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Abstract. Four general-use insecticides (Astro®, Onyx®, Dominion” Tree & Shrub, and Xytect 2F°) were evaluated for their effective-
ness at preventing attacks by the southern pine beetle (SPB) (Dendroctonus frontalis) and the small southern pine engraver (Ips avulsus)
using a previously developed small-bolt method. Evaluations were conducted between 58 and 126 days post treatment. South-
ern pine beetles from New Jersey and Mississippi, U.S., were evaluated using a mixture of field and laboratory small-bolt trials; beetle
origin did not appear to affect results. Astro and Onyx bole sprays were effective at reducing or eliminating attack by SPB, while the
imidacloprid soil drench products (Dominion and Xytect) were ineffective. With I. avulsus in Louisiana, U.S., Astro was effective
at reducing bole utilization at 58 and 83 days posttreatment but failed at 126 days. Onyx, Dominion, and Xytect were ineffective
against I. avulsus in these tests. Imidacloprid phloem residues averaged 0.74 (ug/g phloem dry weight) for Dominion and 1.31 for
Xytect, values that are similar to other studies but low for purposes of control. These results support previous findings that systemic
imidacloprid is ineffective for protecting pines against Dendroctonus bark beetles and that bole sprays with bifenthrin or perme-
thrin can be effective. However, permethrin was the only active ingredient that was effective against I. avulsus in the current study.
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The southern pine beetle (SPB) (Dendroctonus fron-
talis) was first observed in the state of New Jersey,
U.S., in this century in 2001 (Klischies and Bat-
tersby 2002). Prior to this, the most recent outbreak
in southern New Jersey is believed to have been
in 1939 (The Philadelphia Inquirer 2011). Popu-
lations of this aggressive beetle have been killing
an increasing number of pines in southern New
Jersey for the past six years, with especially wide-
spread host mortality being observed since 2010.
The beetle has been identified in survey traps as far
north as Monmouth County, but pine mortality has
been observed predominantly south of the Mullica
River, which forms most of the northern border of
Atlantic County (Figure 1). Six counties have ex-
perienced tree mortality caused by SPB: Atlantic,
Cape May, Cumberland, Camden, Gloucester, and
Salem; the first of these three being most impacted
(Figure 1). Pines have been killed on more than
12,950 ha during the current outbreak, with about
10,926.5 ha killed since 2010 (Ferguson et al. 2013).
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The primary SPB host in New Jersey is pitch pine
(Pinus rigida). Pitch pine is the most common pine
in the state and is a predominant forest tree, com-
prising about 15% of living forestland trees and 34%
of all trees (Crocker 2012). The species accounts for
the majority of observed mortality from SPB, but
beetle preferences among pitch pine and the other
hosts in New Jersey, including shortleaf pine (P, echi-
nata), loblolly pine (P. taeda), Virginia pine (P. vir-
giniana), eastern white pine (P, strobus), and red pine
(P, resinosa) (Klischies and Battersby 2002), have not
been determined. Southern pine beetle kills trees
wherever hosts are found. In southern New Jersey,
pitch pine is a common tree in urban and suburban
forests, which generally have areas that are over-
stocked and over-aged, providing ample hosts for
SPB to be a pest (Cameron 1987; Hayes et al. 1996).

Typical of eastern states in the U.S., the majority
of forests in New Jersey are privately owned with an
average holding size of 4.9 ha (Crocker et al. 2008).
Most forest owners in the state consider aesthetics a
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primary ownership objective, but the vast majority
do not have management plans (Crocker et al.
2008). Recreation is also a primary use for New
Jersey forests under all ownership types. These
statistics suggest high-value individual pines and
groups of pines will continue to be threatened by
SPB in New Jersey and that private, nonindustrial
landowners will consider prevention activities in
a high-value, urban setting. This context puts a
focus on managing individual trees and includes
insecticidal treatments as both a central option
for direct control, and especially for protection of
selected trees from attack. This is in contrast to a
general forest context in which mitigation of overall
damage is the primary consideration and in which
tree felling is the central management activity. In
this study, the primary research objective was to
evaluate general-use insecticides, a term applied to
products that are not on the restricted use list for
New Jersey (New Jersey Government 2013), for the
prevention of SPB attacks on pine hosts. Because
the SPB outbreak is ongoing, researchers endeav-
ored to generate test results with labeled products
as quickly as possible, so that homeowners and
practitioners may be informed. Methods and treat-
ments were chosen with this objective in mind;
more extensive evaluations of these and other tree
protection products in situ may also be of interest.

Systemic products and bole sprays are regis-
tered by US-EPA for preventive applications against
conifer-infesting bark beetles (Coleoptera: Curcu-
lionidae: Scolytinae). In various formulations, the
active ingredients (Als) bifenthrin, carbaryl, and
permethrin are labeled for prophylactic application
as bole sprays against bark beetles. Carbaryl is inef-
fective against SPB (Berisford et al. 1981; Zhong et
al. 1994; Strom and Roton 2009) and was excluded
from these tests. Bifenthrin and permethrin exist in
general-use formulations for New Jersey (Onyx® and
Astro®, respectively, along with generic products),
although other products based on these same Als
(e.g., Onyx Pro®) are considered restricted use and
are only available to licensed applicators. The study
authors are aware of at least six Als that are registered
for systemic application against tree pests (acephate,
avermectin, bidrin, imidacloprid, emamectin ben-
zoate, dinotefuran), but the majority of them have
been ineffective against bark beetles (Haverty et al.
1996; DeGomez et al. 2006; Grosman and Upton

Gloucester
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Cumberland

Figure 1. Map of counties comprising New Jersey, U.S. The
shaded area are those with known SPB infestations; mark-
ers show 2012 infestations. Populations of the southern pine
beetle have been in outbreak status in New Jersey since 2010.

2006; Grosman et al. 2010). The most promising of
these Als for bark beetles is emamectin benzoate
(TREE-age®; Syngenta Crop Protection, Greens-
boro, North Carolina, U.S.); however, evaluations
with this product against bark beetles continue, and
it is a restricted-use product in its current formu-
lation, which leaves primarily the neonicotinoids
imidacloprid (e.g., Xytect 2F°, Dominion® Tree &
Shrub) and dinotefuran (Safari®) as meeting the
criteria. Neither imidacloprid nor dinotefuran prod-
ucts have been effective in previous studies against
pine-infesting bark beetles (DeGomez et al. 2006;
Grosman and Upton 2006), and the Safari label
only lists mountain pine beetle (D. ponderosae).
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However, the uncertainty of achieving successful
application (i.e., sufficient movement to phloem),
particularly by soil drench, along with the ready
availability and lower cost of imidacloprid products
(relative to Safari), led researchers to include imi-
dacloprid in this evaluation, but not dinotefuran.
The wide availability of these products and their
ease of application make them an obvious choice
by do-it-yourself homeowners for use against SPB.

As mentioned, the primary objective of this
study was to assess the effects of general-use
insecticides prophylactically applied to pine hosts
against New Jersey SPB. Four products were eval-
uated using a series of small-bolt trials (Strom
and Roton 2009; Strom and Roton 2011): Onyx
(23.4% bifenthrin; FMC Corp., Philadelphia,
Pennsylvania, U.S.), Astro (36.8% permethrin;
FMC Corp., Philadelphia, Pennsylvania, U.S.),
Martin’s Dominion Tree & Shrub (hereafter
Dominion; 1.47% imidacloprid, Control Solu-
tions, Inc., Pasadena, Texas, U.S.), and Xytect 2F
(hereafter Xytect; 21.4% imidacloprid; Rainbow
Treecare Scientific Advancements, Minnetonka,
Minnesota, U.S.). All are labeled for application
against bark beetles and none was considered
restricted use in New Jersey at the time of the
study. Dominion is a generic product, similar to
Bayer Advanced™ Tree & Shrub, while Xytect was
of interest because its label allowed an application
rate of twice as much Al Both were applied as soil
drenches, while Onyx and Astro were applied as
bole sprays. With facilities and staff in Louisiana,
U.S., and previously developed methods for such
research, the study authors addressed research
objectives by treating trees in central Louisiana
and challenging them with SPB from New Jersey
and Mississippi, U.S. Researchers also challenged
treatments with Ips avulsus, because this species
provides reliable pressures in areas of Louisi-
ana, and to extend results to this typically less
severe but oftentimes more present pest of pines.

MATERIALS AND METHODS

Application of Tree Protection
Treatments

Thirty loblolly pines (average DBH = 11.4 cm)
were selected in central Louisiana for this study.
Each tree received one of five randomly assigned
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treatments: untreated control, Astro, Onyx, Do-
minion, or Xytect. Treatments were applied on
March 14, 2012, using the maximum label rate
of each product. This resulted in an average per
tree application rate of 12 ml (~2.6 ml AI) / 2.5
cm DBH for Xytect, and 90.3 ml (~1.3 ml AI) /
2.5 cm DBH for Dominion. For consistency of
application between products in the experimental
design, researchers adjusted label instructions
for treatment with imidacloprid products. Ap-
plication of soil drenches was made in 3.79 L of
tap water to each tree and maximum label rates
were used (per DBH cm) regardless of tree DBH.
Raking around the base of each tree provided a
mineral soil surface and a raised barrier of litter
detritus to help eliminate product movement
from the target area. Bole sprays were applied
to a maximum height of 2.5 m using a handheld
garden sprayer (Ace Hardware model number
7215064). Label rates for bark beetles were fol-
lowed for Onyx (2 pt / 100 gal) and Astro (5.35 qt
/ 100 gal), providing a mixed product with 0.06%
AT (bifenthrin) for Onyx and 0.5% AI (perme-
thrin) for Astro. Imidacloprid product labels sug-
gest a 60-day minimum waiting period following
soil drench applications to allow product uptake,
so treatment time was selected to allow challenge
by SPB beginning mid to late May 2012. At the
appropriate time, trees were felled and bucked into
small bolts (10-12 cm long) to allow products to
be challenged by SPB in field and laboratory trials
(Strom and Roton 2009; Strom and Roton 2011).
Companion bolts from each tree were stripped
of their phloem for determination of imidaclo-
prid residue concentrations (Fischer et al. 2009).

In 2011, similar trials in New Jersey were
attempted but did not result in sufficient attacks
of control bolts for a valid test of treatment effec-
tiveness (Table 1). However, imidacloprid residue
concentrations were determined from tree
phloem tissue and are reported herein. Loblolly
pines were treated on May 26, 2011, using appli-
cation methods similar to 2012. In addition,
drought conditions in 2011 forced researchers
to apply 3.7 L of water per tree at one and five
days after soil drench application. Trees were
felled, bucked, and the phloem removed for
residues on July 29, 2011 (64 days posttreatment)
and August 24, 2011 (90 days posttreatment).
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Table 1. Descriptions of individual experimental trials conducted as part of this study with the southern pine beetle
(SPB) or Ips avulsus (Ips). Insecticide residue concentrations were determined from phloem collected from each

unireated and imidacloprid-treated study tree after felling.

Evaluation Site Insect species Dates of trial Trial set* Days posttreatment” Valid test*
source
NJ Field 11-1 Glassboro SPB-NJ feral Aug 3-102011 4 69 N
NJ Field 11-2 Winslow SPB-NJ feral Aug 30-Sept 8, 2011 5 96 N
NJ Field 1 Clarks SPB-NJ feral May 15-19, 2012 1 62 N
NJ Field 2 Harding SPB-NJ feral May 15-20, 2012 1 62 Y
MS Field 3 Homochitto SPB-MS feral June 5-12, 2012 2 83 Y
NJ Lab 1 Laboratory SPB-NJ bolts" May 25-27, 2012 2 72 Y
NJ Lab 2 Laboratory SPB-NJ bolts" May 31-June 2, 2012 2 78 Y
MS Lab 3 Laboratory SPB-MS bolts* July 16-18, 2012 3 124 Y
LA Field 1 Stuart Ips-LA feral May 14-21, 2012 1 61 Y
LA Field 2 Stuart Ips-LA feral June 5-12, 2012 2 83 Y
LA Field 3 Stuart Ips-LA feral July 18-25, 2012 3 126 Y

1 = cut on May 11, 2012; 2 = cut on May 25, 2012; 3 = cut on July 15, 2012; 4 = cut on July 29, 2011; 5 = cut on August 24, 2011.

¥ At first day of bolt’s exposure to beetles.

*Based on attack number (SPB) or proportion of subsamples with activity (Ips avulsus) observed on control/untreated bolts.

 Infested pitch pine from Harding site.
¥ Infested loblolly pine from Homochitto National Forest.
Note: NJ = New Jersey; MS = Mississippi; LA = Louisiana.

Small-Bolt Field Evaluation of Tree
Protection Treatments
For the New Jersey (NJ) field portion of the study,
two sites on state property were selected based
upon adequate beetle activity and stand acces-
sibility. Stands at both sites were predominantly
pitch pine, one being mostly sawtimber with a
closed canopy (Clarks Landing) and the other
being sapling-sized pitch pines and a more open
canopy (Harding). Both sites had active SPB pop-
ulations as indicated by freshly attacked trees.
Treated trees in Louisiana were cut and bucked
into small bolts on May 11, 2012 (58 days posttreat-
ment), and deployed in traps at the NJ sites from
May 15 to 20, 2012 (Table 1; Figure 2). The evalua-
tion method was adapted from similar experiments
conducted with Ips bark beetles in central Louisiana
(Strom and Roton 2011). A single cut bolt (~11 cm
x 11 cm) was placed into a bucket that replaced
the usual collecting cup on a Lindgren multiple-
funnel trap (12-funnel; Synergy Semiochemicals
Corp., Burnaby, British Columbia, Canada) (Lind-
gren 1983; Figure 2) and held the bolt in place. Two
attractants were hung at the middle funnel of each
trap, frontalin (racemic, 600 mg load; release rate of
5.9 mg / day at 23.1°C) and an Ultra High Release
pouch with SPB monoterpene blend (70% alpha-
pinene [75%-(+) enantiomere], 30% beta-pinene;
release rate of 3.7 g / day at 26.8°C) (USDA Forest
Service 2010). A third attractant, endo-brevicomin
(release rate of 0.4 mg / day at 20°C), was attached
to vegetation approximately 4 m horizontal dis-

tance from each trap. This is the most attractive,
commercially available lure combination for SPB
in the southeastern U.S. (Sullivan et al. 2007), and
was so selected to provide the greatest challenge
to treatments. All semiochemicals were purchased
from Synergy Semiochemicals Corp. Successful
challenge to insecticide treatments by this method
depends on the attraction of female SPB to the
trap, which then fall into the collecting container
and attack the bolt that is lying in the bottom ad
libitum. Female Dendroctonus bark beetles initiate
attacks and are primarily responsible for creating
nuptual chambers and galleries; their activity is
necessary for determination of treatment success.
Although still male-biased, the lure combination
with endo-brevicomin is believed to attract the
same sex ratio as the lure without, at least under the
conditions evaluated to date (Sullivan et al. 2007).

In New Jersey, bolts were assigned to trap loca-
tions using a randomized complete block design
with six blocks and five bolts per block (one from
each treatment). Clarks Landing was a larger infes-
tation, so four blocks (n = 20 bolts) were installed
there with the remaining two (n = 10 bolts) being
installed at Harding. Bolts were checked twice daily,
which allowed researchers to observe attacks and
manipulate blocks when needed to create more bee-
tle pressure. Each time any manipulation was done
(e.g., trap locations moved within an infestation),
the entire block was treated similarly and treatments
were re-randomized. As the experiment progressed,
it became clear that bolts were not being attacked
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Figure 2. To attract southern pine beetles (SPB) and chal-
lenge treatments in the field, bolt sections were placed in
a bucket and attached to the bottom of a baited Lindgren
multiple funnel trap. Laboratory evaluations were also con-
ducted and provided higher pressures of SPB for treatment
evaluations.

as expected. A high concentration of the predaceous
clerid beetle (Thanasimus dubius), was apparent in
the buckets and appeared to have impacted attacks
by eating trapped SPB. To combat this, researchers
placed a screen between the bottom funnel and the
bucket (Ross and Daterman 1998) during the exper-
iment. Researchers also collected all insects from
buckets in selected blocks on two occasions between
May 17 and 20 so that sex ratios of SPB could be
determined. Again, all manipulations were made
while ensuring entire blocks were treated similarly.

A second field evaluation was conducted with
SPB in Mississippi (MS) (Homochitto National
Forest) June 5-12, 2012. Study trees were cut on
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May 25, 2012—72 days posttreatment—and stems
stored at ~8°C until being bucked for small bolts
on June 4, 2012. Methods followed those used in
NJ except for two changes made in response to
the poor attack numbers that were observed in
NJ. First, endo-brevicomin was removed from
the attractant lure because in the past it has
produced little impact on trap catches of SPB
within infestations in the southeast, and there
are many environmental variables that seem
to impact catches with this lure (Sullivan et al.
2011). This made researchers unsure of impacts
on sex ratio under the conditions of the cur-
rent experiment. Second, bolts were deployed
in MS using a completely randomized design
because blocking was not effective at the NJ site;
the study authors reverted to a simpler design.

Due to the low pressures realized with SPB in
the field portion of this study, three additional
field trials were conducted with the small southern
pine engraver (I. avulsus) to provide additional
data on treatment impacts. All three trials were
conducted in central Louisiana (Stuart Seed
Orchard, Catahoula Ranger District, Kisatchie
National Forest). Ips avulsus is not a major pest but
was targeted because it can cause pine mortality
and provides a predictably high level of chal-
lenge to study bolts deployed in central Louisiana
(pers. obs.). Traps with bolts were baited using an
attractant combination for this species: racemic
ipsdienol and lanierone (Strom et al. 2003). Trials
used bolts from the same group of treated trees as
the SPB portions of the study (Table 1). The first
Ips trial was conducted May 14-21, 2012, and
included 10 bolts, one each from two donor trees
per treatment. Trees were shared with the SPB trial
in New Jersey and were cut on May 11 (58 days
post treatment). The second trial was conducted
June 5-12, 2012, and also included 10 bolts, two
bolts each from a single tree per treatment. Trees
were shared with the Homochitto SPB evalua-
tion. The third trial was conducted July 18-25,
and included 10 bolts, one each from two trees per
treatment. Trees were cut on July 15 (123 days post
treatment). Bolt evaluation procedures followed
Strom and Roton (2011) and used subsampling of
phloem with a round punch (1.3 cm diameter; C.S.
Osborne and Co., Harrison, New Jersey, U.S.) to
assess both the lower threshold for verifying chal-
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lenge by beetles (at least 50% of subsamples with
activity) and the threshold for treatment effective-
ness (no more than 20% of subsamples positive
for Ips activity to indicate an effective treatment).

Small-Bolt Laboratory Evaluation of
Tree Protection Treatments
Laboratory evaluations of treatments were con-
ducted with SPB and employed methods previously
developed for testing tree protection treat-
ments with this species (Strom and Roton 2009).
Southern pine beetles emerged into refrigerated
containers from infested pitch pine bolts taken
from the Harding site. Within 48 hours of emer-
gence, SPB were separated into groups of 75 and
released into plastic and screen containers (~6,900
cm?; Pioneer Plastics, Inc., Dixon, Kentucky, U.S.)
with small bolts. Beetles were allowed to attack
ad libitum for 48 hours, at which time the con-
tainers with beetles were placed into refrigerators
to suspend their activity until bolt dissections.
Three experimental trials were conducted in
the laboratory (Table 1). The first two utilized NJ
beetles and bolts from the same trees as the field
trial in MS. The third laboratory trial used SPB
from MS, collected and handled in the same way
as the NJ beetles. New Jersey SPB were confined
with bolts on May 25, 2012 (72 days posttreat-
ment) and May 31, 2012 (78 days posttreatment).
For both trials with NJ beetles, the trees were the
same and were cut on May 25, 2012, one tree per
treatment. The combination of treatments (five)
and replicates (two bolts) provided 10 bolts in
each trial, four replicate bolts per treatment over
the two trials. Beetles from Mississippi were used
in the third trial, which began on July 16, 2012
(124 days post treatment), with study trees being
cut on July 15, 2012. In this trial, two trees per
treatment were used, each donating two bolts to
the test. This resulted in 20 bolts (five treatments,
two trees per treatment, two bolts per tree, pro-
viding four replicate small-bolts per treatment).

Evaluation of Bolts

Small bolts were evaluated similarly whether expo-
sure to SPB took place in the field or in the lab;
however, increased replication in the lab allowed
more extensive evaluation of treatments. Both
field- and lab-exposed bolts were dissected in the

laboratory by first removing SPB from the outer
bark, where they are often found in crevices, and
counting them along with those found elsewhere
in the container. Bolts were then dissected by par-
ing away the outer bark, counting the number of
attacks (nuptial chambers and galleries), and mea-
suring the total length of adult gallery constructed
in the bolt during the exposure period. Parameters
for discerning successful versus unsuccessful treat-
ments outlined elsewhere (Strom and Roton 2009;
Strom and Roton 2011) were adopted with slight
revision for this study. Briefly, the interest was to
determine treatment efficacy (i.e., the ability of
a treatment to achieve a management objective
defined a priori). In this case, the desire was to de-
termine a probability that a treatment will protect
trees from beetle-caused mortality under verifiable
pressure (Shea et al. 1984). This cannot be done
directly using the methods in this study because
tree mortality was not an observation available to
researchers. However, treatments were evaluated
against a predetermined level of protection, and
where sample sizes were sufficient, treatments were
also compared. Strom and Roton (2009; 2011) sug-
gest that successful protective treatments be iden-
tified by one or more of the following criteria: a
95% confidence interval (CI) that includes zero for
the average number of attacks for each treatment;
fewer than two attacks per bolt; or, for I. avulsus,
<20% of subsamples positive for beetle activity. For
this study researchers revised the CI approach to
employ a one-way interval [lower boundary (LB)
only] to increase the statistical power for elimi-
nating ineffective treatments. This change did not
affect the results of this study, but it is believed to
be a better approach. For all of these methods it
is suggested that a minimum of four to five repli-
cate bolts be used to establish each mean and that a
predetermined level of beetle activity be observed
in control bolts to accept a test as valid (Table 1).
For SPB, >5 attacks per control bolt was proposed
as a minimum threshold for experimental validity,
and for I. avulsus, 250% of subsamples being posi-
tive for activity (Strom and Roton 2009; Strom and
Roton 2011). When beetle pressure does not result
in these criteria being met on control bolts, the test
is not considered valid for treatment inferences.

Exposure of beetles to systemic treatments
occurs at a different stage in the host selection
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process than it does with bole sprays; a consid-
eration for developing evaluation criteria. Attack-
ing beetles must penetrate the outer bark before
they are exposed to a systemic insecticide in the
phloem, whereas with bole sprays, beetles may
be killed on the outer bole prior to reaching the
inner bark. Treated tissues must be contacted, and
usually consumed, for the most toxic effect to be
realized from systemics, so assessing the number
of attacks may provide an incomplete determi-
nation of treatment effects. Attack number has
not been reduced by even those systemics with
the greatest impact against bark beetles (Gros-
man et al. 2009; Strom et al. unpublished data),
and under certain conditions one would expect
the number or density of attacks to increase due
to shorter beetle galleries and the consequent
increase in acceptable phloem tissue available to
subsequent attackers. Strom and Roton (2009)
did not evaluate systemic treatments and did not
address this difference in treatment activity when
proposing guidelines. For systemic treatments,
attack number may retain importance, but utili-
zation of phloem is also important for assessing
toxicity. To address this, researchers of the current
study evaluated attack number and the gallery
length per attack (GLA) and compared treat-
ments using analysis of variance (ANOVA)
when sample sizes allowed. Transformation by
natural log or square root was used when data
histograms and residual plots showed improve-
ment toward normality and homogeneous vari-
ances; the better of the two transformations for
meeting these criteria was selected in each case.
This analysis provides a first-step toward pro-
ducing thresholds for effectiveness; however, the
relatively late exposure of adult beetles during
the attack process and the relatively slow effects
of some systemic Als may conspire to reduce
their utility under high bark beetle pressures
(see Discussion). Readers are cautioned about
interpreting ANOVA results as being predictive
of resource protection or field (in situ) efficacy.

Determination of Imidacloprid
Residues

Imidacloprid residue concentrations in phloem
were assessed with polyclonal enzyme-linked im-
munosorbent assay (ELISA) kits (EnviroLogix™,
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Portland, Maine, U.S.) for untreated and imida-
cloprid-treated study trees (Fisher et al. 2009).
Upon felling, a representative bolt from each tree
was stripped of its phloem, which was then col-
lected and kept frozen (-19°C) until preparation
of samples for residue determinations. Samples
were oven dried at 38°C for at least 48 hours,
followed by grinding in a Wiley mill (mesh size
20). A 0.5 g portion of each ground sample was
extracted in 10 ml of chromatography grade meth-
anol (Burdick and Jackson, Muskegon, Michigan,
U.S.) with overnight horizontal agitation. Fol-
lowing removal from the agitator, samples were
placed upright, sediment was allowed to settle and
1.5 ml from each sample transferred to a 12 mm x
32 mm autosampler vial with a Teflon-lined screw
cap (SUN SRI, Rockwood, Tennessee, U.S.). Sam-
ples were refrigerated (4°C) until determinations
of residue concentrations were made. For ELISA,
all kit instructions were followed. Duplicate
wells were used for each sample and their mean
recorded. The dynamic range of the Envirologix
imidacloprid kit is 0.2 to 6.0 ng/ml, so serial di-
lutions were made from samples, as needed, until
a result within this range was achieved. A Biotek
ELx808 plate reader (Biotek, Inc., Winooski, Ver-
mont, U.S.) was used to measure absorbance at
450 nm, and results calculated using 4-parameter
curve fitting software (Biotek Gen5, Biotek, Inc.).
Both matrix-only blanks and imidacloprid spikes
(6 ug/g dry weight) were included with each plate
to provide an estimate of matrix interferences and
to ensure kit performance. The mean value gener-
ated from duplicate samples was used for analysis.

RESULTS
Small bolts from different treatments did not dif-
fer in size. The average bolt diameter in SPB field
trials was (mean £ 1 SEM) 11.2 + 0.3 cm, aver-
age length was 10.9 £ 0.07 and bark surface area
averaged 384.8 £ 9.4 cm® In lab trials, these values
were 10.9 + 0.2 cm for diameter, 11.1 + 0.04 cm for
length, and 379.2 + 7.2 cm” for bark surface area.
Two-way analysis of variance was used to com-
pare bolt surface area by block and treatment and
resulted in no significant differences (field: F =
0.61, P = 0.66; lab: F, ,, = 0.81, P = 0.53). Because
bolts did not differ in size by treatment, research-
ers did not correct for bolt size in evaluations.
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Small-Bolt Field Evaluation of Tree
Protection Treatments
Small bolts that were challenged by SPB in the field
received lower beetle pressure (fewer attacks) than
desired. In New Jersey, traps were baited to begin
the exposure period on May 15, 2012, 62 days after
trees were treated in central Louisiana. Treated
bolts were deployed in a randomized complete
block design at two sites. None of the four blocks
at Clarks Landing received a sufficient number of
control bolt attacks to indicate a valid test (Strom
and Roton 2009), so they were excluded from
analyses. At Clarks Landing, the mean number of
control bolt attacks sitewide (across blocks) was
0.5 £ 0.29 (mean + 1 SEM, n = 4). At the Harding
site, bolts received more pressure from SPB, and
the number of attacks on control bolts (6.5 + 1.5,
n = 2) exceeded the minimum attack threshold.
This was also true in Mississippi (5.5 + 1.5, n = 2).
Bolts treated with either Astro or Onyx sustained
no attacks and had no gallery construction at the
Harding or Mississippi sites. In contrast, systemic
imidacloprid treatments were considered ineffec-
tive as they received >2 attacks per bolt on average.
At the Harding, NJ site, Xytect bolts (mean = 9.5
+ 4.5, n = 2) and Dominion bolts (mean = 3.0
+ 1.0, n = 2) were both above the threshold for
effectiveness, and the same was true for the Mis-
sissippi site (Xytect mean = 20.5 £ 7.5; Dominion
mean = 4.5 £+ 2.5). Plans for additional replicates
were abandoned due to the low number of attacks
received on bolts in the field traps. Due to the
low number of valid replicates achieved at the NJ
and MS sites, researchers did not pursue the CI
evaluation criterion or comparisons by ANOVA.
Collections of insects from buckets in New Jer-
sey revealed that the sex ratio of captured, intact
SPB was strongly male biased, far more than
expected. In the 10 replicates collected over the
course of four days (50 buckets), total captures
were: 233 female SPB; 4,334 male SPB; 5,153 cler-
ids; 43 Temnochila virescens; and 42 D. terebrans.
The number of female SPB is critical for bolt attack
and therefore treatment challenge, and ranged
from 0 to 91, with a mean of 4.7. The mean sex
ratio (male:female) was 18.6:1 (94.6% male). The
low number of female SPB and the high number
of clerids are likely to blame for the lack of bolt
attacks observed in New Jersey; more data

need to be gathered on lure effects on SPB sex
ratio over a range of conditions so that female
numbers can be more effectively manipulated.

Field assessments using bolts from the treated
trees were conducted in Louisiana with I. avulsus
in three trials (Table 1; Figure 3). The first trial
began on May 14, 2012 (58 days posttreatment),
with bolts that were cut on May 11. There were two
bolts per treatment. As expected, bolts received
heavy attack pressures from I. avulsus with 100%
of untreated control sampleshavingbeetle activity.
Neither imidacloprid product was effective at
reducing bolt use by I. avulsus: Xytect bolts had
25/30 (83.3%) samples positive and Dominion
had 35/36 (97.2%). Onyx was also ineffective
(17/33, 51.5%), leaving Astro (0/36) as the only
treatment considered effective in this trial. The
second trial began June 5,2012 (83 days posttreat-
ment), and resulted in a similar pattern. Control
bolts showed a heavy challenge (38/39 samples
positive, 97.4%), and Astro was the only effec-
tive treatment (0/30 samples positive). Dominion
(30/33, 90.9%), Xytect (37/42, 88.1%), and Onyx
(27/42, 64.3%) were ineffective. The third and
final evaluation with I. avulsus began on July 18
(126 days posttreatment). In this trial, control
bolts showed a valid test (36/36 samples positive)
and none of the treatments were effective. In
addition, their relative effectiveness ranking had
changed: Dominion were the poorest performer
(30/33, 90.9%), followed by Onyx (24/36, 66.7%),
Astro (19/33, 57.6%), and Xytect (14/27, 51.9%).

Small-Bolt Laboratory Evaluation of
Tree Protection Treatments

In the three laboratory trials, treatments received
a more vigorous challenge from SPB than in the
field trials (Figure 4). Two experimental trials
were conducted with NJ beetles and one with MS
beetles (Table 1). Each laboratory trial resulted in
a valid test, with control bolts averaging 28.6 +
1.5 attacks across the three trials. As in the field
portion of the study, only the bole sprays, Onyx
and Astro, effectively reduced or eliminated SPB
attacks. In two trials, attacks and gallery lengths
were zero, while in the third, each of these two
treatments had a single bolt that received one
attack. The imidacloprid systemic products were
ineffective by either of the criteria, each averag-
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ing >2 attacks (Figure 4A) and with lower bound-
aries of their 95% CIs that did not include zero.
Eight replicate bolts were available from which
treatment means and ClIs were determined. Astro
(mean = 0.016) and Onyx (mean = 0.016) were
again excluded from the determination of CIs
because the lack of variation in attack numbers
did not allow for them to be generated. None of
the other treatment means included zero in their
95% CI (back-transformed from square root
transformed data): control (mean = 28.5, LB =
25.6), Dominion (mean = 25.6, LB = 22.8), or
Xytect (mean = 26.7, LB = 23.1), indicating their
failure to achieve efficacy based on this criterion.

Unlike the field portion of this study, research-
ers had sufficient replicates and beetle pressure
to evaluate treatment impacts using additional
criteria to gain information about the systemic
treatments. Using two-way ANOVA (trial and
treatment plus trial*treatment interaction)
on square root transformed attacks, labora-
tory trial*treatment interaction was NS (F8,
25 = 1.58, P = 0.18), suggesting that treatment
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Figure 3. Average percentage of subsamples per small bolt
that was positive for Ips avulsus activity (beetle or gallery) in
field bioassays in central Louisiana. Weeklong trials began
at 58, 72, and 124 days posttreatment, each indicated by a
different bar shade. For treatments to be considered suf-
ficiently challenged by I. avulsus, control bolts (Con) must
have 50% of subsamples with activity; all three trials met this
criterion. Effective treatments are indicated by fewer than
20% of subsamples having activity (hashed horizontal line).
Astro (Ast) at 58 and 72 days posttreatment (both 0 attacks)
was the only effective treatment by this criterion. Sample
size was two bolts per treatment per trial.
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effects were similar for New Jersey and Missis-
sippi beetles in this environment and allowing
the study authors to combine data across trials.
Comparing treatments using Tukey’s HSD with
pooled error (F4) ;3 = 369.0, P < 0.0001) showed
that the two bole sprays resulted in significantly
fewer attacks compared to controls and imida-
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Figure 4. Average number of attacks (a) and average cm gal-
lery length produced per attack (GLA) (b) by the southern
pine beetle (SPB) in laboratory small-bolt assays. Each bar
depicts the mean = 1 SEM of n = 8 bolts. Treatments were:
Ast = Astro, Con = control, Dom = Dominion, Onx = Onyx,
and Xyt = Xytect. Bars with different letters represent means
that were significantly different (Tukey’s HSD). Bolts were
exposed to about 75 unsexed adult SPB in bioassay arenas
for 48 hours between 72 and 124 days post-application of
treatments to trees. Please note differences in the ordinate
among plots.
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cloprid, but the imidacloprid treatments pro-
duced no effect relative to controls (Figure 4A).

As mentioned, the method of exposure and
mode of activity of systemics against bark bee-
tles suggest that gallery length measures are
important for evaluating their effects. Two-way
ANOVA (trial and treatment plus trial*treatment
interaction) on In transformed GLA resulted in
a NS effect for laboratory trial*treatment inter-
action (F ,, = 0.95, P = 0.49). Using pooled
error, the treatment effect was highly signifi-
cant (F4’ ,; = 658.5, P < 0.0001; Figure 4B). Bole
sprays again performed better than other treat-
ments, allowing for significantly shorter galleries
per attack (Tukeys HSD with pooled error;
Figure 4B); however, their effectiveness at elim-
inating attacks resulted in the availability of
only one bolt each for evaluating this response.

Determination of Imidacloprid
Residues

Because the experimental time frame (trees were
cut between 58-124 days after treatment) and
tree-level replication (one to two trees per expo-
sure period) were limited, residue results were
combined across sites and times for analysis.
Untreated control samples (matrix only) aver-
aged 0.19 + 0.06 pg/g dry weight (n = 9) and
were significantly lower than either imidaclo-
prid treatment. The two imidacloprid treatments
did not differ in concentration of residues in the
phloem: Dominion samples averaged 0.74 + 0.16
(n = 9) and Xytect samples 1.31 + 0.26 (n = 9).

DISCUSSION
Southern pine beetle is not foreign to New Jersey
but outbreaks are infrequent. New Jersey is included
in early range maps and the species was previously
observed in the United States in southern Pennsyl-
vania, West Virginia, and Maryland (Hopkins 1909;
Hopkins 1921). Prior to 2002, the last outbreak in
New Jersey appears to have been in 1939 (The Phila-
delphia Inquirer 2011), but researchers have not
located references that describe it. Although native,
SPB are invasive and damaging when populations
increase to high levels. Outbreaks are unpredict-
able, costly, and highly disruptive to forest man-
agement. High-value trees in urban forests, recre-
ational areas, and homeplaces suffer mortality with

few options for their protection. Cutting, to provide
more optimal tree spacing, remove brood trees, or
provide buffer zones, is often difficult or unfeasible
in environments with high-value trees, leaving
insecticides as the only known effective option for
protecting selected trees. Research on the identifi-
cation and deployment of disruptant semiochemi-
cals is ongoing, but efficacious alternatives have yet
to be identified for SPB (Strom and Clarke 2011).

About 62% of forestlands in New Jersey are owned
by families, and 73% of that group own between 0.4
and 4.9 ha (Crocker et al. 2008). Among these own-
ers, aesthetics and nonindustrial uses are central
to their objectives (Crocker et al. 2008), suggesting
trees will be managed as high-value entities and their
protection from identifiable hazards, like SPB, will
be considered. Insecticide treatments can be expen-
sive and are generally ineffective for goals other than
protection of individual trees or resources. That is,
they are not effective for population suppression,
although infested boles may be cut and sprayed to
reduce or eliminate the emergence of viable SPB
brood (Swain and Remion 1983). Although there
exist limited options for protecting pines from SPB,
registered insecticidal products include bole sprays
and systemics. In this and other studies with bark
beetles, systemic products have underperformed
bole sprays during the year of application (DeGo-
mez et al. 2006; Grosman and Upton 2006). Against
other forest insects, soil drenches in particular have
shown inconsistent or delayed effects (Xu et al. 2008;
Doccola et al. 2012). This is not surprising because
soil drenches are subject to additional environmen-
tal influences through the soil and over time, but
it is an important consideration for tree protec-
tion treatments against bark beetles. Stem-injected
products are less susceptible to those influences but
usually require some level of tree injury for applica-
tion and may introduce other heterogeneities via the
spatial pattern of injection points. They also, how-
ever, may provide multiple-year effects and have
more impact against bark beetles (Grosman et al.
2002; Grosman et al. 2010) along with a wider range
of available Als; the utility of stem-injected prod-
ucts against bark beetles continues to be evaluated
(e.g., Grosman et al. 2010; Strom et al. unpublished).

Regardless of application method, systemic Als
now available, including imidacloprid, must be
ingested by the attacking beetles to be most effec-
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tive. Contact toxicity has been observed but LC50s
are about 10x lower for ingested compared to con-
tact toxicity with the Asian longhorned beetle (ALB)
(Anoplophora glabripennis) (Wang et al. 2005). Even
with ingestion, mortality from imidacloprid can
occur slowly in adult beetles. For example, with
ALB feeding on Norway maple (Acer platanoides)
a 1.3 ppm residue concentration required 21 days
to kill 50% of the population (Ugine et al. 2012).
In addition, even with stem injection, only 5.2%
of treated trees eliminated egg laying (Ugine et al.
2012). Sub-lethal effects may help to increase effec-
tiveness but they are as yet undetermined, and with
bark beetles they are probably less useful because
beetles are already attacking, producing gallery and
attractants, and exposing the tree to phoretic organ-
isms. Researchers do not know the tissue residue
concentrations of imidacloprid required to impact
bark beetles, but tree protection from these pests
requires faster action resulting in less adult activity
than indicated for ALB in the Ugine et al. (2012)
study. Although feeding by adult ALB may be a tar-
get for insecticides, bole protection requires larval
poisoning. A similar situation exists with the emer-
ald ash borer (EAB) (Agrilus planipennis); however,
with bark beetles, adult activity kills the host tree
so they must be impacted directly and quickly by
phloem residues to provide adequate tree protection.

The mode of activity of systemic insecticides
creates at least three problems for tree protection
against bark beetles. Current systemic products
do not reduce the number of attacks, they do not
impact associated organisms (e.g., fungi), and
attacking beetles are still able to make galleries,
even if abbreviated. Thus, the magnitude of the
feral population of beetles becomes integral to
treatment effectiveness because a high number of
attacks is still likely to kill a host tree almost regard-
less of beetle success. That is, attacking beetles con-
struct galleries and produce frass, so even if gallery
length is significantly reduced, an ample pool of
feral beetles may still be sufficient to cause treat-
ment failure through a higher attack density. On
the other hand, quantifying ambient beetle popu-
lations is notoriously difficult, as is estimating the
number of beetles available to attack a particular
tree in time and space. This can lead to a treatment
appearing to be effective, particularly over short
beetle exposure periods, so long as it is marginally
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more effective than doing nothing. Successful mass
attack requires synchronous events, which in turn
require an ample pool of attackers during a limited
moment in time (probably weeks or less, but this
can happen in more than one episode). In addition,
the impact of organisms like fungi, that are pho-
retic on beetles and inoculated during the attack
process, is uncertain in the unnatural within-tree
environment created by an effective systemic;
research into these factors is only beginning.

The study authors do not know the ingested
dosage of imidacloprid, or residue concentrations,
that are required to impact SPB. However, residue
values in this study were low for successful tree
protection, although similar to those observed in
other types of tissues researchers and others have
examined (Xu et al. 2008; Fischer et al. 2009; Ugine
et al. 2012). In results from published laboratory
studies, SPB kept at 28°C averaged 2.55 cm of gal-
lery before the first egg niche (Clarke et al. 1979).
It is widely believed that under natural conditions,
oviposition by SPB is indicative of a host that will
succumb to attack. Thus, one method for develop-
ing a threshold value to assess the potential utility
of a systemic insecticide is to select a portion of the
gallery length as a target reduction that must be
achieved to indicate treatment success. Shea et al.
(1984) employ a target of 90% (80% with the CI)
protection (tree survival) as a basis for efficacy with
standing trees, and Strom and Roton (2009; 2011)
base their preliminary suggestions for screening
effectiveness with host bolts on this approach.
They suggest, as a starting point for assessing treat-
ments, the number of attacks must be reduced
by 80% relative to controls for a treatment to be
considered effective. For gallery length, 20% of
the overall control average for field-generated
GLA in the present study would provide a gallery
length value of about 1.3 cm, or half of the gallery
length that is typical before the first egg. If adopted
in this study, this criterion would agree with the
other criteria and result in neither imidacloprid
product in this study being considered successful.

Another possibleapproach to predicting the utility
of systemics is to use an experimentally determined
toxicity of the AI for the target insect and estimate
the tissue consumption needed for this amount to
be ingested. This level of tissue consumption can
be considered as likely to occur because toxic levels
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would not be ingested until it is reached; the result-
ing plant injury can then be evaluated for its conse-
quences on achieving management goals. For SPB,
the toxicity of imidacloprid is unknown, preclud-
ing a direct estimate. However, an example of the
approach can be generated by assuming imidaclo-
prid toxicity is similar between SPB and EAB, which
has an estimated oral LD50 of 7.1 ng/adult beetle
(Cregg et al. 2005). With respect to SPB this is prob-
ably conservative because EAB is considered to be
relatively susceptible to imidacloprid, while imida-
cloprid treatments have been ineffective against SPB
and other bark beetles (DeGomez et al. 2006; Gros-
man and Upton 2006). Windell and Kautz (2007)
report the average mass of adult EAB to be 25.6 mg
for males and 43.5 mg for females. Adult SPB mass
also varies by sex, but a mean of about 1 mg is rea-
sonable (Wagner et al. 1981; Ayres et al. 2000), so
at the same susceptibility level an estimated LD50
would be about 30 times lower, or 0.24 ng imida-
cloprid, per adult beetle. At an average imidacloprid
tissue concentration of 1 pg/g phloem dry weight, as
observed in the current study, a consumption of 240
ug dry weight of phloem tissue would be required
to reach the projected LD50 level. The specific
mass of loblolly pine phloem has been estimated as
29.8 mg/cm? dry weight (Ayres et al. 2000). South-
ern pine beetles are about 1.25 mm wide (Wagner
et al. 1981) and are assumed cylindrical. Gallery
width should be slightly larger but similar. A 2.54
cm long gallery should encompass the movement of
about 31.2 mm? phloem tissue, or 0.312 cm?, lead-
ing to a total phloem displacement of 9.3 mg. This
amount of phloem would be estimated to contain
0.0093 ug imidacloprid or 9.3 ng or about 39x the
necessary tissue for the estimated LD50. Although
contact toxicity may affect the overall toxicity of
the treatment (e.g., Wang et al. 2005), the observed
gallery lengths suggest the LD50 assumptions esti-
mated from EAB are indeed inaccurate and that
SPB is less susceptible to imidacloprid than is
EAB, perhaps being closer to 10 ng/adult beetle.

Additional experiments, conducted in situ, are
necessary to clarify the efficacy of bole spray treat-
ments against SPB in New Jersey. Field studies are
expensive and have the primary difficulty of requir-
ing that a threshold of untreated trees be killed before
inference can be made regarding treatment efficacy
(Shea et al. 1984). Also, established methods for in

situ studies are more difficult to employ success-
fully with SPB than with related western species (for
which they were initially developed) because of the
nature of SPB’s spot infestations. The level of aggre-
gation in SPB is very high, causing heterogeneity
in beetle recruitment across long transects, and
alternatively, with the management of “spillover”
attacks that occur on trees nearby to study trees.
This is particularly difficult in areas where spillover
trees cannot be quickly and efficiently cut or har-
vested. However, if determination of a single, best
treatment for tree survival is considered impor-
tant, including factors like treatment durability
and the probability of tree mortality under various
field conditions, then Astro and Onyx should be
compared on standing trees in a well-replicated
experiment under sufficiently high beetle pressures.

Researchers of the current work interpret the
results of this study as support for the effectiveness
of permethrin and bifenthrin products applied as
bole sprays to uninfested pines for the prevention
of attack by SPB. In addition, SPB from New Jersey
responded similarly to those from Mississippi to the
treated bolts, suggesting that extrapolation from
previous studies with SPB in the southeastern U.S.
may be useful for predictions with New Jersey SPB
and their response to insecticide treatments. How-
ever, differing environmental conditions between
New Jersey and those areas more often infested with
SPB, especially winter duration and temperatures,
dictate that the durability or persistence of bole
sprays be studied in New Jersey if this knowledge
is considered sufficiently important. To start, the
study authors suggest that one season of protection
is likely from either bole spray product tested here
when properly applied. Imidacloprid products, on
the other hand, did not reduce SPB attack number or
gallery length per attack. Thus, little or no support-
ing evidence were seen for the application of either
imidacloprid product against SPB. When combined
with the ineffective results generated in past studies
(Grosman and Upton 2006), researchers would not
recommend products based upon this Al for pro-
phylactic treatment of trees for management of SPB.
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Résumé. Quatre insecticides non-spécifiques d'usage général
(Astro®, Onyx®, Dominion® arbres et arbustes, et Xytect 2F°) ont été
évalués quant a leur efficacité a prévenir les attaques du dendroc-
tone méridional du pin (SPB) (Dendroctonus frontalis) et du petit
graveur méridional du pin (Ips avulsus) en utilisant la méthode
dite de la petite cheville (small-bolt method) récemment dévelop-
pée. Les évaluations ont été réalisées entre 62 et 124 jours suivant
les traitements. Des dendroctones méridionaux du pin provenant
du New Jersey et du Mississippi, aux Etats-Unis, ont été testés par
le biais d'essais sur le terrain et en laboratoire avec la méthode
de la petite cheville; la provenance des dendroctones ne semblait
pas affecter les résultats. Les pulvérisations sur tronc d’Astro et
d’Onyx ont été efficaces pour réduire ou éliminer les attaques du
dendroctone méridional du pin, tandis le trempage du sol avec les
produits imidaclopride (Dominion et Xytect) était inefficace. Testé
sur le petit graveur méridional du pin (Ips avulsus) en Louisiane,
aux Ftats-Unis, le traitement sur le tronc avec le produit Astro a
réduit les attaques entre 58 et 83 jours suivant la pulvérisation, mais
s'est avéré inefficace a 126 jours. Les produits Onyx, Dominion, et
Xytect étaient inefficaces contre le petit graveur méridional du pin
(Ips avulsus) lors de ces tests. Les résidus d'imidaclopride retracés
dans le phloéme variaient en moyenne de 0,74 (pug/g poids sec du
phloéme) pour le Dominion et de 1,31 pour le Xytect, des valeurs
qui sont similaires a d'autres études, mais faibles pour utilisation a
des fins de contrdle. Ces résultats confirment des recherches anté-
rieures a l'effet que I'imidaclopride systémique est inefficace pour
protéger les pins contre le scolyte Dendroctonus et que les pulvérisa-
tions sur le tronc de bifenthrine ou de perméthrine peuvent étre
efficaces. Cependant, la perméthrine est le seul ingrédient actif qui
se soit montré efficace contre le petit graveur méridional du pin (Ips
avulsus) dans la présente étude.

Zusammenfassung. Vier Breitband-Herbizide (Astro®, Onyx®,
Dominion® Tree & Shrub, and Xytect 2F°) wurden bewertet fiir
ihre Effektivitit im Einsatz gegen die Attacken des Siidlichen
Kiefernbohrers (SPB) (Dendroctonus frontalis) und des kleinen
Kiefernstechers (Ips avulsus), indem eine vorher entwickelte kle-
ine Bolzen-Methode verwendet wurde. Die Bewertungen wurden
zwischen 62 und 124 Tagen nach der Behandlung durchgefiihrt.
Die Siidlichen Kiefernbohrer aus New Jersey und Mississippi,
U.S., wurden bewertet unter Verwendung einer Mischung aus
Feld- und Labormethoden. Die Herkunft der Kifer schien die
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Ergebnisse nicht zu beeinflussen. Astro und Onyx Sprays waren
effektiv bei der Reduzierung oder der Eliminierung von Attacken
durch den SPB, wihrend die Imidacloprid-Produkte zum Giessen
(Dominion und Xytect) uneffektiv waren. Bei dem Kiefernstecher
aus Lousiana, US., war Astro effektiv bei der Reduzierung von
Stammverletzungen nach 58 und 83 Tagen nach der Behandlung,
aber es versagte nach 126 Tagen. Onyx, Dominion und Xytect
waren bei diesem Test ineffektiv gegen den Ips avulsus. Die Riick-
stainde von Imidacloprid im Phloem lagen durchschnittlich bei
0,74(pg/g Phloem Trockengewicht) fiir Dominion und 1,.31 for
Xytect. Diese Werte sind dhnlich den Werten aus anderen Studien,
aber dennoch nicht geeignet fiir diese Kontrolle. Diese Ergebnisse
unterstiitzen frithere Ergebnisse, dass systemisches Imidacloprid
beim Schutz von Kiefern gegen Dendrococcus Borkenkifer inef-
fektiv ist und dass Sprays mit Befenthrin oder Permethrin effektiv
sein kénnen. Dennoch ist in dieser Studie Permethrin der einzige
aktive Wirkstoff gegen Ips avulsus.

Resumen. Se evaluaron cuatro insecticidas de uso general
(Astro®, ONYX®, Dominion® Tree y Xytect 2F®) para conocer su
eficacia en la prevencion de ataques del gorgojo descortezador del
pino (SPB) (Dendroctonus frontalis) y el pequefio grabador de pino
del sur (Ips avulsus) utilizando un método previamente desarrol-
lado. Las evaluaciones fueron realizadas entre 62 y 124 dias después
del tratamiento. Se evaluaron los escarabajos de pino del sur de
New Jersey y Mississippi, Estados Unidos, utilizando una mezcla
de pruebas de campo y de laboratorio; el origen del escarabajo no
parecio afectar los resultados. Los aerosoles Astro y Onyx fueron
eficaces para reducir o eliminar los ataques de SPB, mientras que
los productos al suelo imidacloprid (Dominion y Xytect) fueron in-
eficaces. Con I. avulsus en Louisiana, Estados Unidos, Astro fue efi-
caz en la reduccion a los 58 y 83 dias después del tratamiento, pero
fracasé en 126 dias. Onyx, Dominion, y Xytect fueron ineficaces
contra I avulsus en estas pruebas. Los residuos en el floema de imi-
dacloprid promediaron 0.74 (mg / g de peso seco) para Dominion
y 1,31 para Xytect, valores que son similares a otros estudios, pero
bajos para efectos de control. Estos resultados apoyan hallazgos
previos de que el imidacloprid sistémico no es eficaz para la protec-
cién de los pinos contra escarabajos de la corteza Dendroctonus 'y
que los aerosoles con bifentrina o permetrina pueden ser eficaces.
Sin embargo, la permetrina fue el tnico ingrediente activo eficaz
contra I. avulsus en el presente estudio.



