that there is an important variation
in the quality perceived before and after using a water resource.

4.5
4
3.5 ‘ (-]
3 o 8
2.5
2
15

Surface water Underground water Desalinated water Reclaimed water

Average Rating Surface water users @®Underground water users

@Desalinated water users  @Reclaimed water users

Figure 2. Farmers’ perceived water sources desirability.

3.2.2. Users’ Perceptions of Reclaimed Water

Initially, the distribution channel with water from the wastewater treatment plant to the
local irrigation community was created to develop an auxiliary resource that guaranteed
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water supply in the area due to the increasing aquifer and water well depletion and
salinization. Nevertheless, things have worsened in recent decades to the point where
hundreds of farmers are able to irrigate exclusively thanks to reclaimed water, from which
they obtain all of the water their crops need. In addition, because of the increasing salinity
and conductivity levels in water wells that up until the time of the study had been used
for the irrigation of some crops such as tomatoes, this water is no longer suitable by itself
and needs to be mixed with reclaimed water to reduce these levels. The tomato is the most
representative crop in Almeria and Bajo Andarax as it supports higher levels of conductivity
compared to other crops such as peppers or zucchinis. This situation, which is much worse
than anticipated, is expected to be further aggravated by the desalination plant located
in Almeria, which, instead of obtaining water from the sea, acquires it from local water
wells and aquifers to save money in the process of desalinating, as the salt concentration
to be eliminated is much lower and thus the process is much cheaper. The plant plans to
put a new frame into operation that increases its desalination capacity, thus reducing local
water reserves in aquifers and water wells even more. All of this has escalated due to the
passivity of the local politicians and despite the despair of the local farmers who see their
natural resources depleting and reclaimed water already suffering occasional shutdowns.

The situation mentioned above was constantly referred to by the farmers surveyed
during the part of the interview where they were asked about the reasons why they use
reclaimed water. Their concern about whether this sustainable resource would be enough
for all the farmer due to the depletion of underground water and its quality at unusable
levels and the lack of any other water alternatives is highlighted in Figure 3, which shows
the number of respondents that chose that answer. The most frequently chosen option for
the reason they use reclaimed water was the absence of any other alternatives to irrigate
crops. The next two options in terms of representativeness are also linked with the lack of
alternatives, as what the irrigation community offers in the area, which is only reclaimed
water, is due to the absence of other available options. Furthermore, there was a significant
number of farmers that claimed that the reason they use tertiary water is to mix it with
water from the water well, thus reducing conductivity or pH levels. These three reasons
that justify the use of reclaimed water in the area are a very clear representation of the
current situation, which is expected to worsen because of the lack of political support given
to the agricultural holdings located in the area.

Is what my irrigation
community offers
50

40

I need to complimen
Others . eed to compliment

other water resources
20
10

0

To mix with waterwell
and improve
conductivity or ph

To fight against water
scarcity

Due to its sustainability
and environmental
benefits

I do not have other
altemative

Figure 3. Farmers’ initial reasons for using reclaimed water.

Farmers were also asked to mention perceived benefits and drawbacks of the use of
tertiary water to irrigate agricultural corps and results, as shown in Figures 4 and 5, which
refer to the total number of farmers that has chosen that option. Although the repetition



Agronomy 2022, 12, 435

12 of 20

rate in the three options represented in both figures proves extended perceived beliefs by
farmers, they are not always based on reliable studies or data since they are often biased
by personal situations or experiences. Figure 4 shows that the most frequently repeated
answer was the guarantee of having water available to irrigate their crops, a positive aspect
derived from using reclaimed water, as has already been found in other research [54,65,95].
Sustainability and water reutilization are very close in terms of perceived importance,
sustainability being understood as the implementation of a circular economy in the agri-
culture through the use of sustainable and respectful environmental practices. These two
factors are directly connected, as reusing water instead of discharging it into water bodies
is a sustainable practice that fosters the sustainability of natural resources. Other aspects
that are also often noticed by users are the saving in fertilizers using reclaimed water and
low levels of conductivity, compared with local water alternatives, that allow farmers
to sow any crop. The levels of conductivity in reclaimed water in the local wastewater
treatment plant were around 2.5 dS/m, while most water wells in the area had levels from
5to 7 dS/m. It should be clarified that the ideal conductivity for the crops grown in that
area is between 2 and 3 dS/m, as tomatoes, which is the most common crop in the area of
study, needs higher levels than cucumbers or peppers.

[\
D

g
(w=]

—
W

—
o

W

Water Availability  Sustainability
reutilization

Figure 4. Combined data of the most beneficial advantages of using reclaimed water perceived
by farmers.

High price Growing Occasional
conductivity lack of proper
filtering

Figure 5. Combined data of the most disadvantageous drawbacks of using reclaimed water perceived
by farmers.

Drawbacks were also assessed by farmers, as shown in Figure 5, and the prevailing
opinion is related with the high price of reclaimed water when compared with groundwater
in the area of study, a problem already widely perceived by users in other studies [30,96].
Many agriculturalists refer to the importance of subsidising part of the cost of this resource
to make it more attractive to new users. This is has already been accomplished with other
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water alternatives as many desalinated plants are the property of the government so it
subsidises the price of desalinated water, making it lower for the farmer. Subsidising the
price of reclaimed water for agricultural use is already implemented in other countries,
such as Cyprus or the USA (California) where the public administration front a great part
of the water price [97]. Respondents also referred to the occasional lack of proper filtering,
which, although becoming less and less frequent, still affects some agricultural holdings
by clogging their filters. Lastly, increasing conductivity was referred to as a significant
drawback by those farmers who mix water from the water well with reclaimed water to
obtain conductivity levels suitable for the crop. Nevertheless, although current reclaimed
water conductivity levels are adequate for all the crops sown in the area, farmers with their
agricultural holdings nearby water wells with excessively high levels of conductivity need
another water source with very low levels that would compensate for this factor.

3.2.3. Non-Users’ Attitudes about the Utilization of Tertiary Water to Irrigate
Agricultural Crops

The willingness to use reclaimed water of those farmers surveyed that had never used
it because their agricultural holdings are located in areas where this option does not exist
was evaluated in order to study general perceptions coming from non-users. With nearly
three out of four farmers willing to use it, fully or partially, the results illustrated in Figure 6
are encouraging in terms of farmers’ acceptance. The key group are hesitant farmers who
comprise exactly half of the sample. Their importance lies in the fact that they are certainly
open to this new water alternative, as long as the reasons that make them doubtful of its
use are addressed; therefore, further investigation is needed in order to overcome these
factors and tilt this balance in favour of tertiary water.

BYes BIMaybe EINo

Figure 6. Non-users’ percentage of willingness to use reclaimed water to irrigate their crops.

Figure 7, which refers to the total number of farmers that chose that option, compares
the reasons given by hesitant users that make them uncertain about whether to use re-
claimed water or not with arguments from reluctant users that justify their refusal to use
this sustainable resource if they could. The first group of users also referred to the high
price of this water alternative. While a great number of hesitant users would probably
change their minds with proper information about advantages and disadvantages or would
simply use it in the case of the absence of alternatives, reluctant users” hesitations are based
on fear. The idea of losing soil or product quality or diseases derived from the consumption
of a product irrigated with reclaimed water are the most recurrent worries. To eliminate
as well as prevent fears and misconceptions, informational campaigns have already been
stated as key in the role of encouraging farmers to use tertiary water [50,57]. It has to be
underlined that the yuck factor mentioned in many articles, which refers to the disgusting
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image that reusing human waste may have, is of minimum importance to these farmers as
they are used to applying organic fertilizer from animal disposals [55].

@ Hesitant users ) Reluctant users

Fear of product quality
loss

High price 30 Fear of soil quality loss
20
)
The idea of reusing ¥ ®

Fear of a reduction in

human waste is ne © .
production

disgusting

Fear that its
consumption causes
disease

I would only use it if I
had no other alternative

[ )
I need more information
about pros and cons

Figure 7. Farmers’ reasons for hesitating or rejecting the idea of using reclaimed water.

3.3. Perceived Effectiveness of Diverse Incentives That May Boost the Implementation of Reclaimed
Water in Agriculture

At the end of the questionnaire, the farmers surveyed were asked to evaluate the
effectiveness of different incentives that could be put into effect in order to promote the use
of reclaimed water to irrigate agricultural crops. Similar patterns of opinions are shown
in Figure 8, which existed regardless of whether the farmer had or had not previously
used reclaimed water for irrigation. This figure shows in terms of importance, from 1 to 3
(I—not important at all and 3—really important) with intervals of 0.5, how users perceive
certain policies and their capacity to promote the implementation of reclaimed water
for watering crops. In terms of cost reduction, the option of a price decrease overruled
subsidies, whether it be for farmers or irrigation communities. Information campaigns
about the benefits derived from its use, along with price reduction, were the options chosen
by the greatest number of farmers. Both aspects have already been stated in previous
research [66,67]. For its part, the volume discount was the least desirable measure for
fostering the use of reclaimed water as farmers see the proposal as a disadvantage for farms
with small surface areas and for those focused on saving water, as this measure would
lead to its wasteful consumption to receive volume discounts. Nevertheless, although
opinions are quite similar between the two groups studied, there is an aspect where there is
a greater discrepancy. While agriculturalists who have never used reclaimed water believe
that more stringent regulation is necessary, users have more knowledge about how strict
the regulation already is. This difference confirms and reinforces the already perceived
idea that information campaigns are a key measure of progress in the task of promoting
reclaimed water for crop irrigation.
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Figure 8. Farmers’ perceived effectiveness about different measures to boost reclaimed water use.

4. Conclusions

Statistical analyses carried out in this study illustrate that there are differences in
the quality between the water resources surveyed perceived by farmers. Since these
differences might be influenced by their experiences, this research may also prove the
variation in the level of satisfaction of farmers after using tertiary water for irrigating their
crops, which increases after its use. Users interviewed awarded this alternative water
resource the highest rating above other alternatives, including groundwater or desalinated
water. This improvement in the assessment of reclaimed water shows how the most
common incorrect and negative beliefs about the consequences of irrigating with this water
alternative diminish or even disappear once it is implemented. Despite its use, usually
starting in locations where other water bodies are depleting or in bad conditions in terms of
quality, treated wastewater has been demonstrated as being a sustainable alternative that
channels wastewater into a productive use that boosts and strengthens such key sectors
such as agriculture by using the circular economy approach. Apart from it being water
reutilization rather than requiring disposal into water bodies, its availability is guaranteed.
These are both benefits clearly perceived by farmers, who also value its capacity to greatly
reduce the cost of fertilizers.

In spite of already strict regulation of treated wastewater, farmers sometimes perceive
a lack of compliancy from the irrigation community, which, as they continuously referenced
during the interviews, should not be in charge of controlling water quality as they are not
trained for this task, which instead should be carried out by the public administration.
Because of the high and prohibitive price of reclaimed water along with increasingly
narrower profit margins, far from making the primary sector attractive, it creates a negative
image as one of the least advantageous to invest in. Apart from deterring potential new
investors or entrepreneurs, this negatively affects the revitalization of an already ageing
sector. This could be tackled by investing in nationalizing wastewater treatment plants to
boost its use, as has already been accomplished with some desalination plants in Spain, or
through public subsidies that reduce the cost for farmer.
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One figure that deserves special attention is that over 70% of the farmers surveyed
are open to the idea of using reclaimed water if adequate information is provided to
them. The importance of informational campaigns that prove environmental benefits
and the quality and safety of this resource was perceived by all the groups interviewed.
Furthermore, they are the most effective measure to raise awareness among those farmers
that are currently reluctant about its implementation because of wrongly perceived fears,
which would be reduced or eliminated by these campaigns. Moreover, these informational
campaigns would probably be welcomed by farmers due to the high number of those with
specialized training in agriculture, which implies high interest levels in their field. These
campaigns should be launched not only for non-users but also for users to show them the
economic benefits that often go unnoticed and answer further questions as some still have
a misleading picture of regulation and its strictness.

These findings confirm that there is great potential for fostering farmers’ willingness to
use reclaimed water to irrigate their crops and that once farmers start using it their opinions
about its quality and benefits improve. Furthermore, in a global context where water
resources are depleting and irrigated areas are increasing every day to feed an unceasingly
growing population, managing waste and limited resources using the CE approach has
been proved in this study to be a widely accepted alternative to fight against water scarcity
while pursuing the goal of reaching a circular economy thanks to which many hectares in
Almeria and Bajo Andarax have been irrigated every agricultural year since 1997. Setting
differences aside, insights derived from the present research can be of great interest to other
areas where water constraints and the implementation of a circular economy is a reality,
especially in arid and semi-arid climates, due to their similarity with the area studied.
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