
© Benaki Phytopathological Institute

Hellenic Plant Protection Journal 17: 75-84, 2024
DOI 10.2478/hppj-2024-0007

1 Plant Protection Department, Faculty of Agriculture, 
Al-Azhar University, Cairo, Egypt.

2 Department of Pesticide Chemistry and Technology, 
Faculty of Agriculture, 21545-El-Shatby, Alexandria 
University, Alexandria, Egypt. 

* Corresponding author: hassangad1985@azhar.edu.
eg

Comparative eff ect of biopesticides against the fall armyworm 
Spodoptera frugiperda (J.E. Smith)

A.A.M. Atta1, A.A. Al-Ayat1, H.A. Gad1* and S.A.M. Abdelgaleil2

Summary   The current study evaluated the eff ect of microbial-derived insecticides (abamectin and 
spinosad), two microbials (Beauveria bassiana (Balsamo) Vuillemin, Bacillus thuringiensis Berliner), and 
three chitin synthesis inhibitors (CSIs) (chlorfl uazuron, hexafl umuron and lufenuron) against Spodoptera 
frugiperda larvae. Spinosad and abamectin caused pronounced mortality against second larval instar 
of S. frugiperda using the leaf dipping method. Spinosad induced higher toxicity (LC50 = 4.01 mg/L) 
than abamectin (LC50 = 8.33 mg/L) one day after treatment. The treatments with B. bassiana and B. thu-
ringiensis caused higher mortality of S. frugiperda larvae 7 days after treatment with LC50 values of 3.0 
× 105 spores/ml and 8.2 × 106 cells/ml, respectively. In the case of the CSIs, hexafl umuron showed high-
er toxicity than chlorfl uazuron and lufenuron with LC50 values of 0.01, 0.009 and 0.005 mg/L 3, 7 and 10 
days after treatment, respectively.

Additional keywords: abamectin, Beauveria bassiana, Bacillus thuringiensis, chitin synthesis inhibitors, fall ar-
myworm

has been spread out throughout the coun-
try (Dahi et al., 2020; Gamil, 2020; Al-Ayat et 
al., 2022). Spodoptera frugiperda was fi rst re-
ported in West Africa in late 2016 (Goergen 
et al., 2016), and by early 2017 the pest invad-
ed Sub-Saharan Africa. Recent reports con-
fi rmed the occurrence of fall armyworm in 
28 countries in Africa (Day et al., 2017). Since 
the outbreak of S. frugiperda in Africa, the 
synthetic insecticides have been broadly 
applied for the management of this insect 
pest on infested crops, particularly maize 
(Tepa-Yotto et al., 2022). As the overuse of 
synthetic insecticides is connected with se-
rious problems, such as the increase of envi-
ronmental pollution, adverse eff ects on ani-
mals and humans, and emerging resistance 
of insects (Yu, 1991; Prasanna et al., 2018), al-
ternative strategies, such as bioinsecticides, 
entomopathogenic fungi, pheromone traps, 
and parasitoids, have been examined and 
used against S. frugiperda (Mendez et al., 
2002; Gutierrez-Martinez et al., 2012; Varsh-
ney et al., 2021). 

Many studies report the effi  cacy of bi-
opesticides, such as entomopathogenic bac-
teria, fungi, viruses and microbial-derived 
insecticides (spinosad, spinetoram, and ab-
amectin) on larvae of S. frugiperda (Polanc-

Introduction

Spodoptera frugiperda (J.E. Smith) (Lepi-
doptera: Noctuidae) is a destructive insect 
species for many crops including fi eld crops, 
such as maize, rice, sorghum, sugarcane, and 
cotton, and vegetable crops, such as tomato, 
potato, cucumber, and cabbage. The insect 
causes massive loss crop yield either in qual-
ity or quantity (Murúa et al., 2006; Prasanna 
et al., 2018). Recently, the insect has become 
a key pest in grain crops, especially maize, 
in most of the countries in America and Af-
rica (Rwomushana et al., 2018; Mendesil et 
al., 2023). Typical insect damage symptoms 
include holes in plant leaves and death of a 
heart of young plants due to larvae feeding 
(Abrahams et al., 2017; Capinera, 2017). 

In Egypt, S. frugiperda was fi rst recorded 
in May 2019 in a maize fi eld in Aswan Gov-
ernorate (Upper Egypt) and since then it 
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zyk et al., 2000; Mendez et al., 2002; Molina-
Ochoa et al., 2003; Ríos-Velasco et al., 2010; 
Deshmukh et al., 2020; Kulye et al., 2021; 
Han et al., 2023). However, no information 
is available on the effi  cacy of such products 
against the Egyptian strain of S. frugiperda. 
Therefore, the study focuses on examining 
the eff ect of microbial-derived insecticides 
(abamectin and spinosad), the microbials 
(Beauveria bassiana (Balsamo) Vuillemin) 
and Bacillus thuringiensis Berliner and three 
CSIs (chlorfl uazuron, hexafl umuron and 
lufenuron) on S. frugiperda larvae in Egypt. 
Also, the latent eff ects of CSIs on biological 
aspects of this insect pest were assessed.

Materials and Methods

Source and Insect Rearing
Larvae of S. frugiperda were fi rst collect-

ed from a maize fi eld in Al-Sharqia, Egypt 
and reared on maize leaves until completing 
a life cycle (Sayed et al., 2022). Healthy male 
and female adults were allowed to mate and 
female laid eggs in plastic jars. The result-
ing neonate larvae were fed on fresh castor 
bean leaves, Ricinus communis, under lab-
oratory (28±1ºC, 65±5% relative humidity 
(RH) and 12:12 h of light and dark). The lar-
vae were reared on castor bean leaves be-
cause the plant is available all the year and is 
cultivated in an area free from insecticides.    

Tested insecticide compounds
The tested insecticides were: spinosad 

(98%) and hexafl umuron (95%) (Dow Agro-
Sciences LLC, USA); abamectin (98%) and 
lufenuron (94%) (Syngenta, Switzerland); 
chlorfl uazuron (95%) (Simonis BV, Nether-
lands). The microbial compounds were pro-
duced as follows:

Culture of Beauveria bassiana
The original source of B. bassiana fungus 

was Bioinsecticides Production Unit, Agricul-
ture Research Center, Giza, Egypt. The fun-
gal strain was cultured and maintained fol-
lowing a protocol described by Mohamed et 
al. (2018). The fungal spores were prepared 

and the concentration was calculated using 
a haemocytometer and adjusted to 1.0×104, 
1.0×105, 1.0×106, 1.0×107, 1.0×108 and 1.0×109 
spores/ml to be used in the bioassay exper-
iments.

Bacillus thuringiensis
Bacillus thuringiensis subsp. kurstaki was 

used as a Protecto product (9.4% WP contain 
32,000 international unit/mg) produced by 
Bioinsecticides Production Unit, Agriculture 
Research Center, Giza, Egypt. The six concen-
trations of B. thuringiensis (3.0×105, 3.0×106, 
3.0×107, 3.0×108, 3.0×109 and 3.0×1010 cells/
ml).

Bioassays
Bioassays were conducted by using the 

leaf dipping method according to Insecticide 
Resistance Action Committee (IRAC) meth-
od (IRAC, 2018). The concentrations of test-
ed insecticides, spinosad, abamectin, chlo-
rfl uazuron, hexafl umuron and lufenuron 
were prepared in acetone and tested at 0.01, 
0.05, 0.1, 0.25, 0.5, 1.0, 2.5 and 5.0 mg/L. Ace-
tone was used as solvent because the active 
ingredients of insecticides are not soluble in 
water. The concentrations of B. bassiana and 
B. thuringiensis were prepared in distilled 
water. The fungus (B. bassiana) was tested 
at 1.0×104, 1.0×105, 1.0×106, 1.0×107, 1.0×108 
and 1.0×109 conidia/ml, while B. thuringiensis 
was tested at 32.0×104, 32.0×105, 32.0×106, 
32.0×107, 32.0×108 and 32.0×109 cells/ml. 

The castor bean leaves were cut into 
small pieces (4 × 4 cm). The pieces were im-
mersed for fi ve seconds in each concentra-
tion and then left to complete evaporation 
of solvent. Three treated pieces were trans-
ferred to each plastic cup (8 cm diameter × 
5 cm high). Ten newly molted second instar 
larvae of S. frugiperda were introduced to 
each cup. The second larval instar was cho-
sen to give suffi  cient time to complete the 
experiment before the larvae turned into 
pupae. The cups were covered with cheese 
cloth and kept under above mentioned in-
sect rearing environment. Three replicates 
were used in each tested concentration. An 
additional series of castor bean leaves were 
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treated with pure acetone (99%) or distilled 
water alone and served as a control. After 
24 h, the treated leaf pieces were discarded 
and fresh untreated leaf pieces were intro-
duced daily for 10 days. 

Mortality percentages were recorded 1, 
3, 5, 7 and 10 days after treatment. Addition-
ally, the larvae fed on the treated leaves with 
CSIs were examined daily until complete pu-
pation and adult emergence and percentag-
es of pupation, adult emergence and mal-
formation were calculated. 

Data Analysis
Abbott’s formula (1925) was used for cor-

rection of mortality data. Values of LC50 were 
calculated using probit analysis (Finney, 
1971). Percentages of pupation, adult emer-
gence and malformation were analyzed with 
ANOVA using Tukey’s HSD test at a signifi -
cance level <0.05 (SPSS, Chicago, IL, USA).

Results

The mortality of larvae in control treat-
ments, both water and acetone did not ex-
ceed 10 and 15%, respectively; the mean of 
these mortalities was used to correct the lar-
vae mortalities by Abbot for the insecticide 
treatments, and for the estimation of corre-
sponding LC50 values.

Toxicity of the two microbial-derived 
insecticides (abamectin and spinosad) ex-
pressed as LC50 values against the second 
larval instar of S. frugiperda 1 and 3 days af-
ter treatment is summarized in Table 1. Both 
insecticides showed pronounced toxicity in 
leaf dipping application; spinosad showed 
higher toxicity (LC50 = 4.01 mg/L) than abam-
ectin (LC50 = 8.33 mg/L) one day after treat-
ment. However, both compounds showed 
similar toxicity 3 days after treatment where 
LC50 values were 0.18 and 0.19 mg/L for 
spinosad and abamectin, respectively.  

The LC50 values of the entomopathogen-
ic fungus B. bassiana and the bacterium B. 
thuringiensis against S. frugiperda second in-
star larvae 3, 5 and 7 days after treatment 
are presented in Table 2. Both biological 
control agents displayed diff erent levels of 
insecticidal eff ect which enhanced with the 
increase of concentration and time after 
treatment. The toxicity of Beauveria bassi-
ana and B. thuringiensis was high 3 days af-
ter treatment as their LC50 values were 3.9 
x107 spores/ml and 2.6 x108 cells/ml, respec-
tively. The eff ect of both biological control 
agents increased signifi cantly 5 and 7 days 
after treatment. Five days after treatment, 
the LC50 values for B. bassiana and B. thur-
ingiensis were 1.2x106 spores/ml and 2.2x107 
cells/ml, whereas the values decreased to 
3.0x105 spores/ml and 8.2x106 cells/ml, after 

Table 1.  Comparative toxicity of microbial-derived insecticides against second instar larvae 
of Spodoptera frugiperda 1 and 3 days after treatment.

Insecticide Time 
(days)

LC50
a

(mg/L)
(Confi dence

limits)

LC90
b

(mg/L)
(Confi dence

limits)

Slopec ± SE (χ2)d Pe

Abamectin 1 8.33
(4.49-21.65)

684.71
(163.36-7321.31)

0.67±0.08 4.11 0.391

3 0.19
(0.12-0.30)

4.47
(2.74-10.96)

0.94±0.07 13.9 0.031

Spinosad 1 4.01
(2.67-7.32)

151.90
(51.32-986.94)

0.81±0.11 5.40 0.144

3 0.18
(0.13-0.23)

3.53
(2.37-5.98)

0.99±0.09 5.03 0.284

a,bThe concentration causing 50 and 90% mortality. 
c  Slope of the concentration-mortality regression line ± standard error.
d Chi square value.
e Probability value.
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7 days, respectively.
Toxicity of the three CSIs against second 

larval instar of S. frugiperda 3, 7 and 10 days 
after treatment expressed as LC50 values is 
summarized in Table 3. CSIs had a strong 
toxicity against S. frugiperda larvae. Hexafl u-
muron displayed the greatest insecticid-
al eff ect with LC50 values of 0.01, 0.009 and 
0.005 mg/L 3, 7 and 10 days after treatment, 
respectively. Chlorfl uazuron and lufenuron 
were highly eff ective 10 days after treat-
ment as their LC50 values were 0.09 and 0.06 
mg/L, respectively, while both compounds 
showed moderate toxicity 3 and 7 days af-
ter treatment.

The delayed eff ect of CSIs on pupation, 
emergence and malformation of pupae and 
adults is presented in Table 4. Pupation and 
adult emergence percentages of treated lar-
vae decreased signifi cantly with increas-
ing concentrations of the tested CSIs com-
pared to untreated larvae (95.0 and 94.9 %). 
The treatment with chlorfl uazuron at 1.0 
mg/L and hexafl umuron at 0.5 mg/L caused 
complete inhibition of pupation. More-
over, treatments with 0.25 mg/L of chlo-
rfl uazuron and hexafl umuron, and with 2.5 
mg/L of lufenuron could induce complete 

suppression of adult emergence. Also, the 
treatment with the CSIs induced malforma-
tion of pupae and adults. Chlorfl uazuron 
and lufenuron at 0.25 mg/L caused 50.0% 
malformation of pupae. Chlorfl uazuron at 
0.1 mg/L, hexafl umuron at 0.05 mg/L and 
lufenuron at1.0 mg/L resulted in 33.3, 25.0 
and 33.0% malformation of adults, respec-
tively.

Discussion

The insecticidal eff ects of spinosad, abam-
ectin, B. bassiana, B. thuringiensis, chlorfl u-
azuron, hexafl umuron and lufenuron have 
been reported against S. frugiperda strains 
present in some countries around the world 
(Polanczyk et al., 2000; Mendez et al., 2002; 
Eriksson, 2019; Kulye et al., 2021). However, 
this is the fi rst study on the toxicity of these 
compounds or products against S. frugiper-
da strain present in Egypt.

The treatment of castor bean leaves 
with spinosad and abamectin induced pro-
nounced mortality of second larval instar 
of S. frugiperda 3 days after treatment with 
LC50 values less than 0.2 mg/L. In agreement 

Table 2. Comparative toxicity of Beauveria bassiana and Bacillus thuringiensis against second 
instar larvae of Spodoptera frugiperda 3, 5 and 7 days after treatment.

Insecticide Time 
(days)

LC50
a

(spores/ml)
(Confi dence

limits)

LC90
b

(spores/ml)
(Confi dence

limits)

Slopec ± SE (χ2)d Pe

Beauveria 
bassiana

3 3.9x107

(1.3x107 - 1.5x108)
6.5x1012

(2.1x1011 - 5.1x1015)
0.25±0.04 5.10 0.164

5 1.2x106

(4.0x105 - 3.5x106)
4.5x1011

(3.1x1010 - 4.3x1013)
0.23±0.03 4.12 0.389

7 3.0x105

(1.2x105 - 6.8x105)
3.2x109

(7.4x108 - 2.5x1010)
0.32±0.03 1.44 0.836

Bacillus
thuringiensis

3 2.6x108

(8.5x107 - 1.3x109)
5.6x1013

(1.4x1012 - 8.9x1016)
0.24±0.04 0.68 0.879

5 2.2x107

(8.9x106 - 4.9x107)
2.3x1011

(3.2x1010 - 6.3x1012)
0.32±0.04 0.62 0.893

7 8.2x106

(3.2x106 - 1.8x107)
5.9x1010

(1.5x1010 - 4.0x1011)
0.33±0.03 7.29 0.121

a,bThe concentration causing 50 and 90% mortality. 
c Slope of the concentration-mortality regression line ± standard error.
d Chi square value.
e Probability value.
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with the present results, spinosad has been 
reported to induce high toxicity against lar-
vae of S. frugiperda with LC50 of 0.557 mg/L 
4 days after treatment (Hardke et al., 2011).  
Furthermore, Adamczyk et al. (1999) evalu-
ated the toxicity of spinosad against third 
instar larvae S. frugiperda and found the 
LC50 value of this compound to be 4.4 mg/L, 
which is similar to the obtained value (LC50 
= 4.01 mg/L) in our study. The results may 
support the potential use of spinosad for 
the management of the fall army warm as 
it interferes with nicotinic acetylcholine 
and γ-aminobutyric acid (GABA) receptors 
through pathways dissimilar from those 
of other insecticides, i.e,. it stimulates the 
nervous system of insects, causing uncon-
trolled movement, paralysis, and death (Sal-
gado, 1998; De Deken et al., 2004). On the 
other hand, abamectin showed higher toxi-
city against the second larval instar of S. fru-
giperda in this study than that demonstrat-

ed by Ahissou et al. (2021) who reported an 
LC50 value of 58.5-429.9 mg/L against third 
instar larvae two days after treatment using 
the IRAC leaf bioassay protocol. These dis-
crepancies in toxicity could be attributed to 
diff erences in insect strain, larval stage, time 
after treatment and assay method. Abamec-
tin binds with γ-aminobutyric acid (GABA) 
receptors, leading to open chloride channel 
and thus allowing more chloride ions to en-
ter the nerve cell and disturb the transpor-
tation of nerve pulses, consequently, result-
ing in insect paralysis and stop of feeding 
(Rohrer and Arena, 1995). Gutierrez-More-
no (2017) and Sisay et al. (2019) stated that 
spinosad and abamectin had the potential 
for the control of S. frugiperda in crop fi elds.

The B. bassiana strain caused high larval 
mortality of S. frugiperda 7 days after treat-
ment with LC50 3.0×105 spores/ml which was 
greater than that reported by Ramanujam 
et al. (2020) against the second larval stage 

Table 3. Comparative toxicity of three chitin synthesis inhibitors against second instar larvae 
of Spodoptera frugiperda 3, 7 and 10 days after treatment.

Insecticide Time (days)

LC50
a

(mg/L)
(Confi dence

limits)

LC90
b

(mg/L)
(Confi dence

limits)

Slopec ± SE (χ2)d Pe

Chlorfl uazuron 3 0.34
(0.25-0.55)

7.81
(3.31-31.27) 0.95±0.11 3.99 0.263

7 0.34
(0.24-0.45)

13.37
(6.36-39.0) 0.80±0.08 7.96 0.093

10 0.09
(0.06-0.12)

7.35
(3.34-24.32) 0.66±0.07 7.44 0.114

Hexafl umuron 3 0.01
(-)

1.26
(-) 0.63±0.13 6.65 0.036

7 0.009
(0.003-0.018)

1.09
(0.41-9.69) 0.62±0.13 4.92 0.085

10 0.005
(-)

0.43
(-) 0.67±0.14 6.50 0.039

Lufenuron 3 0.43
(0.28-0.76)

101.18
(28.26-777.28) 0.54±0.07 2.09 0.719

7 0.29
(0.20-0.42)

32.84
(13.51-120.87) 0.62±0.06 3.02 0.697

10 0.06
(0.03-0.12)

85.03
(17.76-1528.62) 0.41±0.06 2.51 0.642

a,bThe concentration causing 50 and 90% mortality. 
c Slope of the concentration-mortality regression line ± standard error.
d Chi square value.
e Probability value.
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of S. frugiperda (LC50 = 1.9 × 107 spores/ml). 
The current results are in agreement with 
those by Garcia et al. (2011) reporting that 
1×109conidia/ml of B. bassiana induced 
96.6% mortality on second instar larvae of 
S. frugiperda. although they did not deter-
mine LC50 values. Morales-Reyes et al. (2013) 
and Ramanujam et al. (2020) reported that 
mortality ranged between 10 and 65% at 
two concentrations of B. bassiana (1 × 106 

and 1×107 conidia/ml). The B. bassiana conid-
ia start germination when they contact in-
sect body and germinated spores penetrate 
into insect body via cuticle joints. After pen-
etration inside the insect`s body, the fungus 
starts to invade other insect tissues and con-
tinues a vegetative growth producing toxic 

compounds, eventually leading to insect`s 
death (Logrieco et al., 2002). 

Bacillus thuringiensis is among the most 
used microbial biopesticides for Lepi-
doptera pest control due to its high effi  ca-
cy and less adverse eff ects on mammals and 
non-target organisms. In the current study, 
B. thuringiensis showed a pronounced toxic-
ity against S. frugiperda larvae with an LC50 
value of 8.2 × 106 cells/ml after 7 days. Simi-
lar results against the second larval stage of 
S. frugiperda were found by Polanczyk et al. 
(2000) for B. thungiensis at LC50 value as 8.6 
× 106 cells/ml. Hernandez (1988) stated that 
B. thuringiensis kurstaki caused 70% mortali-
ty of the second larvae stage of S. frugiperda 
at a concentration of 3 × 107 cells/ml. Capal-

Table 4. Eff ect of chitin synthesis inhibitors on pupation and adult emergence of Spodoptera 
frugiperda. 

Conc.
(mg/L) Pupation % Pupal

deformation %
Adult

emergence %
Adult

deformation %
Survival

%

Chlorfl uazuron

0.0 95.0±2.1a 0.0±0.0c 94.9±2.0a 0.0±0.0b 90.0±1.0a
0.01 60.0±4.1b 8.3±0.2bc 66.6±6.7a 8.0±2.9ab 46.7±2.8b
0.05 40.0±2.0bc 12.5±1.0abc 50.0±2.1ab 25.0±1.0ab 20.0±2.5bc
0.1 26.7±5.0bc 25.0±2.0ab 50.0±7.0ab 33.3±5.8a 13.3±2.4c
0.25 20.0±2.1cd 50.0±2.1a 0.0±0.0b 0.0±0.0b 0.0±0.0d
0.50 6.7±2.4de 16.7±2.4abc 0.0±0.0b 0.0±0.0b 0.0±0.0d
1.0 0.0±0.0e - - - -

Hexafl umuron

0.0 95.0±2.1a 0.0±0.0a 94.9±2.0a 0.0±0.0a 90.0±1.0a
0.01 40.0±1.2b 0.0±0.0a 83.3±6.0ab 16.0±3.0a 33.3±3.1b
0.05 33.3±2.3bc 25.0±2.0a 66.7±5.8ab 25.0±2.0a 20.0±1.6bc
0.1 13.3±3.1bcd 33.0±6.0a 33.0±1.2ab 16.6±3.1a 6.7±2.4cd
0.25 7.0±1.2cd 17.0±2.4a 0.0±0.0b 0.0±0.0a 0.0±0.0d
0.50 0.0±0.0d - - - -

Lufenuron

0.0 95.0±2.1a 0.0±0.0d 94.9±2.0a 0.0±0.0a 90.0±1.0a
0.01 60.0±2.5b 8.0±3.4c 50.0±1.2b 0.0±0.0a 30.0±1.6b
0.05 53.3±4.7bc 9.7±0.9bc 44.4±3.9bc 0.0±0.0a 23.3±0.6bc
0.1 46.7±6.2bc 25.0±0.8b 38.9±2.2bc 17.0±3.1a 16.7±2.3bc
0.25 46.6±5.0bc 50.0±2.0a 16.6±1.0bcd 0.0±0.0a 5.0±0.4cd
0.50 20.0±4.1cd 0.0±0.0d 11.1±2.3bcd 0.0±0.0a 3.3±1.1d
1.0 20.0±2.0cd 0.0±0.0d 8.3±1.2cd 33.0±1.1a 1.7±0.6d
2.5 13.3±2.4d 0.0±0.0d 0.0±0.0d 0.0±0.0a 0.0±0.0d

Values in columns within each compound followed by the diff erent letters are signifi cantly diff erent (P < 0.05).
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bo et al. (2001) found that the application of 
B. thuringiensis against S. frugiperda achieved 
complete mortality of neonate larvae in fi eld 
trials. Furthermore, other strains of B. thur-
ingiensis have been shown to possess toxicity 
against S. frugiperda larvae (Dos Santos et al., 
2009; Loto et al., 2019; Varshney et al., 2021). 
A protoxin large protein (about 130-140 kDa) 
of Bt solubilises in the insect gut and cleaves 
by a gut protease to yield a delta-endotoxin 
(about 60kD) which binds to the midgut ep-
ithelial cells, making openings in the mem-
branes and resulting in an equilibration of 
ions. Consequently, the gut is quickly im-
mobilised, the epithelial cells lyse, the lar-
va stops feeding, and the gut pH is dropped 
by equilibration with the blood pH. This low-
er pH allows the bacterial spores to sprout, 
and the bacterium can then invade the host, 
inducing a lethal septicaemia (Sanchis and 
Bourguet, 2008; Schünemann et al., 2014).

The CSIs induced strong toxicity against 
S. frugiperda second instar larvae with 
hexafl umuron being more eff ective than 
chlorfl uazuron and lufenuron. The LC50 val-
ue of lufenuron was 0.29 mg/L 7 days after 
treatment, which was similar to that (LC50 = 
0.23 mg/L) obtained by Nascimento et al. 
(2016). But lower than that reported by Eriks-
son (2019) (LC50 = 0.12 mg/L) on the third lar-
val stage 4 days after treatment. Moreover, 
novaluron has shown high toxicity against 
S. frugiperda larvae with LC50 value (0.166 
mg/L) (Hardke et al., 2011). Beside their ef-
fect on larval mortality, the tested CSIs (chlo-
rfl uazuron, hexafl umuron and lufenuron) in-
duced signifi cant malformation in pupae 
and adults, and reduced adult emergence. 
These results coincide with the results of 
earlier studies on the activity of CSIs against 
lepidopteran insects (Whiting et al., 2000; 
Butter et al., 2003; Biddinger et al., 2006). 
The recorded malformation eff ect and inhi-
bition of adult emergence of CSIs are prob-
ably due to their inhibitory eff ects on the 
chitin synthesis, which adversely aff ect in-
sect metamorphosis (Khajepour et al., 2012; 
Hamadah et al., 2015). CSIs inhibit chitin for-
mation in the procuticle and the deposition 
of epicuticle, causing and unsuccessful molt 

and decease. Likewise, CSIs have been con-
fi rmed to decrease egg fertility and hatch-
ing (Haroardottir et al., 2019). 

Conclusion

Based on the outcome of the present study, 
the non-conventional insecticidal substanc-
es, spinosad, abamectin, B. bassiana, B. thu-
ringiensis, chlorfl uazuron, hexafl umuron 
and lufenuron, revealed a promising toxici-
ty against S. frugiperda larvae in Egypt with 
hexafl umuron being the most eff ective one 
in terms of LC50. Therefore, these products 
may be useful for the IPM management of 
this invasive insect. The use of such prod-
ucts with diverse mechanisms of action is 
highly important to delay the development 
of insect resistance. Also, the use of naturally 
based products is expected to minimize the 
impact on non-target organisms, mammals 
and the environment.
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Συγκριτική δράση βιοεντομοκτόνων κατά του εντόμου 
Spodoptera frugiperda (J.E. Smith)

A.A.M. Atta, A.A. Al-Ayat, H.A. Gad και S.A.M. Abdelgaleil

Περίληψη   Η παρούσα εργασία εξέτασε τη δράση εντομοκτόνων μικροβιακής προέλευσης (abamectin, 
spinosad), δύο μικροοργανισμών (Beauveria bassiana (Balsamo) Vuillemin, Bacillus thuringiensis 
Berliner) και τριών αναστολέων σύνθεσης χιτίνης (CSIs) (chlorfl uazuron, hexaptenauruguronper,  
spofendofl umuron) σε προνύμφες του εντόμου Spodoptera frugiperda. Το spinosad και η abamectin 
προκάλεσαν μεγάλη θνησιμότητα έναντι του δεύτερου προνυμφικού σταδίου του S. frugiperda μετά 
από έκθεση με τη μέθοδο της εμβάπτισης φύλλων. Το spinosad προκάλεσε υψηλότερη τοξικότητα (LC50 
= 4,01 mg/L) από την abamectin (LC50 = 8,33 mg/L), μία ημέρα μετά την εφαρμογή. Οι επεμβάσεις με 
B. bassiana και B. thuringiensis προκάλεσαν υψηλότερη θνησιμότητα των προνυμφών του S. frugiperda, 
επτά ημέρες μετά την εφαρμογή, με τιμές LC50  3,0 × 105 σπόρια/ml και 8,2 × 106 σπόρια/ml, αντίστοι-
χα. Στην περίπτωση των CSI, το hexafl umuron έδειξε υψηλότερη τοξικότητα από το chlorfl uazuron και 
το lufenuron με τιμές LC50   0,01, 0,009 και 0,005 mg/L,  3, 7 και 10 ημέρες μετά την εφαρμογή, αντίστοι-
χα.

Hellenic Plant Protection Journal 17: 75-84, 2024
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