
Tennessee State University Tennessee State University 

Digital Scholarship @ Tennessee State University Digital Scholarship @ Tennessee State University 

Agricultural and Environmental Sciences 
Faculty Research 

Department of Agricultural and Environmental 
Sciences 

1-2017 

Integrating Kaolin Clay for Ambrosia Beetle Management in Integrating Kaolin Clay for Ambrosia Beetle Management in 

Ornamental Crops of Eastern Redbud Ornamental Crops of Eastern Redbud 

Christopher T. Werle 
USDA-ARS 

Karla M. Addesso 
Tennessee State University 

Blair J. Sampson 
USDA-ARS 

Jason B. Oliver 
Tennessee State University 

John J. Adamczyk 
USDA-ARS 

Follow this and additional works at: https://digitalscholarship.tnstate.edu/agricultural-and-environmental-

sciences-faculty 

 Part of the Entomology Commons, and the Horticulture Commons 

Recommended Citation Recommended Citation 
Werle, C. T., Addesso, K. M., Sampson, B. J., Oliver, J. B., & Adamczyk, J. J. (2017). Integrating Kaolin Clay 
for Ambrosia Beetle Management in Ornamental Crops of Eastern Redbud, HortScience horts, 52(1), 
94-98. Retrieved May 14, 2021, from https://journals.ashs.org/hortsci/view/journals/hortsci/52/1/article-
p94.xml 

This Article is brought to you for free and open access by the Department of Agricultural and Environmental 
Sciences at Digital Scholarship @ Tennessee State University. It has been accepted for inclusion in Agricultural and 
Environmental Sciences Faculty Research by an authorized administrator of Digital Scholarship @ Tennessee State 
University. For more information, please contact XGE@Tnstate.edu. 

https://digitalscholarship.tnstate.edu/
https://digitalscholarship.tnstate.edu/agricultural-and-environmental-sciences-faculty
https://digitalscholarship.tnstate.edu/agricultural-and-environmental-sciences-faculty
https://digitalscholarship.tnstate.edu/agricultural-and-environmental-sciences
https://digitalscholarship.tnstate.edu/agricultural-and-environmental-sciences
https://digitalscholarship.tnstate.edu/agricultural-and-environmental-sciences-faculty?utm_source=digitalscholarship.tnstate.edu%2Fagricultural-and-environmental-sciences-faculty%2F25&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalscholarship.tnstate.edu/agricultural-and-environmental-sciences-faculty?utm_source=digitalscholarship.tnstate.edu%2Fagricultural-and-environmental-sciences-faculty%2F25&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/83?utm_source=digitalscholarship.tnstate.edu%2Fagricultural-and-environmental-sciences-faculty%2F25&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/105?utm_source=digitalscholarship.tnstate.edu%2Fagricultural-and-environmental-sciences-faculty%2F25&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:XGE@Tnstate.edu


HORTSCIENCE 52(1):94–98. 2017. doi: 10.21273/HORTSCI11351-16

Integrating Kaolin Clay for Ambrosia
Beetle Management in Ornamental
Crops of Eastern Redbud
Christopher T. Werle1

Thad Cochran Southern Horticultural Laboratory, USDA-ARS, 810 Highway
26 W, Poplarville, MS 39470

Karla M. Addesso
Otis L. Floyd Nursery Research Center, College of Agriculture, Human
and Natural Sciences, Tennessee State University, 472 Cadillac Lane,
McMinnville, TN 37110

Blair J. Sampson
Thad Cochran Southern Horticultural Laboratory, USDA-ARS, 810 Highway
26 W, Poplarville, MS 39470

Jason B. Oliver
Otis L. Floyd Nursery Research Center, College of Agriculture, Human
and Natural Sciences, Tennessee State University, 472 Cadillac Lane,
McMinnville, TN 37110

John J. Adamczyk
Thad Cochran Southern Horticultural Laboratory, USDA-ARS, 810
Highway, 26 W, Poplarville, MS 39470

Additional index words. Cercis canadensis, eastern redbud, IPM, Xyleborina, bifenthrin,
particle film

Abstract. Invasive ambrosia beetles (Coleoptera: Curculionidae) are an important pest
problem at ornamental tree nurseries. Available chemical treatments are not completely
effective and, due to the length of the beetle dispersal period and insecticide breakdown,
repeated treatments can become costly in terms of application expense and nontarget
impacts. Additional options are needed to reduce application frequency and to provide
an acceptable level of crop protection. Four treatments were tested using ethanol-
injected eastern redbud trees at research sites in Mississippi (MS) and Tennessee (TN)
over 2 years (2014–15), with the number of new ambrosia beetle galleries compared over
time on 1) nontreated control trees, 2) kaolin-treated trees, 3) bifenthrin-treated trees,
and 4) kaolin + bifenthrin (k + b)-treated trees. Kaolin-treated trees rapidly lost their
coating after rain events and, at 6 days after treatment (DAT) in TN, no differences were
detected in the number of beetle galleries between kaolin and nontreated control trees.
Kaolin + bifenthrin-treated trees appeared to retain treatment residue longer, but were
not better-protected than bifenthrin-treated trees at any time. Further research is needed
to determine whether an adjuvant, such as a surfactant, spreader, or sticker, may
enhance the modest impact offered by kaolin in our test, or if a reduction in rates of
bifenthrin may be allowable.

Invasive ambrosia beetles (Curculionidae:
Scolytinae) have been challenging to profit-
able nursery production of ornamental trees
in the southeastern United States for decades
(Mizell et al., 1994; Oliver and Mannion,
2001). Foundress females disperse from
peripheral forest habitats into nurseries,
tunnel into susceptible trees, and inoculate
their brood gallery with symbiotic fungi that
is consumed by larvae and adults alike
(Biedermann and Taborsky, 2011; Reding

et al., 2015; Werle et al., 2015). In addition,
stressed or injured trees that naturally emit
ethanol are particularly attractive to colo-
nizing ambrosia beetles (Ranger et al., 2010;
Weber and McPherson, 1984). Ambrosia
beetles also may aid in the establishment
of pathogenic microbes into the vascular
tissues of plants, and in the case of several
recent invasive pathogen introductions to
the United States, the results can be devastat-
ing (Fraedrich et al., 2008; Kolarik et al.,
2011). While pesticides are available that
can kill or repel dispersing female ambrosia
beetles, their long dispersal period, wide host
range, and the necessity for frequent reappli-
cations of insecticides have led to their listing
as the third worst arthropod threat to nursery

production in the southeastern United States
(Fulcher et al., 2012; Werle et al., 2015).

A better understanding of timing and
distance of dispersal flights are contributing
to a more efficient monitoring program for
ambrosia beetles, enabling growers to time
preventative treatments for maximum effi-
cacy (Ranger et al., 2015; Reding et al., 2011;
Werle et al., 2015). Despite pesticide use,
susceptible trees may remain vulnerable to
ambrosia beetle attack. Repeated applica-
tions of insecticide are necessary for main-
taining protection on a nursery tree crop due
to the long ambrosia beetle flight period
(Hudson and Mizell, 1999; Werle et al.,
2015). Multiple treatments can be costly for
the grower and can impact natural enemies
of a variety of arthropod pests, leading to
secondary pest outbreaks that reduce plant
vigor and decrease marketability of a crop
(Frank and Sadoff, 2011). In addition, reg-
istrations of some classes of insecticides
currently are being reviewed by environmen-
tal protection organizations, and may be
rescinded due to nontarget impacts on polli-
nating insects (Campbell, 2013). Therefore,
effective alternatives are needed to improve
the efficacy of conventional insecticides and
prevent the development of resistance and
emergence of secondary pests (Pimentel
et al., 1992). Development of a comprehen-
sive push–pull integrated pest management
(IPM) strategy may be a cost-effective ap-
proach for managing destructive ambrosia
beetles (Cook et al., 2007). This strategy
incorporates visual and olfactory cues as well
as optimal trap design and crop location,
which may deter beetles from attacking trees
(push) while drawing them into lethal traps
(pull) (Burbano et al., 2012; Cook et al.,
2007; Ranger et al., 2011, 2012, 2013;
Reding et al., 2015; VanDerLaan and Ginzel,
2013; Werle et al., 2015).

Use of particle films such as kaolin clay
has become selectively integrated into crop
protection programs (Glenn et al., 1999).
Typically used in tree fruit protection, kaolin
applications coat foliage, trunk, and fruit
alike, disrupting reproduction of existing pest
populations or deterring immigrating pests.
Treated trees become unrecognizable to pests
due to the white reflective surface. While this
approach has successfully targeted aphids,
lace bugs, fruit flies, thrips, psyllids, white-
flies, and leafhoppers, there is potential for
wider pest management applications for ka-
olin (Glenn et al., 1999; Marcotegui et al.,
2015; Mazor and Erez, 2004; N�u~nez-L�opez
et al., 2015; Puterka et al., 2000; Saour, 2005;
Spiers et al., 2005; Villanueva andWalgenbach,
2007). Ambrosia beetles are widely reported to
be less attracted to white or yellow traps
(Dubbel et al., 1985; Entwistle, 1963; Goyer
et al., 2004; Mizell and Tedders, 1999; Werle
et al., 2014). So in addition to the physical
barrier created by kaolin, its bright white color
should provide an excellent visual deterrent to
ambrosia beetles.

While not necessarily a direct cause of
adult mortality, a physical barrier of kaolin
will impact insect movement, feeding, and

Received for publication 9 Sept. 2016. Accepted
for publication 4 Nov. 2016.
1Corresponding author. E-mail: chris.werle@ars.
usda.gov.

94 HORTSCIENCE VOL. 52(1) JANUARY 2017



oviposition by altering tactile recognition of
plant surfaces and attachment of particles to
the insect body (Glenn et al., 1999; Larentzaki
et al., 2008; Puterka et al., 2000; Unruh et al.,
2000). Even when compared with conven-
tional insecticides such as carbaryl, this barrier
effect can make kaolin equally proficient at
reducing feeding damage by a wide range of
insect pests, including Japanese beetle (Popil-
lia japonica Newman) (Mmbaga and Oliver,
2007). Essential oils or pesticides also have
been incorporated with applications of kaolin
to increase the toxicity of the treatment to
insect pests (Marcotegui et al., 2015). For
these reasons, we hypothesized that kaolin
would provide an effective ‘‘push’’ compo-
nent in a push–pull ambrosia beetle manage-
ment strategy.

Prior research conducted by collaborating
ambrosia beetle researchers has revealed
some attacked trees with indentations exca-
vated just past the bark layer, but not further
into the wood, representing galleries that
were abandoned by colonizing females be-
fore completion. Conversely, a successful
Xylosandrus gallery will extend horizontally
into the xylem, with gallery diameter and
orientation varying depending on species.
These abandoned galleries have been ob-
served directly adjacent to completed galler-
ies as well as in more isolated parts of the
main stem, but a sufficient explanation has
not been made for this phenomenon. By
determining a causative factor for abandoned
galleries, researchers may be able to recreate
conditions that will reduce or prevent ambro-
sia beetle colonization of ornamental trees,
and further investigation is warranted. We
present here the first description of aban-
doned galleries as an assessment of ambrosia
beetle attacks on ornamental tree crops.

Because of the incomplete knowledge
regarding this economically important pest
of ornamental tree production and the need
for more diverse and effective control mea-
sures, our research objectives are 1) to assess
the efficacy of kaolin, both alone and with an
insecticide (bifenthrin), for reducing ambro-
sia beetle attacks over time; and 2) to de-
termine whether there is any correlation
between abandoned vs. completed beetle
galleries.

Materials and Methods

Research was conducted at Tennessee
State University’s Otis Floyd Nursery Re-
search Center in Warren County, TN
(35�42#34.81$N, 85�44#27.94$W), from
2014 to 2015, while in MS there were two test
sites. In 2014, a commercial ornamental nurs-
ery in Stone County, MS (30�47#59.92$N,
89�15#21.64$W),was used, but extremely low
ambrosia beetle pressure at the nursery led to
unusable data and relocation to a different site
in 2015: the Thad Cochran Southern Horticul-
tural Laboratory in Pearl River County, MS
(30�65#96.84$N, 89�63#50.69$W).

To stimulate ambrosia beetle attack, con-
tainerized (26.5 L pots, �2.5 cm caliper, 2–3
years of age) eastern redbud trees (Cercis

canadensis L.) were purchased from local
nurseries and injected with 75 mL of 5%
ethanol using an Arborjet Tree I.V. (Arborjet
Inc., Woburn, MA) (Ranger et al., 2011;
Reding et al., 2013). Following injection,
a backpack sprayer (Solo, Newport News,
VA) was used to apply 1) bifenthrin (Onyx-
Pro; FMC Corp., Philadelphia, PA), mixed at
a rate of 1.25 mL·L–1; 2) a kaolin crop
protectant (Surround WP; Tessenderlo Ker-
ley, Inc., Phoenix, AZ), mixed at 60 g·L–1;
3) a combination of kaolin and bifenthrin (k +
b)mixed at the same rates; and 4) a nontreated
control with no sprays. Treatments were
twice sprayed onto the main trunk and can-
opy of the trees until runoff with 10min delay
between applications, yielding roughly 800–
1000 mL of spray solution per tree. Trees
were spaced 20 m apart in a randomized
complete block design along the edge of
woodlots at each research site, with blocks
also separated by 20 m. The MS site had five
replicates in 2015, while the TN site had four
replicates in both 2014 and 2015.

Tests began during peak ambrosia beetle
flight at each site (early April in MS and early
May in TN), with new ambrosia beetle
galleries on each tree counted at 1, 4, 6, 8,
11 and 13 DAT. Beetle galleries were circled
with a wax pencil to prevent recounting
of previous attacks. In addition to counts of
completed galleries, counts were made of
abandoned galleries, which were indicated by
partially excavated holes with no beetle
present.

Statistical analysis. Statistical analyses
were conducted using SAS 9.4 (SAS Institute
Inc., Cary, NC), and based on a = 0.05.
Pearson’s correlation analysis was conducted
on the number of galleries vs. abandoned
galleries on each tree to determine if there
was a significant relationship (the CORR
procedure). The dependent variable, number
of galleries (abandoned + completed) per

treatment, was tested separately for each site
using generalized linear mixed models with
the Poisson distribution and log link function
within the GLIMMIX procedure. Mean sepa-
ration was tested using a Tukey–Kramer pair-
wise comparison, also within the GLIMMIX
procedure. Fixed effects in our model were
year, time, treatment, and their second-order
interactions. Number of galleries was the re-
sponse variable, and tree was a random vari-
able within each treatment.

Results

Correlation analysis revealed a positive
trend, though the relationship between the
number of completed vs. abandoned galleries
was not significant (r = 0.2264; P = 0.107).
Because of this nonsignificance, subsequent
analysis was conducted on combined initi-
ated gallery counts (abandoned + completed),
which could be interpreted as the total num-
ber of ambrosia beetle attacks. Even so, it
is clear to see that a greater proportion of
abandoned galleries were initiated in trees
with kaolin or k + b treatments (Fig. 1).

Analysis of variance determined a statis-
tically significant model for each of the fixed
effects, as well as their interactions (Table 1).
Mean separation analysis of TN data showed
the number of ambrosia beetle galleries on
nontreated control trees to be significantly
higher than other treatments, while kaolin-
treated trees had significantly more galleries
than both the bifenthrin- and k + b-treated
trees (Table 2). While k + b-treated trees
had numerically fewer attacks than the
bifenthrin-treated trees, the difference was
not statistically significant. For the MS data,
mean separation analysis showed signifi-
cantly fewer galleries in k + b-treated trees
as compared with the other three treatments,
none of which were significantly different
from each other (Table 2).

Fig. 1. Mean (±SE) number of completed and abandoned ambrosia beetle galleries from each of four tree
treatments in Mississippi (2015) and Tennessee (2014–15).
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Discussion

The results of our correlation analysis lead
us to believe that ambrosia beetle gallery aban-
donment is not simply a density-dependent
phenomenon, i.e., greater abandonment on
trees with more attacks, but we are still
unsure what causes some ambrosia beetles
to cease excavation prematurely. No other
reports on this potentially important life
history trait are known, but one possible
explanation is predation of foundress beetles
during gallery excavation. Checkered bee-
tles (Coleoptera: Cleridae) are well-known
scolytine predators, and are readily collected
from ethanol-baited traps (Allison et al.,
2013; Werle et al., 2012). Another explana-
tion for gallery abandonment may be a re-
jection of that region of the tree by the
foundress beetle if it is deemed unsatisfactory
for brood development. For example, our tree
treatments may have disrupted contact or
volatile cues for the foundress, thereby in-
creasing the likelihood of gallery abandon-
ment as compared with nontreated control
trees. The kaolin treatment also may have
served as an irritant to colonizing beetles.
Although the relationship between completed
and abandoned galleries was not significant,
it is still interesting to note the higher pro-
portion of abandoned galleries on kaolin-
(26.6%) and k + b-treated (28.6%) trees as
compared with the bifenthrin-treated (15%)
and nontreated control (12.1%) trees (Fig. 1).
Future tests of ambrosia beetle attacks on
trees that include measurements of gallery
abandonment will further clarify this phe-
nomenon and may assist in determining more
effective treatment options.

A comparison between the two states of
the mean completed beetle galleries over
time reveals a similar trend in greater effi-
cacy of the bifenthrin treatments over the
kaolin, particularly at the earlier observations
(Figs. 2 and 3). However, there are also some
important differences in results from the two
states, including a much larger ambrosia
beetle population in TN. There was also a
greater efficacy of the kaolin treatment in TN,
with significantly fewer galleries excavated
on these trees through 4 DAT in comparison
with counts from the nontreated control trees.
At no time in MS were the kaolin-treatments
significantly different from the nontreated
control trees, and a potential explanation
may be that over the course of the experi-
ment, we observed a diminishing coverage of
the kaolin layer on the trees. There was
persistent, heavy rain during the whole sec-
ond week of the test in 2015 (4–8 DAT), and
tree bark was so damp that it became difficult
to distinguish the tiny entrances to the beetle
galleries, with extruded frass tubes often
washed away as well. Circling the galleries
on the wet bark to prevent recounts was not
possible during particularly heavy storms at 8
DAT, so data were not recorded inMS on this
date. By 6 DAT in MS, the bifenthrin
treatments also seemed to lose some efficacy.
While attacks were still numerically lower
than with the nontreated control trees, both
bifenthrin- and k + b-treated trees were not
significantly different from the kaolin-treated
trees at 6 DAT, and it is possible that these
treatments were also being degraded by the
torrential downpours. Prior reports recom-
mend repeating bifenthrin applications in 10–
14 d intervals during peak beetle flights, but
our MS data suggest that this interval may
need to be shortened during extended periods
of heavy rains (Hudson and Mizell, 1999).

In TN, there was a much more consistent
trend of beetle gallery reduction on the
bifenthrin- and k + b-treated trees. By 6
DAT, the kaolin seemed to lose efficacy in
comparison with the nontreated control trees,
but the bifenthrin- (97% fewer) and k + b-
(98% fewer) treated trees had significantly
fewer galleries than the nontreated control
trees, and continued to protect trees from 1 to
13 DAT. Because we did not observe any
significant differences between the bifenthrin
and k + b treatments, we surmise that the
suppression of gallery construction provided

by the k + b treatment was primarily due to
the bifenthrin component.

While kaolin did provide some early
control, coverage on kaolin-treated trees
was observed to steadily diminish following
rain events, while coverage on the k + b-
treated trees appeared to persist longer; it is
possible that the additional surfactant present
in the bifenthrin product was responsible for
this apparent extended coverage. Our obser-
vations parallel those from other researchers,
who found that kaolin makes a good alterna-
tive to conventional chemicals in a variety
of crop settings, but its hydrophilic nature
makes repeated applications necessary (Glenn
et al., 1999; Larentzaki et al., 2008). A techni-
cal representative of the kaolin manufacturer
did recommend that a layering effect or in-
corporation of an additional spreader/sticker-
type adjuvant may be necessary for adequate
persistence (K. Volker, personal communica-
tion).

When combined with a supplementary
surfactant that can prolong persistence on
trees, kaolin applications may contribute
some deterrent to ambrosia beetle attacks. It
is interesting to note that, in both states, the
lowest numbers of ambrosia beetle galleries
at every observation time from 1 to 13 DAT
were made at the k + b-treated trees. How-
ever, further research is needed to determine
the degree of additional control, as well as
cost-efficacy of repeated applications before
loss of coverage is experienced. For example,
adding kaolin to an ambrosia beetle manage-
ment program may afford a rate reduction of
bifenthrin, and tests of a variety of adjuvants
such as surfactants, spreaders, or stickers may
yield an optimal kaolin application tech-
nique. But at this point, without these addi-
tional data, we cannot recommend kaolin as
a ‘‘push’’ component within a push–pull
ambrosia beetle IPM strategy.

Aside from reducing ambrosia beetle in-
festations, kaolin is known to have a wide
range of horticultural benefits in crop pro-
duction. Much research has been directed
toward kaolin’s reduction of heat stress and
increase of leaf carbon assimilation, as well
as fruit weight, quality, and yield in a variety
of crops (Glenn et al., 1999, 2001, 2002,
2003; Melgarejo et al., 2004; Saour, 2005).
Containerized plants in southeastern orna-
mental nurseries can be subjected to chronic
heat stress during summer months, which can
lead to water loss, metabolic lesions, de-
creased photosynthetic and respiration effi-
ciency, loss of membrane integrity, and
electrolyte leakage. Due to reflection of in-
frared radiation, applications of kaolin can
significantly reduce tree canopy temperatures
and heat stress, which may lead to less
induction of ambrosia beetle attacks (Glenn
et al., 1999, 2001).

A coating of hydrophobic kaolin can also
be as effective as conventional fungicides
at obstructing disease inoculum from infect-
ing host tissues (Glenn et al., 1999; Marco
and Cohen, 1994; Mmbaga and Oliver,
2007). While the symbiotic fungi associ-
ated with many species of ambrosia beetles

Table 1. Analysis of variance on total galleries per tree for trees receiving four treatments, with counts of
galleries made over six observation dates (1–13 d after treatment) in Tennessee (TN; 2014–15) or five
observation dates (1–13 d after treatment) in Mississippi (MS; 2015).

State Fixed effects Numerator DF Denominator DF F value Pr > F

TN Treatment 3 161 39.42 <0.0001
Time 5 161 15.34 <0.0001
Year 1 161 5.29 0.0228
Treatment · time 15 161 4.89 <0.0001
Treatment · year 3 161 9.81 <0.0001

MS Treatment 3 76 4.96 0.0034
Time 4 76 9.48 <0.0001
Treatment · time 12 76 2.5 0.008

Fixed effects and their interactions are considered significant at a = 0.05 level.

Table 2. Tukey–Kramer analysis of least squares
means of counts of ambrosia beetle galleries
from containerized redbud trees with four
treatments in Tennessee (TN; 2014–15) and
Mississippi (MS; 2015) (a = 0.05).

State Treatments
Estimated

no. of galleries

TN Nontreated 1.64 a
Kaolin 0.8429 b
Bifenthrin –2.3146 c
Kaolin + bifenthrin –2.3809 c

MS Nontreated 1.0564 a
Kaolin 0.9264 a
Bifenthrin 0.6987 a
Kaolin + bifenthrin –0.578 b

Least squares means with the same letter are not
significantly different.
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(Ambrosiella sp.) may not be primary path-
ogens in host trees, galleries weaken trees and
become an easy entry point for more virulent
secondary infections, including Fusarium sp.
(Anderson and Hoffard, 1978; Dute et al.,
2002; Kessler, 1974; Kinuura, 1995; Kuhnholz
et al., 2001; Weber and McPherson, 1984).
In recent years, researchers have noticed
an increase in spring mortality of trees
apparently caused by ambrosia beetle at-
tacks and infection by Fusarium sp. but
believed it to be more directly related to
winter freeze injury (Ranger et al., 2016).
Wide temperature fluctuations during winter
months lead to loss of tree dormancy and
subsequent freeze injury, with damaged bark

and vascular tissues offering easy access for
pathogens (Relf and Appleton, 2015). In
addition to directly inhibiting pathogen in-
fection, a white layer of kaolin may serve to
reflect heat from trees and prevent loss of
dormancy during mild winter days, poten-
tially reducing susceptibility to winter freeze
injury and the ensuing Fusarium infections
and ambrosia beetle attacks.

With temperatures projected to continue
rising due to global climate change, episodes
of both chronic heat stress in the summer and
winter freeze injury may become more com-
monplace at ornamental nurseries, leading to
an increased susceptibility of crops to am-
brosia beetles (Choi, 2011; Kamata et al.,

2002). Further research on the impact kaolin
can make in reducing tree stress and sub-
sequent susceptibility to ambrosia beetle at-
tacks and Fusarium infections is warranted.
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