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Abstract. Nursery and greenhouse growers have an important role to play in conserving
water resources. Many technologies are available to help growers conserve water. Yet,
within the industry, there may be varying levels of knowledge about a specific strategy,
along with inconsistent adoption and continued use. An understanding of these factors
can be incorporated into educational programming for this audience. This study
evaluated the reported knowledge level of U.S. greenhouse and nursery growers about
eight specific water conservation technologies and then explored the rate at which
growers had adopted and continued or discontinued their use. Technologies were ranked
from high to low adoption rate, beginning with drip irrigation, rainwater capture, water
reuse, and microirrigation, followed by soil moisture sensors, climate-based irrigation,
subirrigation, and finally an irrigation audit. Overall, greater levels of knowledge
corresponded to both greater adoption and continued use of a technology. Other factors,
such as economic cost and technical feasibility are undoubtedly important. Findings
highlight an opportunity to focus educational programs on the systems-based strategies
that are beneficial to growers, but growers are least knowledgeable about to increase
adoption of effective water conservation methods that currently have low levels of grower
implementation.

The availability of adequate irrigation
water quantity and quality is an increasingly
important issue affecting the green industry.
Nursery and greenhouse growers are uniquely
positioned to conserve water given the sub-
stantial amount they use (Lamm et al., 2017).
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Most nurseries irrigate from wells, municipal
supply, or surface sources (Hodges et al.,
2008), and the amount of water available for
irrigating ornamental plants is expected to
decline and become more expensive (Beeson,
etal., 2004; Fulcher et al., 2016; Mathers et al.,
2005). However, most nursery growers have
increased, not decreased their water use over
time (Fulcher et al., 2016; Hodges et al., 2008).

Dennis et al. (2010) reported that just less
than half of U.S. nursery and greenhouse
growers were using conservation measures in
applying irrigation. Some of the conservation
techniques available to nursery and green-
house growers include precise application
of water through appropriate irrigation timing,

microirrigation, and reusing runoff water
(Mathers et al., 2005). Growers need to have
adequate knowledge about water conservation
techniques before they will adopt them
(Rockwell and Bennett, 2004). The innovation-
decision process explains why people will
implement an innovation once they know about
it, understand how it works, and develop a favor-
able opinion (Rogers, 2003). Therefore, the
decision to implement a water conservation
technology needs to be proceeded by creating
awareness that the technology exists, knowledge
of how it works, and a favorable attitude toward
it (Rogers, 2003).

Once a water conservation technique is
implemented, a grower will either decide to
continue or discontinue using it for several
possible reasons during what is known as the
confirmation stage of the innovation-decision
process (Rogers, 2003). Growers need to
continue using conservation innovations to
have the greatest impact on water availabil-
ity. Discontinuance can result when individ-
uals believe that some other innovation is
better or when they become dissatisfied with
the innovation (Rogers, 2003). An under-
standing of knowledge levels along with
water conservation technique implementa-
tion can be used to guide educational strate-
gies, and identifying the rate of discontinuance
may be equally as important as implementa-
tion (Rogers, 2003).

The research described herein was conduct-
ed to identify opportunities to promote water
conservation and to inform water conservation
education programs targeting U.S. nursery and
greenhouse growers. The specific objectives
that guided the study were to evaluate grower
knowledge level of water conservation tech-
nologies, identify those water conservation
technologies growers had previously imple-
mented, and establish which water conser-
vation technologies were still in use by U.S.
nursery and greenhouse growers.

Materials and Methods

Study population. Data were collected
using a researcher-developed online survey
instrument from Jan. 2017 through Apr. 2017.
The target population of the study included
nursery and greenhouse growers located
throughout the United States. We accessed
respondents (N = 192) through educational
program participant lists and an economic
electronic mailing list, both maintained by
research and extension professionals who
work with nursery and greenhouse growers
across the United States. The average respon-
dent was male, 55-64 years old, white, and
non-Hispanic or Latino. The most common
education level was a 4-year college degree.
Respondents represented 31 states, and the
largest number of growers were from Florida,
followed by New York. Fourteen percent of
respondents’ annual sales were $10,000,000+,
20% were between $1,000,000 and $9,999,000,
8% were between $500,000 and $999,999, 14%
were between $100,000 and $49,900, and the
most common range (44%) of respondents’
gross annual sales was $10,000-$99,999.
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Instrumentation. In consultation with
nursery, greenhouse, and extension special-
ists, we selected eight specific water conser-
vation strategies to evaluate. The technology
options surveyed are consistent with a best
management practice (BMP) framework for
a greenhouse or nursery (FDACS, 2014).
These strategies and their definitions were
as follows:

1) rainwater capture: collection of rainfall
intercepted by the property in a catch-
ment basin or tanks for irrigation use

2) water reuse: capture of excess irriga-
tion water in a catchment basin or tank
for reapplication to subsequent crops

3) microirrigation: limited coverage drip
and spray emitters that provide precise
application to plant roots and the
growing substrate

4) drip irrigation: a form of microirrigation
where low-flow emitters apply water
directly to plant root systems to increase
water absorption, provide precise place-
ment, and avoid foliar diseases

5) subirrigation: ebb-and-flood irrigation
delivery from below the container,
usually combined with a collection
tank to hold water and reduce leaching
and foliar diseases

6) soil moisture sensors: timing of irriga-
tion based on automated or manual
sensors such as tensiometers or di-
electric probes that monitor dryness of
the growing substrate

7) climate-based irrigation: timing of irri-
gation using evapotranspiration models
and sensors of temperature, relative hu-
midity, rainfall, and/or light

8) irrigation audits: evaluation of irriga-
tion equipment efficiency and BMPs
undertaken by an independent irriga-
tion expert or an individual who has
had the training to do so

Three parts of the survey pertained to the
research objectives reported herein.

Part 1 of the instrument asked growers to
indicate their knowledge level for each of the
eight water conservation strategies with the
question stem: “Please indicate your current
level of knowledge as it relates to the fol-
lowing water conservation technologies or
practices.” Responses were collected along
a S5-point Likert-type scale (1 = not at all
knowledgeable, 2 = slightly knowledgeable,
3 = somewhat knowledgeable, 4 = moder-
ately knowledgeable, and 5 = extremely
knowledgeable).

Part 2 of the instrument asked growers to
indicate which of the eight conservation
techniques they had previously implemented
(“Please indicate which of the following
water conservation technologies or practices
you have implemented, if any’’). The re-
sponse format was to check all that apply.
Part 3 of the instrument presented only those
technologies the respondent indicated they
had implemented in part 2 of the instrument
and asked growers to indicate which of the
conservation techniques they were still using
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(“Please select those technologies that are
still in use at your operation”). This question
also used a “check all that apply” format.

We used an expert panel to establish face
and construct validity (Field, 2013; Hardesty
and Bearden, 2004; Haynes et al., 1995).
Face validity was assessed to ensure that the
survey instrument was measuring the aspects
it was designed to measure (Ary et al., 2014).
Construct validity was evaluated to ensure
that the survey questions were audience
appropriate and were relevant to the objec-
tives of the study (Ary et al., 2014). The panel
of experts included people who specialized in
water-focused extension programming, agri-
cultural communications, agricultural and
biological engineering, and survey method-
ology. The panel of experts reviewed the
instrument for relevance and representative-
ness of survey items in measuring the vari-
ables of interest, and also examined whether
the items reflected what they were designed
to measure. We made minor changes to the
survey instrument based on the review by the
expert panel. The research protocol was
reviewed and approved by the University of
Florida Institutional Review Board before
study initiation.

Data analysis. Before analyzing growers’
knowledge with the water conservation tech-
nologies, we collapsed some of the knowl-
edge response categories to aid in interpretation.
We combined responses, so the least amount
of knowledge was reflected by two categories
(not at all knowledgeable and slightly knowl-
edgeable), a high amount of knowledge was
represented by two other categories (moderately
knowledgeable and extremely knowledgeable),
and a middle category remained (somewhat
knowledgeable). After making this adjustment
to the knowledge categories, we calculated
percentages using the frequency of responses
for each of the research objectives.

Results and Discussion

Growers reported having the highest level
of knowledge about rainwater capture, water
reuse, and microirrigation (Fig. 1). The low-
est level of knowledge was reported for
climate-based irrigation and irrigation audits.
More growers adopted drip irrigation, rain-
water capture, and water reuse than the other
water conservation measures (Fig. 2). Climate-
based irrigation, subirrigation, and irrigation
audits were the least likely to have been
implemented by respondents. Among those
who had implemented these water conserva-
tion measures, microirrigation was the most
likely to still be in use, followed by drip
irrigation, rainwater capture, and water reuse
(Fig. 3). Growers who had implemented irri-
gation audits, climate-based irrigation, or soil
moisture sensors were least likely to continue
the use of these technologies. In some cases, it
is possible the survey respondents did not have
operations that allowed the use of specific
technologies. Given the nature of irrigation
audits, it is not surprising that they are con-
ducted once and not repeated in some cases.
Irrigation audits can be labor intensive and
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may be perceived as being complicated. How-
ever, growers should be encouraged to have
their irrigation systems audited on a more
regular basis (every year) to ensure continued
efficiency of water application, as emitters
may clog and wear over time, risers lean, or
other factors related to everyday use may have
reduced application efficiency.

Rainwater capture and water reuse both
reduce the need for external water supply,
and in many nurseries, both rainwater and
irrigation runoff are collected into an indi-
vidual catchment basin (Chen et al., 2002).
Rainwater capture provides a high-quality
water source without the need to pump
groundwater from a well or pay for municipal
supply. Water capture and reuse reduces
runoff of excess irrigation from the property,
reducing environmental impact. Knowledge
level was high for both rainwater capture and
reuse (Fig. 1), with high levels of adoption
relative to most other technologies (Fig. 2).
Implementation of these technologies re-
quires significant initial capital investment
for related drainage and earthworks (Majsztrik
et al., 2017), and 83% or 75% of adaptors
continued the practice of rainwater capture or
water reuse, respectively (Fig. 3). The sub-
stantial percentage of continued adopters of
rainwater capture and water reuse could po-
tentially be due to the monetary investment
needed to implement these technologies.

Micro-, drip-, and subirrigation technolo-
gies are water-efficient irrigation delivery
methods which vary in their feasibility
depending on the crop type and overall pro-
duction system. For example, subirrigation is
more typically used in covered greenhouse
structures on flood benches or floors than in
outdoor production, where rainfall is an un-
controlled water source that could lead to
drainage problems. By contrast, drip irriga-
tion and other forms of microirrigation (Haman
and Izuno, 2003) are suitable for use in both
greenhouses and uncovered nurseries. Both
knowledge and adoption of micro- and drip
irrigation were higher than those for subirriga-
tion (Figs. 1 and 2). Capital investment in drip
irrigation was reported by Simonne et al.
(2008) at $1235-$2964 per hectare for field
production. By contrast, costs of subirrigation
systems, including materials and installation
labor for the irrigation facilities, plumbing, and
storage tanks exceeded $95,000 for an 1858 m?
greenhouse in 1998 (Uva et al., 2001). Greater
economic and technical barriers, therefore,
exist to adoption of subirrigation compared
with micro or drip irrigation.

Sensor-based and climate-based irrigation
technologies support efficient irrigation control
decisions, which are becoming increasingly
feasible with continuing development of new
sensor and control technologies (Lea-Cox et al.,
2013; Million and Yeager, 2015). Because
sensor-based irrigation control, including wire-
less sensing and internet-based communication,
is newer than some other technologies in the
survey, growers may have less knowledge
and adoption as indicated in Figs. 1 and 2.
These technologies are highly information-
based, requiring a greater level of training
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Fig. 1. Reported (perceived) knowledge level of water conservation technologies. Note: Values may not total 100% because there were respondents that did not
respond to every item.
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Fig. 2. Water technologies implemented by U.S. nursery and greenhouse growers.

and management input to successfully imple-
ment compared with other options surveyed,
which may have reduced the continued use
(Fig. 3). Lichtenberg et al. (2013) estimated the
annual cost of $3755 for a soil moisture sensor-
based irrigation system in a 1858 m?-green-
house, resulting in a substantial increase in
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profitability of Gardenia augusta production
within a year because of a shorter crop time.
Increased communication of the economic
potential of emerging sensor technologies is
needed as a precursor to wider adoption.

An irrigation audit is conducted by trained
grower staff or a service provided by certified

personnel to evaluate irrigation system oper-
ation and design and identify opportunities to
improve water-use efficiency. Knowledge
level and adoption of irrigation audits were
low (Fig. 1), despite widespread university
extension workshops and bulletins on BMPs,
including check lists and methodologies for
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Fig. 3. Water technologies still in use by U.S. nursery and greenhouse growers.

self-auditing of nursery irrigation systems
(Yeager, 2013), and subsidized auditing ser-
vices provided by many water management
organizations. The low continued use of an
irrigation audit (Fig. 3) is perhaps more
difficult to interpret than with other technol-
ogies because an audit is a periodic checkup
event rather than a continuous irrigation
activity. In future studies, it could be benefi-
cial to account for the various types of
growers (i.e., operation size, nursery Vvs.
greenhouse, ownership, education, etc.) as
well as owner characteristics (especially
when the owner and grower are not the same
person) and how the type of grower will
affect the adoption of these conservation
technologies. In addition, future research
should examine other factors (i.e., the costs
of these conservation strategies, regulations
or restrictions, etc.) not investigated here that
may influence the adoption of water conserv-
ing technologies.

Overall, adoption of water conservation
technologies followed a general pattern where
more knowledge corresponded with greater
likelihood of adoption. The four technologies
with which the greatest number of growers
report being moderately or extremely knowl-
edgeable were the four most likely to have
been implemented at some point. There is
some exception to the pattern for drip irriga-
tion in that it was fourth in terms of knowledge
level but the most likely to have been imple-
mented, but as noted previously, drip irrigation
has a low technical and economic barrier
relative to some other technologies.
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Given the relationship between knowl-
edge and implementation along with varied
levels of knowledge with the conservation
technologies, horticultural professionals who
educate nursery and greenhouse growers
should work to increase knowledge levels
that are currently low. There is a definite
opportunity to educate growers about systems-
based decision-making strategies, which in-
clude climate-based irrigation and irrigation
audits. There are also opportunities to edu-
cate growers about soil moisture sensors and
subirrigation to encourage greater implemen-
tation of these technologies when feasible.

At least half of those growers who had
implemented any of the eight water conser-
vation technologies were still using them.
About nine of 10 growers who implemented
either microirrigation or drip irrigation still
used these technologies. Only about half of
the growers who implemented irrigation au-
dits or climate-based irrigation still reported
using them. Similar to initial implementation,
growers were more likely to continue using
those conservation approaches where they
reported greater levels of knowledge. In
addition, continuance seems to be related to
greater levels of adoption, meaning when
greater numbers of growers have adopted an
innovation, they are more likely to continue
using it. This implies that social support and
industry norms contribute to the continued
use of water conservation strategies.

Growers who discontinued the use of a water
conservation technology likely did so because
they were dissatisfied or found another water

Irrigation

irrigation audit

conservation innovation they believed was
better (Rogers, 2003). The former case can
be a result of a poor fit between the technology
and the adopter or in some cases, the technol-
ogy never became part of the operations’
routine (Rogers, 2003), possibly because of
a lack of adequate knowledge. The latter cause
of discontinuance can be a result of the many
water conservation options emerging today. In
these cases, discontinuance does not mean that
the growers were not conserving water but
were perhaps conserving in other ways.
Although the initial implementation of
water conservation technologies is important,
people who educate nursery and greenhouse
growers should provide support that lasts
beyond initial adoption. This support should
reinforce the initial decision to implement
the technology, troubleshoot any issues that
arise, and help growers to incorporate the
conservation strategy as a part of their rou-
tine. Educators’ continued interaction be-
yond initial adoption can help growers as
they decide whether to continue or discon-
tinue the use of a conservation technology
based on site-specific constraints and perfor-
mance (economic and efficacy) assessments.
Discontinuance is more common among
those who adopt later (Rogers, 2003). There-
fore, people who educate nursery and green-
house growers should particularly target
support toward those who may have hesitated
to implement a new conservation practice in
the first place. Furthermore, they should
provide support for continued use of those
technologies with which discontinuance is
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more common (soil moisture sensors, climate-
based irrigation, and irrigation audits).

The opportunity exists to further explore
the relationship between implementation and
continued use. It would be beneficial to
examine whether discontinuance is a result
of dissatisfaction with the conservation strat-
egy or preference for another technology.
Future studies should closely examine the
specific reasons growers discontinue using
a water conservation technology.
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