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Abstract

A laboratory strain of Beauveria bassiana sensu lato (Balsamo) Vuillemin (Hypocreales: Clavicipitaceae) and commercial
formulation of Bacillus thuringiensis (Berliner) were assessed against three field populations of Earias vittella F.
(Lepidoptera: Noctuidae) in the laboratory. Three dose rates of B. bassiana (1.5><106, 1.5%10” and 1.5x10® conidia mL'l) and
one of B. thuringiensis (0.5 ug g"') were applied alone and in combination against 2" and 4" larval instars. The mortality was
observed until pupation. The bioassays were carried out at 25°C and 75% RH The highest larval mortality was observed in the
population from Faisalabad with lowest pupation rate, adult emergence and egg eclosion treated with combined concentrations
of B. bassiana and B. thuringiensis. The lowest mortality was observed in population from Pakpattan among all the tested
populations. Overall results demonstrated that all the treatments gave significant control of E. vittella and both microbial
agents may become the integral part of the successful IPM program of E. vittella in okra crop. © 2015 Friends Science

Publishers
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Introduction

Okra (Abelmoschus esculentus L.), commonly known as
“Bhindi” is very popular commercially grown crop among
vegetables and plays a significant role in the world food
security (Dilruba et al., 2009). Its annual production is
73695.6 tonnes during 2011-2012 which comprises 13,919
hectare area under cultivation in Pakistan (FAOSTAT,
2013). Okra is attacked by a number of insect pests, mites
and diseases during different growth stages (Kumar et al.,
2002; Gulati, 2004). Among these insect pests, Earias
vittella F. and Earias insulana Boisduval (Lepidoptera:
Noctuidae) are the most important and damaging (Aziz et
al., 2011). According to rough estimates, the Earias sp. can
cause 36-90% loss in the fruit yield of okra crop (Misra et
al., 2002). The infestation of this borer can be distinguished
from other phytophagous insects of Okra by their unique
property of stem boring. The larvae channel down from
growing points after entering into the terminal bud of shoot,
resulting in wilting of marginal leaves and stunting of the
main stem (Atwal and Dhaliwal, 2009).

Farmer mainly rely on conventional chemical
insecticides, like carbaryl (Kumar and Singh, 2006),
endosulfan (Shukla et al., 1997; Gupta and Misra, 2006) and
cypermethrin (Bagade et al., 2005) fenvalerate (Singh et al.,
2005) for the control of this insect pest. An unwise use of

these chemicals for the suppression of Earias sp. has posed
many threats like development of insecticide resistance,
environmental pollution and health hazards to mammals and
amphibians (Saini and Chopra, 1988), destruction of the
beneficial fauna and resurgence of minor pests (Mahapatro
and Gupta, 1998).

An attractive alternative tool to control these
Lepidopterous insect pests is the use of entomopathogenic
fungi due to their eco-friendly and target selective
characteristics (Carner and Yearian, 1989). These fungi
infect the host by direct contact or via the germination of
new propagules (Zimmermann, 2007). The efficacy of
seven promising strains of Metarhizium anisopliae
(Deuteromycotina: Hyphomycetes), Beauveria bassiana
(Ascomycota: Hypocreales) and Paecilomyces
fumosoroseus (Deutromycotina: Hypocreales) has been
reported against different larval stages of Helicoverpa
armigera Hib. (Lepidoptera: Noctuidae) (Nguyen et al.,
2007). The effectiveness of fungal bio-control agents
against vast range of insect pests including Spodoptera sp. is
also demonstrated in number of studies (Purwar and Sachan,
2006; Lin, et al., 2007).

Bacillus thuringiensis Berliner is a spore forming
gram positive bacterium considered to be an effective
insecticide harmless to natural enemies, quite safe to
mammals and environmentally acceptable (Entwistle et al.,
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1993). B. thuringiensis toxin enters the insect through
ingestion and binds to glycoprotein receptors of the targeted
insect midgut epithelium, where they disrupt the
cytoplasmic membrane, leading to the cell lysis (Hilder and
Boulter, 1999). In number of studies, B. thuringiensis
intoxication enhanced the efficacy of B. bassiana especially
in case of Lepidopterous insect pests when commercial
formulation of B. thuringiensis was combined with B.
bassiana (Gao et al., 2012; Wakil et al., 2013). The
increasing interest in combining sub-lethal concentrations of
B. thuringiensi with B. bassaina has stemmed from their
successful control against different insect pests (Ma et al.,
2008; Furlong and Groden, 2003).

Considering the significance of these promising
alternatives, the present study was designed to evaluate the
alone and combined effects of B. bassiana sensu lato
(Balsamo) Vuillemin (Hypocreales: Clavicipitaceae) and B.
thuringiensis Berliner on the mortality, pupation, adult
emergence and egg eclosion of 2" and 4" larval instars of E.
vittella collected from different geographical localities of
Punjab province, Pakistan.

Materials and Methods
Insect Culture

E. vittella larvae used in bioassays were collected from three
different localities Faisalabad, Pakpattan and Toba Tek
Singh (Punjab, Pakistan) and then taken to the IPM - Insect
Pathology Laboratory, Department of Entomology,
University of Agriculture, Faisalabad, Pakistan. Insects were
mass cultured under laboratory conditions at 25+2°C, 75%
RH and a photoperiod of 14:10 h (L: D). The culture of E.
vittella was reared following the method (Pérez-Guerrero et
al., 2004) using semi-artificial diet comprising 350 ml
water, 215 g dried kidney beans boiled in water, 32 g
brewer’s yeast, 12 g agar, 3 g ascorbic acid, 1.5 g benzoic
acid, and 1.5 g nipagin (Pérez-Guerrero et al., 2004). The
diet was stored at 4°C until use.

B. thuringiensis Toxin

The wettable powder (WP) commercial formulation (Dipel)
containing B. thuringiensis subspecies kurstaki bearing a
density of active toxin 3.2% and other inert material 96.8%
with the potency of 16,000 iu. was provided by
BioSciences Corporation, Libertyville, IL, USA. The B.
thuringiensis toxin previously extracted (Wakil et al,
2013) was used in the bioassays @ 0.5 ug g-1 against E.
vittella.

Fungal Isolation
The fungus was previously isolated from soil using

Galleria-bait method (Zimmermann, 1986) with larval
instars of Galleria mellonella L. (Lepidoptera: Pyralidae)
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was used in bioassays. It was sub-cultured on Potato
Dextrose Agar media and incubated at 28+1°C and 75+5%
RH for conidial growth. After fourteen days of incubation,
culture was air dried under an inverted aluminum roasting
pan (43.0x31.7x 6.7 cm) set on a bench and covered with
aluminum foil. The harvesting of conidia was done with the
help of sterilized rubber scalpel mounted on 1 mL glass
pipette. Serial dilutions of the conidia were made by adding
dry conidial powder in 0.05% Tween-80 solution and
number of spores was counted using hemocytometer under
a microscope to achieve required concentrations.

Bioassay

The mortality of 2™ and 4™ instar larvae, pupation, adult
emergence and egg eclosion was determined treating E.
vittella with a single dose rate of B. thuringiensis (Bt: 0.5 pg
g™") and three of B. bassiana (Bbl: 1.5x10°, Bb2: 1.5x10,
Bb3: 1.5x10° conidia mL") individually and in their
respective combinations (Bt+Bbl, Bt+Bb2 and Bt+Bb3). B.
thuringiensis was applied mixed in artificial diet and B.
bassiana was applied following larval immersion method
(Ma et al., 2008). The artificial diet was prepared and
shaken in an electric shaker for 30s in a 1 L jug for thorough
mixing and even distribution of B. thuringiensis. Eight
batches for 2™ and 4™ instar each containing 15 larvae were
prepared. Then, four batches of pre-starved (24 h) larvae for
both instars were put separately in the plastic vials (base
radius 2.4 cm x height 6 cm) and allowed to feed on 1 cm’
of artificial diet for 48 h. Three batches of Br-mixed diet fed
larvae were further immersed individually for 10s into
respective concentrations of fungal solution for combined
application of B. thuringiensis and B. bassiana, however,
the fourth batch was left to serve as B. thuringiensis alone
treatment. The remaining three batches of 2™ and 4™ larval
instars were only immersed in fungal solution containing
three concentrations of B. bassiana. The treated larvae were
put in empty petri dishes lined with filter paper to remove an
excess of moisture and were released in plastic vials
containing an untreated artificial diet until the larvae died or
pupated. The eighth batch of larvae fed on untreated
artificial diet served as control. All the bioassays were
carried out at 25+#2°C, 75% RH and 14:10 (L: D)
photoperiod. Each treatment was replicated three times and
each bioassay was repeated thrice. The data for mortality
was recorded after every 72 h and the last count noted till
pupation for both larval instars. The larvae were disturbed
with a blunt needle and those unable to move in a
coordinated manner were considered dead (Ma et al., 2008).
The data for pupation and adult emergence was also
recorded and the emerged adults were allowed to mate
freely for egg hatching percentage assessment.

Statistical Analysis

The mortality in control groups was <5% and Abbott’s
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(1925) formula was used to correct mortality in the
treatments. The data was subjected to MINITAB 13.2
statistical package (Steel et al., 1997) through one way
analysis of variance (ANOVA) for mortality, pupation,
adult emergence and egg eclosion. The means were
separated using Tukey-Kramer HSD test at 5% significance
level (Sokal and Rohlf, 1995).

Results

Larval Mortality

Significant differences were found among treatments in all
the populations for 2" instar larvae of E. vittella. The
highest larval mortality was observed with applications of B.
thuringiensis alone in the Faisalabad (57.67%) population
followed by T.T. Singh (53.43%) and Pakpattan (45.29%)
populations. The highest mortalities were obtained by
treatments of the highest does of B. bassiana (1.5x10°
conidia mL") in combination with B. thuringiensis (0.5 ng
g") with 100%, 96.08% and 89.31% mortality for
populations from Faisalabad, T.T. Singh and Pakpattan,
respectively (Table 1).

Similarly, significant differences were found among
treatments in all the populations for 4™ instar larvae of E.
vittella. The highest larval mortality with applications of B.
thuringiensis alone in Faisalabad (49.15%) population
followed by T.T. Singh (42.22%) and was observed in the
Pakpattan (36.50%) populations. The highest dose rate of B.
bassiana (1.5%10% conidia mL™") in combination with B.
thuringiensis (0.5 pg g") resulted in 91.05%, 84.12% and
76.72% mortality for populations from Faisalabad, T.T.
Singh and Pakpattan, respectively (Table 1).

Pupation and Adult Emergence

All the treatments significantly affected the pupation and
adult emergence of 2™ instar of E. vittella. The maximum
pupation and adult emergence was observed in populations
from Pakpattan (84.44, 83.70%), T.T. Singh (80.74,
78.51%) and Faisalabad (71.85, 67.40%), respectively,
where B. bassiana was applied at the dose rate of 1.5x10°
conidia mI™" (Table 2 and 3). However, minimum pupation
and adult emergence were observed where higher
concentration of B. bassiana and B. thuringiensis was
applied simultaneously against all of the selected
populations.

The pupation and adult emergence of 4™ instar of E.
vittella was significantly affected in all the treatments. The
maximum pupation and adult emergence was observed from
Pakpattan (91.11, 90.37%), T.T. Singh (87.40, 81.48%) and
Faisalabad (80.74, 77.77%) populations, respectively, where
B. bassiana was applied at the dose rate of 1.5x10°
conidia ml™ (Table 2 and 3). However, minimum
pupation and adult emergence were observed where high
concentration of B. bassiana and B. thuringiensis were
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Table 1: Mean mortality (% +SE) of Earias vittella larvae
from three different field populations treated with B.
bassiana (Bbl: 1.5x10% Bb2: 1.5x10"; Bb3: 1.5x10°
conidia ml") and B. thuringiensis (Bt: 0.5 ug g"),
individually and in combination. Means sharing same
lower case letters within each population and the upper
case letters among populations are significantly different

from each other at 5% significance level

Treatments Faisalabad T.T. Singh Pakpattan

2" Instar

Bb-1 20.58+4.72Ae 15.9243.12Ae 12.69+3.00Aef
Bb-2 35.39+4.00Ade 32.64+3.1Ad 27.03+4.13Ade
Bb-3 50.58+4.70Acd 44.92+3.95Acd 38.14+6.41Ad
Bt 57.67£3.05Ac 53.43+3.82Ac 45.2943.67Acd
Bb-1+ Bt 75.07+4.07Ab 70.05+£3.82Ab 62.27+5.35Abc
Bb-2 + Bt 84.55+3.81Aab 78.57+2.99Ab 74.18+5.08 Aab
Bb-3 + Bt 100+0.00Aa 96.08+1.71Aba 89.31+4.14Ba
Control 3.17£1.25Af 3.96+1.25Ae 1.58+1.04Af

F 83.3 107 47.6

df 7,71 7,71 7,71

P <0.01 <0.01 <0.01

4" Instar

Bb-1 14.23+2.76Afg 9.68+1.95Afg 7.46x1.33Ad
Bb-2 27.83+3.66Aef 22.54+223ABef  15.55+£3.51Bcd
Bb-3 41.69+2.86Ade 36.54+2.99Ade 31.27+3.79Abc
Bt 49.15+£3.13Acd 42.22+4 26Acd 36.50+4.44Ab
Bb-1+ Bt 58.14+4.58 Abc 53.17+5.55Abc 44.81+£3.38Ab
Bb-2 + Bt 73.17+4.91Ab 67.51+4.32Ab 61.85+5.06Aa
Bb-3 + Bt 91.05£2.71Aa 84.12+3.20Aba 76.72+4.75Ba
Control 1.58+1.04A¢g 2.38+1.19A¢g 0.79+0.79Ad

F 75.8 66.0 51.5

df 7,71 7,71 7,71

P <0.01 <0.01 <0.01
applied in combination against all the selected
populations.

Egg Eclosion

The maximum egg eclosion in 2™ instar larvae of E. vittella
was observed in Pakpattan (72.28%) followed by T.T. Singh
(68.63%) and Faisalabad (56.29%) with the dose rate of B.
bassiana alone (1.5x10° conidia mL™"). The minimum egg
eclosion was recorded in Faisalabad (0%) at the highest
dose rate of B. bassiana (1.5x10° conidia mL"') in
combination with B. thuringiensis (0.5 ug ") (Table 4).

Similarly in 4" instar the same trend for Pakpattan
(83.21%), T.T. Singh (76.46%) and Faisalabad (63.82)
populations was observed, where B. bassiana was applied at
the dose rates of 1.5x10° conidia mL™" (Table 4). Overall,
eclosion rates decreased significantly in the treatments
where higher concentration of B. bassiana (1.5%10% conidia
mL") and B. thuringiensis (0.5 pg g') were applied
simultaneously against E. vittella.

Discussion
E. vittella has attained resistance against many commonly

used insecticides and the use of bio-pesticides is one way to
overcome this resistance (Gao et al., 2012). The integration
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Table 2: Mean pupation (% +SE) of E. vittella from three
different field populations treated with B. bassiana (Bb1:
1.5%10% Bb2: 1.5%107; Bb3: 1.5x10% conidia mI™") and B.
thuringiensis (Bt: 0.5 pg g'), individually and in
combination. Means sharing same lower case letters within
each population and the upper case letters among
populations are significantly different from each other at
5% significance level

Table 3: Mean adult emergence (% +SE) of E. vittella
from three different fferentfield populations treated with B.
bassiana (Bbl: 1.5x10% Bb2: 1.5x10"; Bb3: 1.5x10°
conidia ml") and B. thuringiensis (Bt: 0.5 ug g),
individually and in combination. Means sharing same
lower case letters within each population and the upper
case letters among populations are significantly different
from each other at 5% significance level

Treatments Faisalabad T.T. Singh Pakpattan Treatments  Faisalabad T.T. Singh Pakpattan

2" Instar 2" Instar

Bb-1 71.85+3.09Bb 80.74+2.34ABb  84.44+2.93Aab Bb-1 67.40+3.75Bb 78.51+1.85Ab 83.70+2.51Aa
Bb-2 57.77+2.22Bc 65.92+44.36ABc  72.59+4.36Ab Bb-2 53.33+2.22Bc 62.96+2.96ABc  68.14+3.47Ab
Bb-3 42.22+44.00Ad 48.14+3.09Ad 54.81+5.53Ac Bb-3 36.26+2.97Bd 48.14£3.29ABd  52.59+4.77Ac
Bt 34.81+2.42Bd 47.4+3.36Ad 49.63+3.35Acd Bt 31.85+2.89Bd 42.96+3.53ABd  49.63+3.16Ac
Bb-1+ Bt 18.51+2.42Be 30.37+3.35Abe  34.07+4.64Ade Bb-1+ Bt 16.29+1.95Be 23.70+445Abe  28.88+3.51Ad
Bb-2 + Bt 12.59+3.22Ae 19.25+3.22Ae 23.7+4.02 Aef Bb-2 + Bt 10.37+3.35Bef 17.7742.93Abe  22.96+3.70Ad
Bb-3 + Bt 0.00+0.00Bf 3.70£1.61ABf 7.40+2.34Af Bb-3 + Bt 0.00+0.00Bt 2.96+1.17ABt 6.67£2.22Ae
Control 95.55+1.57Aa 94.81£1.85Aa 96.34+1.17Aa Control 92.59+2.34Aa 93.33+1.11Aa 94.81£1.85Aa
F 145 106 65.7 F 137 116 87.2

df 7,71 7,71 7,71 df 7,71 7,71 7,71

P <0.01 <0.01 <0.01 P <0.01 <0.01 <0.01

4" Instar 4" Instar

Bb-1 80.74+2.06Bb 87.40+1.33Aab  91.11+1.57Aab Bb-1 77.77+1.92Bb 81.48+4.27ABab  90.37+1.69Aab
Bb-2 66.60+2.48Bc 74.07£1.73ABbc  79.25+3.59Abc Bb-2 65.18+3.97Bc 69.63+2.51ABbc  78.51+3.81Ab
Bb-3 52.59+2.34Bd 61.48+3.09ABcd  68.14+2.42Acd Bb-3 44.44+2 93Bd 58.51+3.29Acd 65.18+2.67Ac
Bt 48.88+2.48Bd 56.29+2.74ABd  62.22+4.30Ade Bt 39.25+3.03Bd 55.55+2.48Ad 57.03+3.16Acd
Bb-1+ Bt 34.07+3.03Be 41.48+4.81Abe  50.374+2.51 Aef Bb-1+ Bt 27.4+2.82Be 36.29+4.02Be 49.63+2.74Ad
Bb-2 + Bt 21.48+1.85Bf 30.37+4.17Abe  37.03+4.98Af Bb-2 + Bt 16.29+1.95Bef 29.63+3.70Ae 34.0743.75Ae
Bb-3 + Bt 8.14+2.15Ag 12.59+3.22Af 18.51+3.29Ag Bb-3 + Bt 5.18+1.48Bf 8.14+2.15ABf 14.81+2.89Af
Control 95.55+2.48Aa 97.03£1.18Aa 96.29+1.16Aa Control 94.81+1.85Aa 94.07+2.06Aa 95.55+2.48 Aa
F 153 87.6 69.5 F 136 81.8 87.3

df 7,71 7,71 7,71 df 7,71 7,71 7,71

P <0.01 <0.01 <0.01 P <0.01 <0.01 <0.01

of various microbial suspensions such as B. thuringiensis
and B. bassiana can increase their efficacy against
voracious and polyphagous insect pests compared to the
materials applied alone. The resistance to conventional
insecticides in the insect pests can be overcome by
integrating the microbial agents (Ma et al., 2008). Further,
environmental benign characteristics makes these microbes
more suitable in integrated pest management regimes
against different insect pests.

The order Lepidoptera contains various insect pests
which can be efficiently controlled by entomopathogenic
fungi (Vega-Aquino et al., 2010). The present results
showed various life stages of E. vittella have higher
mortality, lower pupation, adult emergence and egg eclosion
rate after the infection of B. bassiana. Likewise, similar
results were observed for M. anisopliae in laboratory
bioassays against different developmental stages of H.
armigera (Nguyen et al., 2007). Several isolates of M.
anisopliae have also shown high levels of virulence against
various forest pests (Remadevi et al., 2010) and 90%
mortality of Agriotes obscurus L. (Coleoptera: Elateridae)
and the unidentified species of Limonius was reported
(Kabaluk et al., 2001) under laboratory conditions. The
decreased mortality trend was observed in the subsequent
stages of various insect pests with the application of insect
pathogenic fungi (Inglis et al., 2001).
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The virulence of entomopathogenic fungi varies
greatly in different life stages of insect pests because
phenoloxidase enzymes in the later stages of insects produce
more melanin content in the cuticle of insects which
prevents the fungal penetration (Wilson et al., 2001). The
same phenomenon was observed (Hafez et al., 1997) for B.
bassiana against potato tuber moth Phthorimaea
operculella (Z.) (Lepidoptera: Gelechiidae). On the other
hand, contradictory results were obtained (Vandenberg et
al., 1998) as the 3" and 4" instar larvae of diamond back
moth Plutella xylostella L. (Lepidoptera: Plutellidae) were
more susceptible to entomopathogenic fungi compared to
2" instar larvae.

B. thuringiensis intoxication interrupted the larval
feeding of early instars compared to later instars (Wraight
and Ramos, 2005). The insecticidal activity of B.
thuringiensis decreased with increasing larval growth of E.
vittella in the present study and the results were in
accordance with the findings of Herbert and Harper (1985)
who observed B. thuringiensis has no effect on the later
developmental stages of Helicoverpa zea Boddie
(Lepidoptera: Noctuidae). Thus they were more susceptible
to B. bassiana and this interaction may be termed a
synergistic effect of insect pathogens (Gao et al., 2012).
Likewise, Zehnder and Gelernter (1989) recorded 40-98%
mortality of 2" instar compared with 52% mortality of 3™
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Table 4: Mean egg eclosion (% +SE) of E. vittella from
three different field populations treated with B. bassiana
(Bb1: 1.5%10% Bb2: 1.5x107; Bb3: 1.5x10% conidia ml™)
and B. thuringiensis (Bt: 0.5 pg g), individually and in
combination. Means sharing same lower case letters within
each population and the upper case letters among
populations are significantly different from each other at
5% significance level

Treatments  Faisalabad T.T. Singh Pakpattan

2" Instar

Bb-1 56.29+7.45Ab 68.63+4.30Ab 72.28+4.48 Aab
Bb-2 48.92+6.28 Ab 55.39+5.99Abc 61.27+5.54Abc
Bb-3 36.8+11.82Abc 43.57+8.29Abcd  48.51+7.86Abcd
Bt 29.6+7.65Abcd 35.6249.47Acde  39.63+6.05Acde
Bb-1+ Bt 13.8142.94Acde  21.34+5.57Adef  27.6+5.43Adef
Bb-2 + Bt 7.28+3.74Ade 12.21+3.68 Aef 18.45+4.42 Aef
Bb-3 + Bt 0.00+0.00Ae 7.06+4 A5Af 13.24+5.06Af
Control 93.00+1.42Aa 97.89+7.65Aa 95.00+1.19Aa

F 235 25.8 235

df 771 771 771

P <0.01 <0.01 <0.01

4" Instar

Bb-1 63.82+10.11Ab 76.46+5.22Abc 83.21£3.52Aab
Bb-2 54.55+5.48Bbc 65.96+3.88ABbc  72.44+4.59Aabc
Bb-3 43.64+7.24Abcd  52.43+8.68Abcd  54.54+7.12Abcd
Bt 36.63+7.73Acde  44.75+9.00Acde  50.95+10.34Abcd
Bb-1+ Bt 19.68+4.92Adef  28.96+7.01Adef  35.51£10.47Acd
Bb-2 + Bt 11.71£3.52Aef 17.14£7.31 Aef 23.77+6.77Ad
Bb-3 + Bt 4.64+1.83Af 10.45+4.61 Af 13.68+7.67Ad
Control 94.70+1.49Aa 91.62+1.83Aa 96.60+17.04Aa
F 235 213 9.68

df 771 771 771

P <0.01 <0.01 <0.01

instars of the Colorado potato beetle (Leptinotarsa

decemlineata Say Coleoptera: Chrysomelidae) after 96 h with
the application of B. thuringiensis var sandiego (M-ONE).
Lacey et al. (1999) reported excellent control of L.
decemlineata by applying low and high recommended dose
rates (1.17 and 7.01 ha') of B. thuringiensis. Similarly,
Zehnder et al. (1992) obtained good results when
application of B. thuringiensis was synchronized with the
oviposition time of L. decemlineata. The ecdysis or molting
enables the insects to escape from the infectious cycle of a
fungus and more fungal spores rupture and penetrate the
cuticle of the host during the prolonged intra-period of
molting (Vey and Fargues, 1977). Similarly in our
bioassays, the mortality rate was higher with the higher dose
rates of B. bassiana and B. thuringiensis against 2" and 4"
instar larvae of E. vittella and these findings agree with
Lacey et al. (1999). The researchers reported reduced
populations of L. decemlineata when B. bassiana and B.
thuringiensis were applied simultaneously in small plots.
Similarly, Wraight and Ramos (2005) observed the best
control of larval populations of L. decemlineata with the
combined application of B. bassiana and B. thuringiensis.
Our results are more strengthened with the findings of
Lewis et al. (1996) who reported the increased mortality of
Ostrinia nubilalis Hiibner (Lepidoptera: Pyralidae) when B.
bassiana and B. thuringiensis were applied in combination.
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Conclusion

This is a novel study in which the effectiveness of B.
bassiana and B. thuringiensis were tested against different
larval instars of E. vittella populations which was originated
from distinct geographical areas of Punjab province
(Pakistan). The results of laboratory bioassays indicated that
the combined application of B. bassiana and B.
thuringiensis showed significant higher mortalities against
both 2™ and 4" larval instar of E. vittella. Moreover, 4"
instar larvae were less susceptible than 2™ instar larvae of E.
vittella and the possible reason could be again due to the
production of phenoloxidase enzyme in later developmental
stages of larvae. The phenoloxidase enzyme produces toxic
compounds like melanin and quinine which can resist in
fugal germ tube to grow in hemolymph to deplete the
nutrients (Wilson et al., 2001). The mortality obtained in the
laboratory bioassays did not predict the field mortality and
there is need to conduct extensive field studies to check the
combined efficacy of B. bassiana and B. thuringienis so that
to develop and validate the successful IPM solution against
E. vittella in vegetable growing areas.
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