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ABSTRACT

The LCsy values for malathion—resistant (PAK) and organophosphate—susceptible (FSS—II) strains of red flour beetle,
Tribolium castaneum larvae were determined through residual film/filter paper impregnated method against six insecticides
with novel modes of action such as abamectin (Sure 1.8 EC), spinosad (Tracer 240 SC), indoxacarb (Steward 150 SC),
azadirachtin (Nimbokil 60 EC), buprofezin, and polychlorinated petroleum hydrocarbon (Tenekil 100 EC). The LCs, values of
these insecticides were worked out as 178 and 261 ppm for abamectin, 6020 and 7455 ppm for spinosad, 4071 and 2154 ppm
for indoxacarb, 20025 and 16405 ppm for azadirachtin, 9351 and 12450 ppm for buprofezin 25 WP, and 9933 and 6286 ppm
for Tenekil 100 EC against PAK and FSS-II strains, respectively. The results revealed that abamectin was the most toxic of all
insecticides tested in this study followed by indoxacarb, spinosad, buprofezin, Tenekil 100 EC and azadirachtin. Furthermore,
abamectin, spinosad, and buprofezin proved more toxic to larvae of PAK strain, while indoxacarb, azadirachtin, and Tenekil

100EC to larvae of FSS-II strain.
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INTRODUCTION

To prevent losses from insect feeding in grain bins, a
sound integrated pest management program involves: (i)
grain bin and harvest equipment sanitation, (ii) proper
harvest equipment adjustment, (iii) grain cleaning, (iv)
uniform distribution of the grain during uploading into the
bin, (v) moisture management, (vi) temperature
management, (vii) periodic grain monitoring, (viii) residual
insecticide treatment for long—term storage, and (ix)
fumigation as a last resort. If the first eight tactics are used
effectively, fumigation will be needed only rarely.

Currently, the measures taken to control the pest
infestation in grains rely heavily upon the use of
insecticides, which pose possible health hazards (to warm—
blooded animals) and a risk of environmental
contamination. Economic entomologists throughout the
world spend a great deal of time and effort in attempt to
determine the presence of beetles in stored grains, check
their infestations and design better and safer methods to
bring them under control. Control measures of different
nature are being adopted at farm, market, and public sector
storage that consist of use of native or natural methods of
control by plant materials, and / or contact insecticides and
fumigants. Chemicals currently used around the world to
treat stored grains include chlorpyrifos methyl, lindane,
malathion, pyperonyl butoxide plus pyrethrins (White &
Leesch, 1995), pirimiphos methyl, methyl parathion,
dichlorvos, diazinon (Lessard et al, 1998), some
pyrethroids (Hutson, 1979; Hargreaves et al., 2000).

The development of insecticide resistance is

widespread in stored grain insect pests including Tribolium
castaneum. Various strains of T. castaneum had been
reported to develop resistance against gamma—-HCH (Dyte
& Blackman, 1970; Kumar & Bhatia, 1982); malathion
(Saleem & Shakoori, 1989; Zettler, 1991). There are other
reports showing development of resistance in the said insect
against fumigants, e.g., methyl bromide and phosphine
(FAO, 1975; Nakakita & Winks, 1981; Mills, 1983; Tyler et
al., 1983), synthetic pyrethroids, e.g., cypermethrin,
deltamethrin, cyfluthrin, fenvalerate and permethrin
(Collins, 1990; Hasan et al., 1996; Hussain et al., 1996 a &
b; Saleem et al., 1998; Shakoori et al., 1998) and some
juvenile hormone analogues (Dyte, 1972).

Although T. castaneum is being controlled
successfully with fumigants like phosphine in Pakistan
(Rehman, 2000) yet keeping in view the threat of
development of resistance against conventional insecticides
as reviewed above, it was thought important to test some

insecticides bearing novel modes of action, e.g.,
abamectin, spinosad, indoxacarb, azadirachtin and
buprofezin and also polychlorinated petroleum

hydrocarbon as it is dicovered by Pakistani scientists
(STEDEC, 2004), against T. castaneum larvae.

MATERIALS AND METHODS

Insect strains. The malathion-resistant (PAK) and the
organophosphate—susceptible  (FSS-II) strains of T.
castaneum were obtained from the Department of Zoology,
University of the Punjab, Lahore—Pakistan. The sixth instar
larvae of PAK strain have developed 40—fold resistance
against malathion on the basis of comparison of LCs, of
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FSS-II strain with that of PAK strain (Saleem & Shakoori,
1989).

The larvae of these two strains were reared in empty
glass jam jars of 300 mL capacity. Whole meal wheat flour
was used as the culture medium. The culture medium was
also placed in an oven at 60°C for 3 h to provide maximum
reduction of contamination. Both the strains were bred at
30£1°C and 60+5% relative humidity (Saleem & Shakoori,
1984). The new cultures were prepared every third day to
obtain sufficient numbers of larvae for experimentation.
Each bottle was filled 1/4™ with sterilized wheat flour and
about 50 adult beetles were introduced into each. The sixth
instar larvae collected were used in insecticidal bioassays.
Insecticides used. Commercially available formulations of
the following insecticides in Pakistan were used in the
present study:

Group Brand Generic Name and address

of name name of manufacturer/distributor

insecticides

Insecticides  Sure 1.8 EC Abamectin  Pan Pacific (Pvt.) Ltd., Vehari

with  natural Tracer Spinosad SCL AgroSciences Pakistan (Pvt.) Ltd.,

origin 240SC Karachi
Nimbokil Azadirachtin ~ Scientific and Technological Development
60EC Corporation (STEDEC) of Pakistan,

STEDEC House, Lahore

Oxadiazine ~ Steward 150 Indoxacarb  DuPont Pakistan Operations (Pvt.) Ltd.,
SC Pakistan

Chitin Buprofezin  Buprofezin ~ PakChina Chemicals, Lahore

synthesis 25 WP

inhibitor

Chlorinated ~ Tenekil Polychlorinat Scientific and Technological Development

hydrocarbon  100EC ed petroleum Corporation (STEDEC) of Pakistan,

hydrocarbon STEDEC House, Lahore

Determination of toxicities. Initial tests were conducted to
check the dose response to five insecticides used in the
present study. Based on these results, dose ranges were
selected, which would be expected to yield LCsy values of
the insecticides. For all experiments, calculated quantities of
insecticides were dissolved in acetone.

The insecticide solutions were then diluted to give a
geometric series of at least 3—5 different concentrations. The
insecticide dilutions (1 ml/dish) of abamectin, spinosad,
indoxacarb, and buprofezin were applied in the centre of
glass Petri dishes (130 cm?) and then spread uniformly by
gently rotating the dishes, while of azadirachtin, and
polychlorinated petroleum hydrocarbon on filter paper akin

to Petri dish. The control dishes had no insecticide, but only
the acetone. Three replicates of each dose were used
simultaneously for each insecticide. After evaporation of
acetone at room temperature, 20 healthy sixth instar larvae
were released in each dish. The larvae were kept without
food, and mortality counts were made after 48 h exposure to
insecticides and the percentage kill was corrected by
Abbott’s formula for any control mortality (Abbott, 1925).
The criterion for death was the one described by Lloyd
(1969) according to which “the insects were judged to be
dead when the pressure from a brush failed to produce a
response”.

The mortality data so obtained were subjected to
Probit Analysis. The LCs, values were calculated as
outlined by Busvine (1971). Where there Chi—square (3°)
values were found significant, the variances were adjusted
for heterogeneity to have the good fit of regression lines.

RESULTS AND DISCUSSION

The LCsg, 95% fiducial limits, regression equations,
regression lines and Chi-square (y°) of toxicities of some
novel insecticides against larvae of malathion—resistant
(PAK) and organophosphate—susceptible (FSS-II) strains of
Tribolium castaneum after 48 h of treatment are presented
in Table I and Figs. 1-2. The LCs, values of these
insecticides for PAK and FSS-II strains were worked out as
178 and 261 ppm for abamectin, 6020 and 7455 ppm for
spinosad, 4071 and 2154 ppm for indoxacarb, 20025 and
16405 ppm for azadirachtin, 9351 and 12450 ppm for
buprofezin 25 WP, and 9933 and 6286 ppm for Tenekil 100
EC, respectively. The results revealed that abamectin was
the most toxic of all insecticides tested in this study
followed by indoxacarb, spinosad, buprofezin, Tenekil
100EC, and azadirachtin. Furthermore, abamectin, spinosad,
and buprofezin proved more toxic to larvae of PAK strain
and indoxacarb, azadirachtin, and Tenekil 100EC to larvae
of FSS-II strain.

Some workers recorded resistance to abamectin in
field populations of diamondback moth, Plutella xylostella
(L) (Igbal et al., 1996; Igbal & Wright, 1997; Sayyed et al.,
2004), when compared with a laboratory insecticide—
susceptible population. Liang et al. (2003) reported little

Table 1. The relative toxicities of some novel insecticides against malathion-resistant (PAK) and organophosphate-
susceptible (FSS-II) strains of Tribolium castaneum (Herbst.) larvae

Insecticides Strain LCss (ppm) 95 % Fiducial limits
Abamectin PAK 178 146-216
(Sure 1.8EC) FSS-1I 261 223-323
Spinosad PAK 6020 4477-8109
(Tracer 240SC) FSS-1I 7455 5445-10092
Indoxacarb (Steward 150SC) PAK 4071 3265-5081
FSS-IT 2154 1738-2629
Azadirachtin (Nimbokil PAK 20025 16218-24774
60EC) FSS-IT 16405 13365-20137
Polychlorinated ~ Petroleum PAK 9933 677614554
Hydrocarbon (Tenekil FSS-II 6286 4808-8203
100EC)
Buprofezin 25WP PAK 9351 6839-12793
FSS-1I 12450 9418-16443

Slope + SE Regression equation Cl;i—square
o)
2.02+0.047 Y=045+2.02x 1.82
2.05+0.083 Y =0.043+2.05x 27
1.77 +£0.067 Y=-1.69+1.77x 1.23
1.96+0.070 Y =-2.59+ 1.96x 231
1.64 +0.055 Y=-092+1.64x 1.56
1.80 +0.067 Y=-100+18x 0.83
1.89+0.056 Y=-3.13+1.89x 2.68
2.00+0.059 Y =-3.43+2.00x 327
3.088+0.153 Y =-7.343 +3.088 x 7.248
5.393+0.223 Y =15.485+5.393 x 6.84
1.27+0.042 Y =1.4421 +0.9879 x 4.12
1.66 £ 0.081 Y=-040+132x 2.93
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Fig. 1. Regression lines of toxicities of some
insecticides with novel mode of action against
malathion-resistant (PAK) strain of Tribolium
castaneum larvae
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Fig. 2. Regression lines of toxicities of some
insecticides with novel mode of action against
organophosphate-susceptible (FSS-II) strain of
Tribolium castaneum larvae
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cross—tesistance between abamectin and four pyrethroid
insecticides (deltamethrin, beta—cypermethrin, fenvalerate
and bifenthrin) in abamectin—resistant and abamectin—
susceptible strains of the diamondback moth, Plutella
xylostella (L). But in our experiments the larvae of
malathion—resistant (PAK) strain remained more susceptible
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to abamectin.

The results of spinosad against larvae of T. castaneum
are consistent to the findings of other workers against
various insect pests. Spinosad remained effective against
house flies as well as against its cyclodiene—resistant strain
(Scott, 1998; Scott et al., 2000); German cockroach,
Blatella germanica (L.) (Wei et al., 2001); most of the field
populations of diamondback moth, Plutella xylostella (L.)
(Zhao et al., 2001); eggplant flea beetle, Epitrix fuscula
Crotch (McLeod et al., 2002); Sitophilus oryzae (Toews &
Subramanyam, 2003); Oryzaephilus surinamensis and T.
castaneum on durum wheat (Fang et al., 2002); Tribolium
spp. on concrete surface (Toews et al., 2003); and rice moth,
Corcyra cephalonica (Huang & Subramanyam, 2004).

Spinosad proved more toxic to larvae of malathion-
resistant strain (PAK) of T. castaneum in our studies, while
in case of field populations of beet armyworm, Spodoptera
exigua, it was found less toxic (Moulton et al., 1999; 2000).

Indoxacarb proved effective against larvae of T.
castaneum. Pasquier and Charmillot (2003) reported that the
LCs, value was over 2800 mg kg' for indoxacarb
administered by topical application to diapausing larvae
from a susceptible codling moth strain. Studebaker and
Kring (2003) stated that indoxacarb induced significantly
higher mortality of laboratory—reared males, females and
third instar nymphs of Orius insidiosus (Say), an important
predator of several economic pests in cotton, with treated
Petri dishes than on treated cotton plants in the field or
greenhouse. Bostanian et al. (2004) state that indoxacarb is
a novel oxadiazine pro—insecticide that has been found toxic
to Hyaliodes vitripennis (Say), a predacious mirid (LCsy:
0.054 g AI L") in several Quebec orchards where IPM
programs are used. Tillman et al. (2001) studied the toxicity
of a 145 g L™ indoxacarb SC formulation (StewardTM) on
the tarnished plant bug, Lygus lineolaris, and the big-eyed
bug, Geocori spunctipes. Both insect species responded
very similarly to indoxacarb in topical, tarsal contact and
plant feeding toxicity studies. Prolonged tarsal contact with
dry indoxacarb residues did not result in mortality for either
insect species. Ahmad et al. (2002) found that the
organophosphate—resistant Berrien strain of obliquebanded
leafroller, Choristoneura rosaceana, exhibited a very high
level of resistance (>700—fold) to indoxacarb, which has
never been used in Michigan to control this insect pest. Our
results showed that indoxacarb was less toxic to T.
castaneum larvae of malathion—resistant (PAK) strain as
compared to larvae of organophosphate—susceptible (FSS—
II) strain on the basis of LCs, values.

According to various reports azadirachtin exhibited
good efficacy against Musca nobulo L., Culex fatigans, T.
castaneum and Anthrenus flavipes (Paul et al., 1963);
Rhyzopertha dominica (Muda & Cribb, 1999); pulse beetle
(Jairaj, 1976); S. oryzae, R. dominica, Sitotroga cerealella
(Savitri & Rao, 1976); T. castaneum (Tabassum et al.,
1994); Corcyra cephalonica Staint and a stored product
insect pest, Epilachna vigintioctopunctata F. (Mathur &
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Nigam, 1996); Tribolium spp infesting sunflower stored
seed in the laboratory (Zahid et al., 2000); larvae of
Thecodiplosis japonensis and intermediate nymphs of
Matsucoccus thunbergiannae (Lee et al., 2000); and larvae
of balsam fir sawfly, Neodiprion abietis (Harris) (Li et al.,
2003). In our experiments, azadirachtin remained effective
against larvae of T. castaneum but at high doses (LCsy =
20025 ppm).

On the other hand a few workers namely Jagdale and
Grewal (2002), Yadav (1993), and Schuster and Stansly
(2000) found azadirachtin no more effective against some
pests or insects.

Polychlorinated petroleum hydrocarbon showed
efficacy against T. castaneum but on the basis of LCs, it
proved more effective against larvae of organophosphate—
susceptible (FSS-II) strain as compared to malathion—
resistant (PAK) strain of T. castaneum. Development of
resistance in T. castaneum against HCH has been reported
by Dyte and Blackman (1970), Kumar and Bhatia (1982),
Brun and Attia (1983), Barwal and Kalra (1982), and
Saleem and Shakoori (1990). In our experiment, Tenekil
100 EC also proved less toxic to resistant strain of T.
castaneum larvae.

Our data suggested that buprofezin was more effective
against larvae of PAK strain of T. castaneum as compared
to larvae of FSS-II strain. Many workers found chitin
synthesis inhibitors quite effective against resistant strains of
various insect pests as against multi-resistant Musca
domestica (Pospischil et al., 1996), against whiteflies
(Dennehy & Williams, 1997; Denholm & Jespersen, 1998),
and against field strains of Spodoptera littoralis (Ishaaya et
al., 2003). On contrary the chitin synthesis inhibitors were
found less effective against resistant strains of T. castaneum
(Ishaaya & Yablonski, 1987), Bombyx mori (L.)
(Vassarmidaki et al., 1999), and Trialeurodes vaporariorum
(Gorman et al., 2002).

In conclusion, abamectin (Sure 1.8 EC), indoxacarb
(Steward 150 SC), and spinosad (Tracer 240 SC) proved
more toxic to T. castaneum larvae than buprofezin,
azadirachtin, and Tenekil 100 EC.
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