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ABSTRACT The efÞcacy and nonrepellency of indoxacarb (150 SC, 150 g [AI]/liter) and Þpronil
(Termidor SC, 9.1% [AI]) against Þeld-collected eastern subterranean termite,Reticulitermes flavipes
(Kollar), and the Formosan subterranean termite,Coptotermes formosanus Shiraki, were evaluated for
mortality and penetration into treated soil in laboratory glass tube bioassays. Both insecticides were
tested at Þve concentrations (0, 1, 10, 50, and 100 ppm) and two thicknesses (20 and 50 mm) of treated
soil. Indoxacarb caused signiÞcantly greater mortality than controls at all treatment thicknesses of �10
ppm, but not at 1 ppm. Concentration and treatment thickness of indoxacarb signiÞcantly affected
termite mortality. Eastern subterranean termites were signiÞcantly more susceptible to indoxacarb
than Formosan subterranean termites, but there were no intercolony differences in either species.
Termites completely penetrated through all treatment thickness of indoxacarb-treated soil at all
concentrations, except one of the six Formosan subterranean termite replicates of 50 mm at 50 ppm,
when all termites were killed before tunneling through the treated soil. Fipronil resulted in signiÞ-
cantly faster and greater termite mortality than indoxacarb at corresponding concentrations. Con-
centration and treatment thickness of Þpronil also signiÞcantly affected termite mortality. There was
no intercolony difference in susceptibility to either insecticide in either termite. Both termite species
completely penetrated 20-mm treatments of all tested Þpronil concentrations, as well as 50-mm soil
treated with Þpronil at �10 ppm. At 50 and 100 ppm Þpronil, termites tunneled only a mean of 87 �
0.21 and 47 � 0.18% deep into 50-mm treated soil, respectively, before death. Both insecticides
demonstrated a delayed mode of activity and nonrepellency against the two termite species.
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SUBTERRANEAN TERMITES CAUSE considerable damage to
homes and other structures in the United States
(Lewis 1997, Su and Scheffrahn 1988). Effective con-
trol of subterranean termites has always been an im-
portant concern of homeowners and the pest control
industry. Unfortunately, termite control seems to be
more challenging in the postchlordane era even with
the newest chemicals and technologies (Gold et al.
1996, Potter 2000). Nonrepellent termiticides regis-
tered in the past 5 yr include Þpronil (Termidor),
imidacloprid (Premise), and chlorfenapyr (Phan-
tom).

Effectiveness of termiticide-treated soil against sub-
terranean termites depends mainly on the toxicity and
the mode of activity of the toxicant, as well as other
factors such as termite susceptibility to the insecticide,
soil properties (e.g., pH, soil group, particle size, or-
ganic matters, and compactness), application proto-
col, and formulation (Su et al. 1982, Osbrink et al.
2001). Termite penetration of soil treated with ter-

miticides has been considered essential in evaluating
termiticide efÞcacy (Tamashiro et al. 1987, Su et al.
1997). Nonrepellent compounds are preferred for soil
treatment because they do not seem to disrupt termite
foraging in the treated soil zone and have a delayed
mode of action that may contribute to movement of
the active ingredient in the colony through trophal-
laxis and social grooming (Kard 2003).

Because of the changes in subterranean termite
control technologies and the needs of the pest control
industry, numerous studies have examined the efÞ-
cacy of insecticides, new formulations, and new active
ingredients intended for termite control (Maistrello et
al. 2001, Barr and Best 2002, Delgarde and Rouland-
Lefevre 2002, Shelton and Grace 2003, Karr et al.
2004). Indoxacarb, an oxadiazine class of novel chem-
istry, is a newly developed insecticide with high in-
secticidal activity and low toxicity to nontarget organ-
isms. It acts on sodium channels, neuronal nicotinic
acetylcholine receptors, and GABA receptors (Nara-
hashi 2001, DuPont 2003). Indoxacarb was initially
registered with Environmental Protection Agency1 E-mail: xhu@acesag.auburn.edu.
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(EPA) in 2000 as a “reduced-risk” insecticide for use
on vegetable and other crops for controlling of lepi-
dopteranandsucking insectpests (McCannetal. 2001,
Tillman et al. 2002). Fipronil, a phenyl pyrazoles class
of novel chemistry, was commercialized as insecticide
in 1993 and registered for termite market with EPA in
1999 (Aventis 2001). It acts on GABA-receptors and
interferes with the passage of chloride ions through
chloride channels, thereby disrupting central nervous
system activity, resulting in death (Cole et al. 1993).
Osbrink et al. (2001) reported Formosan subterranean
termite, Coptotermes formosanus Shiraki, susceptibil-
ity toward Þpronil by exposing termites to treated
Þlter paper. Ibrahim et al. (2003) also tested Þpronil
toxicity against Formosan subterranean termites by
using topical application assays. Termite penetration
into Þpronil-treated substrates was only examined at
concentrations of �20 ppm (Ibrahim et al. 2003), or at
5ppm(OsbrinkandLax2002).Neitherof theprevious
studies examined the Eastern subterranean termite,
Reticulitermes flavipes (Kollar), nor have they used
formulated Þpronil. Furthermore, the previous studies
used acetone as a solvent.

The objectives of this study were to evaluate the
effectiveness and the mode of activity of indoxacarb
and Þpronil commercial formulations at various treat-
ment concentrations, thicknesses, and time intervals
against Þeld-collected eastern and Formosan subter-
ranean termites. We hypothesized that if indoxacarb
is similar to Þpronil in efÞcacy and nonrepellency
against termites, there would be no difference in ter-
mite susceptibility to tested insecticides with various
soil thicknesses treated with different concentrations;
and eastern subterranean termite is as sensitive as the
Formosan subterranean termite to the two tested in-
secticides.

Materials and Methods

Target Termites. Three eastern subterranean ter-
mite Þeld colonies and two Formosan subterranean
termite Þeld colonies collected from Alabama in Sep-
tember 2003 were used in laboratory bioassays. The
eastern subterranean termite colonies A2, A15, and
A55 were obtained from different locations, at least 1
km apart, in Auburn, Lee County, by using under-
ground open-bottom bucket traps (Hu and Appel
2004). The Formosan subterranean termite colony O3
was collected from Opelika, Lee County, and colony
B1 from Fairhope, Baldwin County, by using the same
method. Species were identiÞed using a key to soldier
caste (Scheffrahn and Su 1994). Termites were main-
tained in moistened corrugated cardboard rolls in an
incubator at 22 � 1�C, 92 � 3% RH, and constant
darkness and tested within 3 d of collection. Voucher
specimens of each colony are preserved in 100% ethyl
alcohol and stored in the Insect Collection of the
Department of Entomology and Plant Pathology, Au-
burn University, Auburn, AL.
Insecticides. Indoxacarb, (S)-methyl 7-chloro-2,5-

dihydro2[[(methoxy-carbonyl) [4-(trißuoromethoxy)
phenyl]amino]carbonyl]-indeno[1,2-e][1,3,4]oxadia-

zine-4a[3H]-carboxylate, was provided by DuPont
(North Mount Olive, NJ). Formulated indoxacarb
150 SC containing 14.5% active ingredient (wt:wt)
was used in this study. Fipronil, 5-amino-1-(2,6-
dichloro-4-(trißuoromethl) phenyl)-4-((1,R,S)-
(trißuoromethyl)sulÞnyl)- 1-H-pyrazole-3-carbo-
nitrile, was supplied by BASF Corporation (North
Mount Olive, NJ). The formulation used, Termidor
SC, contains 9.1% active ingredient (wt:wt). A 1000
ppm stock solution of each insecticide was made by
adding 6.667 ml of indoxacarb 150 SC or 10.99 ml of
Termidor SC to 1000 ml of distilled water. The stock
solutions were serially diluted to desired concen-
trations. Formulated insecticides instead of techni-
cal grade active ingredient were used in this study
because they are not only easy to mix and treat soil
but also, more importantly, they more closely ap-
proximate Þeld applications (Rust and Smith 1993).
Soil Treatment. Soil was collected from the site of

the eastern subterranean termite colony A15 (sand,
57.75%; silt, 20.94%; clay, 18.1%; organic matter, 3.2%;
pH 7.8). Soil was oven-dried at 60�C for 24 h, sieved
(no. 20, 850 �m, Fisherbrand, Fisher, Pittsburgh, PA),
and bagged in heavy-duty zip bags at 100 g of sterilized
soil per bag. Ten milliliters of a solution containing 0,
10, 100, 500, or 1000 ppm active ingredient was added
to a bag to make 0, 1, 10, 50, or 100 ppm (weight active
ingredient/weight substrate) soil treatments. Each
treatment was replicated four times by serially diluting
new stock solutions for each replicate. The bags were
sealed and thoroughly kneaded. Treated soil was
placed in glass petri dishes (150 by 20 mm) and air-
dried in a hood for 7 d to allow evaporation of solvents
in the formulation. At the time of testing, dry, treated
soil was placed into zip bags, again 100 g per bag, and
10 ml of water was added to obtain a 10% (wt:wt)
moisture content. Additionally, 500 g of oven-dried
and sieved (no. 16, Fisherbrand, Fisher) play sand was
wet with 50 ml of distilled water to obtain moist sand.
Test Unit/Bioassay. ModiÞed bioassay units de-

signed by Gahlhoff and Koehler (2001) were used to
study treatment efÞcacy and termite penetration into
treated soil (Fig. 1). A moist piece of corrugated card-
board (10 mm by 30 mm) was folded into a z-shape
and placed inside at the bottom of a glass test tube (16
mm i.d. by 100 mm high). A 10-mm core of 7% non-
nutrient agar (Chem ScientiÞc LLC, Norwood, MA)
was plugged into the test tube until it rested on the
cardboard. A 20- or 50-mm layer of insecticide-treated
soil was centered between two layers of untreated
play sand. The total length of the layers of treated soil
and untreated sand was 70 mm. A glass funnel was used
to introduce the treated soil and sand into test tubes.
A cork stopper attached to a needle with wood handle
was used to slightly tamp and level each layer. Then,
the upper layer of sand was capped with a 10-mm agar
plug before a strip of 5 by 30-mm moist Þlter paper
(Whatman no. 1) was folded and placed in the top
void of the tube. Fifty workers, at least third instar as
determined by body size, and Þve soldiers of the For-
mosan subterranean termite or 50 workers and one
soldier of the eastern subterranean termite were in-
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troduced into the top of each test tube. A piece of
plastic wrap (Reynolds Wrap, Richmond VA) was
used to cover the top end of each tube to keep unit
moist and to prevent termites from escaping.

The responses (mortality and penetration into
treated soil) of the two termite species to Þve con-
centrations (100, 50, 10, 1, and 0 ppm), each of the two
insecticides at two treatment thicknesses (20 or 50
mm), were examined using split-split plot arrange-
ment of treatments. Each treatment was replicated
nine times for the eastern subterranean termite (three
replicates of three colonies) and six times for the
Formosan subterranean termite (three replicates of
two colonies) for a total of 150 test units for each
insecticide. The test units were held vertically in test
tube racks with termites started at the top of the tube.
Bioassay units were held in darkness in an incubator
at 22 � 1�C and 92 � 3% RH. Termite mortality and the
length of tunneling distance into treated soil were
recorded at 3, 7, 14, 21, and 28 d.
Data Analysis. Cumulative mortality and penetra-

tion were calculated for each colony and each treat-
ment. Because no signiÞcant difference was detected
between colonies, pooled means of each treatments
with each species or each insecticide from the same
time were analyzed using analysis of variance
(ANOVA), following the arcsine square-root trans-
formation of proportion of mortality or penetration.

Means were separated with TukeyÕs honestly signiÞ-
cant difference (HSD) test (Statistix8 2003). When
factor-interaction occurred, a Means Plot was used to
analyze how one variable affected the main effect of
the other variable, and differences between the two
species or the two insecticides were further compared
based on treatment thickness or concentration. All
data were judged at P � 0.05. Actual percentage of
mortality or penetration is reported in the tables and
Þgures.

Results and Discussion

Efficacy of Indoxacarb against Termites. SigniÞ-
cantly greater termite mortality occurred in treat-
ments with �10 ppm indoxacarb-treated soil com-
pared with controls at either treatment thickness (20
or 50 mm) (Table 1; Fig. 2).

Treatment thickness and concentration signiÞ-
cantly affected the survival of both termite species
(Table 1; Fig. 2). Treatment thickness of 50 mm re-
sulted in signiÞcantly greater and more rapid mortality
than treatment thickness of 20 mm at any of the con-
centrations �10 ppm. The 50-mm treatment thickness
of 100 ppm resulted in a mortality of �100% in both
termite species after 3-d exposure, whereas the 20-mm
treatment resulted in a similar mortality after 7 d. With
decreasing concentration, termite mortality de-
creased signiÞcantly and the time required killing the
termite increased signiÞcantly. Fourteen days was
needed for 50 ppm indoxacarb to kill all the tested
termites, whereas at 10 ppm, only 36% (treatment
thickness of 20 mm) and 70% (treatment thickness of
50 mm) mortality occurred by the end of the 28-d
bioassay. A treatment concentration of 1 ppm was not
effective, resulting in �4% mortality during the 28-d
trial, regardless of treatment thickness. Analysis of
variance of data of 28 d (MS � 17.62, F � 10862, P �
0.000) followed by TukeyÕs HSD comparisons test in-
dicated that the termite mortality at 50 and 100 ppm
treatment was signiÞcantly greater than that at 10
ppm, which was greater than those at 1 ppm and
control, which were not signiÞcantly different. Exam-
ination of the signiÞcant interaction between treat-
ment thickness and concentration, by using a Means
Plot, showed that although treatment thickness in-
creased termite mortality, increased mortality was
generally associated with increased concentration.
The fact that the percentage of mortality in either
species increased with increasing exposure period in
treatments clearly demonstrated the slow-acting char-
acter of indoxacarb in this study.

Eastern subterranean termite was signiÞcantly
more susceptible to indoxacarb than the Formosan
subterranean termite when exposed to 50 or 100 ppm
throughout the 14 d (Table 2; Fig. 2). However, com-
parison of the pooled mortality of the eastern subter-
ranean termite with that of the Formosan subterra-
nean termite showed no signiÞcant difference at
concentration 10 ppm. In all the treatments, no sig-
niÞcant intercolony difference was detected in east-
ern subterranean termite. In the Formosan subterra-

Fig. 1. Bioassay design showing location of termiticide-
treated soil centered between two layers of untreated sand
and plugged by 7% agar cores.
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nean termite, the only signiÞcant intercolony
difference was found at 3 d when colony O3 had twice
the mortality of colony B1 in the 100 ppm 20-mm
treatment. Yet, the two colonies showed no signiÞcant
difference in susceptibility in other treatments or at
other observation times.
Penetration of Termites into Indoxacarb-Treated
Soil (Fig. 3).Both treatment thicknessesof indoxacarb
were completely penetrated by eastern subterranean
termite in 3 d, regardless of the rate of survival. Sim-
ilarly, the Formosan subterranean termite tunneled
through all indoxacarb treated soil in 3 d except for
one replicate of the 50-mm thickness of 50 ppm, in
which they tunneled 40 mm into treated soil before
death. There was no clear difference in tunneling
activitybetween the twotermite species(F1,143 �1.00;
P� 0.32), the two treatment thicknesses (F1,143 � 1.51;
P� 0.22), or the Þve concentrations (F4,143 � 1.00;P�
0.41).
Efficacy of Fipronil against Termites. Concentra-

tion signiÞcantly affected the mortality of the eastern
subterranean termite and the Formosan subterranean
termite. Both species suffered �100% at treatment
concentrations �10 ppm by 7 d and at the lowest
concentration of 1 ppm by the end of the 28-d bioas-
say, regardless of treatment thicknesses (Table 1; Fig.
2). Although treatment thickness might have affected
termite survival, the nearly 100% mortality concealed
differences statistically among Þpronil treatments of
�10 ppm. Nevertheless, signiÞcantly mortality in the
1 ppm bioassay was observed in 50-mm treatment than
that of 20 mm starting from 3 d to 21 d. If the obser-
vation period in this study was �3 d, differences be-
tween concentrations or between treatment thick-
nesses at concentrations �10 ppm Þpronil might have
been detected.

The relative toxicity of technical grade Þpronil to
rhinotermitid species has been evaluated by several

studies. Ibrahim et al. (2003) reported an LD50 � 2.0
ng per termite after 72-h treatment of the Formosan
subterranean termite. They also reported 100% mor-
tality of termites at 48 h after exposure to 50 g sand
treated with 10 ml of Þpronil at rates of 0.01Ð0.125% in
a choice assay. Osbrink et al. (2001) reported that the
LT50 and LT90 values of the Formosan subterranean
termite workers fed on Þpronil-treated Þlter paper
(630.65 �g/cm2) were 164Ð249 and 240Ð330 min, re-
spectively. Osbrink and Lax (2002) observed 100%
mortality of the Formosan subterranean termite ex-
posed to sand treated with 5 ppm Þpronil within 10Ð20
d after treatment.

This study did not detect signiÞcant interspecies or
intercolony differences in susceptibility to Þpronil at
concentrations �10 ppm of either treatment thick-
ness, perhaps due to the similar mortality at the Þrst
designated recording date (Table 2). However, fur-
ther analysis revealed inconsistent sensitivity of both
species at 1 ppm Þpronil. At Þpronil 1 ppm, the 20-mm
treatment thickness resulted in greater mortality in
the Formosan subterranean termite than the eastern
subterranean termite throughout the 28 d bioassay,
although statistically signiÞcant difference was de-
tected only at 14 d (F1,13 � 2.83; P � 0.015). The
opposite was observed in treatment with 50-mm
treated soil: eastern subterranean termite displayed
greater mortality than the Formosan subterranean ter-
mite before both reached 100% mortality, and a sta-
tistical difference was detected at 3 d (F1,13 � 5.74;P�
0.03) and 7 d (F1,13 � 45.3; P � 0.00). Because there
was no intercolony difference, the possible explana-
tion to this inconsistency could be intracolony differ-
ence in vigor or other factors. Osbrink et al. (2001)
reported intracolony difference and explained that a
portion of the colony might possess mechanisms that
enhanced detoxiÞcation or limited termiticide uptake.
Forschler (1994) indicated that natural vigor and size

Table 1. Effects of insecticide (indoxacarb versus fipronil), concentration, and treatment thickness on cumulative mortality in termites
over time

Component Source df
Exposure days

3 7 14 21 28

R. flavipesa Insecticide 1, 160 MS 7.77 9.927 10.898 12.312 11.487
F 749.19 694.97 1,616.71 2,863.26 10,100.3
P 0.000 0.000 0.000 0.000 0.000

Concentration 4, 160 MS 16.47 16.66 16.200 15.307 15.124
F 1,577.13 1,166.24 2,403.07 3,547.26 13,298.6
P 0.000 0.000 0.000 0.000 0.000

Thickness 1, 160 MS 0.696 0.489 0.280 0.076 0.084
F 67.12 34.22 41.18 17.61 76.60
P 0.000 0.000 0.000 0.000 0.000

C. formosanusb Insecticide 1, 100 MS 12.516 8.238 8.833 8.826 7.725
F 2,527.07 1,309.50 1,071.87 4,221.49 7,320.29
P 0.000 0.000 0.000 0.000 0.000

Concentration 4, 100 MS 7.067 10.009 10101 10.058 10.0410
F 1,426.87 1,469.66 1,226.85 4,810.89 9,514.78
P 0.000 0.000 0.000 0.000 0.000

Thickness 1, 100 MS 1.557 0.1265 0.064 0.028 0.051
F 314.32 18.57 7.77 13.13 47.97
P 0.000 0.000 0.006 0.001 0.000

P � 0.05; ANOVA.
a Fifty workers (third instar or older) and one soldier per replicate with three replicates.
b Fifty workers (third instar or older) and Þve soldiers per replicate with three replicates.
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of individual termites also might account for differ-
ence in bioassay results. Osbrink et al. (2001) and
Shelton and Grace (2003) found no correlation of the
Formosan subterranean termiteworkerbodysizewith
susceptibility to Þpronil. In this study, the body
weights for both tested termites were not measured.

Su and Scheffrahn (1990) found that the Formosan
subterranean termite was consistently less susceptible

to topically applied insecticides than eastern subter-
ranean termite. Beal and Smith (1971) reported that
it took longer to kill the Formosan subterranean ter-
mite in soil plate tests with chlordane than it did to kill
Reticulitermes spp. Osbrink et al. (1987) showed the
Formosan subterranean termite to be less susceptible
to the fumigant sulfuryl ßuoride than the other rhi-
notermitids tested. Osbrink et al. (2001) found that

Fig. 2. Cumulative percentage of mortality of the eastern subterranean termite and the Formosan subterranean termite
exposed to indoxacarb or Þpronil at various thicknesses and various concentrations.
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when being tested on the surface of Þpronil-treated
Þlter paper, the Formosan subterranean termite dem-
onstrated greater sensitivity than termite Reticuli-
termes virginicus (Banks), but the opposite was true
when 1% Three-In-One Household Oil (Boyle-Mid-
way, NY, NY) was added to Þpronil. They suggested
that the addition of oil increased ÞpronilÕs speed of
intoxication for R. virginicus but not the Formosan
subterranean termite. In this study, the Formosan sub-
terranean termite was consistently less susceptible to
indoxacarb than the eastern subterranean termite.

Termite intercolony difference in susceptibility to
insecticides also has been reported (Su and La Fage
1984, Osbrink et al. 2001, Shelton and Grace 2003).
Despite that large intercolony differences in response
to insecticides is common (Su and La Fage 1984),
there were incidences where differences in suscepti-
bility between colonies were not detectable. Osbrink
et al. (2001) and Ibrahim et al. (2003) reported sim-
ilarity among the Formosan subterranean termite col-
onies in their susceptibility toward Þpronil.
Penetration of Termites into Fipronil-Treated Soil.

Analysis of pooled data showed that the penetration of
to both termite species into Þpronil-treated soil (Fig.
3) was signiÞcantly affected by treatment thickness
(F1,143 � 38.03; P� 0.00) and concentration (F4,143 �
21.37; P � 0.00), but not by termite species (F1,143 �
1.47; P � 0.23). Termites penetrated completely
through the 20-mm treated soil at all concentrations,
except for one replicate of nine with eastern subter-
ranean termite at 50 ppm, in which eastern subterra-
nean termite tunneled �10 mm before death. How-
ever, termites only made a complete penetration of

50-mm thickness at concentrations �10 ppm. As the
concentration increased, the percentage of penetra-
tion into the 50-mm thickness decreased, and greater
inhibition of penetration was noted for 100 ppm (an
average of 47% of the 50-mm soil) than 50 ppm (an
average of 87% of the 50-mm soil). However, the lack
of penetration was not necessarily an indication of
repellency for Þpronil at greater concentrations, but
due to relatively rapid mortality of termites before
they were able to tunnel through the treated soil.
Concentrations of 50 and 100 ppm resulted in 100%
mortality of both termite species within 3 d. A close
examination of the distribution of termites inside the
glass tube test unites showed the an average of 67 or
33% of termites died in tunnels above or inside treated
soil at 100 ppm, and 65 or 35% at 50 ppm, suggesting
a lack of repellency for Þpronil.

The nonrepellency of technical grade Þpronil at low
rates has been reported previously (Henderson and
Forschler 1997, Ibrahim et al. 2003). Ibrahim et al.
(2003) reported that Þpronil showed no repellency to
the Formosan subterranean termite when exposed to
50 g of sand treated with 10 ml of 0.01 or 0.0625%
Þpronil solution [equivalents of 20 and 125 ppm (wt:
wt)]. Repellency was observed only at the highest
concentration of 0.125% Þpronil-treated sand [equiv-
alent of 250 ppm (wt:wt)] because signiÞcantly lower
number of dead termites was found in the treated
chambers compared with untreated chambers. Inter-
estingly, they detected no repellency when termites
were exposed to Þpronil-impregnated Þlter papers
with the same concentrations. The results of this study
veriÞed that Þpronil concentrations �100 ppm were

Table 2. Effects of species (R. flavipes versus C. formosanus), concentration, treatment thickness, and the interactive effect of
concentration and treatment thickness on cumulative termite mortality over time in indoxacarb (150 SC) and fipronil (Termidor SC)
bioassays

Component Source df
Exposure days

3 7 14 21 28

Indoxacarb S MS 2.067 0.36 0.024 0.001 0.000
F 239.64 43.19 5.74 0.31 0.05
P 0.000 0.000 0.018 0.578 0.822

C 4,130 MS 8.42 15.156 18.501 18.283 17.619
F 976.63 1,808.21 4,423.79 10,558.2 10,862.5
P 0.000 0.000 0.000 0.000 0.000

T 1,130 MS 2.670 0.311 0.111 0.069 0.231
F 309.63 37.12 26.43 39.56 142.23
P 0.000 0.000 0.000 0.000 0.000

C * T 4,130 MS 0.961 0.064 0.053 0.056 0.233
F 111.50 7.65 12.57 32.36 143.83
P 0.000 0.000 0.000 0.000 0.000

Fipronil S 1,130 MS 0.003 0.076 0.022 0.009 0.001
F 0.38 5.27 2.09 1.66 0.84
P 0.537 0.023 0.150 0.200 0.361

C 4,130 MS 16.419 14.707 13.25 13.80 13.991
F 2,064.39 1,018.58 1,267.50 2,660.49 23,734.4
P 0.000 0.000 0.000 0.000 0.000

T 1,130 MS 0.230 0.209 0.174 0.028 0.001
F 28.87 14.48 8.69 5.33 1.05
P 0.022 0.050 0.090 0.230 0.307

C * T 4,130 MS 0.105 0.190 0.175 0.027 0.000
F 13.23 13.14 16.75 5.12 0.67
P 0.000 0.000 0.000 0.001 0.648

For R. flavipes, 50 workers (third instar or older) and one soldiers per replicate with three replicates. For C. formosanus, 50 workers (third
instar or older) and Þve soldiers per replicate with three replicates. P � 0.05; ANOVA. C, concentration; S, species; T, thickness.
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nonrepellent to both eastern subterranean termite
and the Formosan subterranean termite. These results
contrast with the Osbrink and Lax (2002) study, which
found that the Formosan subterranean termite only
penetrated �55% of any of the 50-mm substrates
(sand, soil, and or clay) treated with 5 ppm Þpronil by
30 d in a similar glass tube test. This contrast may
reßect variation between colonies/individuals or a
difference in experimental design.

Osbrink and Lax (2002) reported that Þpronil-
treated sand had signiÞcantly greater and faster mor-
tality of the Formosan subterranean termite workers,
from susceptible or unsusceptible colonies, than
treated soil or clay. This profound substrate effect also
was observed by other researchers with other insec-
ticides (Smith and Rust 1990, Forschler and Townsend
1996, Gold et al. 1996, Osbrink and Lax 2002). Soil or
clay has a high colloidal fraction which greatly in-
creases surface area and chemical binding sites that
promotes hydrogen bonding and hydrophobic bind-
ing of hydrophobic insecticides (Saltzman and Yaron
1986). Sand retains more of the toxicant on the par-
ticleÕs surface than other substrates (Harris 1972) and
may maximize pesticide performance. In this study,
soil from a termite habitat was treated for the bioassay
because such treatment can provide more accurate
insight into effectiveness.

In this study, indoxacarb and Þpronil were slow-
acting and had excellent nonrepellency against the
two tested termite species. Fipronil performed signif-
icantly better than indoxacarb in efÞcacy against the
tested species at corresponding concentrations, with
the exception of 100 ppm for 50 mm when both in-
secticides resulted in 100% mortality at the Þrst ob-
servation day (Table 1; Fig. 2). Eastern subterranean
termites were signiÞcantly more susceptible to indox-
acarb than the Formosan subterranean termites and
similar to the Formosan subterranean termites in sus-
ceptibility to Þpronil. There were no intercolony dif-
ferences in either species.

New chemical treatment strategies for termite con-
trol takeadvantageof thesecharacteristics and termite
social behaviors. Ideally, termites will be contami-
nated unknowingly by tunneling through/within
treated zones or ingesting treated food, continue their
normal routine, and be able to transfer the toxicant to
other uncontaminated colony mates though social in-
teractions such as grooming, contact, and trophallaxis,
before dying (Myles 1996, Kard 2001). Henderson and
Forschler (1997) reported that Þpronil could be ef-
fectively used as baits against the Formosan subter-
ranean termite at levels 100 times lower than hexaßu-
muron. The effectiveness of Þpronil as a liquid
termiticide for treating the soil around structures also

Fig. 3. Cumulative percentage of penetration (mean � SD) of the eastern subterranean termite and the Formosan
subterranean termite into soil treated with indoxacarb (A) or Þpronil (B) at various thicknesses and various concentrations
by 7 d.
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has been conÞrmed in several Þeld tests (Potter 2000,
Waite and Gold 2004). The theorized horizontal trans-
fer of technical grade Þpronil from exposed to unex-
posed the Formosan subterranean termite has been
conÞrmed by Ibrahim et al. (2003) and formulated
Termidor SC by Shelton and Grace (2003). Future
investigations should be conducted on potential trans-
fer of indoxacarb within and between workers and
soldiers, and the potential transfer of both insecticides
from foragers to the young or reproductives, the
threshold dose/concentrations, and the threshold
treatedÐuntreated ratios in laboratory and Þeld tests.
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