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Abstract. The German cockroach, Blattella germanica (L.) has been recognized as a serious
health problem throughout the world. Control failures due to insecticide resistance and
chemical contamination of environment have led some researchers focus on the other
alternative strategy controls. Microbial insecticides such as those containing entomo-
pathogenic fungi could be of high significance. Lecanicillium muscarium and Beauveria

bassiana grow naturally in soils throughout the world and act as a parasite on various
arthropod species, causing white muscardine disease. Thus, these two species could be
considered as entomopathogenic fungi. The current study conducted to evaluate the toxicity
of Beauveria bassiana and Lecanicillium muscarium against German cockroach, Blattella

germanica. Conidial formulations of L. muscarium (PTCC 5184) and B. bassiana (PTCC5197)
were prepared in aqueous suspensions with Tween 20. Bioassays were performed using two
methods including submersion of cockroaches in conidial suspension and baiting. Data were
analyzed by Probit program and LC50 and LC90 were estimated. The obtained results indicated
that both fungi species were toxic against German cockroach however; Beauveria bassiana

was significantly 4.8 fold more toxic than L. muscarium against German cockroach using
submersion method.

INTRODUCTION

The German cockroach, Blattella germanica

(L.) is a world-wide pest in households,
hospitals and residential areas that can cause
serious health problem because of its
potential to transmit human infectious
diseases (Roberts, 1996; Pai et al., 2003, 2005;
Pai, 2013).

Extensive use of insecticides against
the German cockroach has led to the
development of insecticide resistance in
this insect pest. Resistance to different
classes of insecticides including chlorinated
hydrocarbons, organophosphates, carbamates
and pyrethroids has been frequently reported
in the German cockroach, Blattella

germanica (Cochrane, 1995; Lee et al., 1996;
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Valles, 1998; Valles et al., 2000; Wei et al.,
2001; Prigdeon et al., 2002; Limoee et al.,
2006; Limoee et al., 2011). Nevertheless, the
development of insecticide resistance in the
German cockroach has resulted in control
failures of some populations (Valles and Yu,
1996; Dong et al., 1998). The concerns about
of control failures of German cockroach and,
as well as, chemical contamination of
environment due to insecticide application
have led some researchers to focus on the
other alternative strategy controls.

Thus, biological control measures of this
pest including microbial insecticides such as
those containing entomopathogenic fungi
could be of high significance. In addition to
some parasitoids belonging to different
families of insects that are capable for
biological control of cockroaches (Lebeck,
1991; Shamim et al., 2001; Hwang & Chen,
2004), a species of bacteria also reported that
could be an effective agent in controlling
of these insects (Payne et al., 1994). Insect
pathogens particularly bacteria and
entomopathogenic fungi such as Beauveria

bassiana have a long history in biological
control of various pests ( Lacey & Kaya 2007).
On the other hand, habitats of cockroaches
are generally warm and moist so are
favorable conditions for being infected
cockroaches by different genera of fungi. For
instance, four genera of fungi including
Metarhizium, Paecilmyces, Verticillium and
Aspergillus have been reported as potential
agents for biological control of cockroaches
(Pathak & Kulshrestha, 1998). Lopes & Alves,
2011, suggested that application of a powdery
formulation of Metarhizium anisopliae to
provide a contaminated surface to control
German cockroach, may be more effective
than using bait (Lopes & Alves, 2011). Another
potential alternative in controlling the
German cockroach has been the integration
of insecticides and pathogenic fungi so, Wakil
et al., 2012 have evaluated the efficacy of
Metarhizium anisopliae in combination with
sublethal doses of some insecticides against
American cockroach. They concluded that
combined use of insecticides and fungus,
enhanced the lethal effect of Metarhizium

anisopliae (Wakil et al., 2012).

Although attempts have been made to
evaluate the pathogenicity of a few species
of fungi against some species of insects, for
example, Sharififard et al., 2011, evaluated
the pathogenicity of Beauveria bassiana and
Metarhizium anisopliae to larvae and adult
of house fly, Musca domestica (Sharififard
et al., 2011), very little is known about toxicity
of entomophatogenic fungi against German
cockroach, Blattella germanica, in Iran.
Thus, the current study conducted to evaluate
the toxicity of Beauveria bassiana and
Lecanicillium muscarium against a hospital
collected strain of German cockroach,
Blattella germanica.

MATERIALS AND METHODS

Cockroaches

 Cockroaches were collected from residential
areas and hospitals in Sanadaj and
transferred to the insectary. All cockroaches
were maintained in the glass rearing jars at
30ºC, 55–60% (RH), with a photoperiod of
12:12 h (L:D). The insects were provided cat
food and water. Tests were conducted on third
and forth instars and adult males and females.

Fungal isolates, cultivation and

preparation of conidial suspension

All fungal isolates of Lecanicillium

muscarium PTCC 5184 and Beauveria

bassiana PTCC5197 were obtained from the
Iranian research organization for science and
technology. The fungi were cultured on potato
dextrose agar (PDA) at 25±1ºC and relative
humidity (RH) > 80% for 15 days. Conidia were
harvested from culture plates by gently
scarping the medium surface with a plastic
loop. A 30ml suspension was prepared with
harvested conidia in sterile aqueous 0.1%
Tween 80 solution in a 50-ml- falcon TM
test tube. The conidial suspension was
homogenized for 3 min using a vortex mixer.
Conidia were also suspended in an oil
solution of 15 ml sterile mineral oil with 84
ml sterile distilled water and 1 ml Tween 80.
Conidial suspensions were quantified in
hemacytometer and adjusted to 1 x 109

conidia ml-1. The suspensions 1 x 107, 106 and
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105 conidia ml-1 were prepared by serial
dilutions. Conidia viability was determined
by plating 100µl of conidial suspensions on
PDA and incubating at 25±1ºC (Scholte et

al., 2007).

Bioassays

Toxicity of Beauveria bassiana and
Lecanicillium muscarium against German
cockroach was determined by two methods
including submersion of cockroaches in
conidial suspension and baiting.

Submersion method
The stock aqueous conidial suspension
adjusted to 1 x 109 conidia ml-1 was serially
diluted to prepare 6 doses including 1 x 104,
105, 106, 107, 108 and 109 conidia ml-1.
Cohort groups of 40 cockroaches were
simultaneously submerged in the six aqueous
treatments consisting of above concentrations
and a control prepared with 0.1% Tween 80
aqueous solution for 5 sec. Each treatment
contained 4 replicates of 10 cockroaches.
Each group of 10 treated cockroaches
transferred to the plastic containers provided
with food and water. All containers were
incubated at 28±2ºC and 75±5% RH. The
containers were monitored and died
cockroaches were removed daily. After the
sterilization of surface, all cadavers
transferred to the sterile Petri dishes.
Cadavers with growing muscardine on their
surface were recorded as mortality due to
fungal infection. These tests were replicated
four times in groups of ten cockroaches.

Baiting Method
Each 5g bait contained 3g sugar, 2g powder
milk and 2 ml distilled water. For better
dispersion of fungus, 1 ml of each stock
aqueous conidial suspension was dispersed
on the surface of 5g baits to give seven
concentrations of treated baits including
1x103, 1x104, 1x105, 1x106, 1x107, 1x108 and
1x109 conidia/g. Treated baits were left in the
cages provided with water and cat food at
28±2ºC and 75±5% RH. Each cage contained
a 9 cm diameter petridish with Whatman filter
paper and 5g bait. Each treatment contained
4 replicates of 10 cockroaches. The cages
were monitored and died cockroaches were

removed daily. Cadavers with growing
muscardine on their surface were recorded
as mortality due to fungal infection.

Data analysis

Bioassay data were pooled and subjected
to probit analysis (Finny, 1972) using a
statistical Software (SAS 1998). The lethal
concentrations LC50 and LC90 with confidence
limits 95% were estimated. Comparisons
between toxicities of two fungi by two
methods against cockroaches were
performed by calculating the ratios of LC50

values (LC50 value of the less toxic fungus
divided by LC50 value of the more toxic one).
The differences between LC50 values were
considered statistically significant only when
the 95% confidence limits did not overlap.

RESULTS

Submersion method
Both of two fungi species showed toxicity
against German cockroaches when these
insects were submerged in the aqueous
conidial suspensions compared with the
control group. Comparisons made between
the 95% confidence limits of the LC50 values
of Beauveria bassiana and Lecanicillium

muscarium indicated that there was no
significant difference between the toxicity of
two fungi against German cockroach by
submersion method (Table 1).

Baiting method
Bioassay tests using bait showed that both of
two fungi species were toxic against German
cockroach compared with the control group
(Table 2) however, comparisons made
between the 95% confidence limits of the LC50

values indicated that Beauveria bassiana

was significantly 4.8 fold more toxic than
Lecanicillium muscarium based on LC50

ratio (LC50 value of the less toxic fungus
Lecanicillium muscarium divided by LC50

value of the more toxic one Beauveria

bassiana) (Table 3) whereas; comparison
made between the toxicity of fungi based on
application methods indicated that there was
no significant difference between submersion
and baiting methods (Table 3).
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Table 3. Comparisons between two bioassay methods and toxicity of two fungi based on LC50 values
of Beauveria bassiana & Lecanicillium muscarium against German cockroach

Toxin - Method
Submersion Bait Bait

Lecanicillium muscarium Lecanicillium muscarium Beauveria bassiana

Submersion
Beauveria 5.6 Nonsig — 1.33 Nonsig

bassiana

Bait
Beauveria — 4.8 sig —
bassiana

Bait
Lecanicillium 1.19Nonsig — —
muscarium

Sig.: Significant
Nonsig: Nonsignificant

Table 2. Probit analysis parameters for mortality results of German cockroach using baiting method

Fungus n y-intercept Slope(SE) X2(df) LC50(95%CL) conidia/ga

Beauveria bassiana 280 1.79 0.44±0.04 3.22 (5) 2x1o7 (5- 8.2)

Lecanicillium muscarium 280 2.48 0.32±0.04 4.05 (5) 9.6x107(2.9 - 4)

aConidia of fungus/1g of bait

Table 1. Probit analysis parameters for mortality results of submerged German cockroach in aqueous
conidial suspensions (conidia/ml-1) of Beauveria bassiana and Lecanicillium muscarium

Fungus n y-intercept Slope(SE) X2(df) LC
50

(95%CL) conidia/mla

Beauveria bassiana 240 1.44 0.49± 0.05 1.692(4) 1.5x107(3.5-6.3)

Lecanicillium muscarium 240 0.84 0.52±0.06 1,58(4) 8.1x 107(1.9-3.6)

aConidia of fungus/1 ml of aqueous suspension

DISCUSSION

The concerns about insecticides resistance
and environmental impacts of pesticides
application have involved the biological
control agents of the pests. Biological control
measures such as some bacteria and
entomopathogenic fungi Beauveria bassiana

have a long history in controlling of various
pests (Lacey & Kaya, 2007) so that, some
researchers have frequently focused on the
potential effectiveness of  entomopathogenic

fungi in controlling of cockroaches (Pathak
& Kulshrestha, 1998; Lopes & Alves, 2011;
Wakil et al., 2012). Many entomopathogenic
fungi species including Beauveria bassiana

and Lecanicillium muscarium have been
recognized as saprophytic soil fungi that
could be used for natural control of
agricultural pests (Wakil et al., 2013).
According to Vega et al., 2009, for the first
time a fungus caused the muscardine disease
of silkworm was identified as Botrytis

bassiana (Wakil et al., 2013). At present,
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regards to the great diversity of the
entomopathogenic fungi, they have been
considered as the potent agent for biological
control of various insect pests so that, a
variety of fungal formulations of insecticidal
effects have been developed from several
species of fungi including Beauveria

bassiana, Metarhizium anisopliae, Isaria

fumosorsea, B. brongniartii (Faria &
Wraight, 2007). Based on results obtained in
our study it can be concluded that Beauveria

bassiana and Lecanicillium muscarium

were toxic against German cockroach
similarly, Wakil et al., 2013, reported that
Beauveria bassiana and B. brongniartii

were the most pathogenic fungal species
against the larvae of wax moth Galleria
mellonella L. (Lepidoptera: Pyralidae)
compared with the other fungi (Wakil et al.,
2013).

Our obtained results under laboratory
condition indicated that the fungi Beauveria

bassiana and Lecanicillium muscarium

could provide a good control of B. germanica

. However, it is necessary to conduct several
additional researches at field conditions to
assess the real effectiveness of these fungi
in controlling of the German cockroach. Field
studies could demonstrate the efficacy of the
fungi in an integrated pest management of
cockroaches.

Hence, some efforts have been made to
develop the most appropriate formulations
of these fungi providing more effective
control of the pests. For instance, some
researchers suggested that the development
of powder or similar formulations of M.

anisopliae to control B. germanica may
provide faster and better results than some
of the strategies based on baits currently
available (Lopes & Alves, 2011).

The other workers revealed that the
appropriate formulations could be of high
importance in controlling of the pests for
example, B. bassiana formulated in
invert emulsion was more effective than
unformulated conidia of this fungus (batta,
2007) and conidial oil-based suspension of
L ecanicillium lecanii was more effective
than oil-aquos suspension (Angello et al.,
2010).

Furthermore, as it was mentioned above,
the fungi can be used in an integrated pest
management program thus, we could also
integrate the insecticide and pathogenic
fungi against German cockroach. Some
researchers have made efforts to enhance
pathogenicity of different species of fungi
by integrating them with sublethal doses of
insecticides (Pachamuthu & Kamble, 2000;
Zurek et al., 2002; Wakil et al., 2012).

Briefly, the researches suggesting the
most effective application methods of fungi
were described below.

Although two fungi were pathogenic
against German cockroach nevertheless,
attempts were made to identify the effective
application method. It was revealed that
application method of fungus was of high
significance in controlling of cockroaches so
that using of bait was significantly more
effective than submersion method. This might
be due to either loss of activity of the aqueous
conidial of fungi (Bata, 2007) or cuticle barrier
resulting in limited delivered insecticidal
molecules to target sites (Grula et al., 1978).
On the other hand, it has been frequently
confirmed that temperature and relative
humidity under field conditions affected on
the efficacy of the unformulated conidia of
B. bassiana (Luz et al., 1998; Luz & Fargues
1999; Haraprasad et al., 2001; Lecuona et al.,
2001 ). For instance, Behle 2006, mentioned
that the aqueous conidial suspension of
B. bassiana became inactive under field
conditions because of a loss of conidial
viability so they showed no insecticidal
activity (Behle, 2006). In general it can be
concluded that the efficacy of entomo-
pathogenic fungi against the targeted insect
pest might be depend on their appropriate
formulation for instance, according to Batta
2007, B. bassiana formulated in invert
emulsion showed a high efficacy against the
adult of almond dark beetle Scolytus

amygdali (Batta, 2007). Angelo et al., 2010
evaluated the efficacy of Lecanicillium

lecanii in controlling of a hard tick
Rhipicephalus microplus. Conidial
formulation of L. lecanii in both oil and
aqueous suspensions were applied. The
authors suggested that conidial oil-based
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suspension of L. lecanii was more effective
than aqueous suspension of this fungus as
biological control agent. They implied that
oil assisted in the process of conidial
adhesion to the cuticle, which was the first
step of infection (Angelo, et al., 2010).

In present study, our findings under
laboratory condition implied that using bait
against cockroaches were more effective
than the emersion method. Although,
these findings consistent with the results
obtained by Sharififard et al., 2011which
indicated this method of application of fungi
against house fly was a suitable method
(Sharififard et al., 2011), it has been reported
that Biopath Cockroach Chamber bait product
commercially available in the USA in 1990s
was not effective against German cockroach
under field conditions. It could be suggested
that the Biopath product had an important
limitation of infection so that a long period
of time was necessary for the fungi to
control German cockroach (Kaakeh et

al., 1997; Pachamuthu et al., 1999; Lopez &
Alvez, 2011).

Based on our results and the reports
mentioned above, we can suggest that using
the bait could be an effective application
method of B. bassiana against German
cockroaches, Blattella germanica in the
absence of properly formulated entomo-
pathogenic fungi against this insect species.
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