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ABSTRACT The Nantucket pine tip moth, Rhyaciona frustrana (Comstock), a common regen-
eration pest of loblolly pine, Pinus taeda L., has been shown to reduce tree volume yields through
larval feeding, Chemical applications can be effective in protecting trees from the growth losses
associated with this feeding, and optimum spray timing values are commonly used to reduce the
number of necessary applications and to increase insecticide efficacy. Optimal spray timing values
for the Georgia Piedmont were obtained for the following four insecticides available for use in
loblolly pine plantations: permethrin (Pounce), lambda-cyhalothrin (Warrior T), spinosad (SpinTor
2 SC), and Bacillus thuringiensis variety kurstaki Berliner (Foray 48B). Optimal timing values were
similar between the first and second generations for each of these compounds. All of the insecticides
used in this study significantly reduced tip moth damage below the control treatment levels.
Lambda-cyhalothrin was the most efficacious and had the longest spray timing window. B. thurin-
giensis was the least effective and had the shortest timing window. Spinosad and permethrin were
similar in efficacy and spray timing values. This information is applicable to regions where there are
three tip moth generations per year, as found in the southern Piedmont region and the coastal plain

of Virginia and most of North Carolina.
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Tur. NANTUCKET PINE tip moth, Rhyacionia frustrana
(Comstock), is a common regeneration pest of
loblolly pine, Pinus taeda L., plantations in the south-
eastern United States. This insect has been shown to
reduce volume yields through larval feeding within
shoots and buds (Young et al. 1979, Cade and Hedden
1987, Nowak and Berisford 2000). Chemical control of
tip moth infestations has not traditionally been per-
formed except in high value plantings such as Christ-
mas tree plantations, seed orchards, and progeny tests
(Berisford 1988). Recently, however, there has been
an elevated interest in developing methods for reduc-
ing volume losses associated with tip moth damage in
production forests. Chemical control is an effective
method to achieve these results (Young et al. 1979,
Fettig et al. 20003, Nowak and Berisford 2000).
There are several concerns about the use of insec-
ticides in commercial forests, including cost effective-
ness, public perceptions, and impacts on nontarget
organisms, including biological control agents. Meth-
ods that address these concerns and achieve accept-
able control of tip moth infestations include the use of
low volume insecticide applications and optimum
spray timing values. Optimum spray timing values us-
ing degree-day models for the Nantucket pine tip
moth were initially developed in the early 1980s and
have been successful in increasing insecticide efficacy
and reducing application frequency (Gargiullo et al.
1983). Several spray timing models have been devel-

oped for controlling tip moth infestations and vary
depending on moth voltinism, geographic location,
and the active ingredient used (Gargiullo et al. 1983,
1984, 1985; Kudon et al. 1988; Malinoski and Paine
1988; Fettig and Berisford 1999). The procedure in-
volves accumulating degree-day summations com-
mencing on the date of first catch in pheromone-
baited traps for each generation and continuing until
an experimentally determined sum is reached. This
sum indicates the optimal spray date for each gener-
ation and is based on moth phenology and insecticide
properties. Optimum spray timing values have not
been determined for several important insecticides
currently registered for loblolly pine stands and tip
moth management. These include permethrin
(Pounce), lambda-cyhalothrin (Warrior T), spinosad
(SpinTor 2 SC), and Bacillus thuringiensis variety
kurstaki Berliner (Foray 48B).

Permethrin, a third-generation pyrethroid, is cur-
rently the most commonly used insecticide for tip
moth control. Permethrin has low mammalian toxicity
and is effective in reducing tip moth damage (Fettig
et al. 2000b). Lambda-cyhalothrin, a fourth-genera-
tion pyrethroid, has been given a special local needs
designation (Section 24-C) in Georgia and is quite
effective in reducing tip moth damage (C.W.B., un-
published data). Both of these pyrethroids are harmful
to hymenopterous parasitoids and other beneficial in-
sects (Theiling and Croft 1988) that are important
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regulators of tip moth populations (Berisford 1988).
They are also detrimental to aquatic arthropods and
fish (Douce and Hudson 1999). However, they are
effective at low rates and are relatively inexpensive to
use (Douce and Hudson 1999).

A relatively new biological insecticide available for
tip moth control is spinosad. Spinosad is derived from
a soil actinomycete bacterium, Saccharopolyspora spi-
nosa, and is a mixture of spinosyn A and spinosyn D
(Saldago et al. 1997). Spinosad has been shown to be
effective against lepidopterous insects, has a very low
mammalian toxicity, and is reported to be compatible
with conservation of beneficial insects (Hendrix et al.
1997). It was first labeled in 1997 for cotton (Saldago
et al. 1997) and has since been labeled for forestry use.
Another microbial insecticide registered for loblolly
pine plantations is B. thuringiensis. Bacillus thuringien-
sis contains bacterial spores and delta endotoxin crys-
tals which are activated in the gut of susceptible cat-
erpillars, and therefore must be ingested to be
effective (Ware 1994). Bacillus thuringiensis has been
shown to reduce tip moth damage and has little impact
on tip moth parasitoids (K.W.M., unpublished data).

The objectives of this study were to compare the
efficacy of these compounds for controlling tip moth
infestations, and to determine spray timing values for
these four compounds in the Georgia Piedmont where
three generations occur annually.

Materials and Methods

This study was conducted during 1999 in two 3-yr-old
loblolly pine stands located in Oglethorpe County, GA
(site 1: 33°49" N, 83°03" W; site 2: 33° 47" N, 83° 00" W).
The experimental design was a randomized complete
block with five treatments and four replications per
application date (two replications per site). Each rep-
lication contained 10 treated trees with 20 trees being
sampled as control trees. The treatment compounds
were applied with backpack sprayers (Solo, Newport
News, VA) as the following formulations at the indi-
cated rates: permethrin (Pounce 3.2 EC [emulsifiable
concentrate |, FMC, Philadelphia, PA) (0.17 kg [Al]/
ha), lambda-cyhalothrin (Warrior T, Zeneca Agricul-
tural Products, Wilmington, DE) (0.045 kg [AlI]/ha),
spinosad (Tracer and SpinTor 2 SC [soluble concen-
trate], Dow AgroSciences LLC, Indianapolis, IN)
(0.098 kg [Al]/ha), and B. thuringiensis variety
kurstaki (Foray 48B, Abbott, North Chicago, IL) (0.56
kg [Al]/ha).

The insecticides were applied on seven dates in the
first generation and six dates during each of the second
and third generations. Application dates were deter-
mined using a biophenometer (model T 151, Datalog-
gers, Logan, UT) to monitor the number of accumu-
lated degree-days (°C). Temperature thresholds for
degree-day accumulations were 9.5°C (lower) and
33.5°C (upper) (Haugen and Stephen 1984). Initial
applications were made ~75 DD (°C) after the be-
ginning of each generation as determined by trapping
male moths using a synthetic, commercially available
tip moth sex pheromone in sticky wing-traps (Phero-

Nowax ET AL.: SPRAY TIMING VALUES FOR PINE T MoTH

1709

con 1 C, Trece Inc., Salinas, CA). Degree-day accu-
mulations began the day after detection of an average
of one moth per trap per day. Subsequent applications
were timed for approximately every 60 DD (°C) in the
first generation and every 120 DD (°C) in the second
and third generations. Longer intervals were used in
the latter two generations to increase the treatment
period (number of accumulated degree-days) and re-
duce the application frequency.

Tip moth damage levels were evaluated after each
generation by counting the total number of shoots
damaged relative to the total number of shoots on the
whole tree. Compound efficacy, based on tip moth
damage levels, was compared for all three generations
combined and for the best three dates within each
generation. Tip moth damage levels were arcsine
square root (angular) transformed and subjected to an
analysis of variance (ANOVA). The data were ana-
lyzed as a randomized complete block design and
means were separated using PROC GLM and the
Tukey studentized range test (SAS Institute 1989).

Second order polynomial regressions (parabolas)
were developed by comparing the accumulated
degree-day total for each spray date (independent
variable) with the corresponding tip moth damage for
trees treated on that date (dependent variable) (SPSS
1997). The lowest point of the regression curve, as
determined by setting the first order derivative of the
regression equation to zero and solving for degree-
days, indicates the optimal spray timing value and
corresponding optimal spray value (Thomas 1968,
Gargiullo et al. 1985). The optimal spray dates for 1999
were calculated using the average daily degree-day
contributions for the corresponding time periods.

Results and Discussion

Infestation Levels. Whole-tree damage averaged
23% in the control plots during the year (Fig. 1), and
mean plot values ranged between 16 and 38% during
the three generations (Figs. 2-4). Tip moth damage
was highest during the first generation and then de-
clined in the second and third generations. These
infestation levels represent typical tip moth densities
encountered in 3-yr-old loblolly pine stands in the
Georgia Piedmont during endemic periods (C.W.B,,
unpublished data).

Insecticide Efficacies. Differences were detected in
the ANOVA among the five treatments (F = 43.92;
df = 4,12; P = 0.0001). Significantly more damage was
observed in the controls than in the insecticide-
treated plots (Fig. 1). Lambda-cyhalothrin was the
most effective insecticide, providing 83.1% control
relative to the untreated plots (Fig. 1). Lambda-
cyhalothrin has a large window of efficacy making
application timing less critical than for the other in-
secticides tested. For example, applications reduced
damage levels to <5% on the fourth, fifth and sixth
spray dates during the first generation compared with
38% in the control (Fig. 2). This is a period of 14 d
where little or no variation in damage levels was ob-
served. For most insecticides, this large spray efficacy
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Comparison of Four Compounds for Tip Moth Management
All Generations 1999 Georgia Piedmont
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Fig. 1. Mean percentage (=SE) of loblolly pine shoots
damaged by Nantucket pine tip moth in a study comparing
the efficacy of the following compounds: permethrin
(Pounce), lambda-cyhalothrin (Warrior T), spinosad (Spin-
Tor 2 SC), and Bacillus thuringiensis variety kurstaki (Foray
48B). Bars with the same letter are not significantly different
(P > 0.05; Tukey test).

window degrades during the third generation as life
stage asynchrony increases making targeting of sus-
ceptible instars problematic (Berisford et al. 1984). As
a result, timing becomes more difficult and a corre-
sponding decrease in insecticide efficacy is commonly
observed (Fettig et al. 2000b). However, during the
first three lambda-cyhalothrin applications in the third
generation, damage levels were <5% (Fig. 4). This
large spray efficacy window would be highly advan-
tageous for controlling third generation populations.
The efficacy of permethrin and spinosad was sur-
prisingly similar, providing 62.3 and 64.9% control,
respectively. There was no significant difference be-
tween their treatment means (P > 0.05) (Fig. 1), but
they were significantly different from the control and
B. thuringiensis treatments (Fig. 1). Because of their
similar efficacy, spinosad could become an important
alternative to permethrin if it is less detrimental to
natural enemies as has been previously suggested
(Thompson et al. 1995, Saldago et al. 1997, unpub-
lished data). Spinosad also might be important in re-
sistance management if permethrin becomes too
widely used in production forests. Some lepidopteran
insects have developed resistance to both lambda-
cyhalothrin and permethrin (Brown et al. 1998).
Bacillus thuringiensis was the least effective insec-
ticide examined in this study, providing only 34.2%
control (Fig. 1). Damage levels in the B. thuringiensis
treatment were significantly lower than the control
treatment; however, there was some difficulty in find-
ing the optimum timing value for this product. The
spray efficacy window for B. thuringiensis is much
shorter than for the other compounds examined in this
study, making timing more critical. For example, dur-
ing the second generation, B. thuringiensis damage
levels were less than control levels in all plots only at
the application date closest to the optimal spray date
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Fig. 2. Second-order polynomial regressions of percent-
age of Nantucket pine tip moth damage versus degree-day
accumulations (commencing on the day after first trap
catch). These regressions predict the optimal number of
degree-days for the most effective insecticide applications in
the first generation (denoted by arrow). Dashed line denotes
average tip moth damage levels in control treatments. The
optimal degree-days summation for the Bacillus thuringiensis
treatment was estimated using only the fifth, sixth, and sev-
enth spray dates.

(Fig. 3). The shorter spray window for B. thuringiensis
may be due to climatic effects, such as heavy rain and
UV radiation, which have been shown to reduce the
residual effects of its application (Cooke and Régniére
1996). However, its low impact on natural enemies
may be advantageous when large areas are treated
during multiple generations.

Comparisons for the three best spray dates were
also significant for each of the three generations (gen-
eration 1: F = 16.8; df = 4, 12; P = 0.0001; generation
2: F = 11.34; df = 4, 12; P = 0.0001; generation 3: F =
58.62; df = 4, 12; P = 0.0001). Comparisons among
treatments within each generation were similar to the
overall analysis. Therefore, the data are not presented
for the sake of brevity.

Spray Timing. In general, the polynomial regres-
sions for each insecticide during the first and second
generations show that efficacy gradually increased,
reached optimal levels, and then decreased through
time (Figs. 2 and 3). Optimal timing values for an
insecticide varied little between the first two gener-
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Fig. 3. Second-order polynomial regressions of percent-
age of Nantucket pine tip moth damage versus degree-day
accumulations (commencing on the day after first trap
catch). These regressions predict the optimal number of
degree-days for the most effective insecticide applications in
the second generation (denoted by arrow). Dashed line
denotes average tip moth damage levels in control treat-
ments.

ations (Table 1). For each insecticide, the variation
between generation 1 and 2 represented <1 d of
degree-day accumulations. During these generations,
the optimal spray timing values ranged from 282 DD
(lambda-cyhalothrin) to 394 DD (B. thuringiensis)
(°C) (Table 1). All of these optimal spray dates are
within 9 d of the optimal spray periods listed by Fettig
et al. (2000a) for these areas using historical climatic
data. The lambda-cyhalothrin treatment had the ear-
liest application date in the first two generations, fol-
lowed by the permethrin and spinosad treatments, and
finally the B. thuringiensis treatment. The permethrin
and spinosad dates varied by <1 d from each other.
Optimal timing values for B. thuringiensis were likely
later than for other contact insecticides examined in
this study because B. thuringiensis must be ingested to
kill the target organism (Ware 1994). Cooke and
Régniere (1996) developed a model predicting the
efficacy of B. thuringiensis sprays on spruce budworm,
Choristoneura fumiferana (Clemens), that suggested
the applications worked best when the larvae were
feeding the most. Second instars feed more frequently
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Fig. 4. Second-order polynomial regressions of percent-
age of Nantucket pine tip moth damage versus degree-day
accumulations (commencing on the day after first trap
catch). These regressions predict the optimal number of
degree-days for the most effective insecticide applications in
the third generation (denoted by arrow). Dashed line de-
notes average tip moth damage levels in control treatments.
Optimal timing value for B. thuringiensis not presented be-
cause the degree-day summation was greater than the num-
ber of degree-days in a tip moth generation.

on the plant surface after exiting needle mines as
second instars (Berisford 1988).

During the third generation, the lambda-cyhalo-
thrin treatments worked well throughout the spray
period, with efficacy decreasing slightly for the later
spray dates (Fig. 4). The optimal timing value for this
generation was 26 DD (°C) (Table 1). The permethrin
and spinosad optimal timing values were similar to
predictions during the first two generations. In the B.
thuringiensis treatment, the regression equation pre-
dicted optimal degree-day timing values that were
greater than the total number of degree-days accu-
mulated during an entire generation (Ross et al. 1989,
Fettig and Berisford 1999), and therefore are not use-
ful for spray timing purposes.

This study was conducted in the Georgia Piedmont
where three tip moth generations occur annually
(Fettig et al. 2000a). Previous studies suggest that
under most circumstances the spray timing values
presented here are applicable on a more region-wide
basis (Gargiullo et al. 1983, 1985); including, portions
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Table 1.
in the Georgia Piedmont
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Number of degree-days and associated calendar dates for spray timing of four compounds used 10 control tip moth infestations

No. of degree-days (°C) and predicted spray dates

Generation
Lambda-cyhalothrin Permethrin Spinosad B. thuringiensis
] 289 (11 Apr) 351 (19 Apr) 355 (19 Apr) 394 (25 Apr)®
2 282 (14 Jun) 337 (18 Jun) 347 (18 Jun) 391 (23 Jun)
3 26 (25 July) 410 (14 Aug) 334 (10 Aug) 897 (—j®

@ Optimal number of degree-days in this case estimated using only the fifth, sixth, and seventh spray dates.
b Predicted degree-day sum greater than total degree-days in a tip moth generation.

of the southeastern Piedmont, and coastal plains of
Virginia and North Carolina, where three generations
occur annually (Fettig et al. 2000a). The associated
optimal spray dates will vary annually depending on
geographic location and prevailing climatic patterns.

In conclusion, lambda-cyhalothrin, permethrin, spi-
nosad, and B. thuringiensis are effective tools for con-
trolling tip moth infestations. Lambda-cyhalothrin is
highly effective and has a large spray efficacy window
making timing less critical, but also has the highest
mammalian toxicity and is potentially detrimental to
tip moth parasitoids (unpublished data). Permethrin
and spinosad both exhibited good efficacy and have
low mammalian toxicity, but like lambda-cyhalothrin,
permethrin is highly toxic to many parasitoids (Thei-
ling and Croft 1988, Idris and Gratius 1993). There is
also some concern that spinosad may also be delete-
rious to specific hymenopterous parasitoids (Hendrix
et al. 1997). Still, spinosad may become increasingly
important for controlling tip moth infestations be-
cause of the relatively low applicator risks and its
potential to conserve other natural enemies, such as
coleopteran predators. B. thuringiensis was least ef-
fective in controlling tip moth infestations and has a
shorter application window than the other insecti-
cides used in this study. However, carefully timed
applications in the first and second generations could
be effective in reducing tip moth damage levels and
still maintaining natural enemy populations (Idris and
Gratius 1993).
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