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Abstract. We evaluated the effectiveness of carbaryl, bifenthrin, and permethrin in protecting Arizona cypress (Cupressus
arizonica) and one-seed juniper (Juniperus monosperma) from attack by two bark beetles (Phloeosinus spp.). Spray
formulations of 2.0% carbaryl (Sevin SL®), 0.03% and 0.06% bifenthrin (Onyx®), and 0.19% permethrin (Permethrin
Plus C®) were assessed on bolts (sections of logs) of Arizona cypress for their effectiveness in preventing Phloeosinus
cristatus attack and colonization. P. cristatus broods were produced in all of the Arizona cypress control bolts. Bifenthrin
provided =80% and =70% protection by the 0.06% and 0.03% formulations, respectively, whereas 0.19% permethrin and
2.0% carbaryl treatments provided <70% protection. Insecticide sprays (1.0% carbaryl, 0.03% and 0.06% bifenthrin, and
0.19% permethrin) were tested for prevention of P. scopulorum neomexicanus attack and colonization on one-seed juniper
bolts. Bark beetle galleries were present in 62.5% of the one-seed juniper control bolts. Data on the presence versus absence
of P. scopulorum neomexicanus galleries indicated that the 0.03% and 0.06% bifenthrin and 0.19% permethrin treatments
provided =90% protection and the 1.0% carbaryl spray was =80% effective at preventing colonization. The 0.06%
bifenthrin formulation provided the best protection against both species of Phloeosinus beetles.
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The phloeophagous bark beetles in the genus Phloeosinus
(Coleoptera: Curculionidae, Scolytinae) contains 27 species
recorded in north and central America; they primarily infest
trees and shrubs of Taxodioideae and Cupressineae (Wood
1982). In central Arizona, U.S., Phloeosinus-induced mortal-
ity has been observed in Arizona cypress (Cupressus arizo-
nica), one-seed juniper (Juniperus monosperma), and alliga-
tor juniper (J. deppeana). Current high levels of mortality
(USDA Forest Service 2005) and the limited range of Ari-
zona cypress are of concern, causing land managers, ar-
borists, homeowners, and others to consider measures to pro-
tect mature high-value trees.

Phloeosinus cristatus and P. scopulorum neomexicanus are
little-studied species of bark beetles. Wood (1982) gives
some information on their description, distribution, and biol-
ogy. P cristatus is found from California to Arizona, U.S. and
Durango, Mexico, using Cupressus arizonica, C. forbseii., C.
macrocarpa, Juniperus spp., and Thuja spp. as hosts. Young
adults of this species feed by tunneling into the pith of small,
healthy twigs. After twig feeding, fully mature adults emerge
and attack the lower bole and larger branches, where they
form their galleries. P. scopulorum neomexicanus is very

common in Utah, ranging from south Idaho to Texas, using
C. arizonica, J. deppeana, J. monosperma, and J. osteo-
sperma. This species attacks cut or injured limbs and the bole
of live trees; however, the twig-feeding habit described pre-
viously has not been observed. In general, Phloeosinus is
thought to have between one and 1.5 generations per year
with attacks occurring in the spring and summer (Furniss and
Carolin 1977).

Liquid insecticides (primarily carbaryl-based formulations)
have been evaluated for their effectiveness as treatments to
prevent infestation and subsequent brood production by Den-
droctonus bark beetles in healthy individual high-value co-
nifers in the western United States (Smith et al. 1977; Hall et
al. 1982; McCambridge 1982; Shea et al. 1984; Gibson and
Bennett 1985; Haverty et al. 1985; Shea and McGregor 1987;
Hastings et al. 2001). However, several questions remain
concerning the use of preventive sprays for bark beetles.
First, differences in the efficacy of preventive treatments
among geographic regions and species of bark beetles (re-
viewed in Hastings et al. 2001) imply that tests of insecticides
should be species and regionally specific. Field tests of car-
baryl have not been conducted to determine if it is effective
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in preventing successful Phloeosinus attack. In fact, no stud-
ies have been published on preventive treatments for any
Phloeosinus species. in the southwestern United States. Sec-
ond, the duration of efficacy for many of these preventive
sprays remains untested. In previous studies, Hall et al.
(1982) and Hastings et al. (2001) concluded that many of the
carbaryl-based products may have residual activity of any-
where from 3 to 27 months. Finally, because there are doubts
regarding the reregistration of carbaryl products, new insec-
ticides should be tested (Haverty et al. 1998).

We evaluated several preventive insecticide sprays to ad-
dress the issues associated with these regional and species
differences in insecticide performance (DeGomez et al.
2006). The purpose of this study was to test the efficacy of
carbaryl (Sevin SL®, Bayer Environmental Science, Montvale,
NJ, U.S.) along with two synthetic pyrethroids, bifenthrin
(Onyx®, FMC Corporation, Philadelphia, PA, U.S.) and per-
methrin (Permethrin Plus C®, Univar, Austin, TX, U.S.) in
precluding Phloeosinus colonization of one-seed juniper and
Arizona cypress.

MATERIALS AND METHODS

We conducted two experiments in the summer of 2004 to
evaluate the efficacy of preventive insecticide treatments for
protecting Arizona cypress and one-seed juniper from attack
by Phloeosinus bark beetles. We generally followed the
guidelines set forth by Shea et al. (1984) and Haverty et al.
(1998) for testing insecticides against Dendroctonus bark
beetles.

Bolts were used as surrogates for standing live trees be-
cause tree baits (i.e., pheromone lures or host tree com-
pounds) for Phloeosinus spp. have not been developed. Also,
Phloeosinus beetles are known to be attracted to and colonize
fresh slash (Furniss and Carolin 1977), so we reasoned that
using bolts would be the best method for successfully con-
ducting a rigorous test of the preventive insecticides.

Arizona Cypress Experiment
This experiment was conducted approximately 2 km (1.2 mi)
south of Pine, Arizona, on the Tonto National Forest

(N34°21.75", W111°25.72") between 1645 and 1707 m el-
evation (5,429 to 5,633 ft) from 14 June to 10 August 2004.
The efficacy of four preventive spray formulations was
tested: 0.19% permethrin with cellulose additive (Permethrin
Plus C®), 0.03% and 0.06% bifenthrin (Onyx®), and 2.0%
carbaryl (Sevin SL®). Bolts 1 m (3.3 ft) in length, with 7 to
20 cm (2.8 to 8 in) diameters, were cut from freshly felled
pole-sized Arizona cypress trees. Bolts were arranged in a
randomized block design; each block consisted of four treat-
ment bolts plus one control bolt placed horizontally on the
ground with 0.25 m (0.83 ft) between the bolts and fresh host
tree slash surrounding the block. Treatment blocks (24 rep-
licates) were located next to existing roads with 50 m (165 ft)
between blocks. To ensure that a sufficient number of beetles
would be present in the vicinity of each block, we selected a
stand containing Arizona cypress with epidemic levels of
Phloeosinus cristatus. The insecticide sprays were applied to
the point of runoff to bolts lying on the ground with an Ortho®
(Scotts Company, New York Mills, NY, U.S.) lawn and gar-
den pesticide sprayer. Each insecticide formulation had its
own sprayer to prevent cross-contamination. Approximately
200 mL (=6 fl oz) of formulated insecticide was used on each
bolt. For the formulations of carbaryl, we tested the water for
pH and added vinegar to bring the water to a pH of 7.0.

Bark beetle attacks, defined as discreet piles of boring dust,
were recorded weekly for =8 wk until 80% of the control
bolts had sustained attacks (10 August 2004). At this point,
all the bolts were moved from the study site to a shaded area
behind the Northern Arizona University (NAU) greenhouse
(Flagstaff, AZ). Once beetle exit holes were observed, the
bolts were completely peeled and the P. cristatus galleries
present were counted. Nuptual chambers and egg and larval
galleries were all counted as a single gallery.

One-Seed Juniper Experiment

The experiment was conducted on the NAU/Arizona State
Land Department Centennial Forest north of Flagstaff, Ari-
zona (N35°32.77', W111°45.52") at an elevation of 1920 to
1950 m (6,336 to 6,435 ft) from 4 April to 20 July 2004. This

Table 1. Efficacy of preventive spray formulations in protecting Arizona cypress bolts from attack by Phloeosinus

cristatus bark beetles.

No. of Arizona Cypress Bolts

P value for rejecting” binomial test H, that
proportion of successes was = to:

Insecticide 1 Tested Failures” Successes Percent success 0.90 0.80 0.70
Control — 23 23 0 0.0% <0.001 <0.001 <0.001
Bifenthrin 0.03% 24 11 13 54.2% <0.001 0.002 0.071
Bifenthrin 0.06% 24 8 16 66.7% <0.001 0.084 —
Permethrin 0.19% 24 13 11 45.8% <0.001 <0.001 0.009
Carbaryl 2.00% 24 18 6 25.0% <0.001 <0.001 <0.001

“Rejection is more accurately described as “failing to accept the null hypothesis, H,.”
YTreatment failure defined as presence of P. cristatus galleries in an individual bolt.
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study tested the efficacy of the following four preventive
spray formulations: 0.19% permethrin with cellulose additive
(Permethrin Plus C®), 0.03% and 0.06% bifenthrin (Onyx®),
and 1.0% carbaryl (Sevin SL®). Bolts 1.25 m (4.13 ft) in length
and 7 to 20 cm (2.8 to 8 in) in diameter were cut from freshly
felled pole-sized juniper trees. Bolts were arranged in the
same randomized block design previously described for the
Arizona Cypress Experiment. The 24 treatment blocks were
located next to existing roads with 50 to 100 m (165 to 330
ft) between blocks. The stand contained evidence of elevated
levels of Phloeosinus beetles but not high tree mortality.
Beetles were identified as P. scopulorum neomexicanus.

Insecticides were applied as in the Arizona Cypress Ex-
periment described previously. Bolts were checked for at-
tacks biweekly for =15 weeks through 20 July 2004. Attacks
by P. scopulorum neomexicanus had stopped by this time,
most likely as a result of excessive phloem desiccation. All
the bolts were brought back to the NAU greenhouse at this
point for peeling and evaluation of brood production like in
the Arizona Cypress Experiment. When the logs were peeled,
we discovered that they did not have completely developed P.
scopulorum neomexicanus galleries. Instead, the galleries
were composed of nuptial chambers, egg galleries (including
egg notches), and occasional short, undeveloped larval tun-
nels. Because this was observed throughout all of the bolts,
we assumed that successful larval development was pre-
cluded as a result of phloem desiccation. Therefore, we
counted a fully developed nuptual chamber accompanied by
an egg gallery as a successful colonization.

Determination of Insecticide Efficacy

We assumed that bolts treated with insecticides had sufficient
attack pressure if =60% of the untreated control bolts had
evidence of successful beetle colonization (i.e., Phloeosinus
galleries were present) (Shea et al. 1984; Haverty et al. 1998).
However, because bolts were used as surrogates for live trees,
our measure of failure or success was based on the presence
or absence of Phloeosinus galleries (i.e., successful defense
= absence of Phloeosinus galleries) rather than the tree being
dead or alive at the end of the experiment.

We used one-sample proportion (i.e., binomial) tests (Ana-
lytical Software 2000) to determine if each of the insecticide
treatments (and the untreated control) provided a protection
rate of =90% (i.e., Hy: p [proportion successes] =0.90, H,:
P <090, « = 0.05). The data used for the tests were the
number of independent trials (i.e., the number of cypress or
juniper bolts tested for each treatment), the number of bolts
that were successes (i.e., there were no Phloeosinus galleries
present), and the probability of success per trial (between 0
and 1). If we failed to accept the null hypothesis, H,,, that the
protection rate was =90% (i.e., the P value for the binomial
test was <0.05), then we conducted another test to decide if
the treatment provided a protection rate =80%. If the P value

for the =80% protection rate test was also <0.05, we con-
ducted one more test to see if the protection rate was =70%.

We also analyzed data on the number of Phloeosinus gal-
leries present per 1000 cm? (160 in?) of bark surface area on
each bolt. First, we used a Kruskal-Wallis analysis of vari-
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Figure 1. Variation in density of Phloeosinus bark beetle
galleries per 1000 cm? (160 in?) of bark surface area per
Arizona cypress (A) or one-seed juniper (B) bolt for spray
formulations of four insecticide treatments plus an un-
treated control. Bars with different letters indicate signifi-
cant differences (analysis of variance on ranks, Dunn’s
method, « = 0.05).
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ance on ranks to determine if there were differences among
the treatments (o« = 0.05) (Systat Software Inc. 2004). If the
overall analysis of variance was significant, we used Dunn’s
test to conduct pairwise comparisons of all treatment means
(o = 0.05) (Systat Software Inc. 2004).

RESULTS AND DISCUSSION

Arizona Cypress Experiment

This study exceeded the 60% criterion for test rigor; 100% of
the control bolts had P. cristatus galleries present (Table 1).
None of the insecticide treatments provided =90% protection
(P < 0.001). The 0.06% bifenthrin treatment had a =80%
protection rate (P = 0.084) and the 0.03% bifenthrin pro-
vided =70% protection (P = 0.071). The 0.19% permethrin
and the 2.0% carbaryl treatments had protection rates <70%
(P = 0.009). All the treatments had lower densities of P.
cristatus galleries compared with the control, but none of the
spray treatments differed significantly from each other (Fig-
ure 1A). One of the control bolts was most likely removed
from the study site by vandals.

One-Seed Juniper Experiment
In this experiment, 62.5% of the control bolts had P. scopu-
lorum neomexicanus galleries, thus meeting our 60% crite-
rion for test rigor (Table 2). The 0.03% and 0.06% bifenthrin
and the 0.19% permethrin sprays all provided =90% protec-
tion (P = 0.691), and they had gallery densities lower than
the control (Figure 1B). The 1.0% carbaryl treatment had
=80% protection (P = 0.161), but the gallery density for this
treatment did not differ from the control or any of the other
treatments (Figure 1B). Identification tags from two of the
bolts of the 0.03% bifenthrin, 0.06% bifenthrin, and the
0.19% permethrin and one bolt of the 2.0% carbaryl were lost
during the transport of the bolts from the field to Northern
Arizona University greenhouse complex.

The 0.06 and 0.03% bifenthrin, 0.19% permethrin, and
2.0% carbaryl (2.0% carbaryl only tested against P. cristatus)
all performed well in terms of bark beetle attack pressure;

gallery densities were reduced 10-fold compared with the
controls. It is our opinion that under a natural setting (non-
baited live trees), these insecticide treatments would provide
sufficient protection.

The 2.0% carbaryl formulation tested in the Arizona Cy-
press Experiment had mixed results. Although it provided
<70% protection of the bolts (Table 1), it reduced gallery
density significantly compared with the control (Figure 1A).
The inadequate protection could have been caused by poor
bark coverage or penetration by the formulation we used; the
bark on the younger wood of Arizona cypress tree boles is
smooth and waxy, which may have caused coverage prob-
lems. Protection rates might be improved by adding spreaders
and stickers to this formulation.

The 1.0% carbaryl treatment in the one-seed juniper ex-
periment provided =80% protection (Table 2), but it did not
significantly reduce overall gallery density (Figure 1B).
These results prevent us from recommending 1.0% carbaryl
sprays for prevention of Phloeosinus spp. attacks.

Questions still remain regarding the duration of the re-
sidual activity of these treatments. Two percent carbaryl for-
mulations have been shown to be effective for one to three
beetle flight seasons in western bark beetle species (Gibson
1977; Shea et al. 1984; Haverty et al. 1985; Werner et al.
1986). Environmental factors that affect the breakdown of
pesticide treatments on the bole of a tree, e.g., sunlight and air
temperature, can vary widely from site to site and regionally.
DeGomez et al. (2006) reported that the residual activity of
0.06% and 0.12% bifenthrin (Onyx®), 2.0% carbaryl (Sevin
SL®), and 0.19% permethrin (Permethrin plus C® with cellulose
additive) sprays applied to ponderosa pine (Pinus ponderosa
Dougl ex. Laws.) bolts in northern Arizona was still effective
against pine engraver (Ips spp.) beetles 13 months after treat-
ment. A conservative estimate for length of effectiveness for
the bifenthrin and permethrin treatments would be one full
Phloeosinus beetle flight season, when sprays are applied just
before beetle flight in the spring. The residual activity may
extend for another year, but we cannot predict the level of
protection that might be provided from this experiment.

Table 2. Efficacy of preventive spray formulations in protecting one-seed juniper bolts from attack by Phloeosinus

scopulorum neomexicanus bark beetles.

Percent active No. One-Seed Juniper Bolts

P value for rejecting” binomial test p,,
that proportion of successes was = to:

Insecticide ingredient Tested  Failures” Successes Percent success 0.90 0.80 0.70
Control — 24 15 9 37.5% <0.001 <0.001 <0.001
Bifenthrin 0.03% 22 0 22 100.0% 0.887 — —
Bifenthrin 0.06% 22 1 21 95.5% 0.691 — —
Permethrin 0.19% 22 0 22 100.0% 0.887 — —
Carbaryl 1.00% 23 7 16 69.6% 0.002 0.161 —

“Rejection is more accurately described as “failing to accept the null hypothesis, H,.”
YTreatment failure defined as presence of P. scopulorum neomexicanus galleries in an individual bolt.
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These results may have economic consequences when se-
lecting which insecticide to use given that the base cost of
using these insecticides is highly variable. We estimate that
=13 L (3.4 gal) of mixed insecticide would be used on indi-
vidual cypress or one-seeded juniper trees. The cost of the
insecticide to spray a tree would vary from $7.00 (U.S.) for
the 2.0% carbaryl to $5.40 for the 0.06% bifenthrin and $1.80
for the 0.19% permethrin (with cellulose additive). The per-
methrin was one-fourth the cost of the 2.0% carbaryl and
one-third the cost of the 0.06% bifenthrin. We assume that
other permethrin products without the cellulose additive, la-
beled for bark beetle control, would have similar efficacy to
the Permethrin Plus C® that we tested for practically the same
cost per tree. We caution against using insecticides that are
not specifically labeled and formulated for protection against
bark beetles because they will be ineffective and economi-
cally disappointing.
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Résumé. Nous avons évalué I’efficacité du carbaryl, du bifenthrin
et du permethrin pour la protection du cypres de 1’ Arizona (Cupres-
sus arizonica) ainsi que du genévrier a une graine (Juniperus mono-
sperma) contre les attaques par deux scolytes (Phloeosinus spp.).
Des formulations de 2,0% de carbaryl (Sevin SL®), de 0,03% et
0,06% de bifenthrin (Onyx®) et de 0,19% de permethrin (Permethrin
Plus C®) ont été vaporisées sur des trous présents dans des sections
de tronc de cypres de 1’Arizona afin de tester leur efficacité pour
prévenir I’attaque et la colonisation par le Phloeosinus cristatus. Des
couvées de P. cristatus ont été produites sur toutes les sections de
tronc avec des trous chez le cypres de 1’Arizona. Le bifenthrin a
donné plus de 80% et plus de 70% de protection respectivement
avec des concentrations de 0,06% et 0,03%, tandis que le permethrin
20,19% et le carbaryl a 2,0% ont donné moins de 70% de protection.
Des vaporisations d’insecticides — 1,0% de carbaryl, 0,03% de bi-
fenthrin et 0,19% de permethrin — ont aussi testées pour la préven-
tion contre les attaques et la colonisation par le P. scopulorum
neomexicanus sur le genévrier a une graine. Des galeries de scolytes

étaient présentes sur 62,5% des sections témoins de tronc de
genévrier a une graine. Des données sur la présence de galeries
versus 1’absence de P. scopulorum neomexicanus ont indiqué que les
traitements avec du bifenthrin a 0,03% et a 0,06% ainsi que du
permethrin a 0,19% donnaient plus de 90% de protection, et ce alors
que le carbaryl a 1,0% donnait plus de 80% de protection effective
pour prévenir la colonisation. La formulation de bifenthrin a 0,06%
est celle qui donne la meilleure protection contre les deux especes de
Phloeosinus.

Zusammenfassung. Wir bewerteten die Effektivitit von Carba-
ryl, Bifenthrin und Permethrin im Einsatz gegen Borkenkiferbefall
bei Cupressus americana und Juniperus monosperma. An einer Aus-
wahl von Zypressenstimmen wurden Spriihlosungen mit 2,0 % Car-
baryl, 0,03 % uns 0,06 % Befenthrin und 0,19 % Permethrin eing-
esetzt, um einen Befall und Kolonisation mit Phloeosinus cristatus
zu verhindern. Die Kéferbrut wurde in allen Kontrollstimmen ge-
funden. Bifenthrin schiitzte mit = 80% bei 0,06 %iger Losung und
= 70 % bei 0,03 %iger Losung, Permethrin und Carbaryl hatten
beide eine Effektivitit von < 70 %. An Wacholderstimmen wurden
Insektensprays auf ihre Effektivitit gegen Befall und Kolonisation
durch P. scopulorum neomexicanus getestet. In 62,5 % der Kon-
trollstimme fand man Kifergallerien. Die Daten tiber das Vorkom-
men bzw. Abwesenheit des Kifers zeigten, dass die 0,03 % und 0,06
% Bifenthrin, sowie 0,19 % Permethrin = %igen Schutz boten,
wihrend 1,0 % Carbaryl zu = 80 Effektivitit zeigten. Die 0,06 %ige
Bifenthrin-Losung lieferte den besten Schutz gegen beide Kiferar-
ten.

Resumen. Se evalué la efectividad de carbaryl, bifentrin y per-
metrin para proteger ciprés Arizénica (Cupressus arizonica) y
junipero (Juniperus monosperma) del ataque de dos escarabajos de
la corteza (Phloeosinus spp.). Se probaron formulaciones en spray al
2.0% de carbaryl (Sevin SL®), 0.03% y 0.06% de bifentrin (Onyx®),
y 0.19% de permetrin (Permethrin Plus C®), en secciones de troncos
de ciprés Arizonica para probar su efectividad en la prevencion de la
colonizacion y ataque de Phloeosinus cristatus. Los P. cristatus se
reprodujeron en todos los trozos de ciprés Arizénica como control.
Bifentrin dio un =80% y =70% de proteccion por las formulaciones
al 0.06% y 0.03%, respectivamente; mientras que los tratamientos de
permetrin al 0.19% y carbaryl al 2.0% dieron proteccién del <70%.
Los spray insecticidas (1.0% carbaryl, 0.03% y 0.06% bifentrin, y
0.19% permetrin) fueron probados para prevencién de la coloniza-
cién y ataque de P. scopulorum neomexicanus en un brinzal de
juniperus. Las galerias del descortezador estuvieron presentes en
62.5% de los controles. Los datos de la presencia versus la ausencia
de galerias de P. scopulorum neomexicanus indicaron que los trata-
mientos de 0.03% y 0.06% de bifentrin y 0.19% de permetrin dieron
=90% de proteccion, y el spray de carbaryl al 1.0% fue =80%
efectivo en la prevencién de la colonizacién. La formulacién de
bifentrin al 0.06% proporciona la mejor proteccién contra las dos
especies de escarabajos de Phloeosinus.
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