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Abstract: Corcyra cepalonica, the rice moth is a serious pest of stored product around the world. Twenty-five 

2
nd

 instar larvae of the rice moth were exposed to methoprene, a juvenile hormone analogue, in order to have an 

effect on its reproductive behavior. The 2
nd

 instar larvae were exposed to methoprene-treated diet (coarsely 

ground jowar mixed with 5% yeast powder),after emergence the pairing of male and female adult was 

performed as untreated male x untreated female, treated male x untreated female, untreated male x treated 

female and treated male x treated female to study sex-based effects. Methoprene caused a significant effect on 

the fecundity and fertility of C.cephalonica. It interferes with the reproductive behavior of the rice moth 

reducing its population. From the present investigation it may be concluded that methoprene, a juvenile 

hormone analogue, is fully efficient for the effective control of the rice moth C. cephalonica with very poor side 

effects to humans. 
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I. INTRODUCTION 

In 1960s synthetic insecticides, both as contact insecticides and fumigants, have been used extensively to control 

stored-product insects ([1], [2]). However, at present, owing to many concern about the use of currently 

available insecticides there is an emphasis on the use of insecticides that have bio-rational properties ([3]).This 

concept also includes the reduced risk insecticides, such as insect growth regulators (IGRs) ([4],[5]).There are 

three types of IGRs juvenile hormone agonoists, ecdysteroid agonists and chitin synthesis inhibitors ([6]).  

These compounds affect the biology of treated insects, for example, both embryonic and post embryonic 

development, reproduction behavior and mortality. They are selective for insects and have low mammalian 

toxicity. The term IGR was designed by ([7]) to describe a class of bio-rational compounds. Through greater 

selectivity of action, these compounds appear to fit the requirements for “Third Generation Pesticides” ([8]) that 

disrupt the normal development of several species of insects ([9]).  

The physiological and behavioral processes in insects are controlled by the juvenile hormones, ecdysones and 

moulting hormones. Juvenile hormones and ecdysones regulate the morphogenetic changes during 

metamorphosis ([10]). Juvenile hormone analogues are lethal to embryos when applied during blastokinensis 

([11], [12]) or to larvae, which than produce malformed pupae ([13]). It often affect reproduction when applied 

at the immature stages reduced the offspring production by affecting females during their adulthood both in 

stored product insects ([14]) and in non-stored-product insects ([15], [16], [17], [18], [19]). 

Rice-moth, Corcyra cephalonica is a notorious lepidopteran pest of stored cereals and cereal products in tropical 

and sub tropical region of the world ([20], [21]). Its larval stages cause serious damage to rice, gram, sorghum, 

maize, ground nut, cotton seeds, peanuts, linseeds, raisins, nutmeg, chocolates, army, biscuits, wheat, coffee, 

cocoa beans and milled products ([22],[23],[24],[25],[26]).  

Methoprene is an insect growth regulator that is an analog of juvenile hormone used in insect control. It affects 

the egg and larval stages of stored-product insects. It is a long chain hydrocarbon ester active as an insect 

growth regulator. Methoprene (1, isopropyl 2E, 4E-11 methoxy-3, 7, 11-trimethyl-2, 4-dodecadienoates) is a 

terpenoid and is considered to have higher potency and better field stability than do naturally occurring juvenile 

hormone. Methoprene 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 

the commercial formulation Dicon II. 

In the present investigation, an attempt has been made to study the reproductive behavior of rice moth following 

treatment with methoprene. The behavioral study will include the effect of methoprene on egg laying capacity 

and egg hatchability. 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 some important and meaningful message to the entomologist working on insect growth regulator, who 

desire to apply this knowledge skillfully to control the infestation on stored products in godowns and other 

storage areas by this notorious insect, C. cephalonica. Therefore these studies will lead the field of hormonal 
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analogues a step forward and the results of this investigation will be of immense importance for academic as 

well as economic point of view. 

                               II. MATERIALS AND METHODS 
 C. cephalonica adults were obtained from laboratory maintained stock culture on normal dietary medium 

composed of coarsely ground jowar (Sorghum vulgare) mixed with 5% (w/w) powdered yeast inside large glass 

containers (150 mm diameter, 200 mm height) at temperature 26 ± 1
0
C, relative humidity(r. h.) 93 ± 5% and a 

light regime of 12 h light and 12 h darkness. Such a standard culture was maintained throughout the year. 

A. Preparation of Different Dose Levels of Methoprene in Dietary Media 

For the preparation of different dose levels of methoprene in dietary media, a stock solution of known 

concentration of methoprene was prepared in required organic solvent (acetone) and then adjusted via serial 

dilutions to achieve its required concentrations in acetone. Now required volume of different concentrations of 

methoprene was thoroughly mixed with the required quantity of normal food (roughly ground jowar mixed with 

5% (w/w) yeast powder) to get different desired dose levels of methoprene. This treated food was then air dried 

at room temperature to eliminate completely the excess of acetone. For control purposes, the normal food was 

thoroughly mixed with a required volume of acetone similar to that of treated food and then air dried in the same 

way. 

B. Evaluation of Toxicity of Methoprene Against the Reproductive Biology of C. cephalonica 

To investigate the toxic effects of various doses of methoprene,freshly hatched larvae of C. cephalonica were 

allowed to feed on a normal dietary medium (kept inside 250 ml beakers) for exactly 9 days. On the 10
th

 day, 

Twenty-five 2
nd

 instar larvae were transferred to each similar rearing chamber containing 50 gm of dietary 

medium mixed and treated separately with different known dose levels of methoprene. 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 control. On the completion of developmental cycle, its egg-laying capacity 

and egg hatchability were observed. Experiment was replicated six times and the values have been expressed as 

the mean ± S.D. Student’s t-test was applied to determine the significant differences between the corresponding 

treated groups and the controls. The experiment was kept at the temperature, relative humidity and photophase, 

as mentioned earlier. 

C.  Egg-Laying Capacity and Egg Hatchability 

For the observation of percent egg laying capacity and hatchability, the adults obtained from the experiment, 

were sexed just after their emergence and the males and females were kept separately in the glass containers (33 

mm diameter and 200 mm height).  

The adults emerged from experiment were immediately sexed and used for mating experiment. For this purpose, 

four types of crosses were made, as following:  

 (i) Treated male x Normal female  

 (ii) Normal male x Treated female  

(iii)Treated male x Treated female  

(iv)Normal male x Normal female (Serving as control) 

(Treated male and treated female refer to the male and female moths obtained from treated culture). 

These pairs were allowed to mate and lay eggs in the oviposition chambers (30 mm wide and 200 mm height 

glass tubes) separately. The eggs laid were collected daily till the females die and the collected eggs were 

transferred to the hatching sites (Glass petridishes of 100 mm diameter and 10 mm height) and allowed to hatch. 

The total number of eggs laid per pair was noted and after their hatching the total number of hatched eggs was 

also counted. Percent hatching was calculated on that basis. The corrected sterility was calculated by 

Chamberlain’s formula (1962), as corrected sterility-                                                                                                                                                                                                

                                    

 

                                    %hatch in control-%hatch in treated 

        =100 x                                                                                                                                                      

                                                 %hatch in Control 

III. RESULTS 

both the egg laying capacity (fecundity) and egg hatchability (fertility) observed by the different crosses, were 

significantly decreased with increased concentration of methoprene as compared to controls (P<0.0001).When 

normal female was crossed with treated male of 2ppm of methoprene, the fecundity and fertility as per female 

was observed 360.17 ± 2.32 and 196.00 ± 2.10 which was decreased to 265.50 ± 1.87 and 124.33 ± 2.42 at 

12ppm respectively. The results obtained from the crosses between normal male and treated female at 2ppm 

concentration of methoprene, for the same parameters such as fecundity and fertility was 348.17 ± 3.31 and 

180.33 ± 2.07 which was decreased to 233.50 ± 2.07 and 95.67 ± 2.58 at 12ppm respectively. Whereas when 

both the male and female treated with 2ppm concentration of methoprene were crossed, the fecundity and 

fertility was 328.33 ± 2.25 and 164.67 ± 2.58 which was decreased to 210.50 ± 3.02 and 76.50 ± 1.87 at 12ppm 

respectively. 
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The data given in table 1 indicates that the fecundity and fertility is low when both sexes of pair were treated. 

However, when only female were treated of the pair, the rate of fecundity and fertility decreased in comparison 

to only male were treated of the pair. It is assumed that at least one treated adult of the pair either male or female 

will cause the pair had low fecundity and fertility. 

 

IV. DISCUSSION 

Reproduction in insects is affected by a number of hormones, including juvenile hormones (JHs). Reference [8] 

proposed that timely application of JHs could be employed to control insects because of their ability to disrupt 

normal physiological functions. Insect growth regulators (IGRs) are synthetic mimics and analogues of juvenile 

hormone which mimic naturally occurring hormones and physiological processes of insects. These synthetic 

mimics affect the normal development of immature insects ([27]). In the present study the rate of fecundity and 

fertility was adversely affected by methoprene.It suppressed egg production in insects by several machanism. In 

males JHAs disrupt spermatogenesis ([28]) and functioning of accessory glands in some insects species; the 

degree to which the target tissue is affected differs with the species. In females, JH affects the development of 

oviducts ([29]), follicular growth ([30]), oocyte maturation ([29]) and functioning of accessory glands 

([29],[30]). Morphology of geneitilia is also affected by external exposure of methoprene ([31]).There are 

several example of JHAs having a window of sensitivity, for example larvae are sensitive and adults are not 

sensitive to JH and JHA ([4],[7],[29]).There are also examples of JH-sensitive phases within the eggs and larval 

stages ([32]).  

In the present investigation, methoprene a juvenile hormone analogue, shown the potential for reproductive 

behaviour which corresponds to the results of effect of pyriproxyfen on Plodia interpunctella  (Hurbner) ([33]), 

methoprene on Rhyzopertha dominica ([14]) and Tribolium cataneum ([32]).The egg laying capacity (fecundity) 

was decreased with increased concentration of methoprene. The least number of eggs laid by per female was 

observed from the cross between treated female and treated male for all the concentrations of methoprene such 

as 2, 4, 8 and 12 ppm(Table 1) .Which was correspond to the effect of methoprene on T.castaneum ([32]). Other 

studies have shown similar effects of reducing the offspring when larvae of Choristoneura occidentalis 

(Freeman) and Adoxophyes orana (fischer von Roslerstamm) are exposed to JHAs.The results of reference [34] 

shown that topical incorporation of Chlorfluazuron on ultimate instar larva of S. litura reduced the fecundity and 

fertility of adults. They speculated that reduced ovarian growth and oogenesis is responsible for reduced fecun-

dity. The rate of fecundity of adult emerging from treated culture is reduced with increased concentration of 

IGR. JH treatment at early larval stages may induce the maturation of reproductive system, especially in females 

([13]). 

JHAs have profound effect on the embryogenesis of insects. It blocks embryonic development by inhibiting the 

differentiation of the embryos ([35], [36]), usually before or at blastokinesis ([37], [38], [39], [40]) or affect yolk 

deposition in treated eggs. It was observed that methoprene did not affect gamete formation in either sex, but 

was transferred to the eggs either by direct treatment of the females or through mating with a treated male. 

Similar results are also found in Cryptocarya chinensis treated with 30 and 100 ppm of methoprene ([41]). In 

the present study the hatching rate of C. cephalonica eggs in control was 97.87 ± 0.29 %, while hatching rate of 

eggs laid by treated female was decreased with increased concentration of methoprene (Table1). Similar finding 

has also been reported when R. dominica eggs were treated with different concentrations of methoprene. In later 

result the hatching rate of eggs exposed on filter paper treated by methoprene at concentration 0.003 mg [AI]/ 

cm
2
 was, 52.00 ± 7.8 % compare to 93.00 ± 3.3 % on untreated filter paper ([14]).This study has number of 

significance for the use of methoprene in stored-grain pest management. The presence of adult in grain treated 

with methoprene may be less of concern, as the majority of these adults may not be able to produce progeny and 

should reduce populations of survivors for much longer time. Our findings i.e. fecundity and fertility of 

C.cephalonica emerge from methoprene exposed to 2
nd

 instar larvae are in conformity of the findings of 

references [33],[32] and [14] as reported in case of P.interpunctella, T.castaneum and  R.dominica, respectively. 

Sterilization has been observed in adult insects treated with IGRs at any stage of their life cycle. Sterilization 

effects may be (I) indirect larval treatments cause a delayed effect on the viability of the eggs laid by the 

emerged females; or (II) direct treatments applied to morphologically normal adults result in impaired 

reproduction. Sterility may cause death of embryos before, during or immediately after birth ([7]). JHs have 

ovicidal, morphogenetic, gonadotrophic and prothoracic properties ([42]). The permanent ovarian abnormalities 

led to female sterility ([43], [44]). Untreated females can also be sterilized through sexual contact with the 

treated males ([45]). Repeated mating of untreated females with treated males gave a more pronounced effect 

([46]). When insects are exposed to IGRs for a long period sterility may occur due to (I) distorted gonads, (II) 

inhibition of vitellogenesis in the ova of treated females, (III) reduction of the number of spermatophores in 

treated males, (IV) retention of morphological deformities like urogomphi in the adults or (v) extrusion of 

ovipositor in the adult females. In the present result the highest percent sterility was 63.64 ± 1.30% when both 

the adults of the pair were emerged from treated culture at 12ppm concentration of methoprene, in comparison 

to control i.e.2.13±0.29%(Table1).This finding is in accordance with that to the result of reference [47] on 
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C.maculatus which reported that the adult female treated with hydropene when crossed out with normal male 

produced non-viable eggs. 

On the basis of overall findings, it may be concluded that methoprene adversely affects the fecundity as well as 

fertility of the rice moth C.cephalonica,a major pest of stored cereal commodities of course, it may be 

considered as a safer substitute to conventional insecticides and may be utilized for the effective control of 

C.cephalonica in particular and lepidopterous pest in general. 
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Table 1.Effect of the methoprene on the egg lying capacity and percent hatching of eggs of C.cephalonica 

exposed to 2
nd

 instar larvae.   
 

Methoprene 

conc 

Sets Fecundity# Fertility# % Hatching# %Observed# 

Sterlity 

% Corrected*# 

Sterlity 

Control N♂  x  N ♀ 492.5 ± 4.09 482 ± 4.98 97.87 ± 0.29 2.13 ± 0.29 ………. 

 

2ppm 

T ♂  x  N ♀ 360.17 ± 2.32 196.00 ± 2.10 54.42 ± 0.81 45.58 ± 0.81 44.39 ± 0.75 

N ♂  x  T ♀ 348.17 ± 3.31 180.33 ± 2.07 51.80 ± 0.61 48.20 ± 0.61 47.07 ± 0.64 

T ♂  x  T ♀ 328.33 ± 2.25 164.67 ± 2.58 50.15 ± 0.88 49.85 ± 0.88 48.75 ± 0.95 

 

4ppm 

T ♂  x  N ♀ 335.50 ± 3.39 178.17 ±2.32 53.10 ± 0.41 46.89 ± 0.41 45.74 ± 0.41 

N ♂  x  T ♀ 315.50 ± 3.19 153.00 ± 4.05 48.45 ± 1.60 51.55 ± 1.60 50.49 ± 1.62 

T ♂  x  T ♀ 291.83 ± 2.48 130.33 ± 2.07 44.67 ± 0.96 55.33± 0.96 54.36 ± 1.01 

 

8ppm 

T ♂  x  N ♀ 294.67 ± 2.16 144.50 ± 2.88 49.04 ± 0.93 50.96 ±0.92 49.89 ± 0.98 

N ♂  x  T ♀ 264.17 ± 2.32 122.17 ± 3.13 46.25 ± 1.20 53.75 ± 1.20 52.74 ± 1.23 

T ♂  x  T ♀ 234.33 ± 2.66 98.00 ± 1.79 41.83 ± 1.04 58.17 ± 1.04 57.26 ± 1.04 

 
12ppm 

 

T ♂  x  N ♀ 265.50 ± 1.87 124.33 ± 2.42 46.83 ± 1.04 53.17 ± 1.04 52.15 ± 1.03 

N ♂  x  T ♀ 233.50 ± 2.07 95.67 ± 2.58 40.97 ± 1.16 59.03 ± 1.16 58.14 ± 1.20 

T ♂  x  T ♀ 210.50 ± 3.02 76.50 ± 1.87 36.36 ± 1.30 63.64 ± 1.30 62.85 ± 1.36 

 

* Calculated by Chamberlain’s formula (1962)  

# Values has been expressed as mean ± SD of six replicates.  

Values are significantly different (p< 0.0001) from their control when t-test was applied. 


