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Abstract: Application of methoxyfenozide to the different instar larvae of rice-moth, Corcyra cephalonica severely
influenced their ontogeny resulting into a significant enhancement in larval and pupal mortality and a significant
reduction in pupation and adult emergence. The highest concentration i.e. 30 ppm of methoxyfenozide when
exposed to 1st instar larvae of C. cephalonica caused 100% larval mortality preventing recurrence of this pest. Effect
of this IGR was found exposure time-dependant to the larvae i.e. it was highest in 1st instar larvae and then
gradually decreased to 2nd, 3rd and 4t instar larvae. Methoxyfenozide affects growth, development and
metamorphosis of C. cephalonica larvae by accelerating larval ecdysis resulting into emergence of premature adults
as well as formation of larval-pupal and pupal-adult intermediates. It may be used for the effective control of rice-
moth and other Lepidopteran pests.
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Introduction

The rice-moth, Corcyra cephalonica Stainton
(Lepidoptera:Pyralidae) is one of the most
destructive pests of stored cereals and cereal
in Asia, Africa, Europe, North
America and other tropical and subtropical

problem of the world. Application of organic
pesticides i.e. organochlorines, organophosphates
and synthetic pyrethroids develop resistance in
insect pests (Boyer et al, 2012), kill beneficial
organisms  (Fields, 1992; Hagstrum and

commodities

regions of the world (Munro and Thomson, 1929).
Rice, gram, sorghum, maize, wheat and milled
products are severely damaged by its larval
phases (Atwal, 1976; Piltz, 1977). Insect pest
management in stored cereals is still a puzzling

Subramanyam, 2006) and of course pollute the
whole environment (Relyea, 2009). One of the
suitable alternative to rid off these problems in
management of stored cereal pests is the

application of insect growth hormone analogues
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that affect the growth, development and
metamorphosis of insect pests resulting into non-
arrival of the future generation.

Methoxyfenozide (RH-2485) is a suitable
ecdysone hormone analogue that accelerates the
moulting of the test organism in Lepidopteran
insects (Enriquez et al, 2010). In addition, it is
biodegradable in the environment (Stall, 1975),
possesses low mammalian toxicity and is harmless
to non-target organisms (Stall, 1975; Oberlander

etal, 1997).

of the present
have been made to

Hence, as an objective
programme, attempts
investigate the role of methoxyfenozide on the
growth, development and metamorphosis of
developmental stages of rice-moth,
Corcyra cephalonica. This study may of course
provide knowledge to control the pest population
of C. cephalonica in particular and Lepidopteran
pests in general in eco-friendly way.

various

Materials and Methods

Collection and culture of rice-moth, Corcyra
cephalonica Stainton:

Adults of Corcyra cephalonica were obtained from
Central Integrated Pest Management Centre,
Gorakhpur 273009, Uttar Pradesh, India. A stock
laboratory culture was maintained 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
* 19C, relative humidity (R.H.) 93 + 5% and a light
regime of 12 h light and 12 h darkness.

Egg laying and their hatching:

Newly emerged males and females from above
culture were kept in oviposition glass chambers
(35 mm diameter, 200 mm height). No food was
given to these pairs in oviposition vessels because
they do not feed in their adult stage during their
confinement in these vessels. Eggs laid by the
females were collected and transferred in glass
chambers (250 ml beakers) for hatching by using
zero number hair brush of camel.

Ecdysone hormone analogue used:

Methoxyfenozide (C22H2sN.03) (Fig. 1), N-tert-
butyl-N"-(3-methoxy-o-toluoyl)-3,5xylohydrazide,
an ecdysone analogue (Catalogue Number
M262765, Lot- 16-SCC-7-1) used in the present
study was obtained from Toronto Research
Chemicals Inc., 2 Brisbane Road, Toronto, ON,
Canada M3J 2]8.

Fig. 1: Methoxyfenozide

Preparation of different concentrations of
methoxyfenozide in dietary media:

Stock solution of known concentration of
methoxyfenozide was prepared in acetone and
then adjusted via serial dilutions to achieve its
required concentrations. Then required volume of
different concentrations of methoxyfenozide was
thoroughly mixed with the required quantity of
normal food (roughly ground jowar mixed with
5% w/w yeast powder) to get different desired
concentrations i.e. 1, 5, 10, 15, 20, 25 and 30 ppm
of methoxyfenozide in dietary media. This treated
food was then air dried at room temperature to
eliminate completely the 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.

Evaluation of effect of methoxyfenozide against the
developmental stages of C. cephalonica:

To investigate the toxicity of various
concentrations of methoxyfenozide at different life
stages of rice-moth, four sets of experiments were
designed. In each set, eight rearing chambers
(consisting of 250 ml beakers) containing 50 g of
food were used, out of which 7 rearing chambers
contained 1, 5, 10, 15, 20, 25 and 30 ppm of

methoxyfenozide treated food separately, whereas
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one chamber contained normal food, serving as
control. In the first set of experiment, freshly
hatched larvae of C. cephalonica were allowed to
feed on a normal dietary medium for exactly four
days and on the fifth day, a group of 25 first instar
larvae were transferred to each rearing chamber
containing 50 g of dietary medium mixed and
separately with different
concentrations of methoxyfenozide and similarly
in the 2nd, 3rd and 4t sets of experiment, the

treated known

second instar, third instar and fourth instar larvae
were Kkept, respectively. All the four sets of
experiments were Kept at temperature, relative
humidity and photoperiod, as mentioned earlier.
When life cycle was completed per cent adult
emergence and pupal mortality were noted and
per cent pupation and per cent larval mortality
were determined (Tripathi and Tiwari, 2014). The
developmental course and external morphology of
larvae, pupae and adults were also observed.

Statistical analysis:

Experiments were replicated six times and the
data analysed statistically.
Student’s t-test was applied to determine the
significant  differences from control and
corresponding treated groups. LDs
(ug/larva), 95% confidence limits (lower and
upper confidence limits) of LDsg, slope value and
heterogeneity of methoxyfenozide were calculated
by Polo Plus, Probit and Logit Analysis, version:
2.0, LeOra Software based on Probit analysis
(Finney, 1971).

obtained were

values

Results and Discussion
Effect of methoxyfenozide on larval motality:

In the present investigation, methoxyfenozide an
ecdysone hormone analogue caused a significant
enhancement in the percentage larval mortality
when exposed to each instars i.e. 1st, 2nd, 3rd and 4th
instars. Methoxyfenozide exposure caused 100%
larval mortality at its 30 ppm concentration in
comparison to control i.e. 3.20 + 0.42% (Table 1).
Larval mortality in 2nd, 3rd and 4t instar larvae, at
each concentration was found to be decreased
significantly, possibly due to comparatively

shorter duration of exposure of methoxyfenozide
from 2nd to 4t instars. Similar findings have also
been reported in newly hatched larvae of
European corn borer, Ostrinia nubilalis, when
exposed to 0.125 ppm
methoxyfenozide and 0.5 ppm concentration of
tebufenozide which 100% larval
mortality (Trisyono and Chippendale, 1997).

Methoxyfenozide at a concentration of 10 ppm

concentration of

resulted

caused 44% larval mortality when exposed to last

instar larvae of Plodia interpunctella while
tebufenozide at the same concentration resulted
65% larval mortality when treated to same larvae
(Oberlander et al., 1998). The 2nd, 3rd and 4th instar
larvae of C. cephalonica fed at a concentration of
80 ppm tebufenozide (RH-5992) resulted
maximum mortality i.e. 74.33, 66.33 and 67.5%
respectively on 5t day after larval treatment while
the same larvae when administered with the same
concentration of halofenozide (RH- 0345) to 2nd,
3rd and 4t instar larvae showed a maximum
mortality of 76.33, 71.5 and 69.0%, respectively
on the 5t day after larval treatment (Chakravarthy
et al, 2012). Methoxyfenozide induced larval
mortality has also been reported in Tribolium
castaneum which caused 28.33, 48.33, 63.33 and
78.33% larval mortality at the concentrations of
2.5, 10, 15 and 20 ppm, respectively in 1st instar
larvae (Ali et al, 2016). In addition,
chromafenozide at the concentrations of 2.4, 5.3
and 11.8 (mg L) has also been reported to cause
10, 25 and 50% larval mortality, respectively after
96 h of treatment of 6t instar Spodoptera littoralis

larvae (El-Sabrout et al., 2019).

Insect growth, development and moulting
processes depends upon the titre balance of the
principal moulting hormones, 20-
hydroxyecdysone (E) and juvenile hormones
(Gilbert and Warren, 2005; Palli et al,, 2005). The
higher dose of ecdysteroid led to higher larval
mortality that may be due to alteration in
the storage proteins of C. cephalonica at the time
of larval development. It has been reported
that larval C. cephalonica storage proteins can

be sequestered at the time of larval-pupal
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Table 1: Toxicity of methoxyfenozide on the larval mortality of Corcyra cephalonica, when exposed at 1st, 2nd, 3rd and
4t instar larval stages at temperature 262 + 12C, relative humidity (r.h.) 93 + 5% and a light regime of 12 h light and

12 h darkness

Methoxyfenozide Per cent Larval Mortality
concentrations

[ppm] Istinstar# 2nd jnstar# 3rd instar# 4t instar#
0 3.20+£0.42 3.20£0.42 3.20+£0.42 3.20£0.42
1 9.60 +£1.192 8.00 £ 1.002 6.40 £1.14 4.8+0.35
5 24.0 + 2,112 25.60 = 1.562 21.60 = 2.072 16.80 £ 1.45%
10 48.0 £ 3.44% 44.00 + 4,322 41.60 + 3.312 32.00 £ 2,982
15 63.20 = 6.692 58.40 + 5.292v 52.00 + 4.002 41.60 + 3.292v
20 78.60 + 6,912V 71.20 £ 5.22a 65.60 £ 4.562> 57.60+ 4.8922
25 85.60 + 7.802 80.00 £7.48ac 72.80 + 5.93a 64.00 * 4.522
30 100 94.40 £ 5.373 88.80 £ 5.93a 72.80 £5.162

# Values are expressed as the mean + SD of six replicates. 2 Significantly different p<0.001 compared with
control; 2- " and ¢ significantly different p<0.001, p<0.01 and p<0.05, respectively from the corresponding

treated group when t-test was applied.

development due to ecdysteroid functions (Kiran
Kumar et al.,, 1997).

The present study indicates that methoxyfenozide
disrupts the normal growth and development of
insects. Similar observations have also been
noticed in 4t instar larvae of Ostrinia nubilalis
treated with methoxyfenozide that ceased feeding
8h after ingestion, indicating that larvae had
prematurely entered a molting cycle (Trisyono
and Chippendale, 1997). This effect is important
for the control potential of methoxyfenozide
because larval feeding damage to stored cereals
would be Feeding
malformation of the mouth parts (Smagghe and
Degheele, 1992) may cause starvation, which
eventually leads to death. The failure of treated
larvae to shed the old cuticle may be the result of
inhibition of eclosion hormone caused by residue
of methoxyfenozide in the larval body. This
hormone is released as a result of a decline in

limited. cessation and

ecdysteroid titer following the peak titer before
ecdysis (Truman et al, 1993). Our findings suggest
that application of methoxyfenozide at the time of
1st instar larval stage should inhibit the successive
moulting, thus larvae would fail to pupate and

so the arrival of the adult may not occur
controlling the pest population. It was observed
that in the present study methoxyfenozide
exposed larvae that do not receive a lethal
concentration may show sublethal chronic effects,
including lower larval growth rate, decreased
pupal weight and adult emergence. This finding is
in accordance with that of methoxyfenozide and
tebufenozide exposed Ostrinia nubilalis larvae
(Trisyono and Chippendale, 1997).

Effect of methoxyfenozide on pupation:

In the present study, each concentration of
Methoxyfenozide exposure to the larvae of 1st, 2nd,
3rd and 4t instars showed a significant reduction
in percentage pupation. A concentration of 30 ppm
that caused 100% larval mortality in 1st instar,
resulted 5.60 + 1% pupation in 2nd instar treated
larvae but in 3r and 4t instars percentage
pupation enhanced due to the shorter tenure of
exposure of larvae (Table 2). Such results have
also been observed in 5% instar larvae of
Spodoptera frugiperda following the exposure
ofmethoxyfenozide that resulted 91.7 + 1.74
and 71.6 + 3.09% pupation at its 0.24 and 0.35 mg
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Table 2: Toxicity of methoxyfenozide on the pupation of Corcyra cephalonica, when exposed at 1st, 2nd, 3rd and 4th
instar larval stages at temperature 262 + 19C, relative humidity (r.h.) 93 + 5% and a light regime of 12 h light and 12

h darkness

Methoxyfenozide Per cent Pupation

conc[e ;1 ;rrj]t 1ons 1stinstar# 2ndjnstar# 3rdinstar# 4th instar#
0 96.80 + 3.35 96.80 + 3.35 96.80 + 3.35 96.80 + 3.35
1 90.40 +£2.19> | 92.00 +4.00¢ | 93.60 + 3.58 95.20 + 3.35
5 76.00 + 4.002¢" | 74.40 + 4.56%" | 78.40 + 6.072>" | 83.20 + 3.352
10 52.00 + 4.882¢" | 56.00 + 4.422" | 58.40 + 5.372" | 68.00 + 4.0
15 36.80 + 3.922¢" | 41.60 + 3.242" | 48.00 + 4.002"" | 58.40 + 4.293'
20 21.60 + 3.112a" | 28.80 + 3.0022" | 34.40 + 3.142" | 42.40 + 3.762
25 14.40 + 1.7220" | 20.00 + 2.142" | 27.20 + 2.182>" | 36.00 + 3.12a¢
30 00 5.60 £ 1.002" | 11.20 + 2.46%" | 27.20 + 2.81a’

# Values are expressed as the mean + SD of six replicates. 2 and P Significantly different p<0.001 and p<0.01
respectively compared with control; @Y and ¢ significantly different p<0.001, p<0.01 and p<0.05, respectively
from corresponding treated group when the t-test was applied.

a.i./kg concentration (Zarate et al, 2010). These
authors also observed the formation of deformed
pupae also ie. 82 + 0.74 and 283 + 3.09%
following the exposure of 0.24 and 0.35 mg a.i./kg
concentrations of methoxyfenozide, respectively.
Ecdysone induces rapid moulting so the larva does
not get sufficient time for transformation of larva
to pupa. Thus non-viable forms like larval-pupal
and pupal-adult intermediates get formed
(Tateishi et al., 1993; Eizaguirre et al., 2007).

Effect of methoxyfenozide on pupal mortality:

Pupal mortality increases significantly with
increase in the methoxyfenozide concentration on
each developmental instars. 100% pupal mortality
was recorded in 1st instar larvae when exposed to
25 ppm concentration of methoxyfenozide. But, as
the exposure duration decreases in 2nd, 3rd and 4th
instars, their mortalities decreases (Table 3).
Similar observation have also been observed in
5t instar treated larvae of S. frugiperda
which showed 78.6 + 1.80% pupal mortality
at a concentration of 0.35 mg ai/kg of
methoxyfenozide (Zarate et al, 2010). Newly
ecdysed pupal treatement of E. kuehniella Zellar
with concentration of 0.02 and 0.04 pg/pupa

also exerted 60.41 + 2.81 and 88.00 * 4.36% pupal

mortality, respectively (Soltani et al., 2012).

Our findings pertaining to methoxyfenozide
induced pupal mortality in C cephalonica
resumbles to that of methoxyfenozide exposed
Spodoptera frugiperda (Zarate et al, 2010) and
Ephestia kuehniella Zellar. These results, can be
explained by the accumulation and persistence of
ecdysone agonists in the larval tissue until the
pupal molt, at which point agonist Kkills the insects
(Zarate et al, 2010; Soltani et al, 2012). In
addition, Sundaram et al (2002) reported the
presence of an ecdysone receptor complex in the
Lepidopteran pupae, so it is clear that this life
stage is just as susceptible to ecdysone agonists as
larval stage.

Effect of methoxyfenozide on adult emergence:

In the present investigation, the adult emergence
was 96.80 = 3.35% in control and 00 and 12.00 *
1.14% in 1st and 4t instar larvae, respectively
following with 30 ppm of
methoxyfenozide (Table 4). These findings

revealed that longer exposure of C. cephalonica

treatment

larvae to methoxyfenozide has a greater effect on
the rate of adult emergence. Such findings have
also been observed in case of Ostrinia nubilalis
exposed to tebufenozide that resulted 44% adult
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Table 3: Toxicity of methoxyfenozide on the pupal mortality of Corcyra cephalonica, when exposed at 1st, 2nd, 3rd
and 4t instar larval stages at temperature 262 + 1°C, relative humidity (r.h.) 93 + 5% and a light regime of 12 h

light and 12 h darkness

Methoxyfenozide Per cent Pupal Mortality
concentrations Istinstar# 2nd instar# 3rd jnstar# 4thinstar#
[ppm]
0 00 00 00 00
1 1.80 + 0.14~ 2.70 £ 0912 1.70 £ 0.21a 0.00 £ 0.00
5 4.21+0.1822° | 420+ 0.64> | 290+0.192a" | 2.90+0.19
10 9.60 £ 1.0122" | 8.70+1.86% | 6.60 + 0.522¢" | 5.88 + 0.452
15 17.39+ 1.26%" | 12.70 + 1.602"' | 8.30 + 1.072¢ | 8.00 + 0.822
20 33.70+ 3.2922" | 22.60 + 2.092¢" | 16.50 + 1.0922" | 22.20 + 1.82a
25 100 79.30 + 6.502" | 44.20 + 3.24%" | 41.20 + 2.76%
30 - 1003 75.30 + 4.462@" | 56.50 + 3.82

# Values have been expressed as the mean + SD of six replicates. 2 Significantly different p<0.001 compared with control;
a,b"and ¢ significantly different p<0.001, p<0.01 and p<0.05, respectively from the corresponding treated group when the t-

test was applied.

Table 4: Toxicity of methoxyfenozide on the adult emergence of Corcyra cephalonica, when exposed at 1st, 2nd, 3rd
and 4t instar larval stages at temperature 262 * 12C, relative humidity (r.h.) 93 + 5% and a light regime of 12 h light

and 12 h darkness

Methoxyfenozide Per cent Adult Emergence
concentrations 1stinstar# 2ndinstar# 3rd instar# 4t instar#
[ppm]
0 96.80 + 3.35 96.80 + 3.35 96.80 + 3.35 96.80 + 3.35
1 88.80 £3.42 | 89.60+6.07¢ | 92.00+2.83¢ | 95.20+3.35
5 72.80 £ 3.552" | 71.20 + 3.352" | 76.00 + 4.022" | 80.80 + 4.38
10 47.20 + 4.8222" | 53.60 + 4.2122" | 54.40 + 3.58%" | 64.00 * 4.902
15 30.40 £ 2.742" | 36.00 * 3.062 | 44.00 * 4.902>" | 53.60 + 4.272"'
20 13.60 £ 1.1422" | 22.40 + 2.14=" | 28.80 * 2.222" | 33.60 + 2.812
25 00 4.00 £ 0.1622" | 15.20 + 1.2222" | 21.60 * 2.04=
30 00 00 3.20 £ 0.342° | 12.00 + 1.142

# Values have been expressed as the mean * SD of six replicates. &b and ¢ Significantly different p<0.001, p<0.01, and p<0.05,
respectively compared with control; @ and ¥’ significantly different p<0.001 and p<0.01, respectively from the corresponding

treated group when the t-test was applied.

emergence at its 0.031 ppm concentration
(Trisyono and Chippendale, 1997). A similar
observation was also reported in case of Tribolium
2.5 ppm
methoxyfenozide treated pupae that resulted
73.33% adult emergence (Ali et al, 2016).
Exposure of tebufenozide has been shown to
decrease the percentage of adult emergence in
Spodoptera littoralis possibly due to the fact that it
blocks the maturation of imaginal discs which are

castaneum at concentration of

primordial for adult integumentary structures in
endopterygote insects (Schneidermann, 1972; Suh
et al, 2000). In the present investigation, similar
reasons may be assigned for decrease of adult

emergence in C. cephalonica following exposure of
methoxyfenozide.

LDso values (pg/larva), 95% confidence limits
(lower and upper confidence limits) of LDso, slope
values and heterogeneity of methoxyfenozide to
the first to fourth instar larvae are presented in
Table 5. It is evident from the table that
methoxyfenozide is more effective on the first
instar larvae than second, third and fourth instar
larvae.

It was observed that adults emerged from the
1st instar treated larvae of C. cephalonica indicated

different types of pupal-adult intermediates or
1110



Table 5: LD1o, LDsg and LDog values, Confidence limits (LCL and UCL) of LD1g, LDso and LDgg, Slope values and
Heterogeneity of methoxyfenozide to the 1st, 2nd | 3rd and 4th instars larvae of C. cephalonica

Insecticide Instars Effective 95% Confidence Slope Heterogeneity
doses limits of values
(ng/ larva) LDso
LCL UCL

Me First LD1o 3.839 2.649 4.924
LDsg 10.303 8.906 11.555 | 2.989 + 0.254 1.4723
LDgg 27.652 23.839 34.054

Me Second | LDqo 1.949 1.324 2.596
LDso 9.418 8.078 10.830 | 1.873 +0.130 1.3393
LDgg 45.520 36.312 61.340

Me Third | LDyo 2.229 1.616 2.854
LDso 11.392 10.075 12.813 | 1.809 £ 0.133 0.988
LDgo 58.214 46.744 77.276

Me Fourth | LD1o 2.761 1.959 3.564
LDso 16.291 14.354 18.646 | 1.663 + 0.138 0.803
LDgg 96.105 71.588  143.276

Me = Methoxyfenozide; LCL = Lower Confidence Limit; UCL = Upper Confidence Limit

A)

(B)

© (D)

(¥) (GD) (G2)
Fig. 2: (A) Normal larva; (B) Larval-pupal intermediate; (C) Normal pupa; (D) Abnormal pupa; (E) Pupal-adult
intermediate; (F) Normal adult; (G1) Abnormal adult with crumpled wings; (G2) Adult with reduced wings
and abnormal legs.
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adult deformities due to premature moulting and
thus incomplete growth and metamorphosis of
emerged moths (Fig. 2 A-H). Abnormal adult
showing shortened crumpled fore and hind wings,
shortened wings not totally covering the abdomen
of the deformed moths due to the partially
stretched wings; besides the abnormal thoracic
legs and mouth parts. Such abnormal adults were
reported in of methoxyfenozide and
tebufenozide exposed Diatraea grandiosella
(Dyer) ( Trisyono and Chippendale, 1998) as well
as in methoxyfenozide influenced S. exigua (Carton
et al, 1998) and S. littoralis (El- Sabrout et al.,
2019).

case

Conclusion

On the basis of present investigation, it may be
concluded that exposure of methoxyfenozide to
the early instar larvae of C. cephalonica cause
severe disruption of growth and development of
this lepidopterous pest leading to failure of arrival
of new generation.
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