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the identified plants will be retested. It is 
expected that the mutants so identified 
will have compounded reproduction com-
prising apomictic and normal sexual 
mechanisms. The apomictic mutants will 
be easier to detect when the starting geno-
type is characterized by high or complete 
sexual sterility. The auto- and allo-tri-
ploids that are known to be nearly sterile 
may prove highly useful starting geno-
types. To begin with, triploid genotypes 
of species belonging to Solanaceae, Cu-
curbitaceae and Brassicaceae appear to 
offer requisite advantages. In this regard, 
Arabidopsis (or Brassica), Lycopersicon 
esculentum (or Solanum melongena), papaya 
and melons appear promising herbaceous 
and tree species for experimentation.  
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Bt-cotton: Protein expression in leaves is most critical 
 
This has reference to the article by Kranthi 
et al.1. Their conclusions … ‘Cry 1Ac ex-
pression levels were the lowest in the 
ovary of flowers and boll rind of green 
bolls, which constitute the most favoured 
sites of bollworm attack … . The toxin 
expression was clearly inadequate to confer 
full protection to the fruiting parts’, have 
been widely quoted and exploited by certain 
NGOs to condemn this technology2. 
 No doubt, the fruiting parts, especially 
squares and bolls, are the most preferred 
for feeding by Helicoverpa armigera, caus-
ing direct damage and heavy yield loss. 
However, what appears to have been less 
realized is a significant fact that larvae move 
to these parts after completing their ini-
tial feeding on leaves. 
 H. armigera starts its activity when the 
crop is young and still in its vegetative 
phase. Its feeding and reproductive activities 
intensify as the crop enters the reproductive 
phase and plenty of squares and green bolls, 
the most cherished food, become available. 
Its most preferred site for oviposition is the 
leaf, especially tender leaves at the upper 
half of the plant3, although a small number 

is laid on other parts as well. A great ma-
jority of the newly hatched larvae ini-
tially feed by scraping chlorophyll in the 
tender leaves and, as they grow, move 
over to the squares and bolls for further 
feeding and development4,5. The neonates 
that directly feed on squares and bolls are 
relatively few. Furthermore, Bt protein is 
most effective only against the early in-
star larvae, while the grown-up larvae 
(3rd instar and beyond), even if they feed 
on Bt plants, no matter whether it is flowers, 
squares or bolls, do not die, although 
they suffer a setback in their overall 
health. Therefore, it is most critical that in 
a Bt-cotton plant the expression of Bt 
protein should be adequate and sustained 
in the leaves throughout or for most part 
of the plant life. As a result, a large number 
of larvae that feed on such leaves, where 
the protein expression is highest, perish 
with little chance to advance to the next 
instar. Of course, if protein expression is 
adequate in the fruiting parts also, it will 
add to further mortality of the larvae hatch-
ing on them, however small their popula-
tion may be. 

 The studies carried out to date6, including 
the recent one by by Kranthi et al.1, have re-
vealed that Bt protein expression is highest 
in leaves. This matters the most. Hence Bt-
cotton is able to provide satisfactory control 
of H. armigera in India as in China, Austra-
lia and other old world countries where the 
same species occurs, and also related species 
in USA and other countries7. 
 If the authors had used neonates8,9 in-
stead of the one-day-old larvae for bioas-
says, it would have been closer to reality 
and they would have recorded higher 
percentage mortality in the tissues of all 
parts. However, they have brought out 
certain issues like the importance of parental 
background for improvement of Bt-cotton 
which should be considered wherever possi-
ble. I believe this was their intention. 
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Response: 
 
Bt-cotton: High toxin level in  
fruiting parts is most critical for  
bollworm control 
 
Protein expression in leaves is certainly 
important. I agree. But to say that it is the 
most critical is incorrect. Fruiting parts 
are the most favoured feeding sites of the 
four bollworm species, viz. the cotton boll-
worm, Helicoverpa armigera.; the pink 
bollworm Pectinophora gossypiella; the 
spotted bollworm, Earias vittella and the 
spiny bollworm, Earias insulana. High 
toxin expression in fruiting parts, and not 
leaves, is certainly most critical for effective 
bollworm control. 
 It is true that the H. armigera lays major-
ity (70–80%) of its eggs on leaves of the 
upper canopy and neonate larvae scrape 
and feed on the surface of the leaf soon 
after hatching and get killed. However, 
rest of the eggs (20–30%) laid directly on 
squares, flowers and bolls can survive, 
depending on the levels of toxin expres-
sion in these parts. The issue also relates 
to the efficacy of Bt-cotton on the other 
three major pests of cotton, the pink boll-
worm, spiny bollworm and spotted boll-

worm. These insects lay majority of their 
eggs directly on fruiting parts or in their 
close vicinity. Neonates that hatch from 
eggs laid elsewhere go straight to the fruiting 
parts within a few hours after hatching. 
Therefore, toxin expression at adequate 
levels in fruiting parts becomes impor-
tant. It must be mentioned here that 
Cry1Ac is at least 3–6 times more toxic 
to the other three bollworms compared to 
its toxicity on H. armigera. Hence, the 
current levels of Cry1Ac in fruiting parts 
are reasonably effective against the pink 
bollworm, spotted bollworm and spiny 
bollworm. But higher levels would be more 
preferable for effective and sustainable 
control of all the bollworms. More impor-
tantly, higher toxin expression in fruiting 
parts, especially in the boll rind can pre-
vent bollworm larvae from reaching the 
developing non-Bt seeds that constitute 
about 25% of the total seeds present in 
each of the bolls on the Bt-cotton F-1 
hybrid plants. 
 Manjunath suggests that using neo-
nates in the bioassays would have been 
closer to reality. In our experience, we 
did not find any significant difference in 
Cry1Ac bioassay results of corrected mortal-
ity using neonates and one-day-old lar-
vae. However, the major disadvantage with 
neonates compared to one-day-old larvae 
is that the former are fragile and show 
> 10% mortality in controls, which is un-
acceptable; whereas, mortality of one-day-
old larvae rarely exceeds 5% in controls. 
 As Manjunath pointed out, some NGOs1 
were trying to use our results to show 
that Bt-cotton is ineffective in India. Our 
data2 show that Bt-cotton can be less effec-
tive than is commonly expected, but cer-
tainly not ineffective. The NGOs also 
tried to relate our data to the cases of Bt-
cotton crop failures in some parts of the 
country. Clearly, there appears to have been 
some confusion between failure of the 
technology itself and failure of the prod-
uct that was developed incorporating the 
technology. Failure of a particular Bt-
cotton hybrid to give higher yields in a 
particular location can be due to innu-
merable factors, including genetic, envi-
ronmental, biotic and abiotic stresses and not 
necessarily because the Bt-technology 

failed to protect the crop from bollworm 
damage. There has been hardly any sci-
entific proof anywhere in India thus far 
to show that low yields in Bt-cotton in the 
locations reported were due to bollworm 
damage. Bt-cotton was introduced in India 
three years ago, in March 2002. In fact, 
bollworm infestation over the past three 
years did not cause cotton crop failures 
either in Bt-cotton or even in non-Bt-cotton 
in any part of the country. Therefore, it 
would be incorrect to relate poor yields 
of Bt-cotton to the varying levels of Cry1Ac 
expression in the plant and erroneously 
conclude that the technology is ineffec-
tive. 
 Our effort has been to present a realis-
tic picture of the true potential of the cur-
rently available Bt-cotton hybrids with 
reference to India2. We believe that there 
is room for improvement and much can 
be done even with the currently available 
material. Under field conditions, even 
MECH-162, which is not really the best 
(in terms of Cry1Ac expression) of available 
Bt-cotton hybrids, has been successful in 
reducing bollworm populations by at least 
70–80%. This is significant in terms of 
control efficacy and economic returns. How-
ever, our data clearly show that Cry1Ac 
expression could be enhanced in fruiting 
parts depending on the parents used in 
hybrid development. We suggested that 
seed companies should enhance their efforts 
to develop hybrids that have high expres-
sion in fruiting parts and high expression 
in leaves for the longest possible time. 
Most importantly, Indian researchers must 
intensify efforts to develop straight Bt 
varieties at the earliest, incorporating the 
best possible toxin expression in all parts 
of the plant. 
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