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Abstract: Native plant use in United States (U.S.) ornamental landscapes is expected to increase
in upcoming years. Various market, production, and economic factors may influence a nursery
firm’s likelihood of growing and selling native plants. The objective of this study was to investigate
production-related factors (e.g., integrated pest management (IPM) strategies, firm characteristics,
and plant types sold) that impact commercial native plant sales in the U.S. The research questions
included the following: (a) What production factors drive growers to produce native plants? (b) What
production factors increase native plant sales? Insights on production-related factors that influence
native plant production can be used to understand the decision-making process of native plant
growers and encourage additional production of native plants to meet expected increases in demand.
Data from the 2014 and 2019 Green Industry Research Consortium’s National Green Industry Survey
were used to address this research objective. Green industry firms were categorized by their annual
native plant sales, and an ordered probit model was used to assess differences in IPM strategies, firm
characteristics, number of plant types grown, sales attributed to different plant types, and actions
to address labor issues. In general, firms selling native plants participated in more IPM strategies,
sold a more diverse array of plants, and used more sales avenues than non-native plant firms. IPM
strategies varied by native plant sales, with firms generating higher native plant sales exhibiting a
higher likelihood of removing infested plants, circulating air, managing irrigation, using beneficial
insects, and planting pest resistant varieties as part of their IPM strategy than non-native plant firms.
Annual native sales and paying higher wages were impacted by plant types sold. Understanding
current production and business practices can help identify practices resulting in market success for
native plants, the use of which can enhance sustainable landscapes by increasing biodiversity and
ecosystem services.

Keywords: grower; integrated pest management; native plant sales; ordered probit; ornamental plants

1. Introduction

The ornamental plant sectors of the United States (U.S.) horticulture industry are
often referred to as the “green industry” in reference to the general color of plants in the

Sustainability 2022, 14, 6774. https://doi.org/10.3390/su14116774 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su14116774
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0001-5406-1595
https://orcid.org/0000-0002-1754-2370
https://orcid.org/0000-0002-2080-3308
https://orcid.org/0000-0003-2387-3624
https://doi.org/10.3390/su14116774
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su14116774?type=check_update&version=1


Sustainability 2022, 14, 6774 2 of 17

landscape. The green industry is an economically important sector of the U.S. economy and
consists of growers, wholesalers, landscapers, and other stakeholders involved with the
ornamental horticulture industry. In 2018, the U.S. green industry’s total economic output
was estimated at USD 348.1 billion, and the industry employed nearly 1.6 million people [1].
The top contributing sectors were the service industry (landscaping and horticultural
services) at USD 221.9 billion and 1.5 million jobs and the production sector (greenhouse,
nursery, floriculture) at USD 28.7 billion and 217,574 jobs.

Native plants, a product selection within the green industry, have received limited
attention in previous literature. Native plants are typically defined as “indigenous terrestrial
and aquatic species that have evolved and occur naturally in a particular region, ecosystem,
and habitat” and, in North America, were present before European settlement [2]. Plants
native to the U.S. may exhibit propagation or commercial production challenges [3] that
increase production costs [4,5]. Additionally, they may not compete well with non-native
varieties in their floral displays or “finished plant” uniformities [4,5]. However, native
plants offer many benefits in the landscape, including regional adaptability and ecosystem
services such as pollinator support. To date, very few studies address factors that impact
the production and sales of native plants by green industry firms. Insights on production-
related factors that impact native plant sales can aid growers as they consider future product
offerings and opportunities (i.e., native plants).

Understanding factors that impact native plant production is important, given that
demand for native plants is expected to increase in the upcoming years [5,6]. Relatedly,
the U.S. housing market has recently grown with double-digit increases, by percentage,
in home prices in most regions [7]. This is important because the demand for ornamental
plants closely aligns with the housing market as new landscape installations occur or
existing landscapes are updated [8]. Increasing demand for plants with the rising housing
market creates an opportunity to encourage more sustainable plantings in residential and
commercial settings. Native plants are often considered more sustainable than introduced
(i.e., non-native or exotic) species, given that native plants have co-evolved in local ecosys-
tems, may be more resistant to environmental and pest challenges, and may require fewer
inputs (i.e., fertilizer, irrigation, and pesticides) than non-native species [9].

The overall objective of this study is to investigate drivers of native plant production
by identifying production factors that impact native plant sales. To date, native plant
production research has not addressed the overall production practices used by native plant
growers. We seek to address this knowledge gap by addressing two research questions:
(a) What production factors drive growers to produce native plants? (b) What production
factors increase native plant sales? In turn, these results can aid growers interested in
starting or expanding their native plant offerings through identifying production-related
factors commonly used by firms with native plant sales. These insights may impact native
plant offerings in the U.S. green industry through increased availability. National online
and mail industry surveys with a large number of growers collected in 2014 and 2019 are
used to address this research objective. Participants indicated their firms’ integrated pest
management (IPM) practices, types of plants produced, retail market outlets, and actions
to address labor issues. The results can be used to identify factors that may encourage
or discourage the production of native plants. The findings can help researchers and
Extension specialists design and deliver programs that better serve the production and
sales of native plants. Increased supply of native plants in the retail environment may
positively impact their use in residential and commercial landscapes. In turn, increasing
use of native plants in landscapes can aid in sustainability by reducing input requirements
while aiding biodiversity and supporting native pollinators.

The next section summarizes relevant literature related to native plant production
followed by the study methods, the results, and a brief conclusion and discussion.
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2. Literature Review
2.1. Native Plant Benefits

The benefits of using native plants in urban and rural landscapes are plentiful, though
perhaps less well documented than those of non-native species. Currently, literature on the
use of native plants for landscaping can be categorized as benefits, production methods,
and marketplace acceptance. Native plants have many benefits for the built environment,
including environmental benefits and benefits to humans. Environmental benefits of using
native plants in landscapes include reduced introduction of harmful invasive, non-native
species [10,11], enhanced biodiversity that minimizes ecological risks inherent to low-
diversity landscapes (e.g., disease and insect issues) [12], and improved soil health [13,14].
Regarding biodiversity, invasive species are second only to habitat loss as a threat to native
plant diversity in the U.S. [15]. Previous literature identified water management, nutrition
management, environmental pollinator, bio-protection from pests, and crop diversity as
management practices in agriculture to aid local ecosystems [16]. In general, the inclusion
of plants in landscapes improves soil health, biodiversity, rainwater management, etc. [17].
Additionally, native plants support greater abundance and diversity of lepidopterans
compared to introduced plants [18–20]. A six-year survey of bee foraging in California
urban environments found that native plants support bee taxa that do not interact with
introduced plants [21]. Nurseries who grow native plants exhibit more specialized bee
species and fewer generalist pollinator species [22]. Supporting evidence by Zaninotto
et al. [23] found that exotic pests had more generalist pollinator interactions but were less
attractive to diverse pollinators. Additionally, native plants were visited more often than
exotic species. Native plants also support non-insect biodiversity. In a recent literature
review, Berthon et al. [24] found that three-quarters of studies assessing the biodiversity
impacts of native and non-native plants showed positive effects of native plants on animal
biodiversity, including native insectivorous birds [25] and caterpillars [26]. Furthermore,
native plants may be better adapted to regional climates than non-native species [27,28].
Native wildlife that relies on plants is better adapted to use native plant species [24]. Both
abiotic conditions and microbial diversity of soils may be modified as non-native plants
invade natural plant communities [13]. This can influence the functional diversity of
microbial communities [14].

Beyond biodiversity, plants provide other benefits to humans. The restoration of
urban patches to native or mixed plant communities offers benefits to residents, includ-
ing ecosystem services [29], improved self-reported health and wellbeing [30], and en-
hanced emotional and mental health [31]. Moreover, plants contribute to a wide range of
physiological health indicators and outcomes as well as social benefits and community
well-being [32,33]. Other studies indicate that native trees and vines improve the visual
appeal of urban environments [34]. Even where landscape fragmentation and urbanization
preclude the full range of ecosystem processes, residents may plant native species to satisfy
their values or evoke a sense of place beyond the city [35,36].

Together, the literature on the benefits of native plants highlights the potential value
of encouraging native plant production and integration into landscapes. However, for
native plants to be integrated into landscapes, they must be grown and made available to
potential customer groups.

2.2. Native Plant Production and Demand

Current literature addressing the production of native plants is scarce and frequently
focuses on availability, market drivers, and barriers. In 2018, White et al. [37] determined
that the availability of native plants is limited, with approximately one-fourth of the
vascular plants native to North America being commercially available. However, this varies
by geographical area and species. For instance, 74% of species native to the Midwestern
tallgrass prairie were commercially available in 2017 [37]. To enter the market, a plant
must be amenable to propagation and production and be desired by consumers (e.g.,
ornamental attributes, and adaptability). Some plants may be in high demand relative
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to production volumes, but they are difficult to propagate (e.g., Comptonia peregrina) [38].
Others are absent from the horticulture industry because they are challenging to cultivate
(e.g., Carya spp.) or propagate (e.g., Viburnum lantanoides) [39,40].

In 2010, native plants accounted for 13% of all U.S. nursery sales [41] with demand
being impacted by availability, consumer preferences, and knowledge related to natives [20].
Several studies highlighted the barriers to producing native plants, including small markets,
low seed supply, low availability of desirable species, limited production and capital
capacity, higher prices associated with native plant materials, low familiarity with natives
in the industry and among customers, and perceptions that natives are less aesthetically
appealing than non-native species [6,42,43]. Brzuszek and Harkess [44] identified consumer
education as the primary means of increasing demand for native plants.

Demand for native plants has been increasing [6] and may be partially driven by
consumers’ interest in sustainable production methods [45,46]. In turn, there may be
a connection between the commercial production of native plants and growers’ use of
different production practices amenable to the needs of native plants and their consumers.
For example, nurseries that produce native plants for restoration purposes or ecologically
conscious consumers might place a high value on sustainable pest control, irrigation, and
fertilizer choices. While research on the comparative input needs of native and introduced
nursery and landscape plants are scarce, some practices common to native landscaping
likely offer sustainability benefits. For example, landscapes with reduced turfgrass area
may use less fertilizer, retain more nutrients, reduce fossil fuel use during management,
and use less water and pest-control resources [47,48]. It is not known to what extent these
benefits are derived from the use of native plants versus the design and management
decisions associated with landscapes where native plants have been specified. Regardless,
the ecological attitudes that draw consumers to native plants plausibly correspond to more
sustainable landscape management practices.

Marketing native plants entails several challenges, many of which are related to con-
sumer perceptions that native plants do not fit into societal definitions of aesthetically
pleasing landscapes [42,49]. However, landscapes frequently consist of a mixture of native
and non-native species that provide both an aesthetically pleasing design and biodiver-
sity [50–53]. Additionally, the environmental benefits associated with native plants could be
treated as value-added traits and encourage consumers to make environmentally friendly
choices [20]. Experimental evidence indicates that consumers are willing to pay a 14%
premium for plants marketed as native and non-invasive [54]. A 2006 study by Helfand
et al. [53] suggested that consumers are willing to pay more for yards that include native
plants than for lawns. The increased willingness to pay exceeds increased costs associated
with using native plants in the design.

Another challenge associated with marketing native plants is a lack of knowledge
among retail garden center employees. Westerhold et al. [55] investigated knowledge of
horticulture retail associates related to pollinator conservation. While overall knowledge
level was adequate, uncertified and part-time employees had significantly lower scores.
When asked to provide landscape management practices to recommend to customers
who wished to conserve pollinators, only 10% recommended using native plants, yet
62% were more likely to recommend a native plant than a non-native plant with similar
requirements. Among the common customer questions reported by respondents was, “Do
native plants attract more pollinators?” (5% reported receiving this question as a retail
garden center employee). Additionally, some consumers perceived that their purchases
from independent garden centers resulted in more purchases of local, native, pollinator-
friendly and organic plants compared with their purchases from home improvement
centers and mass merchandisers [56]. Given the potential increased marketplace valuation
and demand for native ornamental plants, it is important to understand the relationship
between current production methods used by native plant growers and native plant sales
to aid in future business decisions.
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3. Materials and Methods

The data used in this analysis are from the Green Industry Research Consortium’s
National Green Industry Surveys. Of particular interest were data from U.S. green industry
firms in 2014 and 2019 for the prior fiscal or production year (i.e., 2013 and 2018). Survey
questions elicited information about the firms’ characteristics (e.g., location, and business
activities), employment numbers, plant types produced, percentage of total plant sales
attributed to native plants, production and management practices (e.g., IPM strategies),
marketing practices and outlets, regional trade information, and factors impacting business
strategies. Data were collected using a mixed-mode method where online and mail survey
formats were used to reach a broad sample of green industry firms. Survey procedures and
methods were approved by the respective institutional review boards [57,58]. Surveys from
the two data collection events were pooled, and firms with duplicate entrees in the same
year were removed from the sample. A total of 4641 firms were included in the analysis.

In this analysis, variables related to production methods and native plant sales were the
main interest. The variables are defined in the online supplementary materials (Table S1).
Participants stated the percentage of their annual sales attributed to native plants and their
estimated annual sales. These variables were used to estimate the firms’ native plant sales.
The annual native plant sales were used to identify firms currently selling native plants and
coded as 1 if native plants were sold and 0 otherwise. Approximately 51% of the sample
(n = 2382) were classified as not selling native plants, while 49% (n = 2259) indicated some
level of native plant sales.

The native plants sales information was used to categorize firms based upon total
native plant sales. Categories included “no native plant sales” indicating that USD 0 in
annual sales was attributed to native plant sales, “low native plant sales” (<USD 9000 in
annual sales attributed to native plant sales), “medium native plant sales” (USD 9000–90,000
in annual sales attributed to native plant sales), and “high native plants sales” (>USD 90,000
in annual sales attributed to native plant sales). These thresholds were determined based on
the distribution of the reported annual native plant sales. Of the 2259 firms that indicated
they sold native plants, 2003 completed the survey questions and were used in three native
plant categories. Of the 2003 firms in the native plant sales categories, 32.5% were in the
“low native plant sales” category, 36.4% were in the “medium native plant sales” category,
and 31.1% were in the “high native plant sales” category.

Beyond the annual sales of native plants, the firms’ current use of IPM strategies was of
interest, given the perception that native plants may be less susceptible to pests and diseases
than non-native plants [12]. Participants were given a list of 22 IPM strategies and selected
those that were used by their firms. The IPM strategies were coded to equal 1 if selected
and 0 otherwise. Firm characteristics were measured, including the U.S. region where the
firm was located, the type of firm (i.e., wholesale, retail, landscape, and other), types of
plants grown, and diversity of sales avenues used to sell plants. U.S. regions included
the Appalachian, Great Plains, Mountain, Midwest, Northeast, Pacific, Southcentral, and
Southeast regions. They were coded to equal 1 if the firm was located in that region and
0 otherwise. Participants indicated their type of firm, which was coded to equal 1 if selected
and 0 otherwise. For the types of plants grown and sales by plant type, participants were
provided a list of 16 plants and an “other plants” option and reported the percentage of
annual sales attributed to each plant type. For the types of plants grown, if they indicated
>0% of annual sales were attributed to that type of plant, they were coded to equal 1 and
0 otherwise. The sum of the types of plants grown was used in the “plant_index” variable
to demonstrate the variety of plants grown by each firm. Sales avenue diversity used
(termed “sales avenues”) reflected the total number of sales avenues used by the firm,
meaning it reflected diversity in sales avenues. The sales avenue categories included mass
merchandisers, home centers, single location garden centers, multiple location garden
centers, landscape firms, re-wholesalers, and direct-to-consumer retail.

Lastly, given that labor concerns are becoming increasingly important in the green
industry [59], participants were given a list of six actions to address labor challenges and
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selected those actions that their firms were currently implementing. Actions included
adopting labor-saving technologies, paying higher wages, training employees, adding
employee benefits, nothing, and other actions. If the action was selected, it was coded to
equal 1 and 0 otherwise.

Each of these variables was summarized for the total sample and for firms selling
native plants and not selling native plants (discussed shortly). Pairwise t-tests were used to
determine statistically significant differences between firms selling native plants and those not
selling native plants. The exploratory variables were then used in the econometric analysis to
determine key differences between firms selling native plants and not selling native plants,
and to identify factors that improved the likelihood of increased native plant sales. The
experimental design is diagramed in the online supplementary materials (Figure S1).

Econometric Models

We used two models to investigate the factors influencing the sales of native plants.
Using a standard probit, Model 1 used the binary dependent variable sell native plants
equals 1 if the business reported sales of native plants, and zero otherwise. A firm will sell
native plants if the anticipated profits

(
E
[
U
(
πNat)]) of selling native plants are greater

than the profits of not selling native plants (E
[
U
(
πNoNat)]). If the firm is currently selling

native plants, this can be expressed as

Y∗i = E
[
U
(

πNat
)]
−E
[
U
(

πNoNat
)]

> 0 (1)

where Y∗i is an unobservable random index of grower i’s propensity to sell native plants.
The random index is a function of various factors, specifically,

Y∗i = x′iα + Avenueiα
A + Pltindexiα

P + IPMiα
IPM + PltTypeiα

PT + Laboriα
L (2)

where xi is a vector of firm i, which includes the firm characteristics of survey year, region,
and firm type. The Avenue variable is the sales venues index capturing the number of market
channels utilized by the firm. The Pltindex variable is the plant index capturing the number
of different plant types sold. The IPM variable symbolizes the different IPM strategies
used by firms (1 = used, 0 = otherwise). The PltType variable represents the percentage of
annual sales from the different plant types listed. The Labor variable indicates the different
labor-related actions firm i takes to address labor issues. The α is a vector of coefficients
associated with the explanatory variables in xi. The αA, αP, αIPM, αPT, and αL parameters
are associated with the independent variables, including sales avenues, plant index, IPM
strategies, percentage of annual sales by plant type, and actions to address labor issues.

Given Equation (2), the probit model can be expressed as

Pr[Yi = 1] = Pr[Y∗i > 0] (3)

= Pr
[
−ei < x′iα + RetailiαA + Pltindexiα

P + IPMiα
IPM + PltTypeiα

PT + Laboriα
L
]

= Φ
[
α + RetailiαA + Pltindexiα

P + IPMiα
IPM + PltTypeiα

PT + Laboriα
L
]

where ei is assumed to be normally distributed with a mean zero and standard deviation of
σ2

e (N
(
0, σ2

e
)
). The Φ(.) indicates the cumulative normal distribution.

Model 2 used an ordered probit model to assess the influence of the explanatory
variables on different levels of native plants sales. The dependent variable of the ordered
probit took the value of y = 1 if the business did not report native plant sales, y = 2 if the
business sold <USD 9000 in native plant sales (low native plant sales), y = 3 if native plant
sales fell between USD 9000 and USD 90,000 (medium native plant sales), and y = 4 if
business plant sales were >USD 90,000 (high native plant sales). Explanatory variables
included the summary firm characteristics, IPM strategies, survey year, percentage of sales
by types of plants produced, and actions taken by the firm to address labor issues from
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Equation (2). The latent variable (y∗i ) in an ordered probit ranges from −∞ to ∞ and is
expressed by

y∗i = xiβ + εi (4)

where i indicates an observation and εi is the random error term [60]. The latent variable is
the annual native sales, which is connected to the observed response category by

yi =


1 i f k0 = −∞ ≤ y∗i < k1
2 i f k1 ≤ y∗i < k2
3 i f k2 ≤ y∗i < k3
4 i f k3 ≤ y∗i < k4 = ∞

(5)

where the crossing threshold (k) results in a category change. As a result, the probability of
observing y = j for x values can be expressed as

Pr(y = j|x) = Pr
(
k j−1 ≤ y∗

〈
k j
∣∣x) (6)

where j = 1 to J (annual native plant sales category). The probability of a specific rating can
be estimated by replacing y∗ with xβ + ε:

Pr(y = j|x) = F
(
k j − xβ

)
− F

(
k j−1 − xβ

)
(7)

where F indicates the cumulative distribution function of ε (i.e., Var(ε) = 1).

4. Results
4.1. Descriptive Statistics

Table 1 summarizes the firm characteristics of the sample for the total sample (n = 4641),
firms who do not grow native plants (“non-native plant firms”; n = 2638), and firms that do
grow native plants (“native plant firms”; n = 2003). Sampled businesses reported selling
through at least one sales avenue, with native plant firms reporting a slightly higher average
(1.3 locations) than non-native plant firms (0.7) (p < 0.01). On average, firms in the sample
reported producing on average 3.1 different plant types, with native plant firms producing
4.6 and non-native plant firms producing 2.0 different types of plants (p < 0.01). More
than one quarter of the businesses surveyed are in the Southeast region (27%), followed
by the Northeast (19%), Mountain (19%), Appalachian (11%), Pacific (10%), Southcentral
(7%), Midwest (4%), and Great Plains (3%) regions. A similar trend was observed among
native and non-native plant firms. Almost 40% of all firms are wholesalers of plants, with
a higher proportion of native plant firms (42%) than non-native plant firms (37%) being
wholesalers (p < 0.01). About 25% of firms are retailers, with a higher proportion of native
plant firms (27%) than non-native plant firms (24%) reporting retail sales (p < 0.01). Only
19% of businesses in the sample are landscaping operations, with more non-native plant
firms (21%) being landscapers than native plant firms (16%; p < 0.01). The percentage
of firms selecting “other business type” is not significantly different between native and
non-native plant firms.

IPM strategies employed by different firms are presented in Figure 1. The most
common IPM strategy used by all sampled firms was removing infested plants (66% of all
businesses), with 84% of native firms and 52% of non-native firms reporting use of this IPM
practice (p < 0.01). Other common IPM practices reported by all firms were hand weeding
(56% of all businesses), spot treating (48% of all businesses), inspecting new stock (43%
of all businesses), air circulation (43% of all businesses), alternating pesticides (39% of all
businesses), ventilation (32% of all businesses), mulch application (31% of all businesses),
managing irrigation (29% of all businesses), disinfecting benches in production areas (24%
of all businesses), adjusting fertilizer rates (23% of all businesses), protecting beneficial
insects (23% of all businesses), planting pest resistant varieties (21% of all businesses), and
identifying beneficial insects (21% of all businesses). The remaining IPM strategies were
used by less than 20% of all businesses and included foot baths, solarization, tarps and
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sticky boards, beneficial insect use, pest records, screening/barriers, biopesticides, and
retention pond water treatments. A significantly higher percentage of native plant firms
reported using most of the IPM strategies than non-native plant firms (p < 0.01). The use of
foot baths to reduce pathogen spread was not significantly different between native and
non-native plant firms.

Table 1. Firm summary statistics from U.S. green industry firm surveys conducted in 2014 and 2019.

Variables Total Firms
(n = 4641)

Non-Native
Plant Sales Firms

(n = 2638) a

Native Plant
Sales Firms
(n = 2003) a

Mean SD Mean SD Mean SD p-value b

Survey Year 2019
(% of sample) 0.451 0.498 0.494 0.500 0.395 0.489 0.000

Native Plant Annual
Sales (USD 1000) 207.754 1711.016 0.000 0.000 435.526 2458.558 —

Sales Avenues 0.950 1.186 0.715 1.077 1.260 1.250 0.000
Plant_index 3.116 3.302 1.963 2.522 4.636 3.583 0.000

Appalachian 0.108 0.310 0.092 0.289 0.128 0.334 0.000
Great Plains 0.027 0.163 0.028 0.165 0.026 0.159 0.664

Mountain 0.192 0.394 0.039 0.193 0.034 0.181 0.397
Midwest 0.037 0.188 0.198 0.399 0.183 0.387 0.183
Northeast 0.192 0.394 0.180 0.384 0.209 0.407 0.012

Pacific 0.102 0.303 0.105 0.307 0.097 0.297 0.371
Southcentral 0.071 0.257 0.069 0.253 0.074 0.262 0.448

Southeast 0.272 0.445 0.289 0.453 0.249 0.432 0.002

Wholesale 0.392 0.488 0.368 0.482 0.422 0.494 0.000
Retail 0.251 0.434 0.235 0.424 0.272 0.445 0.004

Landscape 0.189 0.391 0.212 0.409 0.158 0.365 0.000
Other business type 0.035 0.184 0.037 0.188 0.032 0.177 0.427

a Native production was determined by the percentage of annual sales attributed to native plants. Firms indicating
any of their sales were due to native plants were classified as “native firms” (1 = native firms; 0 = otherwise).
Firms who did not have any of their sales attributed to native plants were classified as “non-native firms”. b

Pairwise t-tests were used to estimate significance between native and non-native firms.

The percent of annual sales attributed to different plant types is presented in Figure 2.
The plant type generating the highest percentage of annual sales across all firms was annuals
(10% of annual sales), followed by other plants (9%), herbaceous perennials (8%), deciduous
shade trees (8%), vegetables, fruits and herbs (7%), evergreen trees (6%), flowering potted
plants (6%), deciduous shrubs (4%), broad-leaf evergreen shrubs (4%), Christmas trees
(3%), tree fruits (3%), foliage (3%), propagules (3%), narrow-leaf evergreen shrubs (2%),
vines and ground covers (2%), roses (1%), and sod (1%). Native plant firms reported higher
portions of annuals sales from selling most types of plants when compared to non-native
plant firms, except for annuals, flowering potted, foliage, and other plant types which
accounted for a larger portion of non-native plant firms’ annual sales (p < 0.01).



Sustainability 2022, 14, 6774 9 of 17Sustainability 2022, 14, x FOR PEER REVIEW 9 of 19 
 

 
Figure 1. Integrated pest management (IPM) strategies employed by U.S. green industry firms from 
a survey conducted in 2014 and 2019. * Indicates significance at the 5% level between non-native 
plant sales firms and native plant sales firms. Pairwise t-tests were used to estimate significance 
between the firms. 

The percent of annual sales attributed to different plant types is presented in Figure 
2. The plant type generating the highest percentage of annual sales across all firms was 
annuals (10% of annual sales), followed by other plants (9%), herbaceous perennials (8%), 
deciduous shade trees (8%), vegetables, fruits and herbs (7%), evergreen trees (6%), flow-
ering potted plants (6%), deciduous shrubs (4%), broad-leaf evergreen shrubs (4%), 
Christmas trees (3%), tree fruits (3%), foliage (3%), propagules (3%), narrow-leaf ever-
green shrubs (2%), vines and ground covers (2%), roses (1%), and sod (1%). Native plant 
firms reported higher portions of annuals sales from selling most types of plants when 
compared to non-native plant firms, except for annuals, flowering potted, foliage, and 
other plant types which accounted for a larger portion of non-native plant firms’ annual 
sales (p < 0.01). 

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

%
 o

f S
am

pl
e

Total Firms (n=4641) Mean Non-native Plant Sales Firms (n=2638) Mean

Native Plant Sales Firms (n=2003) Mean

Figure 1. Integrated pest management (IPM) strategies employed by U.S. green industry firms from a
survey conducted in 2014 and 2019. * Indicates significance at the 5% level between non-native plant
sales firms and native plant sales firms. Pairwise t-tests were used to estimate significance between
the firms.

Sustainability 2022, 14, x FOR PEER REVIEW 10 of 19 
 

 
Figure 2. Percent of annual sales attributed to different plant types reported by U.S. green industry 
firms from a survey conducted in 2014 and 2019. * Indicates significance at the 5% level between 
non-native plant sales firms and native plant sales firms. Pairwise t-tests were used to estimate sig-
nificance between the firms. 

Among the actions taken to address labor challenges (Figure 3), the most common 
strategy reported by all firms was paying higher wages (15.7% of firms), followed by do-
ing nothing (15.6% of firms), training employees for better skills (9.1% of firms), adopting 
labor-saving technologies (9.0% of firms), other (6.1% of firms), and adding employee ben-
efits (4.0% of firms). A higher proportion of non-native plant firms reported doing nothing 
compared to native plant firms (p < 0.05). 

  

0%

2%

4%

6%

8%

10%

12%

14%

%
 o

f A
nn

ua
l S

al
es

Total Firms (n=4641) Mean Non-native Plant Sales Firms (n=2638) Mean

Native Plant Sales Firms (n=2003) Mean

Figure 2. Percent of annual sales attributed to different plant types reported by U.S. green industry
firms from a survey conducted in 2014 and 2019. * Indicates significance at the 5% level between
non-native plant sales firms and native plant sales firms. Pairwise t-tests were used to estimate
significance between the firms.



Sustainability 2022, 14, 6774 10 of 17

Among the actions taken to address labor challenges (Figure 3), the most common
strategy reported by all firms was paying higher wages (15.7% of firms), followed by doing
nothing (15.6% of firms), training employees for better skills (9.1% of firms), adopting
labor-saving technologies (9.0% of firms), other (6.1% of firms), and adding employee
benefits (4.0% of firms). A higher proportion of non-native plant firms reported doing
nothing compared to native plant firms (p < 0.05).
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Table 2 illustrates that businesses who did not report any native plant sales had an
estimated USD 2.1 million dollars in annual sales. Firms in the low native plant sales
category reported an average of USD 2972.7 in annual sales of native plants, with 23.7% of
all annual sales (which averaged USD 119,091.1) coming from native plants. Businesses in
the medium native plant sales had on average USD 36,217.7 in annual sales of native plants,
with 27.3% of all annual sales (which averaged USD 427,983.0) coming from native plants.
Lastly, businesses in the high native plant sales had, on average, USD 1,354,767.0 in annual
sales of native plants, with 58.7% of all annual sales (which averaged USD 4,250,971.0)
coming from native plants.

Table 2. Annual plant sales: information for native plant firms divided by reported native plant sales.

Native Sales Categories a N Estimated Annual Sales Sales of Natives % Natives Sold b

Mean SD Mean SD Mean SD

No Native Plant Sales 2639 USD 2,144,203.00 1,040,000.0 - - - -
Low Native Plant Sales 651 USD 119,091.10 160,040.10 USD 2972.71 2596.12 23.67 32.40

Medium Native Plant Sales 729 USD 427,983.20 772,336.6 USD 36,217.68 23,034.15 27.33 28.32
High Native Plant Sales 623 USD 4,250,971.00 9,118,406.0 USD 1,354,767.00 4,267,275.00 58.50 37.54

a Categories were based on annual native plant sales estimates. The “no native plant sales” group did not indicate
having native plant sales (either through blank or 0 responses). The “low” group had less than $9000 in native
plant sales annually. The “medium” group had USD 9000–USD 90,000 in native plant sales annually. The “high”
group had >USD 90,000 in native plant sales annually. b % Natives Sold indicates the reported percent of annual
sales attributed to native plant sales by the firms.
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4.2. Standard Probit Model Results

A standard probit model was used to assess how different production-related factors
impacted firms’ probability of growing native plants. Results are shown in Model 1
in Table 3. Employing IPM strategies of infested plant removal, air circulation, hand
weeding, mulch application, beneficial insect identification, beneficial insect use, and pest
resistant varieties use improved a firm’s probability of selling native plants by 34.2%,
15.9%, 14.2%, 12.7%, 14.7%, 15.9% and 19.9%, respectively. The probability of selling native
plants also increased when additional sales avenues were used (12.2%), more plant types
were produced (10.9%), or the firms were primarily located in the Appalachian (25.1%)
or Northeast (15.8%) regions of the U.S. The firm type did not significantly impact the
probability of selling native plants. Firms with a portion of their annual sales attributed
to deciduous shade trees, deciduous shrubs, broad-leaf evergreen shrubs, evergreen trees,
vines and ground covers, herbaceous perennials, vegetables/fruits/herbs, Christmas trees,
propagules, or other plants were more likely to sell native plants. Several factors decreased
the firms’ probability of selling native plants. Reporting the use of the IPM strategies of
foot baths and ventilation decreased a firm’s probability of selling native plants by 46.7%
and 11.9%, respectively. If the firm participated in the 2019 survey, they were 20.6% less
likely to sell native plants relative to the 2014 participants. Firms selling foliage plants or
flowering potted plants were 0.4% less likely to sell native plants. None of the labor-related
variables significantly impacted firms’ probabilities of selling native plants.

Table 3. Estimates showing impact of firm-related variables on probability of selling native plants
and having high native plant sales.

Model 1—Standard Probit Model Model 2—Ordered Probit Model

Integrated Pest Management (IPM) Strategies Coefficient SE p-Value Coefficient Marginal Effects p-Value

Remove infested plants 0.342 0.060 0.000 0.290 4.16 0.000
Alternate pesticides −0.034 0.055 0.533 0.022 0.31 0.637

Air circulation 0.159 0.053 0.003 0.129 1.86 0.004
Hand weeding 0.142 0.053 0.008 0.084 1.21 0.069

Disinfect benches −0.037 0.061 0.542 −0.028 −0.40 0.592
Foot baths −0.467 0.172 0.006 −0.268 −3.84 0.053

Solarization 0.071 0.095 0.454 0.052 0.75 0.505
Tarps and sticky boards −0.061 0.064 0.340 −0.047 −0.67 0.393

Protect beneficials 0.013 0.060 0.824 0.085 1.22 0.088
Mulch application 0.127 0.053 0.017 0.070 1.01 0.112
Beneficial insect id 0.147 0.063 0.020 0.052 0.75 0.311
Inspect new stock 0.012 0.052 0.821 0.009 0.12 0.845
Manage irrigation 0.075 0.055 0.172 0.092 1.32 0.045

Spot treat 0.005 0.052 0.927 0.022 0.32 0.621
Ventilate −0.119 0.059 0.043 −0.136 −1.95 0.006

Use beneficial insects 0.159 0.071 0.025 0.160 2.30 0.005
Keep pest records 0.030 0.073 0.685 0.099 1.42 0.104

Adjust fertilizer rates −0.021 0.059 0.717 0.027 0.39 0.577
Screening/barriers 0.057 0.085 0.504 0.035 0.50 0.609

Biopesticides −0.088 0.068 0.199 −0.100 −1.43 0.080
Retention pond water −0.056 0.149 0.706 0.133 1.91 0.243
Pest resistant varieties 0.199 0.057 0.000 0.080 1.15 0.085

Firm Characteristics

Survey Year 2019 −0.206 0.091 0.023 −0.374 −5.36 0.000
Sales Avenues 0.122 0.022 0.000 0.136 1.95 0.000

Plant_index 0.109 0.009 0.000 0.080 1.14 0.000
Appalachian 0.251 0.084 0.003 0.204 2.93 0.004
Greatplain −0.081 0.138 0.555 −0.186 −2.67 0.122
Mountain −0.003 0.125 0.983 −0.007 −0.10 0.947
Northeast 0.158 0.071 0.026 0.130 1.87 0.031

Pacific −0.010 0.086 0.905 −0.041 −0.59 0.579
Southcentral 0.118 0.098 0.229 0.175 2.50 0.034

Southeast 0.130 0.071 0.067 0.143 2.04 0.021
Wholesale 0.051 0.061 0.403 0.113 1.63 0.036

Retail 0.092 0.052 0.076 0.080 1.15 0.079
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Table 3. Cont.

Model 1—Standard Probit Model Model 2—Ordered Probit Model

Integrated Pest Management (IPM) Strategies Coefficient SE p-Value Coefficient Marginal Effects p-Value

Landscape −0.097 0.066 0.143 −0.080 −1.15 0.163
Other business type 0.015 0.118 0.902 −0.010 −0.14 0.926

% of Sales by Plant Type

Deciduous shade trees 0.010 0.001 0.000 0.010 0.14 0.000
Deciduous shrubs 0.009 0.002 0.000 0.008 0.11 0.000

Broad-leaf evergreen shrubs 0.005 0.002 0.008 0.005 0.07 0.002
Narrow-leafed evergreen shrubs 0.005 0.003 0.082 0.004 0.05 0.147

Evergreen trees 0.012 0.001 0.000 0.012 0.17 0.000
Vines and ground covers 0.008 0.003 0.001 0.008 0.11 0.000

Roses 0.001 0.003 0.661 0.001 0.01 0.761
Herbaceous perennials 0.009 0.001 0.000 0.008 0.12 0.000

Annuals −0.001 0.001 0.342 −0.002 −0.03 0.054
Vegetables, fruits, herbs 0.004 0.001 0.005 0.002 0.04 0.029
Flowering potted plants −0.004 0.001 0.011 −0.005 −0.08 0.000

Christmas trees 0.007 0.001 0.000 0.007 0.09 0.000
Tree fruits 0.002 0.002 0.135 0.001 0.02 0.443

Foliage −0.004 0.002 0.040 −0.005 −0.07 0.007
Sod 0.003 0.003 0.269 0.005 0.08 0.028

Propagules 0.008 0.002 0.000 0.007 0.10 0.000
Other plants 0.003 0.001 0.001 0.003 0.04 0.001

Actions to Address Labor Issues

Adopting labor-saving technology −0.049 0.089 0.587 −0.055 −0.79 0.486
Paying higher wages 0.120 0.089 0.177 0.245 3.52 0.003

Training employees for better skills 0.066 0.094 0.482 0.097 1.39 0.244
Adding employee benefits −0.099 0.129 0.446 0.059 0.84 0.599

Nothing 0.088 0.092 0.341 0.083 1.20 0.328
Other actions 0.136 0.107 0.204 0.165 2.36 0.075

Constant −1.595 0.084 0.000 —
Threshold_1 a — 1.356 0.14
Threshold_2 a — 1.850 0.14
Threshold_3 a — 2.541 0.15

Log Pseudolikelihood −2353.31 −4538.67
LR Chi2 1427.48 1658.60
Prob F 0.000 0.000

R-squared 0.258 0.155
N 4641 4641

a Threshold parameters are the estimated latent variable cut point used to differentiate the annual native sales
categories in the ordered probit model (Model 2).

4.3. Ordered Probit Model Results

We further categorized the dependent variable by the volume of native plant sales
(no sales, low, medium, and high native) for additional analysis. Table 3 Model 2 shows
the coefficients and marginal effects of the ordered probit model. In other words, Model 2
shows the impact of the explanatory variables on the probability of businesses having high
native plant sales (y = 4).

IPM strategies that increased a firm’s probability of being in the high native plant
sales category included removing infested plants (4.16%; p < 0.01), circulating air (1.86%;
p < 0.01), hand weeding (1.21%, p < 0.10), managing irrigation scheduling (1.32%; p < 0.05),
using beneficial insects (2.30%; p < 0.01), and growing pest resistant varieties (1.15%; p < 0.05).
Conversely, ventilation (−1.95%; p < 0.01) and using biopesticides (−1.43%; p < 0.10) decreased
the probability of a business being in one of the high native plant sales categories.

Firm characteristics influenced the probability of a firm being in the high native
plant sales category. Increasing the number of sales avenues (1.95%; p < 0.01) or selling
a broader variety of plant types (1.14%; p < 0.01) increased the probability of being in
the high native plant sales category. Firms located in the Appalachian (2.93%; p < 0.01),
Northeast (1.87%; p < 0.05), Southcentral (2.50%; p < 0.05), or Southeastern U.S. (2.04%;
p < 0.05) had an increased probability of being in the high native plant sales category.
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Conversely, participation in the 2019 survey (relative to the 2014 survey) decreased the
probability of high native plant sales by 5.36%. Selling in wholesale or retail markets
increased the probability of falling in the high native plant sales categories by 1.63% and
1.15%, respectively.

The percentage of different types of plants sold also influenced the probability of
having high native plant sales. Increasing the percentage of sales attributed to deciduous
shade trees (0.14%; p < 0.01), deciduous shrubs (0.11%; p < 0.01), broad-leaf evergreen
shrubs (0.07%; p < 0.01), evergreen trees (0.17%; p < 0.01), vines and ground covers (0.11%;
p < 0.01), herbaceous perennials (0.12%; p < 0.01), vegetables, fruits and herbs (0.04%;
p < 0.05), Christmas trees (0.09%; p < 0.01), sod (0.08%; p < 0.05), propagules (0.10%;
p < 0.01), and other plants (0.04; p < 0.01) increased the probability that a firm was in the
high native plant sales category. Firms reporting a higher percentage of annual sales from
annuals (−0.03%; p < 0.10), flowering potted plants (−0.08%; p < 0.01), and foliage plants
(−0.07%; p < 0.01) had a lower probability of selling a higher proportion of native plants.
Firms who were paying higher wages or taking other actions to address labor issues were
3.52% (p < 0.01) and 2.36% more likely to fall into the high native plants sales category.

5. Discussion

Interest and demand for native plants across several categories has steadily increased
in the last decade as awareness of sustainable landscaping and sustainably produced plants
has amplified their demand in the marketplace [61]. Consumers interest has generated
a noteworthy niche market for native plants, resulting in a profitable industry despite
challenges in production, marketing, and sales channels [4,62]. Some growers have capital-
ized on this consumer interest and increased native plant production, becoming experts in
navigating the complexities of growing native plants, while others have remained out of
the market perhaps due to the challenges of growing and commercializing native plants.
Yet, lack of native plant availability is a continued barrier to widespread landscape use [61].
As green industry firms look for ways to diversify their plant offerings or expand into new
markets, native plants could be a good fit. However, little is known about the competitive
market for native plants, notably which types of nurseries are producing native plants and
the types of production and business practices they implement. To date, research on native
plants have focused on their benefits (e.g., environmental, ecosystem services, biodiver-
sity) [10,12,18,19,21,26], production challenges [37–40], and market potential [4,5,35,53,54].
The production literature highlights challenges related to producing native plants; however,
to date, a comprehensive assessment of current production methods used by native plant
firms and how those differ from non-native plant growers has not been conducted. The
current study addressed this research gap. Understanding production practice drivers for
native plants supports the development of sustainable ecosystems in the built environment.

Survey results indicated production characteristics vary by native versus non-native
plant firms and ultimately impact the native plant sales of firms. Firms growing native
plants exhibited a greater use of IPM strategies (in general) relative to firms that did not
grow native plants. This result may reflect both a more thoughtful approach to sustainable
plant production practices as well as a greater diversity of plant offerings by native plant
firms. Greater diversity of plants grown in any given operation increases the complexity
of IPM strategies used to address a broader array of pest and disease challenges, and the
specialized labor to implement them. Current research suggest that native species serve to
enhance biodiversity, which can reduce disease and pest pressure [12–14,63,64]. Several of
the IPM strategies (e.g., water and nutrition management, bio-protection) were previously
identified as strategies to improve biodiversity in agricultural systems [16]. The IPM results
of the current study indicate that native plant growers use a diverse array of strategies to
manage pests. This may be derived from the various types of plants grown, or it may align
with the firms’ commitment to sustainability. Specifically, the firms who use a more diverse
IPM portfolio are invested in minimizing loss due to pests and disease but are also working
to minimize pest and disease resistance to current treatment options [12–14,63,64]. The
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results of this study add to the discussion around native plant production and commonly
utilized IPM strategies. IPM strategies of removing infested plants, air circulation, beneficial
insects, irrigation management, and using pest-resistant varieties were more likely to be
used by firms selling native plants than non-native plant firms. However, footbaths were
more likely to be used by firms not selling native plants, which may reflect that this strategy
is primarily used in greenhouse operations that produce fast-growing crops such as annual
bedding plants and flowering potted plants.

When considering firms’ use of different marketing channels and plants produced,
native plant firms exhibited a greater diversity of sales avenues used and product portfolios.
Supporting evidence highlights the potential benefits to biodiversity of pollinator insects
when growing native plants [22]. Furthermore, as previously discussed in the IPM section,
increasing biodiversity decreases disease and pest pressure and measures taken to control
these issues [12–14,16,63,64]. Consequently, producing multiple species may aid in reducing
production costs associated with pests and disease. Firms selling more native plants
displayed greater diversity in the plant types sold, while non-native firms sold more
annuals, flowering potted plants, foliage plants, and other plants. Although not specifically
addressed in this study, the greater diversity generally exhibited by native plant growers
may help define native plant firms in that they are not benefiting from economies of scale
(i.e., mass producing a single species or type of plant), but rather are fitting niche markets
and specializing in filling a variety of gardeners’ needs. Many native plant firms are smaller
than mainstream commercial nurseries (as highlighted by the results in Table 2). Thus, they
carry a wider variety of plants and cast a wider retailer net to reach a larger portion of
native niche markets.

6. Conclusions

Firms selling native plants had characteristics that differed from other green industry
firms. These characteristics are notable for their progressive nature: they implemented
more IPM practices than non-native nurseries, grew a greater variety of plant species, and
sold plant products to a greater diversity of outlets. In short, they paid attention to the many
ways to cause their firm to be more profitable by examining and adopting differentiation
strategies that resulted in higher quality crops available for greater market prices.

Establishing progressive production and business practices related to native nursery
crop production provides exclusive opportunities for firms to specialize in difficult-to-grow
species. Specializing as a firm allows employees to gain unique skills, making them highly
valuable in the industry and justifying the labor-saving tactic of increasing wages to retain
employees. Each of these choices can result in greater economic security for firms engaging
in the somewhat risky practice of growing difficult-to-produce native plant species to a
marketable finished product. Not only can native plants be challenging to propagate (find
seeds, navigate dormancy requirements, determine best practices for cloning, etc.), but many
native plants have long production times, resulting in less frequent crop turnover in available
production space. Finished products must be uniform and of high quality to draw a price
sufficient to warrant production. Limited production quantities are another challenge, which
often results in the substitution of plants specified in a landscape design with alternative
choices that may not be native or may not provide the same ecological functions.

Firms growing native plants vary in how and what they grow, but the reason for these
differences is less clear. Available markets and sales strategies likely influence a firm’s
willingness to compete in the native plant marketplace. As such, firms considering growing
or increasing their production of native plants should conduct a market analysis to determine
if producing native plants is right for their business. Implementing more IPM practices at
nursery facilities may enhance firms’ ability to produce high-quality native plants.

With consumer interest in native plants increasing, determining appropriate, regionally
specific native plant species suited to production and sales will be key to broadening the
available native plant palettes. In addition to delivering high quality native plants to
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retail outlets, providing informative retail signage and seasonal employee education may
enhance sales volume and landscape use of sustainable native plants.

While challenges abound, opportunities for growth are widespread in the native
plants market. Changes in nursery practices, as examined in this study, could result in a
greater number and diversity of native plants available for use in sustainable landscapes,
supporting biodiversity and pollination.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/su14116774/s1, Figure S1: Research question diagram; Table S1:
Variable and variable descriptions generated from a U.S. green industry firm survey conducted in
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