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Abstract 

Background  Fall armyworm (FAW) Spodoptera frugiperda is regarded as a major pest of various economic crops, their 
caterpillars are a highly destructive and have a wide host range. The application of traditional pesticides is the main 
strategies used for its control, that resulting to number of negative impacts of pesticides on the environment 
and development of pesticide resistance.

Methods  This study’s goal was to assess the insecticide potency of three essential oils [rosemary (Rosmarinus offici-
nalis L.), lemongrass (Cymbopogon citratus) and Cinnamon (Cinnamomum zeylanicum)] and methomyl lannate 90% 
commercial insecticide to control S. frugiperda (fall armyworm) and their effects on expression of caspase-8 and inhib‑
itor of apoptosis protein genes and expression of acetylcholinesterase (AChE) gene in fall armyworm (FAW).

Results  The insecticidal activity against second larval instar of fall armyworm was evaluated with five concentrations 
(2.5%, 2%, 1.0%, 0.5% and 0.25%) for essential oil and four concentrations 0.4%, 0.2%, 0.15% and 0.05% for methomyl 
lannate 90%. The findings indicated that raising both essential oil concentrations and methomyl lannate 90% resulted 
in increased larval mortality at high concentration. The expression levels of Ache gene treated by low dose (0.3 µ/L) 
of methomyl lannate were increased (by 313%) significantly compared with the control but without significant 
differences.

Conclusions  The tested essential oils showed insecticidal activity against the second larval instar of S. frugiperda 
death as a result of treatment with the tested oils having an effect on the genes that the pest uses to express critical 
processes (genes of apoptosis).

Keywords  Spodoptera frugiperda, (Rosmarinus officinalis L.), Lemongrass (Cymbopogon citratus) and Cinnamon 
(Cinnamomum zeylanicum), Methomyl lannate 90%, Gene expression

Background
One of the very destructive pests posing a serious danger 
to global food security is the fall armyworm, Spodoptera 
frugiperda (J.E. Smith) (Lepidoptera: Noctuidae) (CABI 
2018; FAO 2018), where its high reproduction rate, 
extensive migration and great dispersal ability all contrib-
uted to its economic importance. More so, their caterpil-
lars are a highly destructive and have a wide host range; 
cotton, wheat, maize, sugarcane, rice, sorghum, beetroot, 
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soybean, cabbage, alfalfa, onion, grazing grasses, potato 
and tomato are among the crops the pest has been 
recorded on Montezano et al. (2018) and Chormule et al. 
(2019). Subsequently, many crops that support the lives 
of many people worldwide were severely damaged by this 
pest. The use of conventional pesticides is the method 
most frequently used to control pests in agriculture. 
However, serious negative impacts are associated with 
the application of conventional pesticides in controlling 
agricultural pests such as pesticide residues which harm 
the environment and pose a threat to public health due 
to food accumulation and ground water. Furthermore, 
generations that are resistant to these techniques have 
emerged as a result of their inconvenient use (Guedes 
et al. 2016; Badalamenti et al. 2021; Ahmed et al 2023).

Global demand for technologies that meet perfor-
mance, selectivity, and safety standards is consequently 
rising, which raises awareness of different control strat-
egies involving plant essential oils (González-Castillo 
et al. 2018; Ayil-Gutiérrez et al. 2018; Alves et al. 2018). 
Since they may reduce crop production costs, environ-
mental harm and non-target effects, and the reliance on 
chemical pesticides, interest in using green pest control 
methods such as plant extracts and essential oils [EOs] 
has recently increased (Isman et al. 2020; Elbehery et al. 
2022; Ibrahim et  al. 2022). EOS are mixtures of second-
ary metabolites, which have evolved to serve as plant 
defenses against insects and phytophagous mites (Isman 
2015). Many researchers evaluated pesticidal plants 
for the control of Spodoptera frugiperda and supported 
several reporting promising results for using pesticidal 
plants to control fall armyworm (Isman et al. 2014). The 
insecticidal effective of various essential oils on S. fru-
giperda has been investigated by many authors. Like-
wise, previous studies have been confirmed the toxicity 
of rosemary pepper (Lippia origanoides Kunth) and lem-
ongrass (Cymbopogon citratus) oils and their constituents 
against S. frugiperda (Barbosa et  al. 2018; Sombra et  al. 
2020). It is vital to look for volatile substances that have 
insecticidal, deterrent, or inhibitory properties as this 
may improve the agriculture products, promote inno-
vation, and expand the instruments for integrated pest 
management programs. So, this research sought to assess 
the effectiveness of essential oils [rosemary (Rosmarinus 
officinalis L.), Cinnamon (Cinnamomum zeylanicum) 
and lemongrass (Cymbopogon citratus)] and the com-
mercial insecticide [methomyl lannate 90%] against larva 
of S. frugiperda in addition their effects on expression of 
caspase-8 and inhibitor of apoptosis protein (IAP) genes 
and acetylcholinesterase (AchE).

Apoptosis is pivotal for preserving tissue homeostasis; 
furthermore, it is responsible for destroying inglorious or 
harmful cells (Nirmala et al. 2015; Waldron et al. 2015). 

The endogenous caspase inhibitors known as inhibitor of 
apoptosis proteins (IAPs), which were initially discovered 
in the genomes of lepidopteran baculoviruses, prevent 
apoptosis (Ito et  al. 2014). Apoptosis is negatively regu-
lated by the protein inhibitor of apoptosis (IAP). Recent 
findings suggest that IAP genes could be prime candi-
dates for RNA interference (RNAi)-mediated pest man-
agement. In the synaptic cleft, acetylcholine is hydrolyzed 
into choline and acetate by the enzyme acetylcholinester-
ase (AchE), preventing its buildup at the nerve terminal 
(Pang 2014; Jankowska et al. 2017; Chaudhari et al. 2021; 
Ruttanaphan et al. 2022; Sousa et al. 2020). As this neuro-
transmitter builds up, the nervous system becomes over-
active, hyperactive, paralyzed, and eventually kills the 
insect (Abubakar et al. 2021; Chaudhari et al. 2021). Due 
to their complexity, essential oils [EOs] generally have 
effects that are distinct from those of their fundamental, 
pure components, making it difficult to determine their 
method of action (Devrjna et al. 2022). Additionally, EO 
components have the ability to bind non-specifically, and 
allostery modifies other sites on the enzyme (noncom-
petitive inhibitors; Devrjna et al. 2022; Lucia et al. 2021) 
or acts as competitive inhibitors of acetylcholine (ACh) 
binding to the active sites of the enzyme.

Methods
Chemicals and materials
The three tested essential oils of rosemary (Rosmarinus 
officinalis L.), lemongrass (Cymbopogon citratus) and cin-
namon (Cinnamomum zeylanicum) were obtained from 
oil extraction unit, National Research Centre, Cairo, 
Egypt, whereas methomyl lannate 90% commercial insec-
ticide was bought from Al Gomhoria Pharm. Ind., Cairo, 
Egypt.

Rearing of Spodoptera frugiperda
Spodoptera frugiperda were collected from Assuit Gov-
ernorate, Upper Egypt, through regular field visitations 
of various farmers’ summer harvests. The infested maize 
plant was collected and transported to pests and Plant 
Protection Department, National Research Centre to 
investigate. The collected larvae maintained in glass jar 
and provided with fresh castor leaves for nutrition until 
the pupation. The pupae were incubated till adult emer-
gence. The adults were transferred to glass jar (1000 ml) 
containing 10% of honey solution as food supply, pro-
vided with paper towels for oviposition. The deposited 
eggs were collected daily and placed in rearing jar. After 
4  days, the newly hatched larvae were provided daily 
with castor leaves as food. Fall Armyworm (FAW) were 
reared under laboratory condition for several generations 
before bioassay. The second larval instars of S. frugiperda 
were obtained from the colony for the experiments. The 
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insects rearing and experiments were carried out under 
laboratory conditions (26 ± 2 °C, 66 ± 5% RH).

Bioassays
The Dipping technique was applied to assess the insec-
ticidal activity of the essential oils (EOs) of rosemary 
Rosmarinus officinalis L.), lemongrass (Cymbopogon 
citratus) and Cinnamon (Cinnamomum zeylanicum) at 
concentrations 2.5, 2, 1.0, 0.5 and 0.25 v/v % of EOs in 
water/Tween 80 mixture) prepared according to Sharaby 
(1988).The range of tested concentrations was selected 
based on previous studies (Sombra et  al 2020; Elbehery 
and Ibrahim 2022). The fresh castor leaf was immersed 
for 20  s in each series of the tested concentrations of 
essential oils (EOS) of each prepared oil separately then 
left to air dry. Distilled water with few drops of neutral 
detergent (tween 80) is considered as the negative con-
trol. Three replicates per treatment were executed and 
using five larva of second larval instar of fall armyworm 
(FAW) per replicate. The previous steps were repeated 
with using the commercial pesticide (methomyl lannate 
90%) with concentrations 0.4%, 0.2%, 0.15% and 0.05%. 
Data of mortality was submitted to Probit analysis after 
72 h of application in order to evaluate the median lethal 
concentration response. (LC50) of each treatment. The 
estimated LC50 values of each treatment were used to 
determine its effects on expression of caspase-8 gene and 
inhibitor of apoptosis protein (IAP) genes and expression 
of AChE gene in armyworm (FAW).

Analyzing the expression of apoptotic genes 
and Acetylcholinesterase gene in Spodoptera frugiperda
Total RNA isolation
The usual TRIzol® Reagent extraction procedure was 
used to obtain total RNA from all of the insects’ tissues 
(Invitrogen, Germany). Briefly, 50–100 mg of tissue sam-
ples were homogenized in 1 ml of TRIzol® Reagent. The 
homogenized material was then incubated at room tem-
perature for 15 min. For each 1 ml of TRIzol® Reagent, 
0.2 ml of chloroform were added. The samples were then 
vortexed violently for 15  s and incubated at room tem-
perature for 3  min. The samples were centrifuged for 
15  min at 4  °C for no more than 12,000 × g. Following 
centrifugation, the mixture was divided into a colorless 
upper aqueous phase and a lower red, phenol–chloro-
form phase. Only RNA continued to exist in the aqueous 
phase. As a result, the upper aqueous phase was carefully 
moved into a new tube without disturbing the interphase. 
By mixing isopropyl alcohol with the aqueous phase, 
the RNA was precipitated. For every 1  ml of the TRI-
zol® Reagent that was used for the first homogenization, 
isopropyl alcohol (0.5 ml) was added. The samples were 
then centrifuged at no more than 12,000 × g for 10  min 

at 4 °C after being incubated for 10 min at a temperature 
between 15 and 30  °C. Before centrifugation, the RNA 
was precipitated, which was frequently undetectable, and 
it created a gel-like pellet on the tube’s side and bottom. 
The supernatant was removed completely. The RNA pel-
let was washed once with 1 ml of 75% ethanol. The sam-
ples were combined by vertexing and centrifuged for 
5 min at a max of 7500 × g. The supernatant was removed 
and RNA pellet was air-dried for 10 min. RNA was dis-
solved by many times pipetting solution via a pipette tip 
in water that had been treated with diethylpyrocarbonate 
(DEPC). To digest DNA residues, total RNA was treated 
with 1 U of RQ1 RNAse-free DNAse from Invitrogen 
(Germany), then resuspended in DEPC-treated water. 
The 260/280 nm ratio (between 1.8 and 2.1) was used to 
determine the purity of total RNA. Ethidium bromide-
stain analysis of the 28S and 18S bands by formaldehyde-
containing agarose gel electrophoresis further ensured 
integrity. Aliquots of reverse transcription (RT) were 
used immediately. Otherwise, they were stored at -80 °C.

RT reaction for reversed transcription
Using the RevertAidTM First Strand cDNA Synthesis Kit 
(MBI Fermentas, Germany), the whole Poly (A) + RNA 
isolated from insect tissues was reverse-transcribed into 
cDNA in a total volume of 20 l. The master mix (MM), 
a reaction mixture, received 5 g of total RNA. The MM 
contains 10 mM of each dNTP, 50 M of oligo-dT primer, 
40 M of MgCl2, and 5x RT buffer (50 M KCl, 10 M Tris-
HCl, pH 8.3), 20  U of ribonuclease inhibitor (50 U of 
M- MuLV reverse transcriptase and a 50  kDa recombi-
nant enzyme that suppresses RNase activity were also 
included. After combining all samples, centrifuge them at 
1000 g for 30 s in a thermocycler (Biometra GmbH, Göt-
tingen, Germany). 10 min at 25 °C, 1 h at 42 °C, and lastly 
5  min at 99  °C were used to complete the RT reaction. 
Prior to using the RT preparations for real-time polymer-
ase chain reaction-based DNA amplification (RT-PCR), 
they were flash-cooled in an ice chamber.

Real‑Time Polymerase Chain Reaction (RT‑PCR)
The number of copies of the insects’ cDNA were 
counted using the StepOneTM Real-Time PCR Sys-
tem from Applied Biosystems (Thermo Fisher Scien-
tific, Waltham, MA, USA). The following ingredients 
were used to set up the PCR reactions: 6.5 ml of dis-
tilled water, 5 ml of cDNA template, 12.5 ml of 1 SYBR® 
Premix Ex TaqTM (TaKaRa, Biotech. Co. Ltd.), 0.5 ml 
of 0.2 M sense primer, and 0.2 M antisense primer. 
The reaction programmed has three steps assigned 
to it. The first phase took place for three minutes at 
95.0  °C. The second phase was made up of 40 cycles, 
with each cycle having three steps: (a) 15 s at 95 °C, (b) 
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30 s at 55 °C, and (c) 30 s at 72.0 °C. The third stage was 
made up of 71 cycles that began at 60.0  °C and grew 
by roughly 0.5  °C every 10  s until reaching 95.0  °C. A 
melting curve analysis was carried out at 95.0 °C at the 
conclusion of each qRT-PCR to evaluate the effective-
ness of the primers utilized. There was a distilled water 
control in each experiment. The sequences of particular 
primers for the genes utilized are reported in Tables 1 
and 2 according to Macours et al. (2003).

A melting curve analysis was performed at 95.0  °C 
following each qPCR to assess the quality of the utilized 
primers. The 2−ΔΔCt method was used to determine 
the relative quantification of the target to the reference.

Statistical analysis
LC50 values determined by Finney (1971) Probit analy-
sis method. Duncan’s test (P < 0.05) was used to exam-
ine the collected data using one-way analysis of variance 
(ANOVA). Means ± SEM were used to express all data 
from biochemical and molecular genetics investigations. 
The Statistical Package for Social Sciences (SPSS 0.26 for 
Windows) was used to analyze the data.

Results
Bioassay
The results show that increasing the concentrations 
resulted in increased the larval mortality at high concen-
tration. The highest concentration (2.5%) of Cinnamon 
and Rosemary oils caused the same percentage mortality 
(66.67%), while the Cinnamon oil caused 26.67% mor-
tality when the larvae fed on castor leaf treated with the 
lowest concentration (0.25%) (Table  3, Fig 1). Likewise, 
these were supported by the findings that the Caspase-8 
gene was overexpressed following treatment of C. citra-
tus, but at lower levels compared to R. officinalis L. and 
C. zeylanicum and the control. The highest concentra-
tion (0.4%) caused 60% mortality after 3 days treatment 
(Table 4, Fig 2). This result proposes that components of 
essential oils [EOs] contribute to the activity against S. 
frugiperda. LC50 is calculated after three days from treat-
ment and determined with 1.68 % for lemongrass and 

�CTtest = CT target, test − CT(reference, test),

�CT(calibrator ) = CT) target, calibrator

− CT(reference, calibrator),

��CT = �CT(Test) −�CT (calibrator)

Table 1  Apoptosis-related gene expression levels can be 
determined utilizing real-time quantitative PCR studies using 
certain primer sequences

IAP Apoptosis protein gene

Gene Primer sequence (5′ to 3′) GenBank (accession no)

β-actin F: AGT​CAT​TCA​GTC​ATG​CCC​CA
R: AAC​ATA​CTG​CCT​CCG​AAC​CA

MN044625.1

Caspase-8 F: AGA​CAA​TCC​CAG​CGA​CTT​GA
R:CCA​GTT​GGG​GTT​GTG​CTT​AG

XM_050703228.1

IAP F: TGT​GCG​CAA​ATT​GAA​CGG​TA
R: CGG​CGA​GTT​CTT​CAG​GTT​TT

AF186378.1

Table 2  Sequence of primers used in real-time quantitative PCR 
reactions to determine the expression level of Ache gene

Gene Primer sequence
(5′ to 3′)

GenBank
(accession no)

β-actin F: AGT​CAT​TCA​GTC​ATG​CCC​CA
R: AAC​ATA​CTG​CCT​CCG​AAC​CA

MN044625.1

AChE F:TGG​CTT​TGC​AAT​GGG​TGA​AA
R:CGG​ACA​ATG​TAC​AGC​TTC​GG

KU985167.1

Table 3  Insecticidal activity (%) of different tested oils against second larval instar of S. frugiperda post 72 h of treatment

Means in a column followed with various letters are significantly different at 5% level of probability

** = Highly significant

Oil concentrations Cinnamon Lemon grass Rosemary

Mean of larval mortality%

Mean ± SE

2.5% 66.67  ±  6.67 a 100.00  ±  0.00 a 66.67  ±  24.04 a

2% 46.67  ±  17.64 ab 40.00  ±  20.00 b 26.67  ±  6.67 b

1% 40.00  ±  11.55 ab 20.00  ±  11.55 bc 20.00  ±  0.00 b

0.5% 33.33  ±  6.67 b 13.33  ±  6.67 bc 13.33  ±  6.67 b

0.25% 26.67  ±  6.67 bc 6.67  ±  6.67 bc 6.67  ±  6.67 b

control 0.00  ±  0.00 c 0.00  ±  0.00 c 0.00  ±  0.00 b

F 5.11** 13.157** 4.75**
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cinnamon, while 2.59% and 0.3% for both rosemary and 
methomyl lannate 90%. The obtained results confirmed 
that lemongrass (C. citratus) and cinnamon (C. zeylani-
cum) presented the highest insecticidal activity against 
the evaluated larvae followed by R. officinalis L. which 
had largest LC50.

Acetylcholinesterase (Ace) gene expression changes 
in insect tissues after exposure to various biological 
pesticide dosage (methomyl lannate 90%)
The Acetylcholinesterase (Ache) gene expression altera-
tions were examined and shown in Fig. 3, which is a key 
enzyme in the nervous system of insects that ends nerve 
impulses by catalyzing the hydrolysis of the neurotrans-
mitter acetyl- choline. When compared to the control 

but without significant changes, the expression levels of 
the Ache gene were elevated (by 313%) in the treated by 
the concentration (0.3%) of methomyl lannate 90% pes-
ticide. Two acetylcholinesterase genes, ace1 and ace2, 
were characterized from the transcriptome and genome 
of S. frugiperda. A spatial-temporal expression analysis 
revealed that Sfruace1 and Sfruace2 both exhibited ele-
vated expression in the heads among all larval tissues and 
in third instar larvae among all developmental stages. 
Importantly, in all tissues and developmental stages ana-
lyzed, Sfruace1 expression is markedly higher than Sfru-
ace2 expression. Spinosad treatment of the leaf worm 
Spodoptera littoralis led to the maximum level of change 
percentage of ACHE activity after 24 h and the lowest 
level after 72 h.

Apoptotic gene expression analysis using quantitative 
real‑time PCR (RT‑qPCR)
Figure  4 presents a summary of the findings from the 
RT-qPCR gene expression investigation. According to 
three different treatments, the genes encoding apoptotic 
proteins were identified (Fig.  4). Cymbopogon citratus 
(1.68%) had higher expression levels of the caspase-8 
gene than Rosmarinus officinalis L. (2.59%) and Cinnamo-
mum zeylanicum (1.67%) when compared to the control. 
However, the levels of expression alterations IAP gene 
(Fig.  5) highest levels of expression in control insects’ 
tissues while R. officinalis L. 2.59% thin C. zeylanicum 
1.67% and C. citratus 1.68% were lower than compare 
with control was highest. The expression levels of tested 
gene Caspase-8 were overexpressed in C. citratus 1.68% 
but in lower levels than with control while the expres-
sion levels of tested gene IAP gene were overexpressed in 
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Fig. 1  Percentage mortality of second larval instar of S. frugiperda post 72 h of treatment with methomyl lannate 90%

Table 4  Insecticidal activity (%) of different methomyl lannate 
90% insecticide against second larval instar of S. frugiperda post 
72 h of treatment

Means in a column followed with various letters are significantly different at 5% 
level of probability

** = Highly significant

Oil concentrations Methomyl lannate  90%

Mean of larval mortality%

Mean ± SE

0.40% 60.00  ±  0.00 a

0.20% 40.00  ±  0.00 b

0.15% 33.33  ±  6.67 b

0.05% 20.00  ±  0.00 c

control 0.00  ±  0.00 d

F 56.50**
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control compare with treatments Rosemary 2.59%, C. cit-
ratus 1.68% and C. zeylanicum 1.67% were lowest expres-
sion levels.

The larvae were exposed to a bacterium that affected 
the genes that express essential functions (genes of apop-
tosis), causing anomalies and PTM’s death.

Discussion
Bioassay
Information regarding the biocidal ability of extracts 
and essential oils was supported by the results obtained 
utilizing rosemary, lemongrass, and cinnamon essential 

oils. The statistical analysis confirm that all EOs showed 
insecticidal efficacy on the second larval instars of pest, 
demonstrating the high mortality rates and quick action 
of the lemongrass (Cymbopogon citratus) essential 
oil, which resulted in 100% mortality after 3  days after 
treatment. Similarly, Zengiber officinale and C. citra-
tus emerged as the most promising essential oils for the 
management of S. frugiperda larvae among the evalu-
ated essential oils, according to Knaak et al. (2013). The 
Lemongrass (C. citratus) essential oil was toxic to S. fru-
giperda, corroborating results in other studies in which 
the pesticidal activity of essential oil for FAW from other 
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Cymbopogon citratus

Rosmarinus officinalis

Fig. 2  Percentage mortality of second larval instar of S. frugiperda post 72 h of treatment with tested oils

Fig. 3  Altered expression of the AchE gene in S. frugiperda larvae tissues after treatment with 0.3% methomyl lannate 90%. a, b: Mean values 
within tissues were significantly different (a: P0.01, b: P0.05) when superscript letters with opposite meanings were used. Data are shown as mean 
SEM
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Fig. 4  Expression changes Caspase-8 and IAP gene in S. frugiperda larvae tissues that had been exposed to various essential oils. The data is shown 
as mean SEM. a, b, c, d Mean values within tissues with different superscript letters demonstrated a difference that is statistically significant (a: P0.01, 
b: P0.05)
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Fig. 5  IAP gene expression changes in S. frugiperda larvae tissues that have been exposed to various essential oils. The data are shown as mean SEM. 
a, b, c, and d Mean values within tissues with distinct superscript letters demonstrated a statistically significant difference (a: P0.01, b: P0.05)
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plant species of the genus Cymbopogon was verified, such 
as Cymbopogon flexuosus (Oliveira et al. 2018) Cymbopo-
gon winterianus (da Silva et  al. 2015, Silva et  al. 2016, 
Silva et al. 2017, Silva et al. 2018).

Monteiro et  al. 2020 mentioned that the rapid action 
of some oils against insects is indicative of neurotoxic-
ity, thus suggesting that the action of Ocimum gratis-
simum essential oil may be associated with a neurotoxic 
response. In the same vein, mortality increased as con-
centration of pesticide methomyl lannate 90% increased. 
Knaak et al. (2013) confirmed the findings of this investi-
gation by demonstrating that the C. citratus oil produced 
the lowest LC50 (0.19  L/cm2) when compared to the 
other treatments. According to Sombra et al. 2020, Rose-
mary pepper (Lippia origanoides) essential oil displayed 
increased larvicidal activity after application and reduced 
the mortality of S. frugiperda larvae from 60.41 to 0.1% 
after 6 h of treatment. methomyl lannate 90% Insecticide 
appeared toxicity to larva of S. frugiperda and had 0.3% 
LC50.

Acetylcholinesterase (Ace) gene expression changes 
in insect tissues after exposure to various biological 
pesticide dosage (methomyl lannate 90%)
This result is in line with (Boaventura et al. 2020, 2021), 
who reported that target site insensitivity is one of the 
fall armyworm’s insecticide resistance mechanisms. This 
occurs when a small number of highly conserved point 
mutations in genes that encode for receptor target sites, 
like acetylcholinesterase (AChE), which develops resist-
ance to organophosphates and carbamates, occur, in a 
study by Gao et al. (2023).

According to research by Megahed et al. (2013), Spino-
sad is a natural pesticide that is recognized as an alter-
native biocide; however, it is yet unknown why sublethal 
Spinosad exposure affects development.

Apoptotic gene expression analysis using quantitative 
real‑time PCR (RT‑qPCR)
These findings support (Mohamed et  al. 2023) B 
(Bt::Bs1), C (Bt::Bl), and D (Bt::Bs2) which are three 
fusants. They were evaluated for the expression of genes 
associated with apoptosis in PTM and contrasted with 
A (Bt) and control. The findings demonstrated that tis-
sues from the (PTM) after exposure to several pesti-
cides that are biological in nature, including Caspase-16, 
Dronc, and Dredd genes, had considerably higher levels 
of gene expression in apoptosis-related tissues. The high-
est expression of apoptosis-related genes was seen in 
larvae  tissues treated with the bio-insecticides Dronc, 
Dredd, Caspase-16, and Fusants D (Bt::Bs2).

Hussein et al. (2014) used real-time PCR to assess the 
expression levels of caspase-8 and telomerase reverse 
transcriptase. Tissue samples were used to generate 
the amplification plots of fluorescence intensity versus 
PCR cycle, the melting curves for TERT and caspase-8 
mRNA, and caspase-8 expression was significantly lower 
in all groups than in the control group (P = 0.001) in 
every instance. In terms of caspase-8 expression, Group 
III considerably outperformed, while Groups IV and V 
did not (p2 = 0.992, 1.000 and 1.000, respectively), Group 
II did (p2 = 0.031). Although group V’s caspase-8 expres-
sion was significantly lower (p3 = 0.038), it did not dif-
fer from groups IV and III’s significantly (p3 = 0.098). 
Groups V and IV did not differ from one another signifi-
cantly (p4 = 0.996). According to Alam et  al. (2016), the 
ethanolic extract of U. lactuca also appeared to be more 
effective than the aqueous one at lowering the expression 
of the apoptotic genes Bax and Caspase-3. According 
to their theory, U. lactuca’s well-known total phenolics, 
flavonoids, and sulfated polysaccharides are the main 
catalysts behind this powerful antioxidant defense sys-
tem. To counteract the deadly effects of irradiation, the 
commonly available green alga U. lactuca appears to be 
a promising antioxidant and anti-apoptotic agent. Feline 
panleukopenia disease was discovered in cat tissues by 
Awad et al. (2018) using qRT-PCR gene expression analy-
sis, DNA fragmentation testing, and an apoptosis assay.

Conclusions
The assessment of insecticidal activity of EOs of rosemary 
(Rosmarinus officinalis L.), lemon grass (Cymbopogon cit-
ratus) and cinnamon (Cinnamomum zeylanicum) and 
methomyl lannate 90% commercial insecticide is crucial 
for implementing appropriate management strategies 
for S. frugiperda (fall armyworm). All tested essential oils 
showed insecticidal activity on the second larval instars of 
pest, highlighting the fast action and high rate of pest mor-
tality occurred by the lemon grass (Cymbopogon citratus) 
essential oil which caused 100% mortality after 3 days after 
treatment. The highest concentration (2.5%) of cinnamon 
and rosemary oils caused the same percentage mortality 
(66.67%). The expression levels of the tested gene caspase-8 
were overexpressed in C. citratus by 1.68%, however at a 
lower level than with the control, whereas the expression 
levels of the tested gene IAP were overexpressed in the 
control. When compared to the control, the concentra-
tion (0.3%) of methomyl lannate 90% pesticide significantly 
(P0.05) and (P0.01) elevated the expression levels of the 
Ache gene (by 313%). As a result, an alternative to the tradi-
tional care of S. frugiperda is to use the tested essential oils.
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