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INTRODUCTION

Cotton is the most important commercial crop of India. It is grown in 9.3
million ha area with production of 13.1 million bales (Singhal, 1999). Cotton is infested
by 162 insect species, of which about a dozen are economically important pests causing
considerable yield reduction (Sundaramurthy, 1986; Dhawan et al., 1988; Satpute er al.,
1988). The Old World bollworm, Helicoverpa armigera (Hiibner) is a important
bollworm of cotton in India. The crop losses due H. armigera in India is estimated
around US§ 350 millions annually (King, 1994). Sheng (1997) reported f1. armigera as
most serious pest of cotton causing considerable yield loss in China. Due to the high
commercial value of cotton, it is subjected to intensive plant protection measures for 3 -
4 months against all the stages of different bollworms. In India, cotton receives about
55% of the total pesticide used on various crops. Such a high usage of pesticide often
results in frequent outbreaks of sucking pests and bollworms mainly due to
development of resistance (many folds) in these pests. Extensive usage of insecticides
has also resulted in diminution of natural enemies, normally present in the cotton
ecosystem. Under the traditional system, where pesticides were not used
indiscriminately, the natural enemies were primarily responsible for keeping pests
population below economic injury level. Helicoverpa armigera has developed
resistance to almost all-conventional insecticides including synthetic pyrethroids used
for its management (Castle er al., 1994; Armes et al., 1996). It is, therefore, natural that
an integrated approach is favored, including use of Bf transgenic cotton as one of the

components, so that unilateral dependence on pesticides is avoided.

Transgenic cotton, expressing CrylAc, is likely to get approval for commercial
use in India. The advantage of transgenic cotton is that it is tolerant to bollworms due to
expression of CrylAc toxins. However, resistance to Bt toxins expressed in plants is

likely to develop in bollworms when they are continuously exposed to Bt cotton.



ABSTRACT

The baseline susceptibility, of fourteen different geographical
populations of Helicoverpa armigera (Hiibner) collected from 6 major
cotton growing states of India viz. Madhya Pradesh (Barwah and
Khandwa), Gujarat (Rajkot and Vadodra), Maharashtra (Jalgoan,
Jalna and Yavatmal), Andhra Pradesh (Adilabad, Warangal and
Guntur), Karnataka (Davanagere and Ranebennur) and Tamil Nadu
(Coimbatore and Dindigul), to the insecticidal protein CrylAc from
Bacillus thuringiensis was determined through bioassays using probit
analysis. All the populations were susceptible to Cry 1Ac protein. The
lethal concentration (related to mortality), LCsg, ranged from 0.114 to
0.594, LCyq from 1.016 to 6.700 and LCys ranged from 2.004 .to 19.462
pg of CrylAc / ml of diet. Molt inhibitory concentration (related to
developmental stage, not allow'mg larvae to go beyond 1% instar),
MICs ranged from 0.051 to 0.140, MICy ranged from 0.246 to 0.910
and MICys ranged from 0.424 to 1.826 pg of CrylAc / ml of diet. The
inhibitory concentration (not allowing larvae to reach 3™ instar), ICsy,
ranged from 0.015 to 0.052, ICyp ranged from 0.080 to 0.246 and ICos
ranged from 0.140 to 0.472 pg of CrylAc / ml of diet. The effective
concentration (weight related), ECso ranged from 0.0004 to 0.0036 and
ECyg values ranged from 0.0094 to 0.0471 pg of CrylAc / ml of diet
for the various populations. These values form the baseline data for
susceptibility of H. armigera to CrylAc and can be used as

benchmark for monitoring resistance to CrylAc.
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Fig. 1. Collection localities of cotton bollworms from different geographical
locations of India covering six states and fourteen places




Among the methods advocated for managing resistance to Bz toxins produced in
crops, periodic monitoring of susceptibility across geographical populations of
bollworms to Bt toxin forms the first and foremost step. Helicoverpa armigera was
selected as the subject of study because among the bollworms in India, H. armigera is
the most difficult to control and also has developed resistance to many currently used

insecticides.

As a benchmark study, A armigera populations from ten geographical

locations, covering the entire cotton belt of India, were screened for susceptibility to
!

Cryl Ac during kharif of 2000. The same study has been extended during kharif of 2001

but covering fourteen locations in Central and South India cotton growing states.

MATERIALS AND METHODS

1. Locations for the collection of H. armigera

Grown-up larvae (II1 instar and above) of . armigera were collected from the
Bt cotton experimental trial plots of Mahyco. The field locations from which the
populations were collected are as follows (Table 3): ‘

Table 3. Collection of Helicoverpa armigera from different locations

Sl No. | Collection locality | State Initial nos. of larvae collected

1z Barwah Madhya Pradesh 264
Khandwa Madhya Pradesh 285

3 Rajkot Gujarat 250
4 Vadodra Gujarat | 312
3. Jalgoan Maharashtra 250
6. Jalna Maharashtra 300
7 Yavatmal Maharashtra 250
8. Adilabad Andhra Pradesh 325
9. Warangal Andhra Pradesh 340
10. Guntur Andhra Pradesh 432
11. Ranebennur Karnataka 132
12 Davanagere Karnataka 120
13. Coimbatore Tamil Nadu 216
14. Dindigul Tamil Nadu 184

3



2. Helicoverpa armigera culture

The larvae were collected individually in glass vials containing semi-synthetic
diet developed by Nagarkatti and Satyaprakash (1974) and transported to the laboratory
of Project Directorate of Biolégical Control (ICAR), Bangalore. The larvae were
transferred in the laboratory on freshly prepared diet. Moths on emergence were
transferred to egg laying cages and eggs were collected as described by Kumar and

Ballal (1990). The neonate larvae were used for bioassay against CrylAc protein.

The eggs collected from the egg laying cages were surface sterilised in 0.05%
sodium hypochlorite solution, transferred to ¢loth and kept for hatching. A portion of
neonate culture was used for maintaining the culture and the rest was used for
bioassay. The neonate larvae, meant for culture maintenance, were reared on semi-
synthetic. The diet for 1. armigera consisted of - Kabuligram flour (105 g), Ascorbic
acid (3.25 g), Methyl parahydroxy benzoate (2 g), Sorbic acid (1 g), Streptomycin

sulphate (0.25 g), Yeast (10g), Multivitaplex® (2 Capsules), Vitamin E (2 Capsules),

10% formalin ( 2 ml) and water 800 ml - for one set of diet. The pupae of H. armigera
collected from artificial diet were surface sterilised in 0.1% sodium hypochlorite

solution before transferring in egg-laying cage.
3. CrylAc standard

The source of CrylAc was the freeze-dried formulation of MVP® I (cell - cap®

encapsulation system of Mycogen USA). VThe formulation contains 19.7% (by weight)
of CrylAc. An appropriate amount of MVP powder was weighed and diluted in 0:22%
agar solution for bioassay. The Bt protein was assayed by the diet incorporation
method. Helicoverpa armigera diet was prepared using above-mentioned ingredients

6



Project/bioassay for which test materials was used:

hinal feni

Geogr:

of H. armigera

Test Material (s):
1. MVP (Cry 1 Ac)

Specifications:

Primary Dilution :

Date of Dilution: Primary stock volume (uL): 277
19.7% by wt of Cry 1Ac Primary stock (pg/mL): 1000 Water volume (UL): 6,656
Final 1" dilution (uig/mL): 8.00 Total volume (UL): 6,933
Total # dilutions: 7 Diet incorporation :
Serial dilution ratio: Y4 Sample/dilution (mL): 52
Sample dilution in diet: + Diet/dilution (mL):  20.8
Diet/ Well (uL/ mL): 750 | Total volume/dilution (mL):  26.0
# Wells/dilution: 32 Diet/test material (mL):  145.6
# Trials: | Diet/test — incl. UTC (mL):  332.8
Dilution #1 #H2 #3 #4 #5 #6 #1
Initial volume (uL) 6,933 | 6,933 | 6,933 | 6,933 | 6,933 | 6,933 | 6,933
Volume removed for next dilution (UL) 1,733 | 15033 || 1733 | 1,933 1,733 1,733 | 1,733
Volume remaining for this dilution (L) 5,200 | 5,200 | 5,200 | 5,200 | 5,200 | 5,200 | 5,200
Volume to discard (uL) 0 0 0 0! 0 0 0
Stock sample conc. ([g/mL) 40.0 10.0 2.5 | 0.625 | 0.156 | 0.039 | 0.01
Diet sample conc. (Ug/mL) 8.0 2.0 0.5 | 0.125 | 0.031 | 0.008 | 0.002
Dilution Procedure:
1. 277 UL primary stock + 6.656 mL water
8.0 ppm in diet
2. 1.733 mL #1- + 5.2 mL water
2.0 ppm in diet
3.1.733 mL #2 + 5.2 mL water
0.5 ppm in diet
4. 1.733 mL #3 + 5.2 mL water
0.125 ppm in diet
5. 1.733 mL #4 + 5.2 mL water
0.031 ppm in diet
6. 1.733 mL #5 + 5.2 mL water
0.008 ppm in diet
7. 1.733 mL #6 + 5.2 mL water
0.002 ppm in diet = Discard 1.733 mL




(except formalin) and was poured into sterile glass bottles and kept warm in hot water
bath maintained at 60°C. The primary stock solution for CrylAc was prepared by
mixing the 25.38 mg MVP II powder in 5 ml of 0.2 % agar solution. Sterile centrifuge
tubes (40 ml) were used for preparing the primary stock solution and the serial
dilutions. The primary stock solution was mixed thoroughly using vortex™ Cyclo-
mixer and serial dilutions were prepared sequentially in 0.2% agar solution as
mentioned in dilution sheets (Table 4). The 5.2 ml of the sample was mixed in the 20.8
ml of the diet and poured in insect bicassay trays (CD International trays™). Seven
serial dilutions were made and compared with control. Newly hatched larvae were
transferred on to the diet in the bioassay trays @ | larva / well with the help of fine hair
brush. After larval transfer, bioassay trays were covered with pull-n-peel tabs (CD
International pull-n-peel tabs™). The entire experiment was done under laminar flow
clean bench. The trays were kept in BOD incubator maintained at 27+0.5°C. Thirty-two
larvae were used for each toxin concentration and the entire assay was repeated 8 times
with each population of /. armigera. Thus for each population a total of 1792 larvae

were used in the assay.

The bioassays was rated after seven days and observations on mortality, instars
of surviving larvae and group weight of all the surviving larvae was recorded. Probit
analysis of the data was carried out using JMP package version 3.1 (SAS Institute Inc.,
Cary, NC, USA) to compute LCsy, LCg9, LCys, MICs0, MICgg, MICys, ICsq, ICqq, ICss,
ECs and ECy.

RESULTS AND DISCUSSION

-The geographical populations of H. armigera were maintained for 1 to 2 months

in the laboratory. Table 3 gives an account of initial numbers collected from the field.

Fourteen different geographical populations of FH. armigera exhibited
differential mortality response to Bt CrylAc toxin. LCsy values of neonates ranged
0.114 to 0.594 pg/ml, with Davanagere (Karnataka) population having lowest LCsp

8
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value of 0.114 and Rajkot (Gujarat) with highest LCsq value of 0.594 pg/ml (Table 5)
(Fig. 2). LCqo values ranged from 1.016 - 6.700 pg /ml for 14 different H. armigera
populations (Fig. 3). LCys values ranged from 2.004 — 19.462 pg /ml for 14 different &,
armigera populations (Fig. 4). The mortality response showed that all the populations
were highly susceptible to B CrylAc toxin, CrylAc has been reported to be most
potent toxin out of eleven different toxin tested against /7. armigera (Chakrabarti ef al.,
1998). Variation in susceptibility of CrylAc toxin among 12 different populations of
European corn borer has been reported but on the whole all populations were found to
be highly susceptible (Marcon et al;, 1999). Gujar et al. (2000) reported variations in
susceptibility of H. armigera populations collected from various ‘placcs in India. They
had studied the susceptibility of H. armigera collected from crops like pigeon pea,
cotton, Chenopodium, okra, tomato and reported that populations collected from Delhi
and Raichur were least susceptible with 8.72 and 39.5; 15.33 and 43.8 per cent
mortality, respectively, and that of Hyderabad and Madurai were most susceptible with
80.8 and 93.3; 70.3 and 93.7 per cent mortality, respectively at dosages of 10 and 100
ppm of Btk HD-1 strain. However, for HD-73 strain Mehna and Nagpur populations
were least susceptible, whereas all populations collected from Andhra Pradesh and

Tamil Nadu were highly susceptible.

Moult inhibitory concentration (MIC) is a dose that inhibits neonate larvae to

grow beyond 1% instar. MICs values ranged from 0.051 to 0.140 (Fig. 5), MICy values

from 0.246 to 0.910 pg/ml diet (Fig. 6) and MICys values from 0.424 (o 1.826 pg/ml

diet for 14 different populations (Fig. 7) (Table 6).

Growth inhibitory effect of CrylAc toxin revealed that 1Csy values of neonate
larvae that could not reach 3™ instar stage ranged from 0.015 to 0.052 (Fig. 8), ICy
0.080 to 0.246 (Fig. 9) and ICos 0.140 to 0.472 ug/ml diet (Fig. 10) for 14 different

populations (Table 7). Wu ez al. (1999) had earlier reported differential susceptibility of
9



H. armigera to CrylAc in China and found wide range of susceptibility (100- fold)
and narrow range of growth inhibition (5- fold) in 23 geographic populations. Gujar et
al. (2000) reported variable growth reduction (90.0 - 95.8 per cent) in different

populations of /7. armigera to HD-1 and HD-73 strains of B. thuringiensis.

Effective concentration (EC) of Cryl Ac that was required to stunt the weight of
the larvae to various extents was also studied. ECsq ranged from 0.00036 to 0.00364
pg/ml diet (Fig. 11) and Ecgg 0.0094 to 0.05394 pg/ml diet for 14 different populations
(Fig. 12) (Table 8). The relative suitability of larval mortality and growth inhibition
assays for monitoring the sensitivity of H. virescens and H. zea to CrylAc has been

reported (Sims ef al., 1997).

10
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The break up of Rs. 4.00 lakhs received from Mahyco, Mumbai
for screening of Bf CrylAc protein against 14 locations of
Helicoverpa armigera as consultancy service

SL No. | Item Amount (Rs.)
I: Recurring charges (including diet ingredients, | 58,000/=
repair / servicing of equipment (s), if any, etc.
11 Collection charges @ Rs. 500/= in one location 7,000/=
x 14 locations
1.2 Vehicle hiring charges @ Rs. 1,000/= in one | 14,000/=
location x 14 locations
1.3 Printing of report (including cartridge, xerox 6,000/=
paper, report binding, etc.)
2 Salary 30,000/=
3. Travelling allowance 25,000/=
4. Institutional charges for consultancy service 50,000/=
5 Consultancy charges 1,50,000/=
6 Equipments including bioassay trays, pull’N| 60,000/=
eel tabs (Covers Bio CV - 16)
Total = 4,00,000/=
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