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Estimation of avoidable sprays for bollworm management in Bt- cottons

ABSTRACTABSTRACTABSTRACTABSTRACTABSTRACT

The number of avoidable sprays and savings in
cost of protection in transgenic Bt cotton hybrids
was worked out through field experimentation at
the Agricultural Research Station, Dharwad Farm,
Dharwad Karnataka, India during 2001-02. Three
Bt cotton hybrids (MECH-12, MECH-184 and
MECH-162) were used for investigations along
with their non-Bt versions and checks (NHH-44
and DHH-11) replicated in a trial .  The protec-
tion measures taken against sucking pests were
common to all treatments and that for bollworm
management were based only on economic
thresholds.  Three rounds of sprays were given
against bollworms in non-Bt hybrids and checks
as against only one spray in Bt-hybrids.  The spray
volume was uniform (1000 l/ha) to all genotypes.
The incidence of Helicoverpa armigera larvae was
least 0.45/plant in MECH-184 Bt as against 1.38/
plant in MECH-184 non-Bt.  This difference was
significant and averaged trend was shown with
other Bt hybrids also.  Despite of three applica-
tions of insecticides  the incidence of Helicoverpa
and pink bollworm was higher in non-Bt hybrids
and checks compared to Bt genotypes.  The dam-
age to fruiting bodies was very low (3.63%) in
MECH-184 Bt followed by MECH-162 Bt (4.4%)
and MECH-12 Bt (5.7%).  In all the non-Bt hy-
brids and checks damage was significantly higher
than respective transgenics.  Such differences were
also seen in damage caused to locules.  Thus with
only one need-based spray, the Bt hybrids out-
yielded the hybrids without Bt genes, through re-
duced incidence of bollworms, damage to fruit-
ing bodies and higher retention of bolls.  The yield
recorded was highest (2.18 tons/ha) in MECH-
184 Bt (12.46 q/ha in 184 non-Bt) which was not
significantly different from MECH-12 Bt and
MECH-162 Bt. The yield potential of MECH hy-
brids without Bt genes was low (12.46 to 13.65
q/ha) and not significantly different from the on
par with checks despite of three applications of
insecticides. Besides higher yields in Bt-hybrids,
there was saving of two applications of insecti-
cides  and reduction in cost of protection to the
extent of US $17 per hectare under Dharwad con-
ditions.

IntroductionIntroductionIntroductionIntroductionIntroduction

One hundred and eleven countries grow cotton

as commercial crop.  In India cotton is cultivated in a
wide range of agro-climatic situations including low
rainfall areas and irrigated areas under favorable con-
ditions. India occupies 20 percent of the global cotton
area and contributes 12 percent to world production
(Anonymous, 2002). Tremendous benefits have been
derived from pesticides in agriculture sector upon which
Indian economy is largely dependent.  Out of 169 mil-
lion ha of permanently cropped area only five percent
is covered by cotton. This receives 45 percent of India�s
insecticides on an array of sucking pests and bollworms,
which attack cotton throughout the season. Bollworms
alone cause more than US $23.5 million loss every
year in India (Agarwal and Katiyar, 1979).  Insecticides
assume 76 percent of total pesticides used in India
(Saiyed et al., 1999).  Management of insect pests
through synthetic chemical insecticides was practiced
as a boon in the advent era of green revolution.  Sole
reliance on insecticides, particularly  pyrethroids, caused
an imbalance in the agro-ecosystem and has created
resistance to insecticides.  Problems of insecticide re-
sistance and resurgence have reached alarming stage
warranting alternate control methods. Resistance to
pyrethroids in India was found to be ubiquitous and
stable at around 50-80 percent (Russell et al., 1998),
but dependence on cypermethrin and fenvelrate re-
main high (Anonymous, 2002).  On an average, In-
dian farmers apply six to eight rounds of insecticides in
rainfed situation and 12 to 18 rounds in irrigated situ-
ations (Kulkarni et al., 2003).  Out of this, 80 percent
of insecticide applied targets bollworms only.  As a cor-
rection to the ill effects caused by insecticides and with
increasing awareness of environmental safety, the farm-
ing community is resorting to the transgenic crops world
wide to minimize the use of pesticides.  Transgenic cot-
tons for bollworm tolerance  now occupy a consider-
able area in USA, Australia and China (Khadi et al.,
2001) yielding tremendous benefits including savings
in the costs of protection. With this background the es-
timation of the potential for insecticide use reduction
sprays against bollworms in three Bt-cotton hybrids viz.,
MECH-162, MECH-12 and MECH-184, has been  car-
ried out in the present investigation.

Experimental procedureExperimental procedureExperimental procedureExperimental procedureExperimental procedure

The experiment was conducted at Agricultural
Research Station, Dharwad Farm, Dharwad (Karnataka,
India), which is located at 678 MSL (15.7o N and 76.6o

E).  The average rainfall at Dharwad is 740 mm.  Plots
were 5.4 m and 5.6 m, replicated three times in a ran-
domized block design.  Plant spacing was 90 cm x 60
cm, giving 25 plants per treatment. The transgenic cul-
tivars viz., MECH-162 Bt, MECH-184 Bt, MECH-12 Bt,
the respective non-Bt genotypes and local commercial
hybrids DHH-11, NHH-44 (checks) were sown during
2nd week of July in three replications under random-
ized block design.  Seeds were treated with imidacloprid
70 WS @ 10 g/kg and two rounds of insecticides
(imidacloprid 200 SL @ 100 ml/ha, acetamaprid 20
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SP @ 50 g/ha) were applied uniformly in all treatments
to check sucking pests.  The sprays against bollworms
were given based on an ETL 1.0  larvae plant. Hence
there were three sprays against bollworms in the non-
Bt genotypes and check hybrids. The applications in-
cluded endosulfan 35 EC (3.0 l/ha), chlorpyriphos 20
EC (2.5 l/ha) and indoxacarb 15 SC (0.5 l/ha). In the
Bt genotypes only one spray (indoxacarb 15 SC @ 0.5
l/ha) was necessary on the above ETL criteria. Season-
long observations were made on the incidence of boll-
worm larvae/plant (Helicoverpa armigera, Pectinophora
gossypialla and Earias spp.), damage to fruiting bod-
ies, and the populations of predatory insects. The lar-
vae and adults of coccinellids and larval stages of syr-
phids and chrysopa were monitored as predators.  The
data on these observations has been presented as sea-
sonal means.  The number of good opened bolls (GOB/
plant), bad opened bolls (BOB/plant) and the seed
cotton yield were also recorded. Data was analyzed
using Duncan Multiple Range test with significance at
5%.

Results and DiscussionResults and DiscussionResults and DiscussionResults and DiscussionResults and Discussion

Incidence of BollwormsIncidence of BollwormsIncidence of BollwormsIncidence of BollwormsIncidence of Bollworms
Significantly lower incidence H. armigera was

observed in all Bt genotypes compared to non-Bt and
standard checks (Table 1).  Among the Bt genotypes
MECH-184 was found to be more tolerant, recording
significantly lower incidence (0.45 larvae per plant) of
H. armigera compared to other Bt genotypes.  MECH-
162 Bt was found to be next best genotype and signifi-
cantly superior to the remaining genotypes.   Spotted
bollworm (Earias spp.) numbers were lower in all plots.
Numbers in all Bt genotypes were very low (0.02/plant)
but not significantly lower than in the non-Bt data for
MECH-12, followed by non-Bt genotypes (0.04/plant).
The standard checks NHH-44 and DHH-11 (0.31 and
0.38/plant respectively) were found to have significantly
higher incidence of spotted bollworm (Table 1).  The
incidence of pink bollworm ranged from 1.33 to 6.67
per 10 bolls.  MECH-162 Bt and MECH-12 Bt recorded
significantly lower PBW, followed by MECH-184 Bt,
which was significantly superior to  the other treatments.
MECH-12 non-Bt (6.67 per 10 bolls) and the check
hybrid NHH-44 were found to be much susceptible  All
the three Bt genotypes recorded lower bollworm num-
bers compared to the respective non-Bt versions.  How-
ever, there was variation between Bt genotypes.

Fruiting body damageFruiting body damageFruiting body damageFruiting body damageFruiting body damage
Considering the damage caused by all the boll-

worms to fruiting bodies among these genotypes need
based MECH 184 Bt was found to be the most promis-
ing (3.63% damage) followed by MECH-162 (4.26%).
These were significantly superior to rest of the entries
(Table 2).  The check hybrids NHH-44 and DHH-11,
and MECH-12 non-Bt were found to be more suscep-
tible to bollworms.   All the Bt genotypes recorded sig-
nificant reduction in locule damage compared to the

non-Bt genotypes and standard checks. Among the Bt
genotypes, MECH-12 and MECH-162 were on par with
each other in recording minimum locule damage fol-
lowed by MECH-184.  MECH-162 Bt recorded the
highestGOB per plant (16.47), which was not signifi-
cantly superior to MECH-184 Bt, but was not superior
to NHH-44 and the other genotypes.  There was very
little diference in nuber of bad open bolls per plant
amongst the non-Bt treatments.  The Bt hybrids per-
formed better, and equally well.  The variation in boll-
worm population and damage between Bt cultivar may
have been  due to varied levels of expressed of toxin
among cultivars and decline with advancement of the
season. In MECH-12 Bt and MECH-184 the expression
is high and slowly decline in expression (Kranthi, 2002).
Bt-cottons normally control pink bollworm, which is dif-
ficult to manage with insecticides (Henneberry, et al.,
2001; Perlak et al., 2001).

Seed cotton yield (q/ha)Seed cotton yield (q/ha)Seed cotton yield (q/ha)Seed cotton yield (q/ha)Seed cotton yield (q/ha)
Perhaps due to the higher level and longer pe-

riod of expression of their Bt protein, the cultivars MECH-
184 Bt (2175 kg/ha) and MECH-12 Bt (2153 kg/ha)
recorded significantly higher seed cotton yields when
compared to  the other genotypes and were statistically
indistinguishable (Table 2).   Seed cotton yield was 1858
kg/ha in MECH-162 Bt. All the non-Bt genotypes and
commercial checks were similar to each other in the
yield of seed cotton, and low compared to Bt hybrids.
DHH-11 (1531 kg/ha) was the best of these.

Natural enemy populationNatural enemy populationNatural enemy populationNatural enemy populationNatural enemy population
The results (Table 3) indicated that the popula-

tion of syrphids, coccinellids and Chrysoph was the same
in all treatments indicating that Bt genotypes did not
affect the natural enemy population. The safety of Bt
toxins/transgenic plants to predators and pollinators
has been reported world-wide (Krattiger, 1997, Dayuan
Xue, 2002, Cui and Xia, 1999).

Avoidable sprays and economicAvoidable sprays and economicAvoidable sprays and economicAvoidable sprays and economicAvoidable sprays and economic
analysisanalysisanalysisanalysisanalysis

With only one spray (indoxacarb 15 SC @ 0.5 l/
ha) Bt genotypes out-yielded commercial conventional
cultivars and the present respective genotypes without
Bt genes, which received three sprays.  The total sav-
ings in the cost of plant protection was USD 22.50 per
hectare.  Fifty to 90 percent reduction in insecticide use
is expected in India (Kranthi, 2002). The reduction in
present study was 66.66 percent.  The major reason
for acceptance of Bt transgenic crops, and  especially
Bt cotton, is the reduction in the cost of plant protection
(Benbrook, 2001).  Reduction in pesticide usage has
been experienced by the farmers of China, USA, South
Africa and Australia (Prey et al., 2001; Carlson et al.,
1998; Ismael, 2002; Hubbell et al., 2000).  The ad-
vantage gained by utilization of Bt cottons depends upon
the incidence of bollworms in the season and the quan-
tity of insecticides used in conventional cultivars to pro-
tect the crop.  In the present investigation the savings in
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cost of protection was not very great, which was due
to the relatively low incidence of bollworms in the 2001-
02 season.  Similar variations in the cost of protection
have been experienced in USA also, where the insect
control costs in Bt cotton was slightly reduced during
1997, but significantly reduced in 1998 due to varing
levels of budworm infestation (Cooke et al., 2000).
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TTTTTable 1.able 1.able 1.able 1.able 1. Mean number of of bollworms in Bt transgenic and control cultivars under need-based
spraying.

TTTTTable 2.able 2.able 2.able 2.able 2. Damage due to bollworms and yield in Bt transgenic and control cultivars under need-based
spraying.

TTTTTable 3.able 3.able 3.able 3.able 3. Insect predator population in protected conditions of Bt cotton genotypes and other cultivars.




