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ABsTrRACT. The nursery industry produces and sells plants for landscape and
environmental purposes and represents a major sector within the US agricultural
industry. In recent years, the nursery industry has undergone rapid growth as a result
of various factors, including increased demand from housing development and
pandemic-fueled interest in home horticulture. As with any industry, the nursery
industry must adapt to changes in societal trends to sustain growth. In the wake of
unprecedented societal and supply chain issues stemming from the global coronavirus
disease 2019 pandemic, the American Society for Horticultural Science Nursery Crops
Professional Interest Group gathered experts in various disciplines to provide their
opinions and insights into the future of the nursery industry, focusing specifically on
the changes and challenges the nursery industry will face in the coming decade.
Nursery crop specialists spanning the United States identified three primary areas that
will steer the future momentum of the nursery industry: consumer trends, natural
resources, and labor. Six experts were selected to represent these areas in a workshop
held Jul 2022 at the American Society for Horticultural Science Annual Conference
in Chicago, IL, USA. This article was developed to disseminate to the greater
scientific community the discussions held and insight shared during that workshop.

he ornamental horticulture in-

I dustry is a critical component
of US agriculture in terms of
revenue, employment, exportation, en-
vironmental sustainability, and the health
and well-being of the population (Hall
and Dickson 2011; Hall and Knuth
2019), generating more than $348 billion
in total output to the nation’s economy
(Hall et al. 2020). The nursery industry
generates $13.8 billion in annual reve-
nue through the production and sale of
live plants (US Department of Agricul-
ture, National Agricultural Statistics Ser-
vice 2020). Nursery stock (e.g., woody
ornamentals) makes up the largest com-
modity within the nursery industry, gen-
erating $4.55 billion in revenue annually
(US Department of Agriculture, National
Agricultural Statistics Service 2020). To
sustain profits, the nursery industry pro-
vides employment opportunities across
various sectors, including plant produc-
tion, sales, distribution, and landscaping.
Thus, nurseries create both direct and
indirect employment opportunities
throughout rural, suburban, and ur-
ban areas, multiplying the industry’s
economic benefits to local and distal
economies. Nurseries not only generate
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revenue for themselves, but also stimu-
late economic activity in numerous re-
lated industries. For example, nurseries
require inputs such as fertilizers and
pesticides, as well as tools and materials,
including heavy equipment and packag-
ing materials, which supports other sec-
tors of the economy.

The US nursery industry is part
of the global economy because it en-
gages in international trade, exporting
live plants and related products. This
trade can contribute to foreign exchange
earnings and promote the reputation of
US nurseries in global markets. Dubbed
the “green industry,” the plants pro-
vided by the nursery industry offer nu-
merous environmental benefits such as
improving air quality, reducing soil ero-
sion, enhancing biodiversity, and sup-
porting pollinators (Hall and Dickson
2011). Many nurseries focus on growing
ornamental plants that are used in inte-
riorscaping, exterior private residential
gardens, and public residential and
commercial green spaces. As such, the
nursery industry is linked intrinsically to
urban and residential growth, home
construction and renovation, and afflu-
ent lifestyles for which individuals or

groups have the financial means to en-
joy leisure activities.

The year 2020 brought a major
change for many individuals and in-
dustries worldwide, as the coronavirus
disease 2019 (COVID-19) pandemic
influenced change in work and leisure
habits to minimize the spread of infec-
tion, creating a unique opportunity
for the rise of home horticulture. The
nursery industry benefited greatly from
the pandemic shutdowns, with more at-
tention being focused on yards and
landscapes than ever before in our soci-
ety (Fratello et al. 2022). A 2021 survey
conducted by the National Gardening
Association indicated there were up-
ward of 18.3 million new gardeners in
the United States, which can be con-
sidered new customers for the nurs-
ery industry (Whitinger et al. 2021).
Concurrently, the housing market has
been steadily increasing, which has
boded well historically for the nursery
industry because new housing develop-
ments are often landscaped intensively
to provide immediate curb appeal.
Moreover, as climate patterns become
more atypical, extreme storms and pro-
longed droughts are becoming more
commonplace, demanding new plant-
ings to replace lost landscapes or to en-
sure resilience to altered hardiness, heat
tolerance, and changing weather pat-
terns. Thus, sales have been increasing
across the country in the past several
years. In the event that sales decline in
the coming years as pandemic purchas-
ing trends subside, the nursery industry
is still well above pre-COVID valuation.

The US nursery industry is poised
for continued growth based on recent
successes and a stable or growing mar-
ketplace. However, we are also in the
midst of an agricultural revolution in
which production practices, environ-
mental regulations, and consumer pref-
erences are evolving. Many consider
food production to be a more impor-
tant, logical sink for natural resources
(water, mineral nutrients, land) and
production inputs such as labor and in-
frastructure, as well as financial support,
compared with its nonedible counter-
part, ornamental horticulture. To pre-
dict impending challenges and provide
insight into what researchers can do to
support the nursery industry and ensure
continued progress, the American Soci-
ety for Horticultural Science Nursery
Crops Professional Interest Group devel-
oped a symposium in 2021 to identify
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major areas of change and challenges ex-
pected in the coming decade. Members
of the Nursery Crops Professional Inter-
est Group work regularly with growers
across the country and developed a list
of specifically identified, critical topics to
explore further during this symposium.
Experts were selected and tasked with
developing their road map and predic-
tions for the next decade in one of three
critical areas: natural resources, consumer
perceptions, and labor.

Natural resources: Water,
fertilizer, substrate

Natural resources are finite; thus,
their careful and judicious use is cru-
cial, especially in industries such as or-
namental horticulture. Despite being
sometimes overlooked in comparison
with food-producing crops, ornamental
horticulture plays a vital role in urban
and suburban landscapes, providing
both direct and indirect ecosystem
goods and services. It is important to
recognize the significance of ornamental
horticulture, and prioritize sustainability
and efficiency in its practices. This section
delves into the key resources on which
growers rely, the potential key resource
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limitations in the future, and innovative
approaches aimed at ensuring the long-
term sustainability of the industry.

Several challenges lie ahead for
nursery producers in the future related
to water availability, contaminant pres-
ence, and human health. The availabil-
ity of water for crop production will
likely be affected by micro-droughts,
flooding, and competition for high-
quality water sources. Average global
temperatures have increased 1 °C from
1895 to 2016 and are projected to in-
crease an additional 1.4 °C from 2021
to 2050 (US Global Change Research
Program 2017). The timing and inten-
sity of precipitation is also projected to
continue changing in the coming decade
(US Global Change Research Program
2017), exacerbated by El Nino (wetter)
and La Nina (drier) cycles. These tem-
perature increases and changes in pre-
cipitation patterns will likely affect plant
production practices as 1) irrigation
methods and plant choice will likely al-
ter, and 2) water storage goals in reser-
voirs will change to enable continued
plant production for longer durations
without precipitation buffers. One infra-
structure change growers should con-
sider is the design or reengineering of
retention reservoirs per the recommen-
dations of Yazdi et al. (2021) to capture
additional surface water during storm
events, if permitted by local or state
regulations.

The presence of chemical, biolog-
ical, and physical contaminants in wa-
ter used for irrigation is problematic
when the contaminant (e.g., a plant
pathogen, salt, or sediment) affects
plant health. However, if contaminant-
laden irrigation return flow leaves the
operation, whether during a storm
event or simply flowing directly from
production areas to adjacent lands, it
is of concern for both 1) environ-
mental health and 2) community per-
ception. Sediment is a contaminant
in and of itself, but contaminants also
sorb to sediments and are transported
throughout the operation during irri-
gation events, or off-farm during storm
events (Gallagher et al. 2001). Thus,
sediment management is a critical com-
ponent of on-farm water management
that growers will need to improve
(Majsztrik et al. 2017). Pesticide fate,
persistence, and transport oft-farm will
also be under increasing scrutiny. Com-
munity perceptions of clean water and re-
source stewardship will motivate growers

to be more proactive in addressing
contaminant management on farms.
Environmental concerns and the ca-
pacity to detect contaminants in sur-
face and groundwaters will promulgate
the need for treatment technologies to
be installed and maintained so that
communities near farms can be confi-
dent in the safety of their water and
ecosystem health.

Concerning human health, with
a changing climate (e.g., higher tem-
peratures earlier in the season) and
water with nutrients present on-farm,
the prevalence and frequency of harm-
ful algal blooms will likely affect pro-
duction practices (whether filtration,
water treatment, or application methods
(Watson et al. 2015). The production
of microplastics from nursery plastics
used for production (e.g., shadecloth,
ground cloth, greenhouse plastic, con-
tainers) is of growing concern because
microplastic particles can also sorb pesti-
cides and other emerging contaminants
of concern (Wang et al. 2021). Nursery
and greenhouse operations should con-
sider alternatives to plastic, when possi-
ble, to limit the release of microplastics
from their operations.

The globalized, on-demand mar-
ketplace was strained during the 2020
global pandemic when demand for
plant materials was at its highest.
Supply chain issues limited the avail-
ability of plastic-based products (e.g.,
polyethylene-based covers, containers,
piping), increased nitrogen and phos-
phorus fertilizer prices, and resulted
in shortfalls of critical technology
(e.g., limited availability of essential
equipment), which prevented the green
industry from responding quickly to
changing demand. This was exacerbated
further by limited shipping resulting
from a lack of real-time transportation
logistical solutions (i.e., drivers and
warehousing), unseasonal precipita-
tion in Canada limiting the sphagnum
peat harvest, and inadequate supplies of
young plants and woody plant seed to
meet the needs of the booming market-
place. This cascade of events illustrated
the interdependence of natural resour-
ces to manufacturers and allied suppliers,
exhibiting the vulnerabilities that can
and will continue to plague horticultural
producers as weather extremes, market
uncertainties, and other unforesecable
events become more prominent. These
supply and demand uncertainties are esca-
lated when coupled with less preemptive
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production or hoarding of goods for sin-
gular consumer resilience.

Raw materials, including peat, bark,
wood, nitrogen, and phosphorus, must
remain under scrutiny as global con-
flicts, trade wars, and concerns over
national security continue to arise, in
addition to regulatory, weather, and
shipping hardships. Regarding freshwa-
ter resources, freshwater quantity and
quality must remain at the forefront of
our attention. As of Jul 2022, one third
of the United States was under a severe,
extreme, or exceptional drought, and
more than half of the United States
was experiencing “flash” droughts,
with 17 to 48 extreme drought weeks
from 2000 to 2019. Concurrently, the
castern United States, midwestern
United States, and west of the Cascade
Mountains in the US Pacific North-
west, received up to a 30% increase in
precipitation, typically as less-frequent
but more-intense storms. Many of these
same regions experienced a significant
increase in river flooding. The Great
Lakes’ pool depth remains at a maxi-
mum, allowing for an abundance of
finite freshwater in the midwestern
United States for the time being. Al-
though saltwater intrusion (Barlow and
Reichard 2010; Mondal et al. 2023)
and subsequent subsidence (Herrera-
Garcia et al. 2021) occur on our coast-
lines and great plains, groundwater
withdrawals exceed recharge rates
(Gleick and Palaniappan 2010)
throughout the United States. An
abundance and shortage of water
both exemplify the finite nature of
high-quality freshwater for which
specialty crops, human consump-
tion, and industry must compete.

To summarize, the nursery indus-
try exists in an ever-growing specialty
crops market that now includes me-
dicinal crops and vertical farms. Nurs-
ery and greenhouse production now
competes for existing and new tech-
nologies, soilless substrate, freshwater,
plastics, and labor while relying on
others for transport logistics. We must
remain cognizant of consumer prefer-
ence and the global marketplace, policies,
and climate to prepare most eftectively
for a profitable future.

Consumer perceptions
Consumer perceptions and prefer-
ences guide the nursery industry more
so than most agricultural enterprises.
Understanding consumer behavior and
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industry practices is vital in navigating
the dynamic landscape of the nursery
industry. Consumers within this sector
can typically be categorized as plant,
price, or production oriented, with
plant-oriented consumers forming a
significant majority. Across the United
States, yards are becoming smaller,
houseplants are on the rise, and buzz-
words such as “ecosystem services” per-
meate the industry. As consumers make
purchasing decisions, it is essential to
recognize that they buy benefits, not
just features. Communicating these
benefits effectively through various
channels is key to engaging consum-
ers and driving demand. Moreover,
there is a growing emphasis on envi-
ronmental sustainability in consumer
preferences, with factors such as local
sourcing and ecofriendly practices gain-
ing prominence. To meet evolving con-
sumer expectations, the nursery industry
must prioritize environmental steward-
ship and assist consumers in making
informed choices. The industry must
adapt to meet these changing preferen-
ces. Within this topic area, consumer
preferences are changing and steering
the green industry. Furthermore, the
link between consumer perceptions of
ornamentals and how this industry fits
into the entire specialty crop industry
must be explored.

TYPES OF CONSUMERS. Nursery
consumers are considered to be of three
types: plant, price, or production ori-
ented (Behe et al. 2014). Plant-oriented
consumers (which consist of two thirds
of consumers) prefer shrubs, trees, and
indoor flowering potted plants. They
prefer to shop at independent garden
centers and are more likely to have a
yard that they maintain. This consumer
group is of great importance to the
nursery industry because of the number
of new construction builds and new
homeowners entering the market. In
2021, 43% of older millennials (31—
40 years) purchased a home for the first
time (National Association of Retailers
2022). This creates a possible opportu-
nity for the nursery industry because
these new homeowners often wish to
decorate, remodel, and arrange their
landscape to fit their needs.

Consumers do not buy features;
they buy benefits. It is important to
communicate with consumers about
what the product can do for them
(Hall and Knuth 2019). Plants pro-
vide emotional health, physical, social,

environmental, and economic (e.g.,
energy savings) benefits (Chalmin-Pui
et al. 2021; Park and Mattson 2009).
The nursery industry needs to commu-
nicate messages to consumers about the
benefits of plants through social me-
dia and online, verbal, and physical
communications.

ENVIRONMENTAL AND SUSTAINABLE.
When purchasing ornamental plants,
words that were important in the
decision-making process included lo-
cal, compostable pots, recycled pots,
and bio-pots, whereas words such as
organic, conventional, and sustainable
were not as important (Yue et al.
2011). These principles are not neces-
sarily less important, but they have
multiple definitions and are broader in
their interpretation, whereas words such
as compostable, recycled, or bio are
specific terms. In the future, the nurs-
ery industry needs to be specific about
environmental activities in which the
nursery industry is participating and as-
sist consumers with properly identifying
what is important. This was emphasized
further by Isaak and Lentz (2020), who
showed that consumers highly desired
edible and ornamental crops produced
using sustainable practices and techniques.

This was also shown in research
conducted by Knuth et al. (2019) in
homeowner perceptions of landscape
water conservation. When comparing
active vs. passive interests in plant care
and landscaping, active interest in plant
care correlated directly and positively
with homeowners’ attitudes regarding
water conservation (Knuth et al. 2019).
Active interest in plant care included
purchasing more plant categories,
spending more annually on plant pur-
chases, and having positive attitudes
about use and design of their landscape
and outdoor spaces. This alludes to the
fact that consumers who like to grow
plants generally have positive attitudes
about conserving water in their land-
scape. As water conservation continues
to become a greater discussion point,
this relationship will be very impor-
tant to highlight with consumers and
policymakers.

MULTIFEATURE CROPS. Consum-
ers are now looking for products
and services that are multifeatured in-
stead of monofeatured (Aviolo et al.
2018; Ben-Akiva and Gershenfeld
1998; Rihn et al. 2016). This means
that the products should not only be
beautiful but also have a secondary
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function or benefit. An example of
this is fruit trees in the residential land-
scape: they look nice, shade the home,
and provide edible fruit. Nursery firms
should capitalize on multifeature crops
by highlighting the crops that flower,
have fall color, have showy fruit, pro-
vide shade, are drought tolerant, are
non-allergenic, have pest resistance,
are good for areas with powerlines
(height), are aromatic, and are native
(Aviolo et al. 2018).

NATIVE PLANTS. Speaking of fea-
tures of plants, native plants are in-
creasingly popular and sought after.
This trend is expected to continue,
with native plants staying in the lime-
light. The number of native plant
nurseries and sales of native plants
have increased nationwide (Anderson
et al. 2021; Thomas et al. 2020; Wei
et al. 2020). Another big indicator of
the staying power of native plants is
legislation around native plant sales.
For example, New Jersey S-83 Law,
Delaware Bill 22, and Illinois HS5450
all encourage native plant sales or distri-
bution at the state level. On the na-
tional level, Congressional Bill S.557,
the Native Plant Species Pilot Program
Act, was passed by Congress in Oct
2022. This bill establishes a pilot pro-
gram for native plant species and a
study on the cost-effectiveness of using
native plant materials to carry out land
management activities on federal lands.
The Department of the Interior is cur-
rently coordinating activities with the
National Seed Strategy of the Bureau of
Land Management, the Plant Conser-
vation Alliance, and the Plant Materials
Centers of the Natural Resources Con-
servation Service to carry out the pilot
program.

BREEDING NEW ORNAMENTAL PLANTS:
MEETING FUTURE CHALLENGES. The
landscape of ornamental plant pur-
chases and marketing is dynamic, akin
to shifts in fashion and cultural trends.
However, the prolonged breeding
cycles of woody plants pose challenges
in anticipating future demands. As we
contemplate future limitations, several
key goals emerge. Foremost among
them are addressing issues of water
scarcity, labor efficiency, and height-
ened pressures from insect pests, dis-
cases, and temperature fluctuations.

Although trends may evolve, certain
plants endure as timeless classics. Box-
wood (Buxus sp.), for instance, maintains
its significance among gardeners and
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growers despite facing formidable chal-
lenges from boxwood blight ( Calonectrin
pseudonaviculnta) and box tree moth
(Cydalima perspectalis). Encouragingly,
breeding efforts have yielded promising
results in developing resistant cultivars,
underscoring the importance of breed-
ing for pest and disease resistance. Un-
fortunately, emerging pests often come
in quickly and can devastate a plant
group [e.g., emerald ash borer (Agrilus
planipennis)] in a relatively short time.
Breeding for such emerging pests and
diseases is a top priority and will remain
such. The challenge for breeders and
growers is that the effect of these issues
happens faster than the breeding cycles.

The imperative for resilient plants
in landscapes is undeniable, particularly
in regions grappling with the impacts of
climate change, including dwindling
water resources and more extreme tem-
perature fluctuations. However, there
exists a paradoxical trend exemplified
by the widespread introduction of
bigleaf hydrangea (Hydrangea mac-
rophylla) cultivars, notorious for their
high water demands. In some regions,
climate change will reduce available wa-
ter, increase temperature extremes, and
place landscape plants under more stress.
Nevertheless, demand remains high.
One reason for this demand, aside
from the innate beauty of bigleaf hy-
drangea in flower, is marketing. The
rise of plant brands and their market-
ing power has had a marked effect on
what consumers purchase. Despite
concerns about sustainability, effec-
tive marketing strategies continue to
drive consumer demand.

Regardless of the issues breeders
are trying to solve, there are some
common goals. Whether it is improved
pest resistance, improved drought toler-
ance, or any other issue, new plants
must perform well in production such
that growers will produce them, and
they must be aesthetically desirable in
landscapes beyond their improvements
in biotic or abiotic stress tolerance.
When breeders consider how to achieve
these goals, one obvious method is to
use plants that are already resilient but
perhaps weedy. Some may argue that
this presents an ecological conundrum,
but the fact is that these plants are so re-
silient that they thrive and end up es-
caping cultivation. The only issue with
such plants is that they are too fecund.
With the issue of seed production (or,
more properly, the lack thereof) solved,

these plants provide growers, gardeners,
and land managers with excellent op-
tions. A second option that requires a
longer term approach is to seek species
related to common landscape plants
that are superior in some stress toler-
ance. Examples include western redbud
(Cercis occidentalis), which is a relative
of the more commonly planted eastern
redbud (Cercis canadensis), which has
greater drought tolerance. Developing
hybrids may allow introgression of the
desirable flowering and tree-form char-
acteristics of the myriad eastern redbud
cultivars with the stress tolerance of
western redbud. This approach is com-
monly used for invasive pests and
pathogens in which native flora present
no resistance. Often, the duration of
such projects is even longer than nor-
mal because of the number of genera-
tions required to achieve the desired

phenotype.

Labor supply, labor demand,
and mechanization

The past two decades have been
characterized by a decreasing supply
of family labor and an increased de-
mand for hired labor (Escalante et al.
2020; US Department of Agriculture,
National Agricultural Statistics Service
2023). Labor shortages are documented
in several agriculture industries, in-
cluding the nursery industry. Labor
challenges arise from the nature of
employment: seasonal and temporary
positions and labor-intensive tasks
that are physically demanding, with
long hours working outside. Labor
issues may also arise from how local
labor markets adapt to labor and pol-
icy shocks and changing conditions.
Factors that affect labor availability
include the aging of the domestic
workforce, lack and /or unwillingness
of local labor, and increasingly diffi-
cult immigration and guest worker
regulations and policy, which trickle
down to the industry (Adegbola et al.
2019; Escalante et al. 2020). Adding
to the list the increased interest for
automation and mechanization, the
industry is looking for ways to address
the labor challenges as effectively and
efficiently as possible.

Undoubtedly, labor is a produc-
tion input that is critical for the sus-
tainability of an industry. Labor needs
and demand, labor supply, and respec-
tive costs are some areas that specialists
examine year by year and document
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trends. The 2024 Nursery Management
State of the Industry report documented
labor challenges, including insufficient
availability of qualified labor (42% of the
respondents) and increased wages (22%
of respondents) as factors limiting new
hires (Mcclellan 2024). According to
the same report, staft hiring and training
was the top business aspect begging
improvement in the future (38% of
respondents).

Labor costs for the nursery and
greenhouse industry have increased
steadily since 1999 (Hall 2023; US
Department of Agriculture, National
Agricultural Statistics Service 2020),
from less than 30% as a share of total
gross cash farm income in 1999 to
~35% in 2020. Although a 5% change
may not seem much in two decades,
costs in nursery operations are near a
20-year high. Studies estimate that la-
bor costs for the nursery industry ac-
count for up to 40% of production
costs (Mathers et al. 2010), with labor
costs increasing as production opera-
tions further adopt soilless production
practices. Moreover, compensation
schemes have increased as well, either
as a result of an increase in the mini-
mum wage and/or adverse effect wage
rate or as a means to attract and retain
employees. Regardless of the growth
in sales in the green industry, which
gives an advantage to manage any shock
(production, marketing, and financial),
all operations are examining ways to re-
duce labor costs if possible and secure
dependable labor.

Automation and mechanization
have been introduced as a labor cost-
saving and labor shortage mitigation
approach. Autonomous greenhouses
and robotics are capital investments
pursued by several ornamental horti-
culture operations, yet the extent of
automation is still limited (Posadas
et al. 2008; Rihn et al. 2022). Mov-
ing forward, automation and mecha-
nization will continue to be an area
where the industry is expected to al-
locate additional resources. However,
the application of automation and
mechanization tools will vary by pro-
duction methods used and the scale
of the operation. Existing applications,
including granular fertilizers, pruners,
and irrigation, can be improved with
sensors and high-definition cameras.
Artificial intelligence (AI) applications
can assist with streamlining and moni-
toring production as well as helping
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manage production risks such as pesti-
cide damage, irrigation issues, and so
forth. Issues that need to be addressed
include the cost of technology adop-
tion, interest from the industry to in-
vest in automation and mechanization
and Al, and perceptions of labor man-
agement (new training) and worker
welfare. For operations where the cost
of automation and mechanization or
Al is prohibitive, guest worker pro-
grams may offer a way to deal with la-
bor shortages.

The recent pandemic highlighted
the need for securing and retaining la-
bor; it also offered a pressure test for
the industry to see how it can adjust
to shocks within the labor market. An
increased interest and dependence on
H-2A guest worker labor in agricul-
ture, including the nursery industry,
has already been documented through
data (US Department of Labor Office
of Foreign Labor 2022). Moving for-
ward, policies that help streamline the
program along with outreach pro-
grams that help inform operators will
be needed.

Conclusion

The US nursery industry is poised
to experience continued gains from
shifting markets, increased efficiency
surrounding material costs, and added
productivity through better manage-
ment, more efficient use of labor
and automation, and improvements
to plant materials. Although the in-
dustry is on a strong trajectory, future
uncertainties remain and provide op-
portunities for improvement, which
could propel the industry successtully
into the coming decades. The ideas
presented herein represent the opin-
ions of the experts recruited for this
endeavor and are presented as a basis
for moving forward.

References cited

Adegbola YU, Fisher PR, Hodges A.
2019. Economic evaluation of transplant
robots for plant cuttings. Sci Hortic. 246:
237-243. https://doi.org/10.1016/j.
scienta.2018.10.070.

Anderson A, Messer I, Langellotto G.
2021. Gardeners’ perceptions of north-
western US native plants are influenced by
ecological information and garden group
affiliation. HortTechnology. 31:458—469.
https://doi.org,/10.21273 /HORTTECH
04770-20.

Avolio ML, Pataki DE, Trammell TL,
Endter-Wada J. 2018. Biodiverse cities:
The nursery industry, homeowners, and
neighborhood differences drive urban tree
composition. Ecol Monogr. 88:259-276.
https://doi.org,/10.1002/ecm.1290.

Barlow PM, Reichard EG. 2010. Saltwa-
ter intrusion in coastal regions of North
America. Hydrogeol J. 18:247-260. https://
doi.org,/10.1007,/s10040-009-0514-3.

Behe BK, Campbell BL, Khachatryan H,
Hall CR, Dennis JH, Huddleston PT,
Fernandez RT. 2014. Incorporating eye
tracking technology and conjoint analysis
to better understand the green industry
consumer. HortScience. 49:1550-1557.
https://doi.org,/10.21273 /HORTSCI.49.
12.1550.

Ben-Akiva M, Gershenfeld S. 1998. Multi-
featured products and services: Analyzing
pricing and bundling strategies. ] Forecast.
17:175-196. https://doi.org,/10.1002/
(SICI)1099-131X(199806,/07)17:3/
4<175::AID-FOR690>3.0.CO;2-N.

Chalmin-Pui L, Roe J, Griffiths A, Smyth
N, Heaton T, Clayden A, Cameron R.
2021. “It made me feel brighter in myself”:
The health and well-being impacts of a
residential front garden horticultural inter-
vention. Landsc Urban Plan. 205:103958.
https://doi.org,/10.1016/j.Jlandurbplan.
2020.103958.

Escalante CL, Luo T, Taylor CE. 2020.
The availability of H-2A guest farmer
workers during the COVID-19 pandemic.
https: //www.choicesmagazine.org,/choices-
magazine /theme-articles /covid-19-and-the-
agriculture-industry-labor-supply-chains-
and-consumer-behavior,/the-availability-of-h-
2a-guest-farm-workers-during-the-covid-19-
pandemic. [accessed 18 Apr 2024].

Fratello DS, Campbell B, Secor W, Campbell
J. 2022. Impact of the COVID-19 pandemic
on gardening in the United States: Post-
pandemic expectations. HortTechnology.
32:32-38. https://doi.org/10.21273/
HORTTECHO04911-21.

Gallagher DL, Johnston KM, Dietrich
AM. 2001. Fate and transport of copper-
based crop protectants in plasticulture
runoff and the impact of sedimentation as
a best management practice. Water Res.
35:2984-2994. https://doi.org,/10.1016/
S0043-1354(00)00594-7.

Gleick P, Palaniappan M. 2010. Peak water
limits to freshwater withdrawal and use.
Proc Natl Acad Sci USA. 107:11155-11162.
https://doi.org,/10.1073 /pnas.1004812107.

Hall CR. 2023. An index of prices paid
by growers in the green industry 2007-
2023. https://www.americanhort.org/
education/industry-insider-report. [accessed
17 Apr 2024].

Horllechnology + August 2024 34(4)

/0 y7/PuU-ou-Aq/sasua9l|/610 suowwodaAeaId//:sdny (/0 /Pu-ou-Agq/sasual|/Bi0° suowwodaAleald//:sdiy) asual|
AN-DN-AgG DD 8y} Jepun pajnguisip ajoie ssaooe uado ue si siy] "ssao0y uadQ eIA 0g-20-G2Z0Z 1e /woo Alojoejqnd pold-awiid-yJewlayem-jpd-swiid//:sdiy wouy papeojumoq


https://doi.org/10.1016/j.scienta.2018.10.070
https://doi.org/10.1016/j.scienta.2018.10.070
https://doi.org/10.21273/HORTTECH04770-20
https://doi.org/10.21273/HORTTECH04770-20
https://doi.org/10.1002/ecm.1290
https://doi.org/10.1007/s10040-009-0514-3
https://doi.org/10.1007/s10040-009-0514-3
https://doi.org/10.21273/HORTSCI.49.12.1550
https://doi.org/10.21273/HORTSCI.49.12.1550
https://doi.org/10.1002/(SICI)1099-131X(199806/07)17:3/4<175::AID-FOR690>3.0.CO;2-N
https://doi.org/10.1002/(SICI)1099-131X(199806/07)17:3/4<175::AID-FOR690>3.0.CO;2-N
https://doi.org/10.1002/(SICI)1099-131X(199806/07)17:3/4<175::AID-FOR690>3.0.CO;2-N
https://doi.org/10.1016/j.landurbplan.2020.103958
https://doi.org/10.1016/j.landurbplan.2020.103958
https://www.choicesmagazine.org/choices-magazine/theme-articles/covid-19-and-the-agriculture-industry-labor-supply-chains-and-consumer-behavior/the-availability-of-h-2a-guest-farm-workers-during-the-covid-19-pandemic
https://www.choicesmagazine.org/choices-magazine/theme-articles/covid-19-and-the-agriculture-industry-labor-supply-chains-and-consumer-behavior/the-availability-of-h-2a-guest-farm-workers-during-the-covid-19-pandemic
https://www.choicesmagazine.org/choices-magazine/theme-articles/covid-19-and-the-agriculture-industry-labor-supply-chains-and-consumer-behavior/the-availability-of-h-2a-guest-farm-workers-during-the-covid-19-pandemic
https://www.choicesmagazine.org/choices-magazine/theme-articles/covid-19-and-the-agriculture-industry-labor-supply-chains-and-consumer-behavior/the-availability-of-h-2a-guest-farm-workers-during-the-covid-19-pandemic
https://www.choicesmagazine.org/choices-magazine/theme-articles/covid-19-and-the-agriculture-industry-labor-supply-chains-and-consumer-behavior/the-availability-of-h-2a-guest-farm-workers-during-the-covid-19-pandemic
https://www.choicesmagazine.org/choices-magazine/theme-articles/covid-19-and-the-agriculture-industry-labor-supply-chains-and-consumer-behavior/the-availability-of-h-2a-guest-farm-workers-during-the-covid-19-pandemic
https://doi.org/10.21273/HORTTECH04911-21
https://doi.org/10.21273/HORTTECH04911-21
https://doi.org/10.1016/S0043-1354(00)00594-7
https://doi.org/10.1016/S0043-1354(00)00594-7
https://doi.org/10.1073/pnas.1004812107
https://www.americanhort.org/education/industry-insider-report
https://www.americanhort.org/education/industry-insider-report

Hall CR, Dickson MW. 2011. Economic,
environmental, and health /well-being ben-
efits associated with green industry products
and services: A review. ] Environ Hortic.
29:96-103. https://doi.org,/10.24266/
0738-2898-29.2.96.

Hall CR, Hodges A, Khachatryan H,
Palma MA. 2020. Economic contribu-
tions of the green industry in the United
States in 2018. ] Environ Hortic. 38:
73-79. https://doi.org,/10.24266,/07 38-
2898-38.3.73.

Hall CR, Knuth M. 2019. An update of
the literature supporting the well-being
benefits of plants: Part 3 social benefits. J
Environ Hortic. 37:136-142. https://
hrijournal.org/doi/pdf/10.24266,/0738-
2898-37.4.136.

Herrera-Garcia G, Ezquerro P, Tomas R,
Bejar-Pizarro M, Lopex-Vinielles ], Rossi
M, Mateos R, Carreon-Fryere D, Lambert
J, Teatini P, Cabral-Cano E, Erkens G,
Galloway D, Hung W, Kakar N, Sneed
M, Tosi L, Wang H, Ye S. 2021. Map-
ping the global threat of land subsidence.
Science. 371:34-36. https://doi.org/10.
1126 /science.abb8549.

Isaak M, Lentz W. 2020. Consumer pref-
erences for sustainability in food and non-
food horticulture production. Sustainability.
12(17):7004. https://doi.org,/10.3390/
sul2177004.

Knuth M, Behe B, Hall C, Huddleston P,
Fernandez R. 2019. Sit back or dig in:
The role of activity level in landscape market
segmentation. HortScience. 54:1818-1823.
https://doi.org,/10.21273 /HORTSCI
14158-19.

Majsztrik JC, Fernandez RT, Fisher PR,
Hitchcock DR, Lea-Cox J, Owen JS Jr,
Oki LR, White SA. 2017. Water use and
treatment in container-grown specialty crop
production: A review. Water Air Soil Pollut.
228:151. https://doi.org/10.1007 /
s11270-017-3272-1.

Mathers HM, Acuna AA, Long DR, Behe
BK, Hodges AW, Haydu JJ, Schuch UK.
2010. Nursery worker turnover and lan-
guage proficiency. HortScience. 45:71-77.
https://doi.org,/10.21273 /HORTSCI.45.
1.71.

Mcclellan M. 2024. State of the industry:
Labor. https://www.nurserymag.com/

Horlixhnology * August 2024 34(4)

article /state-of-the-industry-labor. [accessed
18 Apr 2024].

Mondal P, Walter M, Miller J, Epanchin-Niell
R, Gedan K, Yawatkar V, Nguyen E, Tully
KL. 2023. The spread and cost of saltwater
intrusion in the US Mid-Atlantic. Nat
Sustain. 6:1352-1362. https://doi.org/
10.1038,/541893-023-01186-6.

National Association of Retailers. 2022.
2022 Home buyers and sellers generational
trends report. https://cdn.nar.realtor/sites/
default/files/documents /2022-home-buyers-
and-sellers-generational-trends-03-23-2022.
pdf. [accessed 18 Apr 2024 ].

Park S, Mattson R. 2009. Ornamental in-
door plants in hospital rooms enhanced
health outcomes of patients recovering
from surgery. J Altern Complement Med.
15(9):975-980. https://doi.org,/10.1089/
acm.2009.0075.

Posadas BC, Knight P, Coker C, Langlois
S, Fain G. 2008. Socioeconomic impact
of automation on horticulture production
firms in the Northern Gulf of Mexico re-
gion. HortTechnology. 18:697-704. https://
doi.org,/10.21273 /HORTTECH.184.697.

Rihn A, Khachatryan H, Campbell B,
Hall C, Behe B. 2016. Consumer prefer-
ences for organic production methods
and origin promotions on ornamental
plants: Evidence from eye-tracking experi-
ments. Agric Econ. 47:599-608. https://
doi.org/10.1111 /agec.12258.

Rihn A, Velandia M, Warner L, Fulcher
A, Schexnayder S, LeBude A. 2022. Factors
correlated with the propensity to use automa-
tion and mechanization by the US nursery
industry. Agribusiness. 39(1):110-130.
https://doi.org,/10.1002 /agr.21763.

Thomas M, Jensen K, Velandia M, Clark
C, English B, Lambert D, Walker F.
2020. Outdoor home gardener preferen-
ces for environmental attributes in gar-
dening supplies and use of ecofriendly
gardening practices. HortTechnology.
30:552-563. https://doi.org/10.21273/
HORTTECH04672-20.

US Department of Agriculture, National
Agricultural Statistics Service. 2020. U.S.
horticulture operations report $13.8 bil-
lion in sales. https://www.nass.usda.gov,/
Newsroom/printable /2020 ,/12-08-2020.
pdf. [accessed 18 Apr 2024 ].

US Department of Agriculture, National
Agricultural Statistics Service. 2023. Farm
labor. https://www.ers.usda.gov,/topics/
farm-economy/farm-labor/#recent. [ac-
cessed 23 Aug 2023].

US Department of Labor Office of Foreign
Labor. 2022. H-2A disclosure data,
FY2008-2022. https://www.dol.gov/
agencies/eta/foreign-labor/performance
[accessed 24 Oct 2023].

US Global Change Research Program.
2017. Climate science special report: Fourth
national climate assessment, volume I.
Wuebbles DJ, Fahey DW, Hibbard KA,
Dokken DJ, Stewart BC, Maycock TK
(eds). US Global Change Research Pro-
gram, Washington, DC. https://doi.org/
10.7930,/70J964J6.

Wang C, Zhao ], Xing B. 2021. Environ-
mental source, fate, and toxicity of microplas-
tics. J Hazard Mater. 407:124357. https://
doi.org/10.1016/j.jhazmat.2020.124357.

Watson SB, Whitton BA, Higgins SN,
Paerl HW, Brooks BW, Wehr JD. 2015.
Harmful algal blooms, p 873-920. In:
Wehr JD, Sheath RG, Kociolek JP. Fresh-
water algae of North America. Academic
Press, Cambridge, MA, USA. https://
doi.org,/10.1016,/C2010-0-66664-8.

Wei X, Khachatryan H, Rihn A. 2020.
Consumer preferences for labels disclosing
the use of neonicotinoid pesticides: Evi-
dence from experimental auctions. ] Agric
Res Econ. 45:496-517. https://doi.org/
10.22004 /ag.econ.302462.

Whitinger D, Cohen P, Feinson J. 2021.
National gardening survey. National Gar-
dening Association, Burlington, VT, USA.

Yazdi MN, Owen JS, Lyon SW, White
SA. 2021. A critical review of irrigation re-
tention reservoir performance and design
considerations to enhance water security for
specialty crops. J Clean Prod. 321:128925.
https://doi.org,/10.1016/j.jclepro.2021.
128925.

Yue C, Dennis JH, Behe BK, Hall CR,
Campbell BL, Lopez RG. 2011. Investi-
gating consumer preference for organic,
local, or sustainable plants. HortScience.
46:610-615. https://doi.org/10.21273/
HORTSCI.46.4.610.

429

/0 y7/PuU-ou-Aq/sasua9l|/610 suowwodaAeaId//:sdny (/0 /Pu-ou-Agq/sasual|/Bi0° suowwodaAleald//:sdiy) asual|
AN-DN-AgG DD 8y} Jepun pajnguisip ajoie ssaooe uado ue si siy] "ssao0y uadQ eIA 0g-20-G2Z0Z 1e /woo Alojoejqnd pold-awiid-yJewlayem-jpd-swiid//:sdiy wouy papeojumoq


https://doi.org/10.24266/0738-2898-29.2.96
https://doi.org/10.24266/0738-2898-29.2.96
https://doi.org/10.24266/0738-2898-38.3.73
https://doi.org/10.24266/0738-2898-38.3.73
https://hrijournal.org/doi/pdf/10.24266/0738-2898-37.4.136
https://hrijournal.org/doi/pdf/10.24266/0738-2898-37.4.136
https://hrijournal.org/doi/pdf/10.24266/0738-2898-37.4.136
https://doi.org/10.1126/science.abb8549
https://doi.org/10.1126/science.abb8549
https://doi.org/10.3390/su12177004
https://doi.org/10.3390/su12177004
https://doi.org/10.21273/HORTSCI14158-19
https://doi.org/10.21273/HORTSCI14158-19
https://doi.org/10.1007/s11270-017-3272-1
https://doi.org/10.1007/s11270-017-3272-1
https://doi.org/10.21273/HORTSCI.45.1.71
https://doi.org/10.21273/HORTSCI.45.1.71
https://www.nurserymag.com/article/state-of-the-industry-labor
https://www.nurserymag.com/article/state-of-the-industry-labor
https://doi.org/10.1038/s41893-023-01186-6
https://doi.org/10.1038/s41893-023-01186-6
https://cdn.nar.realtor/sites/default/files/documents/2022-home-buyers-and-sellers-generational-trends-03-23-2022.pdf
https://cdn.nar.realtor/sites/default/files/documents/2022-home-buyers-and-sellers-generational-trends-03-23-2022.pdf
https://cdn.nar.realtor/sites/default/files/documents/2022-home-buyers-and-sellers-generational-trends-03-23-2022.pdf
https://cdn.nar.realtor/sites/default/files/documents/2022-home-buyers-and-sellers-generational-trends-03-23-2022.pdf
https://doi.org/10.1089/acm.2009.0075
https://doi.org/10.1089/acm.2009.0075
https://doi.org/10.21273/HORTTECH.18.4.697
https://doi.org/10.21273/HORTTECH.18.4.697
https://doi.org/10.1111/agec.12258
https://doi.org/10.1111/agec.12258
https://doi.org/10.1002/agr.21763
https://doi.org/10.21273/HORTTECH04672-20
https://doi.org/10.21273/HORTTECH04672-20
https://www.nass.usda.gov/Newsroom/printable/2020/12-08-2020.pdf
https://www.nass.usda.gov/Newsroom/printable/2020/12-08-2020.pdf
https://www.nass.usda.gov/Newsroom/printable/2020/12-08-2020.pdf
https://www.ers.usda.gov/topics/farm-economy/farm-labor/#recent
https://www.ers.usda.gov/topics/farm-economy/farm-labor/#recent
https://www.dol.gov/agencies/eta/foreign-labor/performance
https://www.dol.gov/agencies/eta/foreign-labor/performance
https://doi.org/10.7930/J0J964J6
https://doi.org/10.7930/J0J964J6
https://doi.org/10.1016/j.jhazmat.2020.124357
https://doi.org/10.1016/j.jhazmat.2020.124357
https://doi.org/10.1016/C2010-0-66664-8
https://doi.org/10.1016/C2010-0-66664-8
https://doi.org/10.22004/ag.econ.302462
https://doi.org/10.22004/ag.econ.302462
https://doi.org/10.1016/j.jclepro.2021.128925
https://doi.org/10.1016/j.jclepro.2021.128925
https://doi.org/10.21273/HORTSCI.46.4.610
https://doi.org/10.21273/HORTSCI.46.4.610

