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Abstract. Boxwood is one of the most popular evergreen shrubs in the United States, the
production of which is currently challenged by boxwood blight, an emerging threat that
has spread across 30 states. A thorough understanding of boxwood production, plant
health, management practices and economic impact could aid in answering the needs of
the nursery industry in managing this disease. An online modified Delphi survey was con-
ducted to identify grower perceptions on processes, programs, and practices to limit or
prevent the entry and spread of boxwood blight disease. The expert panel consisted of 29
nursery producers who represented a significant portion of boxwood production nation-
ally. The panel members rated boxwood blight as the third most problematic disease
with a potential to be number one in the future. Boxwood transplants were perceived as
the main source of boxwood blight outbreak, followed by cutting tools, nursery equip-
ment, containers, plant debris, irrigation water, worker hygiene, and other crops. Ac-
cording to the panel responses, cultural control methods, inspection, and quarantine of
incoming plant material, scouting, and sanitization were the most important practices
that can limit or prevent plant diseases during boxwood production. The panel members
did not agree that the composted manure could influence the spread of plant disease in
boxwood production, although this has been verified by the findings of various previous
research experiments. Panel members were very familiar with scouting and employee
training, best management practices, and the boxwood blight cleanliness program. This
study documents the key components, practices, and procedures in boxwood production
that could influence the spread of boxwood blight in nurseries and could be further veri-
fied by sampling and laboratory assays to specify the critical control points in the produc-
tion process.

Boxwood (Buxus sp. L., Buxales, Buxaceae)
is an evergreen shrub with a high market
value (Kramer et al. 2020), increasing from
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$102.9 million in 2009 to $126.5 million in
2014 (Hall et al. 2021) and increasing again
from 2014 to 2019 to $140.9 million as re-
ported in the Census of Horticultural Specialties
(US Department of Agriculture, National Agri-
cultural Statistics Service 2020). Until 2014,
the top three states involved in nursery opera-
tions that sold boxwood were Oregon, Ohio,
and California, which represented 36% of the
total US boxwood sales, and this reached 40%
by 2019. North Carolina, Maryland, Illinois,
New Jersey, Virginia, Connecticut, and Tennes-
see were in the top 10 boxwood-producing
states. However, a major difference in the pro-
duction trends of boxwood sales from 2009 to
2014 vs. 2014 to 2019 was the replacement of
Connecticut and Tennessee by Florida and
Louisiana in the top 10 list. Both states were
negatively affected by boxwood blight as

reflected by the decrease in sales by 50.5% and
46% in Connecticut and Tennessee, respec-
tively (Hall et al. 2021). North Carolina, which
was number four among the top producers/sell-
ers of boxwood, declined to number seven as it
was also impacted by the boxwood blight.

Boxwood blight caused by Calonectria
pseudonaviculata Lombard, Crous, and Wing-
field (Cps) disease severely defoliates suscepti-
ble boxwood plants which, in turn deteriorates
the marketability of the plants, resulting in sig-
nificant economic losses to boxwood growers
(Bika 2021; Dhakal et al. 2022). Boxwood
blight has a 29-year history in Europe and
12-year history in North America but is pro-
jected to change the composition of boxwood
used in gardening irreversibly, as it has been
documented to be devastating to susceptible
English boxwood (Buxus sempervirens L.) in
gardens internationally (LeBlanc et al. 2018).
The disease has spread to 30 states (Daughtrey
2019; Hall et al. 2021) in the United States
and has been an urgent scientific challenge to
plant pathologists and horticulturists.

Boxwood is sold in the form of liners, cut-
tings, containerized products, balled and bur-
lapped products, field-grown and bagged for
sale, bare root, and balled and potted (process
balled) plants (Hodges et al. 2015). Produc-
ing and selling boxwood blight-free plants
from the nursery based on the principle of
minimization of primary inoculum could be
the fundamental process instrumental in de-
creasing the spread of boxwood blight (Filho
et al. 2016). It is therefore crucial to under-
stand what steps (or cultural practices) in
nursery operations are followed to produce
boxwood. It is also important to know what
resources, materials, and tools are commonly
used during production (e.g., potting media,
containers, bags, shovels, shears, irrigation
water) that could be a source of entry for the
further spread of Cps (Hall et al. 2011). An
understanding of how boxwood blight enters
nurseries and spreads during nursery produc-
tion will be useful in managing boxwood
blight. The disease management of boxwood
blight is a decision-making process that com-
bines interdisciplinary research such as social
sciences and plant pathology. In this study,
we investigated the status of boxwood pro-
duction, the state of knowledge of the factors
related to plant health, and the socioeconomic
impact of boxwood blight management.

The Delphi method used in this study was de-
veloped by RAND Corporation (Santa Monica,
CA, USA) in 1950s (Linstone and Turoff 1975,
2002) and is based on using a series of data col-
lection questionnaires and conducting several
rounds of surveys to gain consensus from se-
lected participants who have expert knowledge
of the discipline (von der Gracht 2012). Also, the
Delphi method is a structured communication
process used to predict outcomes based on the
past knowledge and experience of a group of ex-
perts (Mitroff and Turoff 2002). Delphi surveys
are different from other types of surveys, as the
expert panel has an opportunity to reconsider
their answers anonymously based on the overall
group responses (Mitroff and Turoff 2002). Con-
ventionally, the Delphi technique has been used
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as a forecasting method, communication im-
provement, or policy analysis technique. In
recent studies, however, the Delphi technique
has been used to understand complex prob-
lems and identify critical issues within vari-
ous industries such as agriculture, business,
life sciences, information technology, and ed-
ucation. Specifically, in the agriculture indus-
try, the Delphi method is used in agronomy,
animal and food production, agricultural edu-
cation, food systems, extension education,
and crop management areas (Lamm et al.
2021). Plant pathology or plant disease man-
agement is still a novel area to explore with
the Delphi method (Miller et al. 2015). Also,
this technique has been modified in recent
studies, with various types of questions such
as multiple choice, rating, Likert scale, demo-
graphic, and closed-ended questions (Rau-
dales et al. 2014) being used in addition to
traditional open-ended questions.

The primary objective of this study was to
obtain baseline information on boxwood pro-
duction in nurseries across the United States us-
ing the modified Delphi survey method. We
focused on topics regarding the nature of box-
wood production, the knowledge and status of
parameters affecting plant health, critical steps
in production that could introduce Cps, current
boxwood blight management practices, the eco-
nomic impact of boxwood production, the most
effective information dissemination measures,
and nursery demographics in this survey study.

Materials and Methods

A list of panel growers was selected from
the members of Boxwood Blight Insight Group
(BBIG) who were directly or indirectly work-
ing with those growers to mitigate boxwood
blight in those regions and were deemed to be
leaders in the nation in terms of boxwood
production (Boxwood Blight Insight Group
2023). Twenty-nine nursery growers/compa-
nies were selected as panel members based
on their reputation and involvement in box-
wood production as propagators, growers, or
owners of nurseries located across the nation.
Participation of these panel members was
voluntary, and no incentives were provided
when they completed the survey. Dillman’s
(2011) tailored design method was used to
obtain an acceptable response rate for the sur-
vey. The survey questionnaire was approved
by the Tennessee State University, Texas
A&M University, and Virginia Tech Univer-
sity institutional review boards. All 29 poten-
tial panelists were contacted via e-mail and
invited to participate in the first round of the
survey. The survey was first sent via e-mail in
Feb 2022, and data were collected until Oct
2022. Reminders to participate in the survey
were sent on 21 Mar, 31 Aug, and 9 Sep. If
the respondents accepted the invitation to par-
ticipate, they were allowed to click on the
link embedded in the e-mail and be directed
to the Qualtrics (Provo, UT, USA) website
that was hosting the questionnaire.

The survey was constructed to elicit expert
opinion regarding boxwood disease management
for several topics. The Boxwood Production
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section (p 2-6) covered information on nursery
sales, categories of boxwood, types of operation,
and the proximity of operation, and manage-
ment practices related to boxwood production.
The Plant Health section (p 7-15) solicited in-
formation related to diseases and pathogens of
boxwood. The Management and Economic Im-
pact portion (p 16-18) covered the timeline of
operations, yield, total area of production infor-
mation, and market channel information of box-
wood. The Demographics section (p 19-22)
requested information on their preferred media
for receiving disease management information,
nursery sales information, employment, and pre-
ferred language. The survey had 30 questions
(including a consent agreement) and was devel-
oped by the members of BBIG which was es-
tablished as part of a Specialty Crop Research
Initiative grant to prevent boxwood blight and
safeguard boxwood.

Survey responses were recorded as multi-
ple choice, open-ended, close-ended, and rat-
ing scale questions. Extent of the boxwood
blight was ranked from 0 = nonproblematic
to 10 = most problematic and the threat of
the disease was ranked from 1 = no threat to
5 = extreme threat. Also, ordinal 5-point Lik-
ert-type scale (Likert 1932) questions were
used to record the level of agreement in the
modified Delphi survey (Ab Latif et al. 2016;
Mitroff and Turoff 2002) with the statements
regarding the sources of plant pathogens and
practices that limit and prevent plant diseases
in boxwood production using a ranking from
1 = disagree to 5 = agree. The panel mem-
bers were asked to rate their familiarity of
processes and programs using a scale from
1 = not familiar to 5 = very familiar and ad-
ditionally asked whether they currently fol-
low those to control plant diseases to justify
their responses. The data were coded, tabu-
lated, and analyzed using Microsoft Excel
spreadsheet software (Redmond, WA, USA)
and SAS statistical software (SAS Inc., Cary,
NC), and the results were expressed as graphi-
cal summaries, percentages, and mean frequen-
cies. Consensus was achieved on Likert-type
questions if at least 70% of the respondents
agreed and the mean frequencies were inter-
preted as “important” or “not important” (von
der Gracht 2012). In the first round of the
survey, open-ended responses were also ex-
pected from the members with comments
about their practices, yields, and values of
boxwood production.

Results and Discussion

Boxwood production. Of 29 nurseries in
the sample frame, a total of 25 clicked the
link and 20 agreed to participate in the sur-
vey. Of these 20 responses, two were incom-
plete and 18 (62%) were completed in the
first-round instrument. Members of the panel
were from the states of Connecticut, Georgia,
Illinois, Kansas, Minnesota, Oregon, Tennes-
see, Texas, and Virginia. Boxwood repre-
sented 14% of average total nursery sales for
all the nurseries in the panel, which is higher
than the percentage of boxwood share of total
US broadleaf evergreens sold (7%) reported

in the 2019 Census of Horticultural Special-
ties (US Department of Agriculture, National
Agricultural Statistics Service 2020). As far
as the types of boxwood operations, 80% of
the panel members were involved in box-
wood propagation, 55% were involved in
field production, and 80% were involved in
containerized boxwood production. Several
respondents were involved in all three types
of operations.

Asiatic boxwood was the most grown cate-
gory (35%), followed by other hybrids (30%),
less susceptible cultivars (23%), and American/
English boxwood (11%). Common cultivars
such as Golden Dream, John Baldwin, Baby
Gem, Wedding Ring, Sprinter, Green Pillow,
Hohman’s Dwarf, Grace Hendricks Phillips,
Peergold, Cole’s Dwarf, Big Leaf Wintergreen,
and Green Pillow fall into Asiatic boxwood
category (Baysal-Gurel and Liyanapathiran-
age 2017; Ganci 2014; Ganci et al. 2013;
Miller et al. 2016; Yoder et al. 2022). The re-
sults of this study are comparable to a previ-
ously published literature which indicates that
the growers are shifting toward cultivating
less susceptible boxwood (Omolehin et al.
2022). Asiatic boxwood category includes high
to moderately resistant cultivars whereas Ameri-
can/English boxwood category includes cultivars
highly susceptible to boxwood blight. The culti-
vars such as Aurea-pendula, Justin Brouwers,
Vardar Valley, Suffruticosa, Scupi, Rotundifolia,
Northland, Denmark, Handsworthiensis, Pen-
dula, Newport Blue, Graham Blandy, Dee Runk
could be included in English/American box-
wood category (Baysal-Gurel and Liyanapathir-
anage 2017; Ganci 2014; Ganci et al. 2013;
Shishkoff et al. 2015). Cultivars that could be in-
cluded in the less susceptible category are Na-
tional, Jim Stauffer, Gregem, Green Beauty,
Nana, Winter Beauty, Wintergreen, Pinchusion,
and Winter Gem (Baysal-Gurel and Liyanapa-
thiranage 2017; Ganci 2014; Ganci et al. 2013;
Miller et al. 2016). NewGen boxwood, included
in the less susceptible category, was developed
from the resistant cultivar breeding efforts as a
response to the boxwood devastation caused by
boxwood blight (Daughtrey 2019; McClellan
2019). The category of other hybrid cultivars
could include Chicagoland Green® Glencoe,
Green Velvet, Green Ice, Green Mound, Green
Gem, and Green Mountain (Baysal-Gurel and
Liyanapathiranage 2017; Ganci et al. 2013;
Ganci 2014; Miller et al. 2016; Shishkoff et al.
2015).

The proximity of the boxwood propagation
facility to container or field production areas
were compared and 50% of panel members re-
sponded that they had their propagation and
production areas in the same nursery, 45% had
the nearest boxwood container or field produc-
tion area between 100 yards and 1 mile of the
propagation facility, 10% had the nearest box-
wood container or field production area within
100 yards of the propagation facility, and 5%
had the nearest boxwood container or field pro-
duction area more than 1 mile from the propa-
gation facility. Cps conidia can sporulate on
fallen or infected tissues and disperse to nearby
crops during boxwood operations, whereas in-
fected leaves blown into nearby fields also have
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the potential to germinate and cause further dis-
ease spread (Weeda and Dart 2012). The acci-
dental movement of infected plant materials by
the workers from production to propagation
area or movement of pathogen inoculum via
tools and equipment used in production, worker
boots, gloves, or clothes (Bika et al. 2021;
Daughtrey 2019; Gehesquiere 2014) could po-
tentially occur if propagation or production
area are in close proximity. For this reason, the
nurseries that had propagation and cultivation
in the same area were at a higher risk of rapid
disease spread and higher economic losses,
whereas nurseries that maintained a greater dis-
tance (100 yards to 1 mile or more than 1 mile
between production and propagation facilities)
were comparatively at a lower risk.

Pachysandra (Pachysandra sp. Michx.,
Buxales, Buxaceae) and sweet box (Sarco-
cocca sp. Lindl., Buxales, Buxaceae) are al-
ternate hosts of Cps, and even if disease
management measures are adopted to manage
the Cps in boxwood, these alternate hosts can
harbor the pathogen to establish a new infec-
tion cycle (Kong et al. 2017; LaMondia and
Douglas 2015). Fifteen percent of the survey
respondents grew sweet box, 20% grew pach-
ysandra, and the majority of the respondents
(70%) did not grow any of these plants with
boxwood in the same nursery.

Twenty percent of the growers used smaller
blocks to grow boxwood, whereas a majority
(80%) did not produce boxwood in blocks.
These smaller blocks of boxwood were sepa-
rated by various tree and shrub species, grasses,
Azalea (Ericales, Ericaceae), and Ilex (Aquifo-
liales, Aquifoliaceae) plants. It is recommended
to produce boxwood in small blocks separated
by a distance of 10 ft rather than using the
whole available production area as a single
block (Baysal-Gurel 2023; Dart et al. 2014;
LaMondia et al. 2023).

The movement of infected plants, accidental
spread of the sticky conidia by human factors
such as use of contaminated cuttings tools,
workers clothes, gloves, boots, equipment used
in production are considered the main mecha-
nisms of pathogen spread, but the spread could
also occur by splashing rain, rainy storm, or
irrigation from one plant to another plant
(Baysal-Gurel and Liyanapathiranage 2017;
Bika et al. 2021; Castroagudin et al. 2020;
Douglas 2011; Henricot 2006; Kodati et al.
2022; LaMondia et al. 2021). The pathogen
transmission via water could be minimized if a
barrier of nonhost plant is used between each
block of boxwood plants, which increases the
diversity of plant species that will have a nega-
tive impact on the pathogen load. This lessens
the rate of disease spread in the field and the
disease does not spread as easily or quickly if
the boxwood blocks were located next to each
other without a barrier (Baysal-Gurel 2023;
Hantsch et al. 2013; Mitchell et al. 2002). It is
important to note that eradication measures are
recommended when the boxwood blight is de-
tected (Bush et al. 2016; Dart et al. 2014). Box-
wood growers who do not use small blocks to
grow boxwood are at higher risk of economic
losses due to boxwood blight if Cps is acciden-
tally introduced compared with growers who
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use blocking approach or use a single large
block (production area). If smaller blocks are
used in production and disease is detected in
one block, only the plants from that block must
be eradicated, which lessens the economic
losses associated with boxwood blight.

Also, from these respondents, 42% fol-
lowed a rotation plan after boxwood produc-
tion, and 58% did not follow a rotation plan.
When planting consecutive crops during a
crop rotation program, 95% always completely
cleaned out after each crop whereas 11% inter-
planted (planted another crop after boxwood)
in the rotation program. A total of 63% of
growers removed plant debris located under
the plant rows immediately after each pruning,
and 16% used other methods and 21% never
removed any debris from the nursery. This in-
dicated that panel members were aware of the
potential of plant debris or pruned plant mate-
rials to be a source of new infections in healthy
crops and aid in increased disease pressure.
Sanitation is crucial in boxwood blight man-
agement as it helps to remove the Cps inocu-
lum which could be surviving in the fallen
plant debris (Palmer and Shishkoff 2014).

Unsanitized cutting tools could also spread
Cps from one plant to another or, more specifi-
cally, cuttings prepared using unsanitized tools
could carry the pathogen (Bika et al. 2021).
When taking cuttings for propagation or prun-
ing boxwood plants, 47% used a new or sani-
tized cutting tool after each block whereas
37% sanitized or used a new tool after each
row, 5% used at each cut, 5% used at each
plant, and 6% did not sanitize cutting tools.
Forty-two percent of the growers treated box-
wood cuttings with a sanitizing agent to elimi-
nate plant pathogens and 58% did not use
sanitizing agents. Additionally, 26% of mem-
bers sanitized clothing, equipment, and ve-
hicles between boxwood blocks, whereas 74%
did not sanitize. The risk of spread of box-
wood blight between fields of production
within a production business is higher as the
transmission of the pathogen could occur via
human and animal movement and unsanitized
cutting tools (Bika et al. 2021; Daughtrey
2019; Gehesquiere 2014). The majority of
the panel members did not sanitize clothing,
equipment, and vehicles between blocks, which
could be due to various reasons such as lack of
awareness among the growers about the overall
steps in sanitation that include cleaning the pro-
duction area, and then using disinfecting agents
to kill the plant pathogens (Hansen 2020), cost,
and time associated with the sanitation (The
HC Companies, Inc. 2023).

Diagnosis is a crucial first step in plant dis-
ease management (Castroagudin et al. 2020;
Fry 2012). A majority of the panel members
were involved in pathogen testing to reduce
the further spread of the disease. Twenty-six
percent of growers tested boxwood cuttings/
plants within their company for the presence
of plant pathogens, 58% sent them to a labora-
tory for testing, and only 26% did not test.
Pathogen testing or diagnosis could be helpful
in accurate diagnosis, early detection, monitor-
ing the levels of disease or pathogen load, and
applying necessary curative and quarantine

measures that ultimately help in integrated
plant disease management to minimize crop
loss (Castroagudin et al. 2020; Malapi-Wight
etal. 2016).

Plant health. Phytophthora root rot, Volu-
tella blight, boxwood blight, Fusarium root rot,
and Pythium root rot were rated as the most
problematic diseases faced by the panel mem-
bers. Boxwood dieback, Macrophoma leaf spot,
and nematodes were the least problematic in
current boxwood production (Table 1). Phytoph-
thora species are one of the most problematic
and widely studied phytopathogens in nursery
production which justifies the growers’ selection
of Phytophthora as one of the current most
problematic diseases in their production system
(Mihajlovic et al. 2017; Parke et al. 2019).

Boxwood blight and Phytophthora root rot
were rated as moderate to high threats to future
boxwood production whereas Volutella blight,
Pythium, Fusarium, Macrophoma, boxwood
dieback, and other diseases were rated to be a
low-to-moderate threat to boxwood production
in the future (Table 2). The rapid spread of
boxwood blight within the US states justifies
the grower’s perception of boxwood blight be-
ing the worst threat they will encounter in the
future (Daughtrey 2019; Ivors et al. 2012). In
addition, Phytophthora is a soilborne pathogen
often associated with water and is hard to man-
age, which justifies panel members’ anticipa-
tion of this being one of the problematic
pathogens in the future (Parke et al. 2019;
Redekar et al. 2019).

As listed in Table 3, a list of 17 items that
could serve as sources of plant pathogens
during boxwood production were assessed to
better understand grower perceptions using
the 5-point Likert scale. Twelve of 17 items
had an average perception rating >3.5, with
the highest rating for “boxwood transplants”
(4.9 £ 0.2) compared with other sources such
as cutting tools, nursery equipment, nursery
bench, floor and sidewall surfaces, plant de-
bris and culled plants, media and soil, trays,
pots or containers, irrigation water, work cloth-
ing and shoes, visitors and nonemployees,
worker hygiene, and other crops. The sources
such as irrigation water, incoming plants, pots,
potting media, and production field are already
established critical control points in nursery
crop production and have the potential to be
the critical control points to decrease the spread
of boxwood blight in nurseries (Parke and
Griinwald 2012). Five lower ranked attributes

Table 1. Disease rating during current boxwood
(Buxus sp.) production with 0 = no problem
at all, 1 = least problematic to 10 = most
problematic.

Disease N Mean SD'
Phytophthora 17 32 26
Volutella blight 15 23 19
Boxwood blight 9 22 34
Fusarium 7 20 29
Pythium 10 20 19
Boxwood dieback/Anthracnose 9 1.8 2.5
Macrophoma 6 13 08
Nematodes 307 1.1

T Standard deviation of the disease rate.
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Table 2. Extent of the diseases that pose a threat
to boxwood (Buxus sp.) plant health in future
production with 1 = no threat, 2 = low
threat, 3 = moderate threat, 4 = high threat,
and 5 = extreme threat.

Disease N Mean SD'
Boxwood blight 19 33 14
Phytophthora 19 32 14
Other 19 26 24
Volutella blight 19 26 1.0
Pythium 19 25 18
Fusarium 19 25 19
Macrophoma 19 24 18

Boxwood dieback/Anthracnose 19 23 1.4
! Standard deviation of the extent of diseases.

of sources (rating below than 3.5) were animals
(pets, rodents, and livestock), composted ma-
nure, pesticide applications, insects and bumble-
bees, and weeds. Interestingly, worker hygiene
and animals are important factors in boxwood
blight spread in production (Daughtrey 2019;
Gehesquiere 2014), whereas infected boxwood
used in composted manure could be a source
of new infections in healthy plants (Dart et al.
2014; Harvey et al. 2019; Lamondia et al. 2023;
May 2023).

Of the 31 boxwood production practices
evaluated for their ability to limit/prevent plant
disease introduction and spread, all had an aver-
age perception rating =3.5, indicating that these
perceptions were important in the boxwood
blight management practices (Table 4). The
highest perception rating of 5.0 was recorded
for cultural control methods, isolation and quar-
antine of incoming plants, inspection of incom-
ing plant material, scouting for diseases, and
removing infected and damaged plants. Al-
though the panel members perceived that these
practices could limit the pathogens in produc-
tion, not all (100%) of them had fully adopted
these practices as listed in Table 4, which could
be due to a number of factors impacting adop-
tion such as availability, accessibility, and cost-
effectiveness (Balehegn et al. 2020; Senyolo
et al. 2018). Majority of the panel members
(=50%) had adopted elimination, exclusion,
and sanitation practices, promotion of worker

hygiene, water management, and chemicals to
manage diseases (Table 4). Some of the panel
members (=40% to 50%) had adopted provi-
sion of handwashing stations, limitation of ve-
hicles at entry in production areas, using clean
water all the time, and small-sized blocks for
production (Table 4). The least adopted practi-
ces (<40%) were provision of crop-free period;
provision of sanitary facilities; sanitization of
carts, equipment, containers, and other items;
provision of gloves/coats to the workers; provi-
sion of tire baths and foot bath at entry; treating
water for plant pathogens; using certified cut-
tings; and use of biopesticides (Table 4).

The panel members provided the highest
ratings to the practice they were already con-
ducting in their production system to be able
to limit or prevent the plant disease. They
were adopting the practices that in their opin-
ion are helpful in preventing/limiting disease.
The cultural control methods such as sanitation
of cutting tools, containers, nursery equipment,
and surfaces, along with chemical fungicide
applications, biopesticides, and planting of re-
sistant hosts are recommended for prevention
of spread of boxwood blight (Bika et al. 2021;
LaMondia et al. 2021; Palmer and Shishkoff
2014). Inspection, isolation, and quarantine of
incoming plants, using certified pathogen-free
cuttings are crucial for lowering the spread of
boxwood blight because the infected plant ma-
terial is the main mode of long-distance move-
ment of boxwood blight. An example of this
was the speculation of first introduction of
boxwood blight to North America from in-
fected plant material (Bartikova et al. 2020;
Kong and Hong 2019; LaMondia 2015;
LaMondia and Maurer 2020; Palmer and
Shishkoff 2014). Sending samples for disease
diagnosis in laboratory as early as possible is
important to prevent further spread of the dis-
ease and recommended boxwood blight man-
agement measure (Castroagudin et al. 2020).
Water in the production system contaminated
with plant pathogens plays a significant role
in disease outbreaks in the nurseries (Ristvey
et al. 2019) and water mediated short-distance
transfer of Cps has been verified by previous

Table 3. Perceptions of the panel composed of nursery growers regarding the knowledge of the items
used in boxwood (Buxus sp.) production which could be sources of plant pathogens. The mean rat-
ing is based on a Likert scale from 1 to 5 (disagree to agree).

Source of plant pathogens N Mean SD'
Boxwood transplants 18 4.9 0.2
Cutting tools 18 4.7 0.6
Nursery equipment 18 4.7 0.6
Nursery bench, floor, and sidewall surfaces 18 4.7 0.5
Plant debris or culled plants 18 4.6 0.7
Media or soil 18 4.6 0.5
Trays, pots, or containers 18 43 1.0
Irrigation water 18 43 1.1
Worker clothing and shoes 18 43 1.0
Visitors and nonemployees 18 42 1.2
Worker hygiene 18 3.8 1.3
Other crops 18 3.7 0.9
Animals (pets, rodents, livestock) 18 34 1.5
Composted manure 18 2.8 1.3
Pesticide applications 18 2.7 1.5
Insects and bumblebees 18 2.6 1.1
Weeds 18 2.4 1.1

! Standard deviation of the perception of source of plant pathogens.
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studies (Dart et al. 2014; LaMondia and
Maurer 2020). Cps sporulates in the presence
of moisture and the conidia are spread to neigh-
boring plants by water splash, hence removing
plant debris from production area and providing
a crop-free period in the nursery are important
to limit the further spread of Cps in production
nurseries (LaMondia et al. 2021; LaMondia and
Maurer 2020). Using clean water all the times,
avoiding standing water in the production area,
avoiding runoff water from holding areas, cull-
ing diseased plants from production areas, using
smaller-sized blocks, monitoring/testing irriga-
tion water for pathogens, and treating irrigation
water for pathogens are important to prevent/
limit the entry or spread of the pathogen. The
stickiness of the conidia of Cps favors human/
animal/equipment-mediated pathogen spread,
thus excluding animals from the production
area and providing worker gloves and clothes,
vehicle tire baths at entry, handwashing sta-
tions, employee sanitation training, and sanita-
tion facilities are important (Baysal-Gurel and
Liyanapathiranage 2017; Bika et al. 2021;
Dart et al. 2014; LaMondia 2015).

Members of the expert panel were familiar
with processes and programs in boxwood pro-
duction. Their mean ratings of familiarity of
these practices were higher than 4.0 (on a
S-point scale), a value indicating that they were
either familiar or very familiar (Table 5). Scout-
ing and employee training was the highest prac-
ticed process (94%) among the panel members.
Pesticide applicator training and certification
were practiced by 89% of the panel members,
whereas standard operating procedures for sani-
tations, best management practices and box-
wood blight cleanliness program were practiced
by 83% of the panel members. Tracing products
or processes from initial to final stage was prac-
ticed by 67% of the panel members. Finally,
28% of the panel members practiced irrigation
testing for plant pathogens (Table 5). As ex-
pected, the growers were extremely familiar
with the processes/programs, which were al-
ready practiced by the majority of the respond-
ents. Logically, processes/programs not familiar
to the growers were not practiced. According to
the methods and frequency of disease manage-
ment techniques used in boxwood production in
the past 12 months, 56% of growers had per-
formed scouting and inspection activities 16 or
more times, and 53% of growers had used sani-
tizers 16 or more times. Thirty-three percent
used chemical control 16 or more times, and
55% used biological control one to three times.

Good record-keeping for tracing plants from
initial to final stages of production is a popular
practice in production nurseries (Lebude et al.
2012), so the growers were very familiar with
it. Some important and common components of
integrated plant disease management are sched-
uling applications of pesticides and scouting;
hence the growers were familiar with pesticide
application training, certification, scouting, and
employee training (Khachatryan et al. 2020;
Lebude et al. 2012). With numerous publica-
tions of extension articles related to boxwood
blight management, the growers were very fa-
miliar with best management practices (BMPs)
and boxwood blight cleanliness programs
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Table 4. Perceptions of the panel composed of nursery growers regarding the practices that can limit
or prevent plant disease during boxwood (Buxus sp.) production. The mean rating is based on a

Likert scale from 1 to 5 (disagree to agree).

Table 6. Percentage of boxwood (Buxus sp.) pro-
duction loss (e.g., shrink, scrap, dump) during
the propagation stage and the finished stage.

Practices

Growers currently
following these practices (%)

Cultural control methods

Isolate or quarantine incoming plants

Inspect incoming plant material

Scout for diseases

Remove infected or damaged plants

Remove plant debris and dead plants

Eliminate weeds

Provide a crop-free period in nursery

Sanitize cutting tools

Sanitize surfaces

Sanitize carts and nursery equipment

Provide sanitary facilities

Sanitize containers

Provide employee sanitation training

Provide worker gloves and coat

Provide handwashing stations

Provide vehicle tire baths at entry

Provide foot baths at entry

Limit vehicle entry into the production areas

Exclude animals from production areas

Use clean water at all times

Avoid standing water in production area

Avoid runoff water from holding
areas/cull piles to production areas

Treat irrigation water for pathogens

Monitor/test irrigation water for pathogens

Send samples to a diagnostic laboratory

Implement smaller-sized blocks

Use certified pathogen-free cuttings

Provide employee pesticide application training

Use chemical disease controls

Use biopesticides

15 5.0 0.0 72
15 5.0 0.0 67
15 5.0 0.0 72
15 5.0 0.0 78
14 5.0 0.0 83
15 4.9 0.3 72
16 4.2 1.4 67
18 4.2 1.1 17
15 4.9 0.3 68
15 4.8 0.4 50
17 4.8 0.4 33
17 4.7 1.0 39
16 45 1.1 33
17 4.5 1.3 56
17 3.6 1.5 17
18 4.1 1.3 44
18 4.0 1.4 0
18 43 1.3 17
15 45 1.1 44
17 3.5 1.6 22
16 4.8 0.5 44
16 4.8 0.5 61
16 4.7 0.6 50
17 4.3 0.9 22
18 4.4 0.9 17
15 4.9 0.3 67
15 4.1 1.4 44
16 4.7 0.7 11
15 4.7 0.7 67
15 4.7 0.6 67
18 4.0 0.9 0

! Standard deviation of the practice of boxwood production.

because a holistic approach has been recom-
mended to manage boxwood blight (Daugh-
trey 2019; Lebude et al. 2012; Palmer and
Shishkoff 2014). Although growers were fa-
miliar with the importance of irrigation water
treatment to prevent disease spread, some fac-
tors such as lack of readily available treatment
technologies or the higher cost of establish-
ment might be a hinderance to adopting them
(Hong 2014).

Management and economic impact of box-
wood production. Growers mostly propagated
cuttings in November, December, and Janu-
ary and transplanted rooted cuttings in March,
May, June, and October. They grew boxwood
in almost every month of the year and har-
vested boxwood (digging whole plants for
commercial purposes) from February to June

and August to November. They sold boxwood
from February to November. Table 6 shows
the percentage of boxwood loss during the
propagation and finished stages during 2009
to 2019. The loss during the propagation stage
increased from 3.6% to 3.8% from 2009 to
2019. The loss of boxwood in the finished
stage increased from 2.9% to 4.3% from 2009
to 2019.The increase in loss of boxwood dur-
ing propagation and the production stage from
2009 to 2019 is comparable to the decrease in
the percentage loss of sales of broad-leaved
evergreen shrubs, which included boxwood,
from 2009 to 2019 (Rihn et al. 2021). These
boxwood losses could be accounted for by
several factors, such as occurrence of plant dis-
eases caused by pathogens discussed earlier, in-
sects and pests, and changes in soil conditions

Table 5. Perceptions of the nursery grower panel regarding the extent they are familiar with the pro-
cesses and programs in boxwood (Buxus sp.) production. The mean rating is based on a Likert
scale from 1 to 5 (not familiar to very familiar).

Growers currently
following these

Processes/Programs N Mean SD' practices (%)
Pesticide applicator training and certification 15 49 0.3 89
Standard operating procedures for sanitation 15 4.9 0.3 83
Scouting and employee training 14 49 0.4 94
Traceability, from final product to initial 15 4.7 0.5 68
Best management practices 14 4.6 0.5 83
Boxwood blight cleanliness program 14 4.6 1.1 83
Irrigation testing for plant pathogens 18 4.2 1.0 28

" Standard deviation of the process or program of boxwood production.

902

Boxwood production loss (%)

Stage 2009 2014 2019
Propagation 3.6 3.8 3.8
Finished 2.9 3.5 43

(Dhakal et al. 2022; Wayne 1979). The increase
in percentage of boxwood production losses is
parallel to the trend of decrease in percentage of
total US boxwood sales from 2009 to 2019 stud-
ied by Hall et al. (2021), where these losses were
analyzed to evaluate the impact on US annual
sales of boxwood after the introduction of box-
wood blight in 2011 as described by Ivors et al.
(2012).

Approximate annual yield (of all sized
plants) was highest for propagation materials of
boxwood of 84,455 followed by container pro-
duction of 44,387 and field production of 4,408
plants. The approximate wholesale value was
highest for container production of $1,853,077
followed by field production of $649,428 and
nursery propagation of $284,231. Approximate
retail value was highest for field production of
$5,587,692 followed by container production
of $2,879,231 and nursery propagation of
$100,600. Sixty percent of growers sold box-
wood using re-wholesalers/distributors, 56%
sold using retail garden centers, 56% sold
through landscape distributors, 16% through
home centers, and 16% through direct sales
to consumers.

In 2021, 39% of respondents earned an-
nual income between $5.1 to $15 million,
17% between $15.1 to $25 million, 11% be-
tween $25.1 million to $50 million, 11% be-
tween $1 million to $5 million, and 11% less
than a million by selling nursery products
(Fig. 1). In addition, 6% of the respondents
reported annual income between $50.1 mil-
lion to $100 million, and only 6% reported
more than $100 million (Fig. 1). A US green
industry survey in 2018 by Khachatryan et al.
(2020) reported that 82% of the respondents
in the survey had less than $999,000 annual
sales. They also reported that 14% had sales
of $1 million to $4.9 million, 2% had be-
tween $5 million to $9.9 million, 1.6% had
sales of $10 million to $50 million, and 0.4%
had sales of $50 million or more. When com-
paring the percentages of income categories
of our results with 2018 report, annual in-
come was spread throughout more of the cat-
egories. It is important to note that the study
by Khachatryan et al. (2020) comprised a
large sample compared to our study, although
the selected members in this study represent
most of the states.

Panel members sold 39% of their box-
wood products to retail garden centers and
38% of their boxwood products to mass mer-
chandisers such as Walmart, Menards, Aldi,
and other retailers on average. Moreover,
37% of the boxwood products of the panel
members were sold to landscape re-whole-
salers (distributors). Some growers sold 50%
of their total annual boxwood product using
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Fig. 1. Nursery’s approximate total gross sales in 2021 ($US).

market channels other than those listed in the
questions, such as their own retail centers or
landscape department and wholesale growers
(Table 7). In the study by Khachatryan et al.
(2020), the most popular outlets for selling
of nursery crops were re-wholesalers, land-
scapes firms and mass merchandisers which is
similar to outlets of boxwood nursery prod-
ucts observed in this study.

Most of the growers agreed that they cur-
rently receive information about boxwood dis-
eases via university extension services (100%),
followed by the Internet (89%), and commod-
ity or industry groups (78%) (Fig. 2). Addition-
ally, 67% of growers obtained information
from government entities, other producers and
prints from industry, or mass media. Moreover,
61% obtained information from chemical/in-
dustry suppliers or distributors and 56% ob-
tained information from printed references and
books as well (Fig. 2). In this question, many
growers indicated that they received informa-
tion about boxwood via at least two or more
options. The results of this study are similar to
previous surveys regarding the most popular
sources of information among the growers re-
lated to nursery production. Seminars and we-
binars from the university, university extension
agents, and pest news on the Internet published
by university extension system were the most
followed source of information related to orna-
mental nursery productions in the United States

because the growers exclusively used these
channels to obtain information (Lebude et al.
2012). Among the different panel members,
94% of total respondents would like to get
boxwood disease management information
through direct e-mail and 78% via presenta-
tion or webinars (Fig. 3). In addition, 61% of
the respondents preferred instructions via In-
ternet information sites and 56% from work-
shops and training sessions (Fig. 3).

Among the panel members’ nurseries, fam-
ily members, domestic laborers, and migrant
workers worked full time, and only domestic la-
borers and migrant workers worked part time in
the boxwood production. On average, about
three family members, 78 domestic workers,
and 42 migrant workers worked full time in the
nurseries. Also, six domestic laborers and nine
migrant workers were involved in working part
time in nurseries (Table 8). The number of fam-
ily members and domestic and migrant workers
who were working full time and part time were
more dispersed with the varying size of the in-
dustry. According to the US green industry
survey conducted in 2018, national average
number of employees per firm was 20.8, includ-
ing 11 full-time/permanent employees, 7.5 tem-
porary/part-time/seasonal employees, and 1.9
foreign national employees who were working
under the H2A visa program in the US orna-
mental plant industry (Khachatryan et al. 2020).
All the panel members reported that some of

Table 7. The mean percentage (%) of total annual product by volume sold by growers in different

market channels.

Market channel Mean SD'
Other 50.0 28.3
Retail garden centers 38.5 242
Mass merchandiser (e.g., Walmart, Menards, Aldi, etc.) 38.3 53.9
Re-wholesaler/distributor 36.7 18.2
Landscape contractor 279 23.6
Home centers (home improvement, building supply, hardware, etc.) 253 352
Direct sales to consumers 2.33 1.53

! Standard deviation of the market channel.
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their employees were speaking both English
and Spanish in nurseries. In addition to this, some
other languages were also spoken. The average
percentage of workers who spoke English was
~34% (33.8 + 17.7), Spanish was ~66% (66.0 =
17.6), and 5% of workers spoke other languages.

Conclusions

On the basis of the responses to the ques-
tions related to boxwood industry, it is clear
that the grower respondents were knowledge-
able and experienced in boxwood production,
hence the assumption of the Delphi method
that the panel members are knowledgeable
about the subject was met (Johnson and Schu-
macher 1989). Participants in this study rep-
resented most of the boxwood-producing
nurseries throughout the United States. Box-
wood represented a notable amount and value
of the total nursery sales among US nurseries,
and Asiatic boxwood was the most grown cat-
egory followed by other boxwood hybrids.
The majority of the boxwood nurseries were
involved in propagation and container produc-
tion compared with field production.

The growers currently exercise several
best management practices that have the po-
tential to directly influence the establishment
and spread of boxwood blight in the nurser-
ies. Such practices included planting of mod-
erate to highly resistant categories such as
other hybrids and Asiatic boxwood, not plant-
ing alternate hosts (pachysandra and sweet
box) of the pathogen (Cps), routine cleaning
and sanitation, crop rotation, sanitization of
cutting tools, and sending suspected plant
samples for disease diagnosis. However, they
also exercised some practices that could ac-
celerate boxwood blight spread, such as pre-
paring propagation material and producing
boxwood crops in the same area or in close
proximity; not properly sanitizing the equipment,
worker clothes, boots, and gloves; and overlook-
ing worker hygiene. Growers need to be aware
of the importance of distance or use of smaller
blocks, hygiene (using clean equipment, gloves,
and boots) while working in the farm to prevent
the spread of disease in production system as has
already been demonstrated by quantitative experi-
mental studies (Bika et al. 2021; Dart et al. 2014;
LaMondia 2015; Parke and Griinwald 2012).

Boxwood blight is perceived to be a pre-
sent and future leading biotic constraint to
boxwood production, and infected boxwood
transplants are rated as the number one source
of the pathogen before cutting tools and other
sources. However, there seems to be a gap in
the knowledge among growers about the im-
portance of workers’ hygiene, the presence of
animals, and compost in spreading boxwood
blight, although studies have been published
on their potential to spread this disease (Bika
2021; Dart et al. 2014; Daughtrey 2019;
Lamondia et al. 2023; May 2023). The highest
rated practices to limit the pathogen activity in
nurseries (which were already being done) in-
cluded cultural controls, inspection, and quaran-
tine of incoming plants, scouting for diseases,
and removing of infected/damaged plants and
others. Panel members were extremely familiar
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Percentage of panel members (%)

Fig. 2. Venues where growers receive information on boxwood disease management issues.
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Fig. 3. Percentage of growers most like to receive boxwood disease management information.

Table 8. Employment status in nurseries in
2021.

Full time Part time

Employment category Mean SD' Mean SD'

Family members 32 33 04 0.7
Domestic laborers 777 956 6.2 7.7
Migrant workers 423 322 93 135

! Standard deviation of the employment category.

with scouting and employee training, BMPs,
and the boxwood blight cleanliness program,
which is important for the success of future dis-
semination of research findings to alleviate
boxwood blight. They sold their boxwood
primarily at retail garden centers, mass
merchandisers, and re-wholesalers/distrib-
utors. University extension services were
the main media/channel from which the
panel members received information about
boxwood, followed by the Internet and industry

904

groups. The majority of the panel members
preferred to receive information about box-
wood disease via direct e-mail, presenta-
tions, and seminars.

The perceptions and experiences of growers
about certain practices, resources, and methods
that could influence (or alleviate) the spread of
boxwood blight in the US nurseries have been
identified in this study. These findings can be
used to aid in the establishment of critical con-
trol points of boxwood blight in production
nurseries and could be confirmed by further
sampling to minimize boxwood blight spread
in the future.
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