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ABSTRACT
Efficacy of entomopathogenic fungi products (i.e. Bio- Power (Beauveria
bassiana), Bio-Catch (Lecanicillium lecanii) and Priority (Paecilomyces
fumosoroseus)) against Spodoptera littoralis and Agrotis ipsilon larvae were evaluated
under laboratory conditions. Four different concentrations i.e. 0.125x109, 0.25x109,
0.5x109 and 1x109 spores/ 1000ml D.W of each formulation were used against each
pest under investigation and compared with control insects. The results obtained show
that Bio- Power was the most effective product followed by Bio-Catch and Priority
against S. littoralis 3rd instar larvae, whereas , the LC50,90 values were 0.2x109 and
1.5x109, 0.22x109 and 4.6x109 , 0.44x109 and 4.7x109 , respectively. While in case of
A. ipsilon, Priority was the most potent product followed by Bio- Power and BioCatch, whereas, the LC50,90 values were 0.14x109 and 0.6x109, 0.2x109 and 0.9x109 ,
0.4x109 and 9.7x109 , respectively. Also, The results obtained show that percentage
mortalities of treated third instar larvae of S. littoralis with Bio- Power, Bio-Catch
and Priority were 87.5,72.5 and 67.5 %, respectively ,within 6.3,8.2 and 7.4 days at
the highest concentration used (1x109 spores). However, The treated third instar
larvae of A. ipsilon with Priority, Bio- Power and Bio-Catch achieved 100, 90.0 and
62.5 % mortality, respectively, within 5.3, 7.1and 3.9 days at concentration of 1x109
spores. The different formulations had delayed effects, the percentage of pupae and
adults emerged were significantly decreased with an increase in concentrations.
Key words: Spodoptera littoralis; Agrotis ipsilon; Entomopathogenic fungi; Beauveria bassiana;
Lecanicillium lecanii; Paecilomyces fumosoroseus.

INTRODUCTION
Over-reliance
on
broad-spectrum
pesticides had come under severe criticism
from different parts of the world after the
publication of Silent spring in 1962 by
Rachel Carson. Since then, an alternative
ecofriendly strategy for the management
of noxious insect pests has been searched
to reduce harmful effects of chemical
insecticides on humanity. Studies of
biodiversity in agroecosystems and the
delivery of ecosystem services to
agricultural production have usually
ignored
the
contribution
of
entomopathogens in the regulation of pest
populations (Altieri, 1999; Gurr et al.,
2003; Tscharntke et al., 2005). In recent
years, crop protection based on biological

control of crop pests with microbial
pathogens like virus, bacteria, fungi and
nematodes has been recognized as a
valuable tool in pest management
(Bhattacharya et al., 2003). The
appropriate use of environment-friendly
microbial pesticides can play a significant
role in sustainable crop production by
providing a stable pest management
program.
Among the fungi, several
asexual fungi are associated with
Arthropods, especially with insects.
Entomopathogenic fungi that parasitize
insects are valuable weapons for
biocontrol and play an important role in
promoting integrated pest management. To
date, various strains of entomopathogenic
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fungi such as Lecanicillium (previous
name, Verticillium) sp. (Jackson et al.,
1985; Steenberg and Humber, 1999; Jung
et al., 2006), Beauveria bassiana (Quesada
et al., 2006), and Paecilomyces (Shia and
Feng, 2004), have been used to control
aphids, lepidopteran larva and other pests.
Therefore,
for
successful
establishment of B. bassiana, L. lecanii, P.

MATERIALS AND METHODS
Commercial Formulations:
A
number
of
commercial
formulations of the entomopathogenic
formulation were liquid products, BioPower (containing 1x109 Beauveria
bassiana spores/ml), Bio-Catch (containing
1x109 Lecanicillium lecanii spores/ml) and
Priority (containing 1x109 Paecilomyces
fumosoroseus spores/ml) were obtained
from T. Stanes Company limited, India.
Insects used
Newly moulted 3rd instar larvae of
Spodoptera littoralis and Agrotis ipsilon
were obtained from sensitive culture reared
for several generations on castor leaves
under laboratory conditions (27.0 ± 1.0 ºC
& 70.0 ± 5.0%RH).
Experiments:
Mortality Bioassay
Serial dilutions were prepared in
1000 ml distilled water for each
formulation (0.125X109,0.25x109, 0.5x109,
1x109 spores / 1000ml D.W). Ten 3rd instar
larvae for S. littoralis or A. ipsilon in a
Petri dish (9cm diameter) lined with a filter
paper were sprayed with 2.0 ml from each
concentration per each formulation using a
hand atomizer or hand sprayer (JSGW,
Ambala, India). After air drying, the treated
larvae were carefully transferred to
individual sterile round plastic vials
(4.5x12.0 cm2) containing fresh pieces of
castor leaves (larva / vial). The vials had
screw caps having provision for proper
aeration. Larvae were maintained in an
incubator at 27.0 ± 1.0 ºC and adjusting the
relative humidity to 70.0 ± 5.0% RH.
Another group, 10 larvae sprayed with
distilled water and reared under the above
mentioned conditions, served as control.
Mortality was counted daily and the lethal
concentration of 50 and 90 % from treated
larvae was calculated by Probit analysis

fumosoroseus and to reduce insecticidal
treatment in IPM program, the role of
these fungi is very important. The present
study was conducted for evaluating some
Entomopathogenic fungi products against
Spodoptera littoralis and Agrotis ipsilon as
polyphagous insect pests.

(Finney, 1971). Also, the mean number of
days for larval mortality was calculated as
shown below:
X1y1+ X2y2 + Xnyn

Mean time to death (days) = -------------------Total x mortality

where x is the number of larvae that
mortality occur on a given day and y is the
number of days from when the trial was
initiated; 1, 2 and n are the first, second and
last day of observation, respectively (Edde
and Amatobi (2003). The percentage
reduction in mortality of larvae were
calculated and corrected according to
Abbott, s formula (1925).The experiment
was replicated 4 times (10 larvae /
replicate). Also, the percentage pupation
and adult emergence were recorded for
each formulation and concentrations used.

RESULTS AND DISCUSSION
Toxic effect of entomopathogenic fungi
against S. littoralis and A. ipsilon 3rd
instar larvae.
The results in Table (1) show that
S. littoralis 3rd instar larvae that treated
with Bio-Power were highly affected
whereas ,the fifty and ninety lethal
concentrations values were 0.2x109 and
1.5x109 spores/1000ml . while Bio-Catch
achieved
0.22x109
and
4.6x109
spores/1000ml ,respectively for LC50,90
values . However, Priority was the least
toxic products. On the other hand, A.
ipsilon 3rd instar larvae that treated with
Priority was highly affected where LC50,90
values
were
0.14x109,
0.6x109,
respectively. The other two products tested
were less effective. Sabbour and Sahab,
(2007) showed that the Lc50s of the
entomopathogenic
fungi
Beauveria
bassiana, Metarhizium anisopliae and
Verticillium lecanii, when applied to greasy
cutworm, A. ipsilon were 137, 156, and
178 spores/ml, respectively.
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Hassani et al., (2000) found that 3rd
instar larvae of S. littoralis treated with P.

fumosoroseus spores at 1x108 achieved
88.5% mortality during 7.6 days.

Table (1): Lethal concentrations of some entomopathogenic fungi against S. littoralis and A. ipsilon larvae
S. littoralis
Formulation
s

LC90

Spores/1000ml D.W*
Lower
limit
9
0.2X10
0.13X109
9
1.5X10
0.9X109

LC50

0.22X10

LC90
LC50

4.6X109
0.44X10

LC90

4.7X109

LC50

A.
Slop
e

Upper
limit
0.3X109
5.1X109

1.5
0.1X109

0.38X109

1.6X109
0.3X109

4.9X109
0.7X109

1.9X109

5.4X109

9

0.99

9

Priority

1.24

ipsilon

LC90

Spores/1000ml D.W
Lower
limit
9
0.2X10
0.15X109
9
0.9x10
0.65X109

Upper
limit
0.3X109
1.8X109

LC50

0.4X109

0.3X109

1.0X109

LC90
LC50

9.7X109
0.14X109

2.6X109
0.1X109

20.0X109
0.2X109

LC90

0.6X109

0.4X109

1.1X109

LC50

Bio-Power
Bio-Catch

X2

Slop
e

X2

2.0

0.4

0.9

0.2

2.01

1.5

1.0
0.09

0.75

*D.W= distilled water

Toxic effect and mean time to death.
Data in Table (2) indicate that the
percentage mortality of the larvae
increased with increasing concentrations
of both pathogens however, the mean time
to death decreased as the spores
concentration increased. Also, Bio-Power
was the most effective against S. littoralis
3rd instar larvae. While, in case of A.
ipsilon 3rd instar larvae, Priority was the
most effective. Bio-Power at high
concentration (1.0x109) achieved 87.5 %

mortality for S. littoralis within 6.3 days
while Priority at high concentration
(1.0x109) achieved 100% mortality for A.
ipsilon within 5.3 days. Tounou et al.,
(2008) found that when M. anisopliae
applied at 1 x 103 and 1 x 104
spores/Schistocerca gregaria nymph the
Median survival time estimates for these
treatments were 18.8 ± 0.6 and 12.3 ± 0.9
days, respectively. Mortality increased
with increasing concentrations of both
pathogens and with the time interval
between the two treatments.

Table (2): Toxic effect of some Entomopathogenic fungi against Spodoptera littoralis and Agrotis
ipsilon 3rd instar larvae.
Formulations

Bio-Power

Bio-Catch

Priority

Spodoptera littoralis

Conc.
spores/1000ml
D.W*

% mortality

0. 125x109
0.25x109
0.5x109
1.0x109
0. 125x109
0.25x109
0.5x109
1.0x109
0. 125x109
0.25x109
0.5x109
1.0x109

40.0
50.0
67.5
87.5
37.5
52.5
62.5
72.5
27.5
32.5
55.0
67.5

Quesada-Moraga and Vey, (2004)
found that injection of
Bassiacridin (B. bassiana content )
at a dose of 2.8 µg/g to fourth instar
nymphs of the locusts Locusta migratoria,
Schistocerca gregaria and Dociostaurus
maroccanus, and to fifth instar larvae of
the lepidopterans Galleria mellonella and
Spodoptera littoralis, and of the
coleopteran Tenebrio molitor. Bassiacridin
was not toxic to S. littoralis and T. molitor,

Mean time to larval
mortality (days) ±SE
12.1±1.2
10.2±2.3
7.1±1.5
6.3±2.5
15.1±1.6
13.2±2.15
11.5±2.64
8.2±2.7
10.6±1.8
7.8±2.41
5.6±1.98
7.4±2.2

Agrotis ipsilon
% mortality
32.5
52.5
80.0
90.0
27.5
42.5
50.0
62.5
50.0
62.5
87.5
100

Mean time to larval
mortality (days) ±SE
11.0±1.9
9.2±2.9
8.5±3.3
7.1±1.2
7.9±1.6
6.1±1.7
5.4±2.5
3.9±2.1
11.0±2.2
9.1±1.4
7.2±3.1
5.3±2.2

whereas it was slightly toxic to G.
mellonella causing 16.6% corrected
mortality. In contrast, it was equally toxic
to the migratory locusts L. migratoria and
to the desert locust S. gregaria, with
mortality rates of 42.5 and 38.3%
respectively, and slightly more toxic to the
Moroccan locust D. maroccanus, causing
49.2% mortality. Hassani et al., (2000)
stated that P. fumosoroseus is highly
virulent against these three important
cotton pests (Spodoptera littoralis,
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Helicoverpa
armigera
and
Aphis
gossypii).
Delayed effects of the entomopathogenic
fungi on the resulted stages
The entomopathogenic fungi
Beauveria bassiana (Bio-Power) had
delayed effect on the tested pests. The
percentage pupation from treated S.
littoralis larvae were 32.5 and 12.5% at
concentration of 0.5x109 and 1.0x109
spores/1000ml.

B. bassiana

L. lecanii

P. fumosoroseus

Figs. (1&2): The percentage pupation and the adults emergence of S. littoralis and A. ipsilon 3rd instar
larvae treated with entomopathogenic fungi products ( Bio- Power (Beauveria bassiana), BioCatch (Lecanicillium lecanii) and Priority (Paecilomyces fumosoroseus)). Means (±SE).

The percentage adults obtained
decreased to
5.0% at 1.0x109
spores/1000ml but there is no effect at 0.5
x109 (32.5% pupae continued to adults
Fig.(1). S. littoralis that treated with L
.lecanii spores (Bio-Catch) at all
concentrations used cause delaying effects,
whereas, each survived larvae that pupated
failed to emerge to adults i.e. at
concentration of 1.0x109, the percentage
pupation was 27.5% decreased 7.5%
adults emergence. Also, P .fumosoroseus
spores (Priority) affected the percentage of
adults emergence Fig. (1).In case of
treated larvae of A. ipsilon with the fungi

of P. fumosoroseus (Priority), the
percentage pupation decreased to 2.5% at
concentration of 0.5x109 Fig. (2).
The results were in agreement
with the findings of Altre and Vandenberg
(2001) who found that Paecilomyces
fumosoroseus penetrated the cuticle and
proliferation
in
hemolymph
of
diamondback moth, Plutella xylostella and
fall armyworm, Spodoptera frugiperda
larvae within 22 h after inoculation at the
concentration of 4x105 spores.
The percentage mortality was 91.0
and 54.0% of Plutella xylostella and
Spodoptera
frugiperda,
respectively.

Laboratory bioassay of some entomopathogenic fungi on S. littoralis and A. ipsilon larvae

Hicks et al., (2001) stated that the mean
time to death decreased as the conidial B.
bassiana dose increased when treated fifth
instar larvae of Panolis flammea. The
concentrations were 4.8x103 ,4.8x104 and
4.8x105 caused mortality within 11, 8 and
5 days, respectively. Shaw et al.,(2002)
found that three isolates of M. anisopliae,
one of V. lecanii, and one of B. bassiana
killed 100% of Varroa destructor within 7
days at a conidial concentration of 1 x 108
ml/1. One isolate of P .fumosoroseus also
killed 97% of V. destructor within 7 days
at a conidial concentration of 1 x 108ml/1.
Smith et al., (2006) found that 90.0%
mortality of Prostephanus truncatus was
observed after 1 week and 100% mortality
after 2 weeks in maize treated with the
highest dose of conidia of Beauveria
bassiana with ash (0.2 g/g).
From the results obtained from the
present studies is could be concluded that
Beauveria bassiana (Bio-Power) was more
potent against S. littoralis. However, P.
fumosoroseus (Priority) was more potent
against A. ipsilon.
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ARABIC SUMMARY
Spodoptera اﻟﺘﻘﯿﯿﻢ اﻟﺤﯿﻮى ﻟﺒﻌﺾ اﻟﻔﻄﺮﯾﺎت اﻟﻤﻤﺮﺿﮫ ﻟﻠﺤﺸﺮات ﺿﺪ اﻟﻄﻮر اﻟﯿﺮﻗﻰ ﻟﺪوده ورق اﻟﻘﻄﻦ
Agrotis ipsilon  واﻟﺪوده اﻟﻘﺎرﺿﮫlittoralis
ﻓﺎﻃﻤﮫ ﻣﺤﻤﺪ ﻋﻠﻰ اﻟﮭﻮارى – أﺣﻤﺪ ﻣﺤﻤﺪ ﻋﺰت ﻋﺒﺪ اﻟﺴﻼم

 اﻟﺪﻗﻰ – اﻟﻘﺎھﺮه – ﻣﺺر-ﻗﺴﻢ آﻓﺎت ووﻗﺎﯾﮫ اﻟﻨﺒﺎت – اﻟﻤﺮﻛﺰ اﻟﻘﻮﻣﻰ ﻟﻠﺒﺤﻮث – ﺷﺎرع اﻟﺘﺤﺮﯾﺮ

ﺗﻢ ﻓﻰ ھﺬه اﻟﺪراﺳﮫ ﺗﻘﯿﯿﻢ ﻛﻔﺎءه ﺑﻌﺾ اﻟﻤﺴﺘﺤﻀﺮات اﻟﻔﻄﺮﯾﮫ اﻟﻤﻤﺮﺿﮫ ﻟﻠﺤﺸﺮات ﻣﺜﻞ ﻣﺮﻛﺐ ﺑﯿﻮﺑﺎور )ﻓﻄﺮ
 ﻣﺮﻛﺐ ﺑﺮﯾﻮرﯾﺘﻰ )ﻓﻄﺮ،(Lecanicillium lecanii  ﻣﺮﻛﺐ ﺑﯿﻮﻛﺎﺗﺶ )ﻓﻄﺮ،(Beauveria bassiana
( ﺿﺪ اﻟﻌﻤﺮ اﻟﯿﺮﻗﻰ اﻟﺜﺎﻟﺚ ﻟﺪوده ورق اﻟﻘﻄﻦ واﻟﺪوده اﻟﻘﺎرﺿﮫ وذﻟﻚ ﺗﺤﺖ اﻟﻈﺮوفPaecilomyces fumosoroseus
ﻣﻠﻠﻰ1000/  ﺟﺮﺛﻮﻣﮫ910×1 ،910×0.5 ، 910 ×0.25 ، 910×0.125 )  ﺗﺮﻛﯿﺰات ﻣﺨﺘﻠﻔﮫ4  وﻗﺪ ﺗﻢ ﺗﻘﯿﯿﻢ ﻓﻌﺎﻟﯿﮫ.اﻟﻤﻌﻤﻠﯿﮫ
. ﺑﺎﻻﺿﺎﻓﮫ اﻟﻰ ﻣﻌﺎﻣﻠﮫ اﺧﺮى ﺗﻤﺖ ﻛﻜﻨﺘﺮول ﺑﺎﻟﻤﺎء اﻟﻤﻘﻄﺮ ﻓﻘﻂ، ﻣﺎء ﻣﻘﻄﺮ ( ﻣﻦ ﻛﻞ ﻣﺴﺘﺤﻀﺮ ﺿﺪ ﻛﻞ ﺣﺸﺮه ﻋﻠﻰ ﺣﺪه
وﻗﺪ اﻇﮭﺮت اﻟﻨﺘﺎﺋﺞ اﻟﻤﺘﺤﺼﻞ ﻋﻠﯿﮭﺎ ان ﻣﺮﻛﺐ ﺑﯿﻮﺑﺎور ﻛﺎن اﻛﺜﺮ اﻟﻤﺮﻛﺒﺎت اﻟﻤﺴﺘﺨﺪﻣﮫ ﻓﻌﺎﻟﯿﮫ ﺿﺪ اﻟﻌﻤﺮ اﻟﯿﺮﻗﻰ اﻟﺜﺎﻟﺚ ﻟﺪوده
 ﻣﻦ اﻟﯿﺮﻗﺎت%90 ،50ورق اﻟﻘﻄﻦ ﺗﻼه ﻓﻰ اﻟﻔﻌﺎﻟﯿﮫ ﻣﺮﻛﺐ ﺑﯿﻮﻛﺎﺗﺶ وﻣﺮﻛﺐ ﺑﺮﯾﻮرﯾﺘﻰ ﺣﯿﺚ وﺟﺪ ان اﻟﺘﺮﻛﯿﺰ اﻟﻤﻤﯿﺖ ل
( ﺟﺮﺛﻮﻣﮫ9 10×4.7 ،910×0.44 ) ،( ﺟﺮﺛﻮﻣﮫ9 10×4.6 ،910×0.22) ، ( ﺟﺮﺛﻮﻣﮫ9 10×1.5، 9 10×0.2 ) اﻟﻤﻌﺎﻣﻠﮫ
P.  ﺑﯿﻨﻤﺎ اﻛﺜﺮ اﻟﻤﺮﻛﺒﺎت ﻓﻌﺎﻟﯿﮫ ﻋﻠﻰ اﻟﻌﻤﺮ اﻟﯿﺮﻗﻰ اﻟﺜﺎﻟﺚ ﻟﻠﺪوده اﻟﻘﺎرﺿﮫ ﻛﺎن ﻣﺮﻛﺐ ﺑﺮﯾﻮرﯾﺘﻰ )اﻟﻔﻄﺮ.ﻋﻠﻰ اﻟﺘﻮاﻟﻰ
 ( ﺣﯿﺚ وﺟﺪ انL. lecanii  ﻣﺮﻛﺐ ﺑﯿﻮﻛﺎﺗﺶ )ﻓﻄﺮ،( B. bassiana  ( وﺗﻼه ﻣﺮﻛﺐ ﺑﯿﻮﺑﺎور )ﻓﻄﺮfumosoroseus
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10×0.9 ،910×0.2) ،( ﺟﺮﺛﻮﻣﮫ9 10×0.6، 9 10×0.14 )  ﻟﻠﯿﺮﻗﺎت اﻟﻤﻌﺎﻣﻠﮫ ھﻮ%90 ،50 اﻟﺘﺮﻛﯿﺰ اﻟﻤﻤﯿﺖ ل
 اﯾﻀﺎ اوﺿﺤﺖ اﻟﻨﺘﺎﺋﺞ ان ﯾﺮﻗﺎت دوده ورق اﻟﻘﻄﻦ اﻟﺘﻰ ﻋﻮﻣﻠﺖ. ﺟﺮﺛﻮﻣﮫ( ﻋﻠﻰ اﻟﺘﻮاﻟﻰ9 10×9.7 ،910×0.4 ) ،(ﺟﺮﺛﻮﻣﮫ
 ﺑﺘﺮﻛﯿﺰP. fumosoroseus ، L. lecanii ، B. bassiana ﺑﺎﻟﻤﺮﻛﺒﺎت اﻟﺴﺎﺑﻘﮫ اﻟﺬﻛﺮ واﻟﺘﻰ ﺗﺤﺘﻮى ﻋﻠﻰ اﻟﻔﻄﺮﯾﺎت
.  ﯾﻮم7.4 ، 8.2 ، 6.3  ﻋﻠﻰ اﻟﺘﻮاﻟﻰ وذﻟﻚ ﺧﻼل% 67.5، 72.5 ،87.5  ﺟﺮﺛﻮﻣﮫ ﻧﺘﺞ ﻋﻨﮭﺎ ﻧﺴﺒﮫ ﻣﻮت وﺻﻠﺖ910×1
P.  ﺟﺮﺛﻮﻣﮫ ﻟﻔﻄﺮﯾﺎت9 10×1 ﻋﻠﻰ اﻟﺠﺎﻧﺐ اﻻﺧﺮ وﺟﺪ ان ﯾﺮﻗﺎت اﻟﺪوده اﻟﻘﺎرﺿﮫ اﻟﺘﻰ ﻋﻮﻣﻠﺖ ﺑﻨﻔﺲ اﻟﺘﺮﻛﯿﺰ
% 62.5 ، 90 ، 100  ﻟﻠﻤﺮﻛﺒﺎت اﻟﻤﺴﺘﺨﺪﻣﮫ ﻗﺪ ﻧﺘﺞ ﻋﻨﮭﺎ ﻧﺴﺒﮫ ﻣﻮتL. lecanii ، B. bassiana، fumosoroseus
 ﻛﻤﺎ وﻗﺪ وﺟﺪ ان اﻟﺤﺸﺮات اﻟﻤﻌﺪاه ﺑﮭﺬه اﻟﻔﻄﺮﯾﺎت اﻟﻤﻤﺮﺿﮫ ﻇﮭﺮ ﻋﻠﯿﮭﺎ ﺗﺎﺛﯿﺮات. ﯾﻮم3.9، 7.1، 5.3 ﻋﻠﻰ اﻟﺘﻮاﻟﻰ ﺧﻼل
ﻣﺘﺄﺧﺮه ﻇﮭﺮت ﻣﻦ ﺧﻼل اﻟﻨﻘﺺ اﻟﺬى ﺣﺪث ﻓﻰ ﻧﺴﺒﮫ اﻟﺘﻌﺬﯾﺮ واﻟﺤﺸﺮات اﻟﻜﺎﻣﻠﮫ اﻟﻨﺎﺗﺠﮫ ﺳﻮاء ﻟﺪوده ورق اﻟﻘﻄﻦ او اﻟﺪوده
.اﻟﻘﺎرﺿﮫ

