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performance of the black cutworm, Agrotis ipsilon (Hufnagel) (Lepidoptera: 
Noctuidae)

El-Sayed H. Shauruba  , Nawal Z. Zohdya, Aziza E. Abdel-Aalb and Said A. Emarab

aFaculty of Science, department of entomology, cairo university, Giza, egypt; bplant protection research Institute, agricultural research center, 
ministry of agriculture, dokki, egypt

ABSTRACT
The black cutworm, Agrotis ipsilon, is an insect pest with great agricultural importance worldwide. 
In Egypt, it  has acquired resistance against most of the conventional pesticides, particularly 
organophosphate insecticides, applied against it. Therefore, the present study aimed to investigate 
the effect of two benzoylureas (chitin synthesis inhibitors) namely chlorfluazuron and flufenoxuron 
on some developmental and reproductive parameters of Agrotis ipsilon that survived treatment of 
newly molted fourth instars with the LC50 of these compounds (1.00 and 4.68 mg/L, respectively) 
using leaf–dip method. These two compounds significantly enhanced the mean larval and pupal 
durations, whereas they significantly declined the mean percentage pupation, adult emergence, 
pupal weight, adult longevity, fecundity, and fertility compared to untreated insects. The mean 
pre-oviposition period was not significantly affected, whereas the mean oviposition period was 
significantly decreased. Both chlorfluazuron and flufenoxuron significantly decreased the mean 
total protein, carbohydrate, and lipid content in the ovaries compared to untreated insects, except 
for insignificant decrease in the total protein in flufenoxuron-treated ones. Additionally, the total 
ovariolar length was significantly atrophied. In conclusion, chlorfluazuron and flufenoxuron interfere 
with vitellogenesis of A. ipsilon. Moreover, they could suppress the population size of this insect 
species by affecting its development and reproductive potential.

Introduction

The black cutworm, Agrotis ipsilon, is an insect pest with 
great agricultural importance worldwide. In Egypt, it 
infests cotton (Gossypium barbadense) seedlings and 
cause severe damage to many economic winter crops, for 
example, clover (Trifolium alexandrinum), wheat (Triticum 
aestivum), and bean (Vicia faba) (El-Kady et al. 1990; Abo 
El-Ghar et al. 1994).

The extensive use of conventional insecticides, for 
instance, organophosphate, carbamate, and pyrethroid 
insecticides, has led to many problems such as develop-
ment of resistance against many registered insecticides, 
environmental backlash, and harmful effects to natu-
ral enemies, pollinators and all other non-target insects 
(Vattikonda and Sangam 2017). These problems forced 
finding effective and safer alternative control measures 
such as chitin synthesis inhibitors. Among the chitin syn-
thesis inhibitors are benzoylureas (BPUs). These insec-
ticides are selective and specific to the target pest with 
minimum effects on natural enemies and the environment, 

thereby; they are classified as ‘biorational insecticides’ to 
distinguish them from conventional insecticides such as 
organophosphates, carbamates, and pyrethroids (Ishaaya 
et al. 2005; Horowitz et al. 2009). Reducing the risks associ-
ated with insect pest management tactics using selective 
insecticides along with their resistance management to 
maintain their effectiveness during a prolonged period is 
of utmost agricultural importance (Horowitz and Ishaaya 
2004).

BPUs act, mainly by ingestion, on the larval stage of dif-
ferent insect orders by inhibiting chitin formation; thereby 
causing abnormal endocuticular deposition and abortive 
molting (Mulder and Gijswijt 1973; Ishaaya and Casida 
1974; Post et al. 1974). Recently, the molecular mode of 
action of BPUs has been elucidated by Douris et al. (2016) 
who uncovered a mutation (I1042  M) in the chitin syn-
thase 1 (CHS1) gene of BPU-resistant Plutella xylostella 
at the same position as the I1017F mutation reported in 
spider mites that confers resistance to etoxazole; an oxa-
zoline acaricide which has been proposed to interfere 
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Chlorfluazuron

IUPAC name: N-[[3,5-dichloro-4-[3-chloro-
5 - ( t r i f l u o r o m e t h y l ) p y r i d i n - 2 - y l ] o x y p h e n y l ]
carbamoyl]-2,6-difluorobenzamide

Flufenoxuron

IUPAC name: N-[[4-[2-chloro-4-(trifluoromethyl)phenox-
y]-2-fluorophenyl]carbamoyl]-2,6-difluorobenzamide

Toxicity

According to El-Kady et al. (1990) and Abo El-Ghar et al. 
(1994), newly molted fourth instars of A. ipsilon are the 
most sensitive stage to BPUs. Five aqueous concentrations 
of chlorfluazuron (0.10, 0.14, 0.17, 1.00, and 7.00 mg/L) and 
flufenoxuron (0.11, 0.19, 3.00, 5.00, and 9.00 mg/L) were 
prepared. Castor bean leaves (R. communis) were dipped 
for 10 s in each concentration level and air-dried at room 
temperature. Equal disks (5  cm in diameter) of treated 
leaves were offered for 48 h to newly molted fourth instars 
of A. ipsilon (35.0 ± 1.5 mg each) that were starved first for 
2 h to bring them in the same state of nutrition. They were 
then fed on fresh untreated leaves until pupation. Larvae 
that were fed on castor oil leaves dipped in distilled water 
were used as the control. Each concentration level was 
replicated four times (25 larvae/replicate) using different 
insect batches at different times. The percentage mortal-
ity was determined and corrected using Abbott’s formula 
(Abbott 1925). The LC50 values were estimated using probit 
analysis (Finney 1971).

Developmental aspects

Newly molted fourth instars of A. ipsilon were treated with 
the LC50 value of chlorfluazuron (1.0 mg/L) and flufenoxu-
ron (4.68 mg/L) as described above. Surviving insects were 
examined daily to determine the different developmental 

with chitin biosynthesis or cuticle formation (Uchida et al. 
1985; De Cock and Degheele 1991). The potential target of 
BPUs is the sulfonylurea receptor in epidermal cells which 
mediates chitin vesicle transport (Abo-Elghar et al. 2004; 
Matsumura 2010).

Impacts of different classes of insect growth regulators 
(IGRs) on the different biological aspects of lepidopteran 
species have been reported. For example, Pectinophora 
gossypiella (Moawad et al. 1990), Cydia pomonella (Soltani 
and Mazouni 1992), Spodoptera litura (Perveen and 
Miyata 2000), Spodoptera littoralis (Abdel-Aal 2002, 2012), 
Helicoverpa armigera (Taleh et al. 2015), and Papilio demo-
leus (Vattikonda and Sangam 2017).

Telfer (2009) provided a detailed review on the egg 
formation in Lepidoptera. The yolk consists of large, pro-
tein-filled vesicles interspersed with smaller lipid droplets 
and particles of glycogen.

The present study had the following objectives:

(1)  Estimating the insecticidal activity, based on 
the LC50 value, of the two BPUs, chlorfluazuron 
and flufenoxuron, against newly molted fourth 
instars of A. ipsilon.

(2)  Determining the larval and pupal durations, 
percentage pupation, adult emergence, pupal 
weight, adult longevity, fecundity, fertility, and 
pre-oviposition and oviposition periods, the 
principal ovarian metabolites (total protein, 
carbohydrate, and lipid content), and the ovari-
olar length of A. ipsilon that survived treatment 
of newly molted fourth instars with the LC50 of 
chlorfluazuron and flufenoxuron.

The results attained from the current investigation 
should help in better understanding the mode of action 
of chlorfluazuron and flufenoxuron on development and 
reproduction of insect pests, particularly Lepidoptera.

Materials and methods

Insects

The stock colony of A. ipsilon was originally obtained 
from the Plant Protection Research Institute, Agricultural 
Research Center, Ministry of Agriculture. They were main-
tained at 25 ± 2 °C, 70 ± 5% RH and 12:12 h (L:D) pho-
toperiod, where larvae were fed on castor bean leaves 
(Ricinus communis) and moths were fed on 15% sucrose 
solution.

Benzoylurea insecticides

Chlorfluazuron and flufenoxuron (97% technical grade) 
were supplied by Chemos GmbH and Co. KG, Germany.
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parameters such as larval and pupal durations, pupal 
weight, and percentage pupation and adult emergence. 
Each treatment was replicated four times (25 larvae/rep-
licate) using different insect batches at different times. A 
parallel control was run.

Reproductive aspects

To determine fecundity, fertility, and pre-oviposition and 
oviposition periods; virgin A. ipsilon females that survived 
treatment of newly molted fourth instars with the LC50 
values of chlorfluazuron and flufenoxuron as described 
above were allowed to mate with unmated males. Three 
mating combinations were set up (one treated male × one 
normal female; one normal male × one treated female; 
one treated male × one treated female). A parallel control 
(one normal male × one normal female) was conducted. 
Five replicates were conducted for each combination 
using different insect batches at different times. Fecundity 
(total number of eggs/female) and fertility (percentage 
egg hatchability), pre-oviposition and oviposition periods 
were determined.

To determine the main ovarian metabolites (total 
protein, carbohydrate, and lipid content) in virgin A. 
ipsilon females (four-day-old) surviving larval treatment 
with the LC50 values of chlorfluazuron and flufenoxuron 
as described above; five paired ovaries were taken out 
after dissection in Ringer’s solution under a binocular 
microscope (25 × magnification; Nikon, Nippon Kogaku, 
Tokyo, Japan). Each pair was homogenized individually 
in 1  mL of trichloroacetic acid (20%) and then centri-
fuged (5000 g for 10 min at 4 °C) (Soltani-Mazouni et al. 
2012). The supernatant was used for the quantification 
of carbohydrates according to techniques described by 
Duvhåteau and Florkin (1959), while the pellets added 
to a mixture of ether and chloroform (1:1) (V/V) were 
subjected to a second centrifuge (5000 g for 10 min at 
4 °C). The resulting supernatant was used to quantify the 
lipids based on the vanillin method of Goldsworthy et 
al. (1972). Finally, protein concentration was determined 
in the resulting pellets following the methods described 
by Bradford (1976). Untreated ovaries were used as the 

control. Different insect batches were assayed at different 
times.

To determine the total ovariolar length; virgin A. ipsilon 
females (four-day-old) treated as fourth instars with chlor-
fluazuron and flufenoxuron were dissected in Ringer’s solu-
tion under a binocular microscope (25  ×  magnification; 
Nikon, Nippon Kogaku, Tokyo, Japan). The total ovariolar 
length (from top of germarium to base of lateral oviduct) 
was made with a hand-held micro-scale (to 0.1 mm; Mini-
tool, Inc., Los Gatos, CA). A parallel control of untreated 
moths was conducted. Five paired ovaries were used for 
the morphometric measurement.

Statistical analyses

Data from insecticidal tests were subjected to probit 
analysis (Finney 1971) to determine the LC50 values, 
95% confidence limit of each LC50, slope, and the line-
arity of dose–mortality response using the POLO-PC 
software (LeOra software 1987). Results obtained from 
the experiments of developmental and reproductive 
parameters and ovarian morphometry were presented 
as means ± standard error (SE). They were compared to 
those of the control by Student’s t-test using MINITAB 
Software (Version 16, PA, State College, USA). Significance 
level was set at P <0.05, P <0.01, and P <0.001, where 
significant means are marked with one, two, and three 
asterisks, respectively.

Results and discussion

Toxicity

Chlorfluazuron was about 4.68 times as toxic as flufenox-
uron to A. ipsilon larvae at the level of LC50 (Table 1). Haga 
et al. (1984) attributed the high toxicity of chlorfluazuron 
to its slow detoxification in the insect body. In compari-
son, the toxicity of chlorfluazuron to A. ipsilon larvae was 
comparable to that of the same compound to P. gossypiella 
fourth instars using the same method, where the LC50 of 
chlorfluazuron to A. ipsilon larvae was 1.00 mg/L (Table 
1) while its LC50 to P. gossypiella larvae was 0.90  mg/L 
(Moawad et al. 1990). On the other hand, chlorfluazuron 
was about six times less toxic to A. ipsilon larvae than S. 
littoralis larvae treated also as fourth instars using leaf–
dip method, where it had LC50 of 0.17 mg/L to S. littoralis 
larvae (Abdel-Aal 2012). Abdel-Aal (2002) attained LC50 of 
0.30 mg/L for flufenoxuron to S. littoralis larvae treated also 
as fourth instars using the same method. This indicates 
that the toxicity of flufenoxuron to A. ipsilon larvae was 
about 16 times less toxic than S. littoralis larvae, where 
flufenoxuron showed LC50 of 4.68 mg/L to A. ipsilon larvae 
(Table 1).

Table 1.  toxicity of chlorfluazuron and flufenoxuron to newly 
molted A. ipsilon fourth instars

#degree of freedom.

Treatment

LC50 
(mg/L)

95% Confidence 
limit

Slope ± 
SE χ2 (3) 

#

  Lower Upper    
chlorfluazu-

ron
1.00 0.96 1.50 1.40 ± 0.23 2.03

Flufenoxu-
ron

4.68 3.31 6.67 1.18 ± 0.14 5.90
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into biomass in the last instars of S. littoralis pre-treated as 
fourth instars.

Decreased longevity of A. ipsilon may be explained by 
Lu et al. (1978) who assumed that it is expected to have 
adverse effects on the longevity of any organism as a con-
sequence of the accumulation of toxic xenobiotics where 
longevity is a complicated balance of such factors as 
absorption, excretion, intoxication, and detoxification. Lu 
et al. (1978) reported also that the significant difference in 
longevity displayed under equivalent xenobiotic stresses 
must be the result of the degree of protection afforded 
by the cytochrome P-450 system of microsomal oxidase. 
These statements extend to our results where although 
A. ipsilon larvae were exposed to equivalent stresses 
(LC50s) of chlorfluazuron and flufenoxuron, the longevity 
of male and female moths that survived larval treatment 
with flufenoxuron was about 94.06% and 79.23% of the 
longevity of male and female moths that survived larval 
treatment with chlorfluazuron, respectively (Table 2).

Reproductive performance

Pre-oviposition period of A. ipsilon females that survived 
treatment of larvae with chlorfluazuron and flufenoxuron 
was not significantly suppressed compared to control. 
However, oviposition period was significantly suppressed 
compared to control, particularly in case of treatment with 
chlorfluazuron where it was about 84.25% of the control 
(Table 3). The non-change in pre-oviposition period indi-
cates that the time needed to develop the first batch of 
eggs was not affected by treatment with chlorfluazuron 
and flufenoxuron. On the other hand, the decrease in 
oviposition period reflects the decrease in the number of 
developed oocytes in the ovaries. In agreements with our 
results, treatment of the fourth instars of S. littoralis with the 
LC50 of chlorfluazuron insignificantly reduced the pre-ovi-
position period of the surviving female moths, while the 
oviposition period was significantly reduced (Abdel-Aal 
2012). Also, Soltani-Mazouni et al. (2012) reported that 
the oviposition period in E. kuehniella female moths that 

Development

Table 2 shows that treatment of A. ipsilon larvae with chlor-
fluazuron and flufenoxuron significantly prolonged the lar-
val and pupal durations compared to the control which was 
increased about 22.32 and 40.38% for larval duration, and 
about 18.18 and 14.58% for pupal duration, respectively. 
On the contrary, such treatment significantly decreased 
the percentage pupation, adult emergence, pupal weight 
and longevity of both sexes compared to control, with 
more profound effect for flufenoxuron than chlorfluazu-
ron. Similar results were reported by multiple authors for 
other lepidopteran species treated with different IGRs, for 
example, tebufenozide- and methoxyfenozide-treated 
Ephestia kuehniella (Khebbab et al. 2008; Soltani-Mazouni 
et al. 2012), pyriproxyfen-treated Plodia interpunctella 
(Ghasemi et al. 2010), methoxyfenozide-treated Spodptera 
exigua (Luna et al. 2011), chlorfluazuron-treated S. litto-
ralis (Abdel-Aal 2002, 2012), methoprene-treated Corcyra 
cephalonica (Tripathi and Tiwari 2014), and hexaflumu-
ron-treated H. armigera (Taleh et al. 2015).

In this study, prolongation of larval and pupal durations 
in A. ipsilon reflects metamorphic disruption. The decrease 
in pupal weight may be due to decreased food consump-
tion and/or food utilization efficiency during the period 
following larval treatment. Abdel-Aal (2002) found that 
chlorfluazuron and flufenoxuron significantly decreased 
the efficiency of conversion of ingested and digested food 

Table 2. larval and pupal durations, percentage pupation and adult emergence, pupal weight and adult longevity of A. ipsilon treated 
as newly molted fourth instars with the lc50 of chlorfluazuron and flufenoxuron

*Significant at p < 0.05; **highly significant at p < 0.01; 
***very highly significant at p < 0.001 in Student’s t-test between control and treated groups; 
#Starting from fourth instars. values are given as mean ± Se.

Treatment

Larval duration # Pupal duration % Pupation Pupal weight
Adult emer-

gence Male longevity
Female  

longevity

(Days) (Days) (%) (mg) (%) (Days) (Days)
control 11.20 ± 0.03 13.20 ± 0.20 100.00 ± 0.00 410.30 ± 1.30 100.00 ± 0.00 14.90 ± 0.20 17.70 ± 0.50
chlorfluazuron 13.70 ± 0.40* 15.60 ± 0.50* 31.90 ± 0.30*** 370.00 ± 1.20* 23.60 ± 0.05*** 10.10 ± 0.10** 13.00 ± 0.90**

control 10.40 ± 0.50 14.40 ± 0.30 96.60 ± 1.30 400.00 ± 4.70 96.60 ± 1.02 14.20 ± 0.10 17.60 ± 0.10
Flufenoxuron 14.60 ± 0.60** 16.50 ± 0.40* 16.60 ± 0.03*** 327.00 ± 2.40** 8.30 ± 0.04*** 9.50 ± 0.05** 10.30 ± 0.30***

Table 3.  pre-oviposition and oviposition periods of A. ipsilon 
treated as newly molted fourth instars with the lc50 of chlorflu-
azuron and flufenoxuron

note: values are given as mean ± Se.
***very highly significant at p < 0.001; ns: not significant (p > 0.05) in Student’s 
t-test between control and treated groups.

Treatment

Pre-oviposition period Oviposition period

(Days) (Days)
control 2.30 ± 0.40 12.70 ± 0.40
chlorfluazuron 3.00 ± 0.00 ns 2.00 ± 0.60***

control 2.10 ± 0.20 12.80 ± 0.30
Flufenoxuron 1.40 ± 0.30 ns 3.30 ± 0.00***
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chlorfluazuron and flufenoxuron with vitellogenesis, as 
evident in Table 5. The lack of the main ovarian metabolites 
may lead to abnormal oogenesis (Kunkel and Nordin 1985; 
Kanost et al. 1990). Like many other insects, lepidopterans 
provide their eggs with high concentrations of ecdyster-
oids that are made available to developing embryos and 
pre-hatching larvae (Lafont et al. 2005). Accordingly, any 
interference with the ecdysteroid hormone would result 
in abnormal oocyte growth, egg formation, and embry-
ogenesis, which may lead to a loss of progeny (Dhadialla 
et al. (2005). Soltani-Mazouni et al. (2012) reported lower 
amounts of ecdysteroid in the ovaries of E. kuehniella 
treated with methoxyfenozide.

The biochemical analysis of the main ovarian metab-
olites in A. ipsilon females treated as fourth instars with 
chlorfluazuron and flufenoxuron resulted in a significant 
decrease in the total protein, carbohydrate, and lipid 
compared to control, except for insignificant change in 
the total protein in the ovaries treated with flufenoxuron 
(Table 5). In accordance with our results, the decrease in 
the total ovarian protein, carbohydrate, and lipid content 
was reported in C. pomonella (Soltani and Mazouni 1992), 
S. litura treated with chlorfluazuron (Perveen and Miyata 
2000), P. interpunctella treated with pyriproxyfen (Ghasemi 
et al. 2010), S. littoralis treated with chlorfluazuron (Abdel-
Aal 2012), S. exigua treated with methoxyfenozide (Luna  
et al. 2011), and E. kuehniella treated with tebufenozide 
and methoxyfenozide (Khebbab et al. 2008; Soltani-
Mazouni et al. 2012).

The decrease in the concentration of protein, carbohy-
drate, and lipid in the present work suggests interference 
of chlorfluazuron and flufenoxuron with vitellogenesis. 
Impaired vitellogenesis is a consequence of low uptake 
of these metabolites by the ovaries from the surrounding 
hemolymph. Perveen and Miyata (2000) suggested that the 
decrease in protein in the ovaries of S. litura treated with 
chlorfluazuron may be attributed to interference of this 
compound with yolk incorporation. Several authors eluci-
dated the role of larval hemolymph protein in developing 
the oocytes in Lepidoptera (Telfer and Rutberg 1960; Raja 
et al. 1987; Kang and Kim 1988). Abdel-Aal (2002) recorded 

survived topical treatment of the pupae with the LD50 of 
methoxyfenozide was reduced, whereas the pre-oviposi-
tion period increased.

Treatment with chlorfluazuron and flufenoxuron sig-
nificantly reduced the number of eggs laid per A. ipsilon 
females treated as fourth instars as well as percentage 
egg hatchability compared to control. This effect was 
more obvious for chlorfluazuron than for flufenoxuron. 
The highest reduction was obtained when both mated 
sexes were treated, followed by treated female mated 
with untreated male. The lowest reduction, however, was 
obtained when male was the treated sex (Table 4). This 
suggests that chlorfluazuron and flufenoxuron induce 
more effect on the females than on the males. Reduction 
in fecundity and egg hatchability in the current study con-
firms previous reports on C. pomonella (Sun and Barrett 
1999) and E. kuehniella (Khebbab et al. 2008; Soltani-
Mazouni et al. 2012) treated with both tebufenozide and 
methoxyfenozide, S. litura treated with chlorfluazuron 
(Perveen and Miyata 2000), P. interpunctella treated with 
pyriproxyfen (Ghasemi et al. 2010), S. exigua treated with 
methoxyfenozide (Rodríguez Eíquez et al. 2010; Luna et 
al. 2011), and S. littoralis treated with methoxyfenozide 
(Pineda et al. 2007, 2009) and chlorfluazuron (Abdel-Aal 
2002, 2012).

The suppression of reproductive capacity in the pres-
ent investigation might be due, in part, to interference of 

Table 4. Fecundity (total no. of eggs/♀) and fertility (% egg hatchability) of A. ipsilon treated as newly molted fourth instars with the 
lc50 of chlorfluazuron and flufenoxuron

note: values are given as mean ± Se.
***very highly significant at p < 0.001 in Student’s t-test between control and treated groups.

Treatment

Mating combination Mating combination Mating combination

Treated male × Normal female Normal male × Treated female Treated male × Treated female

No. of eggs/♀ % Egg hatchability No. of eggs/♀ % Egg hatchability No. of eggs/♀ % Egg hatchability
control 2182.00 ± 5.60 98.40 ± 1.02 2182.00 ± 5.60 98.40 ± 1.02 2182.00 ± 5.60 98.40 ± 1.02
chlorfluazuron 141.00 ± 0.70*** 6.00 ± 0.01*** 116.00 ± 1.00*** 4.01 ± 0.02*** 86.00 ± 0.70*** 4.01 ± 0.02***

control 2148.00 ± 6.20 97.90 ± 1.10 2148.00 ± 6.20 97.90 ± 1.10 2148.00 ± 6.20 97.90 ± 1.10
Flufenoxuron 181.00 ± 2.60*** 25.00 ± 0.21*** 172.00 ± 3.60*** 20.00 ± 0.30*** 163.00 ± 3.50*** 17.00 ± 0.04***

Table 5. total protein, carbohydrate and lipid content in the ova-
ries of four-day-old A. ipsilon treated as newly molted fourth in-
stars with the lc50 of chlorfluazuron and flufenoxuron

note: values are given as mean ± Se.
*Significant at p < 0.05;.; **highly significant at p < 0.01;.; ns : not significant 

(p > 0.05) in Student’s t-test between control and treated groups.

Treatment

Total protein 
content

Total carbohy-
drate content

Total lipid 
content

(μg/mg 
fresh ovarian 

weight)

(μg/mg 
fresh ovarian 

weight)

(μg/mg 
fresh ovarian 

weight)
control 29.00 ± 0.20 90.30 ± 1.30 86.00 ± 0.60
chlorfluazuron 23.80 ± 0.20* 62.30 ± 0.09** 58.00 ± 0.60**

control 30.00 ± 0.50 92.00 ± 1.80 88.30 ± 1.20
Flufenoxuron 27.00 ± 0.20 ns 74.70 ± 0.90* 75.00 ± 1.80*
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application of the fifth instars of S. litura with the LD10 or 
LD30 of chlorfluazuron resulted in significant decrease in 
the total ovariolar length of the surviving adults. El-Kady 
et al. (1990) reported atrophied ovarioles with reduced 
number of small and undifferentiated oocytes in A. ipsilon 
moths treated as newly molted fourth instars, using leaf–
dip method, with 10,000 mg/L of the pregnancy inhibit-
ing hormone, medroxy progesterone acetate (MPA), which 
showed an insect growth regulatory activity against this 
insect species. They attributed this result to effect of MPA 
on the hormonal balance during ontogeny. Mathai and 
Nair (1990) found that topical application of Spodoptera 
mauritia pupae with 1, 2, or 5 μg of hydroprene reduced 
the length of ovarioles in the surviving moths. Vattikonda 
and Sangam (2017) showed that the chitin synthesis 
inhibitor, forskolin (labdane diterpene extracted from the 
roots of the plants Coleus forskohlii), induced morpholog-
ical abnormalities in the ovaries of P. demoleus moths that 
survived treatment of fourth instars or pupae. Reduction 
of the length of the basal oocytes in the adults of C. pomo-
nella treated with diflubenzuron (Soltani and Mazouni 
1992), S. litura treated with chlorfluazuron (Perveen and 
Miyata 2000), and E. kuehniella treated with tebufenozide 
(Khebbab et al. 2008) and methoxyfenozide (Soltani-
Mazouni et al. 2012) was reported.

Conclusion

Chlorfluazuron and flufenoxuron can interfere with vitel-
logenesis of A. ipsilon. Additionally, they could suppress 
the population size of this insect species either directly via 
their acute toxic effects or indirectly via their latent effects, 
particularly reduction of the reproductive potential. A 
future study to demonstrate the efficacy of chlorfluazu-
ron and flufenoxuron to A. ipsilon under field conditions 
will be planned.
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a decrease in the total protein in the hemolymph of S. litto-
ralis larvae treated with chlorfluazuron and flufenoxuron.

Lipids are synthesized and stored in the fat body (Keeley 
1985; Van Heusden and Law 1989) and then transported 
via the hemolymph to ovaries (Kilby 1963; Wigglesworth 
1984; Chino et al. 1981) where they are used for vitello-
genesis (Downer 1985; Keeley 1985). Chlorfluazuron and 
flufenoxuron declined the lipid in the hemolymph of S. 
littoralis larvae (Abdel-Aal 2002).

Autoradiography of follicles labeled  in situ  with   
3H-glucose indicated that synthesis and deposition of 
glycogen in Lepidoptera are most rapid in the cortical 
cytoplasm of the oocyte, with the assembled particles 
later moving into interstices between the lipid and pro-
tein yolk bodies deeper in the oocyte (Pollack 1967). 
Also, Autoradiography of follicles from lepidopteran 
females injected with 3H-palmitate identified the cortical 
cytoplasm of the oocyte as the site of lipid droplet assem-
bly (Wiemerslage 1976). These findings indicate that the 
histological alterations induced in the oocyte of A. ipsilon 
females that survived treatment of the fourth instars with 
chlorfluazuron and flufenoxuron (Abdel-Aal 1996) might 
contribute in the decrease of carbohydrates and lipids by 
these compounds in the present study.

Figure 1 shows that the total length of ovarioles of 
virgin A. ipsilon female moths treated as fourth instars 
with the LC50 of chlorfluazuron and flufenoxuron was 
significantly atrophied compared to control. As in other 
lepidopteran species, the ovaries of A. ipsilon start to dif-
ferentiate and develop in the pupal stage. Thus, atrophy 
in the ovaries of A. ipsilon obtained herein may be due 
to aberrations induced during follicular differentiation. 
Similarly, Perveen and Miyata (2000) showed that topical 

Figure 1.  ovariolar length of four-day-old A. ipsilon moths that 
survived treatment of newly molted fouth instars with the lc50 of 
chlorfluazuron and flufenoxuron.
*Significant at p < 0.05, ***very highly significant at p < 0.001 in Student’s t-test 
between control and treated groups. values are given as mean ± Se.
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