
Understanding Greenhouse Growers’ Willingness
to Use Municipal RecycledWater on Food Crops:
The Need for Tailored Outreach Coupled with
Deep Engagement to Increase Adoption

Chesney McOmber1, Christine J. Kirchhoff 2, Yan Zhuang3, and
Rosa E. Raudales4

KEYWORDS. barriers to adoption, engagement, extension, grower perceptions,
recycled water

ABSTRACT. Increasing demand on agricultural water resources have caused a greater
need for the use of municipal recycled wastewater (MRW) globally. However, in the
United States, greenhouse growers have been slow to use it in their greenhouse
operations. In this study, we seek to understand the factors that motivate and limit
use of MRW among US growers. Using national survey data from 2019 through
2020, we developed a logistic regression model to understand the many factors
influencing growers’ willingness to use MRW on food crops. We find that MRW
quality is a primary concern and that growers’ willingness to use MRW is shaped by
their direct and indirect knowledge of MRW, garnered from their own and others’
experiences using it. Given these findings, improving adoption of MRW requires
collective experiential learning opportunities that gather target audiences with
educators, policymakers, end users, and local authorities to simultaneously provide
hands-on experience tailored to growers’ particular knowledge and concerns with
feedback from peers.

There is a growing need for water
conservation, particularly in agri-
culture, where increased demand

for irrigation, coupled with climate
change, threatens global water sup-
plies (Mekonnen and Hoekstra 2016;

Suri et al. 2019). In the United States,
agricultural production is responsible
for 80% of annual water use (Bixio et al.
2006; Fulcher et al. 2016; Savchenko
et al. 2019). Agricultural producers—
including greenhouse growers—have
expressed concern about water availability
(White et al. 2019) and although access
to safe alternative water sources, such
as recycled water, has increased (Cultice
et al. 2016; Yeager et al. 2010), their
widespread adoption has not occurred.
In this study, we aimed to understand
what motivates greenhouse growers to
adopt and use municipal recycled waste-
water (MRW) in their greenhouse
operations and what barriers prevent it.

Greenhouse growers hold largely
negative perceptions about alternative
water sources, including MRW, because
of concerns about its safety (Cultice
et al. 2016; Dery et al. 2019; McOmber
et al. 2021). Growers are also concerned
about consumer attitudes toward agri-
cultural products irrigated with recycled
water (Savchenko et al. 2018, 2019).

Trust in the safety of recycled water and
in the authorities responsible for ensuring
recycled water quality can also under-
mine use (Po et al. 2003). At the same
time, US growers have little experience
with and knowledge about recycled
water (McOmber et al. 2021), which
is thought to impede use (Dery et al.
2019; Lamm et al. 2019; McOmber
et al. 2021). Although scholarship in
this area provides some clues regarding
the barriers to growers’ recycled water
use, studies often treat growers as a
homogenous group, which misses the
underlying heterogeneity in grower un-
derstanding, perceptions, and willing-
ness to use recycled water (McOmber
et al. 2021).

Rather than general education,
growers need tailored information and
outreach that can address their diverse
interests, problem-solving styles, and
knowledge levels with regard to recycled
water use in their greenhouse opera-
tions. Nursery and greenhouse growers’
problem-solving style affects how they
perceive water conservation technolo-
gies and, hence, its adoption (Warner
et al. 2020). Growers are influenced to
implement and adopt water conserva-
tion technologies based on the charac-
teristics that provide information about
the relative advantage, trialability, and
observability of technologies (Warner
et al. 2020) or the grower’s knowledge
level (Warner et al. 2018). The failure
to understand grower heterogeneity in
knowledge or problem-solving style—
among other characteristics—means that
we lack critical knowledge necessary to
provide tailored information and ap-
proaches that can address and over-
come growers’ particular concerns that
discourage their recycled water use.
Recommendations to provide educa-
tion and outreach about recycled water
to growers must also reflect the nuances
of diverse grower interests so that infor-
mation can be made useful in decisions
regarding recycled water use (Dery et al.
2019; Lamm et al. 2017; White et al.
2019). Moreover, when generalized ap-
proaches are used to research and sup-
port growers, they often fail to address
the range of other factors that motivate
or discourage growers’ recycled water
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use, including socioeconomic (Cultice
et al. 2016) and environmental concerns
(Dery et al. 2019).

With this research, we seek to better
understand diversity among growers and
how it is reflected in what motivates and
limits growers’MRW use. In this article,
we draw from survey data we collected
from 2019 to 2020 on growers’ knowl-
edge, perceptions, and willingness to use
MRW. We use a logistic regression
model to explore the effect of several
factors—including concerns over water
quality, trust in regulatory institutions,
consumer trust, knowledge and experi-
ence, capital andmonetary incentives, and
environmental concerns—on growers’
willingness to use MRW. Our results
help shed light on the factors that seem
to influence a growers’ willingness to
use MRW and how they may inform
approaches to outreach and education,
including tailoring such approaches to
different informational needs and moti-
vations of growers. We close with a dis-
cussion on the implications of these
findings and the insights they offer for
improving the willingness to use re-
cycled water among growers in the
United States.

Knowledge gaps and promising
avenues to improve recycled
water use

Past scholarship has largely argued
that greenhouse growers lack informa-
tion about recycled water and that fill-
ing this knowledge gap would enable
recycled water use; more recent research
suggests that a more nuanced consider-
ation of diverse informational needs is
critical. For example, White et al. (2019)
found that growers desired more infor-
mation about costs, availability, treat-
ment, and quality of alternative water
sources such as recycled water to make
informed decisions about implement-
ing different kinds of water conserva-
tion methods within their greenhouse
operation. White et al. (2019) argued
that having more information about
costs would help growers understand
howmuch capital investment is required
to replace irrigation system piping to
enable use of MRW. In other studies
of US growers’ knowledge and percep-
tions of alternative water sources, scholars
found that growers lacked knowledge
about recycled water treatment (Dery
et al. 2019; Lamm et al. 2019). Each of
these studies concludes that providing
growers with technical and financial

information about recycled water, thus
filling knowledge gaps among growers,
may help to improve its uptake (Dery
et al. 2019; Lamm et al. 2019). Yet
emerging research suggests that informa-
tional needs are far from uniform across
all growers (McOmber et al. 2021).

Recent work has begun to unpack
the heterogeneity of growers’ under-
standings about what recycled water is
and how their perceptions shape its
suitability for use. For example,
McOmber et al. (2021) found growers’
definitions of recycled water differ from
those of scholars and policymakers.
Growers’ varied thinking about re-
cycled water means most growers do
not think of recycled water as treated
municipal wastewater (hereafter,
MRW), and most growers do not un-
derstand how MRW is produced
(McOmber et al. 2021). Indeed,
Lamm et al. (2019) found that most
growers know little about the processes
involved in recycling water on the
farm. This lack of understanding about
how water is recycled suggests that
many growers may also misunderstand
the processes involved and the quality
of MRW and its overall suitability for
greenhouse production. Consequently,
growers appear to hold largely negative
perceptions about alternative water
sources. These negative perceptions
stem from growers’ concerns about
pathogen contamination and the risk
of disease from alternative water sour-
ces, such as reclaimed or recirculated
water (Cultice et al. 2016; Dery et al.
2019). Helping growers gain a better
understanding of the treatment pro-
cesses involved in producing recycled
water can help growers become more
amenable to its use (Lamm et al. 2019;
McOmber et al. 2021; Wilson and
von Broembsen 2017). Countering such
negative perceptions likely requires more
intensive and tailored approaches.

Experience and deep engagement
between water authorities or agricultural
extension and growers appear to coun-
ter negative perceptions about recycled
water quality that impede use. For ex-
ample, studies show that when target
audiences are included as active partici-
pants in committees, working groups,
and workshops around water, there is
improved acceptance of new water-
focused technology and policy (Scott
et al. 2021). These approaches may
work well for agricultural producers who
often resist new technology (Kenny and

Regan 2021;Maertens and Barrett 2012).
“Deep engagement” refers to the pro-
cess of “developing lasting relationships
with practitioners … and leveraging
science in ways that help to advance
practitioners’ agendas” (Williams and
Whiteman 2021, p 527). In their study
on the Monterey County Recycling
Project, Po et al. (2003) found that
deep engagement with growers over
time, through ongoing iterations of
safety tests and procedures, increased
trust in the safety of MRW and in the
authorities responsible for ensuring
MRW quality in the region.

While experience, tailored educa-
tion, and engagement may help over-
come misunderstandings and negative
perceptions of MRW among green-
house growers, other factors may im-
pede growers’ use of recycled water.
For example, environmental concerns
about water scarcity have been linked
with growers’willingness to use recycled
water. Dery et al. (2019) found a link
between elderly growers’ experience
with stressed water resources due to
low availability and their acceptance of
water reuse. The lack of technical ca-
pacity or lack of access to a source of
MRWmay also limit uptake (McOmber
et al. 2021). Funding may be another
challenge. Cultice et al. (2016) found
that greenhouse operations with gross
annual revenues under $25,000 were
less likely to adopt MRW. Among these
low-revenue greenhouse operations, real
or perceived costs of implementation
may be a barrier to use (White et al.
2019). Monetary incentives (with edu-
cation) may help overcome costs of im-
plementation and improve adoption of
recycled water (Cultice et al. 2016).

The preceding literature demon-
strates the many factors influencing a
willingness to use alternative water sour-
ces, including recycled water. In what
follows, we present a methodology for
understanding whether and how these
factors—trust, knowledge, perceptions,
environmental concerns, and economic
factors—independently and collectively
influence greenhouse growers’ willing-
ness to use MRW. More specifically, we
try to answer two main questions: 1) In
what ways are trust, knowledge, percep-
tions, environmental concerns, and
economic factors respectively related to
greenhouse growers’ willingness to use
MRW on food crops? 2) What are the
determining factors for willingness to
use MRW on food crops? Findings
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from our analysis may help inform a
broader range of interventions among
greenhouse growers to improve their
recycled water use.

Methods
This section details the survey used

for data collection, the representative-
ness of our survey data, and approaches
for data preparation. We then present
the statistical methods used to analyze
survey results, including exploratory data
analysis, chi-square test of independence,
and logistic regression.

SURVEY, SAMPLING, AND DATA

PREPARATION. We developed a survey
(McOmber et al. 2021) and pilot tested
it among 12 greenhouse growers,
which were excluded from the final
sample. A revised survey was distributed
through Qualtrics (Qualtrics LLC,
Provo, UT, USA) as a hyperlink to
�18,000 subscribers of Greenhouse
Grower Magazine in Spring 2019. Ad-
ditionally, the survey was distributed to
greenhouse growers through the
greenhouse extension specialists’ net-
work at land grant universities through-
out the United States in Winter 2019.
Recipients of this survey link were re-
quested to participate in the survey by
receiving up to three reminders (Dillman
et al. 2014). In total, the survey was
completed by 421 growers.

To assess representativeness of our
sample to the broader population of
greenhouse growers, we drew from the
2018 State of the Industry Report [hereaf-
ter, Industry Report (Greenhouse Grower
2018)]. The greenhouse operations in
our sample reflect a broad range of years
of operation as well as size of green-
house operations, although our sample
contains growers that are smaller and on
average have fewer years in operation
compared with the Industry Report.
McOmber et al. (2021) provides addi-
tional detail on the comparison of our
sample to the Industry Report.

The survey had four sections (see
Supplemental Material). The first section
collected information about the respond-
ent’s greenhouse operations and asked
about growers’ experience and knowl-
edge about recycled water. The second
section of the survey asked respondents
questions about their knowledge and
perceptions of recycled water, tap water,
and treated wastewater. The third section
queried the respondent’s perceptions,
willingness to use, and actual use of
MRW, and the last section collected

demographic information such as edu-
cation, age, and gross greenhouse oper-
ation income. Although sections 1 and
2 established the respondent’s knowl-
edge and attitudes about recycled water,
we knew from pilot testing the survey
that growers have diverse understand-
ings of recycled water and would re-
spond to questions using their own
diverse frames of reference. To establish
a more uniform framing for questions
specific to MRW, we introduced an in-
formational diagram between sections
2 and 3 of the survey (see Supplemen-
tal Material or McOmber et al. 2021).
This figure illustrates whereMRWcomes
from, how it is produced, and various
uses ofMRW. After viewing the informa-
tional diagram about MRW, respondents
were asked a series of questions about
their perceptions, attitudes, and use of
MRW.

For analysis, we denote our varia-
bles using “Question” followed by the
main question number with any relevant
subquestion number noted in parenthe-
sis (Supplemental Material). Given our
interest in understanding willingness to
use MRW in greenhouse production,
we focused our analysis on the 346
respondents who indicated they were
involved in greenhouse production
(i.e., employees with or without deci-
sion power or owners involved or not
in daily decisions). The 75 respondents
including 60 who did not provide an
answer to the question “What is your
primary role regarding your greenhouse
operation?” and 15 who chose “other”
and where their open-ended response
indicated they were not involved in
greenhouse production were excluded
from the analysis. The final regression
model included 268 respondents, most
of whom had decision-making power
either as employees (55.3%) or owners
(44.7%). These 268 respondents account
for missing values from Question 25
(3) and Question 25 (5), which we
combined to create our targeted response
variable: willingness to use MRW on
food crops. Variable values were de-
fined as 0 if respondents were not will-
ing to use MRW to irrigate food crops
whether the water directly contacted
the food crop and were defined as 1 if
respondents were willing to use MRW
to irrigate food crops.

We considered the responses
from the following questions as our
independent variables: primary role in
the greenhouse operation (Question 6);

primary customers for greenhouse
products (Question 8); primary wa-
ter source (Question 9); whether
any water shortage(s) was experienced
over the past 5 years (Question 10);
whether water is treated to improve its
quality before it is used (Question 11);
use of recycled water in greenhouse op-
eration (Question 15); the approximate
annual total greenhouse operation net
income (Question 29); perceptions of
recycled water, tap water, and treated
wastewater (Question 22); and moti-
vations and limitations on the use of
MRW to grow food crops (Question
26). An additional independent vari-
able was created from size range (Ques-
tion 20) referring to the square footage
floor area of greenhouse operation (1 5
than 100,000 ft2, 2 5 100,000 to
499,999 ft2, 3 5 500,000 to 999,999
ft2, 4 5 1 million to 5,999,999 ft2,
5 5 6 million to 9,999,999 ft2, miss-
ing value5 no responses).

STATISTICAL ANALYSIS. To test
whether there exists a statistically sig-
nificant relationship between each in-
dependent variable and the response
variable (i.e., greenhouse growers’ will-
ingness to use MRW on food crops), we
conducted chi-square tests of indepen-
dence using a 0.05 level of significance.

A logistic regression model was
used to estimate the association of one
or more independent variables with the
binary response variable, greenhouse
growers’ willingness to use MRW on
food crops. The logistic regression per-
mits evaluation of the relationship of
each independent variable with the
response variable while controlling for
the effect from other independent varia-
bles in the model. An initial logistic re-
gression model was built with all
potential predictors and then stepwise
Akaike information criterion (AIC) var-
iable selection was used to determine
the final model. The exponentiated lo-
gistic regression coefficients in the
model can be interpreted as odds ratios.
Odds ratio explains the odds change for
willingness to use MRW on food crops
when comparing a certain group of
growers based on one predictor vs. a
reference category. One way to quantify
how well a logistic regression model
classifies data is to calculate the area un-
der the receiver operating characteristic
(AUC). The value for AUC ranges
from 0 to 1. The higher the AUC
score, the better the model is at
classifying observations into classes.
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According to Hosmer et al. (2013),
an AUC greater than 0.8 is considered
excellent discrimination.

Results
CHI-SQUARE TESTS. Using chi-

square tests, we found 12 independent
variables significantly associated with a
willingness to use MRW on food crops
(Table 1). Three of these variables cap-
tured respondent concerns over water
quality that made greenhouse growers
less willing to useMRW on food crops.
Specifically, concerns over poor qual-
ity of MRW and lack of trust in regu-
latory oversight over the quality of
MRW limits growers’ willingness to
use MRW. Conversely, when growers
trusted the provider that the quality of
MRW is suitable for the intended use,
they were more willing to use MRW on
food crops compared with those who
did not trust the quality (chi-square 5
6.61, P< 0.01).

Capital or market-based incentives
and growers’ primary customers were
also significant in affecting grower will-
ingness to use MRW on food crops in
the bivariate analysis. We found that
growers who are motivated by MRW-
focused monetary incentives or opera-
tional costs were more willing to use
MRW on food crops. We also found
that growers who thought that the
cost of capital investments (i.e., to en-
able use of MRW) limits MRW use.
Lastly, our results show that growers
whose primary customers are restaurants,
retail, or farmer’s markets (compared
with wholesale) were less willing to use
MRW on food crops.

Finally, growers’ knowledge about
others’ experiences using recycled water
and growers’ environmental concerns

were also significant in the bivariate
analysis. We observed that greenhouse
growers who were motivated by the
experience of other greenhouse growers
using MRW within the United States
were more willing to use MRW on food
crops. However, greenhouse growers
were less willing to use MRW on food
crops when they thought the experience
of other greenhouse growers globally
using MRW limits use. Environmental
and water security concerns also appeared
to be significant in the model. Green-
house growers who thought environ-
mental impacts motivate use of MRW
were more willing to use it on food
crops, whereas growers who thought
that MRW use and its effect on water
security limits use were less willing to use
MRW on food crops.

LOGISTIC REGRESSION RESULTS.
When controlling for multiple variables
in the logistic regression model, five
variables are significantly correlated with
a willingness to use MRW (Table 2).
First, controlling for other variables in
the model, the odds that a grower is
willing to use MRW on food crops in-
creased by 225% if the quality of MRW
motivated use compared with limited
use or neither limited nor motivated use.
Similarly, the odds that a grower was
willing to use MRW on food crops in-
creased by 142% if they perceived that
treated wastewater was not disgusting,
compared with those who thought it
was disgusting. Third, if growers were
motivated by others’ experiences using
MRW globally, the odds of being
willing to use MRW on food crops
increased by 173%, compared with
growers who expressed others experi-
ences globally limited or neither limited
nor motivated MRW use. Fourth, the

odds that a grower is willing to use
MRW on food crops increased by 125%
if they had no experience with water
shortages, compared with those who
had experienced water shortages. Fi-
nally, the odds that a grower is willing
to use MRW on food crops decreased
by 64.8% if they did not use recycled
water (a more general term for reused
water such as from onsite ponds) in
their greenhouse operations, compared
with those who did use it.

Discussion
Our analysis indicated that water

quality and knowledge of, or experience
with, MRW were central to explaining
willingness to use MRW.

WATER QUALITY. Growers’ posi-
tive perceptions about the quality of
MRW appear to be important in the
model and does increase the odds of
growers’ willingness to use MRW to ir-
rigate food crops. Further, as Sav-
chenko et al. (2018, 2019) found, public
perceptions of recycled water quality also
matter for consumer choices. In turn,
growers seem to anticipate consumer
perceptions about the quality of MRW,
and it seems to impact their willingness
to use it on food crops in their green-
house operations. Growers who sell pri-
marily to wholesale distributors, where
the end user is several steps removed
from the grower, were more willing to
use MRW on food crops. This was in
comparison to growers who had more
direct contact with end users through
farmers markets or restaurants and whose
perceptions of MRWmight have a more
direct impact on their sales.

DIRECT AND INDIRECT EXPERIENCE

WITH MRW. We asked a series of
questions to understand how direct or

Table 1. Chi-square tests of independence between each survey variable with willingness to use municipal recycled wastewater
(MRW) on food crops, based on 268 responses to the Greenhouse Grower survey (McOmber et al. 2021; Supplemental Material).

Variable v2i df P ii

I trust the provider that the quality (of MRW) is suitable for the intended usage 6.6077 1 0.010**
Water quality of MRW 19.979 1 <0.001***
Trustworthiness of laboratory test results about quality of MRW 19.215 1 <0.001***
Regulatory oversight over quality of MRW 14.46 1 <0.001***
Primary customers 6.7015 2 0.035*
Capital investments to allow use of MRW 5.3784 1 0.020*
Operational costs 4.5514 1 0.033*
Monetary incentives for use of MRW 18.872 1 <0.001***
Experience of other greenhouse growers in the United States of using MRW 19.727 1 <0.001***
Experience of other greenhouse growers worldwide of using MRW 21.052 1 <0.001***
Environmental impact 13.727 1 <0.001***
Effect on water security 15.604 1 <0.001***
i Chi-square coefficient.
ii ***, **, * significant at P # 0.001, # 0.01, or P # 0.05, respectively.
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indirect experience using MRW influ-
ences growers’ willingness to use it.
Growers who lacked experience using
MRW were less willing to use it for irri-
gating food crops in their greenhouse
operation. Lack of prior experience
using MRW may have negatively in-
fluenced perceptions about quality
and limitations in implementing the
practice. Instead, experience and
learning can shape positive and negative
perceptions about MRW and increase
growers’ willingness to use it within
their greenhouse operations (McOmber
et al. 2021). However, it is not just
direct experience that matters for growers.
Indirect experience, throughother growers,
can also increase growers’ willingness to
use MRW. Results indicate that growers
who knew about others’ experiences us-
ing recycled water throughout the world
were more motivated to use it. The in-
fluence of global experience may reflect
that MRW is more widely adopted and
used in agriculture internationally, partic-
ularly in countries such as Australia,
Italy, and Israel (Craddock et al. 2021;
Radcliffe and Page 2020), and that
growers may be more familiar with use
internationally than they are of other
growers using MRW in the United
States. Although knowledge of global ex-
periences with MRW remained signifi-
cant in the regression, knowledge of US
growers’ experiences withMRWdid not.

WATER SECURITY CONCERNS. De-
mand for water and climate change

threatens global agricultural water sup-
plies (Mekonnen and Hoekstra 2016),
and greenhouse growers are increas-
ingly concerned about water security
in terms of quantity and availability
(White et al. 2019); yet in our bivari-
ate analysis, we observed that these
concerns limit rather than motivate re-
cycled water use. In part, this may be
because respondents were defining “water
security” differently from definitions in
the literature, as we did not provide a
definition for the term in the survey.
The effect on water security to motivate
MRW use among growers was not
significant in the regression. Rather,
in the regression, not experiencing wa-
ter shortage motivated growers’ will-
ingness to use MRW. This may suggest
that greenhouse growers who do not
feel water insecure are willing to experi-
ment with alternative water supplies,
whereas those who do feel water inse-
cure are more risk averse. This explana-
tion is consistent with our findings that
direct or indirect experience and percep-
tions ofMRWquality (perhaps garnered
through that experience)motivate growers’
willingness to use MRW.

BEYOND EDUCATION: MAKING

A CASE FOR DEEP ENGAGEMENT TO

IMPROVE MRW UPTAKE. Our re-
search suggests growers’ positive per-
ceptions of MRW quality relate to
their direct and indirect experience using
MRW and that these together are
the most important factors motivating

growers’ willingness to adopt MRW in
agricultural practice. Personal observa-
tion and peer acceptance can be a critical
factor in influencing adoption of new
innovations (Rogers 1995). Experience
and knowledge about water conservation
techniques can influence perceptions
(Warner et al. 2018, 2020), which, in
turn, can increase growers’ willingness
to adopt MRWwithin their greenhouse
operations (McOmber et al. 2021).
Our findings provide supporting evi-
dence to a growing number of studies
that suggest education about water
conservation techniques, including alter-
native water sources like MRW, alone
will improve their use (Dery et al. 2019;
Lamm et al. 2017; Warner et al. 2018,
2020; White et al. 2019).

Education about MRW absent ex-
perience (direct or indirect) may be in-
sufficient because negative perceptions
about MRW may be multilayered and
difficult to change. Positive perceptions
created through trialability and observ-
ability (Rogers 1995) with MRW may
help to support the intended impact of
educational efforts regarding MRW and
support behavioral change for adoption
within the greenhouse operation. For
example, although most growers did
not, themselves, think that MRW was
“disgusting” or “contained bacteria,”
theymay be concerned that their custom-
ers do (Savchenko et al. 2018, 2019),
which may limit their willingness to use
MRW. Besides worrying about consumers’

Table 2. Results from the logistic regression model on determining factors of willingness to use municipal recycled waste-
water (MRW) on food crops, based on 268 responses of the survey (McOmber et al. 2021; Supplemental Material).

Independent variablei bi SE Exp (b)ii P iii

Water quality of MRW motivate use (compared with missing, neither or limits use) 1.1774 0.4181 3.2459 0.005**
Treated wastewater is not disgusting (compared with is disgusting) 0.8854 0.3491 2.4240 0.011*
Does not use RW in greenhouse (compared with uses) –1.0429 0.4204 0.3524 0.013*
Others’ experiences (globally) using MRW motivates use (compared with missing,
neither, or limits use)

1.006 0.4146 2.7346 0.015*

No experience with water shortages (compared with did experience water shortage) 0.8112 0.4032 2.2506 0.044*
Primary customer is wholesale, other (compared with restaurants, farmers markets, retail) 0.6669 0.3448 1.9482 0.053
Does not trust that quality of RW from provider is suitable for use (compared with does
trust the quality of RW)

–0.6904 0.3629 0.5014 0.057

RW is purified sewage (compared with not purified sewage) 0.7535 0.4759 2.1244 0.113
Effect on water motivates (compared with missing, neither limits nor motivates, or limits) 0.6147 0.358 1.8491 0.086
others compared with owner with daily decisions 0.5039 0.3398 1.6552 0.138
Model constant –0.7689 0.5761 0.4635 0.182
Model AUC 0.810
Model R2 0.345
Model N 268
i Estimated coefficient.
ii Exp(b) is the exponential of the coefficients, which are the odds ratio.
iii P value for significance test on each independent variable. **, * significant at P # 0.01 or # 0.05; no asterisk indicates nonsignificant at P > 0.05.
RW 5 recycled water; AUC 5 area under the curve.
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negative perceptions, grow-ers may need to
be reassured they can trust the quality of
MRW. Increasing knowledge on testing,
regulating, and producing MRW could
increase adoption and continued use, as
observed by Warner et al. (2018). Trusting
regulatory authorities’ ability to ensure
MRW quality echoes findings from
Po et al. (2003), which showed that
growers’ skepticism of the testing pro-
cess and distrust of the responsible au-
thorities providing MRW impeded its
use but that these conditions improved
when growers increased knowledge
and had the opportunity to gain first-
hand experience with MRW.

Efforts to improveMRWuse among
growers should center experience as a
starting point for education of MRW.
Such programs should include a process
of iterative, deep engagement involving
growers, extension agents, and regula-
tory officials that is designed to facilitate
experiential and social learning. In this
way, these efforts may begin to address
knowledge gaps and concerns about
MRW quality, while also working to
build trusting relationships between
all involved. Po et al. (2003) found that
deep and continued engagement with
growers through their participation in
community-based committees provided
an opportunity for growers to share their
concerns and better understand quality
control testing measures used to ensure
the safety of recycled water. Deep
engagement provided critical iterative
feedback loops that allowed for greater
attention to growers’ diverse and evolv-
ing quality concerns and targeted infor-
mational needs in response to their
specific concerns. Deep engagement
among growers, water authorities, and
intermediaries, such as extension agents,
create critical pathways for improving
adoption of new technologies. Huang
et al. (2016) for example, provided in-
sight into how deep engagement is im-
portant to changing behavior among the
public when perceptions are difficult to
change.

They found that participation in
extension efforts improve public percep-
tions of water quality. By demonstrating
“personal relevance” to the participant,
educators can tailor information to
address concerns and experiences with
water quality which may be shaping
diverse perceptions of recycled water.
They find that this engagement is
important for overcoming issues of cog-
nitive dissonance around past experiences

with water quality among the public.
These lessons can also be extended to
growers; by identifying points of infor-
mational intervention and support
around topics of personal relevance,
grower perceptions of MRW and ulti-
mately adoption may be improved. Be-
yond targeting extension outreach to
growers’ experience with quality prob-
lems, experiential learning opportuni-
ties through simulation may also be an
effective tool in facilitating learning and
acceptance of recycled water practices.
For example, Gottlieb et al. (2022) used
an online, interactive simulation platform
to help growers better understand the
benefits (return on investment) of re-
cycled water use as it pertained to each
growers’ greenhouse operational needs.
Providing this kind of tailored informa-
tion, directly relevant to the individualized
needs of growers in the context of deep
engagement, could be a powerful approach
to helping the bridge the gap to increased
recycled water use in the agricultural
sector.

Conclusions
Grower education is seen as a critical

pathway toward improving acceptance of
MRW within greenhouse operations.
However, education alone may be in-
sufficient as entrenched concerns and
perceptions about MRW quality may
be difficult to shake. Thus, improving
MRW uptake requires both education
and opportunities for direct or indirect
experiential learning and for building
trust through a process of deep engagement.

Growers are heterogeneous with
varying experiences, informational re-
sources, knowledge and perceptions of
MRW, which affect their motivations
to use MRW. Our analysis finds that
growers’ willingness to use MRW is
largely influenced by concerns over
quality. Critically, these concerns coex-
ist alongside other important factors,
such as knowledge about MRW, direct
and indirect experiences with MRW,
and perceptions about and trust in
MRW quality. As such, enhancingMRW
use requires a multifaceted effort that
can build knowledge of and trust in
water quality through either direct ex-
perience with MRW or learning from
the experiences of peers in the field.
Deep engagement with growers that
enables contextualized learning oppor-
tunities and tailoring information to the
interests and needs of greenhouse growers

should be employed to enhance accep-
tance of MRW.

Although our results support un-
derstanding of grower heterogeneity,
further research is needed to provide a
deeper understanding of those grower
differences, including the ways that gen-
der, age, race, and geography may affect
growers’ information needs, attitudes,
and approaches regarding MRW. More
research is also needed to deepen under-
standing of how a greenhouse growers’
customer base (e.g., retail, wholesale dis-
tributors, restaurants, farmer’s markets)
affects growers’ willingness to use MRW.
Similarly, research is needed to gain a
better understanding of the concerns
and attitudes toward MRW of different
types of customers and how to manage
those concerns to improve customers’
acceptance of usingMRWon food crops.
Such research could provide growers
with insights, information, and strat-
egies to alleviate those customer con-
cerns paving the way for increased MRW
adoption among growers.

Finally, research on the effective-
ness of different types of information
and modes of delivery are also critical to
understanding how to tailor and deliver
information about recycled water more
effectively to diverse grower communi-
ties. Relatedly, future research to under-
stand how deep engagement transforms
perceptions of and trust in the quality
of MRW are needed to improve MRW
uptake.

Our conclusions are based on a
survey of US greenhouse growers rep-
resenting a broad range of greenhouse
operations. Our sample is not reflective
of the entire population of greenhouse
growers because the largest, oldest op-
erations were not included nor did we
include international greenhouse oper-
ations. Still, the lessons we learned
from this study provide insight into
US grower heterogeneity and their di-
verse motivations and limitations for
using MRW.
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Supplemental Materials

Below is the survey instrument implemented for this study and administered through Qualtrics. 

USDA-UConn Growers Survey

Survey Flow
Standard: Welcome Page (1 Ques�on)
Block: Screening Ques�on (3 Ques�ons)
Standard: Sec�on 1: Your Greenhouse Opera�on (16 Ques�ons)
Standard: Sec�on 2: General Water Ques�ons (Knowledge & Percep�ons) (2 Ques�ons)
Standard: Sec�on 3: Using Recycled Water in Greenhouse Opera�on (4 Ques�ons)
Standard: Sec�on 4: Grower Profile (6 Ques�ons)
Standard: THANK YOU! (4 Ques�ons)

Page Break

Start of Block: Welcome Page

Q1 
Welcome to the Greenhouse Water Use Survey a collabora�ve effort between Department of Civil and Environmental Engineering 
and Department of Plant Science and Landscape Architecture at the University of Connec�cut funded by the US Department of 
Agriculture.

This 10 minute survey focuses on water use in greenhouse opera�ons. Results from this research will help improve understanding of 
water for agriculture and tailor educa�onal materials for agricultural extension.

We appreciate your �me. As a thank you for par�cipa�ng, you will be offered a chance to enter a drawing to win one of ten $50 
Amazon gi� cards when you complete the survey. 

Your answers are confiden�al. Any iden�fying informa�on will be removed before the results are shared.

By clicking the arrow below you consent to par�cipate in the survey.

End of Block: Welcome Page

Start of Block: Screening Ques�on

Q2 
SCREENING QUESTION

Q3 For this survey, if you have owned or worked in different greenhouse projects in the past, please think about your current (or 
most recent) greenhouse project as you respond to the ques�ons.
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Q4 Are you involved in a greenhouse growing opera�on in some capacity? 

o Yes  (1)

o No, take me to the end of survey  (2)

Skip To: End of Survey If Are you involved in a greenhouse growing opera�on in some capacity? = No, take me to the end of survey

Skip To: End of Block If Are you involved in a greenhouse growing opera�on in some capacity? = Yes

End of Block: Screening Ques�on

Start of Block: Sec�on 1: Your Greenhouse Opera�on

Q5 SECTION 1: YOUR GREENHOUSE OPERATION

Q6 What is your primary role regarding your greenhouse opera�on?

o Employee (with decision power)  (1)

o Employee (with no decision power)  (2)

o Owner (involved w/ daily decisions)  (3)

o Owner (not involved w/ daily decisions)  (4)

o Other, please specify:  (5) ________________________________________________

Q7 What plants have you grown in your greenhouse(s) over the last 5 years? (Check all that apply)

Leafy- and micro- greens (e.g., le�uce, spinach, persian cress, mustards, pac choi, radish, beet, orach)  (1)

Vegetables (e.g., cucumbers, tomatoes, peppers)  (2)

Herbs (e.g., basil, water cress, cilantro)  (3) 

Berries (e.g., raspberries, strawberries)  (4)

Ornamentals, Perennials  (5)

Pharmaceu�cal / medicinal crops  (6)

Other(s), please specify:  (7) ________________________________________________

� April 2023 33(2) 2



Q8 Who are your primary customers for your greenhouse products? 

o Restaurants  (1)

oWholesale / distributor  (2)

o Retail  (3)

o Farmers' markets  (4)

o Other, please specify:  (5) ________________________________________________

Q9 What is your primary source of water for your greenhouse opera�on?

o Purchased public or private water  (1)

o Purchased treated wastewater  (2)

o Surface water on my property (e.g. ponds, river, lake)  (3)

o Drilled well on my property  (4)

o Other, please specify:  (5) ________________________________________________

Q10 Have you experienced any water shortage(s) where you operate your greenhouses over the last 5 years?

o Yes  (1)

o No  (2)

Q11 Before you use water in your greenhouse opera�on, do you treat the water to improve its quality?

o Yes  (1)

o No  (2)

Display This Ques�on:

If Before you use water in your greenhouse opera�on, do you treat the water to improve its quality? = Yes

Q12 Could you please specify how do you treat your water?

________________________________________________________________
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Q13 What do you use water for in your greenhouse opera�on? (Check all that apply)

Irriga�on  (1)

Environmental control  (2)

Washing vegetables  (3)

Cleaning facili�es  (4)

Other(s), please specify:  (5) ________________________________________________

Q14 What is the primary irriga�on system used in your greenhouse opera�on?

o Overhead sprinkler system  (1)

o In-pot drip system  (2)

o Boom system  (3)

o Ebb and flood benches  (4)

o Flooded floors  (5)

o Deep-water culture  (6)

o Hand-watering with a hose  (7)

o Other, please specify:  (8) ________________________________________________
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Q15 Do you use recycled water in your greenhouse opera�on?

o Yes  (1)

o No  (4)

Display This Ques�on:

If Do you use recycled water in your greenhouse opera�on? = Yes

Q16 Please explain what recycled water you use and how you use it in your greenhouse opera�on?

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

Display This Ques�on:

If Do you use recycled water in your greenhouse opera�on? = No

Q17 You indicated 'no' you do not use recycled water in your greenhouse opera�on. What does "recycled water" mean to you?

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________
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Q18 The following ques�ons ask about use of recycled water for irriga�on of crops.
Yes (1) No (2)

Are you willing to use recycled 
water to irrigate non-edible 

plants? (1) o o
Do you have experience using 
recycled water to irrigate non-

edible plants? (2) o o
Are you willing to irrigate food 
crops using recycled water if 

that water is not in direct
contact with the food crop? (3)

o o
Do you have experience using 
recycled water to irrigate food 
crops not in direct contact with 

the recycled water? (4)
o o

Are you willing to use recycled 
water to irrigate food crops if
that water is in direct contact

with the food crop? (5)
o o

Do you have experience using 
recycled water to irrigate food 

crops in direct contact with 
recycled water? (6)

o o

Q19 How much water do you use each month on average for your greenhouse opera�on?

o Approximate average water use in gallons per month: (1) ________________________________________________

o Don't know (2)

Q20 Approximately how much floor area do you have in your greenhouse opera�on?

o Approximate floor area in square feet: (1) ________________________________________________

o Don't know (2)

End of Block: Sec�on 1: Your Greenhouse Opera�on

Start of Block: Sec�on 2: General Water Ques�ons (Knowledge & Percep�ons)
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Yes (1) No (2) Yes (1) No (2) Yes (1) No (2)

Contains 
chemicals, 

such as 
chlorine (1)

o o o o o o
Contains 

bacteria or 
viruses (2) o o o o o o
Is purified 
sewage (3) o o o o o o
Is drinkable 

(4) o o o o o o
Is disgus�ng 

(5) o o o o o o
I trust the 
provider 
that the 
quality is 

suitable for 
the 

intended 
usage (6)

o o o o o o

End of Block: Sec�on 2: General Water Ques�ons (Knowledge & Percep�ons)

Start of Block: Sec�on 3: Using Recycled Water in Greenhouse Opera�on

Q23 SECTION 3: USING MUNICIPAL RECYCLED WATER IN GREENHOUSE OPERATION

Q24 We define municipal recycled water as highly treated wastewater effluent. This treatment process (shown in Figure 1) removes 
or neutralizes impuri�es to a higher quality than most irriga�on water, making the water safe for use.  

Figure 1. Process of using advanced treatment to turn wastewater into municipal recycled water.

Q21 SECTION 2: GENERAL WATER QUESTIONS

Q22 Six descrip�ve statements appear below. For each statement, indicate "Yes" if you think it describes the type of water in each 
column or "No" if you think it does not. 

Recycled Water Tap Water Treated Wastewater
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Q25 The following ques�ons ask about use of municipal recycled water for irriga�on of crops.
Yes (1) No (2)

Are you willing to use municipal 
recycled water to irrigate non-

edible plants? (1) o o
Do you have experience using 
municipal recycled water to 

irrigate non-edible plants? (2) o o
Are you willing to irrigate food 
crops using municipal recycled 

water if that water is not in 
direct contact with the food 

crop? (3)

o o
Do you have experience using 
municipal recycled water to 

irrigate food crops not in direct 
contact with the recycled 

water? (4)

o o
Are you willing to use municipal 
recycled water to irrigate food 
crops if that water is in direct 

contact with the food crop? (5)
o o

Do you have experience using 
municipal recycled water to 
irrigate food crops in direct 

contact with recycled water? (6)
o o

Q26 Below are statements about using municipal recycled water. Assuming municipal recycled water was available to you, please
indicate if each statement mo�vates use, limits use, or neither mo�vates nor limits use of municipal recycled water to grow food 
crops.

Limits Use (1) Mo�vates Use (4) Neither Mo�vates nor 
Limits Use (2)

a. Health effects to 
greenhouse staff due to 
contact with municipal 

recycled water (1)
o o o

b. Health effects to 
customers who 

consume crops grown 
with municipal recycled 

water (2)

o o o
c. Customers' 

percep�ons regarding 
the use of municipal 

recycled water (3)
o o o

d. Business partners' 
percep�ons regarding 
the use of municipal 

recycled water (4)
o o o

e. Crop produc�vity 
compared to irriga�on 

with conven�onal 
water (5)

o o o
f. Environmental impact 

(6) o o o
g. Effect on water 

security (7) o o o
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h. Capital investments
to allow use of 

municipal recycled
water (8)

o o o
i. Opera�onal costs (9) o o o
j. Monetary incen�ves

for use of municipal
recycled water (10) o o o

k. Prior experience with 
use of municipal 

recycled water (11) o o o
l. Experience of other

greenhouse growers in 
the United States of 

using municipal 
recycled water (12)

o o o
m. Experience of other

greenhouse growers
worldwide of using
municipal recycled

water (13)

o o o
n. Water quality of 
municipal recycled

water (14) o o o
o. Trustworthiness of 
laboratory test results

about quality of 
municipal recycled

water (15)

o o o
p. Regulatory oversight

over quality of 
municipal recycled

water (16)
o o o

End of Block: Sec�on 3: Using Recycled Water in Greenhouse Opera�on

Start of Block: Sec�on 4: Grower Profile

Q27 SECTION 4: GROWER PROFILE

Q28 Please provide the primary zipcode for the physical loca�on of the greenhouses, which you own and/or manage:

________________________________________________________________
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Q29 On average, what is your approximate annual total greenhouse opera�on net income?

o Less than $100,000 (1)

o $100,000 - $499,999  (2)

o $500,000 - $999,999  (3)

o $1 million - $4.99 million (7)

o $5 million - $14.99 million  (6)

o $15 million or greater (5)

Q30 Approximately how many years have you been in the greenhouse growing industry?

________________________________________________________________

Q31 Age:

o 25 or younger  (1)

o 26 - 35  (2)

o 36 - 45  (3)

o 46 - 55  (4)

o 56 - 65  (5)

o 66 - 75  (6)

o 76 or older (7)
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Q32 Educa�on:

o Some school educa�on, no degree  (1)

o High School graduate (2)

o Associate degree  (3)

o Bachelor’s degree  (4)

oMaster’s degree  (5)

o PhD or greater  (6)

o Other, please specify:  (7) ________________________________________________

End of Block: Sec�on 4: Grower Profile

Start of Block: THANK YOU!

Q33 We value your par�cipa�on in this survey. Thank you!

Q34 Please enter your preferred email address below, if you would like to par�cipate in the drawing to win one of ten $50 Amazon 
gi� cards or if you would like to receive a summary of the research results.  Email addresses will be kept confiden�al and will not be 
shared or used for any other purpose.

________________________________________________________________
Display This Ques�on:

If If Please enter your preferred email address below, if you would like to par�cipate in the drawing to win one of ten $50 Amazon gi� cards or if you would 
like to receive a summary of the resear... Text Response Is Not Empty

Q35 You have entered your email above. Would you like to:
My preferences:

Yes (1) No (2)

Par�cipate in the Amazon gi� 
card drawing (1) o o

Receive a summary of the 
research results (2) o o

Q36 If there is any addi�onal informa�on you would like to add or feedback you wish to provide, please enter those notes in the 
textbox. Thank you.

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

End of Block: THANK YOU!
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