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Abstract

Background: The invincible effects of the entomopathogenic fungi (EPF) under appropriate circumstances
compensate for the flaws of chemical insecticides in the control programs. Beauveria bassiana is one of the most
elaborated EPF of pest control all over the world. The potential of using the B. bassiana isolate (Y-F_ITS1) was
examined against different larval instars (L2, L3, L4, and L5), pupae, and eggs of the cotton leafworm, Spodoptera
littoralis (Boisd.) (Lepidoptera: Noctuidae), using different concentrations under laboratory conditions.

Results: In bioassay, 2nd instar larvae of S. littoralis were significantly the most susceptible stage to B. bassiana
isolate at P ≤ 0.05. It is apparent from the results that the cumulative mortality percentage increased with elapsing
time with typical symptoms of infection and sporulation. High efficacies ranging from 85.0 to 99.0% corrected
mortality rates were recorded for 2nd instar larvae at the spore concentration (1 × 109 spores ml−1). The mortality
percentage reached 90.0% for the 3rd instar larvae treated with the same concentration after 5 days. The least
mortality rates results were recorded at the 5th instar larvae. B. bassiana isolate showed an ovicidal effect to the
eggs of S. littoralis that reached 100% mortality when treated with 1.0 × 108 and 1.0 × 109 spores ml−1, while the
concentration 1 × 107 and 1.0 × 108 caused 65.0 and 87.0%, respectively. Reduction of adult emergence reached
(0%) in case of treatment with the highest concentrations (1 × 108 and 1 × 109 spores ml−1). Morphogenetic
abnormalities were also recorded.

Conclusion: Results of mortality rates and lethal concentration values resulted from the experiments indicated that
the tested Y-F_ITS1 isolate was efficient and can be recommended as a potential biocontrol agent against S.
littoralis. Further field evaluations are still needed.
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Background
The cotton leafworm, Spodoptera littoralis Boisduval
(Lepidoptera: Noctuidae), is one of the most economic-
ally polyphagous pests recorded to attack a vast range of
crops (Abou-Bakar, 1997). Heavy concentrations of in-
secticide treatments in control programs cause serious
economic and environmental problems in addition to
leaderless resistance to different active ingredients of in-
secticides (Zedan and Shoulkamy, 2013). There are ur-
gent demands to find effective and non-hazardous
control methods for S. littoralis in Egypt (Hazaa et al.
2019). Mycoinsecticides play a promising role for bio-
logical control of insect pests, as alternatives to chemical
control, with no toxic residues in the environment nor
induction of resistance in their insect hosts (Evans
1999). The spectacular effect of entomopathogenic fungi
(EPF), over other ordinary microbial control agents, was
registered in attacking all developmental stages of insects
including eggs, larvae, and pupal stages (Anand et al.
2008). Moreover, their ability to invade non-feeding
stages was due to the specific mechanism of invading
the host directly through the cuticle (Nguyen et al.
2007). Beauveria spp. products fulfilled the criteria as
microbial agents and represent almost half of the total
mycoinsecticides in the world (Faria and Wraight 2007).
Y-F_ITS1 isolate isolated from Egyptian fauna using trap
insect technique, characterized using internal transcribed
spacer (ITS) region, was confirmed as B. bassiana
(accession no. MK773644.1) (Fergani and Yehia 2020).
The main target of this study was to explore the effi-

cacy of an indigenous B. bassiana isolate against differ-
ent stages of S. littoralis under laboratory conditions.

Methods
Rearing of S. littoralis
A laboratory susceptible strain of the cotton leafworm,
S. littoralis was obtained as egg masses from the re-
search division of the cotton leafworm, Plant Protection
Research Institute (PPRI), Agricultural Research Center
(ARC), Giza, Egypt. It was reared on castor bean leaves
ever since free from any insecticidal exposure for more
than 10 generations under the laboratory conditions
(26 ± 2 °C, 65 ± 10% relative humidity and 8:16 light to
dark photoperiod).

Selection and maintenance of fungal cultures
The entomopathogenic fungal isolate, B. bassiana Y-F_
ITS1 (accession no. [MK773644.1]) used in this study,
was isolated from a soil sample collected from agricul-
tural fields in Dakahlia Governorate, Egypt, using the
greater wax moth, Galleria mellonella L. (Fergani and
Yehia, 2020). Fungal spores were cultivated at 25.0 ± 1.0
°C on Sabouraud dextrose yeast agar (SDAY) medium
for 14 days in darkness. Petri dishes showed good

growth and spore production traits were selected. After
15 days, spores were harvested by scraping the Petri
dishes off with a sterilized glass slide and collected in
vials containing 5 ml of sterilized 0.05% Tween 20 (0.1%,
v/v). The suspensions were filtered and then vortexed
for 3 min. by shaking. All spore concentrations were
assessed by direct count using a hemocytometer cham-
ber to ensure the accuracy of the prepared concentra-
tions. To estimate the median lethal concentration
(LC50) and lethal concentration 90% (LC90), a series of
dilutions were prepared in sterile distilled water to give
the range concentrations of 1 × 106, 1 × 107, 1 × 108,
and 1 × 109 spores ml−1 for each bioassay. Spore suspen-
sions were used in all the bioassay studies that were less
than 6 h, prepared and were stored on ice.

Pathogenicity of B. bassiana against larval instars (L2:L5)
of S. littoralis
Larval instars of S. littoralis (L2–L5) were used in the
present experiment. For treatment experiments and con-
trol, 30 larvae per replicate were placed in clean glass
Petri dishes. Castor leaves were provided to each Petri
dish for nutrition. For each tested concentration, 30 lar-
vae were placed on a folded Whatman No. 1 filter paper
in a glass funnel, and then 20 ml of the spore suspen-
sions were poured. Sterile distilled water with 0.1%
Tween 20 was used for the control treatment. Treated
larvae were left to move freely for 1 min to dry and then
transferred to the Petri dishes lined with filter paper to
remove excess humidity. All treatments and control
were incubated at 25 °C. The whole experiment was re-
peated 3 times. Mortality rates at each treatment were
recorded daily until the 5th day post-treatment. Dead
larvae were kept separately in Petri dishes lined with
sterilized moistened filter paper and fungal growth was
recorded daily for mycosis test to confirm mortality due
to infection by the tested isolate.

Effect of B. bassiana on adult emergence of S. littoralis
Twenty newly formed pupae were transferred gently into
a 25-ml glass beaker for each concentration. Ten millili-
ters of either fungal spore suspension or 0.1% Tween 20
for control was decanted into the beaker, the immersed
pupae were shacked gently for 10 s; then, the suspension
was poured and the pupae were transferred to clean
plastic pots. All pots were lined with moistened filter
paper to maintain high humidity for 24 h. After 24 h,
the moistened filter paper was removed. Three replicates
were used for each concentration. The percentage of
adult emergence was observed and recorded based on
the number of pupae that did not develop successfully
into viable adults. The emerged adults were also moni-
tored for fungal growth and morphological changes.
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Bio-efficacy of B. bassiana against S. littoralis eggs
The concentration-effect of different dilutions of spore
suspensions on eggs was assessed. Autoclaved Petri
dishes, for each concentration, were used for egg treat-
ment. Each Petri dish was packed with a layer of cotton
at the bottom covered with a layer of tissue paper. Two
milliliters of sterile distilled water was added to each
Petri dish for humidity. One egg patch for each treat-
ment was surface sterilized by 0.5% (v/v) aqueous solu-
tion of sodium hypochlorite followed by washing with
sterile distilled water. Egg patches were left to dry and
then immersed in 2 ml of each tested spore suspension
with gentle shaking for 2 min. Excess water was re-
moved, using a sterilized filter paper and the egg patches
were transferred to the previously prepared Petri dishes.
Average number of eggs in each batch was 250 eggs.
Each treatment was replicated 3 times and each egg
batch was considered one replicate. The control groups
were treated with sterile distilled water containing
Tween 20 (0.1%, v/v). The treated and control group
were incubated at 25 °C and were examined daily for 7
days. The color changes in eggs were observed daily. Egg
hatchability was recorded and the unhatched eggs were
considered dead.

Statistical analysis
S. littoralis eggs and larval mortality rates caused by the
tested EPF isolate was corrected according to Abbott’s
formula (Abbott 1925). LC50 and LC90 values were
estimated according to Finney (1971) using “LdPLine®”
software [http://embakr.tripod.com/ldpline/ldpline.htm].
Means were analyzed by one-way analysis of variance
(ANOVA). Tukey’s method of multiple comparison was
done using the statistical program Minitab 16.0 at P ≤
0.05 significance level (Minitab Ltd., Coventry, UK). The
reduction of adult emergence was calculated according
to Khazanie (1979). Reduction % = (C − T/C) × 100,
where C = number of emerged adults in control and
T = number of emerged adults after treatment.

Results
Pathogenicity of B. bassiana to S. littoralis larval instars
The pathogenicity of the tested fungal isolate (Y-F_ITS1)
serial concentrations (viz. 1.0 × 106, 1 × 107, 1 × 108,
and 1 × 109 spores ml−1) on different larval instars was
assessed. As shown in Table 1, all the treated larval in-
stars exhibited considerable linear mortality percentages
when inoculated with serial concentrations of the fungal
isolate (Y-F_ITS1). Beginning from the 1st day post-
treatment, the mortality rate of the 2nd instar larvae of
S. littoralis recorded 16.0, 23.0, and 30% at concentra-
tions 1 × 107, 1 × 108, and 1 × 109 spores ml−1, respect-
ively. While after 5 days, the least concentration 1 × 106

spores ml−1 caused more than 85% mortality, while the

highest concentration 1 × 109 spores ml−1 recorded 99%
mortality. Mostly, the death of the 3rd and 4th larval in-
stars started 48 h post-treatment. At the least concentra-
tions 1 × 106 spores ml−1, the 3rd instar larval
mortalities ranged from 6.0 to 65.0% and the 4th instar
larval percentage mortalities ranged from 6.0 to 63.0%.
The highest concentrations 1 × 109 spores ml−1 caused
percentage mortalities ranged from 43.0 to 90.0% for the
3rd instar larvae and 23.0 to 88.0% for the 4th instar lar-
vae. The minimum percentage mortality was recorded at
the 5th instar larvae that started from the 3rd day using
the least concentration and reached (15%) after 5 days
post-treatment. Only the maximum concentration
showed larval mortality after the 2nd day (7.0%) and
reached (56.0%) 5 days post-treatment. Obtained results
reported that the larval mortality increased by increasing
the concentration of the tested B. bassiana isolate
against no larval mortality in the control. Based on the
LC50, LC90, and non-overlapping fiducially limits calcu-
lated on the 5th day post-treatment (Table 2), the tested
fungal isolate (Y-F_ITS1) was significantly more virulent
to the 2nd instar larvae within the first 2 days after treat-
ment (P ≤ 0.05). LC50 and LC90 values were 2.5 × 105

and 3.0 × 108 spores ml−1, respectively (slope 0.4173).
Both L3 and L4 instars showed significantly high mortal-
ity levels 3 days post-treatment. Typical symptoms of

Table 1 Efficacy of the Beauveria bassiana (Y-F_ITS1) against
different larval instars of Spodoptera littoralis under laboratory
conditions

Concentrations
(spores ml−1)

Larval
instars

Mortality percentage

1 day 2 days 3 days 4 days 5 days

1 × 106 L2 0.0 16.0 a 50.0a 76.0a 85.0a

L3 0.0 6.0b 45.0b 63.0b 65.0b

L4 0.0 6.0b 40.0c 55.0c 63.0b

L5 0.0 0.0c 10.0d 13.0d 15.0c

1 × 107 L2 16.0 53.0a 60.0a 93.0a 95.0a

L3 0.0 33.0b 53.0b 75.0b 75.0b

L4 0.0 16.0c 50.0b 63.0c 73.0b

L5 0.0 3.0d 13.0c 18.0d 23.0c

1 × 108 L2 23.0 65.0a 83.0a 96.0a 96.0a

L3 0.0 38.0b 80.0a 86.0b 88.0b

L4 0.0 20.0c 53.0b 73.0c 75.0c

L5 0.0 5.0d 22.0c 25.0d 46.0d

1 × 109 L2 30.0 75.0a 90.0a 97.0a 99.0a

L3 0.0 43.0b 85.0b 89.0b 90.0b

L4 0.0 23.0c 60.0c 85.0c 88.0c

L5 0.0 7.0d 33.0d 40.0d 56.0d

Control L2:5 0.0 0.0 0.0 0.0 0.0

Means of the same column at the same concentration followed by different
letters are significantly different (P ≤ 0.05)

Fergani and Refaei Egyptian Journal of Biological Pest Control           (2021) 31:64 Page 3 of 7

http://embakr.tripod.com/ldpline/ldpline.htm


white muscardine infection were observed on the dead
larvae that were kept under humid conditions. It could
be concluded that the 2nd instar larvae of S. littoralis
were significantly more susceptible to the tested fungal
isolate (Y-F_ITS1) than the others (P ≤ 0.05) and the
mortality rates was correlated to increasing the fungal
concentrations.

Bio-efficacy of B. bassiana against S. littoralis eggs
Results of the bioassay proved that the eggs of S. littora-
lis were highly susceptible to the tested fungal isolate (Y-
F_ITS1) (Fig. 1) resulting in 100% egg mortality in case
of treatment with 1 × 108 and 1 × 109 spores ml−1, while
the treatment with 1 × 107 spores ml−1 caused the mor-
tality rates equal to 87.0%. The minimum mortality rates
65.0% were observed in case of the treatment with 1 ×
106 spores ml−1, while it was no egg mortality in the
control. It was also noticed that the eggs succeeded to
hatch showed 100% death of neonate individuals just
after 24 h (Fig. 1). The egg hatching period in treated
patches did not exceed 2 days; LT50 value was not
calculated.

Effect of B. bassiana isolate against pupae of S. littoralis
The pupae of S. littoralis were highly susceptible to B.
bassiana isolate using immersion method that caused
the maximum reduction (0%) in adult emergence in case
of treatment with the highest concentrations (1 × 108

and 1 × 109 spores ml−1), followed by 87.0% adult emer-
gence in case of treatment at 1 × 107 spores ml−1. The
minimum adult emergence (65.0%) was recorded at 1 ×
106 spores ml−1. Maximum adult’s emergence in the
control was observed. Also, after treatment with the low
concentrations, a delay of adults’ emergence and some
malformation characteristics as compared to the con-
trols was noticed (Fig. 2).

Discussion
In the present study, the tested B. bassiana isolate (Y-F_
ITS1) showed pathogenic effect towards different life
stages of S. littoralis with increasing mortality in a
concentration-dependent manner. The 2nd instar larvae
were significantly more susceptible than the other instars
(at P ≤ 0.05). These results agreed with that of the previ-
ous studies of El-Katatny (2010) on the impact of B.
bassiana on S. littoralis. The ovicidal effects of the tested
fungal isolate were also observed towards the egg stage
of S. littoralis that reached 100% at the highest concen-
trations and with 100% mortality of neonate individuals
just after 24 h. A similar ovicidal effect of B. bassiana
against S. litura (Fabricius) (Lepidoptera: Noctuidae) was
recorded by Anand and Tiwary (2009) who clarified that
the humid medium up to 90% might be the main reason
for the ovicidal activity of B. bassiana. Also, the ovicidal
activity of B. bassiana isolates to beet armyworm, Spo-
doptera exigua (Hübner) (Lepidoptera: Noctuidae), was
proved by Al-Kherb (2014), causing 50% mortality, using
spore concentration equal to 1 × 105 spores/ml, where
B. bassiana showed superiority over M. anisopliae in
controlling the eggs. The egg hatching was significantly
lowered in S. littoralis upon infection with other fungal
isolates as Penicillium falicum, A. terreus, A. parasiticus,

Table 2 Probit analysis of mortality rates of Spodoptera littoralis
larval instars (L2:L5) on the 5th day post-Beauveria bassiana (Y-
F_ITS1) treatments

Larval instars LC Spores/ml Lower limit Upper limit Slope

L2 LC50 2.5 × 105 4.7 × 103 4.5 × 106 0.4173

LC90 3.0 × 108 5.1 × 107 9.5 × 108

L3 LC50 6.2 × 107 1.0 × 107 3.9 × 109 0.3247

LC90 5.5 × 1011 1.4 × 1011 8.5 × 1012

L4 LC50 1.7 × 108 1.0 × 105 2.9 × 109 0.1986

LC90 5.0 × 1010 3.3 × 1012 7.0 × 1012

L5 LC50 1.5 × 1013 4.7 × 109 8.4 × 1013 0.2955

LC90 3.2 × 1013 1.4. × 1011 9.0 × 1016

Fig. 1 Eggs of Spodoptera littoralis after treatment with Beauveria bassiana spore suspensions using immersion method covered with white
mycelium. a Normal egg patch. b, c Egg patches covered with the white mycelium and dead neonate after 24 h of emergence
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and A. flavus within 5 days post-treatment (Zedan and
Shoulkamy, 2013). Many authors have proposed that the
egg stage is the most resistant stage to fungal infections
(Gopalakrishanan and Narrayanan 1989; Mochi et al.
2009). High reduction rates were recorded after treat-
ment of pupae with high concentrations of the tested
fungal isolate (Y-F_ITS1). These results were in line with
Nguyen et al. (2007) who found that B. bassiana also
showed a high reduction in adult emergence from pupae
of Helicoverpa armigera using the soil inoculation
method and the pupal immersion technique. On the
other hand, Ullah et al. (2019) found that B. bassiana
had insignificant effect on the adult emergence rate of S.
litura. Also, Asi et al. (2013) expressed the highly resist-
ant behavior of pupae toward fungal infection than other
developmental stages of S. litura. De La Rosa et al.
(2002) suggested the resistance of pupae to fungal infec-
tion due to the effective sclerotized cuticle that offers
protection to insect pupae. The other assumption postu-
lated that the virulence of EPF towards pupae might be
due to the pattern of cuticle degrading enzymes such as
chitinases, protease, and lipase Dhawan and Joshi (2017)
which enable fungi to overcome the innate immunity of
the insect when the fungus comes into contact with
hemolymph (Wang and Leger, 2006). The delayed emer-
gence and malformed characters that appeared during
treatment with low concentrations were also recorded.
The malformed adult was short in length with crumbled

wing lobes, antenna, and abdomen reduced highly in
length. This was in line with Sakr (2007) who observed
abnormal changes in emerged adults as fang-mask
mouthparts and crippled adults wings of S. littoralis
treated with Streptomyces lavendulae (Streptomyceta-
ceae). The malformations made adults unable to have
neither normal flight behavior nor mating and this was
in agreement with Asi et al. (2013). B. bassiana isolate
could be applied directly in the soil where the fully
grown larvae of S. littoralis pushes the loose surface of
the soil downwards forming a cocoon in which it usually
pupates within 5–6 h (Pinhey, 1975) to diminish the
emergence of the adult or reduce the ability of them to
complete normal life cycle. Also, due to the cryptic habit
(larvae feed on leaves and pupate in soil), and a high rate
of infestation post heavy rains (Garrido-Jurado et al.
2020). B. bassiana-based mycoinsecticide have distinct
advantages over other microbial control agents in soil
treatment of S. littoralis during pupation period. It is
clear from the mentioned results that the comparison
between total mortality percentages recorded at the 4
different concentrations (106, 107,108, and 109 spore
ml−1), spore suspension of B. bassiana isolate towards
eggs, and different larval instars and pupae indicated
that the spore suspension concentration of 109 spore
ml−1 gave the best pathogenic effects.
Entomopathogenic fungi belonging to Hyphomycetes

such as B. bassiana were recommended to control a

Fig. 2 Pupae of Spodoptera littoralis after the treatment with Beauveria bassiana spore suspensions using immersion method covered with white
mycelium (a, b), deformed adult after emergence and c, d deformed and e normal adult
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wide range of insect pests and could play an important
role in the regulation of pest populations (Smith et al.
1999). Numerous studies have demonstrated the patho-
genic effect of B. bassiana against S. littoralis, in a recent
paper, Fergani and Yehia (2020) highlighted the high
susceptibility of G. mellonella to the tested isolate of B.
bassiana (Y-F_ITS1). The considerable pathogenic effect
induced by this indigenous B. bassiana isolate towards
the different life stages of S. littoralis proved to be effect-
ive with sufficient concentrations and it recommended
being included as a part of the biological control systems
of IPM programs against S. littoralis. Hence, further
studies are needed to meet the demands of finding ef-
fective, non-polluted, and safe B. bassiana-based
mycoinsecticides used on large-scale applications against
economic pests in Egypt.

Conclusion
Based on the results, it could be concluded that the
tested fungal isolate (Y-F_ITS1) with high concentra-
tions as 1 × 108 and 1 × 109 spores ml−1 was a potent B.
bassiana isolate that caused high mortality percentage
and morphogenetic abnormalities. Also, it was con-
cluded that the tested fungal isolate could be developed
and recommended as mycoinsecticides with a special
formulation to control the cotton leafworm, S. littoralis, as
part of IPM programs under appropriate circumstances.
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