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INTRODUCTION

The fall armyworm (Spodoptera frugiperda,
J. E. Smith) in Egypt has gained lot
concerns about the potential
agricultural production. The fall armyworm

ABSTRACT

The fall armyworm (Spodoptera frugiperda, J. E. Smith)
constitutes an urgent threat to maize cultivation in Egypt.
The aim of the present investigation was to evaluate the
effectiveness of three insecticides: lufenuron (5% emulsifaible
concentrates) as an insect growth regulator, and emamectin
benzoate (5% soluble granules) and "Bacillus thuringiensis
subspecies kurstaki (Btk, 6.4% wettable powder)" as bio-
insecticides, against the 4" instar larvae of S. frugiperda under
laboratory conditions. The larvae were collected from maize
fields in Upper Egypt, Qena Governorate, and subsequently
reared under laboratory conditions. Through toxicity assays, the
concentration-dependent mortality rates were observed for all
the three insecticides, where emamectin benzoate displayed
the highest toxicity (LCso: 0.0079 ppm), followed by Btk
(LCso: 1.6857 ppm), and lufenuron (LCso: 3.2155 ppm). The
variance in efficacy is attributed to varying in chemical
compositions and modes of action. Furthermore, the impact of
these insecticides on larval development was investigated.
Emamectin benzoate led to prolonged larval development,
while lufenuron and Btk induced prolonged larval develop-
ment and postponed pupation. Substantially, Btk reduced
significantly the carbohydrate level; however, both Btk and
emamectin benzoate reduced significantly the total protein.
Moreover, disparity with significance in the activity of the
digestive enzymes activity of amylase and invertase, likewise
detoxifying enzymes notably glutathione S-transferase (GST)
and acetylcholinesterase (AChE) was apparent in insecticides-
treated larvae. The present study ensures that the investigated
insecticides are among the recommended pesticides in combat-
ing the armyworm.

is a destructive pest actually invaded more
than 70 countries, posing a serious threat to
major cropsttl. Currently, armyworm is the
most damaging agricultural pest impacting
maize in Egypt and other countries due to

impact on
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its extensive expansion!?. Once the fall
armyworms entry in Egypt, it was indispens-
able to prioritize research and develop entire
strategies for monitoring, early detection,
and effective pest management. Contribution
between researchers, farmers, and policy-
makers will be crucial in mitigating the
potential impact of fall armyworm on
Egypt's agricultural sectorfll. Plant growth
and development may stop due to a fall
armyworm infestation, which may result in
failed cob or tassel formationl®. Loss of
photosynthetic area, decreased reproduction,
lodging (stem breakage), and structural
damage to the maize plant's whorls are
among the damage signs brought on by
fall armyworm[¥. Insecticides are a class
of chemicals that are becoming increasingly
for managing crop pests and disease-
associated vectors in public health. However,
the use of these products is restricted due to
the widespread occurrence of resistance to
commercially licensed pesticides. Therefore,
finding more eco-friendly and effective
products is a challenge and a necessity™®l,

Insect growth regulators could inhibit
insect  physiological development by
inhibiting molting, the formation of new
epidermis, and feeding, which lead to the
death of pests. Its mode of action differs
from that of conventional insecticides that
act on the nervous system!l. Low toxicity,
less pollution, and little impact on natural
enemies and beneficial organisms support
the growth of sustainable agriculture,
facilitate the production of environmentally
friendly food, and improve human health.
Therefore, these are known as “third
generation pesticides”, “pesticides of the
21% century”, “bio-regulators”, and “novel
materials for insect control’].

Lufenuron is a member of the class of
insect growth regulators known as
benzoylureas, which primarily inhibits the
synthesis of chitin, preventing insects from
molting or pupating and ultimately leading
to their death. Stomach toxicity is its
primary mode of action, and it works well
against a wide range of pests(®. When
present in low quantities, it can decrease

insect pupation, eclosion, and egg-laying
rates while also lengthening the larvae's
developmental period. Additionally, it can
directly harm eggs and larvae at high
concentrations®. Lufenuron confers several
advantages over conventional insecticides.
These include its minimal toxicity towards
non-target organisms and its prolonged
residual activityl®l.

Emamectin benzoate belongs to the
avermectin family, a naturally produced
fermentation product of the soil bacterium,
Streptomyces avermitilis®',  Emamectin
benzoate is one of the most widely
used biopesticides with strong antipest,
antiparasitic, and anti-nematode activities
with low toxicity™™. As a chloride channel
activator, emamectin benzoate increases
the permeability of membrane chloride
ions and disrupts nerve signals in
nematodes, arthropods, and platyhelminths,
and ultimately causing death!**%l, One of
the significant advantages of emamectin
benzoate is its efficacy in combating
S. frugiperda. It demonstrates low toxicity
to non-target species and does not persist
in the environment for prolonged periods.
However, caution must be considered in
applying emamectin benzoate to ensure the
effective control of S. frugiperda, while
minimizing potential adverse effects on the
environment[*?],

Bacillus thuringiensis (Bt), a bacterium
discovered by Berliner, which produces
toxins during the vegetative and sporulation
phases. Specifically, the proteins and Cry
toxins produced during the vegetative phase
are toxic to insects, mites, nematodes,
and protozoans*62°l The effectiveness of
Bt strains against S. frugiperda depends
on variable factors such as strain type,
toxin  concentration, and  application
timing??l. The Bt proteins have low toxicity
to non-target organisms, making them
environmentally friendly[?],

Significantly, insecticides can affect the
activity of metabolic enzymesi?2. The
glutathione S-transferases (GSTs) of insects
are crucial for the detoxification of toxic
compounds and the alleviation of the
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oxidative stress that these compounds

producel?®l. Earlier studies confirmed that

different insecticides can inhibit the
detoxification enzymes in various pests and
resulted in effective management!24,

The purpose of this study was to
determine the effectiveness of three insecti-
cides “lufenuron, emamectin benzoate, and
Bacillus thuringiensis subspecies kurstaki
(Btk)” in the control of the 4™ instar larvae
of the fall armyworm (S. frugiperda) in
order to confirm the findings of our
earlier study!®® on the second instar larvae,
to ensure the effectiveness of these insecti-
cides on all instars of the pest under study,
and to guarantee the most successful
control of the insect. The research focused
on the following key objectives:

A) Determination of the toxicity of the
used insecticides against 4" instar larvae
of S. frugiperda.

B) Assessment of the impact of the
used insecticides on the biological and

physiological characteristics of the fall
armyworm.

MATERIAL AND METHODS

Insect rearing and tested insecticides

Fall armyworm larvae were collected from
maize fields in Qena Governorate, Upper
Egypt, and reared at the Faculty of
Science, South Valley University, Qena.
The insect rearing technique followed
established protocols described by Dahi
et al.”’®l. The newly molted 4" instar of
S. frugiperda larvae were used in this
experiment. The fall armyworm larvae
were reared for several generations in the
laboratory to obtain the laboratory strain.
Three insecticides (lufenuron, Btk, and ema-
mectin benzoate) were applied for studying
their efficacy and potency against the fall
armyworm. As detailed in Table “1”, the
active ingredients, formulation type, and
manufacturer for the mentioned insecticides
were shown.

Table 1: Formulation type, manufacturer, and empirical formula for the mentioned

insecticides.
Common name Trade name Manufacturer Empirical formula
Match®5% emulsifaible  Syngenta Crop Protection
Lufenuron concentrates AG, Basel, Switzerland C17H3Cl2FsN205
Emamectin Proclaim®5% soluble Syngenta Crop Protection SSGEMNOB (en&an&ec}\llrg
benzoate granules AG 12 benzoate) +CsstroNOss
(emamectin Biy benzoate)
Bik Dipel 6.4% wettable Valent BioSciences, Bik
powder Libertyville, IL, USA
Btk: Bacillus thuringiensis subspecies kurstaki
Measuring the median lethal concen- technique was utilized as described

tration (LCso)

The LCso values of the three tested
insecticides were determined as described
previously by Aly et al.[?l to assess their
larvicidal activity on the newly hatched 4™
instar larvae of S. frugiperda. The following
concentrations were used for each insecti-
cide: 10, 8,6, 5, 4, 3, 2, 1, 0.5, and 0.25 ppm
for lufenuron; 0.02, 0.01, 0.005, 0.0025,
0.00125, and 0.000625 ppm for emamectin
benzoate; 8, 6, 4, 2, 1.5, 1, and 0.5 ppm
for Btk. In the bioassay, the leaf dipping

previously!?®l,

Biological investigation

The biological impact of the calculated
LCso values of the three tested insecticides
on S. frugiperda was assessed by examining
several key parametersi?®l, These parameters
included: larval development period post-
treatment, percentage of larval mortality,
pupation rate, duration of the pupal stage,
weight of male and female pupae, Sex ratio
(3: ), percentage of adult emergence, adult
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longevity, fertility (proportion of hatched
eggs), and fecundity (the total number of
eggs deposited by a female).

Biochemical analysis

Main components (carbohydrates, proteins,
and lipids) and enzymes (amylase, invert-
ase, phenol-oxidase, acetylcholinesterase
“AChE”, glutathione S transferase “GST”,
and chitinase) were electrophoretically
assayed as described previously!3,

Statistical analysis

The multiple range test of Duncan was
used to conduct statistical analysis using
the statistics package for social sciences
(SPSS) application. When P<0.05, there was
a significant difference in the mean. Values
of LCgy, LCss5, LCso, and LC2s obtained
by probit analysis using LdP LineR

software (http://www.ehabsoft.com/Idpline)
were graphically represented as described by
Finney?"}

RESULTS

Toxicity values on the 4" instar larvae of
S. frugiperda

The summarized results in Table “2”
revealed variations in the effectiveness of
the tested insecticides against the 4" instar
S. frugiperda larvae. The calculated values
of LCso were as follows: emamectin
benzoate displaying the highest toxicity
(LCso: 0.0079 ppm), followed by Btk (LCso:
1.6857 ppm), and lufenuron (LCsp: 3.2155
ppm). Furthermore, Table "3" displayed the
values of the LCys, LCss and LCoo of the
tested insecticides on the 4" instar S.
frugiperda larvae.

Table 2: Toxicity values of lufenuron, emamectin benzoate, and Bacillus thuringiensis
subspecies kurstaki against the 4" instars larvae of Spodoptera frugiperda.

Concentrations Mortalit
(ppm) (%) y LCso Slope
10 88
8 80
6 73
5 60
Lufenuron 4 53 3.2155 1.8
3 38
2 30
Control 0.0
0.02 77
0.01 53
0.005 33
Emamectin benzoate 2.5x10°2 23 0.0079 1.49
1.25x10°2 17
0.625x10°3 3
Control 0.0
8 92
6 82
Bacillus_thuringieqsis ; Zj
subspecies kurstaki L5 46 1.6857 1.91
1 26
0.5 18
Control 0.0
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Table 3: Lethal and sublethal concentrations of lufenuron, emamectin benzoate, and Bacillus
thuringiensis subspecies kurstaki against the 4" instars larvae of Spodoptera frugiperda..

Homogeneity

Treatments LC LC LC r .
% e % LCgo/LCx ratio
Lufenuron 1.3548 7.6315 16.6135 0.9687 5.17
Emamectin benzoate 0.0028 0.0223 0.0568 0.9841 7.19
Bacillus thuringiensis - /) 38001 7.0338 0.9829 471

subspecies kurstaki

Effect of the evaluated insecticides on
several of the biological aspects of the 4t
instar S. frugiperda larval, pupal, and
adult stages

The obtained results indicated that the
developmental course and mortality rates
of the 4" instar S. frugiperda larvae
displayed that lufenuron, Btk, and
emamectin benzoate prolonged significantly
the larval development. The values of larval
duration by lufenuron, Btk and emamectin
benzoate were 15.72, 14.07 and 11.79 days,
respectively, in comparison with the control
values (8.78 days, Table 4). However, the
obtained percentage of pupation recorded the
highest percent of larval pupation in the

treatment with lufenuron (53.0%), and the
lowest value was induced by emamectin
benzoate (48.0%), compared with the control
value (98.0%, Table 4). The larval mortality
(%) was the highest among emamectin
benzoate followed by Btk and lufenuron
as compared with the control value
(Table 4). The current findings ensured that
the normal larvae percentages (and the
larvae malformation percentages) were
100.0 (0.0), 100.0 (0.0), and 97.0% (3.0%)
after the treatment by lufenuron, emamectin
benzoate, and Btk, respectively, compared
with 100.0% (0.0%) for the control larvae
(Table 4).

Table 4: Biological parameters of Spodoptera frugiperda larvae treated as fourth instar
larvae with LCsos of lufenuron, emamectin benzoate and Bacillus thuringiensis subspecies

kurstaki (Btk).

Control Lufenuron ~ Emamectin benzoate Btk
Larval duration (days)  8.78+0.13d  15.72+0.17a 11.79+0.48c 14.07+0.41b
Pupation (%) 98.0 53.0 48.0 50.0
Larval mortality (%) 2.0 47.0 52.0 50.0
Normal larvae (%) 100.0 100.0 100.0 97.0
Malformed larvae (%)* 0.0 0.0 0.0 3.0

The means of the same row followed by different letters are significantly different (P<0.05).
*Malformed larvae appeared with an intermediate shape between larvae and pupae, while
other malformed larvae showed incomplete molting of larvae into pupae.

As expressed in Table “5”, the LCso doses
of lufenuron, emamectin benzoate, and Btk
prolonged significantly the pupal duration
compared with the control group. The pupal
duration recorded 28.04, 19.84, and 12.06
days for emamectin benzoate, lufenuron, and

Btk, respectively, compared with 9.63 days
for the control group. The LCso of ema-
mectin  benzoate increased the pupal
malformation percent (6.7%), followed by
lufenuron (3.3%) when compared with the
control value (0.0%, Table 5). The pupal
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weights of females reduced significantly in
lufenuron and emamectin benzoate groups
compared with the control group. The pupal
weights of males reduced significantly in
lufenuron group only compared with the

control group. The results found in Table
“5” confirmed that effectiveness of the
used insecticide against pupal mortality and
emergence in the following order: lufenuron
followed by emamectin benzoate.

Table 5: Biological parameters of Spodoptera frugiperda pupae treated as fourth instar
larvae with LCsos of lufenuron, emamectin benzoate and Bacillus thuringiensis subspecies

kurstaki (BtK).

Control Lufenuron Eg; ?]?sacttén Btk
Pupal duration (days) 9.63+0.05d 19.84+0.19b 28.04+0.15a 12.06+0.22¢c
(Ffa'EE‘;e Pupal duration 0.50+0.18c  19.94+0.24b  27.08+1.63a 12.13+0.43c
Male Pupal duration (days) 9.75+0.14c 19.75+0.16b 29.00+1.50a 12.00+0.19c
Normal pupae (%) 100.0 96.7 93.3 100.0
Malformed pupae (%)* 0.0 3.3 6.7 0.0
Pupal weight (g) 0.22+0.00a 0.16+0.01c 0.18+0.01bc 0.20+0.01b
Female Pupal weight (g) 0.25+0.00a 0.16+0.02b 0.18+0.01b 0.22+0.01a
Male Pupal weight (g) 0.20+0.00a 0.16+0.01b 0.17+0.01ab 0.17+0.01ab
Pupal mortality (%) 0.0 12.0 3.0 0.0
Emergence (%) 100.0 88.0 97.0 100.0

The means of the same row followed by different letters are significantly different (P<0.05).
*Malformed pupae were observed to have humpbacks, while other deformed pupae had

distinct constrictions at the head and thorax.

Comparing with the control female and
male longevities (9.75 and 10.00 days, res-
pectively), they were significantly extended
by lufenuron and emamectin benzoate
(Table 6). The emamectin benzoate in-
creased significantly the oviposition period
to 9.25 days compared with the control
value. The post-oviposition period varied
insignificantly after exposure to all tested
insecticides compared with control value.
The average numbers of eggs (fecundity)
was reduced significantly after the treatment
with all insecticides (Table 6). The incuba-
tion period increased significantly in ema-
mectin benzoate group only (Table 6).

Effects of the evaluated insecticides on
several biochemical aspects of the 4t
instar S. frugiperda larvae

Biochemically, only the 4" instar S.
frugiperda larvae treated with Btk insecti-

cide exhibited a significant decline in the
carbohydrates level (9.0 mg/g body weight
"b.wt") compared with the control larvae
(11.0 mg/g b.wt, Table 7). Regarding protein
level, a significant reduction was detected
among emamectin  benzoate and Btk
(12.0 and 10.0 mg/g b.wt, respectively,
in comparison with the control value
(15.0 mg/g b.wt, Table 7). Nevertheless,
lipid profile was insignificantly changed in
all insecticides as compared with the control
value (Table 7).

With respect to digestive enzymes,
amylase and invertase enzymes demon-
strated significant elevations among ema-
mectin benzoate (92.0 and 235.0 pg glucose/
minute/g b.wt, respectively) contrary to
lufenuron (22.0 and 91.0 pg glucose/minute/
g b.wt, respectively), Btk (32.0 and 148.0 ug
glucose/minute/g b.wt, respectively), and the
control level (52.0 and 161.0 pg glucose/
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Table 6: Biological parameters of Spodoptera frugiperda adult treated as fourth instar larvae
with LCsos of lufenuron, emamectin benzoate and Bacillus thuringiensis subspecies kurstaki

(BtK).
Control Lufenuron Emamectin Btk
benzoate
Sex ratio (%) ) ) . .
11 08:1 11 0.9:1
(@:9)
Ad“'g;’;‘ge‘”ty 9.88+0.13c  13.0+0.54ab 13.88+0.31a 11.88+0.38b
Femag;‘;{;‘fe‘”w 9.75+0.25¢  13.75+0.25a 13.75+0.25a 12.00+0.58b
Ma'%gggfv'ty 10.00+0.00c  12.25+1.03ab 14.0+0.71a 11.75+0.25hc
Pre'o"'p(%;';'sn period 2.25+0.25b 3.25+0.25a 3.00+0.41ab 2.25+0.25b
O"'poiét;gg)pe“"d 7.00+0.41b 7.25+0.48b 9.25+0.25a 7.25+0.48b
POSt'OV'F(’g;';:))” period 4 5040.20p 2.50+0.65b 1.50+0.30ab 1.50+0.50ab
Fecundity 1305.8+63.7a  1040.3+65.2b 1066.8+21.6b 1026.5+23.0b
(number eggs/female)
Hatchability
%) 93.0 83.0 76.0 82.0
'”C“b?é';;sfer'Od 2.75+0.25a 3.25+0.25a 4.25+0.50b 2.75+0.25a

The means of the same row followed by different letters are significantly different (P<0.05).

minute/g b.wt, respectively, Table 7). The
phenoloxidase enzyme was significantly
increased and decreased in S. frugiperda
larvae subjected to lufenuron and Btk,
respectively, when compared with the
control group (7.0 O.D. units/minute/g b.wt).
However, the activity of AChE was
significantly increased among lufenuron-
and emamectin benzoate-treated groups, and
increased significantly in Btk-treated group,
in comparison with the control group
(587.0 ng AchBr/minute/g b.wt). The GST
activity showed a significant decline in
emamectin benzoate- and Btk-treated groups
(40.7 and 48.0 mmol sub. conjugated/
minute/g b.wt, respectively) as compared
with the control group (61.0 mmol sub.
conjugated/minute/g b.wt). Eventually, the
chitinase enzyme was increased significantly
in larvae treated with emamectin benzoate
(285.0 N-acetylglucoseamine "NAGA"/
minute/g b.wt) and reduced significantly
in larvae treated with Btk and lufenuron

(78.0 and 123.0 png NAGA/minute/g b.wt,
respectively) when compared with the
control group (216.0 pg NAGA/minute/g
b.wt).

DISCUSSION

The current study embarked on the
toxicological and subsequent physiological
repercussions of employing lufenuron
(an insect growth regulator), emamectin
benzoate and Btk (bioinsecticides) against
the 4™ instar larvae of the S. frugiperda.
This inquiry aimed to not only assess
the toxic potential of these insecticides,
but also to comprehend the subsequent
consequences they instigate, considering
factors such as concentration, chemical
composition, and the developmental stage
of the treated larvae. The study's findings
underscore the varying impacts of these
tested insecticides. It is evident that the
toxicity of these insecticides based in
a concentration-dependent manner, with
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Table 7: Main components and activities of enzymes in the 4™ instar S. frugiperda larvae,
post-treatment with LCsos of lufenuron, emamectin benzoate and Bacillus thuringiensis

subspecies kurstaki (Btk).

Control  Lufenuron C(QZ;‘EG EQ; ?]T(f;tt;n C('Q,Z';Ee Btk C('])Z*;Ee
Carbohydrates* ilol é)a iloz '20a 11.0 i102 fa 9.0 tg..(l)b -18.0
Proteins® ils .70a i107 fa 13.0 1102_ '20b -20.0 tl(;) '100 -33.0
e wumb sz 00 sz MO Loy 10
Amylase? fzsz 4_r21220d -58.0 1?22..70a 77.0 522100 -38.0
Invertase? iilﬁg 1?31 gc —-43.0 §552 46.0 iﬁ.}g -8.0
Phenol-oxidase? ig:gb i?)..ga 27.0 iZJ:gb 0.0 ig..ic -18.0
Acetylcholinesterase® 1_51887 gc igg462 71.0 ffggé)b 55 i§963 27
s s sa S0 dp B0 g 210
Chitnas 60 120 gy WO, O g

'mg/g body weight, 2ug glucose/minute/g body weight, 3optical density units/minute/g body
weight, 4ug acetylcholine bromide/minute/g body weight, >mmol sub. conjugated/minute/g
body weight, 8ug N-acetylglucoseamine/minute/g body weight. Means of the same row
followed by different letters are significantly different (P<0.05). *Percentage of

Treated - Control

change = X 100

Control

higher concentrations leading to highest
mortality rates among the larvae. The LCso
concentrations of the evaluated insecti-
cides led to an increase of larval mortality,
a decrease in pupation percentage, and larval
malformation (in the case of Btk only). The
consequences of these insecticides extend
beyond larval mortality. All treatments led
to prolong larval development, reduced
pupal weight, extended pupal stage duration,
and increase pupal malformation (lufenuron
and emamectin benzoate only). In addition,
the tested insecticides led to an increase
in the death rate of pupae (lufenuron
and emamectin benzoate only). The tested
insecticides also increased longevity;
there was a concurrent decrease in egg
deposition and hatchability rates, under-
scoring potential implications for population

growth and pest management strategies.
This variance in toxicity can be attributed
to the distinct modes of action and target
sites of the three insecticides. Lufenuron,
acting as a chitin synthesis inhibitor,
impedes the formation of the insect's
exoskeleton Lv et al?®® leading to growth
inhibition and eventual death. Liu et al.[?]
investigated also the susceptibility of S.
frugiperda to emamectin benzoate; they
revealed that the LCy of emamectin
benzoate prolonged significantly the pupal
period of male, but the oviposition period
and the adult fall armyworm's longevity
were significantly delayed. These outcomes
aligns with and prove our previous study!?®
observed alterations in larval growth,
developmental timelines, and survival rates
of the 2" instar larvae of S. frugiperda
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treated with lufenuron, emamectin benzoate,
and Btk.

The biochemical analyses elucidated
that carbohydrate level was decreased
after Btk exposure, which may be owing
to the urgent need of bacteria to glucose
as major source for energy for propa-
gation and growth. Thus, bacteria utilize
carbohydrates as carbon source for energy
and built a new cell; this may decrease
the available carbohydrates for treated
insect, especially glucose, which plays an
important role in energy supply, adult
maturation, and builds up a new chitinf?%30,
The decrease in the total protein content
either by chlorfluazuron or Btk was
because of the binding of protein with
foreign tested compounds®®. ElShershaby
et al.BY indicated also that Btk resulted in
a great reduction in protein content of
S. littoralis larvae, and this toxic effect of
Btk is responsible for the inhibition of
protein synthesis by forming a protein
complex. Kamel et al.[*! observed a signifi-
cant reduction in the total protein content
of S. littoralis larvae after the treatment
with Btk. This could be due to the
breakdown of protein into amino acids,
which help to supply energy for the insects.

Amylase and invertase activities tended
to increase and decrease among the studied
insecticides. The fluctuation in the digestive
physiology may attributed to damage and
destruction of gut tissues occurred under
effect of different types of bioinsecticidest®l.
Phenoloxidase was significantly fluctuated
in S. frugiperda larvae after exposure to
insecticides. LCpys lufenuron and spinosad
caused a significant decrease in phenol-
oxidase level of Spodoptera littoralis?64l,
Emamectin benzoate, Btk, and lufenuron
altered significantly chitinase level. Badawy
et al.l®® also examined the direct and latent
effects of lufenuron, methoxyfenozide, and
tetlubenzuron (the three commercial insect
growth regulators) on the larvae of the
susceptible strain of cotton leafworm “S.
littoralis” in their second and fourth instars.
The insecticides varied in their influences on
chitinase and polyphenol oxidase activity,

and these enzymes could have a relation
with their toxicity against S. littoralis larvae.
The susceptibility of the fourth larval-stage
S. littoralis to these insecticides evidenced
a similar pattern however; the activity was
lower than that obtained with the second
larval-stage®®l. The AChE increased signifi-
cantly by lufenuron and emamectin benzoate
in the current study. In addition, the instar
larvae of S. littoralis treated with Dipel 2x
bioinsecticides accompanied by a significant
elevation in AChE acivity®l. The treatment
with emamectin benzoate and Btk lead
to a significant decrease in GST. These
results were different from that of Hamama
and Fergani®®1 who observed that 3™ instar
Spodoptera littoralis larvae exposed to
Bacillus  thuringiensis and emamectin
benzoate did not influence GST activity.

In conclusion, this laboratory investiga-
tion and our previous study ensure the
important extent of selecting the tested
insecticides for efficient fall armyworm
management. However, it is crucial to ack-
nowledge that while laboratory experiments
provide essential insights into pesticide
toxicity and effects, the translation of
these findings to real-world field conditions
warrants careful consideration. Therefore,
further investigations conducted under
authentic field conditions are imperative
to validate and fine-tune laboratory
observations.
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