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ABSTRACT

The redbay ambrosia beetle (RAB), Xyleborus glabratus Eichhoff (Coleoptera: Curculion-
idae: Scolytinae), is an adventive pest of Lauraceae in the southeastern U.S. This wood-bor-
ing insect vectors a lethal fungus, Raffaelea lauricola T. C. Harr., Fraedrich & Aghayeva, the
causal agent of laurel wilt (LW) disease. The vector-pathogen complex is responsible for ex-
tensive mortality of native Persea trees in South Carolina, Georgia, and northern Florida,
and now poses an imminent threat to the avocado (Persea americana Mill.) industry in south
Florida. While chemical control of the vector is not viewed as the primary solution, control
tactics should be made available to Florida avocado growers. Field and laboratory tests were
conducted using avocado bolts, potted avocado trees, and field grown swampbay trees (Per-
sea palustris (Raf.) Sarg.) treated with contact and systemic insecticides. Zeta-cypermethrin
+ bifenthrin and lambda-cyhalothrin + thiamethoxam provided the most consistent control
of Scolytinae as contact insecticides, while methomyl, malathion, bifenthrin, and endosulfan
were more variable in effectiveness. Avocado trees treated with fenpropathrin, cryolite Na Al
fluoride, and lambda-cyhalothrin+thiametoxam had similar numbers of beetle entrance
holes on treated trees as on the untreated control trees. No statistical differences were ob-
served in disease severity on treated versus non-treated avocados or swampbay. Linear re-
gressions between the number of RAB entrance holes per tree (x) and LW disease severity
(y,) and between RAB entrance holes per tree (x) and recovery of R. lauricola (y,) were both
significant.
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RESUMEN

El cucarroncito de ambrosia del laurel, Xyleborus glabratus Eichhoff (Coleoptera: Curculio-
nidae), es una plaga exética de la familia Lauraceae que ha invadido el suroriente de los Es-
tados Unidos. Este insecto barrenador es el vector del hongo, Raffaelea lauricola T.C. Harr.,
Fraedrich & Aghayeva, agente causal de la enfermedad del secamiento del laurel. El com-
plejo vector-patogeno es responsable de una extensa mortalidad de arboles nativos del ge-
nero Persea en Carolina del Sur, Georgia y en el norte de Florida y representa una amenaza
inminente para la industria del aguacate (Persea americana Mill.) de Florida. Aunque el con-
trol quimico no es la tnica solucién a este problema, se estima que este tipo de opcién de téc-
ticas se debe ofrecer a los productores de aguacate. Se condujeron experimentos tanto en
campo como en laboratorio utilizando troncos de aguacate, arboles de aguacate y arboles del
laurel de la ciénaga (P. palustris (Raf.) Sarg.), los cuales se trataron con insecticidas de con-
tacto y sistémicos. En general, zetaciypermetrina + bifenthrina y lambda-cyalotrina + tia-
metoxam dieron un control consistente de los Scolytinae como insecticidas de contacto,
mientras que metomil, malatién y bifentrina y endosulfan dieron resultados variables. No
hubo diferencias significativas en los orificios de entrada de los cucarroncitos cuando se tra-
taron los arboles de aguacate con fenpropatrina, floruro de cryolita NA Al y lambda-cyalo-
trina-tiametoxam comparado con los arboles testigo. No se observaron diferencias
estadisticas en cuanto a la severidad de la enfermedad entre arboles tratados y aquellos no
tratados. Sin embargo, modelos de regresion lineal entre el naumero de orificios por arbol (x)
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y la severidad de la enfermedad (y,) y entre niimero de orificios por dbol (x) y la recuperacion

del patégeno (y,), fueron significativas.

Translation provided by authos.

Redbay ambrosia beetle (RAB), Xyleborus gla-
bratus Eichhoff (Coleoptera: Curculionidae: Scolyti-
nae), was first discovered in the U.S. at Port Went-
worth near Savannah, Georgia in 2002 (Haack
2001, 2006; Rabaglia et al. 2006). Xyleborus glabra-
tus is an effective vector of Raffaelea lauricola T.C.
Harr., Fraedrich & Aghayeva (Harrington et al.
2008) that causes laurel wilt (LW) that affects
plants of the Lauraceae (Crane et al. 2008; Mayfield
et al. 2008). Laurel wilt, is responsible for high mor-
tality of redbay [Persea borbonia (L.) Spreng.] and
swampbay [Persea palustris (Raf) Sarg.] trees in
South Carolina, Georgia, and Florida (Fraedrich et
al. 2008; Hanula et al. 2008). Raffaelea lauricola
also affects avocado (P. americana Mill.), sassafras
[Sassafras albidum (Nuttall) Nees], spicebush [Lin-
dera benzoin (L.) Blume], and other woody Lau-
raceae in the southeastern U.S. (Fraedrich et al.
2008). The susceptibility of 18 avocado cultivars to
attack by RAB and infection with R. lauricola was
demonstrated by Mayfield et al. (2008) and by Pena
et al. (to be submitted 2012) under greenhouse con-
ditions. Additionally, in Oct 2008, LW and RAB in-
festations were found in 1.2 to 3-yr-old avocado
trees in a Malabar neighborhood (Brevard County,
Florida). Laurel wilt development and beetle infes-
tation were monitored until Feb 2009, when all av-
ocado cultivars at this study site were infested by
both organisms (Pefa et al., unpublished). Similar
rapid progression of this disease was observed dur-
ing 2010 by JEP & JHC (unpublished) in an aban-
doned commercial avocado grove located in High-
lands County, Florida, demonstrating once more
that beetle-vectored R. lauricola can be devastating
when no vector management is implemented to re-
duce the impact of the disease.

According to Haack & Rabaglia (2012) although
adults of all scolytine species bore into their host to
lay eggs, they exhibit many different habits and uti-
lize many different host tissues. True bark beetles
bore through the outer bark to the phloem-cambial
area where they construct characteristic galleries
and lay eggs. Larval mines radiate out from the pa-
rental gallery as the larvae feed on the phloem (ph-
loeophagy). Ambrosia beetle adults bore through
the bark and into the xylem (wood) where they lay
eggs. Ambrosia beetle adults and larvae propagate,
cultivate and feed on symbiotic ambrosia fungi that
grow in the galleries (xylomycetophagy). These am-
brosia fungi are then, vectored by these scolytine
species (Haack & Rabaglia 2012). Xyleborus glabra-
tus completes its life cycle within 30 d, but only exits
an avocado bolt after approximately 60 d. Both male
and female X. glabratus adults emerge from avo-
cado bolts, but males emerge in a lower (1:40) pro-

portion to females (Gurpreet, pers. comm.; Duncan,
pers. comm.).

Invasion of fruit orchards by disease vectors
from external hosts presents a significant chal-
lenge to the timing of chemical controls. In addi-
tion to information on pest detection and monitor-
ing to identify sources of infestations, data are
needed on how much protection an orchard re-
quires from ambrosia beetles, over what time peri-
ods, and which insecticides would be most effective
at providing the required protection (Doerr et al.
2008). Successful control of disease vectors in-
volves not only appropriate chemical control of the
vector, but other IPM tactics, such as opportune
sanitation (destruction of neglected and wild host
trees) and effective monitoring techniques (Jones
& Grand 2010). For RAB, a newly-established in-
vasive pest, control will be particularly challeng-
ing, since much is still unknown regarding its ba-
sic biology, ecology, and population dynamics, and
recent field studies indicate that the current mon-
itoring system, Lindgren funnel traps baited with
manuka oil lures, is suboptimal for detection of
RAB in Florida (Kendra et al., unpublished).

Several insecticides have been evaluated pre-
viously for efficacy in control of ambrosia and
bark beetles. For instance, pyrethroids sup-
pressed emergence of scolytine beetles in oaks
(Svira et al. 2004), elms (Pajares & Lanier 1989),
and apple (Ciglar & Baric 2000), whereas other
insecticides, such as endosulfan were effective
against the coffee berry borer, Hypothenemus
hampei (Ferrari) (Damon 2000). The purpose of
our research was to test the performance of regis-
tered and un-registered insecticides for control of
pest Scolytinae, particularly X. glabratus.

Evaluations were conducted with cut avocado
bolts, potted avocado trees, and field-grown
swampbay trees to determine the efficacy of in-
secticides for reduction in beetle entry holes, bee-
tle emergence, and LW transmission.

MATERIALS AND METHODS

Contact Insecticides against Beetles Infesting Avocado
Bolts

Four field experiments were conducted using
avocado bolts. The major variables among experi-
ments were the type and dose of insecticides, the
use of adjuvants, the time of yr when application
was made, and the sites in Florida where experi-
ments were conducted. Doses evaluated were ei-
ther suggested by the insecticide manufacturer or
selected by the authors.



884

Experiment 1. Infestation of Avocado Bolts in a Grove
and Number of Beetles that Emerged

Avocado cv. ‘Booth 7’ bolts (30.0 = 0.4 cm long x
9.0 = 0.1 cm diam) were each dipped in 1 of 7 so-
lutions of pesticides (Table 1) for approx. 2 min,
allowed to dry for 24 h and then hung in partial
shade throughout a 5-acre (2.02 ha) 8-yr old avo-
cado grove at the University of Florida, Tropical
Research and Education Center, Homestead,
Florida (Miami-Dade County) (25° 30°26.58”N,
80° 30'14.93"W) on 30 Jul 2009. The avocado
grove was bordered on the north by a natural
hardwood hammock, on the west by a 10-acre
(4.05 ha) pineland, on the east by a mango grove,
and on the south by additional avocado groves.
Ten bolts per treatment were hung randomly at
1.5 m above ground with an approx. distance of 10
m between adjacent treatments. Bolts remained
in the field for approx. 30 d. Each bolt was then
collected and transferred to the laboratory, where
the number of entry holes was counted. Each bolt
was placed in an emergence box (43 x 14 x 14 cm),
sealed and stored at 26 °C and 75% RH for 60-70
d to allow for beetle emergence. Emerging beetles
were counted and identified by MCT. At the time
of this field test, Miami-Dade County was not re-
ported to have LW disease or any breeding popu-
lation of RAB.

Experiment 2. Comparative Efficacy of Lambda-Cyhal-
othrin + Thiamethoxam and Malathion

This experiment compared efficacy of two pes-
ticides for control of the RAB and other Co-
leoptera attacking avocado bolts at 2 field sites,
i.e., the same site in Homestead, Florida was used
as for Experiment 1; and a second site at Hickory
Hammock (Highlands County, Florida; 27°
25’35”N, 81° 942”W). Hickory Hammock con-
sisted of a 4,000-acre (1,619 ha) natural preserve,
bordered on the east by the Kissimmee River and
on the south by the Istokpoga canal. The vegeta-
tion in the hammocks consisted predominantly of
oaks (Quercus spp.) and swampbay; and each
hammock was surrounded by upland pasture.
Since 2009 this site was known to have LW and
populations of RAB. Ten avocado bolts (cv. ‘Booth
7, similar dimensions as above) were treated
with either lambda-cyhalothrin + thiamethoxam
(Endigo ZC, Syngenta, North Carolina) and
amended with methylacetic acid (Nu Film)
(Miller Chemical Fertilizer, Pennsylvania) or with
malathion (Malathion 50, Gordon Corporation,
Michigan) + Nu film, allowed to dry, hung in the 2
study sites on 27 Jan 2010, and kept exposed in
the field for 30 d (Table 3). At Hickory Hammock,
treated and untreated bolts were randomly
placed around the trail of the Equestrian Center
at an approximate distance of 10 m from each
other and at the same height as in Experiment 1.
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At the time of collection, a 10 x hand lens was
used to count the number of entrance holes of
each bolt with frass, and then each bolt was
placed individually inside an emergence box.
Sixty d later, the number of emergence holes and
emerged beetles were also counted. These beetles
were identified by RED and MCT.

Experiment 3. Evaluation of Insecticides Registered for
Avocado and Others with Known Promise

The insecticides selected for this study were
those that either performed better during the ini-
tial tests, showed promise for bark beetle control
(based on the literature), or had been registered
for use with avocado (Table 5). Ten avocado bolts
(ev. ‘Booth 7, 21 + 0.2 cm diam and 70 + 0.3 ¢cm
long) were dipped for approximately 2 min in each
pesticide solution, allowed to dry for 1 d, and then
hung in the field in close proximity to avocado
groves or in natural areas with native Persea spp.
affected by LW. The first and second trials were
deployed at the University of Florida, Homestead,
initiated on 11 Feb 2010 and on 31 Mar 2010, re-
spectively, in the periphery of a 10-acre (4.05 ha)
pineland, bordered on the north by newly disked
land, to the south by a commercial avocado grove,
to the east by an experimental avocado grove, and
to the west by a commercial longan (Dimocarpus
longan), avocado and mamey sapote (Pouteria sa-
pota) grove. Beetle entrance holes were recorded
at 7,15 and 21 d after treatment. Bolt storage and
beetle collection followed the same methodology
outlined above. The third trial was set up 31 Mar
2010 at Hickory Hammock in the same area de-
scribed above and following the same methods ex-
plained on Experiment 2.

Experiment 4. Evaluation of Recently Developed Insec-
ticides

Avocado bolts cv ‘Booth’ with similar dimen-
sions to those used in Experiment 3 and the same
numbers per treatment, were treated in the same
manner as explained before with dinotefuran (Sa-
fari SG, Valent USA Corp., CA), thiamethoxam
(Flagship 25 SG, Syngenta NC), tolfenpyrad (Ha-
chi-Hachi 15EC, Nichimo America, IN), acetami-
prid (TriStar 30 SG, Cleary Chemical Corp., NJ),
chlorantraniliprole (Acelepryn 20 SC,) and cyant-
raniliprole (Cyaspyr, Dupont, De) (Table 7). The
experiment was set up on 30 May 2010 at Hickory
Hammock in the same area as described in Ex-
periment 2 and following the same collection
methods explained for Experiment 2.

Experiment 5. Evaluation of 2 Chitin Synthesis Inhibi-
tors and a Pyrethroid in the Field and the Laboratory

This experiment had a field and a laboratory
phase. For the field trial, 2 doses of diflubenzuron



885

Pena et al.: Chemical Control of the Redbay Ambrosia Beetle, Xyleborus glabratus

*S901] JULIIJJIP YSNOIY) }1X0 PUR J9JUo S9[}99( JIB( SBaIoUM ‘SI[0] dWES 9Y) YSNOIY) }IX0 PUB 19U BISOIqUIY,

O] 9760 = 4enb g T MO €270 = Juld S T FTW 9'6¢ = 92UNO PIY T ‘SWe4S §'8g = 00Uno T :930N
suayjuew-d-T-Ip ‘L T-W[I-NN ‘Ioyjle aua[yjeLxoA[od [A¥[e pue proe d1100R[AYjowW ‘@urjoyd[Aprreydsoyd ‘00L-1T,
‘(BY/sa1] Gg6) oa0e/suof[es 00T Ajdde 03 jes sem Jokeads Ise[qary,

T000°0 160 L00°0 anfea
BIET*¢c'S LV0*L90 qE0T+99¥ - - [013U0D pajeaI)-UON
qIT0*IT°0 ¥E0+F¥¥0 q960T+00€ 208 @LT-WI-ON 20 §°G (WexoyjeueI}+ULIyjo[eyLd-epqure]) D7 @0SPuy
q4¢9'0+GL0 000+000 qE€0+050 207 ®00LTT 20 G°G (WEXOYoWETIY}+ULIY}0[eYLd-BpqUIR]) D7 @OSIPUH
q97'0+98°0 0€0FLS0 qeST+98% 208 @LT-W[I-ON 7208 (urryjouniod) HY g'¢ ULIYIOULID]
q000*000 0S0+00T qEgT+00€ 207 ®00LTT 208 (urrgieuried) HY g'¢ @UMYIOUIS]
QG690+ TIT'T €80+ €ECT BYL'8F LLTE 207 ®00LTT 20 ¥¢ DS @UOIye[BAL
q46c0*650 LSG0FLSO qQLGT*LGE 208 @LT-W[A-ON 2011 (uLpueyIq+uLIyjewIad£d-e19z) MY @OIOH
q469'0*00T 000+000 q469'0+00T 207 00LTT1 20¢'T1 (urryjuaiq+utiyjounied£o-e19z) MH @OI0H

S F uBe S F uBe S F uBe suo[es 00T Aueanlpy suorresd [eorwey )
1[0q/eBpAqUIBIS))  }[O(/PRUIIA[00S  1[0]/SO[0Y 90U IoUIS /oreyg 001/27eYg

+ PouBI) U,

VA0 ‘AVALSANOH LV 600% ATINL NI HAOYD OAVOOAV NV NI NOILVL,
“SHANI ONIMOTIOA AHLOATIOD HYHM L1094 AHLVIYL-HAIDLILOUASNI 4Hd AXDYHNH LVHL AVAIDAGNVIHD ANV HVNILATOOS A0 SHHIINNN HOVIHAV ANV SHTOH HONHTD
“HHINE ANV HONVILNH 40 SHHINAN HHL NO VILV(J "0T0¢ ANV 600¢ NI SL'TOd OAVOOAV ONILSHANI SHILHAI LSNIVOV ALIALLOV LOVLNOD 4O ALSHL SHAIDLLOUSN] T ATdV],



886

(Micromite, Uniroyal Chemical, CT), 1 dose of
novaluron (Rimon® 0.83 EC, Uniroyal Chemical,
CT), and a mixture of novaluron + bifenthrin (Bri-
gade® WSB, FMC, PA) (Table 9) were tested by
treating ten avocado (cv. ‘Booth 7’) bolts with each
material per treatment on 28 Jun 2010 as de-
scribed above. Bolts were placed at Hickory Ham-
mock on 29 Jun 2010 (as above) and collected one
month later on 28 Jul 2010 and then stored for 2
mo until beetle emergence had ceased. The num-
bers of holes per bolt and numbers and species of
Scolytinae and unidentified Cerambycidae were
determined.

For the laboratory trial, avocado bolts (cv.
‘Booth 7°, 8 cm long and 3 cm diam.) were dipped
for 2 min in the same 4 solutions of pesticides (Ta-
ble 9), allowed to dry for approx. 8 h, and placed
individually into mason jars (10 replications per
treatment). Two newly emerged female RAB (ob-
tained from UF colony, Gainesville, Florida) were
placed onto each bolt, observed to bore into the
bolt, and then the jars were capped. Every other
d, water was added to the bottom of each jar to
provide sufficient humidity for beetle develop-
ment. Approx. 60 ds later, each bolt was removed
from the jar and sliced into 4 quadrants using a
miter saw. Once a gallery was observed in one of
the quadrants, a flat-blade screw driver was used
to carefully remove the wood close to the gallery
in order to determine if eggs, larvae, pupae, or
adults were present within the gallery. A gallery
containing any of these stages was considered a
successful gallery.

Experiment 6. Chemical Control of Redbay Ambrosia
Beetles Infesting Avocado Trees

Ten pesticides (Table 10) were evaluated for
control of RAB at the Indian River Research and
Education Center (IRREC), Fort Pierce, Florida
(27° 25’36.03”N, 80° 24’21.64”W). Individual ex-
perimental units placed in an open field consisted
of 5 1.5-1.9 m tall cv. ‘Brogdon’ avocado trees,
planted in 10-gallon(38 liter) pots. The trees were
fertilized 3 wk before the insecticide treatment
with Osmocote (14-14-14) and irrigated every
other d, applying water to the soil. Treatments
were applied on 14 Apr 2010 as either a drench or
by using a manual sprayer, at approximately 25
psi (1,293 mm Hg), delivering approx. 100 gal-
lons/acre (935 liters/ha). Drench doses were calcu-
lated based on the number of trees placed per
acre. Each treatment had 5 repetitions with each
repetition being an individual plant. The next d
(15 Apr 2010), 3 newly emerged female RAB (from
UF colony) were placed inside a 20 cm x 40 cm cot-
ton bag that surrounded the basal portion of the
stem of each tree. Each bag was sealed immedi-
ately afterwards to prevent beetle escape. Two wk
later, the bags were opened, the number of entry
holes per tree was recorded, and 3 new beetles
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were introduced. Infestation was repeated during
the third week of the experiment. On 8 Jun 2010,
9 wk after treatment, total infestation was re-
corded as well as a LW disease severity index. The
LW index was developed as follows: 0 = wilting
symptoms; 1 = wilt, no necrosis on the leaves; 2 =
wilt and necrosis on 10% of the foliage and partial
defoliation; 3 = wilting and 30% of the canopy de-
foliated; 4 = 50% of the leaves necrosed; 5 = 75%
of the leaves necrosed, defoliation; 6 = 100% ne-
crosed leaves and/or 100% defoliation. Two wk
later, starting at the base of the tree, portions of
the stem were removed from each tree and placed
individually in a plastic bag, numbered, and
brought to the laboratory to isolate the fungus.
Bark was removed from symptomatic sapwood,
which was then cut into 5 mm? pieces and surface-
disinfected for 15 seconds in 70% ethanol followed
by a 2 min. in 10% household bleach. Tissue
pieces were then rinsed in sterile water, blotted
dry on sterile paper towels, and plated on a semi-
selective medium that was developed by Har-
rington (1981) and amended by Ploetz et al.
(2011). The results are expressed as the mean
proportion of tissue pieces from which R. lauri-
cola was recovered on this medium for a given
treatment.

Experiment 7. Chemical Control of Redbay Ambrosia
Beetles Infesting Swampbay Trees.

One hundred and five swampbay trees ca. 1.82
m tall were planted at the University of Florida,
Plant Science Unit, Citra, Florida (29° 24’3540”N,
82° 09'28.59”W) on 11 Jun 2009. Distance be-
tween trees was 1.54 m and distance between
rows was 3.66 m. All plants had drip irrigation.
Almost 1 year after planting, on 21 Sep 2010, 8
chemical treatments (Table 11) were applied to
the trees (5 replicate trees per treatment). Insec-
ticides were applied either by drenching at the
base of the trunk (based on trunk diam), or by us-
ing a broadcast application to the soil around the
base of the trunk and then covering the pesticide
with soil, or by foliar application using a manual
sprayer calibrated at approximately 25 psi (1,293
mm Hg), (at an application rate of 100 gallons/
acre (935 liters/ha). On 22 Sep 2010, two adult fe-
male RAB (from UF colony) were added to each
tree for infestation following the same methodol-
ogy as explained above. Trees were re-infested on
3 Oct 2010 with the same number of beetles per
bag. Data collection on number of holes per tree
and LW disease rating was performed as ex-
plained previously.

Statistical Analyses

Statistical differences for the number of en-
trance holes and species of beetles that emerged
from treated bolts were determined by using PROC
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GLM and LSD (SAS Institute 2008). During the
tests using potted avocado and swampbay trees, lin-
ear regression analysis was used to determine if
there was a significant linear relationship between
the number of entry holes made by RAB (x) and dis-
ease severity (y,) and recovery of R. lauricola (y,).

RESULTS AND DISCUSSION

Effect of Contact Insecticides against Beetles Infesting
Avocado Bolts

Experiment 1. Infestation of Avocado Bolts in a Grove
and Number of Beetles that Emerged

With the exception of permethrin + Nufilm
treated bolts, more beetle entrance holes were ob-
served on the untreated control bolts compared to
the insecticide treated bolts 1 after placing the
bolts in the field. However, when the numbers of
entrance/emergence holes were evaluated at the
end of the experiment, more holes were recorded
on bolts treated with malathion + Li-700 than ei-
ther the untreated controls or the other treat-
ments (Table 1). There were no differences in the
number of emerged Scolytinae among treatments
or the control bolts. Xyleborus glabratus had not
been reported in Miami-Dade County while this
study was conducted. The Scolytinae that emerged
from avocado bolts were Xylosandrus crassiuscu-
lus (Motchulsky), Xyleborus volvulus (F.), Xyle-
borus ferrugineus (F.), Xyleborinus saxeseni
(Ratzerburg), Xyleborinus gracilis (Eichhoff), Am-
brosiodmus lecontei Hopkins, and Hypothenemus
sp. (Table 2). While X. crassiusculus and Hypothen-
emus sp. had already been known to attack avo-
cado (Dixon et al. 2003; Pefia 2003), this is the first
report of X. volvulus, X. ferrugineus, X. saxeseni,
and X. gracilis completing development within av-
ocado. There were no statistically significant dif-
ferences among the different species emerging
from avocado bolts (df = 6,441; F = 0.48; P < 0.82).
Xyleborus volvulus, X. ferrugineus, Ambrosiodmus
spp., Hypothenemus spp., and several other scolyt-
ine beetles are attracted to host-based volatiles
emitted from avocado wood, and these species may
function as secondary colonizers of avocado trees
subsequent to initial attack by X. glabratus (Ken-
dra et al. 2011). No Scolytinae emerged from avo-
cado bolts treated with Hero® + Li (zeta-cyper-
methrin+ bifenthrin + Li), or Endigo® + Li
(lambda-cyhalothrin+ thiamethoxam + Li) during
this trial (Table 2). Bolt volume was not different
statistically among treatments, therefore, bolt size
likely did not influence beetle emergence.

Experiment 2. Comparative Efficacy of Lambda-Cyhal-
othrin + Thiamethoxam and Malathion

In the Homestead grove, the total number of en-
try holes did not differ between the untreated con-
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trol and the treated bolts (P = 0.34) (Table 3).
Emergence of Scolytinae was significantly lower
on bolts treated with lambda-cyhalothrin + thia-
methoxam than on bolts treated with malathion or
left untreated (Table 3). At Hickory Hammock, an
area infested with X. glabratus, the number of en-
trance holes on bolts treated with lambda-cyhalo-
thrin+thiamethoxam was significantly lower than
the number on the untreated bolts (P = 0.003). The
number of emerging beetles was significantly
higher on the untreated bolts than on bolts treated
either with lambda-cyhalothrin+ theimethoxam or
with malathion (P = 0.01). The Scolytinae that
emerged from bolts in Homestead were Hypothen-
emus sp., X. saxeseni, X. volvulus, and X. crassius-
culus (Table 4). The most common species was Hy-
pothenemus sp. (df = 3,116; F' = 6.86; P > 0.0003),
which is consistent with observations made by
Kendra et al. (2011) using ambrosia beetle moni-
toring traps deployed in avocado groves. While
other Scolytinae emerged from bolts hung at Hick-
ory Hammock, only specimens of X. glabratus were
recorded; significantly more X. glabratus emerged
from untreated bolts than from treated ones (df =
2,27, F = 8.00; P < 0.01). Bolt volume was slightly
higher on treated bolts compared to untreated
bolts (P = 0.04). However, when the analysis was
done comparing scolytid emergence by bolt vol-
ume, the results were similar to those those ex-
pressed on table 4 (df = 2,27; F' = 4.82; P < 0.02).

Experiment 3. Evaluation of Insecticides Registered for
Avocado and Others with Known Promise

The first replication of this experiment was
conducted in Homestead. There were no statisti-
cal differences in number of entrance holes
among treatments and the untreated control
(Table 5). However, bolts treated with endosul-
fan, chlorpyrifos advanced, malathion, meth-
omyl, and bifenthrin had significantly lower
emergence of Scolytinae and total number of co-
leopterans than the untreated control. Only two
species of Scolytinae were observed. Xylosan-
drus crassiusculus emerged only from chlorpyri-
fos treated bolts; and the dominant Hypothene-
mus spp. (df = 1,38; F = 6.69; p < 0.01) emerged
from both treated and untreated bolts, but emer-
gence was significantly lower with all of the in-
secticide treatments (Table 6).

In the second replication conducted in Home-
stead, there were no significant differences in the
number of entrance holes or the number of Scolyt-
inae emerging from the treated or untreated bolts
(Table 5). However, highly significant differences
were observed for total number of coleopterans
(Scolytinae, Laemophloeidae, Cerambycidae, and
Bostrichidae) emerging from untreated bolts as
compared to the treated controls. No differences
were observed among the different species of Sco-
lytinae (X. crassiusculus, Hypothenemus sp., X.



December 2011

Florida Entomologist 94(4)

888

*A[JuredyTuSis J9JJIp JoU 0P 19339] dWIELS 9} YJIM UWIN[0D B UTYIIM SUBIA[,

10°0 0£00°0 =d
®LF0FO0LT e LTTF09F pajesryun
9030 ¥ 020 qe %60 ¥ GGG 20 G'G OHG UoTyIeEy
gET°07 030 q0T°07 010 20 75 WEXOYJOUIBIY[+ ULIYJO[BYLD)-EPqUIET]

0T10Z 99 Gg 03 Uep 2g “Soowrwre ] AI0OT] :juswLiodxy Jo 93] pue 9)1g
PIST'0 910°0 Gere0 =d
TT+8T vEGFG6 VOFoT pejeaxju)
707 G0 gy FEII POFTT 20 G'G OHG UoTyPee N
6 qQT07F0T0 g€07G0 20 ¥ WIBXOY}OWBTY [+ ULIYIO[RYLD-BPqUIET]

0103 9o GZ 0} UB[ L7 ‘ePLIO]] ‘PeoISOWO] :uewLIodx Jo o3e( pue 9Ig
fS F Uedy S F uedy fS F Ued suo[res 001/es0Qd JUOWIJLAL],

1[0¢| OPBIOAY /PRPIAQUIRIS))

1[0q OPBI0AR/ABUTIAT0IS

1[0Q| OPBIOAR/SS[OY] IUBIJUS JO "ON

(g LNIWINEXH) 0T0Z NVL Lg ‘L10d

OQVDOAY QALVHYL-AAIOLLOASNI ¥dd AADYAWH LVHL HVAIDAGNVYH) ANV AVNILATOOS J0 SYHINAN ADVIIAY ANV STTOH HONVYLNA ATLAAd 10 YIINAN VAT
“40Td NI SNOLLVOOT OML LV SLT0d OAVDOAV ONLLSHANI SHTLAAT LSNIVOV NOIHLVIVIN ANV WVXOHLANVIHL + NIYHLOTVHAD-VAIINVT 40 ADVOIALH HAILVIVAINO)) ‘¢ HTdV ],

€2L9°0 €679°0 LYEL0 098T°0 LYEL0 LS0SG°0 ¥S6LE 0 =d

0 IT0*1T°0 0 0 IT0+1T°0 IT0*1T°0 0 nN-+oSIpuy

0 0 0 0 0 0 IT+oSIpuy

YLT'OF¥1°0 YI'0+¥1°0 0 0 0 0 8T°0 620 ON+ULIYIoULLIe]

§¢'0* 920 ¢r'0+2a1'0 Sr'0+21'0 GL'0+2¢1'0 ¢r'0+¢1'o G¢'0 * G50 0 FT+uLiyjouiiad

€6°0*€6€°0 0 TT0*11°0 IT0*T1T1°0 IT0*T1T0 YE0FV¥0 0 rr+uoryjere|N

0 0 0 0 0 YI'0+¥1°0 EV'0FEV0 ON+O0I9H

0 0 0 0 0 0 0 FI+oIoH

0 0 TT0*11°0 8€'0 F95°0 0 0 0 [013u0s)

“ds snwauayjodLry $1710048 1271009 SnouLsn.LIe} 1U2SIXDS snjnajoa SNJNISNISSDAO JUSW)BAL],
snu1i0Qa)fyx SNUIPOISOIQUIY STLIOQO[AY SNU1L0QI]LY SN.10QaIAY SNUPUDSOILY

(T INHINIIHIXH) VAl
-40Tq ‘QVALSINOH LV 6003 ATAL NI HAOYD OAVOOAV NV NI NOILVISHANI ONIMOTTOL SL'T09 OAVOOAY WOHA AADYANH LVHL HVNILATOOS 40 HS F YHAWNN NVAIN g ATdV ],



Pena et al.: Chemical Control of the Redbay Ambrosia Beetle, Xyleborus glabratus

889

TABLE 4. MEAN NUMBER = SE OF SCOLYTINAE THAT EMERGED FROM AVOCADO BOLTS FOLLOWING INFESTATION IN AN
AVOCAD GROVE AT HOMESTEAD, FLORIDA IN 27 JAN 2010 (EXPERIMENT 2).

Xylosandrus' Xyleborinus Xyleborus
Treatment crassiusculus saxeseni volvulus Hypothenemus sp.
Endigo ZC (SC) 0.0+0.0 0.1+0.10 0.0 0.0 0.0+0.0b
Malathion 5EC 3.2=x3.1 0.0 £0.0 0.0 £0.0 84+37a
Control 15+15 0.1+0.1 0.2+0.1 78+21a
P= 0.5292 0.6120 0.1248 0.0419

"Means within a column with the same letter do not differ significantly.

volvulus, X. saxeseni, and A. lecontei) emerging
from either treated or untreated bolts. However,
the most common ambrosia beetle emerging from
avocado bolts was X. crassiusculus (df = 4,345; F =
2.98; p > 0.02) in this replicate test (Table 6).

The third replication of this experiment was
conducted at Hickory Hammock. A higher num-
ber of entrance holes was observed on bolts
treated with methomyl and on the untreated con-
trol, compared to those treated with malathion,
bifenthrin, chlorpyrifos or lambda cyhalo-
thrin+thiametoxam (Table 5). More Scolytinae
emerged from methomyl treated bolts than from
bolts treated with other insecticides or left un-
treated. At Hickory Hammock, more X. crassius-
culus and X. glabratus (df = 14,405; F = 3.96; P >
0.001) emerged from avocado bolts than X. volvu-
lus, X. saxeseni, or X. ferrugineus (Table 6).

Experiment 4. Evaluation of Recently Developed Insec-
ticides

No statistical differences were recorded in the
number of entrance holes (df = 6,63; F = 0.67; P >
0.67) (Table 7), nor in the no. of scolytid beetles
emerging from treated or untreated bolts (df =
6,63; F = 1.61; P > 0.16). However, there were sig-
nificant differences among treatments when cer-
ambycids (df = 6,63; F = 4.22; p > 0.001) and ano-
biids (df = 6,63; F = 2.75; P > 0.02) emerged from
treated and untreated bolts. There were no signif-
icant differences from other coleopterans emerg-
ing from treated and untreated bolts (df = 6,63; F'
=2; P >0.08). Higher densities of X. saxeseni were
obtained from bolts treated with acelepryn (df =
6,63; F = 2.97; P > 0.01) compared with other
treatments and with the untreated control. Other
species of Scolytinae emerged from treated and
untreated bolts, including X. glabratus, X. cras-
siusculus, X. volvulus, A. lecontei, X. ferrugineus,
Hypothenemus sp., and X. andrewesi, but their
rates of emergence were not significant between
treated and untreated bolts (Table 8).

Experiment 5. Evaluation of 2 Chitin Synthesis Inhibi-
tors and a Pyrethroid in the Field and the Laboratory

No statistical differences were observed in the
number of entrance holes, the number of X. gla-

bratus, total Scolytinae, or Cerambycidae emerg-
ing from the treated or untreated bolts tested at
Hickory Hammock. More X. volvulus emerged
from bolts treated with novaluron compared to all
other treatments, including untreated control
bolts. Numbers of Scolytinae that emerged were
higher during this experiment than during previ-
ous experiments (Table 9). In general, more X.
saxeseni and X. glabratus emerged from all the
bolts than the other species of Scolytinae (df =
7,652; F = 19.39; p > 0.0001).

Under laboratory conditions, there were no
statistical differences in the number of successful
galleries made by X. glabratus in treated versus
untreated bolts. An average of 0.18 to 0.50 gallery
was observed per avocado bolt, regardless of
treatment. Thus the growth regulators and
bifenthrin appeared to be ineffective.

Experiment 6. Chemical Control of Redbay Ambrosia
Beetles Infesting Avocado Trees

Avocado trees treated with the insecticides
fenpropathrin, clothianidin, cryolite-sodium alu-
minum fluoride, tolfenpyrad, zeta-cypermethrin,
and the mixture of tolfenpyrad and HGW86 had
significantly lower numbers of RAB entrance
holes when checked at one d after treatment.
However, there were no differences in entrance
holes between the treated trees and the untreated
controls when the avocados were re-infested 1
week later. At the end of the experiment, trees
treated with bifenthrin actually had more beetle
entrance holes compared to trees treated with
any other product (Table 10). At the end of the ex-
periment, trees that developed LW symptoms be-
came infested by the false powder beetle, Xylopso-
cus capucinus (F.). The number of entrance holes
made by X. capucinus were not significantly dif-
ferent among the various treatments and the un-
treated control (¥ = 0.85; P > F = 0.56, df = 10,14).
No significant differences in disease rating and
disease incidence were detected among treat-
ments. However, some treatments, i.e., fenpro-
pathrin and tolfenpyrad had a zero disease rat-
ing, while lambda-cyhalothrin + thiametoxam
and cryolite followed each with a disease severity
of 0.20 (Table 10). Linear regression models be-
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TABLE 9. EVALUATION OF TWO CHITIN SYNTHESIS INHIBITORS AND ONE PYRETHROID IN THE FIELD. MEAN NUMBER=+ SE OF BEETLE ENTRANCE HOLES, AND NUMBERS OF SCOLYTINAE

SPECIES THAT EMERGED FROM INSECTICIDE-TREATED AND UNTREATED AVOCADO BOLTS, HICKORY HAMMOCK, FLORIDA, MAY 2010. (EXPERIMENT 5).

Pena et al.: Chemical Control of the Redbay Ambrosia Beetle, Xyleborus glabratus 893

Other
Scolytids

Xyleborus  Xyleborinus Xylosandrus Premnobius

Xyleborus

Xyleborus

crassiusculus cavipennis

saxeseni

ferrugineus  volvulus

glabratus

Holes

Dose

Treatment

0.70 0.3

0.1+0.1
.0+0.0

3.7+22
4.0x19

1.2+05
0.8

20x0.7a
06+03b
05+02b
03+x02b
06+02b

1.1+0.8
0.02

9.6 £ 2.6

19.4+5.3

20 fl oz

Novaluron 9.3%

0.40 = 0.22

1.00 = 0.7
0.20 £ 0.13

0.44 0.2
0.6158

0.0+0.0

0
0.0+0.0
0.0+
0.4321

1.7+0.6
0.5+05
2.6 +1.6
0.4433

0.4
4

1.0+0
0.5x0.3

0.9+

0.5

0.8186

0.1

0.1x0.1

0.0 0.0
1+0.1

1=+
0.1895

9.4+5.13

14.4 4.6
70+14

34=+18
0.2769

18.7+4.8
0.7961

15.1x4.1
142+ 3.1

6.25fl oz + 1%

20floz+0.11b 13.8=x2.1

6.25 fl oz

Novaluron 9.3% + Bifenthrin 10.0%

Untreated

Micromite 80 WGS + MSO@1%
P

diflubenzuron 80%

Means within a column with the same letter do not differ significantly.

Note: 1 fluid ounce equals 29.6 mL; 1 pound

473.6 grams.

tween the number of RAB holes per tree (x) and
LW disease severity (y,) or recovery of R. lauricola
(y,) were both significant (¥ = 20.70; P < 0.0001; df
=53,54;r*=0.29; F = 29.14; P <0.0001; df = 53,54,
r* =0.35).

Experiment 7. Chemical Control of Redbay Ambrosia
Beetles Infesting Swampbay Trees.

More RAB entrance holes were observed on
swampbay trees treated with the insecticide cy-
antraniliprole (DPX HGWS86) compared with
trees treated with acetamyprid or a mixture of
imidacloprid+cyfluthrin (Table 11). There were no
statistical differences in the disease ratings
among the various treatments. Linear regression
between the number of entrance holes per
swampbay tree (x) and disease severity (y) was
significant (F = 33.86; df = 1,43; P > 0.0001; r* =
0.44). Recovery of R. lauricola was not conducted
in this trial.

DiscussioN

In general, pest Scolytinae are notoriously dif-
ficult to control, because they pass most of their
lives hidden within galleries. Eggs are laid within
the galleries and it is only when the adult female
disperses to colonize a new host that the insect
may be exposed to contact chemical control. Con-
tact poisons tend not to penetrate the tree cortex
and stomach poisons are ineffective due to limited
(if any) ingestion of bark by a boring female. Our
results indicate that pesticide treatments vary in
their impact on the number of RAB entrance
holes or on the number of emerging beetles. These
data will help identify products for further evalu-
ation for chemical control of Scolytinae in avo-
cado. For instance, during the tests performed on
avocado bolts, some insecticides, i.e., zeta-cyper-
pethrin+bifenthrin,  lambda-cyhalothrin+thia-
methoxam, provided a more consistent reduction
in the number of entrance holes or beetle emer-
gence compared to bifenthrin, malathion, en-
dosulfan, or chlorpyrifos. With malathion, a de-
crease in entrance holes and beetle emergence
was observed during one test, but the insecticide
proved to perform erratically during other tests in
which a high number of entrance holes were ob-
served. Methomyl, which is one of the pesticides
currently registered for avocado (Crane &
Mossler 2009), resulted in higher beetle emer-
gence relative to the control in some tests. Since
the avocado bolts were held at each site for ap-
proximately 30 d, the persistence of pesticide res-
idues might have been influenced by the different
amounts of rainfall at the different sites, expo-
sure to sunlight, or susceptibility of some species
of beetles. As explained in the materials and
methods section, doses selected in this study were
the commercial doses recommended for other bee-
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TABLE 10. EFFECTIVENESS OF INSECTICIDES ON XYLEBORUS GLABRATUS, 1L.E., FINAL NUMBERS OF ENTRANCE HOLES,
LAUREL WILT SYMPTOMS AND DISEASE INCIDENCE ON POTTED AVOCADO TREES AT FORT PIERCE, FLORIDA,

2010.

Entrance Disease Recovery of
Treatment Dose holes* Severity Raffaelea lauricola
Fenpropathrin 16 oz 40.00 £0.40b  0.00 = 0.00 0.00 = 0.00
Clothianidin 6 oz 1.00+0.31b 1.50+0.74 0.60 = 0.24
Thiametoxam 4 oz 1.20+0.73b  1.40 = 1.07 0.40 + 0.24
Bifenthrin 10% 0.11b 240+051a 220=+1.10 0.60 + 0.24
CryoliteNaAlfluoride 96% 10 1bs 0.40+0.24b 1.10=x1.10 0.20 £ 0.20
Lambda cyhalothrin & Thiametoxam 5.5 0z 0.60+0.40b  0.30 +£0.30 0.20 + 0.20
DPX HGW86-476 20.5 oz 0.80 +0.38b  1.00 = 1.00 0.60 + 0.24
Tolfenpyrad 150g/1 24 oz 0.40+0.24b  0.00 = 0.00 0.40 = 0.24
DPX HGW86-476 + Tolfenpyrad 150g/1 20.50z+240z 0.20+0.20b 0.40+0.40 0.40 + 0.24
Zetacypermethrin 9.6% 10.28 ml 1.00+0.32b  1.80 +0.97 0.80 = 0.20
Untreated 0.80+0.37b 3.30+1.11 0.80 = 0.20
P= 0.0290 0.1720 0.2260

Means within a column with the same letter do not differ significantly.
Note: 1 pound = 473.6 grams; 1 ounce = 28.4 grams; 1 fluid ounce = 29.6 mL; 1 US pint = 0.473 liter; 1 US quart = 0.946 liter; 1

linear foot = 30.4 cm.

tle species. Obviously, laboratory bioassays are
still needed on X. glabratus to determine to deter-
mine LD, and LT,, doses of the products tested
here.

Contact insecticides that confer repellency
may be a more effective strategy for control of
RAB. Repellency of contact insecticides against
Scolytinae has been suggested as well as killing
by fumigant actions (Damon 2000, Ruano et al.
2008, Rose et al. 2005; Doane 1962), particularly
against the coffee berry borer, H. hampei, the
bark beetle Phloeotribus scarabaeioides Bernard
and the bark beetle Scolytus multistriatus. In the
case of H. hampei, this type of control was ob-
served after 6 applications of endosulfan. Multi-
ple applications were not performed during the
study presented here as they are not considered
feasible in commercial avocado groves.

Peaks of activity of X. glabratus attacking P.
borbonia occur throughout the year with peaks in
Sep under Georgia conditions (Hanula et al.
2008), then, we would expect similar beetle activ-
ity when X. glabratus invades commercial avo-
cado groves in southern Florida. Under these con-
ditions, to effectively reduce the vector of laurel
wilt, the use of insecticides for prophylactic pro-
tection would require more than a single treat-
ment per year in avocado, and this might prove to
be not cost competitive. In the case of P. scara-
baeioides, a single application of deltamethrin re-
duced emergence (Damon 2000), suggesting that
pyrethroids might have a repellent effect. Other
authors, i.e, Pajares & Lanier (1989) reported
that pyrethroids did not appear to be highly re-
pellent to European elm bark beetle, but caused
rapid knockdown. Therefore, beetle repellency by
insecticides would merit further study for the vec-

tor of laurel wilt. On the other hand, use of knock-
down pesticides might prove to be feasible if com-
bined with effective trapping methods (Kendra et
al.,2011).

Another interesting feature of our results was
the lower number of entrance holes and the ab-
sence of laurel wilt development in avocado trees
that were treated with fenpropathrin. However,
when the same product was applied to swampbay
trees infested with RAB, the number of entrance
holes did not differ from the untreated control,
but the disease did develop (Table 11). These con-
flicting findings suggest that further testing is
necessary for fenpropathrin and for others, i.e.,
atranilic dianide (cyazypir) and cryolite, to deter-
mine their activity as repellents and/or toxicants
for X. glabratus.

Results from experiments with avocado and
swampbay trees that were infested with X. gla-
bratus indicated a positive correlation between
the numbers of entrance holes and disease sever-
ity. Further interdisciplinary work is needed to
determine more accurately if entrance holes may
serve as a pragmatic guide for future disease inci-
dence. In addition a sensitive detection and rapid
response strategy needs to be further developed
to risks of incipient infestations of commercial av-
ocado groves by the deadly duo, and the rapid
elimination of such incipient infestations.
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TABLE 11. EFFECTIVENESS OF INSECTICIDES ON X. GLABRATUS, 1.E., FINAL NUMBERS OF ENTRANCE HOLES, AND LAU-
REL WILT RATING ON POTTED SWAMP BAY, PERSEA PALLUSTRIS TREES, CITRA, FLORIDA, 2010.

Treatment Dose Entrance Holes + SE  Disease Severity + SE
Atranilic Dianide 0.25 fl oz/tree 1.20 = 0.50 ab 0.40 = 0.40
Cyantanilipole 0.25 fl oz/tree 2.80+0.73 a 3.00 + 0.45
Thiametoxam 25% 0.09 g /linear ft 1.40 = 0.40 ab 1.60 = 0.40
Dinotefuran 2% 105 g/tree 1.40 = 0.25 ab 2.20 = 1.00
Tolfenpyrad 150 g/l 24 fl 0z/100 gal 1.00 = 0.45 ab 0.00 = 0.00
Acetamyprid 30% + Li 100 8 0z/100 gal +3 fl/gal 0.40 £ 0.25Db 1.40 = 0.87
Imidacloprid 2.94%+Cyfluthrin 0.70% 44 ml/gal 0.40 +0.25b 1.00 = 0.55
Fenpropathrin 30.9% 473.6 ml/100 gal 1.00 = 0.77 ab 1.20 = 0.97
Untreated 1.20 = 0.37 ab 1.60 = 0.68
P= 0.05 0.10

Means within a column with the same letter do not differ significantly.
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