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ABSTRACT

Brinjal fruits damaged by the brinjal shoot and fruit borer were collected from ten locations representing North
Karnataka during Kharif 2009 and 2010. The adults emerging from the collected damaged fruits were allowed to
mate using standardized rearing techniques in the laboratory. Eggs collected from mating cages were allowed to
hatch and neonate larvae of these field -collected parents were used in bioassays to determine susceptibility to the
Cry1Ac protein. Bioassays involved exposure of neonate larvae to various concentrations of diet incorporated with
the Cry1Ac protein that produced 0-100% mortality. A stock solution (250 ìg/ml) of Cry1Ac was made in 0.2% agar
solution and dilutions were made in deionized water. MVP II® (Mycogen Corp., USA), which contained 19.7% (by
weight) Cry1Ac protein. Neonates exposed to Cry1Ac concentrations were kept in dark at a temperature of 26±1°C
and 55 -65% RH. Larval mortality and instar stage of surviving larvae were recorded on 7 th day in diet-
incorporation assays. Larvae that did not move when disturbed were considered to be dead. The probit analysis
(Finney 1971) of mortality data from Cry1Ac bioassays was done using EPA Probit Programme version 1.5. It is
observed that the populations have 1-4 fold variability (0.026-0.104 ppm) in their level of susceptibility across the
locations. Of the populations studied, Bijapur population recorded highest LC50 value of 0.104 ppm followed by
Bellary and Belgaum. Whereas, Koppal recorded the lowest LC50 value of 0.026 ppm. The results were found to be
consistent for both the years. The susceptibility to Cry1Ac among ten populations of the fruit and shoot borer
observed in this study indicates limited variability.
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Egg plant or Brinjal, Solanum melongena Linnaeus
is highly cosmopolitan, commonly grown vegetable,
popular as poor man’s crop and economically low-
income consumers in South Asia (Bangladesh, India,
Nepal, and Sri Lanka). It is native of India and is grown
throughout the country. Brinjal shoot and fruit borer is
the most destructive pest of brinjal, which caused 31-
86% fruit damage in Bangladesh reaching up to 90%,
37-63% in India  and 50-70% in Pakistan. Farmers of
Bangladesh as well as of other Asian countries in most
cases solely depend on insecticides for the management
of the pest. In India, transgenic overexpression of
Bacillus thuringiensis Berliner endotoxins (Bt Cry
proteins) in several plant species has been proven to be
effective against lepidopteran insect pests, including L.
orbonalis (Singh et al., 2005). Since Bt usage against L.
orbonalis has been low in India, the introduction of insect
resistant transgenic crops is expected to be of immense

value in pest management programmes. Like any kind
of chemical insecticides, large-scale cultivation and long
term exposure to transgenic brinjal in the coming years
may possibly impose selection pressure on the insect
pest depending upon the species, geographical origin of
the founder colony. In this view, baseline susceptibility
of different populations of L. orbonalis will help in
providing a database for developing transgenic crops
with the right kind and amount of Cry toxin expression,
and would also serve to monitor spatial and temporal
development of resistance in target insect species, which
is a primary regulatory requirement for transgenic crop
technology.

METHODOLOGY
Brinjal shoot and fruit borer Leucinodes orbonalis

was reared on semi-synthetic diets developed by Asian
Vegetable Research and Development Center
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(AVRDC, 1998) and Indian Agricultural Research
Institute (P.D.Patil,1990) with some modifications.
Blackgram was soaked for half an hour prior to use.1
liter of distilled water was poured into a stainless steel
container. 20 g of agar mentioned in part-B was added
to the water and mixed thoroughly. The suspension was
boiled slowly by stirring intermittently until it broths. Boil
until the solution becomes clear. Shut off the heat and
allow the solution to cool. In the meantime, the required
quantity of all the ingredients were weighed and mixed
well in mixer along with this egg plant fruit powder was
also added. Molten agar solution was added in to the
mixer. Mixture was blended to mix thoroughly for about
2 minutes. The diet was kept for conditioning in an
incubator at ambient temperature for 48 h and then
preserved in the freezer. It was later used when required.

Brinjal fruits damaged by the brinjal shoot and fruit
borer were collected from ten locations representing
North Karnataka during Kharif 2009 and 2010. The
adults emerging from the collected damaged fruits were
allowed to mate using standardized rearing techniques
in the laboratory. Eggs collected from mating cages were
allowed to hatch and neonate larvae of these field -
collected parents were used in bioassays to determine
susceptibility to the Cry1Ac protein. Bioassays involved
exposure of neonate larvae to various concentrations
of diet incorporated with the Cry1Ac protein that
produced 0-100% mortality. A stock solution (250 ìg/
ml) of Cry1Ac was made in 0.2% agar solution and
dilutions were made in deionized water. The source of
Cry1Ac protein used in the bioassays was the
commercial formulation, MVP II® (Mycogen Corp.,
USA), which contained 19.7% (by weight) Cry1Ac
protein. Neonates exposed to Cry1Ac concentrations
were kept in dark at a temperature of 26±1°C and 55 -
65% RH. Larval mortality and instar stage of surviving
larvae were recorded on 7 th day in diet-incorporation
assays. Larvae that did not move when disturbed were
considered to be dead. Susceptible culture of Leucinodes
orbonalis was obtained by collecting larvae from wild
species of brinjal and reared on artificial diet under
laboratory without any selection pressure up to seven
generations.The probit analysis (Finney 1971) of
mortality data from Cry1Ac bioassays was done using
EPA Probit Programme version 1.5.

RESULTS AND DISCUSSION
Base line susceptibility studies were conducted for

Cry1Ac protein for two consecutive years (Table 1). It
is observed that the populations have 1-4 fold variability
(0.026-0.104 ppm) in their level of susceptibility across
the locations. Of the populations studied, Bijapur
population recorded highest LC50 value of 0.104 ppm
followed by Bellary and Belgaum. Whereas, Koppal
recorded the lowest LC50 value of 0.026 ppm. The
populations from  Raichur, Gulbarga and Bidar were
least susceptible to CryI Ac protein indicating the LC50
values of 0.032 ì g/ml, 0.034 ì g/ml and 0.036 ì g/ml
respectively. The results were found to be consistent
for both the years. The susceptibility to Cry1Ac among
ten populations of the fruit and shoot borer observed in
this study indicates limited variability. At a fundamental
level, the study is working to determine the baseline
susceptibility of different geographical populations of
ESFB prior to Bt eggplant commercialization. The
baseline data generated with respect to Bt susceptibility
will be helpful in arriving at a diagnostic/ discriminating
dose for future resistance monitoring programs.
Laboratory selections of ESFB reared on a Bt diet will
determine the potential for resistance evolution.
Identification of resistant strains will also be useful in
assessing cross resistance to other Bt toxins, and in
identification of molecular mechanisms of resistance and
potential target sites for Bt toxins.

Table 1.Susceptibility of Brinjal shoot and fruit borer
populations to Cry1Ac protein (N= 150 )

           Sampling locations LC50 value (ppm)

Bidar 0.036
Gulbarga 0.034
Yadgiri 0.044
Raichur 0.032
Bellary 0.085
Koppal 0.026
Bagalkot 0.056
Bijapur 0.104
Dharwad 0.062
Belgaum 0.083

CONCLUSION
Development of Cry 1Ac baseline susceptibility

data prior to widespread commercial release of Bt brinjal
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represents the first step toward the planning and
development of resistance monitoring program.
Knowledge of natural variation among L.orbonalis

populations in response to Cry 1Ac protein is essential
to develop and implement resistance management
strategies
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