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Due to changes that have occurred in ecological conditions, the requirement to
use wastewater has been considered more seriously in the agricultural sector,
because agriculture is the source of human nutrition, health and security.
Based on this, the purpose of this research was to systematically analysis the
components affecting sustainable management of wastewater use (SMWWU) in
the viewpoint of critical theory paradigm. Inductive qualitative content analysis
(IQCA) was used for systematic analysis. In this regard, the software used
was MAXQDA. The statistical population included valid scientific articles and
knowledgeable experts in wastewater management in the agricultural sector in
Tehran province, Iran. The sampling method for articles was by searching based
on keywords and for experts by purposeful method until theoretical saturation
was reached. The results of IQCA in the form of a model showed that the six
main components “economic,” “environmental,” “contextual,” “individual,”
“management and planning” and “education and extension” affect SMWWU.
Each of these components also includes several factors and variables that can
strengthen SMWWU and reduce the water crisis by paying attention to them.
The obtained model can be used by policy makers and interested parties in
making decisions and planning water protection measures.
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1 Introduction

The scarcity of available water resources, the shortage of rainfall, and recent droughts, have
obliged the water policy makers to consider all conventional and non-conventional sources that
can be effectively and economically available in the planning of water resources development
(Ahmadi et al., 2019). On the other hand, the increase in urbanization and industrialization has
resulted into a sudden increase in wastewater produced around the world. The problems caused
by the lack of wastewater treatment on the environment have made this aim as an imperative need
(Torabian and Moumeni, 2003). Nowadays, treated municipal wastewater can be one of the
significant alternative water sources (Agrafioti and Diamadopoulos, 2012), treated wastewater
can be a reliable source of water in some fields such as agriculture, because it is produced
throughout the year, and although the efficient methods of water management in the farm, saving
methods of water consumption and desalination are some of the strategies to cope up with water
scarcity. However, the reuse of purified wastewater can be a more successful solution to recover
part of water transferred to the agricultural sector (Ahmadi and Merkley, 2009). The reuse of
wastewater and biosolids in agriculture has many social and economic benefits and promotes the
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sustainability of agriculture and the environment (Fu et al., 2019). Today,
due to the transfer of human sewage to underground and surface water
tables, dumping domestic sewage and the creation ugly and unpleasant
environmental landscapes namely in Iran (Esmaeilian et al,, 2021), if not
being truly managed, planned and not good decision is made, it will
bring adverse environmental consequences. Wastewater management is
necessary not only to prevent much damage to sensitive ecosystems and
the environment, but also to emphasize that wastewater is a useful
resource (usable water as well as nutrients for agricultural use). From the
view point of the world water council, the balance between existing water
resources and cultivable land, water reuse in all sectors, implementing
new methods to improve the quality of water resources, developing
standards and creating a long-term balance between supply and demand
are among the most important quantitative and qualitative indices of
water resources sustainable management (Rezaic et al,, 2013). Thus, the
use of wastewater in agriculture is a strategy towards sustainable
management as the use of municipal wastewater for irrigation mitigates
the use of fertilizers and enhances soil fertility (Galvis et al., 2018) and it
also reduces the pressure on water resources (Rezace and Sarrafzadeh,
2017). Accordingly, sustainable management of wastewater use
(SMWWU) in agriculture and their reuse is required to reduce water
consumption and prevent water scarcity crisis. As an arid and semi-arid
country where more than 70% of fresh water is used in the agricultural
sector, Iran should focus on SMWWU. Although studies have been
performed in different countries of the world on the use of wastewater
in agriculture, their main focus has been on the treatment method, and
less research has been done on the sustainable management of the
wastewater, namely in the agricultural sector. Hence, the present study
is aimed to have a systematic analysis of the components affecting
SMWWU. Focusing on Iran’s agricultural sector, the novelty of this
research is the use of systematic analysis in the form of content analysis.

Like any other study, this study was conducted in the form of three
types of questions: “ontology;” “epistemology” and “methodology” In
other words, ontology is about what types of things or essences exist in
the world and refers to a range of entities and relations that are accepted
within a specific field of knowledge and scientific expertise. In scientific
investigations, the three paradigms of positivism, interpretivism and
critical theory have been dominant and widely applied. Indeed,
epistemology is the study of how and what can be known, and
methodology is the method of examining and analyzing the way research
is performed (Ahmadi et al., 2019; Sadeghi, 2019). From the view of
positivism, the objective existence of truth and its tangibility is the only
issue that can be recognized. In interpretivism, the truth is socially
constructed. For this reason, the social world cannot be investigated in
the same way as the natural world, and based on critical theory, the
difference between the social world and the natural world is to consider
the subjectivity while considering the socio-economic structures (Shafiei
Sabet and Sedighi, 2018). From a methodological point of view,
positivism emphasizes the unity of the scientific method and its approach
is quantitative. In interpretivism, instead of focusing on precise empirical
observation, they consider the quantitative measurement of human
behavior, the meaning of human behavior or action. In critical theory,
social science is a critical process that goes beyond the deceptive
appearances of the social world to discover and reveal the real constructs

Abbreviations: SMWWU, sustainable management of wastewater use; IQCA,

inductive qualitative content analysis.
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of the material world and the social world, and in this way by increasing
awareness about the unequal constructs and relations helps to create
changes in relationships and social constructs (Ahmadi et al., 2019).

As it was mentioned, the present study attempted to employ the
principles of ontology of the critical theory paradigm, by careful study
of the existing documents and use the opinions of subject experts with
a systematic analysis to investigate SMWWU. Thus, this study answers
the following questions.

- What is the form and nature of SMWWU reality and what should
be known about it? (Ontology).

- What is the nature of the relationship between the research
subject (SMWWU) and reality (epistemology)? And how to
know the methods related to SMWWU?

- How can this issue be examined and what are methods of coping
up with the crises and problems in SMWWU? (Methodology).

2 Materials and methods

The research is qualitative in terms of research paradigm, applied
in terms of research type and descriptive in terms of research method.
In order to identify the dimensions and components of SMWWU, the
present study applied systematic analysis with inductive qualitative
content analysis (IQCA) method was used. In this method, articles
of the factors affecting SMWWU were first analyzed, and then, in
order to match the identified factors with the existing conditions,
interviews were carried out with the experts of Jihad-e Agriculture
and water and sewerage Company of Tehran Province, Iran. Content
analysis is a method by which specific features of the message are
clearly and exactly identified for scientific inference. In the analysis
of the content of the text, four approaches can be referred. First,
quantitative text analysis is widely used to count the explicit elements
in the text and requires the selection of data using random sampling.
However, qualitative content analysis is extended to discover the
main hidden meanings in the text and normally purposeful text
samples are selected among the texts which are appropriate to answer
the research questions. Content analysis can be performed by
deductive method and answer questions that are extracted from
theories or empirical researches. On the other hand, inductive
content analysis investigates topics and themes in their context and
extracts good conclusions.

Like any other research, in qualitative content analysis, two
concepts of validity and reliability of the research are taken into
consideration. Thus, in the 1980s, Guba and Lincoln utilized the
concept of trustworthiness to replace the validity and reliability of
qualitative research (Akbari, 2018). This concept consists of four
criteria: credibility, transferability, dependability and confirm ability.
Credibility emphasizes sampling until data saturation is reached, long
engagement in the setting, and multidimensionality of data. Validity
refers to activities that increase the probability of obtaining valid
findings. Dependability is the inspection, documentation of data,
methods, and researcher decisions. Confirm ability means parallel
examination of the results and reflexivity, and transferability means a
detailed description of the environment and participants and the
variety of perspectives and experiences of the interviewees (Lotfi et al,
2022). In the present research, the mentioned elements were used to
be ensured of the accuracy and quality of the research as follows.
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- Credibility: The concepts extracted from the citations and
interview questions of the research were examined and verified
by a group of experts from Jihad-e Agriculture and the consulting
company for water treatment projects.

- Dependability: In order to rely on the study findings, the content
of the interviews was recorded and after the interview, it
was transcribed.

- Transferability: Due to the diversity of perspectives and
characteristics of documents and participants, efforts were made
to investigate them with the aid of the research team.

- Confirmability: Various methods such as document review,
interview and interview recording were used to verify the results.

The current study used MAXQDA software to analyze the texts of
articles and interviews. MAXQDA is a highly reliable and powerful
software program that is widely used for qualitative data analysis,
including inductive qualitative content analysis (IQCA) like the one
utilized in this study. MAXQDA allows researchers to systematically
organize, code, and analyze large amounts of qualitative data, such as
scientific articles and expert interviews, in a structured and efficient
manner. It provides a user-friendly interface that facilitates the process
of data management, coding, and interpretation, helping researchers
to identify patterns, themes, and relationships within the data. In the
study, MAXQDA was instrumental in organizing and coding the
collected data from scientific articles and expert interviews, enabling
to conduct a systematic analysis of the components affecting
sustainable management of wastewater use in agriculture. The use of
MAXQDA ensured the rigor and transparency of our analysis by
allowing for a structured and comprehensive approach to data
interpretation. By utilizing MAXQDA, it is possible to generate a
model that clearly outlines the key components influencing sustainable
management of wastewater use, providing valuable insights for
policymakers and stakeholders.

Generally, after reviewing the papers, the participants were
selected based on the purposeful sampling method from among the
related experts and professionals, especially the consulting and
executive companies of water and sewage and the experts of Jihad-e
Agriculture. As in the qualitative part of researches, saturation of
information is more important than the number of individuals or
articles under study, thus the sample size was continued until
theoretical saturation was reached. Indeed, the sampling continued
until the researcher realized by asking questions repeatedly that the
new data did not reveal any new insights. Data analysis was performed
using the qualitative content analysis approach via coding, and finally,
the final model was prepared by summarizing the information
extracted from the articles and interviews.

2.1 Statistical population and sampling
method to identify the components and
dimensions of SMWWU

The first statistical population of this study includes articles
related to SMWWU, which were selected using a purposive sampling
method. Thus, to search for valid international articles from reliable
journals in the fields of agriculture, ecosystem and environment, water
resources research, water management in agriculture, environmental
sciences and sustainable development, keywords water scarcity, water
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recycling, sustainability, wastewater, etc. were identified through
searching in search engines such as Google Scholar and databases
including Scopus, ScienceDirect, and ResearchGate in the relevant
articles. Also, for using local sources and articles (in Farsi) in the
process of content analysis, articles related to the topic were selected
and investigated as foreign sources by searching in databases such as
Magiran, Noormags, SID and Elmnet.

At first, 172 articles were identified via the related title, and then
the articles that had related abstracts and keywords were investigated.
Finally, 68 articles entered the content analysis. The review started
from the most relevant and most cited articles and continued until
theoretical saturation was reached (Table 1).

The second statistical population included the experts of Jihad-e
Agriculture and the consulting and executive companies of water and
sewage projects, who were selected using a purposeful and snowball
method. Also, during the initial interviews, the information needs of
the research were used to properly cover the research themes, diversity
and variability in the conditions of the respondents and the
introduction of previous people as the basis to select the next sample.
So, the sample size was 13 after performing interviews and data
analysis and finally reaching theoretical saturation (Table 2).

3 Results and discussion

After identifying relevant articles and interviewing experts, the
process of data analysis was started Investigations were began based
on the research question “What factors and components affect
SMWWU “ All the extracted factors were reinvestigated to categorize
and classify to separate the main components, factors and variables.
Finally, five main components, “Economic,” “Environmental,’
“contextual,” “Individual” and “Management and Planning” were
extracted, as these factors cover political, social, cultural, religious and
individual characteristics and opinions. Table 3 and Figure 1 show the
extracted components, and the factors and variables of each, as well as
the frequency of different variables in the articles and interviews.

The results of the review of the articles indicated that 495 times
the relevant concepts were mentioned and emphasized in the papers
based on different methods. The highest frequency is related to the
reduction of water scarcity and the protection of surface and
underground resources and the storage of fresh water, which is a
sub-component of the environmental component that is stated in 31
articles. As mentioned in the articles, the survival of part of the
wastewater produced by urban accumulations may mitigate the
pressure on water resources (Bolinches et al., 2022). Also, the reuse
of treated water for irrigation of agricultural products has been
developing in recent decades in areas with severe water scarcity
(Feder, 2021) and the use of treated wastewater has mitigated water
use and enhanced its saving (Galvis et al., 2018). Regarding other
concepts related to the environment, important issues have been
considered, such as: irrigation with wastewater increases soil salinity
(Agrafioti and Diamadopoulos, 2012) and treated wastewater may
contain a high concentration of salts including chlorine, sodium,
and heavy metals which may influence the physical and chemical
characteristics of the soil (Hassena et al., 2021). Also, studies
demonstrated that microbiological contamination can be the main
challenge for the reuse of treated wastewater in agriculture (Gatta
et al, 2015). On the other hand, the possible accumulation of
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TABLE 1 Sources of content analysis in the explanation of factors affecting SMWWU.

No. Journal IF (2021) Publisher h-index Country Subjectarea @ No.of No.of Sources

articles pages

Oron et al. (1999); Rojas-
Valencia et al. (2011);
Agrafioti and Diamadopoulos
(2012); Jang et al. (2012); Sato
et al. (2013); Trinh et al.
(2013); Neji and Turki (2015);
Gatta et al. (2015); Elgallal
etal. (2016); Jeong et al.
(2016, 2020); Galvis et al.

Science, (2018); Libutti et al. (2018);
Agricultural Economics, and Licciardello et al. (2018);
1 Water 6.611 Elsevier 152 Netherlands | Policy of 27 311 Nejatijahromi et al. (2019);
Management Agricultural Water Sathaiah and Chandrasekaran
Management (2020); Deh-Haghi et al.

(2020); Pedrero et al. (2020);
Cakmakeci and Sahin (2021);
Feder (2021); Gao et al.
(2021); Hassena et al. (2021);
Hristov et al. (2021);
Zolfaghary et al. (2021);
Bolinches et al. (2022); Perez-
Mercado et al. (2022); Yu
etal. (2022)

Lucho-Constantino et al.

(2005); Mapanda et al. (2005);

Environmental Palese et al. (2009);
Agriculture,
implications of Chartzoulakis et al. (2010);
Ecosystems
2 & 6.576 Elsevier 200 Netherlands agricultural land 10 103 Segal et al. (2011); Belaid
use and land use et al. (2012); Vivaldi et al.
Environment
change, ... (2013); Christou et al. (2014);
Rodriguez-Liébana et al.
(2014); Orlofsky et al. (2016)
Axelrad and Feinerman
(2010); Genius et al. (2012);
Brown et al. (2015); Cosgrove
Environmental
‘Water and Loucks (2015);
Wiley- Science (Water
3 Resources 6.159 248 United States 10 188 McLaughlin and Kinzelbach
Blackwell Science and
Research (2015); Rahav et al. (2017);
Technology)
Assouline et al. (2020); Bass
et al. (2022); Cai et al. (2002);
Kramer et al. (2022)
Murray and Ray (2010);
Agriculture,
Christou et al. (2017);
Water Biology &
4 13.4 Elsevier 354 Netherlands 5 58 Farhadkhani et al. (2018);
Research Environmental
Caicedo et al. (2019); Tisler
Sciences
etal. (2022)
It covers research
Environmental American in environmental Goldstein et al. (2014);
5 Science & 11.357 Chemical 456 United States | science and 4 33 Malchi et al. (2014); Wu et al.
Technology Society environmental (2014); Fu et al. (2019)

technology

(Continued)
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TABLE 1 (Continued)

No. Journal IF (2021) Publisher h-index Country Subjectarea @ No.of No.of Sources

articles pages

Malek Jafarian and Mohseni
Irrigation and
(2015); Davoodabadi et al.
Journal of Agriculture Risk,
Ferdowsi (2018); Dindarlou and
Water and Sustainability and
6 0.203 ISC University of - Iran 6 56 Dastourani (2018); Tabrizi
Sustainable Resilience Surface i
Mashhad et al. (2018); Zafari-Holoukhi
Development and Groundwater
et al. (2021); Esmaeilian et al.

(2021)

Resources

In the broad fields
of rural research,
including rural
development,
rural tourism,
rural

Journal of participation,
University of
7 Rural - - Iran spatial analysis, 1 14 Ahmadi et al. (2019)
Tehran
Research sustainable rural
development,
rural
management,
rural-urban
linkages and other

related areas.

Agricultural
waste, Animal

manure, Biochar,
International
Compost, Food
Journal of Islamic Azad
waste, Organic
Recycling of University-
8 0.213 ISC 32 Iran waste, Plant 1 28 Tabatabaei et al. (2020)
Organic Isfahan
growth, Soil
Waste in (Khorasgan)
amendment,
Agriculture
Vermicompost,

Wastewater

treatment

Water resources
management,
climate change,
water resources
management in
agriculture and
Journal of Marvdasht
industry, hydraulic
Water Branch,
9 0.267 ISC - Iran and hydraulic 1 10 Hassani et al. (2017)
Resources Islamic Azad
structures,
Engineering University
environmental
studies related to
water resources,
water and

wastewater

engineering

(Continued)
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TABLE 1 (Continued)

IF (2021) Publisher No. of Sources

pages

No. of
articles

No. Journal h-index

Country

Subject area

Climate Change,
GIS, Groundwater,
Hydraulics,
Hydrology,
Hydropolitics,
Meteorology,
Iran-Water Iranian Water Optimization,
Urban Water, 1 14

Water Economy,

Rezaee and Sarrafzadeh

(2017)

10 Resources 0.745 ISC Resources - Iran

Research Association
Watering, Water
Law, Water
Quality, Water,
Resource
Management,

Water Sociology

Geography, Rural
development,
Urban
development,
Regional
geography,
Cartography of 1 18

Geography
11 and

University of
Talebi Somesarayee et al.

(2016)

0.686 ISC Sistan and - Iran

Development Baluchistan Iran and the
Iranian plateau,
Cultural
geography,
Development,

Environmental, ...

Journal of

Urban
12 0.843 ISC
Research and

Islamic Azad
University of - Iran 1 22 Fattahi and Behroozi (2018)

Marvdasht
Planning

Total 68 articles 855

TABLE 2 People interviewed in the IQCA process. emerging pollutants in the human diet when wastewater is used in

agriculture can be the main concern (Wu et al., 2014). Although the

Expertise/responsibility of

: . presence of these materials in the environment and their potential
the interviewee

ecological impacts are generally problematic, their concentration in

Member of the environmental community- ) water sources and other environmental receptors have been little,
based association and many of these pollutants have the potential for short
Technical and executive vice president of . environmental half-lives (Elgallal et al., 2016). In addition, reuse of
Jihad-e Agriculture wastewater enhances soil fertility and increases organic matter and
Soil and water expert N macronutrients such as nitrogen, phosphorus, and potassium; thus,
it limits using chemical fertilizers (Galvis et al., 2018), as this has
Plant breeding expert 1 . . . . . .
economic benefits, besides improving environmental conditions.
Livestock expert 1 Out of 100 categories related to economic issues, 27 articles have
Agricultural extension and education 5 emphasized this issue. For example, it has been stated that the
expert presence of macronutrients in wastewater can lead to a decline in
Agronomy expert 2 the cost of fertilizing agricultural products (Bolinches et al., 2022).
Executive expert of water and sewage In general, by stating that irrigation with recycled wastewater
) 2 increases the content of macro and micro elements in plants and soil
consulting company
(Cakmakci and Sahin, 2021), researchers have referred to the fact
T 1 . . o
otal 3 that this type of water increases productivity due to the supply of
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TABLE 3 Components extracted from concepts along with the frequency of different variables in articles and interviews.

Sustainable

management
of wastewater
use (SMWWU)
Component  Variables Sources Frequency
affecting
SMWWU
In In
articles interviews
Economic Unaffordability of alternative cultivation Interviews 0 1
Education and extension funding for the use of wastewater Interviews 0 1
Economical use of wastewater in agriculture compared to industry Malek Jafarian and Mohseni (2015) 1 0
Decreased willingness to pay for agricultural crops irrigated with Bass et al. (2022) 1 0
wastewater
Reducing water pumping costs to use groundwater resources Galvis et al. (2018); Sathaiah and Chandrasekaran (2020) 2 0
Reducing sewage disposal costs Trinh et al. (2013); Galvis et al. (2018); Libutti et al. (2018); Sathaiah and Chandrasekaran 4 0
(2020)
Water purchase costs Sato et al. (2013); Deh-Haghi et al. (2020); Zafari-Holoukhi et al. (2021) 3 0
Investment for the construction and operation of a refinery or surplus Oron et al. (1999); Elgallal et al. (2016); Galvis et al. (2018); Zafari-Holoukhi et al. (2021); 6 1
treatment Hristov et al. (2021); Bolinches et al. (2022)
Employment Genius et al. (2012); Davoodabadi et al. (2018), Sathaiah and Chandrasekaran (2020); 4 0
Esmaeilian et al. (2021)
Distance between agricultural land, land slope and intermediate Genius et al. (2012); Galvis et al. (2018); Libutti et al. (2018); Hristov et al. (2021); 7 0
infrastructure (roads) Zolfaghary et al. (2021); Bolinches et al. (2022); Yu et al. (2022)
Reducing costs required for fertilizing and providing nutrients Lucho-Constantino et al. (2005); Chartzoulakis et al. (2010); Murray and Ray (2010); Rojas- 27 3
Valencia et al. (2011); Belaid et al. (2012); Jang et al. (2012); Sato et al. (2013); Trinh et al. (2013);
Christou et al. (2014); Rodriguez-Liébana et al. (2014); Cosgrove and Loucks (2015); Gatta et al.
(2015); Elgallal et al. (2016); Rahav et al. (2017); Dindarlou and Dastourani (2018); Galvis et al.
(2018); Libutti et al. (2018); Deh-Haghi et al. (2020); Jeong et al. (2020); Pedrero et al. (2020);
Sathaiah and Chandrasekaran (2020); Cakmakci and Sahin (2021); Feder (2021); Gao et al.
(2021); Zolfaghary et al. (2021); Bolinches et al. (2022); Yu et al. (2022)
Wastewater purchase costs Oron et al. (1999); Galvis et al. (2018); Deh-Haghi et al. (2020); Zafari-Holoukhi et al. 6 2
(2021); Esmaeilian et al. (2021); Hristov et al. (2021)
Installation and maintenance costs Agrafioti and Diamadopoulos (2012); Brown et al. (2015); Davoodabadi et al. (2018); 5 0
Esmaeilian et al. (2021); Hristov et al. (2021)
Costs due to wastewater transfer to farms Galvis et al. (2018); Hristov et al. (2021); Bolinches et al. (2022) 3 0
(Continued)
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TABLE 3 (Continued)

Sustainable

management
of wastewater
use (SMWWU)
Component  Variables Sources Frequency
affecting
SMWWU
In In
articles interviews
Wastewater fees and tariffs Malek Jafarian and Mohseni (2015); Zafari-Holoukhi et al. (2021) 2 0
Reduction of crop yield, plant growth and degradation Segal et al. (2011); Elgallal et al. (2016); Jeong et al. (2020); Pedrero et al. (2020) 4 0
Increase performance and product improvement Murray and Ray (2010); Segal et al. (2011); Rojas-Valencia et al. (2011); Gatta et al. (2015); 16 1
Elgallal et al. (2016); Davoodabadi et al. (2018); Farhadkhani et al. (2018); Libutti et al.
(2018); Pedrero et al. (2020); Sathaiah and Chandrasekaran (2020); Cakmakci and Sahin
(2021); Feder (2021); Gao et al. (2021); Hristov et al. (2021); Zolfaghary et al. (2021); Yu
etal. (2022)
Decrease in economic performance Gao et al. (2021) 1 0
Farmer’s profit - improvement of economic conditions (agricultural Axelrad and Feinerman (2010); Sato et al. (2013); Neji and Turki (2015); Sathaiah and 7 3
profitability) Chandrasekaran (2020), Hristov et al. (2021); Kramer et al. (2022); Yu et al. (2022)
Income level of countries/farmers, etc. Genius et al. (2012) 1 0
Individual Individual Level of education Genius et al. (2012); Tabrizi et al. (2018); Deh-Haghi et al. (2020); Bass et al. (2022) 3 2
characteristics
Age 4 2
Number of family members Tabrizi et al. (2018) 1 0
Experience 1 0
Individual opinions = Willingness and interest in using wastewater Rojas-Valencia et al. (2011); Neji and Turki (2015); Brown et al. (2015); Jeong et al. (2016); 11 0
Tabrizi et al. (2018); Ahmadi et al. (2019); Deh-Haghi et al. (2020); Esmaeilian et al.
(2021); Zolfaghary et al. (2021); Bass et al. (2022); Bolinches et al. (2022)
Attitude and mentality Tabrizi et al. (2018) 1 0
People’s knowledge and awareness of the consequences of using Talebi Somesarayee et al. (2016); Fattahi and Behroozi (2018); Rezaee and Sarrafzadeh 7 1
wastewater (2017); Tabrizi et al. (2018); Ahmadi et al. (2019); Deh-Haghi et al. (2020); Bass et al.
(2022)
Farmers’ understanding of the water scarcity crisis and the use of Cosgrove and Loucks (2015); Talebi Somesarayee et al. (2016); Deh-Haghi et al. (2020) 3 0
wastewater
Farmers’ satisfaction with the quality and quantity of wastewater and Neji and Turki (2015); Murray and Ray (2010); Ahmadi et al. (2019) 3 1
government support
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TABLE 3 (Continued)

Sustainable

management
of wastewater
use (SMWWU)
Component | Variables Sources Frequency
affecting
SMWWU
In In
articles interviews
Environmental Reducing soil degradation Interviews 0 1
Use of untreated wastewater and health, environmental and sanitation Palese et al. (2009); Vivaldi et al. (2013); Trinh et al. (2013); Jeong et al. (2016); Galvis et al. 7 3
risks (2018); Esmaeilian et al. (2021); Yu et al. (2022)
Reducing discharge (sewage) and contamination of receiving water Jang et al. (2012); Trinh et al. (2013); Wu et al. (2014); Cosgrove and Loucks (2015); Galvis 6 0
sources et al. (2018); Sathaiah and Chandrasekaran (2020)
Emerging pollutants Wu et al. (2014); Elgallal et al. (2016); Pedrero et al. (2020) 3 0
Access to water throughout the year and during drought Murray and Ray (2010); Sato et al. (2013); Christou et al. (2014); Rodriguez-Liébana et al. 8 1
(2014); Elgallal et al. (2016); Davoodabadi et al. (2018); Jeong et al. (2020); Esmaeilian
etal. (2021)
Persistence of pesticides on the soil surface Rodriguez-Liébana et al. (2014) 1 0
Reducing the use of chemical fertilizers and improving the soil, elements Segal et al. (2011); Agrafioti and Diamadopoulos (2012); Jang et al. (2012); Trinh et al. 13 0
and transfer to groundwater (2013); Davoodabadi et al. (2018); Farhadkhani et al. (2018); Galvis et al. (2018); Fu et al.
(2019); Sathaiah and Chandrasekaran (2020); Gao et al. (2021); Hassena et al. (2021);
Zolfaghary et al. (2021); Bass et al. (2022)
air pollution (odor) Genius et al. (2012); Sathaiah and Chandrasekaran (2020) 2 3
Pollution of soil sources, salinity, PH, heavy metals and microbes Lucho-Constantino et al. (2005); Mapanda et al. (2005); Agrafioti and Diamadopoulos 26 7
(2012); Genius et al. (2012); Vivaldi et al. (2013); Rodriguez-Liébana et al. (2014); Wu et al.
(2014); Gatta et al. (2015); Elgallal et al. (2016); Rahav et al. (2017); Davoodabadi et al.
(2018); Farhadkhani et al. (2018); Libutti et al. (2018); Fu et al. (2019); Nejatijahromi et al.
(2019); Assouline et al. (2020); Pedrero et al. (2020); Sathaiah and Chandrasekaran (2020);
Tabatabaei et al. (2020); Cakmakci and Sahin (2021); Feder (2021); Hassena et al. (2021);
Gao et al. (2021); Zolfaghary et al. (2021); Kramer et al. (2022); Yu et al. (2022)
Pollution of water sources (surface and groundwater, aquatic mortality, Lucho-Constantino et al. (2005); Segal et al. (2011); Elgallal et al. (2016); Nejatijahromi 6 0
etc.) etal. (2019); Deh-Haghi et al. (2020); Esmaeilian et al. (2021)
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TABLE 3 (Continued)

Sustainable

management
of wastewater
use (SMWWU)
Component | Variables Sources Frequency
affecting
SMWWU
In In
articles interviews
Reduction of water shortage, protection of surface and groundwater Oron et al. (1999); Palese et al. (2009); Murray and Ray (2010); Segal et al. (2011); 31 6
resources and storage of fresh water Agrafioti and Diamadopoulos (2012); Jang et al. (2012); Trinh et al. (2013); Christou et al.
(2014); Rodriguez-Liébana et al. (2014); Wu et al. (2014); Cosgrove and Loucks (2015);
Gatta et al. (2015); Jeong et al. (2016, 2020); Orlofsky et al. (2016); Rahav et al. (2017);
Rezaee and Sarrafzadeh (2017); Davoodabadi et al. (2018); Farhadkhani et al. (2018);
Galvis et al. (2018); Libutti et al. (2018); Fu et al. (2019); Deh-Haghi et al. (2020); Sathaiah
and Chandrasekaran (2020); Cakmakci and Sahin (2021); Feder (2021); Gao et al. (2021);
Hristov et al. (2021); Bass et al. (2022); Bolinches et al. (2022); Kramer et al. (2022)
Possible general risks for human health and the environment Oron et al. (1999); Lucho-Constantino et al. (2005); Mapanda et al. (2005); Palese et al. 20 1
(2009); Agrafioti and Diamadopoulos (2012); Vivaldi et al. (2013); Christou et al. (2014,
2017); Elgallal et al. (2016); Caicedo et al. (2019); Fu et al. (2019); Deh-Haghi et al. (2020);
Pedrero et al. (2020); Sathaiah and Chandrasekaran (2020); Tabatabaei et al. (2020);
Esmaeilian et al. (2021); Gao et al. (2021); Zolfaghary et al. (2021); Tisler et al. (2022); Yu
etal. (2022)
Possible health risks for consumers of products Lucho-Constantino et al. (2005); Belaid et al. (2012); Malchi et al. (2014); Wu et al. (2014); 13 2
Neji and Turki (2015); Orlofsky et al. (2016); Christou et al. (2017); Davoodabadi et al.
(2018); Libutti et al. (2018); Caicedo et al. (2019); Fu et al. (2019); Nejatijahromi et al.
(2019); Yu et al. (2022)
Contextual Political Place of life Cai et al. (2002); Murray and Ray (2010); Sato et al. (2013); Neji and Turki (2015); Deh- 7 0
Haghi et al. (2020); Bass et al. (2022); Tisler et al. (2022)
Size, population and location of cities Oron et al. (1999); Malek Jafarian and Mohseni (2015) 2 0
Social Increasing social capital and increasing participation of farmers in Water Tabrizi et al. (2018); Zolfaghary et al. (2021) 2 0
management
Trust and social cohesion Rezaee and Sarrafzadeh (2017); Tabrizi et al. (2018) 2 1
Cultural and Educating about wastewater Interviews 0 1
religious
Development of communities and cultural development in agriculture Oron et al. (1999); Agrafioti and Diamadopoulos (2012); Sato et al. (2013); Trinh et al. 5 0
(2013); Elgallal et al. (2016)
(Continued)
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TABLE 3 (Continued)

Sustainable

management
of wastewater
use (SMWWU)
Component | Variables Sources Frequency
affecting
SMWWU
In In
articles | interviews
Culture and religion of countries Cosgrove and Loucks (2015); Bass et al. (2022) 2 0
Management Management and planning in crisis conditions Interviews Interviews Interviews
and planning
Applying fines based on the quality parameters of certain subscribers Zafari-Holoukhi et al. (2021) 1 0
Using local leaders and their recommendations Tabrizi et al. (2018) 1 0
Justice in water efficiency and (distribution of) wastewater Cai et al. (2002); Murray and Ray (2010); Sathaiah and Chandrasekaran (2020) 3 0
No need to have special skills to treat or use wastewater Chartzoulakis et al. (2010); Licciardello et al. (2018) 2 0
Use of sustainable methods (use of arbuscular mycorrhizal fungi) Hassena et al. (2021) 1 0
Cooperation between different sectors, including farmers and Oron et al. (1999) 1 4
municipalities, etc.
Cooperation between people Interviews 0 1
Soil filter action (preventing the transfer of pollution to deeper layers) Oron et al. (1999); Mapanda et al. (2005); Palese et al. (2009); Vivaldi et al. (2013) 4 0
Knowledge and management and the effect of depth, quality, drainage, Malchi et al. (2014); Neji and Turki (2015); Elgallal et al. (2016); Fu et al. (2019); 5 0
moisture and agricultural soil Zolfaghary et al. (2021)
Knowledge and management and the effect of choosing the type of soil Mapanda et al. (2005); Goldstein et al. (2014); Elgallal et al. (2016); Dindarlou and 10 0
(clay, sand, sand, etc.) Dastourani (2018); Davoodabadi et al. (2018); Assouline et al. (2020); Feder (2021); Gao
et al. (2021); Perez-Mercado et al. (2022); Yu et al. (2022)
Elimination of long-term unsustainable over-abstraction of groundwater McLaughlin and Kinzelbach (2015) 1 0
Considering the used part of the plant and the physical and chemical Goldstein et al. (2014); Malchi et al. (2014); Wu et al. (2014); Elgallal et al. (2016); Christou 6 2
properties of the plant etal. (2017); Licciardello et al. (2018)
Management in the selection of crops and types of crops for irrigation with | Cai et al. (2002); Lucho-Constantino et al. (2005); Murray and Ray (2010); Agrafioti and 26 7
wastewater Diamadopoulos (2012); Belaid et al. (2012); Genius et al. (2012); Sato et al. (2013); Christou et al.
(2014); Wu et al. (2014); Neji and Turki (2015); Cosgrove and Loucks (2015); Gatta et al. (2015);
Elgallal et al. (2016); Dindarlou and Dastourani (2018); Davoodabadi et al. (2018); Farhadkhani
etal. (2018); Fu et al. (2019); Deh-Haghi et al. (2020); Pedrero et al. (2020); Sathaiah and
Chandrasekaran (2020); Feder (2021); Gao et al. (2021); Hassena et al. (2021); Zolfaghary et al.
(2021); Bolinches et al. (2022); Yu et al. (2022)
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TABLE 3 (Continued)

Sustainable

management
of wastewater
use (SMWWU)
Component  Variables Sources Frequency
affecting
SMWWU
In In
articles interviews
Management of water addition (mixing with clean water) and washing and | Elgallal et al. (2016); Assouline et al. (2020); Jeong et al. (2020); Feder (2021); Gao et al. 6 3
amount of incoming effluent (2021); Perez-Mercado et al. (2022)
Management of the irrigation period and the time between irrigations and | Palese et al. (2009); Chartzoulakis et al. (2010); Belaid et al. (2012); Gatta et al. (2015); 9 0
the amount of irrigation Elgallal et al. (2016); Orlofsky et al. (2016); Farhadkhani et al. (2018); Assouline et al.
(2020); Hassena et al. (2021)
Management of the distance between the last irrigation and the harvest Oron et al. (1999); Vivaldi et al. (2013); Farhadkhani et al. (2018); Pedrero et al. (2020); 5 0
and use of the product Perez-Mercado et al. (2022)
Environmental and climatic conditions (temperature, humidity, etc.) Sato et al. (2013); Trinh et al. (2013); Goldstein et al. (2014); Gatta et al. (2015); Elgallal 17 0
etal. (2016); Jeong et al. (2016); Dindarlou and Dastourani (2018); Davoodabadi et al.
(2018); Farhadkhani et al. (2018); Pedrero et al. (2020); Feder (2021); Gao et al. (2021);
Hassena et al. (2021); Hristov et al. (2021); Zolfaghary et al. (2021); Perez-Mercado et al.
(2022); Yu et al. (2022)
Management at the treatment site (urban and rural) Agrafioti and Diamadopoulos (2012) 1 0
Management of public access to the site (agricultural land) Agrafioti and Diamadopoulos (2012) 1 0
Management in the type of irrigation (drip, irrigation, subsurface), design Oron et al. (1999); Cai et al. (2002); Palese et al. (2009); Agrafioti and Diamadopoulos 20 4
and technology (2012); Genius et al. (2012); Christou et al. (2014); Cosgrove and Loucks (2015); Gatta
etal. (2015); Elgallal et al. (2016); Jeong et al. (2016); Dindarlou and Dastourani (2018);
Farhadkhani et al. (2018); Libutti et al. (2018); Assouline et al. (2020); Deh-Haghi et al.
(2020); Sathaiah and Chandrasekaran (2020); Tabatabaei et al. (2020); Gao et al. (2021);
Bolinches et al. (2022); Perez-Mercado et al. (2022)
Management in the way of using wastewater (periodic - full replacement) Interviews 0 1
Using new, useful and advanced health methods in purification and Palese et al. (2009); Rojas-Valencia et al. (2011); Christou et al. (2014); Cosgrove and 9 0
technology Loucks (2015); McLaughlin and Kinzelbach (2015); Elgallal et al. (2016); Bass et al. (2022);
Bolinches et al. (2022); Yu et al. (2022)
Management in the type of purification (degree and amount, quality and Agrafioti and Diamadopoulos (2012); Vivaldi et al. (2013); Goldstein et al. (2014); Gatta et al. 11 1
materials, system and method) (2015); Jeong et al. (2016); Dindarlou and Dastourani (2018); Licciardello et al. (2018); Caicedo
etal. (2019); Hassena et al. (2021); Zolfaghary et al. (2021); Bolinches et al. (2022)
Management and control of soil pH, amount of organic matter and soil Elgallal et al. (2016); Pedrero et al. (2020) 2 1

modification and salinity
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TABLE 3 (Continued)

Sustainable

management
of wastewater
use (SMWWU)

Component
affecting
SMWWU

Variables

Sources

In

articles

Frequency

]

interviews

International policies and creating a legal framework on wastewater Lucho-Constantino et al. (2005); Palese et al. (2009); Axelrad and Feinerman (2010); 15 4
quality (guidelines) Chartzoulakis et al. (2010); Murray and Ray (2010); Vivaldi et al. (2013); Sato et al. (2013); Gatta
etal. (2015); Dindarlou and Dastourani (2018); Galvis et al. (2018); Licciardello et al. (2018);
Tabatabaei et al. (2020); Hristov et al. (2021); Zolfaghary et al. (2021); Bolinches et al. (2022)
Monitoring and management in the use of wastewater (quality and health Palese et al. (2009); Agrafioti and Diamadopoulos (2012); Christou et al. (2014); Gatta 5 5
parameters) et al. (2015); Pedrero et al. (2020)
Management of treated wastewater (no transfer to the sea, canal, etc.) Agrafioti and Diamadopoulos (2012) 1 0
Using wastewater in wet areas to improve performance Sato et al. (2013); Feder (2021) 2 0
Creating policies and programs in sustainable water and wastewater Lucho-Constantino et al. (2005); Rojas-Valencia et al. (2011); Brown et al. (2015); 8 3
management and pollution prevention Cosgrove and Loucks (2015); McLaughlin and Kinzelbach (2015); Davoodabadi et al.
(2018); Ahmadi et al. (2019); Bass et al. (2022)
Management with different methods (subsurface use of sewage, etc.) Cakmakci and Sahin (2021); Feder (2021) 2 0
Incentives and policies regarding the use of wastewater and encouraging Axelrad and Feinerman (2010); Jeong et al. (2016); Fattahi and Behroozi (2018); Deh- 6 2
farmers Haghi et al. (2020); Esmaeilian et al. (2021); Hristov et al. (2021)
Available information and data regarding the amount of purification Sato et al. (2013) 1 2
Participation of stakeholders in decision-making and implementation of Genius et al. (2012); Neji and Turki (2015); Brown et al. (2015); Cosgrove and Loucks 8 0
programs and interactive management (2015); Talebi Somesarayee et al. (2016); Hassani et al. (2017); Rezaee and Sarrafzadeh
(2017); Tabrizi et al. (2018)
Education and Dissemination of information Genius et al. (2012); Tabrizi et al. (2018) 2 0
extension
Holding education and extension classes, managing and investigating Cosgrove and Loucks (2015); Tabrizi et al. (2018) 2 1
problems and consulting
Continuous meeting of farmers benefiting from wastewater with change Tabrizi et al. (2018) 1 1
agents and experts
Training farmers about sustainable agriculture Rojas-Valencia et al. (2011); McLaughlin and Kinzelbach (2015) 2 0
Educating citizens about the use of products produced with sewage Murray and Ray (2010); Rojas-Valencia et al. (2011); Bass et al. (2022) 3 1
Providing training to farmers regarding the use of wastewater Murray and Ray (2010); Fattahi and Behroozi (2018); Deh-Haghi et al. (2020) 3 2
Extension of sustainable agricultural methods using effluents and Fattahi and Behroozi (2018); Bass et al. (2022) 2 0
emphasis on benefits
Total 495 90
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Content analysis model of factors affecting SMWWU.
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Management and
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nutrients for plant growth (Deh-Haghi et al., 2020). In fact, besides
increasing available water causes farmers to switch from dry farming
activities to irrigated farming (Hristov et al., 2021), wastewater can
increase yield as much as or more than the combination of potable
water and chemical fertilizers (Murray and Ray, 2010) in which 16
articles have referred to the increase in product yield. It is worth to
mention that water scarcity is not the main reason to use sewage in
most cases. For example, farmers in Latin America use wastewater
because it provides a low-cost source of plant nutrients (Sato et al.,
2013). On the other hand, despite the availability of water for the
plant and the fertility of the soil by using recycled wastewater, the
growth conditions of the plant can be affected positively, but the
excess amounts of these mineral materials as well as other salts can
have a negative impact on plant growth (Segal et al, 2011).
Therefore, the necessity for basic management and planning in the
use of wastewater in the agricultural sector is obvious, and in this
research, the repetitions of concepts in the management and
planning component is 190 times, which ranks first in terms of
importance among other components. The most important concept
of this topic is related to the management in the selection of the crop
and the type of cultivation to irrigate with wastewater, the necessity
of this issue has been discussed in 26 articles, and then the necessity
of management in the type of irrigation (drip, surface, subsurface)
and the design and technology of irrigation systems of farms have
also been mentioned in 20 articles. Besides, in 17 articles,
environmental and climatic conditions (temperature and humidity,
amount of ultraviolet radiation, humidity and rainfall) have been
considered by the researchers. In addition to management debates,
concepts related to individual characteristics and opinions
(individual component) have been emphasized in 34 researches,
political, social, cultural and religious factors (contextual
component) in 20 studies and extension and education concepts in
15 studies.
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Just like the emphasis of the articles on the concepts of management
and planning component, in the interviews, the concepts of this issue
have been emphasized mostly. Indeed, in the interviews, there were 41
concepts related to this component. Then, the environmental,
economic and the individual component have been mentioned and the
only difference is in changing the position of the contextual and
education component. By repeating the contextual component 20
times, the articles have given much emphasis before the educational
component with 15 repetitions, but in the interviews conducted, the
empbhasis has been placed on extension and educational issues.

Finally, in the analysis of SMWWTU, it is necessary to highlights
the significance of utilizing treated wastewater in agriculture to
address water scarcity issues, enhance soil fertility, and reduce reliance
on chemical fertilizers. These benefits not only have environmental
implications by conserving water resources and improving soil health
but also offer economic advantages by potentially decreasing the costs
associated with fertilization.

Furthermore, the discussion emphasizes the importance of proper
management and planning in implementing wastewater reuse
practices in agriculture. By selecting appropriate crops, irrigation
methods, and considering environmental and climatic conditions, the
potential risks associated with using treated wastewater can
be effectively mitigated. This underscores the critical role of strategic
decision-making and efficient resource allocation in ensuring the
sustainability of wastewater use in agriculture.

Additionally, the discussion touches upon the individual,
contextual, and educational components in relation to wastewater
management. Understanding the personal characteristics, social
factors, and cultural influences involved in adopting sustainable
practices is crucial for successful implementation. Moreover,
emphasizing extension and education can play a vital role in raising
awareness, fostering behavioral change, and promoting best practices
among stakeholders in the agricultural sector.
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4 Conclusion

Since the anthropogenic actions and behaviors have caused
problems in the field of SMWWTU, and the measures taken to solve
these problems have not been effective so far, dealing with the current
challenges via the critical theory due to its critical view on issues and
also examining and comparing the paths that have been employed so
far to improve the conditions can make us reflect more on the current
issues and the previous paths and achieve more effective solutions.
Accordingly, in this paper, based on an approach in the form of critical
theory paradigm, this issue was emphasized. As it was mentioned, and
based on IQCA findings, the influencing factors on SMWWU were
presented in the form of a model (Figure 1). Thus, the complexity of
the issues in this field challenges different experts around the world to
be able to create behavioral and structural changes among different
stakeholders and decision makers. This research was performed using
the IQCA method. Indeed, this topic can be examined with opposite
quantitative, qualitative or mixed methods from the perspective of
different scientific fields. It is worth to mention that the search for
articles in this paper was in English and Farsi. To solve this limitation,
in the future research, we can search the topic and factors affecting
SMWWU from the results of other local researches. Also, besides
articles and interviews with key experts, other upstream documents,
laws and regulations, existing customs, norms and beliefs of people can
be examined in the form of different research methods. However, as
the present study is based on various previous researches, its results can
be used in providing a comprehensive scientific insight for other
researchers. The important point in the mentioned model is more
emphasis on extension and educational issues. Hence, it is necessary to
emphasize more education about the use of wastewater in agriculture.
Because, as the results indicated, the most important step to raise
awareness and stabilize the management and use of wastewater in
agriculture is proper education. Now, various trainings are given to
farmers in the government organizations of Jihad-e Agriculture, in
accordance with different factors, such as: cultivation of gardens, family
farms, dominant crops (wheat, barley, corn, and canola), etc., as well as
skill classes, such as growing mushrooms and using unconventional
water. In addition, it is required to prepare education and extension
classes about heavy metals from wastewater. In fact, in addition to the
quantity and quality of education, effective communication between
farmers and change agents should be developed.

References

Agrafioti, E., and Diamadopoulos, E. (2012). A strategic plan for reuse of treated
municipal wastewater for crop irrigation on the island of Crete. Agric. Water Manag.
105, 57-64. doi: 10.1016/j.agwat.2012.01.002

Ahmadi, L., and Merkley, G. P. (2009). Planning and management modeling for treated
wastewater usage. I All Graduate Theses and Dissertations, 1209. doi: 10.26076/088c-e973

Ahmadji, P, Rahimian, M., and Ghanbari Movahed, R. (2019). Attitudes of villagers in
Khorramabad County toward consumption of farming products irrigated with purified
wastewater. J. Rural Res. 9, 676-689. (In Persian). doi: 10.22059/JRUR.2018.243127.1173

Akbari, M. (2018). Validation and quality assessment in QUAN, QUAL, and mixed
method research. Methodol. Soc. Sci. Humanit. 24, 23-45. (In Persian). doi: 10.30471/
mssh.2018.1448

Assouline, S., Kamai, T, Simiinek, J., Narkis, K., and Silber, A. (2020). Mitigating the impact
of irrigation with effluent water: mixing with freshwater and/or adjusting irrigation
management and design. Water Resour. Res. 56:¢2020WR027781. doi: 10.1029/2020WR027781

Axelrad, G., and Feinerman, E. (2010). Allocation of treated wastewater among
competitive farmers under asymmetric information. Water Resour. Res. 46, 1-9. doi:
10.1029/2008 WR007687

Frontiers in Sustainable Food Systems

10.3389/fsufs.2024.1409293

Author contributions

MG: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Resources, Software, Writing — original
draft. AN: Conceptualization, Methodology, Project administration,
Supervision, Validation, Visualization, Writing - review & editing.
MB: Conceptualization, Methodology, Project administration,
Supervision, Validation, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

Part of the cost of this research has been provided by University
of Zanjan, thereby appreciating the relevant officials. Also, the authors
are thankful of all the respondents who played a valuable role in the
success of this research by providing information and dedicating their
precious time.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The reviewer MS declared a past co-authorship with the author
MB to the handling editor.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Bass, D., McFadden, B., Costanigro, M., and Messer, K. (2022). Implicit and explicit
biases for recycled water and tap water. Water Resour. Res. 58:e2021WR030712. doi:
10.1029/2021WR030712

Belaid, N., Neel, C., Lenain, J.-E, Buzier, R, Kallel, M., Ayoub, T., et al. (2012).
Assessment of metal accumulation in calcareous soil and forage crops subjected to long-
term irrigation using treated wastewater: case of El Hajeb-Sfax, Tunisia. Agric. Ecosyst.
Environ. 158, 83-93. doi: 10.1016/j.agee.2012.06.002

Bolinches, A., Blanco-Gutiérrez, I., Zubelzu, S., Esteve, P., and Gémez-Ramos, A.
(2022). A method for the prioritization of water reuse projects in agriculture irrigation.
Agric. Water Manag. 263:107435. doi: 10.1016/j.agwat.2021.107435

Brown, C. M., Lund, J. R,, Cai, X,, Reed, P. M., Zagona, E. A,, Ostfeld, A., et al. (2015).
The future of water resources systems analysis: toward a scientific framework for

sustainable water management. Water Resour. Res. 51, 6110-6124. doi:
10.1002/2015WR017114

Cai, X., McKinney, D. C,, and Lasdon, L. S. (2002). A framework for sustainability
analysis in water resources management and application to the Syr Darya Basin. Water
Resour. Res. 38:21-21-21-14. doi: 10.1029/2001WR000214

frontiersin.org


https://doi.org/10.3389/fsufs.2024.1409293
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.1016/j.agwat.2012.01.002
https://doi.org/10.26076/088c-e973
https://doi.org/10.22059/JRUR.2018.243127.1173
https://doi.org/10.30471/mssh.2018.1448
https://doi.org/10.30471/mssh.2018.1448
https://doi.org/10.1029/2020WR027781
https://doi.org/10.1029/2008WR007687
https://doi.org/10.1029/2021WR030712
https://doi.org/10.1016/j.agee.2012.06.002
https://doi.org/10.1016/j.agwat.2021.107435
https://doi.org/10.1002/2015WR017114
https://doi.org/10.1029/2001WR000214

Ghanbari et al.

Caicedo, C., Rosenwinkel, K.-H., Exner, M., Verstraete, W., Suchenwirth, R.,
Hartemann, P, et al. (2019). Legionella occurrence in municipal and industrial
wastewater treatment plants and risks of reclaimed wastewater reuse. Water Res. 149,
21-34. doi: 10.1016/j.watres.2018.10.080

Cakmakei, T., and Sahin, U. (2021). Improving silage maize productivity using
recycled wastewater under different irrigation methods. Agric. Water Manag.
255:107051. doi: 10.1016/j.agwat.2021.107051

Chartzoulakis, K., Psarras, G., Moutsopoulou, M., and Stefanoudaki, E. (2010).
Application of olive mill wastewater to a Cretan olive orchard: effects on soil properties,
plant performance and the environment. Agric. Ecosyst. Environ. 138, 293-298. doi:
10.1016/j.agee.2010.05.014

Christou, A., Karaolia, P., Hapeshi, E., Michael, C., and Fatta-Kassinos, D. (2017).
Long-term wastewater irrigation of vegetables in real agricultural systems:
concentration of pharmaceuticals in soil, uptake and bioaccumulation in tomato fruits
and human health risk assessment. Water Res. 109, 24-34. doi: 10.1016/j.
watres.2016.11.033

Christou, A., Maratheftis, G., Eliadou, E., Michael, C., Hapeshi, E., and
Fatta-Kassinos, D. (2014). Impact assessment of the reuse of two discrete treated
wastewaters for the irrigation of tomato crop on the soil geochemical properties, fruit
safety and crop productivity. Agric. Ecosyst. Environ. 192, 105-114. doi: 10.1016/j.
agee.2014.04.007

Cosgrove, W. ], and Loucks, D. P. (2015). Water management: current and future
challenges and research directions. Water Resour. Res. 51, 4823-4839. doi:
10.1002/2014WR016869

Davoodabadi, M., Sajadifar, S., Ghane, A., and Shalpoush, S. (2018). Wastewater
circular economy approach in sustainable development. J. Water Sustain. Dev. 4, 1-12.
(In Persian). doi: 10.22067/jwsd.v4il.1.65197

Deh-Haghi, Z., Bagheri, A., Fotourehchi, Z., and Damalas, C. A. (2020). Farmers’
acceptance and willingness to pay for using treated wastewater in crop irrigation: A
survey in western Iran. Agric. Water Manag. 239:106262. doi: 10.1016/j.
agwat.2020.106262

Dindarlou, A., and Dastourani, M. (2018). Investigation of the efficiency of sewage
treatment using activated sludge method to supply water for reuse in agricultural
irrigation (case study: Kermanshah sewage treatment plant). . Water Sustain. Dev. 4,
31-40. (In Persian). doi: 10.22067/jwsd.v4i2.61986

Elgallal, M., Fletcher, L., and Evans, B. (2016). Assessment of potential risks associated
with chemicals in wastewater used for irrigation in arid and semiarid zones: A review.
Agric. Water Manag. 177, 419-431. doi: 10.1016/j.agwat.2016.08.027

Esmaeilian, H., Tafazzoli, S. M., Rajabzadeh, N., and Azarmy, S. A. G. Z. (2021).
Presenting a joint model of wastewater management in Mashhad (implementation of
part of wastewater treatment and water supply projects in Mashhad in exchange for the
transfer of wastewater). J. Water Sustain. Dev. 8, 63-70. (In Persian). doi: 10.22067/jwsd.
v8i2.1003

Farhadkhani, M., Nikaeen, M.,  Yadegarfar, G., Hatamzadeh, M,
Pourmohammadbagher, H., Sahbaei, Z., et al. (2018). Effects of irrigation with secondary
treated wastewater on physicochemical and microbial properties of soil and produce
safety in a semi-arid area. Water Res. 144, 356-364. doi: 10.1016/j.watres.2018.07.047

Fattahi, M. H., and Behroozi, M. (2018). Water governance management model
application in urban wastewater usage planning by farmers. Res. Urban Plann., 8,
299-320. (In Persian). 20.1001.1.22285229.1396.8.31.15.3

Feder, E (2021). Irrigation with treated wastewater in humid regions: effects on
nitisols, sugarcane yield and quality. Agric. Water Manag. 247:106733. doi: 10.1016/j.
agwat.2020.106733

Fu, Q., Malchi, T, Carter, L. J., Li, H., Gan, J., and Chefetz, B. (2019). Pharmaceutical
and personal care products: from wastewater treatment into agro-food systems. Environ.
Sci. Technol. 53, 14083-14090. doi: 10.1021/acs.est.9b06206

Galvis, A., Jaramillo, M., Van der Steen, P, and Gijzen, H. (2018). Financial aspects of
reclaimed wastewater irrigation in three sugarcane production areas in the upper Cauca
river basin, Colombia. Agric. Water Manag. 209, 102-110. doi: 10.1016/j.
agwat.2018.07.019

Gao, Y, Shao, G., Wu, S., Xiaojun, W,, L, J., and Cui, J. (2021). Changes in soil salinity
under treated wastewater irrigation: A meta-analysis. Agric. Water Manag. 255:106986.
doi: 10.1016/j.agwat.2021.106986

Gatta, G., Libutti, A., Gagliardi, A., Beneduce, L., Brusetti, L., Borruso, L., et al. (2015).
Treated agro-industrial wastewater irrigation of tomato crop: effects on qualitative/
quantitative characteristics of production and microbiological properties of the soil.
Agric. Water Manag. 149, 33-43. doi: 10.1016/j.agwat.2014.10.016

Genius, M., Menegaki, A. N., and Tsagarakis, K. P. (2012). Assessing preferences for
wastewater treatment in a rural area using choice experiments. Water Resour. Res.
48:W04501. doi: 10.1029/2011WR010727

Goldstein, M., Shenker, M., and Chefetz, B. (2014). Insights into the uptake processes
of wastewater-borne pharmaceuticals by vegetables. Environ. Sci. Technol. 48,
5593-5600. doi: 10.1021/es5008615

Hassani, N., Yadollahi, P., and Asghar Mortazavi, A. (2017). Farmers' perception of
the seriousness of the declining groundwater volume and their reactions to mitigation
of its undesirable outcomes (case study: the Hamedan-Bahar plain). Water Resour. Eng.
10, 1-10. (In Persian). 20.1001.1.20086377.1396.10.34.1.1

Frontiers in Sustainable Food Systems

16

10.3389/fsufs.2024.1409293

Hassena, A. B., Zouari, M., Trabelsi, L., Decou, R., Amar, F. B., Chaari, A., et al. (2021).
Potential effects of arbuscular mycorrhizal fungi in mitigating the salinity of treated
wastewater in young olive plants (Olea europaea L. cv. Chetoui). Agric. Water Manag.
245:106635. doi: 10.1016/j.agwat.2020.106635

Hristov, J., Barreiro-Hurle, J., Salputra, G., Blanco, M., and Witzke, P. (2021). Reuse of
treated water in European agriculture: potential to address water scarcity under climate
change. Agric. Water Manag. 251:106872. doi: 10.1016/j.agwat.2021.106872

Jang, T., Kim, H., Seong, C., Lee, E., and Park, S. (2012). Assessing nutrient losses of
reclaimed wastewater irrigation in paddy fields for sustainable agriculture. Agric. Water
Manag. 104, 235-243. doi: 10.1016/j.agwat.2011.12.022

Jeong, H., Bhattarai, R., Adamowski, J., and David, J. Y. (2020). Insights from socio-
hydrological modeling to design sustainable wastewater reuse strategies for agriculture
at the watershed scale. Agric. Water Manag. 231:105983. doi: 10.1016/j.
agwat.2019.105983

Jeong, H., Kim, H., Jang, T., and Park, S. (2016). Assessing the effects of indirect
wastewater reuse on paddy irrigation in the Osan River watershed in Korea using the
SWAT model. Agric. Water Manag. 163, 393-402. doi: 10.1016/j.agwat.2015.08.018

Kramer, I., Bayer, Y., and Mau, Y. (2022). The sustainability of treated wastewater
irrigation: the impact of hysteresis on saturated soil hydraulic conductivity. Water
Resour. Res. 58:¢2021WR031307. doi: 10.1029/2021WR031307

Libutti, A., Gatta, G., Gagliardi, A., Vergine, P, Pollice, A., Beneduce, L., et al. (2018).
Agro-industrial wastewater reuse for irrigation of a vegetable crop succession under
Mediterranean conditions. Agric. Water Manag. 196, 1-14. doi: 10.1016/j.
agwat.2017.10.015

Licciardello, E, Milani, M., Consoli, S., Pappalardo, N., Barbagallo, S., and Cirelli, G.
(2018). Wastewater tertiary treatment options to match reuse standards in agriculture.
Agric. Water Manag. 210, 232-242. doi: 10.1016/j.agwat.2018.08.001

Lotfi, R., Aali, S., Mahmoudzadeh, M., and Faryabi, M. (2022). Conceptual design of
Iranian saffron export brands coalition strategies and intervening conditions affecting
it. J. Saffron Res. 9, 227-214. (In Persian). doi: 10.22077/jsr.2021.4088.1153

Lucho-Constantino, C. A., Prieto-Garcia, E, Del Razo, L. M., Rodriguez-Vazquez, R.,
and Poggi-Varaldo, H. M. (2005). Chemical fractionation of boron and heavy metals in
soils irrigated with wastewater in Central Mexico. Agric. Ecosyst. Environ. 108, 57-71.
doi: 10.1016/j.agee.2004.12.013

Malchi, T., Maor, Y., Tadmor, G., Shenker, M., and Chefetz, B. (2014). Irrigation of root
vegetables with treated wastewater: evaluating uptake of pharmaceuticals and the associated
human health risks. Environ. Sci. Technol. 48, 9325-9333. doi: 10.1021/es5017894

Malek Jafarian, M., and Mohseni, M. (2015). Financial and economic evaluation of
projects for wastewater used in irrigation and industry. . Water Sustain. Dev. 1, 1-8. (In
Persian). doi: 10.22067/jwsd.v1i3.38041

Mapanda, E, Mangwayana, E., Nyamangara, J., and Giller, K. (2005). The effect of long-
term irrigation using wastewater on heavy metal contents of soils under vegetables in Harare,
Zimbabwe. Agric. Ecosyst. Environ. 107, 151-165. doi: 10.1016/j.agee.2004.11.005

McLaughlin, D., and Kinzelbach, W. (2015). Food security and sustainable resource
management. Water Resour. Res. 51, 4966-4985. doi: 10.1002/2015WR017053

Murray, A., and Ray, I. (2010). Wastewater for agriculture: A reuse-oriented planning
model and its application in peri-urban China. Water Res. 44, 1667-1679. doi: 10.1016/j.
watres.2009.11.028

Nejatijahromi, Z., Nassery, H. R., Hosono, T., Nakhaei, M., Alijani, E, and
Okumura, A. (2019). Groundwater nitrate contamination in an area using urban
wastewaters for agricultural irrigation under arid climate condition, southeast of Tehran,
Iran. Agric. Water Manag. 221, 397-414. doi: 10.1016/j.agwat.2019.04.015

Neji, H. B. B., and Turki, S. Y. (2015). GIS-based multicriteria decision analysis for the
delimitation of an agricultural perimeter irrigated with treated wastewater. Agric. Water
Manag. 162, 78-86. doi: 10.1016/j.agwat.2015.08.020

Orlofsky, E., Bernstein, N., Sacks, M., Vonshak, A., Benami, M., Kundu, A., et al.
(2016). Comparable levels of microbial contamination in soil and on tomato crops after
drip irrigation with treated wastewater or potable water. Agric. Ecosyst. Environ. 215,
140-150. doi: 10.1016/j.agee.2015.08.008

Oron, G., Campos, C., Gillerman, L., and Salgot, M. (1999). Wastewater treatment,
renovation and reuse for agricultural irrigation in small communities. Agric. Water
Manag. 38, 223-234. doi: 10.1016/S0378-3774(98)00066-3

Palese, A., Pasquale, V., Celano, G., Figliuolo, G., Masi, S., and Xiloyannis, C. (2009).
Irrigation of olive groves in southern Italy with treated municipal wastewater: effects on
microbiological quality of soil and fruits. Agric. Ecosyst. Environ. 129, 43-51. doi:
10.1016/j.agee.2008.07.003

Pedrero, E, Grattan, S., Ben-Gal, A., and Vivaldi, G. A. (2020). Opportunities for
expanding the use of wastewaters for irrigation of olives. Agric. Water Manag.
241:106333. doi: 10.1016/j.agwat.2020.106333

Perez-Mercado, L. E, Lalander, C., Joel, A., Ottoson, J., Iriarte, M., and Vinnerés, B. (2022).
Managing microbial risks in informal wastewater-irrigated agriculture through irrigation
water substitution. Agric. Water Manag. 269:107733. doi: 10.1016/j.agwat.2022.107733

Rahav, M., Brindt, N., Yermiyahu, U., and Wallach, R. (2017). Induced heterogeneity
of soil water content and chemical properties by treated wastewater irrigation and its
reclamation by freshwater irrigation. Water Resour. Res. 53, 4756-4774. doi:
10.1002/2016 WR019860

frontiersin.org


https://doi.org/10.3389/fsufs.2024.1409293
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.1016/j.watres.2018.10.080
https://doi.org/10.1016/j.agwat.2021.107051
https://doi.org/10.1016/j.agee.2010.05.014
https://doi.org/10.1016/j.watres.2016.11.033
https://doi.org/10.1016/j.watres.2016.11.033
https://doi.org/10.1016/j.agee.2014.04.007
https://doi.org/10.1016/j.agee.2014.04.007
https://doi.org/10.1002/2014WR016869
https://doi.org/10.22067/jwsd.v4i1.1.65197
https://doi.org/10.1016/j.agwat.2020.106262
https://doi.org/10.1016/j.agwat.2020.106262
https://doi.org/10.22067/jwsd.v4i2.61986
https://doi.org/10.1016/j.agwat.2016.08.027
https://doi.org/10.22067/jwsd.v8i2.1003
https://doi.org/10.22067/jwsd.v8i2.1003
https://doi.org/10.1016/j.watres.2018.07.047
https://dorl.net/dor/20.1001.1.22285229.1396.8.31.15.3
https://doi.org/10.1016/j.agwat.2020.106733
https://doi.org/10.1016/j.agwat.2020.106733
https://doi.org/10.1021/acs.est.9b06206
https://doi.org/10.1016/j.agwat.2018.07.019
https://doi.org/10.1016/j.agwat.2018.07.019
https://doi.org/10.1016/j.agwat.2021.106986
https://doi.org/10.1016/j.agwat.2014.10.016
https://doi.org/10.1029/2011WR010727
https://doi.org/10.1021/es5008615
https://doi.org/10.1016/j.agwat.2020.106635
https://doi.org/10.1016/j.agwat.2021.106872
https://doi.org/10.1016/j.agwat.2011.12.022
https://doi.org/10.1016/j.agwat.2019.105983
https://doi.org/10.1016/j.agwat.2019.105983
https://doi.org/10.1016/j.agwat.2015.08.018
https://doi.org/10.1029/2021WR031307
https://doi.org/10.1016/j.agwat.2017.10.015
https://doi.org/10.1016/j.agwat.2017.10.015
https://doi.org/10.1016/j.agwat.2018.08.001
https://doi.org/10.22077/jsr.2021.4088.1153
https://doi.org/10.1016/j.agee.2004.12.013
https://doi.org/10.1021/es5017894
https://doi.org/10.22067/jwsd.v1i3.38041
https://doi.org/10.1016/j.agee.2004.11.005
https://doi.org/10.1002/2015WR017053
https://doi.org/10.1016/j.watres.2009.11.028
https://doi.org/10.1016/j.watres.2009.11.028
https://doi.org/10.1016/j.agwat.2019.04.015
https://doi.org/10.1016/j.agwat.2015.08.020
https://doi.org/10.1016/j.agee.2015.08.008
https://doi.org/10.1016/S0378-3774(98)00066-3
https://doi.org/10.1016/j.agee.2008.07.003
https://doi.org/10.1016/j.agwat.2020.106333
https://doi.org/10.1016/j.agwat.2022.107733
https://doi.org/10.1002/2016WR019860

Ghanbari et al.

Rezaee, M., and Sarrafzadeh, M. H. (2017). Challenges and opportunities for
wastewater reuse in municipal consumptions: a case study in Tehran metropolis. Iran-
Water Resour. Res. 12, 36-49. (In Persian)

Rezaie, M. R., Mohammadi, H., and Karami, A. (2013). Considering effective factors
of water resources exploitation under various geographical conditions in Fars Province.
J. Environ. Stud. 38, 67-78. (In Persian). doi: 10.22059/jes.2013.29864

Rodriguez-Liébana, J. A., ElGouzi, S., Mingorance, M. D,, Castillo, A., and Pefa, A. (2014).
Irrigation of a Mediterranean soil under field conditions with urban wastewater: effect on
pesticide behaviour. Agric. Ecosyst. Environ. 185, 176-185. doi: 10.1016/j.agee.2013.12.026

Rojas-Valencia, M., de Velasquez, M. O., and Franco, V. (2011). Urban agriculture,
using sustainable practices that involve the reuse of wastewater and solid waste. Agric.
Water Manag. 98, 1388-1394. doi: 10.1016/j.agwat.2011.04.005

Sadeghi, R. (2019). The nature of paradigm and its holistic aspects. Meta 11, 129-156.
(In Persian). doi: 10.22108/mph.2017.92816

Sathaiah, M., and Chandrasekaran, M. (2020). A bio-physical and socio-economic
impact analysis of using industrial treated wastewater in agriculture in Tamil Nadu,
India. Agric. Water Manag. 241:106394. doi: 10.1016/j.agwat.2020.106394

Sato, T., Qadir, M., Yamamoto, S., Endo, T., and Zahoor, A. (2013). Global, regional,
and country level need for data on wastewater generation, treatment, and use. Agric.
Water Manag. 130, 1-13. doi: 10.1016/j.agwat.2013.08.007

Segal, E., Dag, A., Ben-Gal, A., Zipori, L, Erel, R., Suryano, S., et al. (2011). Olive

orchard irrigation with reclaimed wastewater: agronomic and environmental
considerations. Agric. Ecosyst. Environ. 140, 454-461. doi: 10.1016/j.agee.2011.01.009

Shafiei Sabet, N., and Sedighi, S. (2018). Pathology of geographical research (with an
empbhasis on rural geography research). J. Rural Res. 9, 412-429. (In Persian). doi:
10.22059/jrur.2018.236430.1132

Tabatabaei, S.-H., Nourmahnad, N., Golestani Kermani, S., Tabatabaei, S.-A.,
Najafi, P, and Heidarpour, M. (2020). Urban wastewater reuse in agriculture for
irrigation in arid and semi-arid regions-A review. Int. J. Recycl. Org. Waste Agric. 9,
193-220. (In Persian). doi: 10.30486/ijrowa.2020.671672

Tabrizi, E., Shams, A., and Fard, H. M. Z. (2018). Individual, social, and
communication factors which affect farmers' participation in irrigation network

Frontiers in Sustainable Food Systems

17

10.3389/fsufs.2024.1409293

Management in Sahand dam, Iran. . Water Sustain. Dev. 4, 131-138. (In Persian). doi:
10422067/jwsd.v4i2.57393

Talebi Somesarayee, M., Enayati Shabkolayee, A., Hajimine, R., and Fallah Rastegar, N.
(2016). The different readings and approaches of state and people in environmental
issues (case study: Varaminian Farmers' attitudes toward the state policy-making in
waste-water). Geogr. Dev. 14, 123-140. (In Persian). doi: 10.22111/gdij.2016.2727

Tisler, S., Engler, N, Jorgensen, M. B., Kilpinen, K., Tomasi, G., and Christensen, J. H.
(2022). From data to reliable conclusions: identification and comparison of persistent
micropollutants and transformation products in 37 wastewater samples by non-target
screening prioritization. Water Res. 219:118599. doi: 10.1016/j.watres.2022.118599

Torabian, A., and Moumeni, L. (2003). Municipal sewage sludge management plan
(case study: Shahrak Qods treatment plant). J. Environ. Stud. 28, 65-78. (In Persian).
Available at: https://sid.ir/paper/3082/en

Trinh, L. T., Duong, C. C., Van Der Steen, P, and Lens, P. N. (2013). Exploring the
potential for wastewater reuse in agriculture as a climate change adaptation measure for
can Tho City, Vietnam. Agric. Water Manag. 128, 43-54. doi: 10.1016/j.agwat.2013.06.003

Vivaldi, G. A., Camposeo, S., Rubino, P., and Lonigro, A. (2013). Microbial impact of
different types of municipal wastewaters used to irrigate nectarines in southern Italy.
Agric. Ecosyst. Environ. 181, 50-57. doi: 10.1016/j.agee.2013.09.006

Wu, X., Conkle, J. L., Ernst, E, and Gan, J. (2014). Treated wastewater irrigation:
uptake of pharmaceutical and personal care products by common vegetables under field
conditions. Environ. Sci. Technol. 48, 11286-11293. doi: 10.1021/es502868k

Yu, H,, Chen, E, Ma, ], Khan, Z. I, Hussain, M. L, Javaid, L, et al. (2022). Comparative
evaluation of groundwater, wastewater and canal water for irrigation on toxic metal
accumulation in soil and vegetable: pollution load and health risk assessment. Agric.
Water Manag. 264:107515. doi: 10.1016/j.agwat.2022.107515

Zafari-Holoukhi, H., Akbarzadeh, A., and Tafazzoli, S. M. (2021). Sewage treatment method
and its role on wastewater Price: case comparison of sewage treatment plants no. 4 and 5 in
Mashhad. J. Water Sustain. Dev. 7, 1-10. (In Persian). doi: 10.22067/jwsd.v7i4.85580

Zolfaghary, P., Zakerinia, M., and Kazemi, H. (2021). A model for the use of urban
treated wastewater in agriculture using multiple criteria decision making (MCDM) and
geographic information system (GIS). Agric. Water Manag. 243:106490. doi: 10.1016/j.
agwat.2020.106490

frontiersin.org


https://doi.org/10.3389/fsufs.2024.1409293
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.22059/jes.2013.29864
https://doi.org/10.1016/j.agee.2013.12.026
https://doi.org/10.1016/j.agwat.2011.04.005
https://doi.org/10.22108/mph.2017.92816
https://doi.org/10.1016/j.agwat.2020.106394
https://doi.org/10.1016/j.agwat.2013.08.007
https://doi.org/10.1016/j.agee.2011.01.009
https://doi.org/10.22059/jrur.2018.236430.1132
https://doi.org/10.30486/ijrowa.2020.671672
https://doi.org/10.22067/jwsd.v4i2.57393
https://doi.org/10.22111/gdij.2016.2727
https://doi.org/10.1016/j.watres.2022.118599
https://sid.ir/paper/3082/en
https://doi.org/10.1016/j.agwat.2013.06.003
https://doi.org/10.1016/j.agee.2013.09.006
https://doi.org/10.1021/es502868k
https://doi.org/10.1016/j.agwat.2022.107515
https://doi.org/10.22067/jwsd.v7i4.85580
https://doi.org/10.1016/j.agwat.2020.106490
https://doi.org/10.1016/j.agwat.2020.106490

	Sustainable management of wastewater use in agriculture: a systematic analysis
	1 Introduction
	2 Materials and methods
	2.1 Statistical population and sampling method to identify the components and dimensions of SMWWU

	3 Results and discussion
	4 Conclusion
	Author contributions

	References

