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ABSTRACTABSTRACTABSTRACTABSTRACTABSTRACT

The cotton ecosystem in India is different from rest
of the world; it is the only country where seven
cultivated types of cotton (four species + three
types of hybrids) are commercially grown.  The
green signal for commercial cultivation of Bt-cot-
ton has been a milestone where yield loss due to
bollworms was considered as a social catastro-
phe.  Release of Bt-cotton has been a declared
war between three bollworms (H. armigera, Erias
and Pectinophora) and Bt-cotton.  Widespread tri-
als of Bt-cotton have indicated possibility of re-
duction to the tune of 50% insecticide sprays indi-
cating good bollworms. Helicoverpa armigera was
knocked down by Bt-cotton till 100 days.  ETL (1
larva) crossed two times more in NBT genotypes
than Bt genotypes. The efficacy of Bt gene was
evident because there was large gap between re-
spective Bt and NBt types.  The trials conducted in
Karnataka have emphasized the need for increase
in basic inbuilt tolerance to bollworms in the cot-
ton genotypes subjected for transformation.  It is
because a conventional intra hirsutum hybrid DHH-
11(NBt) produced  27.62% increased yield than
one of the Bt genotypes (MECH-162).  Further,
among the NBt types conventional check DHH-11
itself was superior than other genotypes. The SWOT
analysis (Strength, Weaknesses, Opportunities and
Threats) of Bt-cotton has been made in relation to
Indian rainfed and irrigated.  This analysis indi-
cated different strategies, in development and
spread of Bt-cotton in India.  Transformation of G.
arboreum and G. herbaceum cotton has been
found to be most urgent to avoid further genetic
erosion in the country.  Genotypic independent
transformation is crucial for Bt gene transfer in In-
dia because as many as 45 genotypes adapted to
various agro-climatic zones are being cultivated
on large scale in India under different agro-eco-
systems. Efforts at Dharwad centre have revealed
the possibility of transformation in diploids.   Crop
phenology in India has great diversity and has
many alternate hosts to Helicoverpa armigera.
Hence delay in resistance development in India is
expected.  Further, Indian laboratories are also
working for transformation of multiple gene con-
structs to maintain genetic diversity for cry genes.
Tailoring good cotton genotypes with Bt genes pro-
vide a way for exploitation of complete yield po-
tential of the crop in the present millennium. This
paper deliberates our experience in conducting Bt

trials, superimposing data of Bt-cotton in Indian
ecology and genetic transformation studies.

IntroductionIntroductionIntroductionIntroductionIntroduction

Bt-cotton happens to be the first Indian crop to
receive clearance from Genetic Engineering Approval
Committee (GEAC) for commercial cultivation in South
and Central India.  Bt-cotton is the first genetically
modified organism (GMO) cultivated in Indian Agri-
culture. Hence, it has received attention of bureaucrats,
scientists, social workers, politicians, mass media etc.
India became the seventh Nation in the world for de-
veloping and accepting policies regarding GMOs.
Thus, it is considered as favorable attitude of Govern-
ment in the advancement of positive science.  Transgenic
Bt-cotton technology is probably one of the exciting
advances in cotton pest management in recent times.
Bt-cotton in future is expected to change the dimen-
sions of cotton cultivation practices in India.

Cotton is the crop most loved by insects to feed
and reproduce.  Though, several insects damage the
cotton crop, bollworms (Helicoverpa armigera,
Pectinophora gossypiella and Erias vittella) cause ma-
jor direct damage in several countries.  Indian cotton
growers face an increasing threat to their economics
of cotton cultivation due to complexity in bollworm man-
agement.  The losses due to bollworms have caused
social threat and indiscriminate use of pesticides to
manage bollworms has caused irreversible damage to
the eco-system.  Among the 50 known Gossypium spe-
cies, there are no species reported to be pest resistant.
The cultivars conventionally developed for tolerance to
bollworms possessed susceptibility to sucking pests, due
to varying resistance mechanisms. Bt-transgenic vari-
eties with insecticidal Cry1Ac gene from Bacillus
thuringiensis are known to be toxic to all the three boll-
worms. This fact has lead to large-scale cultivation of
Bt-cotton in seven countries (Table 1).

The brisk action of commodity movement is en-
tering India in a fotiori base from private companies.
The public sector organization under Indian Council of
Agriculture Research has also accelerated their efforts
to produce transgenic cotton.  Hence, this is a time
where India needs a meticulous scrutiny about how
these genotypes can be fit in to present environment.
India, the biggest consumer of cotton seeds in the world
has its own strength, weaknesses, opportunities and
threats (SWOT) for such technology and scientists need
to review its use.

Brief cotton scenario in IndiaBrief cotton scenario in IndiaBrief cotton scenario in IndiaBrief cotton scenario in IndiaBrief cotton scenario in India

Species composition of cultivatedSpecies composition of cultivatedSpecies composition of cultivatedSpecies composition of cultivatedSpecies composition of cultivated
cotton in Indiacotton in Indiacotton in Indiacotton in Indiacotton in India

India is the only country where seven cultivated
types of cotton (four species + three types of hybrids)
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grown in a sizeable area.  The species composition in
the country has undergone change since 1947-48
(Table 2).  Upon introduction of G. hirsutum cotton in
India, these genotypes started an intrusion in G.
arboreum and G. herbaceum area and reducing their
coverage to only 28 percent during 2000-01 as against
97 percent during the time of independence (1947-
48).  This drastic change in species composition has
also brought about a change in the pest and diseases
scenario.

Cotton growing zones and pestCotton growing zones and pestCotton growing zones and pestCotton growing zones and pestCotton growing zones and pest
scenario in Indiascenario in Indiascenario in Indiascenario in Indiascenario in India

Major cotton cultivation network in India spreads
over nine states and three zones (Table 3).  The pest
incidence in different cotton growing zones of India has
been presented in Table 4.  H. armigera is a permanent
and common pest to the cotton crop that causes farm-
ing unrest in one or the other states in the form of epi-
demic and in turn resulting in severe yield reductions.
It comes in more than one peak along with pink boll-
worm in all the cotton growing zones.  Other major
pests include sucking pests like, jassids, aphids, white-
flies and thrips.

Saga of bollworms managementSaga of bollworms managementSaga of bollworms managementSaga of bollworms managementSaga of bollworms management
Cotton consumes more than 55 percent of total

insecticides used in the country and most of it is used
for bollworms.  Unscientific ways of bollworm man-
agement through indiscriminate application of pesti-
cide has resulted into the development of resistance to
pesticides by bollwroms (Armes et. al., 1996 and
Raghupathy et al., 1998).  This resistance is also due
to skewed use of synthetic pyrethroids against boll-
worms.  Off late, bio-intensive IPM-modules are under
practice with variable results. However, insecticide re-
sistance management programs are making their way
in cotton pest control (Kranti, 1998). Nevertheless, there
is no resistant genotype for bollworms and fool proof
control measures.

Bt-cotton under rainfed conditionscotton under rainfed conditionscotton under rainfed conditionscotton under rainfed conditionscotton under rainfed conditions
Cultivation of cotton in India is predominantly

under rainfed conditions (65%).  But both tetraploid
and diploid species are equally preferred by the farm-
ers based on the rainfall pattern they receive.  The na-
ture of the rainfed area in India, with types of cultivars
grown has been presented in Table 5.  Bt-cotton has
an enormous opportunity in assured and heavy rain-
fall area because:
1. Sucking pest problem mostly is less and crop pro-

tection is directed towards bollworms.
2. The plant protection cost is much less than that of

irrigated cotton.
3. Moreover, in these areas mainly tetraploid G.

hirsutum varieties, intra-hirsutum and inter-specific
hybrids are grown.  Hence, cultivation of Bt-cotton
will be possible.

4. Herbicide + Bt-cotton genotypes suit to these areas
very much because of existing weed problems.

Weeding is hindered by continuous rainfall for first
30 to 40 days affecting the yield.  However, use of
herbicide is in practice at a negligible level but, ben-
efit demonstration of Bt and herbicide cotton may
provide a new dimension in the cotton cultivation.
In spite of assured rainfall, the cotton crop is af-
fected by one dry spell almost every year.   During
dry spells, fruiting structures and bolls were either
found damaged due to insects or due to drought.
In such a case efficacy of Bt-cotton under drought
stress needs to be studied in a meticulous manner
or the Bt-gene needs to be transferred to drought
resistant cultivars.  Nearly 5 m ha of cotton area is
under rainfed condition and this fact is a weakness
as for as Bt-cotton.  There are scanty reports of re-
quirement of application of insecticide to the Bt-
cotton crop for control of bollworms under rainfed
area.  Economics of Bt-cotton in water stressed en-
vironments need close scrutiny.

TTTTTransgenic cotton and cultivarransgenic cotton and cultivarransgenic cotton and cultivarransgenic cotton and cultivarransgenic cotton and cultivar
developmentdevelopmentdevelopmentdevelopmentdevelopment

The red signal of the continuing and impending
calamity has already been there in the form of boll-
worms in India.  This demands Bt-cotton in its cotton
growing zones to save the reducing area in some of its
states.  However, wide climatic situation prevailing in
cotton area across the country has made most of the
cotton varieties and hybrids location specific.  As a re-
sult around 45 varieties or hybrids are under cultiva-
tion which are a part of more than 127 released ones
(Khadi and Kulkarni 1998b).  This number excludes
more than fifty private hybrids in the market. Hence,
one gene or few Bt-varieties cannot satisfy the entire
country and gene transfer has to be made in at least
26 varieties/hybrids, which are in demand in various
states.  Existence of many location specific varieties is
considered a weakness in the spread of Bt-cultivars.  In
another angle, it may be viewed as a comprehensive
opportunity for breeders to satisfy all farmers with de-
velopment of transgenic version of many varieties/hy-
brids.  Efforts are to be oriented to develop primary as
well as secondary transgenic Bt-cotton to provide bet-
ter alternatives to the farming community.  These are
bottle necks in transformation of cry genes directly into
already adopted Indian cultivars to generate primary
transgenic cultivars as regeneration in cotton has not
been achieved with much success in India.  Hence, pro-
tocols based on co-cultivation of shoot apical meristem
have been eventually considered workable in the world
(Zapata et al., 1999).  However, tissue culture inde-
pendent techniques like pollen-mediated pathway have
also been tried with good success (Deng et al., 1998).
Co-cultivation of Agrobacterium carrying in cry1Ac with
shoot apical meristem in our lab has been found to be
successful.  The PCR positive plants have been show-
ing production of cry 1Ac protein (based on ELISA as-
say).  Further, some tissue culture independent proto-
cols were also tried and the results have shown PCR
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positive plants producing Cry protein in ELISA test (both
data not published).  Generally, effective and economic
transformation protocols are boon to all Biotechnologi-
cal experiments in agricultural crop species, but it is
need of the day for transformation of cotton genotypes
with Bt-gene.  Hence, it is an opportunity in Bt-cotton
research in India.

TTTTTransformation of diploidransformation of diploidransformation of diploidransformation of diploidransformation of diploid
cultivated cottoncultivated cottoncultivated cottoncultivated cottoncultivated cotton

In spite of introduction of tetraploid American
cotton, a sizable area (> 2.0 m ha) in India still culti-
vates diploid cotton species namely, G. arboreum and
G. herbaceum.  These species have inherent ability to
withstand drought stress, sucking pest resistance, boll-
worm tolerance, salinity resistance etc.  However, un-
der severe bollworm infestation, there will be economic
loss to the growers of these diploid cottons.  This fact
emphasizes necessity of Bt-gene transformation into
diploid cultivated cotton.  Now, with the introgression
of G. hirsutum fiber genes, development of G. arboreum
cultivars with improved fiber properties suited to 40s
count has been achieved (Kulkarni and Khadi, 1998;
Kulkarni et al., 2001; Kulkarni, 2002).  Hence, the prob-
lems associated with poor fiber properties in diploid
cultivated species have been solved.

The following profits can be expected if geno-
types of G. arboreum with long fiber are transformed
(inheritability):
1. Resistance to bollworm (due to Bt-gene as well as

inherent ability): Cost of production on insecticides
used for bollworms is reduced.

2. Resistance to sucking pest (because of inherent abil-
ity): Cost of production on insecticides used for suck-
ing pest is again reduced.

3. Assured and better fiber suited to 40s counts (Be-
cause of introgression of G. hirsutum genes into G.
arboreum). The price for seed cotton that farmers
expect is very much available to them by virtue of
their good fiber properties.

In total, cost of cultivation of Bt-transgenic long
linted G. arboreum genotypes will be reduced to a large
extent due to no insecticide requirement for sucking
pest as well as bollworms.  This is a great opportunity
that we are working with our laboratory and have al-
ready been successful in transferring of pre-released
genotype DLSa-17.  The T0 and T1 transformed plants
have shown PCR positive and ELISA positive reaction
(data unpublished).

Bt Bt Bt Bt Bt Cotton LCotton LCotton LCotton LCotton Leaf Curl Viruseaf Curl Viruseaf Curl Viruseaf Curl Viruseaf Curl Virus

North Indian cotton is facing problems due to
Cotton Leaf Curl Virus (CLCuV) and All India co-coordi-
nated Cotton Improvement Project doesn�t accept any
genotypes other than resistant to CLCuV, either for test-
ing or for release.  This very condition applies to Bt-
cotton also. Hence, transgenic cotton in North India

should also have capacity to resist CLCuV. Concentrated
efforts in attaining CLCuV resistant genotypes have re-
sulted into development of a hybrid LHH 144 and a
variety RS 875.  These genotypes are the strength of
Indian cotton breeding program and an opportunity
persists to transfer these genotypes into Bt-versions.

Another approach geared up in North India to
combat CLCuV is development and spread of long linted
G. arboreum in its cotton area because, they are im-
mune to CLCuV disease.  The genetic stocks having
better length in G. arboreum have been reported by
Kulkarni and Khadi (1998) Kulkarni (2002) and
Deshpande et al. (1992).  Transgenic Bt-diploid G.
arboreum is definitely required to satisfy the needs of to
satiate needs of cotton farmers in this zone.

Bt cotton and sucking pestsBt cotton and sucking pestsBt cotton and sucking pestsBt cotton and sucking pestsBt cotton and sucking pests

Sucking pests like whiteflies, jassids, aphids and
thrips attack cotton above danger level in Central and
South India. Of course, the Bt-gene has no relation-
ship with sucking pest so Bt-cottons are non-effective
against sucking pests and this is considered a weak-
ness. These pests have caused change in the species
composition in South Indian cotton area which was, in
mid 1980�s and early 1990�s was predominantly oc-
cupied by inter-specific (G. hirsutum x G. barbadense)
extra-long staple hybrids.  These hybrids could not sus-
tain the sucking pest injury resulting into increased pes-
ticide use vis-a-vis raised cost of cultivation and thus,
lower returns (Khadi et al., 1999).  The net result has
been shifted in the genotype preference from inter-spe-
cific hybrids to G. hirustum varieties and intra-hirsutum
hybrids.  Inter-specific hybrids are obsolete in
Maharastra, Gujarat, Andhra Pradesh.  However, some
area still exists in Karnataka, Madhya Pradesh and Tamil
Nadu to balance the staple composition of the country.

Inclusion of sucking pest tolerance in the Bt-geno-
types is essential for sustainability of the product.  Nev-
ertheless, breeding for whiteflies and jassid resistance,
which need contrasting pubescent for resistance, is still
going on.  This fact has placed the breeder in precari-
ous position. Largely sucking pest resistance, especially
jassid resistance has been considered trichome depen-
dent.  However, more trichome density eventually leads
to a platform for laying eggs by H. armigera by virtue
of tactile stimule provided by hairs.  Presence of more
eggs means possibility of more feeding by bollworms,
thus leading to development of resistance to cry1Ac
toxins at a faster rate.  Therefore, work on trichome
independent sucking pest resistance is wonderful op-
portunity.

Bt cotton and seed rateBt cotton and seed rateBt cotton and seed rateBt cotton and seed rateBt cotton and seed rate

The method of sowing and seed rate varies to a
great extent from North to South India (Tabel 6) Wider
spacing is followed in case of hybrids and some variet-



397397397397397

World Cotton Research Conference-3 2003
Cape Town - South Africa

ies in South and Central India and close spacing is fol-
lowed in case of G. hirsutum and G. arboreum varieties
in North Higher quantity of seed indicates excess cost
on seeds.  However, in Central and South India spac-
ing and seed rate provide a ready-made opportunity to
Bt-cotton.  The seed cost in different countries, which
are already cultivating transgenic cotton, are detailed
in Table 7 along with cost on herbicide and insecticide.

Indian farmers invest considerably less money
(around US $11.00 /ha) on cost of conventional non
Bt-seeds in spite of its high seed rate when compared
to other countries like the USA (US $58.88/ha) China
(US $48.78/ha) and Mexico (US $40.15/ha).  Now,
the cost of Bt-seeds in India is $ 80 per ha with only
1.25 kg of delinted hybrids seeds as against the US
$11 of existing seed cost.  However, in North Zone,
seed rate and its economics differ vary greatly.  Culti-
vation of hybrids with very less seed rate is the strength
of cotton cultivation in India; at the same time, cost of
seed (US $80) is a weakness.  This weakness is particu-
larly evident in North, which has developed agronomic
practices with higher seed rate.  To suit the needs of Bt-
cotton technology, North Indian agronomy has to be
changed.  When globally ultra narrow spacing is being
advocated, it appears inconsistent that scientists and
extension workers advocate a reduction in plant popu-
lation in North India.  Agronomic investigations and
their demonstration into farmers field for lower plant
density is an opportunity or may also prove to be threat
because, cotton yields directly depend on plant popu-
lation in cotton ecosystem of North India.

Bt cotton and seed cotton yieldBt cotton and seed cotton yieldBt cotton and seed cotton yieldBt cotton and seed cotton yieldBt cotton and seed cotton yield

The US experience with respect to yield advan-
tage of Bt-cotton over non Bt-cotton is not much ap-
preciating that is 6 to 128 kg/ha.  However, significant
reduction in plant protection costs exists.  Hence, net
returns are also appreciable in major parts of USA.
The exploitation of genetic yield potential has reached
a plateau in USA. Though breeders have made sub-
stantial contribution in order to devise genotypes most
suitable to all growing conditions the trend of reaching
plateau remains similar in most of the countries

On the contrary, in Indian states like Punjab and
Haryana yield levels are less (400 kg/ha) in compari-
son with world averages (600 kg/ha) in spite of having
good conditions for cotton.  Complete expression of
yield potential by cultivars is in general, not achieved
largely due to pest menace and its ineffective manage-
ment.  Hence, introduction of Bt-cotton is expected to
increase net harvestable yield levels at a considerable
range by virtue of their inherent capacity to resist king
of pests, the bollworms.

The experiments conducted at our station have
indicated higher harvestable seed cotton yield in Bt-
versions of Mahyco hybrids in comparison with their

non Bt-versions.  The hybrid MECH 184 Bt-(2987 kg/
ha) was the only hybrid producing significantly supe-
rior seed cotton yield when compared to commercial
non Bt-check DHH-11 (2226 kg/ha).  Other two Bt-
hybrids MECH12 Bt-and 162 Bt-were on par with DHH-
11 (Data not published).  Moreover, MECH 162 Bt-
(2147 kg/ha) was yielding less than DHH-11 the non
Bt-check DHH-11 (2226 kg/ha).  The non Bt-versions
of Mahyco hybrids were not superior to commercial
hybrid check DHH-11 and a bollworm tolerant variety
Sahana (2117 kg/ha).  The experiment clearly depicted
following things:
1. Basic level of bollworm tolerance needs to be

present with the genotype to be transferred into Bt-
version as non Bt-hybrids in the experiment were
found to be susceptible.

2. Under moderate insect pressure, one spray for boll-
worm was still required to protect Bt-cotton as ETL
level of Helicoverpa crossed ones in Bt-cotton.

3. Every time, while taking up insecticidal application
in the experiment on non Bt-cotton, 10 percent ETL
level was considered as bench mark (According to
experimental protocol).  Hence, three insecticidal
applications were undertaken each time after 10
percent damage.

4. Among the three hybrids under experiments, two of
them possessed okra leaf (MECH 12 and 184).

5. The observations also stressed need for sucking pest
resistance in Bt-cotton genotypes.

6. The economics was biased towards Bt-cotton hy-
brids especially with MECH 184 based on the data
generated in our research station.

7. The following conclusion was made based on our
experience. Bt-gene is toxic to lepidopteran pests of
cotton especially H. armigera but, to harvest higher
seed cotton yield and or to reduce greater losses
due to bollworms, genotypes chosen for incorpo-
ration of Bt-gene should be widely tested and reli-
able in Indian cotton ecosystem.  To this respect the
Bt-hybrids of Raasi seeds which are under of ex-
perimentation of this year are seen to be more prom-
ising.

Agreement, technology fee andAgreement, technology fee andAgreement, technology fee andAgreement, technology fee andAgreement, technology fee and
seed replacement rate (SRR)seed replacement rate (SRR)seed replacement rate (SRR)seed replacement rate (SRR)seed replacement rate (SRR)

Transgenic cotton is an agreement bound and
not a free commodity to utilize.  As, bollworm resistant
genes are inherited to next generations; farmers may
keep their own seed for growing next generation.
Hence, it will affect the Seed Replacement Rate (SRR)
causing loss to the owner of the genes.  Regulatory
authorities and or biotech companies in USA and Aus-
tralia have conditions for farmers in the form of a signed
agreement  (ICAC 1998).  The agreement consists of
the following:
1. Payment of technology fee across varieties and farm-

ers.
2. Commitment neither to pass on the seed to other

growers nor not to keep it for next year (equal to
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mandatory seed termination)
3. Planting of refuse crop.

In India US $80 is charged for Bt-cotton seeds
(nearly 1.25 kg) sufficient to sow one ha area. How-
ever, there is neither agreement nor terms like a tech-
nology fee.  As biotechnology companies have released
intra-hirsutum hybrids, mostly seed termination occurs
and the possibility of passing seed to other growers
usually does not arise, as SRR of hybrids is 100 percent
in India.  Planting of refuge crop to the extent of 20
percent in terms of non Bt-cotton has been made man-
datory by GEAC of India.  In spite of paying same price
for seed virtually, there is no promise by the biotech
companies about the product.  This fact has been con-
sidered as weakness of the technology which has not
only created doubts about behavior of Biotech compa-
nies, but also nurturing some suspicion in the minds of
some intellectual farmers.

In India, both varieties and hybrids are grown
and SRR for varieties is much less than 100 percent of
hybrids.  In North India, farmers are habituated to store
their own seeds and pass on the good varieties of seeds
to a friend farmer.  The SRR in North India is 40 per-
cent and remaining 60 percent is internal circulation of
seeds.  However, in South India SRR of varieties is very
low with less than 20 percent. On the contrary, farmers
purchase fresh seeds of hybrids every year.  The agree-
ment in such a case may or may not be successful to
prevent unwanted spread of seeds.  Tracing of origin
of such transfer of seeds from hand to hand is a diffi-
cult task in the variable mass of farmers.  The chances
of leakage of technology remain potential threat to the
Bt-cotton.  Hence, USDA and Delta and Pine Land com-
pany have designed a formula called Technology Pro-
tection System (TPS) that produces infertile seeds which
compels farmer to purchase new seeds every year
(ICAC, 1999).  This research under the head of Termi-
nation Technology was under debated in India and lot
of criticism were passed ultimately rejecting that tech-
nology in view of conservation of biodiversity.  Better
way of presenting Bt-technology in India is in the form
of hybrids, as it is deep rooted technology with 100
percent acceptance in the farmers.

Bt cotton and hybridsBt cotton and hybridsBt cotton and hybridsBt cotton and hybridsBt cotton and hybrids

India is the only country in world where hybrids
are commercially grown.  Further,  it has the biggest
hybrid cotton seed industry in the world with more than
50 companies floating their hybrids in the market for
cultivation.  This is because of more hybrid area in Cen-
tral and South Zone (Table 8.) Hybrid seed in India is
produced by hand emasculation and pollination, which
is labor intensive.  This method of hybrid seed produc-
tion has generated enormous rural employment.  Farm-
ers have knowledge of genetic value of F1 hybrid seed
and the inbreeding depression occurring in F2.  Nor-
mally, farmers will not keep F2 seed for cultivation.  How-

ever, this attitude cannot be assured with respect to Bt-
cotton hybrids due to their commercial worth and high
cost of seed.  Of late, in states like Gujarat, a so-called
illegal Bt-hybrid and its F2 were cultivated on a large
scale.  It was observed that F2 of such Bt-conventional
hybrid, which mostly consisted of 75 percent Bt-and 25
percent non Bt-plants, has also produced higher yields
than Non Bt-hybrids (it is opinion of the farmers and
traders of such seeds and no authentic data has been
collected).  Such illegal transfer of seeds of Bt-F2 and
advanced generations was due to zeal of the farmers
to cultivate Bt-cotton that in turn made Bt-technology
more popular.  It also delivered a lesion to industry that
marketing of conventional Bt-hybrids pave way for ille-
gal trafficking of Bt-gene into farming community.  Thus,
unwanted illegal spread of seeds remains a potential
threat to Bt-technology.  However, Bt-technology can
only be protected through male sterility (MS) based
hybrid seed production.  The scientists in India are still
working on a cytoplasmic genetic male sterility system
(CGMS) and a genetic male sterility system (GMS).
Commercial hybrid seed production with GMS tech-
nique is already under way in non Bt-hybrids.  The fol-
lowing are the advantage of utilizing MS technique in
Bt-technology production:
1. Cost of hybrid seed production will be less.
2. Genetic purity of hybrid seed will be 100 percent.

Otherwise, in conventional method of crossing,
there are all chances of genetic impurity due to un-
crossed bolls setting seeds.

3. The Bt-gene in B-line of three lines hybrid breeding
will be safe in protecting the technology.

In our Research Station 64 diverse indigenous
genotypes have been converted into CGMS lines by
utilizing G. harknesii cytoplasm. A further 16 genotypes
have been converted into GMS lines using Gregg GMS
source.  This is the strength of our cotton breeding pro-
gram.  This novel concept of male sterility and fertility
for hybrid seed production is being utilized in hybrid
seed production involving Bt-cotton in China (Zhang et
al., 2000).

Cultivation of FCultivation of FCultivation of FCultivation of FCultivation of F22222 of conventional of conventional of conventional of conventional of conventional
hybridshybridshybridshybridshybrids

Exploitation of F2 heterosis has been advocated
by cotton scientists in India, but this concept proves to
be wrong in case of cotton hybrids.  Cultivation of F2 of
Bt-cotton hybrids is equal to growing seed mixtures of
Bt-and non Bt-in the ratio of 75:25 (expecting 3:1 ra-
tio).  There is an argument that this provides an auto-
matic refuge of 25% non Bt-plants hence delay in the
resistance. The study of Agi et al. (2001) has experi-
mentally disproved the argument and highlighted the
dangerous consequences of growing seed blends.  In
a mixed planting of Bt-and NBt-cotton, larvae can de-
velop on non Bt-plants and move to Bt-plants to feed
and cause injury, thereby increasing yield loss.  The
studies have shown that bollworm larvae becoming in-



399399399399399

World Cotton Research Conference-3 2003
Cape Town - South Africa

creasingly tolerant to the Bt-toxin with size or instar, and
are typically able to feed on and survive in Bt-cotton
once they reach the third instar (Halcomb et al., 1996).
Studies indicate that caterpillars that develop on non-
Bt-plants and move to Bt-plants to feed will be selected
for resistance to the Bt-cotton (Mallet and Porter, 1992;
Gould 1996; Halcomb et al., 1996; Agi et al., 2001).
Caterpillar pests that move from plant to plant within a
mixed planting may not move at random due to differ-
ential development rates.  The differences in the fitness
of pest genotypes in the mixture may not be directly
related to the ratio of Bt-and non Bt-seed in the mix-
ture.  Hence, cultivating blends of Bt-and Non-Bt-seeds
has been found to sustain fruit damage and yield loss
and such concept is an unlikely candidate for resis-
tance management purpose.

Bt cotton and lepidopteran pestsBt cotton and lepidopteran pestsBt cotton and lepidopteran pestsBt cotton and lepidopteran pestsBt cotton and lepidopteran pests

Bt cotton has resistance against pests like H.
virescens and H. zea (Halcomb et al., 1996).  Further,
experiments have indicated that these also possess re-
sistance to P. gossypiella (Wilson et al., 1992) and
Trichoplesia ni (Wilson et al., 1994). Agi et al. (2001)
has reported that H. zea is less susceptible to Cry toxin
than H. virescens. Further, quite often it was said that
H. armigera requires higher level of Cry protein expres-
sion than what is required for H. virescens or H. zea
(Russel et al., 1998).  The Indian sub-continent needs
a perfect answer to this question as H. armigera is a
major pest in cotton eco-system irrespective of what-
ever data generated by earlier workers was on H. zea
and H. virescens.  Hence, there was a doubt about its
efficacy against H. armigera. Such doubts started be-
ing cleared when the data from China and Australia
indicated that Bt-cottons were also resistant to H.
armigera, at current level of Cry1Ac expression (Fitt
1998; Forrester et al., 1998 and Niwancho et al.,
1998).  The Bt-trials in India have also shown similar
trends with few exceptions.  Hence, �Bt� cotton can also
be effectively used in the cotton eco-system where H.
armigera is a major pest.  Apart from that, it has also
been found effective against Erias bollworm.  In toto,
the cotton cultivars with Cry1Ac gene have shown re-
sistance to bollworm complex that involve H. armigera,
P. gossypiella and Erias vitella.

The truncated and modified Cry1Ac gene in Bt-
varieties has been put in front of a strong constitutive
promoter CaMV 35 S (Perlak et al., 1990).  Hence, it is
expected to produce Cry protein throughout the life cycle
of cotton. However, some reports (Fitt et al., 1994, Fitt,
1998; Daly and Fitt, 1998 and Greenplate, 1999) have
indicated reduction in expression of Cry1Ac gene at
later stages of crop growth and such expression was
found to be inconsistent and highly variable.  The leaf
bioassays and field studies in laboratory brought out
the fact of reduction in expression of Bt-gene some-
times from the square initiation itself and has been re-
ported as reduction in the bio-efficacy of Bt-against H.

armigera (Fitt, 1998; Daly and Fitt, 1998).

Forrester et al. (1998) has also indicated vari-
able expression in relation to drought stress, water log-
ging, fruit load and nitrogen rates.  There was reduc-
tion in amount of Cry1Ac in the fruits of Bollgard cot-
ton, as plants and fruiting structure aged (Greenplate,
1999).  An exhaustive study on Cry protein quantifica-
tion across location and along with plant age was con-
ducted by Greenplate (1999).  The results indicated
significant variation in production of Cry1Ac protein
across locations in USA.  Cry1Ac levels in the field col-
lected terminal foliage also declined with plant age at
particular sampling time.  However, terminal foliage
concentrations were always greater than those found
in the bolls.  Significant differences of Cry1Ac levels
with tissue type were also noticed.  Author, speaking on
damage of H. zea feels that whatever concentration
present in any stage of crop was sufficient to kill the
insect.  This was based on LC50 and EC50 levels of H.
zea with Cry1Ac.

However, similar kind of experimentation for H.
armigera, P. gossypiella and Erias vitella need confir-
mation in Indian sub-continent.  The reduction in Cry1Ac
levels (Greenplate, 1999) or bio-efficacy (Fitt et al.,
1998) are the priority areas those need urgent atten-
tion.  Above all, the reduction of bio-efficacy during
the time of first fruiting stage is serious concern to us.
No reasons or mechanisms have been given for the
reduction of bio-efficacy against H. armigera.  If such
reduced bio-efficacy data of Australia or USA are su-
perimposed on Indian cotton ecosystem, the manage-
ment of second peak of H. armigera will be a difficult
task (in India and China two peaks of bollworm men-
aces are common phenomena) (Figure 1).  When finely
balanced economics of Bt-cotton of Australia and USA
are considered along with two peaks of H. armigera
damage of India, it will be difficult to produce expected
economic output in India.  Some Australian reports
saying that �Bt-cotton fields still required few insecti-
cidal applications� prompts for thorough investigation
of such transgenic cotton in Indian cotton ecosystem.
In spite of this the relief is already there as initial ex-
perimental results of Bt-cotton in India have shown
promise.

Development of resistance inDevelopment of resistance inDevelopment of resistance inDevelopment of resistance inDevelopment of resistance in
bollworms for Btbollworms for Btbollworms for Btbollworms for Btbollworms for Bt proteinsproteinsproteinsproteinsproteins

Bt cotton offers limited choice in the world.  This
is because only one gene has been exploited and mar-
keted in the entire globe, namely Cry1Ac gene.  Bio-
technological companies owning this gene are impreg-
nating Cry1Ac gene in different cultivars of G. hirsutum
species.  In no other cultivated species (other than G.
hirsutum), the gene has been introduced.  In toto, now
single gene construct is being marketed in single culti-
vated cotton species.
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This single gene construct produce one protein,
so, the bollworm community is exposed to this protein
only.  This situation is equal to exhaustive and repetitive
use of synthetic pyrethroids during entire life cycle of
the cotton plant.  Hence, there are all possibilities of
resistance development in bollworms to Cry protein as
resistance to insecticides has already been reported in
Indian cotton eco-system (Armes et. al., 1996 and
Raghupathy et al., 1998).  Further, there are expecta-
tions that change in the pest complex may occur due to
single toxic protein.  Global agriculture has noticed cata-
strophic effects utilizing single gene/source in the past.
Some examples where growing crop with narrow ge-
netic base with single gene/source was unfavorable
have been, CMS T cytoplasm in maize succumbed to
Helminthosporium blight and Tift cytoplasm in pearl
millet became susceptible to downy mildew.  Further,
dwarfing genes in wheat and rice, made cultivars ge-
netically vulnerable and made them to become sus-
ceptible to rusts and blasts, respectively.  Hence, the
law of the nature always balanced advantages with dis-
advantages.  The same principle has even applied in
cotton.  The once widely cultivated inter-specific hybrids
(G. hirsutum x G. barbadense) in Central and South
India have become almost obsolete.  This is because
mono-cropping of inter-specific hybrids such as
Varalaxmi and DCH-32 without crop rotation along with
abuse of synthetic pyrethroids. Further, mis-manage-
ment in irrigation and fertilizer has also led to the de-
velopment of new pest complex involving sucking in-
sects.  These sucking insects once were minor pests on
cotton became major by causing huge economic losses.
Hence, one should not allow history to repeat again
with �Bt� cotton.  This single gene usage may result into
development of resistance to Cry1Ac protein in Bt-cot-
ton.

Strategies to overcome resistanceStrategies to overcome resistanceStrategies to overcome resistanceStrategies to overcome resistanceStrategies to overcome resistance
development in bollwormsdevelopment in bollwormsdevelopment in bollwormsdevelopment in bollwormsdevelopment in bollworms

Insecticide resistance is not merely lack of, or low
sensitivity.  However, resistance can be defined as a
statistically demonstrated decrease in sensitivity to a toxin
by a population in response to the use of the toxin as a
killing agent.  Most �Bt� toxins have a similar mode of
action and once resistance develops to one toxin, it
can confer resistance to other related toxins, which is
known as cross-resistance (Gould et al., 1992).  The
management of resistance in transgenic crops is in the
experimental stage.  However, based on previous ex-
perience some conceptual strategies have been advo-
cated for effective management of resistance in
transgenic crops.  The three categories of management
strategies are:
1)1)1)1)1) PPPPProtein pyramidingrotein pyramidingrotein pyramidingrotein pyramidingrotein pyramiding

� Multiple Cry genes
� Cry plus other insecticidal genes (Schuler, 1998)

2)2)2)2)2) PPPPProtein synthesisrotein synthesisrotein synthesisrotein synthesisrotein synthesis
� Tissue specific expression
� Inducible expression

� High/ultra high doses
3)3)3)3)3) FFFFField tacticsield tacticsield tacticsield tacticsield tactics

� Planting refuges
� Cry gene crop rotation

Among above strategies the field level tactics is
the one, which seems to be practical to the farmers
and can be readily practiced while the other strategies
require high scientific intervention.  New plant refuge
requirement for 2001-02 has been given in USA and
Australia (ICAC, 2001).  The revised refuge require-
ment is as follows:
1)1)1)1)1) 20 percent sprayed option:20 percent sprayed option:20 percent sprayed option:20 percent sprayed option:20 percent sprayed option: In this option there is

an additional requirement that all �Bt� cotton
(Bollgard) fields must be within 1.6 kilometers (pref-
erably with 0.8 kilometers) of the associated ref-
uge.

2)2)2)2)2) 5 percent unsprayed option:5 percent unsprayed option:5 percent unsprayed option:5 percent unsprayed option:5 percent unsprayed option: Earlier the requirement
was approximately 4 percent.  Now it is to a true 5
percent or five hectares of unsprayed �Bt� refuge for
every 95 hectares preferably with 1.6 kilometers.

3)3)3)3)3) 5 percent embedded option:5 percent embedded option:5 percent embedded option:5 percent embedded option:5 percent embedded option: This third option has
been added for 2001-02, which is the embedded
option.  Unlike the five percent unsprayed option
the option allows the refuge to be treated with any
insecticide.  At the same time the Bt-cotton is treated
as long as the refuge is �embedded� in the field or
the field unit.  A field unit is one, which is a field
within 2.60 km square area (1 mile by 1 mile).

Transgenic cotton has been strictly regulated in
USA and Australia.  However, how far such regulations
can be enforced in Indian continent is not known.
However, US experience indicates the possibility of ef-
fective resistance management in transgenic cotton.

In India GEAC has approved commercial culti-
vation of Bt-cotton with 20 percent Non Bt-refuge on
guard rows of Bt-cotton fields.  Some discussion on this
recommendation is essential to fine tune Bt-cotton tech-
nology
1. Though Biotech companies have taken up respon-

sibility of supply of Non Bt-cotton refuge seeds vir-
tually it is impossible for them to ensure its planting
in India.

2. There is question whether cotton ecosystem in In-
dia regarding demand for refuge crop because,
crop phenology in every kilometer changes. There
will be at least five to six alternate hosts for H.
armigera, in spite of refuge in Bt-fields.

3. Biotech companies have to be clearer in revealing
economics of Bt-cotton when 20 percent refuge is
incorporated in the cotton field.  Field experiments
have not included refuge as a factor.

4. What is the guarantee that in insect like H. armigera,
there is random mainly assured between resistant
selected on Bt-cotton and susceptible grown on non
Bt-cotton, even after growing refuge on boarder
rows?  Because there will be differential growth
cycles and fitness of insects.

5. A section of farmers are asking why to plant 20
percent refuge.  They do not want to sustain loss by
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paying US $80 per ha and by planting 20 percent
refuge.  The farmers do not wish to undertake two
packages of practices in the same field.

Bt cotton and psycho-socio-Bt cotton and psycho-socio-Bt cotton and psycho-socio-Bt cotton and psycho-socio-Bt cotton and psycho-socio-
economic valueseconomic valueseconomic valueseconomic valueseconomic values

Insecticidal crystal protein genes of B. thuringiensis
have created a new chapter in Cotton Breeding and
Biotechnology.  Cotton means pests in India. This agri-
culture battle in cotton fields has deep impact on modus
operandi of society.  Largely farmers psychology in In-
dia is driven by dealers and distributors of pesticides as
for as insecticide application to pest control in cotton is
concerned.

India being one of the countries where cost of
cultivation of cotton is low and if the cost is still reduced
with high yield through Bt cotton, an economic revolu-
tion among the cotton community is expected as it hap-
pened in mid 1980�s.  However, Bt cotton with technol-
ogy protection system has its own reservation in Indian
cotton scenario. Above all Bt cotton is eco-friendly and
reduce pollution hazards which are due to insecticidal
spray. The psychological tensions involved in the con-
trol of bollworms are reduced, which brings social rest
in the cotton family. The suicides by cotton farmers in
India indicate great social impact resting with cotton
cultivation.  Looking to the present scenario of cotton
ecosystem in India, Bt cotton can be trusted component
of Integrated Pest Management system. A slight co-op-
eration from H. armigera towards cotton cultivation
mediated by Bt cotton can make India leader in the
world for all staple categories of cotton.  But, to harvest
sustainable yields for a long period and to take profits
of Bt cotton in the long run, issues like resistance devel-
opment requires meticulous attention.
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TTTTTable 1.able 1.able 1.able 1.able 1. Transgenic cotton area in the world with list of key pests in the respective countries.
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TTTTTable2.able2.able2.able2.able2. Changed species composition of cultivated Gossypium in India since 50 years.

TTTTTable 3.able 3.able 3.able 3.able 3. Characteristic features of cotton growing zones in India.
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TTTTTable 4.able 4.able 4.able 4.able 4. Important pests and their time of visit incidence to cotton in different zones.

TTTTTable 5.able 5.able 5.able 5.able 5. Characteristic features of rainfed cotton ecology of India.
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TTTTTable 6.able 6.able 6.able 6.able 6. Differences in planting method and details in different cotton growing zones.

TTTTTable 7.able 7.able 7.able 7.able 7. Cost Comparison of non Bt-cotton seeds, insecticides, herbicides in cotton cultivation in
India with other countries (in US $/ha). (ICAC 1998).

TTTTTable 8.able 8.able 8.able 8.able 8. Hybrid cotton scenario in India.
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Figure 1.Figure 1.Figure 1.Figure 1.Figure 1.
Bio-efficacy in
India super
imposing the
experiences of
other countries.




