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ABSTRACT

The cotton leafworm, Spodoptera littoralis (Boisd.), has a
significant impact on crop yields worldwide. To combat these
losses, various management strategies have been developed.
This study aimed to assess the efficacy of several commercial
insect growth regulators (IGRs); lufenuron, diflubenzuron,
hexaflumuron, flufenoxuron, and triflumuron against 4%
instar larvae of both laboratory and field strains of S.
littoralis. The effects of these IGRs on key enzymes, including
acetylcholinesterase (AChE), carboxylesterases (a- and p-
esterases), and chitinase, in the same larval instars and strains
were also examined. The results revealed that lufenuron was
most toxic to the laboratory strain (LCso: 1.47 mg/L), while
diflubenzuron proved most potent against the field strain
(LCso: 3.78 mg/L). Furthermore, diflubenzuron was the most
effective overall, evidenced by a reduction in the AChE
activity and an increase in a-esterase activity. Lufenuron
significantly boosted pB-esterase activity, and both
flufenoxuron and hexaflumuron led to a notable increase in
chitinase activity.
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INTRODUCTION

The cotton leafworm, Spodoptera littoralis (Boisd.) is considered
as one of Egypt's most detrimental insect pests, which perpetrates
considerable harm on cotton plants. Its destructive impact extends to
more than 29 host crops and vegetables. Beyond Egypt, S. littoralis is
also known as a highly polyphagous pest that targets a wide variety of
cultivated plants and crops throughout Europe and Africa (Wu et al.,
2022). Its larvae consume the leaves of 90% of economically important
plants, absorbing essential nutrients (ElI-Gabaly and Ibrahim, 2019).

The management of this insect depends mainly on chemical
insecticides (Abbassy et al., 2003). Insecticides are considered one of
the most severe and destructive insect pests on many field crops
throughout the year in Africa, Asia, and Europe (Barrania, 2019; El-
Sheikh, 2015). However, environmental hazards of conventional
insecticides require the introduction of alternatives that are effective
and safe for humans and ecosystems (Karrot et al., 2012).

Alternatively, insect growth regulators (IGRs) have demonstrated
potential for controlling lepidopterous insects (Seth et al., 2004). For
example, in insects, benzoyl phenyl urea (a type of IGR) inhibits the
synthesis of chitin, which hinders growth and development (Pener,
2020). Also, hexaflumuron, lufenuron, and diflubenzuron are examples
of chitin synthesis inhibitors (CSIs), which function by blocking the
synthesis of chitin, an essential component of the insect exoskeleton
(Tanani et al, 2022). Advantages of IGR include quick
biodegradability that limits their environmental persistence and reduces
hazardous effects on non-target organisms (Zibaee et al, 2011).
Lufenuron causes the generation of sterile eggs and affects the
development of lepidopteran larvae. Because the manufacture of new
cuticles is inhibited, treated insects develop normally until molting and
then fail to complete the molt (Tunaz and Uygun, 2004; El-Sheikh
and Amir, 2011). Buprofezin and lufenuron have a good impact on
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controlling S. littoralis (Ismail et al., 2023). According to results of the
biochemical studies, tebufenozide and Iufenuron dramatically
decreased the activity of detoxification enzymes, such as acid
phosphatase and both o- and [-esterases (Bakr et al, 2013).
Flufenoxuron showed dose-dependent effects and markedly raised
death rates in the 2" and 4™ instars of S. /ittoralis. Additionally, the
activity of non-specific esterases (a- and B-esterases) was significantly
reduced when these larvae were treated with sublethal dosages of
flufenoxuron (LCas, LCso, and LCoo) (Bakr et al., 2010).

The objectives of this study were to compare the susceptibility of
laboratory-reared and field-collected strains of the cotton leafworm,
Spodoptera littoralis, to insect growth regulators (IGRs). The study also
delves into the biochemical impacts of the tested insecticides at their
30" lethal concentration (LCso), especially on key resistance-related
enzymes, including acetylcholinesterase (AChE), which is crucial for
nerve function, a- and B-esterases (ESTs), known for their role in
detoxification, and chitinase, an enzyme involved in the insect molting
process.

MATERIALS AND METHODS
Chemicals and tested insecticides

Diflubenzuron (Dimilin®, 48% SC), flufenoxuron (Klegron®,
10% DC), hexaflumuron (Dimeuron®, 10% EC), lufenuron
(Kafroceel®, 5% EC), and triflumuron (Alsystin®, 48% SC) were
purchased from Arysta LifeScience Netherlands B.V., American
Cyanamid Co., Kafr El-Zayat Pesticides, Chemicals (KZD), National
Agrochemicals (Agrochem), and Baye CropScience, respectively.
Bovine albumin standard was purchased from Stanbio Laboratory
(Texas, USA). Coomassie brilliant blue G-250 was procured from
Sigma Chemical Co. P-nitroanisole (purity 97%) was obtained from
Ubichem Ltd. (Hampshire) and nicotinamide adenine dinucleotide
phosphate was gained from BDH chemicals Ltd. (Poole, England).
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Strains of cotton leafworm

The laboratory strain of cotton leafworm (S. littoralis) was
obtained from the Central Agricultural Pesticides Laboratory, Giza,
Egypt. The field strains were brought to the lab after being gathered
from various fields in Itay El-Baroud, El-Beheira Governorate. Both
field and laboratory strains were reared as described by El-Defrawi et
al. (1964).

Leaf dip bioassay

The leaf dip technique was employed for larval bioassays.
Various concentrations of each insecticide were prepared in distilled
water. Castor bean leaves were dipped in these solutions for 30 s and
then air-dried. For each insecticide-mortality curve, three replicates
were set up, with ten larvae at the 4"-instar transferred to Petri dishes
containing the treated leaves. All treated groups were maintained in a
rearing chamber at 25+£2°C, 65% relative humidity, and a 12-hour
light/dark cycle. Larval mortality was assessed after 72 hours (El Badry
et al., 2019). The corrected mortality percentages were statistically
analyzed according to the method of Finney (1971) using the Log Dose
Probit (LDP)-Line software to estimate the values of LCso and LCos
after three days of treatment. The toxicity index (TI) was calculated
according to Sun (1950) as follows:

LC5o of the most toxic insecticide

Toxicity index (TI %) = x 100

LCso of the Least toxic insecticide
Biochemical studies

The LCso values of the insecticides were evaluated against both
laboratory and field strains of the 4™ larval instar of S. littoralis using
the previously described leaf-dip technique. After 24 hours of exposure
surviving larvae were fed castor bean leaves then stored in vials at -
20°C for later use.
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Acetylcholinesterase (AChE) assay

ACHhE activity was measured according to the method described
by Simpson et al. (1964) using acetylcholine bromide (AChBr) as
substrate. Using spectrophotometry, the decrease in AChBr brought on
by AChE hydrolysis was measured at 515 nm and the enzyme activity
was expressed as pug of AChBr hydrolyzed per min per gram of body
weight (ug AChBr /min/ g b.w.).

a- and f-esterases assay

Alpha esterases (o- esterases) and beta esterases (- esterases)
were determined according to Van Asperen (1962) using o- naphthyl
acetate and - naphthyl acetate as substrates, respectively. The a-
esterase activity was quantified as pg a-naphthol/min/g body weight,
and P-esterase activity as pug B-naphthol/min/g body weight.

Chitinase activity assay

The reaction mixture according to Osman et al. (2015) with some
modifications consisted of 1 ml phosphate buffer (0.2 M, pH 6.5), 200
ml 0.5 % colloidal chitin and 200 ml enzyme solution. After 1.5 hr.
incubation at 37 °C, enzyme activity was terminated by boiling test
tube. Undigested chitin was sediment by centrifugation for 15 min at
8.000 rpm. The supernatant was taken for the determination of N-
acetylglucose amine, which was produced as result of chitin digestion
by chitinase. It was determined by the sensitive method of Waterhouse
et al. (1961). To begin the chitinase assay, a suitable aliquot from the
supernatant was adjusted to 1 ml with 0.2 M phosphate buffer (pH 6).
A 1 ml buffer blank and a series of N-acetylglucose amine standards
were prepared for each determination. After adding 0.3 ml of saturated
sodium borate solution, each tube was shaken and heated in a boiling
water bath for 10 min. Tubes were then rapidly cooled in cold water,
followed by the addition of 8 ml of glacial acetic acid to each.
Subsequently, 1 ml of freshly prepared, modified Ehrlich reagent was
added. After shaking, the tubes sat for 30 min at room temperature. The
absorbance was measured at 540 nm against the buffer blank. Enzyme
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activity was  expressed as ug N-acetylglucose amine X
10°/min/g body weight.

Statistical analysis

Ldp-line software was used to estimate the LCso and LCos values
in accordance with Finney (1971). Toxicity index (TI %) was
considered according to (Sun, 1950). Detoxification enzyme activity
was statistically achieved by means of one-way ANOVA using SAS
software (SAS, 2001). The means were compared using the Tukey’s
Multiple Range and Least Significant Difference at 0.05% probability.

RESULTS AND DISCUSSIONS

Toxicity effects of insect growth regulator (IGRs) on the laboratory
and field strains of cotton leafworm S. littoralis

The toxicity of IGRs to the laboratory and field strains of S.
littoralis were shown in Table 1. The results indicated that lufenuron
was the most toxic action in laboratory strain (T1= 100 %) with LCso
value of 1.47 mg/L followed by diflubenzuron (96.08 %) with LCso
value of 1.53 mg/L, flufenoxuron (64.47 %) with LCso value of 2.28
mg/L and hexaflumuron (62.55%) with LCso value of 2.35 mg/L. While
triflumuron was the least toxic compound (T1 = 27.12 %) with LCso
value of 5.42 mg/L as compared with toxicity of lufenuron. Concerning
the field strain, diflubenzuron was the most toxic to the laboratory strain
(T1 =100 %) with LCso value of 3.78 mg/L followed by lufenuron
(41.40 %) with LCso value of 9.13 mg/L, flufenoxuron (28.29 %) with
LCso value of 13.36 mg/L and hexaflumuron (16.55%) with LCso value
of 22.84 mg/L. While triflumuron showed the least toxic action (TI =
9.86 %) with LCso value of 38.34 mg/L as compared with toxicity of
diflubenzuron.
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Table 1. Toxicity effects of IGRs on the laboratory and field strains of
cotton leafworm S. littoralis

- LCso? Confidence limits b I
Insecticide (mg/L) Lower oo Slope® £ SE (%)
Laboratory strain

Lufenuron 1.47 0.62 2.65 1.27+0.44 100
Diflubenzuron 1.53 0.90 2.42 1.62+0.46  96.08
Flufenoxuron 2.28 1.38 3.19 2.11+£0.50  64.47
Hexaflumuron 2.35 1.42 3.34 2.02+0.49  62.55
Triflumuron 542 3.95 7.75 2.80+0.75  27.12

Field strain

Diflubenzuron 3.78 1.89 6.61 1.14+0.25 100
Lufenuron 9.13 6.75 12.41 2.54+0.54  41.40
Flufenoxuron 13.36 8.95 18.57 1.98+0.38  28.29
Hexaflumuron 22.84 12.70 35.39 1.62+0.45 16.55
Triflumuron 38.34 25.14 53.63 1.934+37 9.86

# LCso concentration causing 50% death for larvae.
®Slope of the concentration — mortality regression line

Biochemical effect of the tested compounds
Effect of IGRs on AChE activity in larvae of S. littoralis

The latent effect of treatment of the 4™ instar larvae of S. littoralis
with the LC3¢ of the tested compounds on AChE activity was presented
in Table 2. Treatment with the tested compounds decreased the AChE
activity except flufenoxuron compound (606.0 pg AChBr/min/g b.wt)
compared to the control (525.0 ung AChBr/min/g b.wt). In addition,
diflubenzuron was the most effective among the tested compounds as
the reduction in the AChE activity (490.0 pg AChBr/min/g b.wt) in
laboratory strain. Moreover, there was no significant difference
between laboratory and field strains.

Effect of IGRs on detoxifying enzyme activities

Results presented in Tables 3, 4 and 5 show the effect of
treatment of the 4" instar larvae of S. littoralis with the LC3 of the
tested compounds on some detoxifying enzymes; nonspecific esterases
(a- and B-esterase) and chitinase activity.
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Table 2. Effect of the tested IGRs on AChE activity in larvae of S.
littoralis

Specific activity (ug AChBr/min/g

Insecticide b.wt) + SE F/L*
Laboratory strain Field strain

Control 525°+3.66 621.3%+1.87 1.18
Diflubenzuron 4904 £6.20 572.3°£5.30 1.17
Flufenoxuron 606°£6.38 649.7°+£2 .97 1.07
Hexaflumuron 501°4+5.81 649.7°+4.58 1.30
Lufenuron 519.8%+5.81 595%+£5.25 1.15
Triflumuron 561.3%+3.88 615.72+2 36 1.10
LSD 5% 33.12 34.53

Actiivity of field strain

Field/ Laboratory (F/L) - Activity of laboratory strain

Means in the same column with the same letter(s) are not significantly different. (P <
0.05) (Tukey’s Multiple Range Test)

Effect of IGRs on a-esterase activity

Results showed decreased activity in a-esterase with all
treatments except for lufenuron compound (288.3 ug a-naphthol/min/g
b.wt) compared to control (270.3 pg a-naphthol/min/g b.wt) in the
laboratory strain as shown in Table 3. In addition, flufenoxuron was the
most effective among the tested compounds as the reduction in the a-
esterase activity was 256.7 ug o-naphthol/min/g b.wt in laboratory
strain. However, the results revealed increasing in the a-esterase
activity in all treatments in field strain. A significant increase in o-
esterase activity was detected in diflubenzuron treatment (424.3 pg a-
naphthol/min/g b.wt).

Effect of IGRs on p -esterase activity

Results presented in Table 4 showed an increase in the -esterase
activity with all treatments compared to the control. A significant
increase in B-esterase activity was detected in field strain compared to
laboratory strain. In addition, a significant increase was observed in [3-
esterase activity in lufenuron compound (188.7 pg B-naphthol/min/g
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b.wt) in laboratory strain. Furthermore, diflubenzuron and lufenuron
were the most effective among the tested compounds in field strain
(273.0 and 239.3 pg B-naphthol/min/g b.wt, respectively).

Table 3. Effect of IGRs on a-esterase activity in homogenates of S.
littoralis larvae
Specific |activity (ng a-naphthol/min/gl.b.wt):l:SE

Insecticide F/L*

Laboratory strain

Field strain

Control 270.3%+3.75 315.7°+4.77 1.17
Diflubenzuron 265.3%+3.32 424.33+£5 .35 1.6
Flufenoxuron 256.7°+2.61 381.0%+3.51 1.48
Hexaflumuron 267.0%+1.84 315.7£3.19 1.18
Lufenuron 288.33+4.88 376.3%+3 .41 1.31
Triflumuron 258.3%+2.20 324.0°+4.16 1.25
LSD 5% 18.1 21.1

Actiivity of field strain

* . _
Field/ Laboratory (F/L) B Activity of laboratory strain

Means in the same column with the same letter(s) are not significantly different. (P <
0.05) (Tukey’s Multiple Range Test)

Table 4. Effect of the IGRs on B -esterase activity in larvae of S.
littoralis

Specific activity (ug p-naphthol/min/g b.wt)

Insecticide +SE F/L"
Laboratory strain Field strain

Control 147.3°£2.73 159.0%+4.16 1.1
Diflubenzuron 172.7°42.15 273.0°+£5.09 1.58
Flufenoxuron 150.7°43.75 206.0°£1.40 1.37
Hexaflumuron 165.0°+4.57 171.7°+4.06 1.04
Lufenuron 188.7%£5.21 239.35+3.91 1.27
Triflumuron 175.3°£2.05 187.7%+4.34 1.07
LSD 5% 12.7 13.8

Actiivity of field strain

* R _
Field/ Laboratory (F/L) Activity of laboratory strain

Means in the same column with the same letter(s) are not significantly different. (P
< 0.05) (Tukey’s Multiple Range Test)
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Effect of the IGRs on chitinase activity in larvae of S. littoralis

The activity of chitinase enzyme after treatment with the tested
compounds except triflumuron treatment (270.7 ug N-
acetylglucoseaminex10? /min/g b.wt) compared to the control (275.3
ng N-acetylglucoseaminex10® /min/g b.wt) as shown in Table 5.
Furthermore, a significant increase in chitinase activity was detected in
both flufenoxuron (357.3 ug N-acetylglucoseaminex10® /min/g b.wt)
and hexaflumuron (391.7 pug N-acetylglucoseaminex10° /min/g b.wt)
in laboratory and field strain, respectively compared to the control as
seen in Table 5.

Table S. Effect of the IGRs on chitinase activity in larvae of S. littoralis
Specific activity (ug N-acetylglucose F/L*

Insecticide aminex10° /min/g b.wt)+SE
Laboratory strain Field strain
Control 27534+ 4.96 256.34+2.55 0.93
Diflubenzuron 299.0% + 4.02 320.0° + 3.64 1.07
Flufenoxuron 35732+ 4.74 320.7° + 1.11 0.9
Hexaflumuron 314.7°+ 1.12 391.7*+£3.44 1.24
Lufenuron 345.3*+4.31 306.3°+£1.59 0.89
Triflumuron 270.7¢+3.99 263.39+4.39 0.97
LSD 5% 19.7 13.17

Actiivity of field strain

* Fi =
Field/ Laboratory (F/L) Activity of laboratory strain

Means in the same column with the same letter(s) are not significantly different. (P
< 0.05) (Tukey’s Multiple Range Test)

The effectiveness of lufenuron and emamectin benzoate, both
separately and together, against S. /itforalis larvae in their second and
fourth larval instars was evaluated in semi-field settings. The combined
compound had a substantial initial killing effect on both larval instars
during both growth seasons, according to the results. Furthermore, the
detoxification enzymes of fourth-instar larvae were significantly
impacted by the LCsp treatments of these substances (Abd El-Kareem
etal., 2022).

10
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A study by Shenouda et al. (2019) examined the influence of
different pesticides against S. /ittoralis under the Egyptian conditions.
They tested the toxicity of lufenuron, spinosad, and chlorpyrifos against
larvae in their second instar and found that lufenuron was more
effective than both spinosad and chlorpyrifos. The corresponding LC»s
values for spinosad, chlorpyrifos, and lufenuron were 8.1, 2.21, and
0.0005 ppm, respectively. Their biochemical study concentrated on
AChE, chitinase, and a-esterase on the laboratory strain at the LCas
concentration. The results demonstrated that lufenuron and chlorpyrifos
significantly increased AChE activity. While chlorpyrifos markedly
decreased o-esterase activity, spinosad and lufenuron also markedly
increased a-esterase and chitinase levels.

In another study by Assar ef al. (2016), they examined the
biochemical impacts of LCso doses of emamectin, spinetoram,
hexaflumuron, and teflubenzuron on key enzymes: AChE, chitinase,
and non-specific esterases of fourth-instar S. /itforalis larvae. Regarding
a-esterases, teflubenzuron and spinetoram caused significant increases,
whereas hexaflumuron and emamectin led to reductions. For [-
esterases, a highly significant decrease was observed with
teflubenzuron and hexaflumuron. AChE activity was significantly
increased with emamectin and teflubenzuron. Interestingly, all tested
insecticides significantly elevated chitinase activity.

Resistance levels to lufenuron and tebufenozide were examined
in both laboratory and field strains of §. littoralis (Abd El-Hafez and
Abd El-Naby, 2014). Resistance was positively correlated with
alkaline phosphatase and a-esterase enzymes, while it was negatively
correlated with acid phosphatase and trehalase activity. Fayoum strains
were lower than Sharkia and laboratory strains in terms of amylase
enzyme activity. Invertase enzyme activity was higher in the Fayoum
strain than in the other two strains.

Nasr et al. (2010) examined the effects of pyriproxyfen and
buprofezin on S. littoralis larvae, both lethal and sublethal. By assessing
the chitinase and PPO activity in surviving larvae, they also investigated
the biochemical effects of these substances. At 0.05 to 1.0 times the

11
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field application rate, both IGRs showed minimal toxicity, however,
when the rate was increased to 2.0 times, there was a notable mortality
within six days of feeding: 46.67% for buprofezin and 100% for
pyriproxyfen. At large dosages, pyriproxen also demonstrated potent
antifeedant effect, forcing larvae to cease feeding by the third day.
Pyriproxyfen produced just 21.33% pupation, while buprofezin
produced 93.33% pupation and 53.33% adult emergence. The two
substances' effects on PPO and chitinase activity varied.

Under laboratory conditions, the efficacy of Dipel 2X®, Biofly®,
Agrin®, Bioguard®, Spinosad®, Neemix®, Mectin®, and Match® against
larvae and egg masses of S. /ittoralis in their 1%, 3", and 5" instars (24,
48, and 72 hrs old) was assessed (Osman and Mahmoud, 2008). All
insecticides caused higher mortality of the 1 larval instar than in the
3" and 5™ larval instars. At all tested concentrations, Match, Mectin,
and Spinosad showed exceptional efficacy against the third larval
instar. Additionally, at every measured dose, Match killed all larvae in
their fifth instar. The effects of dipping egg masses of various ages into
the appropriate dosage of each insecticide were comparable. Following
spinosad treatment, the death rates were 83.4, 85.0, and 71.7%,
respectively, in comparison to the control.

The detoxifying enzymes, which include the esterase enzymes,
oversee cleaning insects' bodies of any foreign materials. Furthermore,
the ester link in any toxicant is hydrolyzed by esterase, a crucial
detoxification enzyme (Tchigvintsev et al., 2015). Their elevated
activity could be a sign of resistance development and a reaction of the
insect to body poisoning (Ahmed and Freed, 2021). Additionally, it is
commonly recognized that infections in insects, regardless of the cause,
enhance the activity of detoxifying enzymes in general and esterases in
particular (Zibaee et al., 2009). The obtained results agreed with (EI-
Helaly et al., 2020) as administering sublethal concentrations of IGRs
to S. littoralis larvae.

12
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CONCLUSIONS

There is a constant need for alternative control agents since the
Egyptian cotton leafworm, S. littoralis, is a serious pest to numerous
crops and has become resistant due to the widespread use of
conventional pesticides. According to our research, lufenuron and
diflubenzuron might be advised. Their distinct mechanisms of action
set them apart from traditional pesticides and provide a workable
answer for Integrated Pest Management (IPM) initiatives that target
insecticide resistance in this particular insect.

REFERENCES

Abbassy, M.A., Belal, A.H., Marei, A.M., Nassar, A.K. (2003).
Pyrethroids toxicity, and selectivity to Microplitis rufiventris
(Kok.) and its prey Spodoptera littoralis (1aboratory and field
strains). Journal of Agriculture and Environmental Sciences,
2: 69-89.

Abd El-Hafez, M.M.E., Abd El-Naby, S.M. (2014). Relationship
between resistance level and some biochemical parameters to
Spodoptera littoralis against some insect growth regulators
(IGRs) Egyptian Academy Journal of Biological Sciences
6(1): 123 -30.

Abd El-Kareem, S.M.I., El-Sabagh M.M.M., El-Banna, A.A.
(2022). A comparative study between a commercial mixture
compound and its individual active ingredients on the cotton
leafworm, Spodoptera littoralis (Boisd.) (Lepidoptera:
Noctuidae) on tomatoes under semi-field conditions. The
Journal of Basic and Applied Zoology 83(23): 2-10.

Ahmed, R., Freed, S. (2021). Biochemical resistance mechanisms
against chlorpyrifos, imidacloprid and lambda-cyhalothrin
in Rhynchophorus ferrugineus (Olivier) (Coleoptera:
Curculionidae). Crop Protection 143: 105568.

13


https://www.sciencedirect.com/journal/crop-protection
https://www.sciencedirect.com/journal/crop-protection/vol/143/suppl/C

J. Agric. & Env. Sci. (Damanhour University) 2025,24(3):1-19
Print: ISSN 1687-1464 Online: ISSN 2735-5098

Assar, A.A., Abo EI-Mahasen, M.M., Dahi, H.F., Amin, H.S. (2016).
Biochemical effects of some insect growth regulators and
bioinsecticides against cotton leafworm, Spodoptera littoralis

(Boisd.) (Lepidoptera: Noctuidae). Journal of Bioscience and
Applied Research 2(8): 587-594.

Bakr, R.F.A., El-barky, N.M., Abd Elaziz, M.F. (2010). Effect of
Chitin synthesis inhibitors (flufenoxuron) on some biological
and biochemical aspects of the cotton leaf worm Spodoptera
littoralis Bosid (Lepidoptera: Noctuidae). Egypt. Acad. J.
Biol. Sci. 2 (2): 43- 56.

Bakr, R.F.A., Abd Elaziz, M.F., El-barky, N.M., Awad, M.H., Abd
El-Halim, H.M.E. (2013). The activity of some detoxification
enzymes in Spodoptera littoralis (Boisd.) larvae (Lepidoptera

— Noctuidae) treated with two different insect growth
regulators Egypt. Acad. J. Biol. Sci. 5(2): 19-27.

Barrania, A.A. (2019). Effects of some Insecticides on some biological

parameters of cotton leafworm, Spodoptera littoralis
(Lepidoptera: Noctuidae). Alex. Sci. Exch. J. 40: 307-313.

Chandi, A.K., Kaur, A. (2022). Hormone analogues and chitin
synthesis inhibitors. In Molecular Approaches for Sustainable
Insect Pest Management (pp. 253-282). Singapore: Springer
Singapore.

El-Badry, M.M.T., Abdel-Halim, K.Y., EL-Sayed, A.A.K. Abdel
Raoff, T.K., El-Hadek, M.K. (2019). Esterases and
glutathione-S-transferase activities related responses in cotton
leafworm, Spodoptera Littoralis (Boisd.) (Lepidoptera:
Noctuidae) After Insecticides Exposure. Int. J. Innov. Sci. Res.
Technol. 4(8): 927-936.

El-Defrawi, M.E., Toppozada, A., Mansour, N., Zeid, M. (1964).
Toxicological studies on Egyptian cotton leafworm, Prodenia
litura (F.). 1. Susceptibility of different larval instar to
insecticides. J. Econ. Entomol. 57(4): 591-593.

El-Gabaly, A.R., Ibrahim, A.A. (2019). Toxicity evolution of certain
bio-chemical insecticides and insect growth regulator on

14



J. Agric. & Env. Sci. (Damanhour University) 2025,24(3):1-19
Print: ISSN 1687-1464 Online: ISSN 2735-5098

cotton leaf worm and some associated predators in maize fields
in Behira Governorate. Egypt. J. Agric. Res. 97 (2): 547-558.

El-Helaly, A.A., Sayed, W.A.A., El-Bendary, H.M. (2020). Impact of
emamectin benzoate on nucleopolyhedrosis virus infectivity of
Spodoptera littoralis (Boisd.) (Lepidoptera: Noctuidae). Egy.
J. Biolo. Pest Control 30: 111.

El-Sabrout, A.M., Zahran, H.M. (2016). Physiological Insecticidal
Activity of Triflumuron as Insect Growth Regulator Against
Spodoptera littoralis (Boisd.) J. Plant Prot. and Path.,
Mansoura Univ. 7(6): 385— 389.

El-Sheikh, A.E. (2015). Comparative toxicity and sublethal effects of
emamectin benzoate, lufenuron and spinosad on Spodoptera
littoralis (Boisd.), Crop Prot. 67: 228-234.

El-Sheikh, E.A., Aamir, M.M. (2011). Comparative effectiveness and
field persistence of insect growth regulators on a field strain of
the cotton leafworm, Spodoptera littoralis, (Boisd.)
(Lepidoptera: Noctuidae). Crop Protection 30(6): 645-650.

Finney, D.J. (1971). Probit analysis (3rd Ed.) (Combride Univ. Press,
London). J. Biol. Chem. Res. 34(1): 510-522.

Gacar, F., Tasksn, V. (2009). Partial base sequence analysis of MdaE7
gene and ali-esterase enzyme activities in field collected
populations of housefly (Musca domestica L.) from
Mediterranean and Aegean Regions of Turkey. Pestic.
Biochem. Physiol. 94: 86-92.

Gijswijt, M.J., Deul, D.H., DeJong, B.J. (1979). Inhibition of chitin
synthesis by benzoylphenylurea insecticides, III. Similarity in
action in Pieres brassicae (L.) with polyxin D. Pestic.
Biochem. Physiol. 12: 84-94.

Ismail, S.M., Abo-Shanab, A.S.H., EI-Malla, M.A. (2023). Field
Evaluation of Certain Compounds against Spodoptera
littoralis (Lepidoptera: Noctuidae): Their Impact on its
Predator, Chrysoperlacarnea (Neuroptera: Chrysopidae).

15



J. Agric. & Env. Sci. (Damanhour University) 2025,24(3):1-19
Print: ISSN 1687-1464 Online: ISSN 2735-5098

Proc. Natl. Acad. Sci., India, Sect. B Biol. Sci. 93(4): 909-914.
DOI:10.1007/s40011-023-01485-0

Korrat, E.E.E., Abdelmonem, A.E., Helallia, A.A.R., Khalifa,
H.M.S. (2012). Toxicological study of some conventional and
non-conventional insecticides and their mixtures against

cotton leaf worm, Spodoptera littoralis (Boisd.) (Lepidoptera:
Noctuidae). Ann. Agric. Sci. 57(2): 145-152.

Li, X.Z., Liu, Y.H. (2007). Diet influences the detoxification enzyme
activity of Bactrocera tau (Walker) (Diptera: Tephritidae).
Acta Entomo. Sinica. 50(10): 989-995.

Nasr, H.M., Badawy, M.E., Rabea, E.I. (2010). Toxicity and
biochemical study of two insect growth regulators, buprofezin
and pyriproxyfen, on cotton leafworm Spodoptera
littoralis. Pest. Biochem. Physiol. 98(2): 198-205.

Osman, G.H., Assem, S.K., Alreedy, R.M., El-Ghareeb, D.K.,
Basry, M.A., Rastogi, A., Kalaji, H.M. (2015). Development
of insect resistant maize plants expressing a chitinase gene

from the cotton leaf worm, Spodoptera littoralis. Scientific
Reports 5(1): 18067.

Osman, M.A.M., Mahmoud, M.F. (2008). Effect of bio-rational
insecticides on some biological aspects of the Egyptian cotton
leafworm  Spodoptera littoralis (Boisd.) (Lepidoptera:
Noctuidae). Plant Protect. Sci. 44(4): 147-154.

Pener, M.P. (2020). Insect Growth Regulators. In Managing
Biological and Ecological Systems (49-68).
DOI:10.1201/9780429346170-7

SAS (2001). Statical Analysis System. User's Guide: Statistics, Version
8.2. SAS Institute, NC, USA.

Seth, R.K., Kaur, J.J., Rad, D.K., Reynolds, S.E. (2004). Effect of
larval exposure to sublethal concentrations of the ecdysteroid
agonists RH-5849 and Tebufenozide (RH-5992) on male

reproductive physiology in Spodoptera litura. J. Insect
Physiol. 50(6): 505-517.

16



J. Agric. & Env. Sci. (Damanhour University) 2025,24(3):1-19
Print: ISSN 1687-1464 Online: ISSN 2735-5098

Shenouda Mery, M.S., Moawad, F.G., Ali, N.E., El-Sherif, Sh.A.N.,
(2019). Biochemical and toxicological studies of some

pesticides on cotton leafworm (Spodoptera littoralis). J. Agric.
Sci., Ain Shams Univ. 27(5): 2489-2499.

Simpson, D.R., Bull, D.L., Linquist, D.A. (1964). A semi
microtechnique for estimation of cholinesterase activity in boll
weevils. Ann. Ent. Soc. Amer. 57: 367-371.

Sun, Y.P. (1950). Toxicity index on improved method of comparing
the relative toxicity of insecticide. J. Econ. Entomol. 43: 45-
53.

Tanani, M.A., Hasaballah, A.I., Hussein, R.M. (2022). Assessment
of the perturbation induced by chitin synthesis inhibitors
lufenuron, flufenoxuron and hexaflumuron in the house fly,
Musca domestica vicina (Diptera: Muscidae). J. Basic and
App. Zoology 83(1): 29.

Tchigvintsev, A., Tran, H., Popovic, A., Kovacic, F., Brown,
G., Flick, R., Hajighasemi, M., Egorova, O., Somody, J.C.,
Tchigvintsev, D., Khusnutdinova, A., Chernikova, T.N.,
Golyshina, O.V., Yakimov, M.M., Savchenko, A.,
Golyshin, P.N., Jaeger, K., Yakunin, A.F. (2015). The
environment shapes microbial enzymes: five cold-active and
salt-resistant carboxylesterases from marine metagenomes.
Appl. Microbiol. Biotechnol. 99(5): 2165-78.

Tunaz, H., Uygun N. (2004). Insect growth regulators for insect pest
control. J. Agric. Turk. 28: 337e387.

Van Asperen, K. (1962). A study of house fly esterase by means of
sensitive colourimetric method. J. Insect physiol. 8: 401-416.

Waterhouse, D.F., Hockman, R.H., Mckellar, J.W. (1961). An
investigation of chitinase activity in cockroach and termite
extracts. J. Insect physiol. 6: 96-112.

Wu, C., Lei, Z.,Bo, L., Bojia, G., Cong, H.,Ji, Z., Minghui,
J., Hanyue, W., Yan, P., Annabel, R., Esmat, H., Kenneth,
W., Pengjun, X., Yutao, X. (2022). Genomic features of the

17


https://pubmed.ncbi.nlm.nih.gov/?term=Popovic+A&cauthor_id=25194841
https://pubmed.ncbi.nlm.nih.gov/?term=Kovacic+F&cauthor_id=25194841
https://pubmed.ncbi.nlm.nih.gov/?term=Brown+G&cauthor_id=25194841
https://pubmed.ncbi.nlm.nih.gov/?term=Flick+R&cauthor_id=25194841
https://pubmed.ncbi.nlm.nih.gov/?term=Hajighasemi+M&cauthor_id=25194841
https://pubmed.ncbi.nlm.nih.gov/?term=Egorova+O&cauthor_id=25194841
https://pubmed.ncbi.nlm.nih.gov/?term=Somody+JC&cauthor_id=25194841
https://pubmed.ncbi.nlm.nih.gov/?term=Tchigvintsev+D&cauthor_id=25194841
https://pubmed.ncbi.nlm.nih.gov/?term=Tchigvintsev+D&cauthor_id=25194841
https://pubmed.ncbi.nlm.nih.gov/?term=Chernikova+TN&cauthor_id=25194841
https://pubmed.ncbi.nlm.nih.gov/?term=Golyshina+OV&cauthor_id=25194841
https://pubmed.ncbi.nlm.nih.gov/?term=Yakimov+MM&cauthor_id=25194841
https://pubmed.ncbi.nlm.nih.gov/?term=Savchenko+A&cauthor_id=25194841
https://pubmed.ncbi.nlm.nih.gov/?term=Jaeger+KE&cauthor_id=25194841
https://pubmed.ncbi.nlm.nih.gov/?term=Yakunin+AF&cauthor_id=25194841
javascript:;

J. Agric. & Env. Sci. (Damanhour University) 2025,24(3):1-19
Print: ISSN 1687-1464 Online: ISSN 2735-5098

polyphagous cotton leafworm Spodoptera littoralis. BMC
Genomics 23: 353.

Zhou, X., Scharf, M.E., Parimi, S., Meinke, L.J., Wright, R.J.,
Chandler, L.D., Siegfried, B.D. (2002). Diagnostic assays
based on esterase mediated resistance mechanisms in western

corn rootworms (Coleoptera: Chrysomelidae). J. Eco. Entomo.
95:1261-126.

Zibaee, A., Sendi, J.J., Ghadamyari, M., Alinia, F., Etebari, K.
(2009). Diazinon resistance in different selected strains of,

Chilo suppressalis (Lepidoptera: Crambidae) in Northern Iran.
J. Econ. Entomol. 102: 1189-1196.

Zibaee, A., Zibaee, L., Sendi, J. (2011). A juvenile hormone analog,
pyriproxyfen affects some biochemical components in the
hemolymph and fat bodies of Eurygaster integriceps put on
(Hemiptera: Scutelleridae). Pestic. Biochem. Physiol. 100:
289-298.

18



J. Agric. & Env. Sci. (Damanhour University) 2025,24(3):1-19
Print: ISSN 1687-1464 Online: ISSN 2735-5098

@l padlal)
Spodoptera (B3 (3,9 8293 Atial) g dslanal) YSall Llaliil) dysbesal)

<l pdall gal cilbiiaYfittoralis

L e ¢ Fau ) dgana ab] ) Jlalll ¢ 2 pual gl g 1S daaa la e
lﬁﬁg@u.\m‘zwﬂ\

12618 ¢dae) )30 &gaall S ya ddae ) ) 31 Clanall 5 38 pall Jarall cda slaall andl
e — ) seted daala - el 0 IS - Ll L85 e ¢ e 65l

entsar_ibrahim@agr.dmu.edu.eg :4dui pal*

(O sl oosidd (IGR) &l ball sai Cleliie (amy ani o
OBl e @l eadl ClB a9 ) sa sl Y (g S s slh (5 ) e sliluSn
Vﬁj “ﬂbé)h‘.@?b ;\:\M‘MM\_"LAM\:\JM\ LAA} cuksj‘ é)}gﬁjdwo:\ﬁt\';ﬁ
i) g 330 S 8 Lay ol ) dpas ) ey 330 e colabaiall s <l il 5o
O bl i€y Sasl s o(Ln sl ) is) Ju s S5 ¢ (ACHE) ) i) 058
1.47 4(LCsp) Aad Caly dum dplenal) AL 2 Bpans SISV (IS (55 508 1
Vaale 3,78 i LCs0 dasiy cdaliadl D) o (6 Y1 (IS (05 )5 i sliall | il/aale
i) 2 33 Bl (mdd ) ool Cum dgllad ISV g8 (5555 50 slaall (IS cale JSu
Lty 5 S Baly ) (o (ot sl ot ) el il oy 33) JaLi (Bl 55 ) il 0l oS
& Absala 8l ) ) OsseslilaSaedl s 5 )5S 51 SN (e IS g2l ) iU an 33)
LS g 53 s

This work is licensed under a Creative Commons Attribution- @@@@
NonCommercial-NoDerivs 4.0 Unported License (CC BY-NC- —
ND)

19


mailto:entsar_ibrahim@agr.dmu.edu.eg
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

