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Abstract.- In order to determine antibiosis of spotted bollworm (SBW), Earias vittella (Fab.) (Arctiidae:
Lepidoptera) on two Bt (FH 113 and FH 114) and one non Bt (FH 2015) varieties, infestation, life cycle and enzymes
activity of the bollworm were compared on these varieties. Results revealed that the seasonal infestation of squares
was the highest (9.5%) on FH 2015 followed by FH 113 (6.2%) and FH 114 (4.9%). FH 2015 (3.2-17%) had
statistically high flower infestation than FH 113 (1.5-1.9%) and FH 114 (0.6-2.0%). The seasonal percent infestation
of bolls was significantly highest (6.8%) on FH 2015 than FH 113 (2.1%) and FH 114 (2.4%). The biology of SBW on
these varieties showed that egg incubation and larval durations were longer on Bt varieties as compared to non Bt
variety. The activities of non specific esterases were high in larvae reared on Bt varieties whereas total proteases were
low on these varieties. The physiological adaptation of SBW on Bt cotton varieties is discussed.
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INTRODUCTION

The cotton varieties (Gossypium hirsutum

L.) differ significantly among themselves with
regards to the infestation of sucking and chewing
types of insect pests (Godoy Avila et al., 2000;
Abro et al., 2004; Dhillon and Sharma, 2009;
Arshad and Suhail, 2010; Govindan et al., 2010).
This difference is much pronounced where varieties
have been compared with Bt cotton varieties. A
number of studies have shown that Bt cotton
recorded less infestation of bollworms, particularly
of Helicoverpa armigera (Hub.), Earias spp. and
Pectinophora gossypiella (Saund.) (Manjunatha et
al., 2009). The criterion of distinguishing varieties
has been comparison of infestation level and very
few studies revealed difference in other biological
parameters such as life history characteristics (Wu
et al., 2009; Guo et al., 2010; Somashekara et al.,
2011).

It has been stated that there is a temporal and
spatial variation in CrylAc protein levels in Bt
cotton (Luttrel and Mink, 1999). Although Bt toxin
in transgenic cotton has adverse effects on larval
survival and development of H. armigera
(Bambawale et al., 2004), toxin level was different
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in various plants parts. This toxin level decreased as
the crop matured and was very low or undetectable
in squares (Kranthi et al., 2005) and bolls
(Greenplate et al., 2000).

Since the toxin “Cry protein” in Bt cotton
grown in the country being highly variable as was
also evident in a survey conducted by Pakistan
Agricultural Research Centre (PARC) in the year
2007 where 10 and 19 percent samples from 126
locations in 21 districts were devoid of the toxin or
were below detectable limits (PARC, 2008). This
variability in toxin may result in better survival and
development of target pests, escaping direct or high
doses of the toxin (Adamczyk and Gore, 2004). The
insects that are in constant contact with Bt and its
toxins most likely have a heightened innate cellular
defense, and consequently undergo physiological
adaptations (may be enzyme based) that result in
resistance to the insecticidal action of Bt. By
increasing fitness on the Bt varieties, resistance to
insecticides in these insect pests on the introduced
Bt cotton offers significant promise of studying their
life sustaining parameters on Bt varieties. Sayyed et
al. (2003) have also indicated this possibility and
stated that insecticidal Bt toxins produced by
transgenic crops can have nutritionally favorable
effects that can increase the fitness of the resistant
insects eating such crops.

Spotted bollworm (SBW), Earias spp.
(Arctiidae: Lepidoptera) larvae stay away from
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leaves and bore into the top tender growing shoots
and tunnels down the stem, resulting drying of the
attacked shoots and at the time of boll formation,
larvae enter the bolls feed inside and then move to
other bolls, provide a good model to investigate
antibiosis. Since there is dearth of information on
the biology of the spotted bollworm on the
transgenic Bt cotton, the present study was aimed at
recording the infestation of fruiting bodies in the
field on one hand and the life cycle of SBW on
these varieties in the laboratory on the other hand.
Finally, proteases and esterases in the midgut of the
bollworm were studied to determine physiological
adaptation of SBW on Bt genotypes.

MATERIALS AND METHODS

The study was conducted to determine the
comparative infestation of cotton bollworms viz.,
spotted bollworm (Earias vittella) against two
transgenic Bt (FH-113, FH-114) (characteristics
given below) and one conventional cultivar (FH-
2015), which were chosen from a pool of varieties
grown in the experimental area of Directorate of
Cotton, Ayub Agricultural Research Institute,
Faisalabad, Pakistan. These varieties were laid out
in randomized complete block design (RCBD), with
3 replications during 2010 crop season. Plot size of
each experimental unit was 18.3 meter x 9.1 meter
having row to row and plant to plant distance of
0.75 m and 0.30 m respectively. The data on the
percentage infestation of SBW were recorded on the
basis of the healthy and damaged fruiting bodies
i.e., squares, flowers and bolls which were counted
from five randomly selected plants on weekly basis
from July to October, 2010. Percentage of damaged
fruiting bodies was then calculated.

Genotypes  Parentage Distinctive Features
FH 113 FH-113 FH- Tall growing Bt variety
925xNuCot-N33B possesses moderate tolerance to
CLCuV. It has strong stem,
prolonged flowering duration
and require low inputs.
FH 114 FH-925xNuCot- A compact input intensive Bt

N33B variety with high tolerance to
CLCuV and heat stress. Best
suited to high plant population
in late sowing.

Source: Mahmood et al., 2010 (personal communication)

Studies on biology

For investigating the biology of spotted
bollworm on three varieties, observations on
fecundity, larval and pupal duration, survival, adult
emergence and longevity of male and female were
made.

The larval population was collected from
respective cotton variety and was reared in the
laboratory on flowers of Bt and Non Bt varieties.
The adults thus emerged from these larval
populations were transferred into an iron cage 30
cm- long, 30-cm wide and 30cm high, wrapped
around with nylon mesh. Flowers of each variety
along with five mating adults were put into cages
and the adults were allowed to lay eggs on these
flowers. Total number of eggs laid by mating pairs
were counted and averaged as eggs per female.
Twenty five newly hatched larvae were transferred
to flowers of respective variety on moistened filter
paper in Petri dishes (9 cm diameter). The duration
of larvae was thus counted and pupae formed were
also noted. These pupae were put in iron cage and
adult emergence (%) and longevity of male and
female (in days) were recorded. All these studies
were carried out in three replications under the
laboratory conditions during month of July to
October when ranges of temperature and relative
humidity were 30+0.9 to 34+1.4°C and 5449 to
72+8%, respectively.

Enzymes assay

Total proteases and non specific esterases
were determined by methods of Drapeau (1974) and
Shields et al. (1983), respectively. Protein content in
enzyme supernatant was measured by method of
Bradford (1976). To get supernatant, larvae of SBW
were dissected in insect saline (NaCl 7.6g, KCI
3.79g and CaCl, 21.9g in 100 ml. distilled water).
Guts were removed and remained in insect saline
until homogenization of mid gut of four larvae
replicated three times. The homogenization was
carried out in phosphate buffer in a tube by electric
driven homogenizer at 1500 rpm for 10 sec. the
homogenate was centrifuged at 4000 rpm for 15
minutes. The supernatant thus obtained was then
used for enzyme assays. Casein and o-naphthyl
acetate were substrates for proteases and esterases,
respectively.
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Finally all data were subjected to Analysis of
Variance (ANOVA) and treatment means were
separated by Duncan Multiple Range (DMR) Test at
5% level of probability.

RESULTS

Infestation of fruiting bodies on three cotton
varieties

The percent infestation of SBW on squares of
three cotton varieties is given in Table I. The
significantly high infestation of squares was found
in FH 2015 in month of July, August and September
than FH 113 and FH 114. The difference in
infestation became non significant in October and
November. The seasonal infestation of squares was
the highest (9.5%) on FH 2015 followed by FH 113
(6.2%) and FH 114 (4.9%); latter two had no
statistical difference between them. The infestation
of flowers on three varieties had non significant
difference in month of July, however, later in season
statistical difference among varieties was evident.
FH 2015 (3.2-17%) had statistically high flower
infestation than FH 113 (1.5-1.9%) and FH 114
(0.6-2.0%) (Table I1). The bolls’ infestation on three
varieties had significant difference among them
throughout the season. The seasonal percent
infestation of bolls was significantly highest (6.8%)
on FH 2015 than FH 113 (2.1%) and FH 114
(2.4%); latter two were statistically at par between
one another (Table I1I).

statistical difference among varieties. Both egg
incubation and larval durations were longer on Bt
varieties as compared to non Bt variety (FH 2015).
Incubation period on FH 2015, FH 113 and FH 114
was 3.0, 4.5 and 4.9 days, respectively. The larval
duration on FH 2015, FH 113 and FH 114 was
14.16, 18.75 and 19.00 days, respectively.
Incubation and larval duration were statistically at
par on Bt varieties. The pupal duration, longevity of
male and female adult and emergence of adults from
pupae were statistically similar on three varieties
(Table 1V).

Table Il.-  Percent infestation (Mean+SE) of SBW on
flowers of three cotton varieties.

Months Percent infestation Fvalue pvalue
FH 2015 FH 113 FH 114

July 1.9+0.3ns 1.8+0.3 1.7+0.2 0.16 0.8

August 10.140.7a 1.8+0.3b 2.0+0.3b 94.9 0.00

September  17.0+0.7a 1.8#0.2b  1.6+0.2b  336.7 0.00

October 7.7+0.5a 15+0.3b 1.3+0.3b  159.7 0.00

November  3.2+0.8a 1.9+0.5b 0.6+0.2b  6.25 0.03

Seasonal 10.24¢0.8a 1.6+0.1b  1.5+0.1b 100 0.00

mean

Means in a row having same letters are not significantly
different at P<0.05.

Table I1l.-  Percent infestation (Mean+SE) of SBW on
bolls of three cotton varieties.
Months Percent infestation Fvalue pvalue
FH2015 FH113 FH114

July 3.2+0.3a 0.7¢0.2b  0.6+0.2b  42.2 0.00
August 5.7+0.3a 2.0+0.3b 2.3+0.3b 63.0 0.00
September  10.840.6a 4.0+0.5b  4.0+0.3b 56.4 0.00
October 6.6+0.7a 1.5+0.6b 2.4+0.3b 234 0.00
November  2.9+0.3a 0.3+0.1b  0.840.2b  39.9 0.00
Seasonal 6.8+0.5a 2.1+40.3b 2.440.2b 56.9 0.00
mean

Table I.- Percent infestation (MeantSE) of SBW on
squares of three cotton varieties.
Months Percent infestation Fvalue pvalue
FH 2015 FH 113 FH 114

July 43+0.3a 1.6+0.4b 1.4+0.4b 17.1 0.00
August 10.0¢1.0a 5.5+0.6b  4.9+0.5b 144 0.00
September  15.9+0.8a 8.6+0.6b  7.0+0.5b 54.8 0.00
October 5.6+0.8ns  6.6x0.5 4.6+0.6 2.2 0.1
November  4.6+0.6ns  4.7+0.6 3.6+0.2 10.0 0.1
Seasonal 9.5+0.8a 6.2#0.4b  4.9+0.3b 17.0 0.00
mean

Means in a row having same letters are not significantly
different at P<0.05.

Life cycle studies of SBW on three varieties
Regarding biology of SBW on three varieties,
the egg incubation period and larval duration had

Means in a row having same letters are not significantly
different at P<0.05.

Enzyme activities

The activities of non specific esterases and
total proteases in midgut of larvae reared on non Bt
and Bt varieties are shown in Fig.1. The esterases
were significantly high in larvae reared on flowers
of Bt varieties than non Bt variety (F 5.12, p 0.03)
whereas proteases were significantly lower in the
larvae on Bt varieties (F 5.54, p 0.02). In both cases,
Bt varieties had non significant difference between
one another for esterases and proteases.
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Table IV.- Comparison of life cycle parameters (MeanzSE) of spotted boll worm on three cotton varieties.
- . Durations (days) Longevity (days) Adult emergence
Varieties Fecundity Incubation Larval Pupal Male Female (%)
FH 2015 239.0+25ns 3.0£0.3b 14.1+1.4b 7.2+0.7ns 14.3+1.6ns 15.5+1.6ns 90.3£1.6ns
FH 113 213.5x27 4.5+0.3a 18.7+1.0a 8.6+0.8 15.9+1.7 17.0+1.8 90.8+1.5
FH 114 182.0£15 4.9+0.4a 19.0+1.1a 9.2+¢1.0 16.4+1.8 17.5%1.9 89.0+0.3
F value 15 6.1 5.0 1.3 04 0.3 0.2
p value 0.2 0.00 0.01 0.3 0.7 0.7 0.8

Means in a column having same letters are not significantly different at P<0.05. ns, non significant.
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Fig. 1. Non specific esterases (a) and total
proteases (b) activities in midgut of larvae
reared on non Bt (FH 2015) and Bt (FH 113 and
FH 114) cotton varieties. 1U, international units.
Means as bars with same letters are not
significantly different at P<0.05.

DISCUSSION

The results of present studies are in line with
earlier published literature which revealed that

infestation of bollworms (Earias spp., Pectinophora
gossypiella and Helicoverpa armigera) is reduced
on Bt cotton varieties when compared with
counterpart non Bt variety (Godoy Avila et al,
2000; Abro et al., 2004; Dhillon and Sharma, 20009;
Govindan et al., 2010). In addition to direct toxicity
of Bt toxin, change in behaviour is also accounted
for this reduction. Food utilization efficiency of E.
vittella on the squares of Bt cotton genotypes was
greatly reduced than on non Bt genotypes
(Somashekara et al., 2011). Bt cotton varieties may
exhibit either resistance to toxin or non availability
of the toxin at certain stage of crop growth.
Regarding resistance to Bt toxin, the continued
efficacy of Bt crops after 9 years refutes the worst
scenarios predicting pest resistance to Bt crops in as
little as 3 years (Tabashnik et al., 2005) but its
occurrence cannot be ruled out. The evidence of non
availability of Bt toxin at certain growth stage of the
crop is increasing (PARC, 2008).

Apart from delay in larval development, Bt
and non Bt varieties did not differ statistically in
other characteristics such as fecundity, pupal period,
longevity of male and female and adult emergence
from pupae. There was also no difference in
survival rate of larvae between Bt and non Bt
varieties (data not shown). Liu et al. (2005) has also
reported the delay in larval development of H.
armigera on Bt genotype. The present data is
supported by argument / expectation that Bt
varieties may nutritionally favour bollworms
(Sayyed et al., 2003). This is held true by elsewhere
reported studies in that continuous selection
pressure by Bt toxin may change detoxification
enzymes in Spodoptera exigua that allows them to
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better survive on Bt cotton in subsequent
generations (Wu et al., 2008; Guo et al., 2010).
According to present data on enzyme activities, the
increase in esterases in midgut of E. vittella on Bt
variety may allow incest to complete its
development successfully on Bt varieties. The low
activity of total proteases may have resulted for
binding of some proteases for inactivating protein
toxin ingested as a consequence of feeding (Terra et
al., 1996).

The current results showed that despite low
infestation level and slow rate of larval development
of SBW, survivors with high detoxification enzyme
may render the insect at advantage to resist
insecticides used for its control program on Bt
varieties.
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