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Introduction

Chickpea ranks 2nd in area under cultivation and 
3rd in production among pulses in the world 

(CGIAR, 2017). In Pakistan, annual production of 
0.5 million tons of dry seed is obtained from an area 
of around one million hectares (FAO, 2016). Under 
storages, severe post-harvest losses are noted due to 
pulse beetle, Callosobruchus chinensis attack (Zia et 
al., 2011) causing about 10% damage and rendering 
grains unfit for human consumption (Aslam, 2004). 
Grain protectants and fumigants are used since 
long for controlling stored grain insect pests but 
their injudicious and long-term use has resulted in 
development of resistance in insects. Their residual 

effects are further posing risks to human as well as 
environmental health (Rajendran and Sriranjini, 
2008). Botanicals, although relatively are safe grain 
protectants (Bakkali et al., 2008) but they also have 
faced development of resistance issues inviting the 
other safer approaches like entomopathogens to 
manage insect pests ( Jung and Kim, 2006). 

Entomopathogenic fungi are considered safer 
than pesticides due to minimum risk involved and 
can be used directly on food items due to their 
entomopathogenic nature. They have also registration 
with Environmental Protection Agency, USA. The 
marketable packing of B. bassiana is now accessible 
like Botanigard, Boverosil and Mycotrol. These are 
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registered against many insect pests of lab as well 
as field (Hidalgo, 1998). M. anisopliae previously 
categorized in Hyphomycetes, is previously identified 
as E. anisopliae and is existed in nature in all types of 
soils acting as parasite against insects (Correa et al., 
2016). 

The objective of the research encompassed 
investigating effectiveness of B. bassiana and M. 
anisopliae to manage C. chinensis in stored chickpea 
grains.

Materials and Methods

Infested samples of stored chickpea grains by pulse 
beetle were collected from different research stations 
including National Agriculture Research Council 
(NARC) Islamabad, Pakistan. C. chinensis culture was 
maintained in incubator at temperature of 30±2oC 
and 70±5 % relative humidity in the Department of 
Entomology, Pir Mehr Ali Shah Arid Agriculture 
University Rawalpindi, Pakistan.

For bioassays, chickpea cultivar NOOR-2009 was 
obtained from NARC, Islamabad. Agtoxin was 
applied for fumigation to kill already existing insect 
pests (Shaheen et al., 2006). Entomopathogenic 
fungi Beauveria bassiana isolate (DEBI 005) and 
Metarhizium anisopliae isolate (DEMI 001) were 
obtained from Korean Agricultural Culture Collection 
(KACC), NAC, RDA, Suwon, 441-707, Korea. 
Initially theses cultures were developed in Potato 
Dextrose Agar (PDA) at 25oC at 200 rpm for two 
weeks and then it was multiplied in Potato Dextrose 
Broth medium to count the number of conidia/spores 
per unit volume. The conidia/spore was grown on 
PDA medium. Later on, then spores/conidia were 
counted by haemocytometer after 24 hours interval 
(Tuan et al., 2009). Different concentrations of spores/
conidia were developed and a quantity of 0.02 percent 
of Tween 80 in fresh water was also added. Different 
concentrations of both fungi were made to conduct 
experiments. For propagation of fungus, petri plates 
were shifted to incubator at appropriate temperature 
and humidity.

 In each jar, 50g of chickpea grains were put in plastic 
jars. The jar was enclosed with muslin fabric and 
then shifted to incubator. Ten pairs of Callosobruchus 
chinensis were then shifted into each jar. Pairing of 
pulse beetle (P.B.) was done following Halstead 

(1963). Different concentrations viz. 1×104, 1×105, 
1×106, 1×107 and 1×108 spores/ml of both fungi were 
applied in this experiment.

The pathogenicity of EPF against C. chinensis was 
studied according to the following parameters:

Number of eggs laid
Average number of eggs laid per grain was counted 
to calculate effect of applications on fecundity and 
oviposition of P.B. For this, ten (10) grains were 
chosen at random from every jar and eggs were 
counted. Average of these laid eggs was then taken 
for each jar.

Number of holes made
Newly emerged F1 adults of C. chinensis: Newly 
emerged adults (F1) were counted in each jar.

Inhibition rate (% IR): The percent decrease in 
emergence of C. chinensis (F1) or inhibition rate was 
measured by using this formula:

% IR = (Cn – Tn) / Cn × 100
		
Where;
Cn = Fresh emerged adults in un-treated jar (control); 
Tn= Fresh emerged adults in treating jar.

Number of days to 100 percent mortality of F1 
of C. chinensis: The number of days to 100 percent 
mortality of C. chinensis (F1) was measured to find out 
the effects of applications on new appeared progeny.

Loss of weight (%)
The percent weight loss was measured by this formula 
at the end of experiments.

 
Percent damage
Percent damage of the cultivar was calculated. 
Healthy grains (without holes) were separated from 
the sieved samples and were used for percent damage 
calculations by using the following formula:

Results and Discussion

The results revealed different trends in different 
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parameters which are explained as follows: 

Number of eggs per grain
According to Table 1, eight eggs were found when 
chickpeas were exposed to lowest concentration 
(1×104) of B. bassiana. Number of eggs was higher in 
this concentration which was significantly different 
from all other concentrations. Concentrations 1 × 
105 and 1 × 106 showed almost similar results with 
mean average of six eggs. Lowest number of eggs was 
observed in highest concentration (1 × 108), which was 
significantly different from all other concentrations. 
The highest number of eggs (15) was recorded in 
control. In case of M. anisopliae, lowest number of 
eggs (3) was seen in the highest concentration (1 
× 108) which was significantly different to rest of 
concentrations. Highest number of eggs was recorded 
in control. However, results of concentrations i.e. 1 
× 105 and 1 × 106 were not significantly different and 
same number of eggs was observed. On an average, 
nine eggs per grain were counted with application of 
lowest concentration of M. anisopliae.

Table 1: Number of eggs laid by C. chinensis under 
different concentrations of B. bassiana and M. anisopliae 
application.
Sr. 
No

Concentrations 
(Cells/ml)

Number of eggs per grain (Mean ± SE)
B. bassiana M. anisopliae

1 1×104 8±0.57c 9±0.57d
2 1×105 6±0.57bc 8±0.57cd
3 1×106 6±1.15bc 8±0.57bc
4 1×107 4.3±0.33b 5.3±0.66ab
5 1×108 2±0.57a 3±0.57a
6 Control 15±0.57d 17.66±1.45e

Linear regression model was applied to verify 
outcomes of different concentrations of fungi (B. 
bassiana) regarding eggs number. The modeled 
equation (Y= -2.1743x + 14.493) revealed that 
treatments had dangerous effects on fecundity. The 
intercept (a) value remained 14.49 while slope (b) was 
-2.17. With alteration in dilution of fungi, number 
of eggs was also minimized by -2.17. Coefficient of 
determination of (R2) was 0.83 which showed that 
treatments (independent variable) have 83% effect 
dependent variable. The R2 furthermore verified 
correctness of model to anticipate result of fungi 
treatments on oviposition rate. Correspondingly 
linear regression model was also used to confirm 
results of various concentration of fungus (M. 

anisopliae) on number of eggs. The modeled equation 
(Y=-2.4114 x + 16.933) indicates that treatments 
had harmful effect over fecundity. The intercept (a) 
value remained 16.93 while slope (b) was -2.41. So, 
with the change in concentration of fungus, number 
of eggs was also reduced by -2.41. Coefficient of 
determination of (R2) was 0.81 which displayed that 
treatments (independent variable) had 81% effect 
on the dependent variable. The R2 further confirmed 
accuracy of model in studying efficacy of fungal 
treatments against oviposition rate of the beetle 
(Figure 1 and 2).

Figure 1: Modeling trend for mean number of eggs laid by pulse 
beetle in response to different concentrations of B. bassiana.

Figure 2: Modeling trend for mean number of eggs laid by pulse 
beetle in response to different concentrations of M. anisopliae.

Number of holes per grain
Minimum number of holes (1.3) per grain was 
observed with highest concentration (1 × 108) of B. 
bassiana which was significantly different from all other 
concentrations. With the lowest concentration (1×104 

and 1× 105), 06 and 5.3 holes were seen respectively 
which was not significantly different from each 
other. Highest number of holes (8.3) per grain were 
recorded in control where no dilution of B. bassiana 
was used. In case of M. anisopliae, more number of 
holes (3.6) per grain were recorded with lowest 
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concentration (1×104) of all other concentrations. 
This concentration was not significantly different 
from increased concentration (1 × 105) which comes 
up with three number of hole. Highest numbers of 
holes (07) were obtained in control where no dilution 
of M. anisopliae was used. The minimum number of 
holes (1) was recorded in highest concentration of M. 
anisopliae with application rate of 1 × 108 (Table 2).

Table 2: Number of holes made by C. chinensis under 
different concentrations of B. bassiana and M. anisopliae 
application.
S. 
No

Concentrations 
(Cells/ml)

Number of holes per grain (Mean ± SE)
B. bassiana M. anisopliae

1 1×104 6±0.57d 3.6±0.33d
2 1×105 5.3±0.33cd 3±0.00cd
3 1×106 4±0.00bc 2.33±0.33bc
4 1×107 3.6±0.33b 1.67±0.33ab
5 1×108 1.3±0.33a 1±0.57a
6 Control 8.3±0.88e 7±0.57e

Linear regression model was applied to verify 
outcomes of different concentrations of fungi (B. 
bassiana) regarding holes number. The modeled 
equation (Y= -1.2429x + 9.1) revealed that treatments 
had dangerous effects on fecundity. The intercept 
(a) value remained 9.1 while slope (b) was -1.24. 
So, with alteration in dilution of fungi, the number 
of holes also minimized @-1.24. Coefficient of 
determination of (R2) was 0.95 which showed that 
treatments (independent variable) had 95% effect on 
the dependent variable. The R2 furthermore verified 
the correctness of model to anticipate result of fungi 
treatments on larval development (Figure 3).

Figure 3: Modeling trend for mean number of holes made by C. 
chinensis in response to different concentrations of B. bassiana.

Correspondingly linear regression model was also 
used to confirm the results of various concentrations 
of fungus (M. anisopliae) on number of holes. The 
modeled equation (Y= -1.0417x + 6.746) showed that 
treatments had detrimental effects over fecundity. 
The intercept (a) value remained 6.74 while slope (b) 
was -1.0417. So, with the change in concentration 
of fungus, the holes number also reduced @-1.0417. 
Coefficient of determination of (R2) was 0.84 which 
displayed that treatments (independent variable) had 
84% effect on the dependent variable. The R2 further 
confirmed the accuracy of model to expect result of 
fungal treatments on larval development (Figure 4).

Figure 4: Modeling trend for mean number of holes made by C. 
chinensis in response to different concentrations of M. anisopliae.

F1 adults emerged
Highest number of F1 progeny emerged in control (42) 
as compared to all other treatments with B. bassiana 
(Table 3). Minimum difference was observed in 
population 24.3 and 22.3 where concentration 1 × 106 
and 1 × 107 was applied respectively. There was also a 
difference of population in lowest concentration with 
27 adults and highest concentration showing 20.33 
adults. Lowest number of F1 progeny emerged in 
highest concentration (1×108) of M. anisopliae which 
was significantly different with all other treatments 
except control. There was no significant difference in 
populations 24.33 and 24 adults where concentration 
1 × 105 and 1 × 106 were applied.

It was revealed in Figure 5 that the outcomes of 
dissimilar B. bassiana dilutions were verified by means 
of linear regression model. Negative outcomes of 
fungi dilution on new appeared adults were reported 
as indicated by modeled equation (Y= -3.4653x + 
39.563). The intercept (a) and slope (b) values remained 
39.56 and -3.46, correspondingly. Consequently, 
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as dilution of B. bassiana enhanced numbers of F1 
emerged decreased @-3.46. Determination coefficient 
(R2) was 0.74 that indicated that independent variable 
has 74% influences on the dependent variable. The R2 

furthermore verifies correctness of model. Likewise 
results of dissimilar M. anisopliae concentrations were 
checked by means of linear regression model (Figure 
6). Negative results for fungal concentration on the 
number of newly emerged adults were reported as 
shown by the modeled equation (Y= -3.1526x + 
37.754). The intercept (a) and slope (b) value remained 
37.75 and -3.15, correspondingly. Hence, as the 
concentration of M. anisopliae increased, number of F1 
emerged decreased @-3.15. Determination coefficient 
(R2) was 0.59 which showed that independent variable 
had 59% influences on the dependent variable. The R2 

further confirmed the accuracy of model.

Table 3: Number of F1 adults emerged of C. chinensis in 
chickpea grains applied with different concentrations of 
B. bassiana and M. anisopliae.
S. 
No

Concentrations 
(Cells/ml)

Number of F1 adults emerged per jar 
(Mean ± SE)
B. bassiana M. anisopliae

1 1×104 27±0.57d 25.33±0.33b
2 1×105 26.6±0.33cd 24.33±0.33b
3 1×106 24.3±0.33bc 24±0.57b
4 1×107 22.3±1.20ab 23.66±0.33b
5 1×108 20.33±0.33a 21±0.57a
6 Control 42±1.15e 42±1.5c

Figure 5: Modeling trend for emergence of F1 adults of pulse beetle in 
response to different concentrations of B. bassiana.

Percent inhibition rate of F1 adults
Maximum percent inhibition rate (52.45) in pulse 
beetle was noted with highest concentration of B. 
bassiana (1 × 108) which was significantly different 

with all other treatments. Almost similar percent 
inhibition i.e. 35.52 and 35.48 was recorded with 
B. bassiana concentration of 1 × 104 and 1 × 105 
respectively. Minimum percent inhibition rate was 
seen in control.

Figure 6: Modeling trend for emergence of F1 adults of pulse beetle in 
response to different concentrations of M. anisopliae.

Whereas percent inhibition rate of 41.32 and 42.57 
was recorded with concentration of 1 × 105 and 1 × 
106 of M. anisopliae that was significantly different 
from each other as well as from all other treatments. 
Lowest percent inhibition rate of C. chinensis was 
however recorded in control. Further, maximum 
percent inhibition rate (50.23) was observed with 
highest concentration of M. anisopliae (1 × 108) 
that was also significantly different from all other 
treatments (Figure 7).

Figure 7: Percent inhibition rate (Mean ± SE) of pulse beetle in 
stored chickpea treated with different concentrations of B. bassiana 
and M. anisopliae.

Linear regression model was used to check effects 
of dissimilar dilutions of B. bassiana regarding % 
inhibition rate. Positive effects of fungi dilutions 
regarding inhibition of F1 emerged were observed 
as indicated by modeled equation (Y=8.6994x + 
4.992). The intercept (a) value retained 4.99 while 
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slope (b) was 8.69. So, as fungal dilutions increased, 
inhibition rates were also enhanced at the rate of 
8.69. Coefficient of determination (R2) was 0.76 that 
revealed that dilutions (independent variable) had 
76% effect on the dependent variable (inhibition’s 
rate). The value of R2 furthermore verified correctness 
of model to anticipate effects of fungal treatments for 
inhibition rate of F1 (Figure 8). 

Figure 8: Modeling trend of percent inhibition rate (Mean ± SE) 
of pulse beetle in stored chickpea treated with different concentrations 
of B. bassiana.

Linear regression model was also applied to find 
out the effect of dissimilar concentrations of M. 
anisopliae on the percent inhibition rate. Positive 
effect of fungal concentration on the inhibition of 
F1 emerged was observed as shown by the modeled 
equation (Y=7.7214x + 9.16). The intercept (a) value 
remained 9.16 while slope (b) was 7.72. So, as the 
fungal concentration was increased, inhibition rate 
was also increased at the rate of 7.72. Coefficient 
of determination (R2) was 0.63 which shows 
concentrations (independent variable) have 63% 
effect on the inhibition rate (dependent variable). 
The value R2 further confirmed accuracy of model to 
predict effect of fungal treatments on inhibition of 
newly emerged (Figure 9).

Number of days to 100 percent mortality of F1 adults
Minimum number of days (7.3) to 100% mortality 
was observed with highest concentration of B. 
bassiana which was significantly different to all 
other treatments. Yet, maximum days (18.3) to 
100% mortality were seen in control. There was no 
difference observed in number of days (9) and (8.3) 
to 100% mortality between concentration of 1 × 106 

and 1 × 107 respectively. The reason may be minimal 
difference of concentration between them. More 

number of days to 100% mortality was measured in 
highest concentration of B. bassiana i.e. 1 × 108.

Figure 9: Modeling trend of percent inhibition rate (Mean ± SE) 
of pulse beetle in stored chickpea treated with different concentrations 
of M. anisopliae.

There was no considerable variation observed in 
concentration of 1 × 107 and 1 × 106 that took 8.6 and 
07 days to 100% mortality which was significantly 
different with all other treatments. Whereas, more 
number of days to 100% mortality was seen in lowest 
concentration of M. anisopliae (1 × 104) which was 
significantly different to all other treatments (Figure 
10).

Figure 10: Modeling trend of days to 100% mortality of F1 adults 
(Mean ± SE) of pulse beetle in stored chickpeas treated with different 
concentrations of B. bassiana and M. anisopliae.

To determine effectiveness of diverse dilutions 
regarding death rate of new appeared adults, linear 
regression models were applied. When dilutions 
of fungi were used as obvious from the regression 
equation (Y= -2.1143x + 18.6), negative impacts on 
percent mortality of F1 adults were noted. The intercept 
(a) value remained 18.6 but slope (b) was -2.11. 
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Consequently, as dilution of B. bassiana enhanced, 
numbers of days to 100% mortality of F1 were also 
reduced @ -2.11. Coefficient of determination (R2) was 
0.87 that discovered that dilutions of fungi have 87% 
effects on the dependent variable. The R2 furthermore 
verified correctness of models to anticipate effects 
of fungi treatments on the days required to 100% 
mortality (Figure 11). Similarly, to observe the effect 
of diverse concentrations on the mortality rate of 
newly emerged adults, linear regression model was 
used. When the fungal concentration was applied as 
evident from the regression equation (Y= -2.1343x + 
18.887), the negative impact on the percent mortality 
of F1 adults were recorded. The intercept (a) value 
remained 18.88 but slope (b) was -2.13. Hence as 
the concentration of M. anisopliae increased, days 
to 100% mortality of F1 was reduced @ -2.13. 
Coefficient of determination (R2) was 0.93 which 
revealed that the fungal concentrations had 93% 
effect on the dependent variable. The R2 further 
confirmed the accuracy of model to predict effect 
of fungal treatments on the days required to 100% 
mortality (Figure 12).

Figure 11: Modeling trend of days to 100% mortality of F1 adults 
(Mean ± SE) of pulse beetle in stored chickpeas treated with different 
concentrations of B. bassiana.

Likewise, more than 50% weight loss was observed 
in concentration of M. anisopliae 1×106 as compared 
to 35.03% observed in 1×107 concentration. The 
lowest percent weight loss (13.7%) was observed 
with highest concentration of M. anisopliae (1×108), 
while maximum weight loss was recorded (87.1%) 
in control. Percent weight loss in chickpea caused by 
C. chinensis in response to diverse dilutions of fungi 
was experimented by linear regression model (Figure 
14). Unfavorable impacts of dilutions of fungi on 
the feeding of pulse beetle were noted as showed by 

the modeled equation (Y= -7.5503x + 93.396). The 
intercept (a) and slope (b) value remained 93.39 
and -7.55, separately. So, as dilution of B. bassiana 
enhanced weight loss caused by pulse beetle lowered 
@ -7.55.

Figure 12: Modeling trend of days to 100% mortality of F1 adults 
(Mean ± SE) of pulse beetle in stored chickpeas treated with different 
concentrations of M. anisopliae.

Percent weight loss of chickpea grains
Highest percent weight loss was measured (85.33%) 
in control (Figure 13). Second to it, the percent weight 
loss (81.16%) was lowered in lowest concentration 
(1×104) of B. bassiana. No significant percent weight 
loss was recorded in concentration of B. bassiana 
(1×105) and 1×106 respectively. Lowest percent weight 
loss was shown in highest concentration of B. bassiana 
i.e. (1×108).

Figure 13: Percent weight loss (Mean ± SE) caused by pulse beetle in 
stored chickpeas treated with different concentrations of B. bassiana 
and M. anisopliae.

Determination co-efficient (R2) was 0.95 which 
indicated that dilutions of fungi have 95% effects on 
the percent weight loss. The R2 furthermore verified 
correctness of model.
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Similarly, percent weight loss caused by C. chinensis 
in response to diverse fungal concentrations was 
experimented by linear regression model (Figure 15). 
Unfavorable impact of fungal concentrations on the 
feeding of pulse beetle was observed as presented by 
the modeled equation (Y= -14.498x + 113.4). The 
intercept (a) and slope (b) value remained 113.4 and 
-14.49, separately. So, as the concentration of M. 
anisopliae increased weight loss caused by pulse beetle 
decreased with the rate of -14.49. Determination 
coefficient (R2) was 0.96 which showed that the 
fungal concentrations have 96% effects on the percent 
weight loss. The R2 further confirmed the accuracy of 
model.

Figure 14: Modeling trend of percent weight loss (Mean ± SE) 
caused by pulse beetle in stored chickpeas treated with different 
concentrations of B. bassiana.

Figure 15: Modeling trend of percent weight loss (Mean ± SE) 
caused by pulse beetle in stored chickpeas treated with different 
concentrations of M. anisopliae.

Percent damage of chickpea grains
More than 50% damage (56.33) was recorded by C. 
chinensis in B. bassiana with concentration of 1 × 106 

as compared to treatments at the rate of 1 × 107 and 1 
× 108. Maximum percent damage (94%) was observed 

in control. Minimum percent damage (29%) by C. 
chinensis was enumerated in highest concentration 
of B. bassiana which was significantly different with 
all other treatments. Maximum damage (95.55%) 
was seen by C. chinensis in control. Minimum percent 
damage (28.5%) was calculated with maximum 
concentration of M. anisopliae which was significantly 
different with all other treatments. More damage 
(73.66%) was observed in lowest concentration of M. 
anisopliae (1×104) than all other treatments (Figure 
16).

Figure 16: Percent damage (Mean ± SE) caused by pulse beetle in 
stored chickpeas treated with different concentrations of B. bassiana 
and M. anisopliae.

Figure 17: Modeling trend of percent damage (Mean ± SE) caused 
by pulse beetle in stored chickpeas treated with different concentrations 
of B. bassiana.

Percent damage caused by C. chinensis in response to 
diverse dilutions of fungi were experimented by linear 
regression model (Figure 17). Unfavorable impacts 
of dilutions of fungi on the feeding of pulse beetle 
was noted as showed by the modeled equation (Y= 
-10.734x + 101.07). The intercept (a) and slope (b) 
value remained 101.07 and -10.73, separately. So, 
as dilution of B. bassiana enhanced, percent damage 
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caused by pulse beetle lowered with the rate of -10.73. 
Determination co-efficient (R2) was 0.88 which 
indicated that dilutions of fungi have 88% effects 
on the percent damage. The R2 furthermore verified 
correctness of model. 

Similarly, percent damage caused by C. chinensis 
in response to diverse fungal concentrations was 
experimented by linear regression model (Figure 18). 
Unfavorable impact of fungal concentrations on the 
feeding of pulse beetle was observed as presented by 
the modeled equation (Y= -11.268x +102.37). The 
intercept (a) and slope (b) value remained 102.37 
and -11.26, separately. So, as the concentration of M. 
anisopliae increased, percent damage caused by pulse 
beetle decreased with the rate of -11.26. Determination 
coefficient (R2) was 0.89 which showed that the 
fungal concentrations have 89% effects on the percent 
damage. The R2 further confirmed the accuracy of 
model.

Figure 18: Modeling trend of percent damage (Mean ± SE) caused 
by pulse beetle in stored chickpeas treated with different concentrations 
of M. anisopliae.

Some scientists also used these entomopathogenic 
fungi for management of insect pests. The findings of 
studies are in conformity with Abdel-Raheem (2015) 
who evaluated efficacy of entomopathogenic fungi, 
Beauveria and Metarhizium spp. against some stored 
insect pests. In another similar study undertaken by 
Shaheen et al. (2016), they used entomopathogenic 
fungus, B. bassiana as natural management agent to 
control pulse beetle C. chinensis in chickpea grains 
at different temperatures. In this study mortality 
of pulse beetle was found directly proportional to 
concentrations of B. bassiana. 

In a similar study, by Radha (2012) similar results 

were found when she assessed the efficiency of 
two Entomopathogenic fungi M. anisopliae and B. 
bassiana against C. maculatus. Mahdneshin et al. 
(2011), evaluated pathogenic viability of five isolates 
of B. bassiana and M. anisopliae against C. maculates 
by concentration assay technique at 27±1°C and 60±5 
percent relative humidity under controlled conditions. 
The IRAN (441C) of B. bassiana proved the most 
detrimental against test insect because it had lesser 
LC50 and LT50 and it yielded maximum deaths (76 
percent) in application having 1×108 conidiaml-1. 
The Beauveria bassiana found more virulent than 
M. anisopliae against test insect. In another study 
undertaken by Khashaveh (2013), it was observed that 
adults of test insects were vulnerable to whole isolates 
of M. anisopliae. When studied complete (03) isolates, 
death percentage of the two species enhanced with 
rise in conidial formulation and considerable variation 
was recorded between dilutions. The factors of probit 
test illustrated non-overlap of 95 percent of LC50 and 
LC95 and noteworthy variation was recorded in three 
isolates examined in opposition to test insects.
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