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Abstract: Understanding human behavior is a complicated and complex endeavor. Academicians and
practitioners need to understand the underlying beliefs and motivations to identify current trends and
to effectively develop means of communication and education that encourage change in attitudes and
behavior. Sociological research can provide information about how and why people make decisions;
this information impacts the research and extension community, helping them formulate programs
and present information in a way that increases adoption rates. Life cycle assessment can document
how plant production impacts the environment. Production of ornamental plants (greenhouse,
container, and field produced flowers trees and shrubs) accounted for 4.4% of the total annual on-farm
income and 8.8% of the crop income produced in the United States in 2017, representing a substantial
portion of farmgate receipts. Greenhouse and nursery growing operations can use this information to
increase production and water application efficiency and decrease input costs. Information related
to the environmental impacts of plant production, derived from life cycle assessment, can also
inform consumer purchase decisions. Information from water footprint analysis quantifies the
relative abundance and availability of water on a regional basis, helping growers understand water
dynamics in their operation and informing consumer plant purchases based on water availability and
conservation preference. Economics can motivate growers to adopt new practices based on whether
they are saving or making money, and consumers modify product selection based on preference for
how products are produced. Specialty crop producers, including nursery and greenhouse container
operations, rely heavily on high quality water from surface and groundwater resources for crop
production; but irrigation return flow from these operations can contribute to impairment of water
resources. This review focuses on multiple facets of the socioeconomics of water use, reuse, and
irrigation return flow management in nursery and greenhouse operations, focusing on grower and
consumer perceptions of water; barriers to adoption of technology and innovations by growers;
economic considerations for implementing new technologies; and understanding environmental
constraints through life cycle assessment and water footprint analyses. Specialty crop producers can
either voluntarily adapt practices gradually to benefit both economic and environmental sustainability
or they may eventually be forced to change due to external factors (e.g., regulations). Producers need
to have the most current information available to inform their decisions regarding water management.
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1. Introduction
In the developing world, water is typically considered available and abundant, until there is a
drought or another form of water crisis [1,2]. The reality is that water is at the center of our survival and
that access to it is by no means guaranteed. Irrigated agriculture accounts for twenty-five percent of the
water used worldwide, and is the largest consumer of fresh water in the world [3]. While governments
and individuals strive to maintain the availability of quality water resources, many factors can change
the landscape of water availability including drought, climate change, saltwater intrusion, aquifer
depletion, public perceptions, and changes in government policy. For example, the Canary Islands
have been experiencing water scarcity not because of physical or natural limitations, but because
social and behavioral patterns are limiting access to fresh water resources for all [4]. Changing societal
perceptions, behaviors, and norms are not easy, but change can be accomplished over time.
Availability of groundwater resources can significantly impact human well-being. By 2050 it is
estimated that almost 20% of the world’s population (2.14 of 10.7 billion people) will be impacted
by groundwater scarcity [5,6]. When water scarcity becomes either an acute or chronic problem, it is
likely that direct human use will maintain priority while agricultural (both row crop and specialty
crop), industry, and other uses will become secondary priorities [7]. Specialty crop plant production,
specifically nursery and greenhouse crops, is likely to be at the top of the list of industries whose water
use is evaluated by the government and general public in terms of limiting the quality and quantity of
freshwater resources allocated. To remain in business, these industries will likely have to adapt water
use to lower quality sources, reduced water quantity, or both. Yet these reductions are not without
cost. Reducing the number or types of ornamental plants in urban and suburban areas can have a
detrimental effect on human health and wellbeing in urban and suburban communities, particularly
considering increasing populations will increase population densities in urban and suburban areas [8].
Reducing the presence of plants in urban spaces had a negative effect on many aspects of human
health including increased stress, reduced workplace productivity, and sick leave [9–11]. Specialty
crop plant producers, particularly greenhouse and nursery container operations, are often heavily
reliant on surface and groundwater resources for producing plants.
In this review, we focus on the socioeconomic facets of water use, reuse and irrigation return flow
management in specialty crop production including (1) consumer and grower perceptions of water;
(2) life cycle assessment and water footprint analysis; (3) economic considerations; and (4) regulations
and policy considerations. Specialty crop producers can either adapt to changes gradually, in a way
that has the most benefit to them and their operations, or be forced to change by either regulations or
environmental factors outside of their control. Specialty crop producers need the best information
available to make informed decisions regarding management of their operation. Although this review
focuses on specialty crop production in containers, much of what is discussed in this review is also
directly applicable to agriculture in general and urban and suburban stormwater management.
2. Consumer and Grower Perceptions
Individuals typically make decisions that seem best to them, but these choices may or may not be
based on logic or data. Understanding how people make decisions and the type of information that
informs those decisions can have a profound impact on grower adoption of practices, profitability, and
business survival. Many decisions regarding what crops to grow and how to grow them are influenced
both by reality and perceptions. Economics, climate, weather, location, market conditions (previous,
current, and predicted), and industry trends affect crop choice, management decisions, and production
area devoted to a particular crop. While many of these factors influence how growers make decisions,
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they are not the only factors that impact why a grower chooses one option over another. Cultivar
selection, irrigation decisions (ranging from type of irrigation method to scheduling), the level of
automation, and various other production factors also influence grower choices. The basis for making
many of these types of decisions are rooted in human psychology and economics. By increasing our
understanding of why growers make decisions, we can help reduce or eliminate the barriers (either
real or perceived) related to technology and adoption of practices that may be beneficial to the grower
(lowering costs, raising outputs, decreasing environmental impact, etc.). Part of the solution is to
provide decision makers (consumers, growers, and lawmakers) with quality information to help inform
their decision process.
A major consideration in water use and recycling effectiveness centers around grower adoption of
tools and techniques for water conservation. Existing and emerging technologies and practices can
help achieve improvements in water quality and conservation. However, when faced with a complex
decision on whether to engage in new practices or the adoption of new technologies, growers may be
motivated differently to act or not act based on a variety of internal and external influences including
their personal values and beliefs, the beliefs of those they trust, potential or current regulations, level of
knowledge, and prior experience [12,13]. The difficulty is that humans, in general, tend to be reluctant
to change behaviors unless they deem it advantageous over their current practice. The key to positively
affecting water resources lies in the adoption of new technologies and practices designed to protect and
preserve natural resources. Pro-environmental behaviors, such as growers adopting water-conserving
practices and technologies, are defined as those behaviors adopted to reduce one’s impact on the
natural and built world [14].
Growers will move through an adoption process while considering whether they will engage with
new practices or technologies. Initially, some growers may become aware of a practice or technology,
which may lead to their seeking out additional information [15] such as how much it costs, how it will
impact their current practices, and whether or not their peers believe it is a good innovation [16]. Once
a grower has more information, they will decide to adopt or reject the innovation [15]. Growers who
decide to adopt will implement the new practice, after which a decision is made whether or not to
continue its use based on their personal experience [15]. During this process, extension professionals
can provide growers with information and support to assist them in moving towards adoption,
overcoming barriers to change by acknowledging concerns and offering new information.
It is important to understand grower perceptions and attitudes in order to encourage proactive
engagement in pro-environmental practices, because behavior change is complex. Current research
suggests cognitive indicators, contextual considerations, and multivariate influences focused on factors
that relate to risk/gain, culture/demographics, values/beliefs, and specific knowledge all need to be
considered in the decision-making process related to emergent technologies and best management
practices [12,17–19]. Rogers [15] identified specific characteristics of innovations that can make
implementation more attractive. Practices and technologies that are most likely to be adopted will:
1) have a clear advantage over what is currently being used; 2) will be compatible with the existing
infrastructure (therefore some practices will be readily adopted by some and not by others); 3) will be
simple to learn to use; and 4) will be easily tested to ensure they work [15]. Lamm, et al. [19] reported
the opportunity to use new water treatment and conservation technologies on a trial basis could both
positively and negatively influence nursery and greenhouse growers’ eventual adoption, depending
on the type of experience the grower had while using the conservation technology.
Through qualitative interviews of 20 U.S. nursery and greenhouse growers, Lamm et al. [12] found
that stakeholders’ adoption of water conservation technologies may be hindered by perceived cost
and complexity. According to Lamm et al. [19], protecting “natural resources was the most frequently
mentioned motivator for water conservation” and growers were found to care deeply about how
they compare to their peers and how they are perceived by customers in terms of environmental
stewardship. Dennis et al. [20] identified incompatibility of new practices as a primary barrier to change
when studying sustainability within nursery and greenhouse operations. Similarly, Lamm et al. [12]
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reported that a lack of available space to house specific water conservation technologies and lack
of compatibility between an operation’s existing infrastructure and new technologies were barriers
to adoption.
Following a quantitative multi-criteria decision analysis with nursery and greenhouse growers
where cognitive factors as well as adoption characteristics were studied using structural education
modeling and a series of linear and logistic regression data analysis, Warner et al. [18] reported that
more than half of all growers who had implemented one of eight specific conservation technologies
continued to use them, highlighting the educational importance of providing support for initial
implementation and continued use. Extension and other professionals can increase the likelihood
of adoption by showing growers how new technologies are compatible with their existing systems
while emphasizing ease of implementation, financial benefits, and decreased production risk to the
operation [21]. Additionally, professionals can encourage growers to adopt new technologies and
practices by activating social norms among this audience [19].
Increased consumer demand for sustainably produced plants also plays a role in encouraging
growers to engage in technologies and practices that protect water resources. Research has demonstrated
that groups or segments of consumers prefer pro-environmental production practices, and this demand
may be accompanied by a willingness to pay more for sustainably grown plant materials [22,23].
Consumers placed a higher relative importance on plant water use in the landscape compared to use
in production and preferred fresh-water to recycled water or a blend of fresh-and recycled water [24].
Furthermore, consumers who accurately perceived they were in a drought situation exhibited different
attitudes and behaviors compared to individuals who did not accurately perceive they were in a
drought situation [25]. Pro-water conserving attitudes and behavior are more likely observed among
individuals with greater plant purchases and who place a higher value on activities in a landscaped
environment [26]. Consumer perceptions about the terminology of reused water influences their
perceptions of safety. For example, subjects in an online survey perceived recycled water to be less
risky compared to a cohort sample who saw identical questions with remediated water [27]. Yet, using
a priming message (that the water was recycled from a production nursery compared to a residential
area) reduced the perceived risk [28]. When growers understand the increased likelihood of selling
their products at a higher price, they may be encouraged to engage as it represents a clear financial
advantage to their current practices [15]. Lamm et al. [13] recommended ensuring that growers are
aware of consumer demand for plants grown using techniques that protect water as a strategy to
encourage adoption among nursery and greenhouse growers.
Armed with this consumer research, nursery and greenhouse producers can take a more proactive
role in communicating their ecofriendly practices through business to consumer or business to business
communications. This branding can include information on life cycle assessment (including carbon
sequestration) and water footprint analysis. In addition, businesses can help to facilitate a shift toward
more informed consumer choices when selecting plant materials by influencing public attitudes,
creating social norms around choosing sustainably produced plant materials, and producing and
communicating drought-tolerant plant material readily available to consumers, and therefore giving the
consumer control over their choices [16]. To enhance market demand, extension professionals should
also educate consumers on the environmental value of plants grown using more environmentally
friendly practices [21].
Understanding the decision-making process for both growers and consumers can help improve
adoption of environmentally and economically beneficial practices. It is important to understand the
adoption process and provide stakeholders (both commercial and consumers) with quality information
for making informed decisions. Ideally, new technologies will provide a clear advantage over existing
practices, be compatible with existing infrastructure, simple to use, and easily tested to ensure proper
functionality. Educating and providing growers with support for implementing new technologies as
well as highlighting consumer demand for sustainably produced products can help increase adoption
rates of alternative practices and technologies.
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3. Life Cycle Assessment and Water Footprint Analysis
The societal benefits of ornamental specialty crops are often not conveyed to consumers in an
effective way. This is particularly true for life cycle assessment (LCA), carbon footprint (CF), and
water footprint (WF) of ornamental specialty crops; this is an emerging field of study with oftentimes
limited data. An LCA is a systematic process for determining the potential environmental impacts of
interrelated input components and processes of a product or practice during its complete life cycle,
from when it is created to when it is destroyed (cradle-to-grave) [29]. Potential impacts are categorized
as either midpoint or endpoint impact potentials [30,31]. Midpoint impacts are based on measured
values, which minimizes forecasting errors and generates predictable environmental impacts suitable
for relative comparisons. Examples of midpoint impacts would be the global warming potential
(kilograms of carbon dioxide or equivalent emitted), CF, and WF [32,33]. Endpoint analysis requires
estimation of specific damages to human health or the environment (e.g., crop damage, skin cancer,
cataracts, and immune system suppression) and is characterized by higher levels of uncertainty than
midpoint impact potentials [32].
The CF and lifecycle impact of trees produced in pot-in-pot or field production systems were similar,
however input materials such as plastics were a primary contributor in the pot-in-pot system while
equipment use contributed the most in field production [34,35]. Labor was the primary contributor
to shrub harvesting costs while equipment use was the greatest contributor to tree harvesting costs.
This information is useful to nursery managers as they consider ways to increase efficiency and
decrease emissions and costs. One benefit that is often overlooked for large shrubs and trees is
the carbon sequestration that occurs during a plant’s active growth in the landscape. The carbon
sequestered in wood during a tree’s life cycle is many times greater than greenhouse gas emissions
during production [36,37] and only one of several ecosystem services provided by landscape plants.
Life cycle assessment of ornamental specialty crop production is a relatively new area, with limited
information. Future research in this area would be beneficial to better understand how various factors
(irrigation, species grown, container size, harvesting and shipping, etc.) impact the water and carbon
footprints of a single plant (functional unit).
Water footprint [38], expressed in cubic meters of water per functional unit produced, is not a
direct measure of water use or withdrawal from the ecosystem but is a term adjusted for water use or
withdrawal, based on actual practices. Calculations based on water consumption instead of water
withdrawal may be a more complete and accurate method of measuring WF for agriculture because
approximately 40% of withdrawals typically flow to local streams and aquifers [39,40]. Most WF
studies have focused on a global, country, or major river basin scales for specific field-grown crops
such as wheat [41], with few focusing on smaller scale operations such as specialty crop producers.
Data inputs to WF calculations typically include withdrawal or consumption from surface
and ground water sources required by a product using a correction factor for the availability and
consumption of water in a global region on a monthly basis, defined as the water scarcity indicator
(WSI) [42,43]. When considered on a monthly basis, there is more WSI stress during the summer
months, the time that irrigation is used to augment available soil moisture. While WF encompasses
water defined as blue, green, or gray water [44], the WSI considers the water requirements for healthy
ecosystems in the region in defining available “blue” water as the volume of water that can be consumed
without adverse ecological impacts.
Blue water is generally characterized as the consumptive use of surface and ground water flows.
“Green” water is considered the direct precipitation that does not run off or recharge groundwater but
is stored in the soil and evaporated from the surface or through the crop (evapotranspiration). The
line between blue and green water is blurred in specialty crop operations, namely open-air container
production systems with semi-permeable surfaces and catchments for rainfall and irrigation runoff,
providing or supplementing irrigation water. If the system is closed or semi-closed (i.e., water does
not leave the nursery property), the operation itself could be considered a complete watershed and all
water could to be identified as blue water. “Gray” water is the volume of water needed to dilute a
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pollutant load to background levels or to meet existing ambient water quality standards, such that the
contaminant becomes harmless to the aquatic ecosystem [44].
There are several common methods of calculating WF with adjustments for WSI including
the Hoekstra et al. [38], Pfister et al. [45], and Boulay et al. [46] methods. The Pfister method
is based on a water withdrawal-to-availability ratio. The Hoekstra and Boulay methods use a
consumption-to-availability ratio. Average global WF, using the Hoekstra method, for tomatoes and
fresh apples were reported as 214 and 822 m3. t−1 , respectively [44]. The propagation-to-gate WF using
the Hoekstra method for three field-production systems for trees ranged from 0.09 to 0.64 m3 per tree
and irrigation water accounted for 76% to 97% of the WF [34]. Irrigation water applied for modeled red
maple, redbud, and blue spruce production systems in the Midwestern U.S., including liner production,
was 0.623, 0.693 and 0.078 m3 per tree, respectively. These values were higher than the WFs adjusted
by the WSI for the region. The model system for the blue spruce was characterized by minimal,
individual-tree irrigation. For comparison, the redbud WF was lower using the Pfister (0.356 m3 ) and
Boulay (0.137 m3 ) methods, which utilized different WSIs based on different models for global water
availability and consumption. A new WF calculation method for weighting monthly consumptive
water use based on a watershed’s scarcity from a global context, Available Water Remaining (AWARE),
has recently gained favor in the international community [47].
Production managers benefit from an understanding of applied water, consumptive use water
and WF for their operation. Applied water can be used to assess irrigation efficiencies. Consumptive
water use data help managers assess water management strategies. WF data allows the comparison of
water use in terms of water availability in their area as well as in a global context. A more detailed
analysis of these factors in case studies has been published [48].
Lifecycle assessment is an emerging field for documenting the impact of plant production and
use on the environment. This information is useful to growing operations as they consider ways to
increase efficiency and decrease emissions and costs. Consumers can also use this information to make
more informed decisions regarding purchasing plants based on the environmental impact of plant
production methodology. A large, often overlooked, benefit of large shrubs and trees is the mass of
carbon sequestration that occurs during its growth. Carbon sequestered during growth is many times
greater than carbon released during production. Additional ecosystem services provided by landscape
plants include wildlife habitat, water remediation, and shading/cooling. WF analysis quantifies the
relative abundance and availability of water and can help growers and consumers better understand
the impact that water availability has on plant production. In general, if two operations use the same
amount of water, one is located in area with high rainfall, and the other receives low rainfall, the low
rainfall location will have a higher WF, since there is less water available in the “system”. Research
is needed to determine how growers can integrate CF and WF information to optimize production
practices to enhance the environmental sustainability of their operation, while also enhancing their
long-term economic viability. Additional information is also needed on the best methods to share this
information with the general public to help them make informed decisions regarding plant purchases.
4. Economic Considerations
The adoption of advanced irrigation best management practices within the nursery and greenhouse
industry ultimately involves a fundamental economic analysis of every recommended change relative
to current standard irrigation practices in the industry. There are also social and societal implications
including how growers are perceived by others, and the real or perceived barriers to adoption that
exist for changing production practices. Changes in local, state, or federal regulation or weather can
also impact a grower’s bottom line either positively or negatively. Adoption of new practices within
an industry can be rapid if the practices fit into current infrastructure and are financially beneficial,
thus it is necessary for growers to understand economic dimensions prior to adoption. An economic
engineering approach is generally used to estimate the initial capital investment, production costs, and
product prices for both baseline and alternative nursery and greenhouse irrigation models.

Water 2019, 11, 2337

7 of 13

Partial budgeting is a tool that compares the negative effects (costs added) of applying a new
treatment relative to a base or standard treatment to the positive effects (cost savings) associated with
the new treatment relative to the base or standard treatment. Therefore, in terms of water management,
it requires the consideration of the returns associated with treatments and changes in the structure of
the production/irrigation costs. Aspects of costs and returns that do not change with the treatment,
relative to the base are not considered in this portion of the analysis. Thus, the technique of partial
budgeting examines only the effect of the proposed change in practice, assuming all other aspects of
the green industry value chain remain unchanged. This is done by considering the physical changes
associated with the alternatives being proposed and then determining the effects of these changes on
the financial position of the business using total costs of production or irrigation as a proxy.
Specifically, water management project impacts should be evaluated by measuring four separate
effects including: (1) added costs of production incurred by the use of alternative materials, cultural
practices, irrigation treatments, or a combination of the three; (2) added income resulting from increased
levels of production or price premiums associated with higher quality crops or both; (3) costs savings
realized through more efficient management practices or reduced inputs; and (4) income that may be
lost when substituting one crop for another in the production system. When the development phase
of the proposed irrigation practices extends beyond two years, it is important to take into account
the effect of delayed returns by using a net present value (capital budgeting) analysis to fully take
into account the longer-term nature of any investment in capital equipment that may be necessary to
implement some of the proposed changes in production or irrigation practices.
Irrigation control via sensor networks are an example of economic benefits leading to changes in
practices. In a series of experiments with growers, sensor networks provided a number of benefits,
depending upon how they were integrated with current practices. Several nursery operations reported
significant water savings for multiple species of plants. Water savings alone were not adequate to
encourage investment in sensor networks; growers changed practice only when there was a financial
incentive from reduced production time, lower plant losses, or reduced chemical inputs. Changes
in practice (i.e., sensor network for irrigation control) were often applied to additional areas under
production after the technology was proven effective, accurate, and easy to use and maintain [49–51].
Reduction in labor requirements and pumping costs were appreciable for sensor network applications
in containerized pot-in-pot production system [52]. Through a grower survey, Lichtenberg et al. [53]
determined growers were willing to pay for advanced irrigation systems because they believed these
systems would increase profits or decrease costs over current practice. When sensor networks were
applied to strawberry production, the observed benefit was large compared to current practice [54],
but Belaynah and Lea-Cox [54] suggested further study was warranted, particularly for evaluating
sensor network benefits in different climates. Growers were found to be more likely to adopt practices
that provided a competitive or financial advantage to their operation [55].
The sensitivity of the results to various production input prices, wage rates, and operational
conditions can be investigated by altering values of the selected variables one at a time, from the
baseline values. Changes in the selected variables will be expressed by variation from +100% to −50%.
The projected variables to be included in the sensitivity analysis include total investment costs, total
labor costs, product prices and the useful life of equipment used in irrigation activities. Growers
are more likely to implement technologies or practices that are able to save water, are economically
beneficial, and have a positive environmental impact (in terms of ecosystem services provided) [12,18].
Economic considerations are important for most major decisions in greenhouse and nursery
crop production. Adoption of irrigation best management practices can be rapid if those changes fit
into current production practices and provide an economic benefit. It is important for research and
extension to evaluate installation and maintenance costs, return on investment, and other economic
considerations for new and emerging technologies to provide useful information to inform adoption.
Extension programs should explain economic information when working with growers who are
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thinking about changing practices to enhance production efficiency. It is also critical to use information
generated by sociological studies so data are presented in a manner that encourages adoption.
5. Regulations and Policy Considerations
Growers may be influenced to change practice by personal convictions or outside influences
(e.g., consumer perceptions, research-based information). Regulations may also require growers to
change practices, as governments seek to conserve and protect water resources, either by limiting
withdrawals from certain sources or by managing production return flows and stormwater. As the
population increases, this could lead to more conflicts over surface and ground water resources,
particularly in arid regions in the Southwest and Western USA, as well as other areas of the world
where water is limited [55–57]. Recently, there have been conflicts at the state and local level over
surface water [57–60]. These conflicts will likely lead to new laws and regulations for water allocation
and use at the federal, state and local level. These laws may differentially impact cities, industry, and
agriculture, depending on how regulations are enacted. It is possible that there will be changes to the
way that water is allocated, compared with historical norms. There may also be population shifts away
from more arid regions and towards areas with higher annual rainfall if water shortages persist and
alternative fresh-water sources are not adequate to meet population demands. It is clear that any of
these scenarios will impact specialty crop production in the US, and growers should be encouraged
to adopt practices that save water and other resources (agrichemicals, substrates, petroleum, etc.)
when feasible.
Waterways in California, Florida, and the Chesapeake Bay watershed are regulated for specific
chemical, physical, and biological contaminants. These regulated waterways represent only a small
portion of the total number of impaired waterways that can be regulated under the U.S. Clean Water
Act [61,62]. As the U.S. Environmental Protection Agency and state regulatory agencies continue to
identify impaired waterways, establish a total maximum daily load for each contaminant of concern,
and develop planning tools to restore water quality, new and additional regulations are likely to
be enacted across the country. It is important for growers and researchers to remain engaged at all
levels of government (local, state, and federal). Growers need to stay informed about the proposed
changes and understand how those changes might impact their operational practices. Regulators
also need to be informed about the proactive practices growers have implemented to protect the
environment and conserve water resources, so that the consequences of proposed regulations to
growers are understood in the context of the changes growers have already implemented, and to better
understand the implications of proposed regulatory changes have on grower’s profitability and the
environment. Implementing new technologies and practices may also help growers reduce water
needs, both by changing practices to enhance operational water use efficiency and by developing the
infrastructure capacity to treat and reuse water [51,63].
The impact of climate change adds another layer of uncertainty with regard to water supply and
demand. Climate change is predicted to impact rainfall, temperatures, and other weather patterns,
increasing precipitation in some areas, with others becoming more arid [64,65]. Changes in seasonal
weather patterns are also expected to impact the supply of supplemental irrigation during the growing
season [66]. Growers may try to alleviate these changes through a combination of factors including
drilling more wells, storing more surface water, increasing irrigation efficiency, and changing the mix
of plants they grow [55]. Higher uncertainty regarding water availability should encourage growers
to reduce water use, increase on-site storage, recapture or reuse water from their growing areas, or a
combination of some or all of these practices [67–69].
Growers may also be able to use alternative water sources to meet their irrigation demand. One
possibility is reclaimed water (treated municipal wastewater). Reclaimed water can be high in salts,
particularly sodium chloride, and heavy metals, which may negatively impact plant growth [70,71].
Extensive infrastructure investment is also required to pipe water from the water treatment plants to
where it can be used by growers [72,73]. Guaranteed use of a minimum water volume by growers
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and other potential users must be met to make installation of the infrastructure worthwhile [70,74].
Another concern with reclaimed water is that it is produced continually, while irrigation demands
in specialty crop and agricultural production are seasonal, and constantly varying. Desalination
systems are an alternative water source for those operations geographically proximate to the coast,
or in areas with saltwater intruded aquifers. Desalination systems are complex, expensive, require a
brine disposal plan, and are typically not feasible except for large operations and municipalities that
can absorb the large initial infrastructure investment cost and ongoing operating expenses [75,76]. It is
likely in the future that new technologies will be developed that help to reduce the cost of desalination,
making the systems available to larger specialty crop growers that require high quality water for their
operation [77].
Growers may face future legal restrictions on their water use from a number of different sources.
Impaired waterway cleanup at the State and Federal level may require monitoring of production return
flows that leave the property or installation of water treatment systems to reduce specialty crop impacts
on waterways. There may also be restrictions on the quality (e.g., treated wastewater, surface water vs.
well water) or quantity of water that is allowed to be withdrawn. Predicted changes in climate and
weather patterns may also impact water availability and regulations if water becomes seasonally or
chronically reduced. Growers should continue to work to ensure they have adequate protections in
place well ahead of any mandated changes. It is always recommended that growers document changes
in practice, particularly when those changes lead to reduced water usage or reductions in agrichemical
application or runoff.
6. Conclusions
Ornamental horticulture accounts for 4.4% of all agricultural revenue in the United States, and
8.8% of all crop revenue [78], which represents a major portion of U.S. agricultural production. Even
though ornamental production represents a relatively large amount of crop production, there are major
knowledge gaps in terms of social, economic, environmental, and policy implications of practices and
identifying beneficial ways to change practice. Making important decisions is often difficult. Positively
influencing decision-making can be even more difficult. For growers and consumers, decisions may
be influenced by knowledge, lack of knowledge, perceptions of technologies and practices, social
norms, space availability, weather, regulations, and labor markets. It is important to understand
that adoption of new technologies is a process where early adopters, who are often opinion leaders,
are willing to adopt a new practice into their existing infrastructure. The success or failure of this
endeavor is dependent on a number of factors including: how the new practice fits into their existing
practices; trialability, or the ability to try a new practice at a small scale; and economics, or the ability
of a new practice to either save money or make money. Producers should adapt marketing practices
to influence consumer perceptions of the sustainability of nursery and greenhouse crop production.
Growers, wholesalers, and retailers will become more profitable and sustain business longer if they
can incorporate an understanding of how consumers interact with and process information, and
determine what information is important to consumers so that it can be incorporated into marketing
plans. Another driver of grower and consumer choice may be life cycle analysis that provides cradle to
grave understanding of water use and carbon emissions for horticultural production. Green industry
professionals should leverage the environmental benefits of the crops they produce, particularly
longer-lived shrubs and trees that sequester a significant amount of carbon over many years they are in
the landscape. Too often, the ecosystem services related to mitigation of soil erosion, habitat restoration,
and pollution reduction are either ignored entirely, marginally addressed, or undervalued. The more
adept industry professionals become at telling why plants are valuable and how they benefit human
health and the environment, the more marketable plants become, and their continued production
justified, regardless of reduced water resource availability. Technologies and practices that show a net
positive economic impact are more likely to be considered and implemented by growers. For growers
to remain competitive, meet the demands of the customer, and abide by governing local, state and
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federal laws, researchers, extension agents, and policy makers need to work together to see changes as
they are coming and help growers respond accordingly.
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