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Abstract. Recent pest outbreaks, such as emerald ash borer and Asian longhorned beetle, have renewed concerns about the lack of genet-

ic and species diversity in landscapes across the United States. However, the level of understanding of these issues by people in the green indus-

try is not known. A survey on the knowledge of plant species diversity issues was distributed to Washington, U.S., wholesale nurseries. Re-

spondents indicated a general awareness of the issue, but they had insufficient understanding of why the lack of species diversity is a problem.

Respondents who had learned about plant species diversity in educational settings beyond high school were more likely than others to understand

the issues. These results indicate the need for increased, in-depth education on why plant species diversity among landscape plants is important.
Key Words. Biodiversity; Genetic Diversity; Nurseries; Overplanting.

In urban landscapes throughout the United States, the same
plant genera, and even species, are often planted repeat-
edly, leading to low urban landscape plant diversity (Gal-
vin 1999; Merritt 2008). In Toledo, Ohio, 57% of all ur-
ban trees are in the same genus: maple (Acer) (Raupp et al.
2006). In the city of Seattle, Washington, 38% of all maples
are from one species: red maple (Acer rubrum) (Seattle De-
partment of Transportation 2011). Overplanting occurs not
just at the species level, but even at the cultivar level. In
Towa, 60% of all red maples sold are of one cultivar: Red
Sunset® (Acer rubrum ‘Franksred’) (Iles and Vold 2003).

Homogeneous plantings are susceptible to increased pest and
disease attacks. Across the U.S., insects and pathogens, such
as Dutch elm disease (Ophiostoma spp.) and now the emerald
ash borer (Agrilus planipennis), have caused epidemic rates of
tree deaths (Santamour 1990; Ball et al. 2007). The emerald
ash borer has destroyed millions of ash trees (Fraxinus spp.).
Other examples of recent pest and disease outbreaks include
the Asian longhorned beetle (Anoplophora glabripennis) and
sudden oak death (Phytophthora ramorum) (Ball et al. 2007).

In landscapes, both the number of different species (biodiver-
sity) and the diversity within a specific species (genetic diversity)
are important (Lankau and Strauss 2007). Both increase a land-
scape’s resiliency to stress and disease, and both are crucial to the
health of urban ecosystems (Endress 1990). With a greater variety
of species on a site, there is a greater likelihood that survivors will
exist following a major environmental disturbance (Flemer 1981;
Merritt 2008). In the nursery industry, a few cultivars that have
superior qualities based on today’s conditions are selected and
clonally propagated, yielding plants of known qualities, but with
little genetic diversity (Morton and Gruszka 2008). When these
cultivars are overplanted, there is a greater risk that an onslaught

of new pests or environmental challenges will damage them and
decimate large portions of our green areas (Iles and Vold 2003).

To reduce the risks of too many trees of the same species in
one area, city foresters and arborists are seeking a greater va-
riety of species to increase urban landscape diversity (Ries
2009; Sydnor et al. 2010). State and local governments have
begun passing environmental regulations, and cities are for-
tifying their landscape ordinances (Merritt 2008; Zhang et
al. 2009). For example, the city of Wichita, Kansas, passed an
ordinance that regulates landscape coverage and plant type
in addition to location of newly planted vegetation (McDon-
nell 2005). Homeowners and businesses in Wichita who install
new plantings are directed to plants from a diverse “preferred
species” list to prevent overuse of a small number of species.

“Challenges caused by serious new pests and diseases” has
been listed as a major trend that will influence the introduction
of new crops in the nursery industry (Widrlechner 2007), yet
the current level of awareness in the industry of issues related
to these challenges is unknown. To shed light on this, wholesale
nursery producers—one segment of the green industry respon-
sible for the introduction of new plants and capable of creating
demand for new products with integrated branding and market-
ing strategies (Drew et al. 2010)—were surveyed. They were
asked questions on biodiversity and genetic diversity in land-
scapes and about how they have gained knowledge of the issues.

METHODS

Survey
An online survey with items related to landscape plant diversity,
production at wholesale nurseries, and demographics was created.
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To develop items with phrasing familiar to respondents (Dillman
2000), interviews about plant species diversity with 13 nursery
professionals in Oregon, U.S., were taped. This was important
because of potential confusion in terminology. In the green indus-
try, “diversity” is used for genetic or multi-cultural differences as
well as for new colors of common plants. “Overplanting” can refer
to over reliance on plants with limited genetic range or to crowd-
ing large quantities of plants in an area for immediate impact. Ten
horticulture or landscape architecture faculty members in Wash-
ington, Idaho, and Oregon reviewed the survey for content valid-
ity, and it was given to five students to ensure that it was reliable
and easy to understand. The Washington State University Hu-
man Subjects Institutional Review Board approved the research.

Respondents
A list of companies with nursery licenses was acquired from the
Washington State Department of Agriculture in 2007. Companies
that were exclusively retail, had gone out of business, were not in-
volved with plant production, or did not answer the phone number
listed were removed, yielding 130 active wholesale nurseries. A
description of the anonymous survey was sent to the person respon-
sible for plant inventory decisions at each nursery. Two months
later, a follow-up e-mail was sent to encourage participation.
Completed surveys were obtained from 42 people in the whole-
sale nursery industry in Washington state. This response rate of
32% falls within an expected range for businesses (Dillman 2000).
Most of the respondents were owners of the business con-
tacted (75%) and had worked in the industry for more than 15
years (69%; range of 3 to 68 years). The nurseries ranged in
size from 0.5 to 500 acres (mean of 28 acres, median of three
acres) and produced a wide range of crops, including veg-
etable starts, bedding plants, native plants, flowering shrubs,
and shade trees. When asked how much acreage was devot-
ed to producing their primary crop, responses ranged from
0.02 to 500 acres (mean of 19 acres, median of one acre).

Data Analyses

Responses of “strongly disagree,” “disagree,” “slightly disagree,”
“slightly agree,” “agree,” and “strongly agree” on all diversity
statements were scored from one to six, respectively, and used to
calculate a mean attitude for each statement (Appendix). Respons-
es on seven statements (four where agreement could indicate an
understanding of diversity and three where agreement could in-
dicate a lack of understanding) were combined to create a “Plant
Species Diversity Score” (Appendix) by summing the scores for
the statements after converting them so that a higher value was
associated with fuller understanding of diversity. Analysis of
Variance was used to compare the Plant Species Diversity Score
to demographic items. A significance level of 10% was used, so
that possible relationships were unlikely to be overlooked and
because the consequences of error in interpretation were minor.

RESULTS AND DISCUSSION

General Knowledge of Plant Species Diversity
Issues

Nearly all respondents (85%) were in agreement that “increasing
the number of different plant species used in an area is important

for biodiversity” (Appendix). The mean attitude of 4.78 indicated
that most respondents have an awareness of plant species diversi-
ty issues. Responses on other statements, however, indicated their
level of understanding may not be very deep. Only 56% indicated
agreement that “lack of plant diversity in a given region is an eco-
logical problem.” The mean of 3.83 suggested that most people
only slightly agreed with this statement. These two statements are
similar; however, there is more of a value judgment involved in
answering the second statement, which used the word “problem.”
Many respondents apparently saw no “problem” with the wide
usage of particular plants. Promotion of the wide usage of partic-
ular plants is common in the media. This can be readily seen in ar-
ticles encouraging people to replant American elm (Ulmus ameri-
cana) with the small number of clones that are resistant to Dutch
elm disease (Duffy 2009). Instead of promoting the prudent use
of these clones, such articles often inadvertently promote the re-
creation of the circumstances that led to the elm’s original demise.

Only 45% of respondents agreed that “planting more than
10% of the same plant species in a region greatly increases the
risk of insect or disease outbreaks” (Appendix). This was unex-
pected, because the general 10-20-30 rule (plant no more than
10% of any species, 20% of any genus, or 30% of any fam-
ily) has been widely discussed (Santamour 1990; Galvin 1999;
Frank et al. 2006; Sydnor et al. 2010). The lack of full under-
standing of the need for increased biodiversity is supported by
the fact that only 40% agreed that “planting large numbers of
a single plant species in a commercial or residential landscape
increases the likelihood of severe insect or disease outbreak.”

On statements where agreeing may indicate a lack of aware-
ness of diversity (Appendix), agreement ranged from 59% for
“elm trees that have died from Dutch elm disease should be
replaced with the new disease-resistant elms” to 83% for “the
wholesale nursery industry is already addressing the species di-
versity issue, because they frequently introduce new plants for
customers.” While agreement may indicate a lack of understand-
ing of diversity issues, the means, which ranged from 2.56 to 3.22,
suggest the respondents were neutral or only slightly agreed with
the statements. Views that are not strongly held, such as these,
can be easily changed with education (Schafer and Tait 1986).

Role of the Nursery Indusiry on Plant Species
Diversity Issues

Agreement with the statement that “most wholesale nurseries
currently offer an adequate range of plants for their customers
to choose from” was very high (78%) (Appendix). This attitude
is not supported by the results of a study that found that only
3% to 5% of trees desired by urban foresters in Ohio were avail-
able from nursery growers in Ohio (Sydnor et al. 2010). Agree-
ment that “the nursery industry could easily add more species
to their inventories” was also high (67%). This is important
if the issues with lack of diversity are to be addressed. Only
24% agreed that “voluntarily increasing the number of differ-
ent plant species in their inventories would allow nurseries to
avoid regulatory interference from state or federal authorities.”

Nursery Characteristics and Plant Species Diver-
sity Awareness

Plant Species Diversity Scores ranged from 13 to 38, with a mean
of 24 (possible range was 7 to 42, with higher numbers indicat-
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Table 1. Plant Species Diversity Score and its relationship to characteristics of the nursery where the survey respondents worked,
considerations in deciding to add plant species, cultivars, or varieties to inventories, and source of knowledge on species
diversity issues or educational level for Washington, U.S., wholesale nursery industry respondent.

Survey subject Percent” Diversity? A pPv
Nursery characteristic
Area for single most produced species is <1 acre 42 26.3 +3.4 0.07
Total area for wholesale production is <2 acres 28 26.0 +2.4 0.24
Inventory of different plant species is >50 44 25.5 +2.1 0.27
Inventory of cultivars or varieties is >100 54 25.5 +2.0 0.30
Plants shipped out of state is <20% of production 75 24.6 +1.2 0.61
Plant inventory decision considerations”
Environmental concern 22 25.6 +1.7 0.47
Last year’s sales and profitability 36 24.7 +0.6 0.76
Customer requests 67 24.1 -0.6 0.75
Ease of growth and maintenance 50 23.6 -1.5 0.44
Overall plant preferences 64 23.5 -2.3 0.25
Sales and marketing info 42 22.3 -3.4 0.08
Production costs 33 22.1 -33 0.10
Species diversity knowledge source"
School or college class 30 27.4 +4.4 0.03
University outreach (researchers, field days, extension) 28 26.8 +3.5 0.10
Professional organizations 42 25.6 +2.2 0.26
Trade journals and articles 69 24.8 +1.7 0.40
Government programs (USDA, WSDA) 36 22.5 -2.8 0.17
Education beyond high school" 61 25.7 +3.7 0.05

“ Percent of respondents who selected the characteristic, consideration, or source.
¥ Scale from 7 to 42, with higher values indicating a greater awareness of diversity.

* Change = Diversity for respondents who selected the characteristic — Diversity for those who selected a different characteristic.

¥ Significance of change in diversity, based on ANOVA.
¥ Respondent could check more than one.
" Response based on overall level of schooling not on learning about plant diversity.

ing greater understanding). Respondents who worked at nurseries
where the major crop was produced on less than one acre of land
had a significantly higher score (26.3) than those whose major
crop used more land (22.9) (Table 1). Other nursery characteristics
were not significantly related to the Plant Species Diversity Score.

Plant Inventory Decisions and Plant Species
Diversity Awareness

Respondents’ primary considerations when deciding to add
new plants to their inventories were “customer requests”
(67%), “overall plant preferences” (64%), and “ease of growth
and maintenance” (50%) (Table 1). Respondents who selected
“environmental concern” (22%) had the highest Plant Spe-
cies Diversity Score (25.6). Respondents who selected “sales
and marketing info” (42%) or “production costs” (33%) as pri-
mary considerations had significantly lower scores (22.3 and
22.1, respectively) than did respondents who did not report
them as primary considerations (25.7 and 25.4, respectively).

Source of Knowledge on Plant Species Diversity

When respondents were asked where they had “learned about
the issues with having many similar plant species in a land-
scape,” the most common response was “trade journals and
articles” (69%) (Table 1). The Plant Species Diversity Scores
for people who selected “school or college classes” (26.8)
and “university outreach” (26.8) were significantly higher
than scores for those who did not report them as sources (23.0
and 23.3, respectively). The Plant Species Diversity Score for
people who reported their educational level as more than high

school (25.7) was significantly higher than for those with ed-
ucation at lower levels (22.0). This shows that institutions of
higher education can play a role in conveying the complexi-
ties related to the need for plant species diversity both to stu-
dents, through formal classes, and to industry professionals,
through outreach programs and submissions to trade journals.

CONCLUSIONS

These results indicate there is a general understanding that
diversity among plant species used in landscapes is ecologi-
cally important, but there is less understanding of why this is
so or how it relates to everyday landscape practices. Confusion
on this topic, which is complex (Rowntree 1998), may come
from a number of places. For example, if the message is un-
derstood simply as a need to maximize diversity, then plants
that contribute to diversity but are not suited to the climate of
a particular site might be used (Ball et al. 2007). The desire
for symmetry, especially in street tree plantings, based on de-
sign and aesthetic considerations, has contributed to landscape
plant uniformity (Flemer 1981; Santamour 1990). Terminology
related to diversity can also be confusing; some now refer to
the issue as a need to limit overuse, and not as a need to in-
crease diversity (Ball et al. 2007). Confusion also arises with
questions of how to apply broad-scale ecological informa-
tion to individual landscapes (Endress 1990; Rowntree 1998).

Our landscapes have taken on a new ecological impor-
tance as the human population has expanded into more and
more natural areas. Overproduction of a small number of
species and cultivars continues (Iles and Vold 2003), and
now can impact nearly all of the United States. It took de-
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cades for Dutch elm disease to spread in the United States
(Duffy 2009), but recently daylily rust (Puccinia hemerocal-
lidis) spread from coast-to-coast in one year (Bergeron 2008).

This study showed that education on the need for plant spe-
cies diversity in the green industry is important. Regardless of
the level of familiarity with the issues, the attitudes expressed
in this study, generally, were not strongly held. Such attitudes
are much easier to change than strongly held ones (Schafer
and Tait 1986), and so it is likely that increased education on
the issues would raise awareness. This could come through
formal university classes that train the next generation of hor-
ticulturists and landscape architects, or in trade journals and
articles, which were cited by nearly 70% of respondents in
this survey as being a source of information on this subject.
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Appendix. Washington, U.S., wholesale nursery industry level of agreement on individual atitude statements
on plant species diversity issues and the role of the nursery industry.

Survey attitude statements Percent* Agreement’
Statements where agreeing may indicate awareness of species diversity issues*

“Increasing the number of different plant species used in an area is important for 85 4.78
biodiversity.”

“Lack of plant diversity in a given region is an ecological problem.” 56 3.83
“Planting more than 10% of the same plant species in a region greatly increases the risk 45 3.26

of insect or disease outbreaks.”

“Planting large numbers of a single plant species in a commercial or residential 40 3.33
landscape increases the likelihood of severe insect or disease outbreaks.”

Statements where agreeing may indicate lack of awareness of species diversity issues*
“The wholesale nursery industry is already addressing the species diversity issue, 83 3.20
because they frequently introduce new plants for their customers.”

“Pest problems with mass plantings of a single species in a landscape can be 73 322
adequately controlled with appropriate pest management.”

“Elm trees that have died from Dutch elm disease should be replaced with the new 59 2.56
disease-resistant elms.”

Statements on the role of the nursery industry
“Most wholesale nurseries currently offer an adequate range of genetically different 78 4.29
plants for their customers to choose from.”

“The wholesale nursery industry could easily add more plant species to their 67 3.90
inventories.”
“Voluntarily increasing the number of different plant species in their inventories would 24 2.64

allow nurseries to avoid regulatory interference from state or federal authorities.”

2

“ Percent of respondents who selected “strongly agree,” “agree,” or “slightly agree.”
¥ Mean based on a scale from one (“strongly disagree”) to six (“‘strongly agree”).
* Statements used to create the Plant Species Diversity Score (see Table 1).
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Résumé. De récentes épidémies d’insectes destructeurs, telles celles
de I’agrile du fréne et du longicorne asiatique, ont renouvelé les inquié-
tudes a propos du manque en diversité génétique ainsi qu’en especes dans
les aménagements aux Etats-Unis. Cependant, le degré de connaissance
de ces enjeux par les professionnels de I’industrie verte n’est pas connu.
Un sondage sur le degré de compréhension des enjeux liés a la diversité
en especes végétales a été distribué dans les pépinieres en gros de 1’état
du Washington aux Etats-Unis. Les répondants ont mentionné étre gé-
néralement conscients de 1’enjeu, mais ils avaient une compréhension
insuffisante du pourquoi un manque de diversité en espéces est un prob-
Ieme. Les répondants a qui on avait enseigné sur le sujet de la diversité
en especes au-dela du niveau scolaire secondaire comprenaient mieux les
enjeux que les autres. Ces résultats font ressortir le besoin pour une édu-
cation accrue et plus approfondie sur pourquoi une diversité en especes
végétales dans les aménagements paysagers est importante.

Zusammenfassung. Die kiirzlich aufgetretenen Massenaufkommen
von Schédlingen wie Eschenbock und asiatischem Bockkifer haben die
Befiirchtungen iiber die genetische Verarmung und zuriickgehende Arten-
vielfalt in den Landschaften der Vereinigten Staaten neu ansteigen lassen.
Dennoch ist der Kenntnisstand zur Artenvielfalt und verwandten Themen
bei Leuten aus der griinen Industrie nicht bekannt. Daher wurde in den
grofleren Baumschulen in Washington eine Umfrage tiber die Artenken-
ntnis gestartet. Die Antworten zeigten ein grofles BewuBtsein fiir dieses

Thema, aber die Teilnehmer hatten nur ungeniigendes Verstindnis dafiir,
warum eine Verarmung der genetischen Vielfalt ein Problem darstellt.
Die Teilnehmer, die etwas iiber Artenvielfalt in Ausbildungssituationen
oberhalb der Hochschule gelernt hatten, zeigten ein groferes Verstidndnis
als die anderen Teilnehmer. Diese Ergebnisse zeigen einen grofien Be-
darf an tiefergehender Ausbildung darin, warum eine Artenvielfalt unter
Landschaftspflanzen eine so grofie Bedeutung hat.

Resumen. Los recientes rebrotes de plagas, tales como el barrena-
dor esmeralda del fresno y el escarabajo de antenas largas de Asia, han
renovado las preocupaciones acerca de la falta de diversidad genética y
de especies en los paisajes a través de los Estados Unidos. Sin embargo,
el nivel de entendimiento de estos temas por la gente en la industria verde
no es conocido. Se distribuy6 en las ventas de vivero en Washington, U.
S. una encuesta sobre el conocimiento de la diversidad de especies de
plantas. Los encuestados indicaron una conciencia general sobre el tema,
pero con insuficiente entendimiento de por qué la falta de diversidad de
especies es un problema. Los encuestados que tuvieron aprendizaje so-
bre la diversidad de especies en eventos educativos, mas alld de la uni-
versidad, fueron mas susceptibles que otros a entender estos temas. Los
resultados indican la necesidad de incremento, en profundidad de edu-
cacion, sobre por qué la diversidad de especies de plantas es importante
en paisajes de plantas.
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