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Abstract 
The present investigation was conducted at Regional Agricultural Research Station, Lam, Guntur, A.P. 
during kharif, 2014-15. To study the affect of BG II cotton plants against I and II instar larvae of 
Spodoptera litura. The mortality of 1st instar larvae of S. litura was recorded 100 % and 2nd instar larvae 
recorded 92.5 % on BG II hybrids, where as the mortality was very low and more or less similar in BG I 
and non Bt cotton hybrids 15-17 % and 10- 12% respectively. The mean weight of larva fed on BG II 
cotton leaves was found to be very low, where as BG I hybrids shows marginal influence and non Bt 
versions did not affect the larval or pupal weight and weight gains were more or less similar. 
   
Keywords: Cotton, Spodoptera litura, Bollgard II 
 
1. Introduction 
Cotton, Gossypium spp. (L.) the "King of fibers" is an important commercial crop grown in 
more than 70 countries under diverse agro-climatic conditions [1]. Cotton plays a predominant 
role in Indian economy as it provides 80 percent of raw material to the textile industry and 
livelihood for more than 100 million people through its production, processing and marketing 
[2]. India is an important grower of cotton on a global scale. India ranks first in cultivated area 
(118.77 lakh ha) and second in production (338.00 lakh bales) and productivity (484 kg ha-1) 
in the world [3]. 
Reasons for the low productivity of cotton in India are cultivation under rainfed conditions, 
predominance of pests and diseases, inadequate and unscientific method of cultivation. The 
Bollgard imparts insect resistance by virtue of which the cotton plant is able to resist attack of 
lepidopteron insect pests. This in-built protection in Bollgard cotton is provided by the 
presence of the Bt gene in the seed. Bollgard cultivars express the Cry1Ac protein and are 
active against larval stages of selected lepidopteron insects [4]. 
Among the bollworms, tobacco caterpillar (Spodoptera litura) is one of the key pests on 
cotton. Tobacco caterpillar S. litura has been noted as emerging pest in BG-I genotypes in 
India with the advent of Bt genotypes [5]. Transgenic Bt cotton with Cry1Ac proved not to be 
effective against S. litura [6 - 8]. It has been found that S. litura has a greater potential to survive 
in the presence of Bt toxins when compared to other bollworms [9]. Dual gene (stacked) 
genotypes known as Bollgard II (BG-II) event, where Cry 2Ab is incorporated along with 
Cry1Ac have assumed significance and provide season long control of key bollworms [10]. The 
stacked Bt cotton technology (Bollgard II) has two genes working at the same time, which 
delays the development of resistance to Bt toxin. Thus, there is a necessity to generate the 
information on bio-efficacy of these events to potential pest S. litura with an objective to study 
the influence of Bollgard II Bt cotton (Cry 1Ac + Cry 2Ab) plants against I and II instar larvae 
of S. litura (Fab.). 
 
2. Materials and Methods 
The present investigation was conducted at Regional Agricultural Research Station, Lam, 
Guntur, A.P. during kharif, 2014-15. The two cotton hybrids viz., Mallika BG I and Jaadoo BG 
I containing Cry1Ac, the two stacked Bt cotton hybrids viz., Mallika BG II and Jaadoo BG II 
containing Cry 1Ac + Cry 2Ab and their corresponding non Bt versions i.e., Mallika non Bt 
and Jaadoo non Bt were chosen for the research work. Seed material was obtained from M/S 
Kaveri seeds Pvt. Ltd and Nuzuveedu seeds Pvt. Ltd, Guntur. 
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A bulk plot of 19.44 m2 each of BG I (Cry1Ac), stacked Bt 
(Cry1Ac + Cry2Ab) (BG II) cotton hybrids of Mallika, 
Jaadoo and their corresponding non Bt hybrids were raised by 
following recommended agronomic practices with insecticidal 
protection to control sucking pests during the crop season. 
The experiment was conducted in complete randomized 
design in the lab with 6 treatments and 4 replications for each 
replication with 10 larvae. 
 
2.1 Procedure 
Comparative growth and development studies on S. litura I 
and II larval instars were conducted by allowing them to feed 
on leaves and squares of different transgenic Bt cotton hybrids 
and non Bt cotton hybrids. 
Plant parts namely tender leaves (top) and squares of 70-80 
days old plants were plucked from transgenic and 
corresponding non transgenic Bt hybrids at experimental field. 
They were carried to the laboratory in polythene covers, 
washed with distilled water and blot dried. The cleaned leaves 
and squares were placed individually in small boxes. The field 
collected egg masses of S. litura were used to initiate the mass 
culturing under laboratory conditions. The egg masses were 
kept in the egg cage. After emergence, first instar larvae were 
transferred to the castor leaves which were changed and the 
fecal pellets removed from the container for every 24 hrs. The 
grown up larvae were allowed to pupate in soil. Moths were 
collected on emergence and released in oviposition cage for 
egg laying. The required larvae for the different treatments 
were taken from the culture. Prior to larval release, the larvae 
were weighed with electronic balance. First instar larvae were 
weighed in mass, while IInd instar were weighed individually. 
After bioassay, larvae were observed daily and changed to 
respective fresh food material up to pupation. 
Ten larvae of each instar were released on the leaves and 
squares of cotton with the help of camel hair brush in each of 
the replications. The mortality of I and II instars of S. litura 
on tender leaves and squares, weight of surviving larvae and 
pupae (with an electronic balance) were taken at 3, 7 and 11 
days after release for each stage of the larvae in the lab. Adult 
emergence percentage was observed on all the three versions 
of Mallika and Jaadoo hybrids. 
 

2.2 Statistical analysis 
The larval survival and pupal weight was subjected to square 
root transformation and the variance was calculated. The data 
obtained on percent mortality in bioassay was subjected to 
arcsin transformation and statistically analyzed by Completely 
Randomized Design (CRD). Means in simple CRD analysis 
were separated by Duncan’s multiple range test [11]. 
 
3. Results and Discussion 
3.1 Effect of Test Hybrids on Larval Mortality 
Mortality percent of S. litura larvae of I and II instars reared 
on leaves and squares of 70 - 80 days old crop of different 
cotton hybrids are presented in table 1. 
 
3.1.1 Leaves 
3.1.1.1 First instar 
The larval mortality of S. litura was maximum on Jaadoo 
BGII and Mallika BG II compared to other test hybrids. 
Mortality of first instar larvae fed on leaves of Mallika BG II 
and Jaadoo BG II cotton hybrids were 52.50 and 47.50 
percent, while it was 7.50 and 2.50 percent when fed on 
Jaadoo BG I and Mallika BG I and 5.00 and 2.50 percent fed 
on Mallika non-Bt and Jaadoo non-Bt hybrids at 3 days after 

release. The mortality on Jaadoo BG II and Mallika BG II 
cotton hybrids were 52.50 and 47.50 percent with significant 
differences from rest of the hybrids with cumulative mortality 
of 100 % at 7 days after release, while the total mortality was 
17.50 percent on BG I and 12.50 percent on non-Bt hybrids at 
11 day after release. 
 
3.1.1.2 Second instar 
The mortality of 2nd instar larvae fed on leaves of 70-80 days 
old crop at 3 days after release was 40.00 percent on Mallika 
BG II hybrid and 25.00 percent on Jaadoo BGII, 7.50 percent 
mortality on BG I cotton hybrids and 5.00 percent mortality 
on non-Bt cotton hybrids at three day after release, whereas at 
7 days after release higher mortality rates of 47.50 and 40.00 
percent were recorded on Jaadoo BG II and Mallika BG II 
cotton hybrids respectively, while it was 2.50 percent on BG I 
hybrids and non-Bt hybrids. The total larval mortality was 
92.50 percent on leaves of both Jaadoo BG II and Mallika BG 
II hybrids at 11 days after release, while it was 10.00 percent 
in the BG I and 7.50 percent in non-Bt hybrids at 11 days after 
release (Table 1). 
 
3.1.2 Squares 
3.1.2.1 First instar  
The larval mortality of S. litura was maximum on Jaadoo BG 
II and Mallika BG II compared to other test hybrids. Mortality 
of first instar larvae fed on squares of both Jaadoo BG II and 
Mallika BG II cotton hybrids was 92.50 percent, while it was 
5.00 percent when fed on Jaadoo BG I and Mallika BG I and 
5.00 and 2.50 percent fed on Mallika non-Bt and Jaadoo non-
Bt hybrids at 3 days after release. The mortality on both 
Jaadoo BG II and Mallika BG II cotton hybrids was 7.50 
percent with no significant differences from rest of the 
hybrids at 7 days after release. The total mortality on stacked 
Bt cotton hybrids was cent percent, while it was 15.00 percent 
on BG I and 10.00percent on non-Bt hybrids at 11 day after 
release (Table 2). 
 
3.1.2.2 Second instar 
The mortality of 2nd instar larvae fed on squares of 70- 80 
days old crop at 3 day after release was 22.50 percent on 
Jaadoo BG II hybrid and 17.50 percent on Mallika BG II and 
7.50 percent mortality on both BG I cotton hybrids and 2.50 
percent mortality on non-Bt cotton hybrids at three day after 
release, whereas at 7 days after release higher mortality rates 
of 55.00 and 40.00 percent were recorded on Jaadoo BG II 
and Mallika BG II cotton hybrids respectively, while it was 
2.50 percent on both BG I hybrids and non Bt hybrids. The 
total mortality was 87.50 percent on squares of Jaadoo BG II 
and 75.00 percent on Mallika BG II hybrids at 11 days after 
release, while it was 10.00 percent in the BG I and 5.00 
percent in non Bt hybrids at 11 days after release (Table 2). 
 
3.2 Effect of test hybrids on larval weight 
The mean weight of larvae that survived beyond 3, 7 and 11 
days after release on leaves and squares of 70-80 days old 
crop from all the six test hybrids was recorded for first and 
second instars and presented in (Table 3 and 4). 
 
3.2.1 Leaves  
The minimum larval weight gain was recorded when fed on 
leaves of Jaadoo and Mallika BG II hybrids. Jaadoo and 
Mallika BG II hybrids with least increase in larval weight 
were significantly superior over other test hybrids (Table 3). 
The mean larval weight of first instar larvae was minimum 
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(0.79 mg/larva, 1.10mg/ larva) in both Jaadoo and Mallika 
BG II hybrids at 3 days after release on leaves. The maximum 
larval weight (6.85 mg/ larva) was recorded on Jaadoo Bt 
followed by Mallika non- Bt (5.32 mg/ larva), Mallika Bt 
(4.76mg/ larva), Jaadoo non Bt (4.29 mg/ larva) at 3 days after 
release on leaves. All the BG I and non Bt hybrids were 
statistically on par and significantly inferior over the Jaadoo 
and Mallika BG II hybrids. There was no surviving larvae in 
Jaadoo and Mallika BG II hybrid, due to 100 percent 
mortality, and the maximum weight gain (99.21 %) at 11days 
after release was recorded in Jaadoo BG I hybrid followed by 
Mallika BG I (99.08), Mallika non Bt (99.00%), and Jaadoo 
non-Bt (98.88%). All these are statistically on par with each 
other. 
The mean larval weight of second instar larvae was minimum 
(38.95 mg/ larva) in Mallika BG II hybrid and (41.08 mg/ 
larva) in Jaadoo BG II the maximum larval weight (58.45 
mg/larvae) was recorded on Mallika non Bt followed by 
Jaadoo non Bt (55.45 mg/ larva), Mallika BG I (50.40 mg/ 
larva), and Jaadoo BG I (50.03 mg/ larva) at 3 days after fed 
with leaves. All these hybrids are statistically on par and 
significantly inferior over the Jaadoo and Mallika BG II 
hybrids. The percent weight gain was lowest in Mallika BGII 
hybrid (80.01%) and in Jaadoo BG II hybrid (80.84 %). The 
maximum weight gain (92.27 %) at 11 days after exposure 
was recorded in Mallika non Bt hybrid followed by Jaadoo 
non Bt (45.68%), Mallika BG I (87.35), and Jaadoo BG I 
(85.08%). All the BG II hybrids superior over BG I and non 
Bt hybrids with each other. 
 
3.2.2 Squares 
The growth of larvae fed on Jaadoo and Mallika BG II 
squares was minimum with less weight gain in first and 
second instar larvae. The Jaadoo and Mallika BG II hybrids 
was superior over the other hybrids tested in having less 
preference for feeding by S. litura (Table 4). 
The mean larval weight of first instar larvae was minimum 
(3.17 mg/larva) in Mallika BG II hybrid and (3.60 mg/larva) 
in Jaadoo BG II hybrid at 3 days after release on squares. The 
maximum larval weight (35.75 mg/larva) was recorded on 
Mallika BG I, followed by Mallika non- Bt (31.53mg/larva), 
Jaadoo non Bt (31.15 mg) and Jaadoo BG I (28.85mg) at 3 
days after release on squares. All these hybrids are 
statistically on par and significantly inferior over the Jaadoo 
and Mallika BG II hybrid. The percent weight gain could not 
be recorded in Jaadoo and Mallika BG II hybrid, due to 100 
percent mortality. The maximum weight gain (98.58 %) at 
11days after release was recorded in Mallika non-Bt hybrid 
followed by Jaadoo non-Bt (98.29 %), Jaadoo BG I (98.28%), 
and Mallika BG I (98.16%). All these are statistically on par 
with each other. 
The mean larval weight of second instar larvae was minimum 
(42.68 mg/larva) in Jaadoo BG II hybrid and (42.93 mg/larva) 
in Mallika BG II the maximum larval weight (61.13 mg/larva) 
was recorded on Jaadoo non-Bt, followed by Mallika non Bt 
(60.68 mg/larva), Mallika BG I (57.70 mg/larva), and Jaadoo 
BG I (54.20 mg/larva) at 3 days after exposure to leaves. All 
these hybrids are statistically on par and significantly inferior 
over the Jaadoo and Mallika BG II hybrids. The percent 
weight gain was lowest (84.49 %) in Jaadoo BGII hybrid and 
(85.58 %) in Mallika BG II hybrid. The maximum weight 
gain (91.24 %) at 11 days after exposure was recorded in 
Mallika non Bt hybrid followed by Jaadoo non Bt (91.02%), 
Mallika BG I (87.46), and Jaadoo BG I (87.01%).  
 

3.3 Effect of test hybrids on pupation 
The percent pupation of surviving larvae of S. litura on leaves 
and squares of different test cotton hybrids. (Table 5) 
 
3.3.1 Leaves 
The Jaadoo and Mallika BG II hybrids were resistant to S. 
litura attack and therefore the percent pupation of survived 
larvae fed on leaves of this hybrid was low compared to other 
test hybrids and they are statistically superior over other test 
hybrids. The first instar larvae fed on leaves of Jaadoo and 
Mallika BG II hybrids died completely before pupation. 
The percent pupation in second instar larvae was very less 
7.50% in both Jaadoo BG II and Mallika BG II hybrids. 
Whereas in BG I cotton hybrids 90.00% pupation and in non-
Bt hybrids 95.00% pupation was observed. 
 
3.3.2 Squares 
The first instar larvae when fed on Jaadoo and Mallika BG II 
hybrid squares resulted in complete mortality before pupation. 
The pupation percent in other test hybrids varied between 
80.00 to 90.00 % and all are statistically on par. In second 
instar, the pupation percent was 12.50% in Jaadoo BG II and 
25.00 % in Mallika BG II and > 90.00% in other hybrids. 
 
3.4 Effect of test hybrids on pupal weight 
The mean pupal weight of S. litura reared on different test 
hybrids was given in (Table 6). 
 
3.4.1 Leaves 
The maximum mean pupal weight was recorded, when first 
instar larvae were reared on Jaadoo non Bt (269.96 mg/pupa) 
followed by Mallika non Bt (233.6 mg/pupa) and Jaadoo BG I 
(219.76 mg/pupa). In Jaadoo and Mallika BG II hybrid there 
was no pupation of first instar larvae. The maximum pupal 
weight of 149.94/pupa mg was recorded, when second instars 
larvae were fed on leaves of Jaadoo non-Bt and it is 
statistically on par with other hybrids except Jaadoo and 
Mallika BG II hybrids (Table 6). 
 
3.4.2 Squares 
The different instars fed on squares exhibited similar trend in 
pupal weight as those fed on leaves. The larvae of S. litura fed 
on Jaadoo and Mallika BG II hybrids recorded no pupation 
for first instar larvae. The first instar larvae fed on Mallika 
non-Bt squares recorded the maximum pupal weight (198.35 
mg/pupa) and is on par with Jaadoo non Bt (183.55 mg/pupa), 
Mallika BG I (176.39 mg/pupa) and Jaadoo BG I (171.35 
mg/pupa). The mean pupal weight has increased gradually 
with increase in age of larvae on Jaadoo and Mallika BGII 
hybrids. 
 
3.5 Effect of different test hybrids on adult emergence 
3.5.1 Leaves 
None of the first instar larvae fed with leaves of Jaadoo and 
Mallika BG II hybrids reached adult stage. The second instar 
larvae reared on Jaadoo and Mallika BG II hybrids recorded 
5.00%, the percent adult emergence when first and second 
instar larvae reared on other test hybrids was more than 
85.00% and all are statistically on par with each other except 
Jaadoo BG I which is recorded 72.50 % (Table 7) 
 
3.5.2 Squares 
None of the first instar larvae fed with squares of Jaadoo and 
Mallika BG II hybrids reached adult stage. The adult 
emergence was very poor when second instars were fed on 
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squares of Jaadoo and Mallika BG II hybrids. There was only 
10.50% in Jaadoo BG II and 15.00 % in Mallika BG II adult 
emergence. These hybrids are least preferred by the S. litura. 
The other test hybrids recorded > 90.00% adult emergence 
when second instar larvae were reared on those hybrids. 
The results from the present investigation clearly suggest that 
the BG I cotton hybrids which contains Cry1Ac protein, offer 
marginal influence on 1st and 2nd instar. These findings are in 
close association with the results of development of S. exigua 
on BG I cotton was normal[12]. The BG I cotton hybrids which 
were efficient against H. armigera as revealed from the 
references of [13-14] have not offered any efficacy against S. 
litura during the 70-80 days old crop. 
The Stacked Bt (BG II) cotton hybrids with Cry 1Ac + Cry 
2Ab dual proteins exhibited higher mortality for first and 
second instars of S. litura than BG I and non Bt cotton 
hybrids. The present findings derive support from [15-20] who 
reported that Bollgard II cultivars exhibited far lower number 
of beet armyworm, S. exigua than BG I and non Bt varieties. 
The present findings are also in conformity with [10, 21-24] who 
found higher mortality of S. litura on stacked Bt (BG II) 
cotton over non Bt hybrids. The mortality of early larval 
instars was higher on leaves of stacked Bt (BG II) cotton 
hybrids, The duration of mortality of S. litura on leaves of all 
the test hybrids was studied for I and II instar larvae during 70 
to 80 days old crop. In BG II hybrids, the 1st instar larvae 
showed 100 percent mortality at 7 days after release. In case 
of 2nd instar, there was decrease in mortality rate compared to 
1st instar and took longer time for mortality and recorded 
more than 92.00 percent mortality. The findings clearly 

suggest that BG II cotton hybrids can effectively check the 
1st& 2nd instar larva which was highly economical in cotton 
ecosystem as the pest can be controlled in initial stages itself 
[25].  
The BG I and non Bt cotton hybrids did not affect any larval 
instar at 70- 80 days crop. Hence, it was evident from the 
results that BG I cotton hybrids which were resistant and 
showed higher mortality to H. armigera [26-27] cannot offer any 
protection to S. litura. It was clear from the results that larval 
or pupal weights of 1st and 2nd larval instars were maximum 
when fed on leaves of non Bt and BG I cotton hybrids. The 
present findings derive support from [27-28] who reported that 
larval weights were significantly higher on normal cotton 
leaves than transgenic Bt cotton leaves. 
The results from the data also revealed that the larvae 
survived after exposure to stacked Bt (BG II) leaves weighed 
less and developed into smaller pupae than the larvae fed on 
BG I and non Bt hybrids. The present findings are in 
conformity with [14, 22] who reported significant reduction in 
the larval and pupal weights when fed with stacked Bt (BG II) 
cotton leaves. 
The results of the BG II hybrids on the age of larvae revealed 
that the larval weight of 1st instar larvae was lower than 2nd 
instar larvae on leaves of stacked Bt (BG II) cotton hybrids 
compared to BG I and non Bt cotton hybrids, which was in 
accordance with the findings of [25, 29] who reported that the 
weight of early larval instars was higher than later instars on 
leaves of stacked Bt (BG II) hybrids than on BG I and non Bt 
cotton hybrids. 

 
Table 1: Mortality of larval instars of S. litura on leaves of test hybrids 

 

% mortality 

Treatments 
I instar Total mortality II instar 

Total mortality 
3DAR 7DAR 11DAR  3DAR 7DAR 11DAR 

Jaadoo BG I 
7.50 

(13.82)b 
7.50 

(13.82)b 
2.50 

(4.60) 
17.50 

7.50 
(13.82)b 

2.50 
(4.60)b 

0.00 
(0.00)c 

10.00 

Mallika BG I 
2.50 

(4.60)b 
7.50 

(13.82)b 
5.00 

(9.21) 
15.00 

7.50 
(13.82)b 

2.50 
(4.60)b 

0.00 
(0.00)c 

10.00 

Jaadoo BG II 
47.50 

(43.55)a 
52.50 

(46.44)a 
0.00 

(0.00) 
100.00 

25.00 
(29.88)a 

 

47.50 
(43.55)a 

20.00 
(26.56)a 

92.50 

Mallika BG II 
52.50 

(46.44)a 
47.50 

(43.55)a 
0.00 

(0.00) 
100.00 

40.00 
(39.23)a 

40.00 
(39.23)a 

12.5 
(20.46)b 

92.50 

Jaadoo non- Bt 
2.50 

(4.60)b 
5.00 

(9.21)b 
2.50 

(4.60) 
10.00 

5.00 
(9.21)b 

0.00 
(0.00)b 

0.00 
(0.00)c 

5.00 

Mallika non- Bt 
5.00 

(9.21)b 
5.00 

(9.21)b 
2.50 

(4.60) 
12.50 

5.00 
(9.21)b 

2.50 
(4.60)b 

0.00 
(0.00)c 

7.50 

F-Test Sig Sig NS Sig Sig Sig 
SEM ± 4.00 4.14 3.92 4.13 3.31 0.83 

CD (P=0.05) 11.90 12.33 11.64 12.29 9.84 2.47 
Figures in parentheses are angular transformed values 
Numbers followed by same superscript are not statistically different (P=0.05) 
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Table 2: Mortality of larval instars of S. litura on squares of test hybrids 
 

% mortality 
  I instar  Total mortality  II instar  Total mortality 

Treatments 3DAR 7DAR 11DAR  3DAR 7DAR 11DAR  

Jaadoo BG I 5.00 
(9.21)b 

5.00 
(9.21) 

2.50 
(4.60) 12.50 7.50 

(13.82)bc 
2.50 

(4.60)b 
0.00 

(0.00)c 10.00 

Mallika BG I 5.00 
(9.21)b 

5.00 
(9.21) 

5.00 
(9.21) 15.00 7.50 

(13.82)bc
2.50 

(4.60)b
0.00 

(0.00)c 10.00 

Jaadoo BG II 92.50 
(76.17)a 

7.50 
(11.25) 

0.00 
(0.00) 100.00 22.50 

(28.22)a 
55.00 

(47.88)a 
10.00 

(18.43)b 87.50 

Mallika BG II 92.50 
(76.17)a 

7.50 
(11.25) 

0.00 
(0.00) 100.00 17.50 

(24.53)ab 
40.00 

(39.23)a 
17.50 

(24.53)a 75.00 

Jaadoo non- Bt 2.50 
(4.60)b 

2.50 
(4.60) 

2.50 
(4.60) 7.50 2.50 

(4.60)c 
2.50 

(4.60)b 
0.00 

(0.00)c 5.00 

Mallika non- Bt 5.00 
(9.21)b 

2.50 
(4.60) 

2.50 
(4.60) 10.00 2.50 

(4.60)c 
2.50 

(4.60)b 
0.00 

(0.00)c 5.00 

F-Test Sig NS NS Sig Sig Sig 
SEm± 4.98 5.61 3.92 3.91 3.94 0.83 

CD (P=0.05) 14.79 16.68 11.64 11.63 11.72 2.47 
Figures in parentheses are angular transformed values 
Numbers followed by same superscript are not statistically different (P=0.05) 

 

Table 3: Effect of test hybrids leaves on S. litura larval weight 
 

Treatments 
Mean weight (mg/larva) of I instar 

after 
Weight gain 

(%) 

Mean weight (mg/larva) of II instar 
after 

Weight gain 
(%) 

3 DAR 7 DAR 11 DAR 3 DAR 7 DAR 11 DAR 

Jaadoo BG I 6.85 
(2.80)a 

14.79 
(3.97)b 

252.65 
(15.87)a 99.21 50.03 

(7.14)b 
99.56 

(9.99)bc 
226.61 

(15.03)bc 85.08 

Mallika BG I 4.76 
(2.39)b 

14.42 
(3.93)b 

216.85 
(14.75)ab 99.08 50.40 

(7.16)b 
125.39 

(11.23)ab 
267.27 
(16.35)b 87.35 

Jaadoo BG II 0.79 
(1.33)c 

5.23 
(2.49)c 

0.00 
(1.00)d ** 41.08 

(6.48)c 
88.09 
(9.33)c 

176.38 
(13.21)c 80.84 

Mallika BG II 1.10 
(1.45)c 

4.75 
(2.38)c 

0.00 
(1.00)d ** 38.95 

(6.32)c 
80.31 
(9.00)c 

169.07 
(13.04)c 80.01 

Jaadoo non- Bt 4.29 
(2.29)b 

19.56 
(4.53)a 

178.65 
(13.36)c 98.88 55.63 

(7.52)ab 
104.82 

(10.28)abc 
361.04 
(18.99)a 90.64 

Mallika non- Bt 5.32 
(2.51)b 

14.99 
(3.99)b 

199.86 
(14.17)bc 99.00 58.45 

(7.71)a 
129.96 
(11.43)a 

437.53 
(20.90)a 92.27 

F- Test Sig Sig Sig Sig Sig Sig 
SEm ± 0.09 0.12 0.43 0.14 0.45 0.71 

CD (P = 0.05) 0.27 0.35 1.28 0.42 1.34 2.11 
Initial weight 2 33.8 

** No survival Larvae 
Figures in parentheses are square root transformed values 
Numbers followed by same superscript are not statistically different (P=0.05) 

 

Table 4: Effect of test hybrid squares on S. litura larval weight 
 

Treatments 
Mean weight (mg/larva) of I instar after Weight gain

 (%) 
Mean weight (mg/larva) of II instar after Weight gain

 (%) 3 DAR 7 DAR 11 DAR 3 DAR 7 DAR 11 DAR 

Jaadoo BG I 28.85 
(5.43)a 

75.09 
(8.72)ab 

174.90 
(13.25)ab 98.28 54.20 

(7.42)a
116.30 
(10.30)b

275.59 
(16.63)b 87.01 

Mallika BG I 35.75 
(6.05)a 

72.89 
(8.60)b 

162.90 
(12.71)b 98.16 57.70 

(7.65)a 
117.25 

(10.87)ab 
285.50 
(16.92)b 87.46 

Jaadoo BG II 3.60 
(2.11)b 

0.00 
(1.00)c 

0.00 
(1.00)c ** 42.68 

(6.60)b 
75.18 
(8.71)c 

230.80 
(15.19)b 84.49 

Mallika BG II 3.17 
(2.03)b 

0.00 
(1.00)c 

0.00 
(1.00)c ** 42.93 

(6.62)b 
76.28 
(8.79)c 

248.19 
(15.76)b 85.58 

Jaadoo non- Bt 31.15 
(5.66)a 

81.43 
(9.05)ab 

174.96 
(13.25)ab 98.29 61.13 

(7.88)a 
126.76 

(11.30)ab 
398.62 
(19.91)a 91.02 

Mallika non- Bt 31.53 
(5.69)a 

89.06 
(9.45)a 

210.54 
(14.53)a 98.58 60.68 

(7.85)a 
129.90 
(11.44)a 

408.91 
(20.09)a 91.24 

F- Test Sig Sig Sig Sig Sig Sig 
SEm ± 0.23 0.28 0.44 0.19 0.20 0.79 

CD (P = 0.05) 0.67 0.84 1.30 0.55 0.60 2.36 
Initial weight 3 35.8 

** No survival Larvae 
Figures in parentheses are square root transformed values 
Numbers followed by same superscript are not statistically different (P=0.05) 
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Table 5: Percent pupation of surviving larvae of S. litura on test hybrids 
 

Treatments 
Pupation (%) 

Leaves Squares 
I instar II instar I instar II instar 

Jaadoo BG I 82.50 
(65.46)b 

90.00 
(71.56)a 

80.00 
(63.80)b 

95.00 
(80.78)ab 

Mallika BG I 85.00 
(67.5)ab

90.00 
(71.56)a

85.00 
(67.50)ab

92.50 
(76.17)b 

Jaadoo BG II 0.00 
(0.00)c 

7.50 
(13.82)b 

0.00 
(0.00)c 

12.50 
(20.46)c 

Mallika BG II 0.00 
(0.00)c 

7.50 
(13.82)b 

0.00 
(0.00)c 

25.00 
(29.88)c 

Jaadoo non- Bt 87.50 
(69.53)ab 

92.50 
(76.17)a 

90.00 
(71.56)a 

97.50 
(85.39)ab 

Mallika non- Bt 90.00 
(71.56)a 

95.00 
(80.78)a 

87.50 
(69.53)a 

100 
(90.00)a 

F-test Sig Sig Sig Sig 
SEm± 1.51 3.92 1.77 3.62 

CD (P=0.05) 4.50 11.64 5.26 10.75 
Figures in parentheses are angular transformed values 
Numbers followed by same superscript are not statistically different (P=0.05) 

 
Table 6: Effect of test hybrids on pupal weight of S. litura 

 

Treatments 
Pupal weight (mg/pupa) 

Leaves Squares 
I instar II instar I instar II instar 

Jaadoo BG I 219.76 
(14.78)bc 

126.28 
(11.25)a 

171.35 
(13.12)b 

118.54 
(10.93)ab 

Mallika BG I 183.00 
(13.54)c 

138.86 
(11.81)a 

176.39 
(13.30)b 

114.77 
(10.75)ab 

Jaadoo BG II 0.00 
(1.00)d 

92.90 
(9.68)b 

0.00 
(1.00)c 

63.93 
(7.93)c 

Mallika BG II 0.00 
(1.00)d 

98.31 
(9.89)b 

0.00 
(1.00)c 

102.16 
(10.15)b 

Jaadoo non- Bt 269.96 
(16.42)a 

149.94 
(12.28)a 

183.55 
(13.56)ab 

130.69 
(11.44)ab 

Mallika non- Bt 233.6 
(15.30)ab 

140.44 
(11.88)a 

198.35 
(14.11)a 

134.72 
(11.61)a 

F-test Sig Sig Sig Sig 
SEm± 0.48 0.38 0.24 0.44 

CD (P=0.05) 1.43 1.12 0.72 1.32 
Figures in parentheses are square root transformed values 
Numbers followed by same superscript are not statistically different (P=0.05) 

 
Table 7: Percent adult emergence of S. litura on test hybrids 

 

Treatments 
Adult emergence (%) 

Leaves Squares 
I instar II instar I instar II instar 

Jaadoo BG I 72.50 
(58.45)b 

77.50 
(61.77)b 

77.50 
(61.77)a 

90.00 
(71.56)a 

Mallika BG I 85.00 
(67.50)a 

85.00 
(67.50)b 

80.00 
(63.80)a 

90.00 
(71.56)a 

Jaadoo BG II 0.00 
(0.00)c 

5.00 
(9.21)c 

0.00 
(0.00)b 

10.50 
(18.43)b 

Mallika BG II 0.00 
(0.00)c 

5.00 
(9.21)c 

0.00 
(0.00)b 

15.00 
(22.50)b 

Jaadoo non- Bt 87.50 
(69.53)a 

92.50 
(76.17)a 

72.50 
(58.45)a 

95.00 
(80.78)a 

Mallika non- Bt 85.00 
(67.50)a 

85.00 
(67.50)b 

80.00 
(63.80)a 

95.00 
(80.78)a 

F-test Sig Sig Sig Sig 
SEm± 1.73 3.91 1.99 3.82 

CD (P=0.05) 5.13 11.60 5.92 9.56 
Figures in parentheses are angular transformed values 
Numbers followed by same superscript are not statistically different (P=0.05) 
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4. Conclusion 
In the present investigation, growth and development of I and 
II instar larvae of S. litura showed mortality rates on BG II 
hybrids, whereas the mortality was more or less similar in BG 
I and non Bt cotton hybrids. The BG II cotton hybrids exerted 
higher mortality. This might be due to expression of high 
levels of dual toxin at early stages of plant development. 
The mean larval weight of larva fed on BG II cotton leaves 
was found to be significantly lower than that of the larva fed 
on BG I and non Bt leaves. The mean larval weight of later 
instars of S. litura was higher than the early instars on the 
leaves of both the BG II cotton hybrids, whereas it was more 
or less similar in BG I and non Bt versions. 
The exposure of late instar larvae to plant parts of Jadoo and 
Mallika BG II hybrids exhibited adverse effect on the growth 
and development such as reduced larval weight, prolonged 
larval development period, reduced pupation, formation of 
small pupae with less weight, reduced adult emergence and 
low growth. 
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