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ABSTRACT 
 
The impact of Transgenic Bt cotton line (IR-FH-901) containing Cry1Ac toxin on Bt cotton leaves and flowers-bolls against 
Helicoverpa armigera Hubner with its parental non-Bt cotton variety (FH-901) was investigated. The parameters measured 
were larval mortality to pupation, larval period and pupal weight. Results indicated significant effects of Bt cotton on the 
percent cumulative mortalities of all instars compared with non-Bt cotton. However, a significant higher mortality (100%) was 
observed in neonates fed on Bt cotton leaves than those fed on Bt flower-bolls (93%). There was a marked difference in larval 
development period between Bt cotton (27.75 days) and on non-Bt cotton (16.68 days) flower-bolls. Pupae weight was 
significantly higher for larvae fed on non-Bt cotton compared with Bt cotton plant parts (leaves & flowers-bolls). 
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INTRODUCTION 
 

Bt cotton was introduced in Punjab, Pakistan in 2001. 
The area under Bt cotton increased dramatically in 2005, 
when Pakistan Atomic Energy Commission (PAEC) 
provided 40,000.0 kg seed of the Bt cotton strains namely 
IR-FH-901, IR-NIBGE-2, IR-CIM-448 and IR-CIM-443, 
which were grown on over 3,238 ha (hectares) during the 
2005-2006 cotton season (Rao, 2006; Arshad et al., 2007). 
 The use of transgenically modified cotton that 
expresses an insecticidal protein derived from Bacillus 
thuringiensis Berliner (Bt) is revolutionizing global 
agriculture (Head et al., 2005). Bt cotton expressing the 
Cry1Ac protein has been available commercially in the 
USA since 1996 and is also being grown in Mexico, 
Colombia, Australia, China, Argentina and South Africa 
(James, 2006). This insecticidal protein has the insecticidal 
activity against the larvae of specific lepidopterous pests 
(Kotchoni et al., 2005). Larvae stop feeding after Bt toxin 
ingestion, because of midgut paralysis, altered permeability 
and disintegration of the epithelium that render feeding 
impossible and finally death occurs within two to three days 
after exposure (Gill et al., 1992). The larval death may vary 
depending on insect species, larval age and the amount of 
toxin ingested (Halcomb et al., 1996). It has been noted 
somewhere, that there is a temporal and spatial variation in 
Cry1Ac protein levels in Bt cotton (Luttrell & 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 is different in various 

plant parts. This toxin level decreases as the crop matures 
and is very low or undetectable in square (Kranthi et al., 
2005) and bolls (Greenplate et al., 2000). This variability in 
the expression of Cry1Ac toxin in different parts of Bt 
cotton plant can create the variability in the survival and 
development of target pests (Adamczyk & Gore, 2004). 

The present study was carried out to determine the 
effects of Bt toxin on the larval survival, development time 
and pupal weight of H. armigera fed on leaves and flowers-
bolls of transgenic Bt and non-Bt cotton. 
 
MATERIALS AND METHODS 
 
Cotton seed source. The transgenic Bt-cotton line, IR-FH-
901, containing Cry1Ac provided by National Institute of 
Biotechnology and Genetic Engineering (NIBGE), 
Faisalabad, Pakistan and non-transgenic parent cultivar, FH-
901, obtained from Ayub Agriculture Research Institute 
(AARI), Faisalabad, Pakistan were used in this study. The 
cotton plants were grown in pots in a greenhouse at 25 ± 
1°C, 40-70% RH and a photoperiod of 14:10 (L: D) h. 
Plants were kept free from any insecticide treatment. 
Insect culture. H. armigera eggs laid on a cotton cloth were 
obtained from Ayub Agriculture Research Institute, 
Faisalabad, Pakistan, where culture had been maintained for 
several generations. The cotton cloth deposited with eggs 
was placed in a small box (20 × 10 cm) and covered with a 
lid having small holes to ensure ventilation. The insect 
culture was maintained in a growth chamber at 27°C with a 
70-75% RH and a photoperiod of 14:10 (L: D) h. After 
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hatching 1st instar larvae were removed from cotton cloth 
using a camel hair brush under sterile conditions by washing 
rearing equipment in 1.8% sodium hypochlorite solution 
and then with distilled water. 
Experimental details. The experiment was laid out in 
Randomized Complete Block Design with four replications, 
with 25 larvae in each replicate. The treatments included: (a) 
larvae fed on leaves of non-Bt cotton, (b) larvae fed on 
leaves of Bt cotton, (c) larvae fed on flowers of non-Bt 
cotton until the third instar, then fed with young bolls of 
non-Bt cotton and (d) larvae fed on flowers of Bt cotton 
until the third instar, then fed with young bolls of Bt cotton. 

The cotton leaves were obtained from the third or 
fourth main stem node from terminal portion of the plants at 
40 d after seedling emergence, while the reproductive parts 
(including fresh bloom & young bolls, <2.5 cm diameter) 
were obtained from the plants during the reproductive 
phase. Plant parts (leaves, flowers & bolls) of Bt and non-Bt 
cotton were brought into the laboratory and were dipped in 
0.4% javelle water (sodium hypochlorite) for 10 min to kill 
the pathogens and then rinsed with water before the feeding 
bioassay (Men et al., 2005). One day old, first instar larvae 
of H. armigera were placed individually on each of the plant 
parts in an individual 8 cm × 2.5 cm glass tube. Plant parts 
were changed each day, until the larvae pupated. The 
numbers of live and dead larvae were checked daily. Larval 
mortality was recorded in all instars and cumulative 
mortalities were calculated. Pupae formed from larvae in 
different treatments were removed using feather-light 
forceps and weighed after one day of pupation, using a 
digital microbalance. 
Statistical analysis. Data were analyzed using analysis of 
variance (ANOVA) and means were separated using 
Tukey’s honestly significant difference (HSD) test using 
SPSS (SPSS Institute, Chicago, IL, USA). 
 
RESULTS 
 

The results showed significant differences (P<0.05) in 
mortalities of all larval instars (1-6th) fed continuously with 
leaves and flower-bolls of Bt and non-Bt cotton (Table I). 
Transgenic Bt cotton had significant (P<0.01) impact on the 
cumulative percent mortalities of 1st to 6th -instar larvae. 
Larval mortality was generally high among 1st and 2nd instar 
larvae on Bt cotton. The 2nd and third instar survival rate 
differed with different feeding structures of Bt cotton plant. 
Neonates were found more susceptible to leaves and flower-
bolls of Bt cotton. In general, larval mortality was greater on 
leaves than those of flower-bolls of both Bt and non-Bt 
cotton. A significant higher mortality (100%) was observed 
in neonates fed with Bt cotton leaves than those fed with Bt 
flower-bolls (93%). All neonates were found to be dead up 
to the 5th instar fed continuously on Bt cotton leaves. Only 
7.0% larvae were survived fed on Bt cotton flower-bolls and 
pupated successfully (Table I). 

In addition, significant (P<0.01) differences were also 

found in larval development time among treatments (Table 
II). Larvae fed on non-Bt cotton leaves and flower-bolls 
completed development faster than those fed on Bt cotton 
flower-bolls. No bollworm larvae survived when fed Bt 
cotton leaves, thus the effect of Bt cotton leaves on larval 
development and pupal weight could not be determined. A 
comparison of average larval period (days) showed that 
there was a marked difference in larval development time 
on non-Bt cotton flower-bolls (16.68 days) compared to Bt 
cotton flower-bolls (27.75 days). Pupae weights were 
significantly (F = 510.83; df = 3; P = 0.00) higher for larvae 
fed on non-Bt compared with Bt cotton (Table II). There 
was a little difference in average pupal weight produced by 
larvae fed on leaves and flower-bolls of non-Bt cotton, 
whereas a marked difference was found in average pupae 
weights between Bt and non-Bt cotton plant structures. 
 
DISCUSSION 
 

The early instar larvae of H. armigera prefer tender 
leaves, then the later instars, which feed on reproductive parts 
(flowers, square & bolls) and can infest several fruits and 
flowers over the course of larval development (Sarfraz et al., 
2005). Bt cotton appears to be a new strategy for effective 
control of this pest. However, for sustainable Bt transgenic 
technology, it is important that the toxin expression level 
should be adequate on appropriate plant parts and at required 
time of the season to provide protection against major target 
insect pests (Kranthi et al., 2005). In this laboratory assay, 
wherein the neonates were fed on various plant parts 
indicated that transgenic Bt cotton line (IR-FH-901) proved to 
be more toxic to H. armigera than its parent conventional 
non-Bt cultivar (FH-901). In general, larval mortality was 
greater on the leaves of both cotton varieties. 

It is noteworthy that H. armigera is primarily, a 
bollworm and prefers feeding on fruiting parts and seldom 
on foliage (Kranthi et al., 2005). Results indicated that 
larval survival rate in different instars was different on 
various parts of Bt cotton plant. Early instars were more 
susceptible and results indicated the maximum mortality in 
1st and 2nd instars larvae on Bt cotton. Results showed that 
the efficacy of Bt cotton flowers was lower than that of Bt 
leaves against 1st, 2nd and 3rd instar larvae (Table I), which 
corroborated with the earlier reports (Gore et al., 2000; 
Zhao et al., 2000). Leonard et al. (1997) found a non-
significant difference in the mortality of third instar 
bollworm larvae feeding on Bollgard squares as compared 
to conventional cotton. Because of, spatial-temporal 
variation in Cry1Ac protein levels in Bt cotton, Shanmugam 
et al. (2006) reported the susceptibility of Helicoverpa 
armigera larval instars in the order of neonates > second 
instar > third instar and the efficacy of plant parts in the 
order of top leaves > middle leaves > squares > bolls. 
Results showed that no larval survival on Bt cotton leaves, 
while only 7% larvae survived and pupated on Bt flower-
bolls. Men et al. (2005) showed 100% mortality, while Xu 
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et al. (2008) reported 2.6% larval survival of H. armigera 
fed on Bt cotton leave. 1st-6th instar larvae fed on Bt cotton 
leaves, however none of those pupated successfully. 

The differences in larval mortality of H. armigera 
among different plant parts of Bt cotton line in the current 
study could be attributed to variation in toxin expression 
among these structures. The current and previous studies 
(Adamczyk et al., 2000) assigned it to the lower expression of 
Cry1Ac toxin in the reproductive parts (flower & bolls) than 
critical level required for the effective control of bollworm. 
Many previous studies witness that Bt cotton leaves were 
more effective against cotton bollworm and showed the 
highest level of Cry1Ac expression than flowers, squares and 
bolls (Greenplate et al., 2000; Kranthi et al., 2005). 

Other fitness indicators (larval development & pupal 
weight) were also significantly different among treatments. 
The results on larval developmental period showed that Bt 
cotton significant delayed the larval development (Khalique 
& Ahmed 2003). The survived 1st-instar larvae continued to 
be in first instar even after four days, while those on non-Bt 
cotton moulted to 2nd-instar within 2-3 days of the 
experiment. The Bt toxic proteins in transgenic cotton 
suppress the feeding, because larvae take longer time than 
those of control to recover the Bt toxicity (Bambawale et al., 
2004). Pupal weight is an easily measurable biological 
parameter of lepidopteran insect fitness (Polanczyk & 
Alves, 2005). The current study showed significant decrease 
in pupal weight for pupae developed by larvae fed on Bt 
than pupae produced by larvae fed on non-Bt cotton. 
 
CONCLUSION 
 

The study highlight the importance of sustainable 
temporal and intra-plant expression of Cry1Ac in Bt cotton 

varieties for effective control of lepidopterous pests especially 
H. armigera. The biotechnological efforts, in developing the 
transgenic Bt cotton varieties, in countries, where H. 
armigera is a major pest of cotton, should focus on the 
higher level of toxic genes expression in fruiting parts. 
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