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Abstract: The present data quantify host utilization by the cotton bollworm, Helicoverpa armigera, a
multivoltine, Polyphagous pest of cotton. A novel technique was used to assess the proportion of the adult
cotton bollworm population present in Aurangabad district on October and November 2011 which developed
on cotton. The bodies of individual moths were analyzed for the presence of a cotton-specific analyzes,
gossypol, using high-pressure liquid chromatography (HPLC) and mass spectrometry (MS). On this
hypothesis, 100% of moths reared in the laboratory on cotton plant tested positive for the presence of
gossypol. The moths reared on non-cotton hosts, 81% were determined as negative for gossypol. The study
found that this technique will provide a conservative estimate of alternate crop host contribution to cotton
bollworm populations as it tends to overestimate production from cotton. Analysis of feral moths revealed that
< 10% of cotton bollworms collected in pheromone traps in Aurangabad contained gossypol. This result
supports the hypothesis that non-cotton alternate hosts play an important role in production of H. armigera
in the Aurangabad district and may serve as significant refuges for Bt resistance management.
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INTRODUCTION “natural refuge” to delay resistance evolution and second

Commercial introduction of transgenic cotton insect from various alternate hosts. Workers utilizing
varieties Gossypium hirsutum L. containing genes that isotope ratio mass spectrometry (IRMS) to differentiate
code for the expression of insecticidal Bt proteins to between corn earworm moths, Helicoverpa armigera
mandate the use of insecticide resistance management (Hubner), that developed on C3 vs. C4 hosts recently
(IRM) strategies by cotton producers. The basic tenet of determined that much smaller than expected proportions
the IRM plan developed for heliothis pests is the high of the populations develop annually on cotton [1]
dose refuge strategy: Since this data shows the risk of explored the utility of IRMS analysis for elucidating the
insecticide resistance evolution to this new technology natal host origins of the cotton bollworm but found that
were limited at the time of introduction, resistance host plants within the C3 photosynthetic pathway could
management plans were constructed using models based not reliably be distinguished from one another on the
on empirical knowledge of agro ecosystems and the target basis of carbon isotope composition. 
insect’s biology, supplemented as necessary by PCR fingerprinting revealed high gene flow between
theoretical information. populations of H. armigera collected from various host

Researchers have been working to solve two of the plants in China [2,3], further showed that mating between
more confounding and controversial biological questions H. armigera moths from Bt cotton and alternate hosts was
related  to heliothis resistance management in cotton. possible due to overlapping adult emergence. While these
First, can non-Bt alternate hosts provide adequate findings indicate that interbreeding between individuals

how does one quantify seasonal production of the target
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developing on alternate hosts is likely, they do not
quantify the level of production from specific hosts.
Studies monitoring heliothis larval densities on crops
have been conducted and provide some indication of host
utilization [3-5], but do not directly address the ultimate
issue of adult production. By exhuming heliothis pupae in
the fall and comparing densities to spring pheromone trap
catch data, Schneider [6] was able to determine that the
proportion of the overwintering cotton budworm
population that developed in cotton fields in Mississippi
was less than 2%. Fig. 1: Total  plantation  area in 2009, 2010 and 2011 of

It is reported here on a new technique utilizing liquid four important crop hosts of cotton bollworm
chromatographic analysis linked to mass spectrometry to Helicoverpa armigera in Aurangabad district
detect  a  derivative  of gossypol in the cotton bollworm where moths are collected for analysis of
H. armigera. The results confirm that a gossypol gossypol.
derivative can be detected in cotton budworm moths and
further support the idea that only a small fraction of the feeding cups and placed in 30 ml diet cups; upon
cotton budworm population in Aurangabad district eclosion, moths were frozen and stored at -10°C for
develops annually on cotton. This study provides pending analysis.
important data for the continuing refinement of Bt and Wire cone pheromone traps [7] were placed on the
conventional  IRM  strategies  for  the  cotton  bollworm borders of commercial cotton fields in 2007 in the different
in India. part   of   Aurangabad   district   Aurangabad   district.

MATERIALS AND METHODS plantings of soybean and Bt cotton varieties with a lesser

Analytical Technique: The individual cotton bollworms (Figure 1). The traps were baited with cotton bollworm
moths were analyzed for the presence of a cotton-specific lure, Z-11-hexadecenal and Z-9-tetradecenal and these are
analyzes of gossypol, using high-pressure liquid replaced at 10-day intervals. Moths were removed from
chromatography (HPLC) and mass spectrometry (MS). the traps, total 25 traps were located in Vaijapur,
The accuracy of the technique was tested in blind Gangapur, Auranagabad, Kannad, Paithan and Soygaon
validation studies by analyzing cotton bollworm moths thasils of Aurangabad District and an additional 2 traps
reared on known hosts in the laboratory. Second instar were placed in different part of Aurangabad district where
larvae of Helicoverpa armigera were obtained from a the cotton growers are abundant in quantity. Ten days of
laboratory, colony maintained at the Department of interval, all moths were transported to the laboratory
Zoology, Vinayakrao Patil College, Vaijapur District where they were counted and stored in a freezer at –10°C
Aurangabad (Maharashtra State). Neonate larvae were pending shipment to a laboratory at for the analysis of
placed on excised terminal leaf tissue from pigen pea gossypol. The collection dates was made from each trap
(Cajanus cajan), soybean (Glicine max) and peanut for analysis of gossypol content. Three traps per thasils
(Arachys hypogea) in 500ml plastic cups. Holes were are collected and for the specific clarification these areas
punched into the lids of the cups for ventilation and a are divided in three groups i.e. Group (A) Vaijapur,
moistened filter paper disk was placed in each cup to Gangapur, Group (B) = Auranagabad, Kannad and Group
maintain humidity. Second instar larvae reared on (C) = Paithan and Soygaon thasils. A random sub sample
soybean and peanut were transferred to bolls, pods and of 10 moths for each of four collection dates was made
naked seeds, respectively and reared to pupation. Larvae from each trap for analysis of gossypol content. 
reared on cotton were maintained on leaf tissue
throughout their development. Host tissue was replaced RESULTS AND DISCUSSION
as needed and was collected from the field (cotton,
soybean, pigen pea and peanut) or from plants Although the natal host origin of individual cotton
established for that purpose in the greenhouse at bollworm  moths  cannot presently be resolved beyond
Aurangabad (Cotton plants). Pupae  were  removed  from the level of “cotton vs. all others”, the data presented

The districts selected for trapping were composed of large

area planted to non Bt cotton, peanut and pigen pea
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here represent the first empirical measure of seasonal loss in cotton production indicating that the current
Helicoverpa    armigera      production      from   cotton. threshold (10% of plants infested) is too low. Raising the
The results support the hypothesis that only a small economic threshold could increase the production of
proportion of cotton bollworm production in Aurangabad cotton bollworm from cotton and concomitantly reduce
district occurs annually on cotton and this finding should the exposure of the insect to Bt toxins in foliar
provide valuable information for updating and refining applications thereby increasing the crop’s usefulness as
Insects Resistance Management (IRM) strategies for the a natural refuge for management of Bt resistance
cotton bollworm in Bt cotton [8]. Using carbon isotope evolution.
ratios to distinguish the natal host origin of corn earworm This research proves that plant derived chemical
moths collected in the field [4,9]. The results presented compounds can be detected in the adult cotton bollworm
here suggest that a similar situation may be true for the and that these compounds can be used as biological
cotton bollworm in Aurangabad district, as 96% of the markers to determine natal host plant origin. The results
moths tested in our study appear to have developed on reported  here  provide  evidence  that  the   current  non
non-cotton hosts. Nevertheless, there are important Bt cotton refuge required may not be necessary in
questions that must be addressed before one can say Aurangabad district. The data indicate that there is
unequivocally that a structured non-Bt cotton refuge is considerable cotton bollworm production from non cotton
unnecessary in the region. hosts in the state and that these alternate hosts may

Cotton plant (Gossypium hirsutum L.) is the preferred provide a sufficient refuge to delay resistance evolution
host of H. armigera and because of its wide spatial in populations of the insect. The contribution of
distribution and temporally extended period of suitability individual host plant species other than cotton to
as a host; it may serve as an excellent refuge for seasonal production of the cotton bollworm cannot yet be
management of Bt resistance in transgenic cotton in determined, though it is believed that cotton plant may
Maharashtra. Cotton is most attractive as an oviposition play an important role. Continuing research will focus on
site at flowering, research has shown that cotton plants identifying new marker compounds from other host
are capable of supporting bollworm development over an species of the cotton bollworm with a particular emphasis
extended period [1]. H. armigera larvae are often on cotton and on quantifying annual production from
observed feeding on the mature plants regularly support these hosts.
infestations as late as November. The Plantation area of
cotton is reduced now and the impact of changes in Technique: In validation studies, 100% of moths reared in
Agriculture policy regarding cotton in 2009 is still unclear. the laboratory on cotton (n=118) tested positive for the
Should cotton production continue to decline in the presence of gossypol. For moths reared on non-cotton
future? or the effectiveness of the natural Bt refuge could hosts, 81% of those analyzed were found to be negative
be compromised. Quantifying the contribution of cotton for gossypol. The technique yielded no false negatives
to the seasonal production of cotton bollworm and only a limited number of false positives for gossypol
populations is an important next step in ensuring that the content.
Bt resistance management strategies mandated for Indian
cotton producers are both effective and scientifically Moth Analysis: Low numbers of cotton bollworm moths
sound [8]. were common in pheromone traps until late September;

Another consideration that must be weighed about the increase in trap catches at this time likely corresponds
H. armigera the extent to which cotton bollworm is to the emergence of the second in-season generation of
controlled annually could certainly impact the crop’s role cotton bollworm generally thought to develop on cotton.
as a refuge. Not only does the production of adult insects Peak pheromone trap catches occurred between 15
decrease with increases in insecticide use, but the use of October and 25  December 2011 (Figure 2). This is also a
Bt insecticides also increases selection pressure which time period, due to host plant phenology and the life
could speed resistance evolution. Remedial action is history of the pest, that some percentage of the total moth
typically taken against the cotton bollworm only prior to population in Aurangabad district is expected to have
bloom as feeding by the insect after flower buds are been produced on cotton. Chemical analysis of 350 moths
removed generally does not result in economic damage. collected during the period of peak trap catch revealed
Recent studies have shown that in Aurangabad even very only  6% of the individuals contained gossypol. Gossypol
high, early season infestations rarely lead to economic was  detected in less than 3% of the moths  collected prior
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Fig. 2: Number of Helicoverpa armigera moths collected (Lepidoptera: Noctuidae) in North Carolina. J. Cotton
per trap at ten days intervals in the three groups of Sci., 11(1): 35-39.
Aurangabad district in 2011. 6. Schneider, J.C., 2003. Overwintering of Heliothis

to 15  October 2011 supporting the belief that cotton (Lepidoptera: Noctuidae) in cotton fields in Northeastth

bollworm   production   before   September   is  minimal. Mississippi. J. Econ. Entomol., 96: 1433-1447.
The greatest proportion of moths testing positive for 7. Harstack,  A.W.,  J.A.  Witz and  D.R.  Buck,  1979.
gossypol (< 10%) was collected during the period 25 Moth traps for the tobacco budworm. J. Econ.th

November 2011. Entomol., 72: 519-522. 
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