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ABSTRACT. The present investigation reveals the influence of methoprene, an IGR, on the
ontogeny, growth duration and adult longevity of the rice moth Corcyra cephalonica. Twenty-five
larvae of different instars (1%, 2" 3 and 4" of C. cephalonica were exposed to the juvenile
hormone analogue methoprene in order to evaluate its potential effect on larval mortality, pupation,
pupal mortality, adult emergence, growth duration and adult longevity. These different instars
larvae were treated with 2, 4, 8 and 12 ppm of methoprene in an artificial diet (coarsely ground
jowar mixed with 5% yeast powder) where the control received acetone alone. The results reveal
significant differences in all the parameters mentioned above as compared to the control.
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INTRODUCTION

Stored cereal pest management is still a puzzling problem of the world. The presence of
insects in stored food directly affects both the quantity and quality of the commodity
(WILBUR & MILLS 1985, HILL 1990, BURKHOLDER & FAUSTINI 1991). This is caused not
only by feeding, but also by the heat produced by the respiratory and metabolic functions of
the insects. Accumulation of frass (exuviae, egg shells, dead insects, pupal cases, faecal
matter) (MONDAL 1983, 1984, 1994, KHAN & MANNAN 1991) and webbing of food (HILL
1990) are of great nuisance. Insect infestation in stored food causes major health hazards.
Moreover, the quinones secreted by some of pests, particularly tenebrionid beetles (ROTH
1943, MONDAL 1985, 1992) are acutely toxic, allergenic and carcinogenic to human beings
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(LADISCH et al. 1967).

The rice moth Corcyra cephalonica STAINTON, 1866 is a notorious lepidopteran pest of
stored cereals and cereal products in tropical and sub-tropical regions of the world (AYYAR
1920, MUNRO & THOMSON 1929). Its larval stages cause serious damage to rice, gram,
sorghum, maize, ground nut, cotton seeds, peanuts, linseeds, raisins, nutmeg, chocolate,
army biscuits, wheat, coffee, cocoa beans and milled products (ATWAL 1976, PILTZ 1977,
ALLOTEY & KUMAR 1985, ALLOTEY 1991).

Concern about the impact of pesticides on health, non-target organisms and the
environment has resulted in the search for alternative control measures for stored-product
insect pests. Amongst such “alternatives” are insect growth regulators (IGRs), a class of
biorational compounds that disrupt the normal development of insects. IGRs have been
developed commercially and are being used to control insect pests in agriculture, forestry,
public health and stored products. IGRs affect the biology of the treated insects, for
example, their embryonic and post-embryonic development, reproduction, behaviour and
mortality. Abnormal morphogenesis is the observed effect of the action of IGRs on insects.
Many of them are more potent than current insecticides, even against the eggs. Compared
with conventional insecticides, IGRs do not exhibit quick knock-down effects on insects or
cause mortality, but long-term exposure to these compounds largely stops population
growth, as a result of the above-mentioned effects in both parents and progeny. The first
use of IGRs against stored-product pests was reported by THOMAS & BHATNAGAR-THOMAS
(1968), but they were only tested on a small number of insect species. Ordinarily, control
measures in stores are based on fumigation with chemicals like hydrogen phosphate.
Residues and insect resistance are reasons for potentially limiting the use of fumigation
with chemicals in the near future (WMO 1994). IGRs are selective for insects and have low
mammalian toxicity, and are usually considered to be “reduced-risk insecticides”. With the
increasing emphasis on using chemicals that pose less risk, have low mammalian toxicity
and are specific to insects, there is renewed interest in using IGRs in pest management
systems for stored grain (OBERLANDER et al. 1997).

The term IGR was coined by STALL (1975) to describe a class of bio-rational
compounds. Through greater selectivity of action, these compounds appear to fit the
requirements for “Third Generation Pesticides” (WILLIAMS 1967) that disrupt the normal
development of several species of insects (HENRICK et al. 1973). On the basis of the mode
of action, workers (WILLIS 1974, STAAL 1975, MARX 1977, BENGSTON 1987, REYNOLDS
1987, WING & ALLER 1990) grouped IGRs into three categories: (i) juvenile hormones
(JHs) and their analogues (JHAS), also known as juvenoids, (ii) ecdysone agonists and (iii)
chitin synthesis inhibitors (CSIs) or moult inhibitors (Mls). Physiological and behavioural
processes in insects are controlled by the juvenile hormones, ecdysones and moulting
hormones; the first two groups of compounds regulate morphogenetic changes during
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metamorphosis (WILLIS 1974).

Methoprene is a long-chain hydrocarbon ester active as an insect growth regulator. An
analogue of juvenile hormone, it affects the egg and larval stages of stored-product insects.
It is a terpenoid and is considered to have higher potency and better field stability than
naturally occurring juvenile hormone. It is effective against a number of stored-product
insect pests. In the United States, methoprene was re-introduced into the stored-product
market in 2002 by Wellmark International and marketed as the commercial formulation
Dicon II.

In the present investigation, an attempt has been made to study the behaviour of the rice
moth, a stored cereal pest, following treatment with methoprene. The behavioural studies
examine the effect of methoprene on this insect’s ontogeny, growth duration and longevity.
The results obtained, in turn, would be of great importance in framing guidelines for
interrupting the life-cycle of this pest by manipulating its metabolic framework. This
technical contribution will provide an important and meaningful message to entomologists
working on insect growth regulators, who desire to apply this knowledge skilfully to
control infestation on stored products in godowns and other storage areas by this notorious
insect Corcyra cephalonica. Therefore, the present study will take the field of hormonal
analogues a step forward, and its results will be of immense importance from both the
academic as well as the economic points of view.
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MATERIALS AND METHODS

Maintenance of laboratory stock culture

Corcyra cephalonica adults were obtained from the laboratory-maintained stock culture
on a normal dietary medium composed of coarsely ground jowar Sorghum bicolor (L.)
MOENCH, 1794, mixed with 5% (w/w) powdered yeast in large glass containers (150 mm
diameter, 200 mm height) at temperature 26 + 1°C, relative humidity (RH) 93 + 5% and
a light regime of 12 hrs light and 12 hrs darkness. Such a standard culture was maintained
throughout the year.

Methoprene (1-methylethyl (E,E)-11- methoxy-3,7,11-trimethyl- 2,4-dodecadienoate),
a terpenoid juvenile hormone analogue, (P-157N, Lot 18828), was obtained from M/s
AccuStandard, New Haven, CT06513, USA.
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Preparation of different concentrations of methoprene in dietary media

To prepare the different concentrations of methoprene in dietary media, a stock solution
of known concentration of methoprene was prepared in the requisite organic solvent
(acetone) and adjusted via serial dilutions with acetone to achieve the desired
concentrations. Then the appropriate volumes of different concentrations of methoprene
were thoroughly mixed with the required quantity of normal food (roughly ground jowar
mixed with 5 % (w/w) yeast powder) to obtain the different concentrations of methoprene.
This treated food was then air dried at room temperature to eliminate excess acetone. For
control purposes, the normal food was thoroughly mixed with a suitable volume of acetone
similar to that of the treated food and then air dried in the same way.

Evaluation of the toxicity of methoprene towards the developmental stages of

Corcyra cephalonica

To investigate the toxic effects of various concentrations of methoprene, freshly hatched
larvae of Corcyra cephalonica were allowed to feed on a normal dietary medium (kept in
250 ml beakers) for exactly 4 days. On the 5 10", 15" and 20" days, twenty-five larvae of
the 1% 2" 3 and 4™ instars respectively were transferred to similar rearing chambers
containing 50 gm of dietary medium mixed and treated separately with different known
concentrations of methoprene. The experiment was conducted on 4 different
concentrations, i.e. 2, 4, 8 and 12 ppm of methoprene. Twenty-five larvae were also kept on
a normal dietary medium as the control. On completion of the developmental cycle, the
percentages of larval mortality, pupation, pupal mortality and adult emergence, as well as
growth duration and longevity of adults were recorded.

Growth duration, longevity, percentage pupation and adult emergence

After emergence of the moth, the percentage pupation (number of pupae) and adult
emergence (number of adults emerged) were recorded. On that basis the percentages of
larval and pupal mortality were calculated. The growth duration (the time elapsing between
egg laying and adult emergence) and longevity (lifespan) of emerged males and females of
Corcyra cephalonica were recorded separately for all four experimental sets from the 1%,
2" 3 and 4™ instar larvae exposed to various concentrations of methoprene and for the
control.

The experiment was replicated six times and the data obtained were analysed
statistically. Student’s t-test was applied to determine the significant differences between
the corresponding treated groups and the control (p<0.1 to p<0.001) using GraphPad,
QuickCalcs Software.
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RESULTS

Effect of methoprene on larval mortality

Mortality in larvae of different instars of Corcyra cephalonica rose with increasing
concentrations of methoprene. The respective percentage mortality in 1% instar larvae was
14.67 £2.07, 18.00 £2.19, 20.00 + 2.53 and 26.67 + 3.26 when treated with 2, 4, 8 and 12
ppm of methoprene, whereas in the control it was 3.33 + 3.01% (Table 1). The results for
2" 3" and 4" instar larvae were similar to each other. Larval mortality was higher in 1°
instar larvae than in any of the 2", 3" and 4" instar larvae.

Table 1. Effect of methoprene on the percentage of larval mortality of different larval
instars of C. cephalonica at temperature 26° + 1°C, relative humidity (r. h.) 93 + 5% and a
light regime of 12 h light and 12 h darkness.

Methoprene Percentage Larval Mortality
concentration [ppm] 1% instar” 2" instar® 3" instar” 4" instar”
0 3.33+3.01 3.33+3.01 3.33+3.01 3.3343.01
2 14.67 +2.07* 13.33 +2.07 10.0042.19 5.33+2.07°
4 18.00 +2.19% 18.00 + 2.19* 14.00 +£2.19* 933 +3.27
8 20.00 +2.53* 2133 £2.07 18.67 £2.07* 14.00 +2.19%
12 26.67 +3.26° 2533 +£2.07° 22.00 +2.19° 19.33 £3.01°

# _ Values expressed as the mean + SD of six replicates.

4 P and © — Values were significantly different (p<0.001, p<0.01 and p<0.05 respectively) from the control
when the t-test was applied.

» and ¢ — Values were significantly different (p<0.01 and<0.05 respectively) within the various
concentrations when the t-test was applied.

Effect of methoprene on pupation

With increasing methoprene concentration, a significant reduction in percentage
pupation occurred. When 1% instar larvae were treated with methoprene at different
concentrations, i.e. 2, 4, 8 and 12 ppm, percentage pupation was 85.33 +2.07, 82.00 + 2.19,
80.00 £+ 2.19 and 73.33 £ 3.27 respectively, while in the control it was 96.67 + 3.01%
(Table 2). Younger instars (1% and 2"®) were more affected than older instars (3" and 4™).
When 1%, 2" 3 and 4™ instars were treated with 12 ppm of methoprene, the respective
percentage pupation was 73.33 + 3.27, 74.67 £ 2.07, 78.00 £ 2.19 and 80.67 £+ 3.01. This
result shows that at higher larval stages there is a smaller reduction in pupation.
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Table 2. Effect of methoprene on the percentage pupation of different larval instars of
C. cephalonica at temperature 26° + 1°C, relative humidity (r. h.) 93 = 5% and a light
regime of 12 h light and 12 h darkness.

Methoprene Percentage Pupation
concentration [ppm] 1t instar” 2" instar” 3" instar” 4" instar”
0 96.67 +3.01 96.67 +3.01 96.67 +3.01 96.67 +3.01
2 85.33 £2.07* 86.67 +2.07* 90.00 +2.19* 94.67 +2.07°
4 82.00 +2.19° 82.00 +2.19% 86.00 = 2.19™ 90.67 +3.27*
8 80.00 = 2.53" 78.67 £2.07% 81.33 +£2.07* 86.00 +2.19%
12 73.33 +3.27° 74.67 £2.07° 78.00 +2.19° 80.67 +3.01°

# _ Values expressed as the mean % SD of six replicates.
@ and °— Values were significantly different (p<0.001 and p<0.01 respectively) from the control when the
t-test was applied.

" and © — Values were significantly different (p<0.01 and<0.05 respectively) within the various
concentrations when the t-test was applied.

Effect of methoprene on pupal mortality

Pupal mortality becomes significantly greater with increasing methoprene
concentration. It was 7.03 + 2.57% in 1*" instar larvae treated with 2 ppm of methoprene
and increased to 29.10 + 2.88% with 12 ppm (Table 3). The findings were similar in the
case of 2", 3" and 4" instar larvae. There was no pupal mortality in the control dietary
media, or in the case of 2" instar larvae at 2 ppm and in 3™ and 4™ instar larvae at 2 and
4 ppm of methoprene. The results show that pupal mortality in younger instars was much
more pronounced in comparison to the control.

Table 3. Effect of methoprene on the percentage of pupal mortality of different larval
instars of C. cephalonica at temperature 26° + 1°C and relative humidity (r. h.) 93 + 5% and
a light regime of 12 h light and 12 h darkness.

Methoprene Percentage Pupal Mortality
concentration [ppm] 1% instar” 2" instar® 3"instar” 4" instar®
0 00 00 00 00
2 7.03 +2.57° 00 00 00
4 11.43 +£2.77% 6.55 +2.68% 00° 00™
8 21.60 +2.21% 11.90 +2.74™ 10.70 + 3.86™ 6.20 £2.41%
12 29.10 +2.88° 17.80 £2.522 18.90 + 3.02% 12.40 +2.89%

# _ Values expressed as the mean + SD of six replicates.
& — Values were significantly different (p<0.001) from the control when the t-test was applied.
¥ " and ¢ — Values were significantly different (p<0.001, p<0.01 and<0.05 respectively) within the various

concentrations when the t-test was applied.
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Effect of methoprene on adult emergence

As the methoprene concentration increased, the percentage of adult emergence
decreased (Table 4). There was a significant difference was found between treatments of
1%, 2" 3" and 4" instar larvae and the control (Table 4). When 1% instar larvae were treated
with a concentration of 12 ppm the lowest adult emergence, i.e. 52.00 + 3.58%, was
observed in comparison to the control, i.e. 96.67 £+ 3.01%. The percentage adult emergence
of 1%, 2" 3" and 4" instars larvae treated with 12 ppm of methoprene was 52.00 + 3.58,
61.33 = 2.07, 63.33 + 3.93 and 70.67 + 4.13 respectively. This shows that younger instars
(1* and 2" were more affected than older ones (3" and 4™).

Table 4. Effect of methoprene on the percentage of adult emergence of different larval
instars of C. cephalonica at temperature 26° + 1°C, relative humidity (r. h.) 93 + 5% and
a light regime of 12 h light and 12 h darkness.

Methoprene Percentage Adult Emergence
concentration [ppm] 1% instar” 2% instar” 3"instar” 4" instar”
0 96.67 +3.01 96.67 £3.01 96.67 +3.01 96.67 +3.01
2 79.33 £3.01% 86.67 £2.07% 90.00 +2.19% 94.67+2.07°
4 72.67 £3.93* 76.67 +3.93* 86.00 +2.19% 90.67+ 3.27%
8 62.67 £2.07* 69.33 +3.27* 72.67 + 4.68" 80.67+ 3.01°"
12 52.00 +3.58° 6133 +2.07% 63.33 +3.93% 70.67 +4.13%

# _ Values expressed as the mean % SD of six replicates.

and °— Values were significantly different (p<0.001 and p<0.01 respectively) from the control when the t-
test was applied.

', ® and ¢ — Values were significantly different (p<0.001, p<0.01 and<0.05 respectively) within the various
concentrations when the t-test was applied.

Effect of methoprene on insect developmental time (growth duration)

Table 5 shows that there were significant differences in the duration of development
between control and treatments. The growth duration of 1% instar larvae treated with
methoprene at concentrations of 2, 4, 8 and 12 ppm was 64.83 + 4.05, 66.70 + 2.74, 71.50 +
4.23 and 72.50 £ 3.39 days for males and 71.00 £ 4.05, 75.83 + 2.32, 76.67 + 2.16 and
82.00 £ 2.37 days for females respectively. The duration was longest at higher
concentrations. Similar results were obtained when 2" 3™ and 4" instars larvae were
treated with methoprene. This result showed that the developmental time of larvae treated
with high concentrations of methoprene (8 and 12 ppm) was delayed slightly. The growth
duration of 1% instar larvae treated with 12 ppm was 72.50 + 3.39 days for males and 82.00
+ 2.37 days for females, that is, much longer than the control, i.e. 42.33 £+ 3.27 days (males)
and 45.00 + 2.37 days (females).
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Effect of methoprene on longevity

When 1% instar larvae were treated with methoprene, the longevity of adults (both males
and females) was significantly different among the four concentrations used. Similar results
were obtained when larvae of other instars (2", 3 and 4™) were treated (Table 6). The
survival rate of adults (both males and females) was significantly lower when the larvae
were treated with the highest concentration of methoprene (12 ppm). Adult longevity
observed in the control was 14.17 + 0.75 days in males and 7.5 + 1.05 days in females,
while longevity at the highest concentration (12 ppm) in 1%, 2", 3" and 4™ instars was 5.17
+0.75,6.50+ 1.87, 7.17 £ 1.72 and 9.00 £ 1.26 days in males and 1.67 = 0.82, 2.50 + 1.38,
2.50 + 1.38 and 4.00 + 0.63 days in females respectively (Table 6).There was no difference
in the longevity of adult females in 2™ and 3" instar larvae when treated with 12 ppm of
methoprene. In the case of 4" instar larvae treated with 2 ppm of methoprene, the longevity
of both males and females was 14.17 £+ 1.47 days and 7.50 £ 1.05 days respectively, which
was similar to the control (Table 6).

DISCUSSION

In the present investigation, methoprene, a juvenile hormone analogue applied to
different larval instars of the rice moth Corcyra cephalonica resulted in increased larval
mortality, pupal mortality and growth duration on the one hand, and decreased pupation,
adult emergence and longevity on the other. By virtue of their different modes of action,
juvenoids and CSls affect larval growth in quite opposite ways. JHAs at the mature larval
stage induce juvenilization of the treated larva when the natural hormone is absent in the
body. Hence, these compounds inhibit pupation of the treated larvae, which continue to
moult and produce “giant” or “supernumerary larvae”, as reported in Tribolium beetles
(PALLOS et al. 1971, ISHAAYA & YABLONSKI 1976, RAC 1977, EL-SAYED 1987, SHAAYA &
PiIsAREV 1988, SMET et al. 1989), Plodia interpunctella HUBNER, 1816 (KRAMER &
MCGREGOR 1979) and in Ephestia cautella WALKER, 1863 (SHRIVASTAVA 1983, SHAAYA
& PISAREV 1986, 1988). Concentrations from 1 to 100 ppm of different JHs have been
reported to produce such giant larvae in Tribolium beetles. IGRs may disturb larval growth
by affecting larval weight and length, increasing the larval period and causing larval
mortality at different instars resulting in a reduced percentage of pupal eclosion. Larval
survival is lower in external feeders than in internal feeders developing on an IGR-treated
diet (LoscHIAVO 1975, MIAN & MULLA 1982). Insufficient penetration of the active
ingredient into the endosperm of the kernels is the reason why IGRs fail to induce mortality
in weevils at economic concentrations. Rates of penetration also differ in different grains:
for example, 10 ppm methoprene or other JHAs in wheat caused mortality in flour beetles,
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whereas 1 ppm of methoprene in oats was lethal to the larvae of grain beetles (LOSCHIAVO
1975, 1976). Larvae of different stored-product insects treated with BPUs have been found
to shrink: the body wall becomes loose, and they cease normal movement, gradually
turning black and ultimately dying (MIAN & MULLA 1982, VIR 1988, PARWEEN 1998). In
the present investigation larval mortality was strongly affected by methoprene: for example,
larval mortality in the control was 3.33 + 3.01% whereas in 1% instar larvae treated at the
highest concentration of 12 ppm, larval mortality was 26.67 + 3.26%.

The highest concentration, i.e. 12 ppm of methoprene, when applied to 1%, 2" 3 and
4™ instar larvae, led to an age-dependent reduction in pupation. That is to say, 1% instar
larvae exposed to 12 ppm of methoprene exhibited maximum reduction in pupation,
whereas in 4" instar larvae exposed to the same concentration of methoprene showed
minimum reduction in pupation (Table 2). When 1%, 2" 3™ and 4™ instar larvae were
treated with 12 ppm methoprene their pupation were reduced by 73.33 + 3.27, 74.67 + 2.07,
78.00 + 2.19 and 80.67 + 3.01% respectively in comparison to the untreated control (96.67
+ 3.01%). Similar findings were also reported in case of 4™ and 5" instar larvae of Corcyra
cephalonica when exposed to JHA Ro 20-3600. Their pupation fell to 70% in comparison
with the control (BHARGAVA & DEVRAJ URs 1992). The reduction in pupation could be due
to ecdysis failure, caused in turn by the inhibition of the secretion or activity of moulting
hormone (SLAMA et al. 1974). Most JHAs at a concentration of 10 ppm or above inhibit
pupal eclosion in both beetles and moths of stored grain (CARTER 1975, FAJARDO &
MORALLO-REJESUS 1980, MIAN & MULLA 1982).

IGRs often result in pupal mortality either by direct treatment, as reported by SOLTANI
et al. (1993), or by larval treatment. The formation of a pupal-adult intermediate in
Tenebrio molitor LINNAEUS, 1758 larvae when treated with IGRs results in increased pupal
mortality in this insect (EDWARDS 1976, PARWEEN 1996). Pupal mortality is dose-
dependent (PARWEEN 1996) and decreased with increased pupal age (SOLTANI et al. 1993,
EDWARDS 1976). The present work has shown that the percentage pupal mortality was
higher in younger instars (1% and 2") of Corcyra cephalonica when treated with
methoprene: it was 29.10 + 2.88% in the case of 1% instar larvae when treated with 12 ppm
of methoprene. This is comparable with the result reported by MIAN & MULLA (1982), i.e.
when larvae treated with 5 ppm of methoprene resulted in 65 and 83% pupal mortality in 1%
and 2" instar larvae of Rhyzopertha dominica FABRICIUS, 1792 respectively and 60 and
100% in 1% and 2" instars of Tribolium castaneum HERBST, 1797 respectively.

WiLLIAMS (1956) was the first to report that JH application to young pupae blocked
adult differentiation. The activity of IGRs against the developmental stages certainly results
in reduced adult emergence. JH treatment at any stage reduces adult emergence in stored-
product insects (PALLOS et al. 1971, LOSCHIAVO 1975, 1976, NORDLANDER 1975,
OBERLANDER & SILHACEK 1976, AMOS & WILLIAMS1977, KRAMER & MCGREGOR 1979,
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STOCKEL & EDWARDS 1981, ISHAAYA 1982, MIAN & MULLA 1982, BENEZET 1983, RuP &
CHOPRA 1984, ABO-EL-GHER 1992). Methoprene effectively inhibited adult emergence in
Sitotroga cerealella OLIVIER, 1789 (STOCKEL & EDWARDS 1981) and Alphitobius
diaperinus PANZER, 1797 (EDWARDS & ABRAHAM 1985). Longer exposure of eggs or
larvae to low concentration of BPUs resulted in 90-100% inhibition of adult emergence in
Trogoderma granarium EVERTS, 1898 (SAXENA & KUMAR 1982, 1991, VIR 1988),
Tribolium castaneum (ISHAAYA et al. 1981, SAXENA & MATHUR 1981, MIAN & MULLA
1982, EisA et al. 1984, 1986, ADAN et al. 1992, DEL ESTAL et al. 1990, MONDAL et al.
1999), Tribolium confusum JACQUELIN DU VAL, 1863 (EL-SAYED et al. 1984), Ephestia
cautella (WALKER, 1863) and Lasioderma serricorne (FABRICIUS, 1792) (MENN et al.
1981). In the present investigation the adult emergence was 96.67 £3.01% in the control,
and 52.00 = 3.58 and 70.67 + 4.13% in 1% and 4" instar larvae respectively following
treatment with 12 ppm of methoprene. These findings revealed that longer exposure of
Corcyra cephalonica larvae to methoprene has a greater effect on the rate of adult
emergence. Our findings are in accordance with the results of MOJAVER & BADNANI (2010)
obtained in the case of Eurygaster integriceps PUTON, 1881 exposed to pyriproxyfen.

IGRs as a whole disrupt insect metamorphosis, hence, the developmental time for
pupation and adult eclosion are much longer. Short exposure of particular instars of insect
larvae to IGRs did not affect the developmental time, but long exposure usually showed
profound effects (MIAN & MULLA 1982). In the present investigation the application of
methoprene to different larval stages of the rice moth had a significant effect on their
developmental time. There was a slight increase in developmental time (growth duration)
when younger instars were treated with the highest concentration (12 ppm) of methoprene.
The growth duration of rice moth in the control was 42.33 + 3.27 days for males and 45.00
+ 2.37 days for females, whereas in 1% instar larvae treated with 12 ppm it was 72.50 + 3.39
days for males and 82.00 + 2.37 days for females. The longest developmental time (growth
duration) was obtained when 1% instar larvae were treated. This result was comparable to
that obtained for the effect of pyriproxifen on Plodia interpunctella (GHASEMI et al. 2010)
and on Eurygaster integriceps (MOJAVER & BADNANI 2010). In contrast to this result, the
application of fenoxycarb to 2™ to 4™ larval instars of the European corn borer Ostrinia
nubilalis (HUBNER, 1796) had no significant effects on the duration of these instars and the
duration of the resulting 5" instars increased significantly (GADENNE et al. 1990).

In the present work, the longevity of Corcyra cephalonica adults emerging from
methoprene-treated larvae was significantly reduced in comparison to the control. In the
control, adult longevity was 14.17 + 0.75 days for males and 7.50 + 1.05 days for females,
whereas the adult longevity of emerged adults from 1% and 4" instars treated with 12 ppm
of methoprene was 5.17 £ 0.75 days and 9.00 + 1.26 days for males, and 1.67 £ 0.82 days
and 4.00 + 0.63 days for females respectively. This shows that the early larval stage was
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more affected by methoprene than the older one (4" instar). Similar findings were reported
following the action of pyriproxyfen on Eurygaster integriceps (MOJAVER & BADNANI
2010). This finding was also similar to that of Plodia interpunctella exposed to 0.3 ppm of
pyriproxyfen (GHASEMI et al. 2010). However, the juvenile hormone analogue methoprene
and pyriproxyfen have very different effects on the life spans of the three species. They
have no effect on the life span of Rhyzopertha dominica (FABRICIUS, 1792) and Sitophilus
oryzae (LINNAEUS, 1763), but have a profound effect on Tribolium castaneum
(KosTYUKOVsKY et al. 2000). Most IGRs are generally not toxic to the adults themselves,
but long exposure to the early larval stages causes disruptions in the organ systems or
interrupts adult ecdysis and reduces the adult life span in the treated insects (MONDAL &
PARWEEN 2001).

A number of JHAs, including methoprene, at concentrations from 0.10 t0100 ppm
produced adultoids with crumpled and greatly diverging wings and supernumerary larvae in
Tribolium confusum (SMET et al. 1989). Normal adults that emerged from these treatments
produced some small sized adults in the F1 generation in the treated diet, which moved
slowly compared to the untreated F1 adults. In the present investigation, increasing the
concentrations resulted in a low emergence of normal adults, and some adultoids emerged
from the treated larvae (more pronounced at 12 ppm concentration). These adultoids
exhibited abnormal legs and twisted wings; movement of the legs and wings was thus
impossible (Figs A, B1, B2). Increasing the concentration of methoprene also resulted in
the formation of abnormal pupae, i.e. pupoids (Figs C, D1, D2, D3). Adults of Sitophilus
oryzae emerging from methoprene-treated larvae had crooked snouts and collapsed
abdomens (BAKER & Lum 1976). Methoprene, hydroprene and MV-678 produced
deformed adults in Ephestia cautella in treated shell peanuts (NICKLE 1979). The carbamate
group of JHAs produced giant larvae with large head capsules in Tribolium castaneum and
adultoids in Sitophilus granarius (Hoppe 1976). Carbamates affected the lepidopteran
species Ephestia kuehniella ZELLER, 1879 and Plodia interpunctella more than Tribolium
beetles. Adult moths with deformed wings and strongly bent abdomens were incapable of
flight (Hoppe 1974, 1976). Minimal metamorphic defects, for example, uninflated and
crumpled wings and disturbed ecdysis in JH-treated Sitophilus granarius was reported by
STAAL (1975). Hydroprene and R-20458 at concentrations of 20, 50 and 100 ppm produced
severe deformities in females of Sitophilus oryzae in the form of larval-pupal, larval-adult
and pupal-adult intermediates (MkHIZE 1986). Besides the intermediate forms, incomplete
moults also occurred, for example, a larval head capsule found on the abdomen of an
otherwise normal pupa, a pupal exuvium adhering either to the legs or the tip of ventral side
of the abdomen of an apparently normal adult beetle, deformed elytra and hind wings and
uneven pigmentation. The degree of completion of metamorphosis was dose-dependent.
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Fig. 1. Corcyra cephalonica: A — a normal adult; B1, B2 — abnormal adults with twisted
wings and abnormal legs; C — normal pupa; D1, D2, D3 — abnormal pupae (pupoids).
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These deformities were more pronounced in the females than the males, which may be due
to the shorter pupal period and earlier differentiation of adult tissues in the male beetles.
Diapausing larvae of Trogoderma granarium treated with 1pg/larva of this JH were able to
initiate pupation and adult emergence occurred. These adults showed normal features
except that their legs were poorly developed and did not show any sign of tanning.
Methoprene at doses of 10 and 100ug/pupa and hydroprene at 10ug/pupa on Sitotroga
cerealella produced deformed adults, the males being more affected than the females
(STOCKEL & EDWARDS 1981). Both JHAs and CSls produced larval-pupal intermediates
and abnormal adults in Plodia interpunctella and Corcyra cephalonica (FAJARDO &
MORALLO-REJESUS 1980). From our findings it should be concluded that methoprene
reduces the percentages of pupation, adult emergence and adult longevity, and may prolong
the developmental time (growth duration). It should be clear that methoprene may be
considered a safer substitute for conventional insecticides and may be utilized for the
effective control of Corcyra cephalonica in particular and lepidopteran pests in general.
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