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ABSTRACT

Laboratory experiment was conducted to find out the survival and development of Helicoverpa armigera 
(Hubner) on public sector Bt cotton hybrids (NHH-44 BG II, PKV Hy-2 BG II, PDKV-JKAL-116 BG II, 
G. COT-10 Hy. BG II and G. COT-08 Hy. BG II). Instarwise observations were documented on leaves, 
squares, young bolls and mature bolls at 60-80, 90-110, 120-140 and 150-170 days old crop, respectively. 
The results revealed that the early instars of H. armigera exhibited higher larval mortality than the later 
instars. The surviving larvae revealed adverse effect on many parameters viz., larval and pupal weight, 
% pupation and adult emergence indicating low growth and survival indices. 

Key words: Helicoverpa armigera, Bt cotton, hybrids, adult emergence, diet, bioassay, larval weight, pupal 
weight, pupation, emergence, growth, development

India is a leading cotton (Gossypium sp.) grower 
but its productivity is very low due to the influence of 
various abiotic and biotic factors. Biotic factors include 
insect pests, diseases and weeds. Of these, insect pests 
cause maximum yield loss, as right from germination 
to the final picking, the crop is subjected to severe 
damage by 162 species of insect pests (Manjunath, 
2004). American bollworm Helicoverpa armigera 
(Hubner) is the major pest in Maharashtra (Bhamare and 
Wadnerkar, 2018), and cotton producing countries face 
havoc of such insect pest despite intensive pesticide use. 
Transgenic cotton technologies were commercialized 
in 1996 and these have changed the crop protection 
scenario, and Bt cottons incorporating Bt-toxins are 
now available (Kranthi, 2020). Recently many public 
sector Bt cotton hybrids are developed in India. In 
Maharashtra, Vasantrao Naik Marathwada Krishi 
Vidyapeeth, Parbhani and Dr Panjabrao Deshmukh 
Krishi Vidyapeeth, Akola have developed NHH-44 BG 
II and PKV Hy-2 BG II cotton hybrids, respectively. For 
Bt cotton technology, it is crucial to express cry toxin 
proteins in adequate quantity in appropriate plant parts 
(Bhullar and Gill, 2015). Investigations conducted in 
India indicate that Cry toxin concentration in Bt cotton 
transmutes with progressing season, as a result efficacy 
deviates among the hybrids at different plant age and 
in different plant structures (Rupnar, 2018; Likhitha 
and Bhamare, 2018; Kranthi et al., 2005). In view 
of introduction of public sector Bt cotton hybrids for 
farmers in the open market, the present study assesses 
the survival and development of H. armigera on 
different plant parts at different growth stages. 

MATERIALS AND METHODS

The present study was conducted at the Post 
Graduate Laboratory, Department of Agricultural 
Entomology, College of Agriculture, Latur (Vasantrao 
Naik Marathwada Krishi Vidyapeeth, Parbhani), 
Maharashtra during 2019-20. The public sector Bt 
cotton hybrids (NHH-44 BG II, PKV Hy-2 BG II, 
PDKV-JKAL-116 BG II, G. COT-10 Hy. BG II, G. 
COT-08 Hy. BG II and NHH-44 non-Bt as control) were 
cultivated in the Experimental Farm of Department of 
Agricultural Entomology following the recommended 
package of practices except plant protection. The initial 
culture of H. armigera was obtained by collecting large 
sized larvae from the surrounding fields of College of 
Agriculture, Latur. These were reared with feeding on 
natural diet (leaves, squares, young bolls and mature 
bolls of non-Bt cotton) till pupation. The sexes were 
determined in pupal stages on the basis of distance 
between genital and anal apertures (viz., less in the case 
of male and more in the case of female). The freshly 
emerged adults were released (with proportion of 1:5 
female to male) into standard oviposition cage having 
cotton swab dipped into 10% honey solution and a strip 
of cotton cloth toweling hung vertically as oviposition 
substrate. After hatching from eggs on the toweling, the 
neonate larvae were transferred separately into plastic 
vials to avoid cannibalism and fed on natural diet till 
pupation. The different instar larvae obtained were used 
for further investigations.

The laboratory studies were carried out in completely 
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randomized design (CRD) with three replications 
using ten larvae per replication, on the field collected 
plant structures viz., leaves, squares, young bolls and 
mature bolls of public sector Bt cotton hybrids at pre-
determined intervals of 60-80, 90-110, 120-140 and 
150-170 days old crop, respectively. The plant structures 
were collected in labeled plastic bags. Collected samples 
were cleaned and placed individually in a plastic vial. 
Later laboratory reared different larval instar larvae of 
H. armigera were released on different cotton structures. 
The plant parts were replaced regularly with fresh Bt 
plant parts (same on which larvae fed) till pupation. The 
data on mortality of larvae were recorded separately for 
each instar by feeding them on different plant structures 
of public sector Bt cotton hybrids at pre-determined 
intervals. Weight of the surviving larvae was recorded 
after 24, 48 and 72 hr of exposure and weight of pupae 
was also recorded from each treatment. In addition, 
other parameters viz., % pupation and adult emergence 
were documented from the surviving larvae and pupae, 
respectively. The growth index and survival index were 
calculated on different treatments using the formulae 
given by Vennila et al. (2006). The data in respect of 
survival and development was statistically analyzed by 
ANOVA with the null hypothesis tested by ‘F’ test- at 
p=0.05 (Gomez and Gomez, 1984).

RESULTS AND DISCUSSION

The laboratory bioassay revealed that the fifth instar 
H. armigera larvae fed on different plant parts of public 
sector Bt cotton hybrids and NHH-44 non-Bt cotton 
showed no mortality. However, among the different 
public sector Bt cotton hybrids, I, II, III and IV larval 
instars of H. armigera fed on leaves and squares of 
PKV Hy-2 BG II exhibited maximum % mortality at 
60-80 and 90-110 days old crop, respectively. Where, 
minimum mortality was recorded on leaves of G. COT-
08 Hy. BG II at 60-80 days old crop and on squares 
of NHH-44 BG II at 90-110 days old crop. Maximum 
mortality was observed when larvae were fed on young 
and mature bolls of NHH-44 BG II at 120-140 and 
150-170 days old crop, respectively; and minimum 
% mortality of larval instars was on young bolls of G. 
COT-10 Hy. BG II at 120-140 days old crop and on 
mature bolls of PDKV-JKAL-116 BG II at 150-170 
days old crop (Table 1). Similar trend was observed as 
regards reduction in larval weight of I, II, III, IV and V 
instars which survived beyond 24, 48 and 72 hr after 
exposure; decreasing % pupation and adult emergence, 
and reduced pupal weight were found to result in  low 
growth and survival indices, when reared on leaves and 
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squares of PKV Hy-2 BG II. Where, the young bolls and 
mature bolls of NHH-44 BG II when fed to different 
larval instars of H. armigera demonstrated reduction 
in same growth and developmental parameters (Tables 
2-6).

The bioassay done with different plant parts of 
public sector Bt cotton hybrids conclusively elucidated 
decrease in mortality rate of H. armigera from early 
stage (leaves and squares) to the later stage (young 
and mature bolls) of crop. Thus, the expression of Cry 
toxins significantly declined with the progression of 
plant age. This view derives support from the earlier 
findings (Jayaprakash et al., 2013; Baoqian et al., 2011, 
Arshad et al. 2009, Siebert et al., 2009; Kranthi et al., 
2005). The data also revealed higher larval mortality of 
early instars fed on different plant parts compared to the 
later instars. However, the surviving late instars showed 
conflicting effects on the growth and development, 
such as reduced larval weights, pupation pupal weight 
and adult emergence. Also, the growth and survival 
index values became low when reared on leaves and 
squares compared to young bolls and mature bolls. 
These results are in accordance with those of earlier 
workers (Rupnar, 2018; Hallad et al., 2011; Likhitha 
and Bhamare, 2018, Mahalakshmi and Prasad, 2013; 
Naik et al., 2012). Among the different public sector Bt 
cotton hybrids superior results were expressed by PKV 
Hy-2 BG II when H. armigera larval instars fed on 
leaves and squares at 60-80 and 90-110 days old crop, 
respectively and NHH-44 BG II when fed on young 
bolls and mature bolls at 120-140 and 150-170 days 
old crop, respectively.
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