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ABSTRACT 
  

The undertaken project “Impact of Bt and non-Bt cotton on insect biodiversity” 
was carried out for two cotton seasons, 2006-07, which included the survey and 
experimentations. The survey study was conducted to know the farmers’ perception of 
insect pests and pest management practices in Bt cotton. The experimentations were 
consisted the field and laboratory experiments. The field experiments were conducted to 
determine the impact of transgenic Bt cotton on the target and non-target insect 
community in replicated field trails under sprayed and unsprayed conditions, in 
comparisons with its parent non-Bt conventional cotton. The laboratory experiments were 
conducted to evaluate the impact of Bt toxin on the biological traits (larval mortality, 
larval development time and pupal weight) of Helicoverpa armigera and Spodoptera 
exigua by feeding larvae on the leaves and flower-bolls of Bt and non-Bt cotton.  

The results revealed that transgenic Bt cotton (IR-FH-901), containing Cry1Ac 
proved to be highly effective against specific lepidopterous pests and the susceptibility of 
target pests was in the order of american bollworm> spotted bollworm> pink bollworm 
>armyworm. The pooled data of all observations showed significantly lower population 
of bollworm complex (american, spotted and pink bollworms) in Bt cotton. Bt cotton 
proved not to be so effective against armyworm but some sub-lethal effects have been 
observed in term of increased larval development time and reduction in pupal weight. It 
was not effective against sucking insect pests and average 3-4 insecticide applications 
were used to control these pests in sprayed plots of Bt and non-Bt cotton. The diversities 
of non-target insect community and sub-communities (pests, beneficials, pollinators and 
visitors) as measured by Shannon-Weaver diversity index showed no significant 
differences in species abundance, richness, diversity and evenness in the unsprayed Bt 
and non-Bt cotton during two successive years. But the differences were found between 
sprayed and unsprayed plots. The higher diversity indices in insecticide treated plots 
suggest that insecticide sprays had a significant impact in eliminating the rare species and 
hence increased the diversity due to higher evenness among the species. The reduced 
insecticide use in Bt cotton increased the stability of rare species and have a positive 
impact on beneficial insect community. The seed treatment in transgenic Bt cotton 
proved to be very effective in controlling sucking insect pests complex during early 
stages of crop. Although, Bt cotton significantly reduced the use of insecticides against 
bollworms, but farmers still relied heavily on the chemicals to control these pests, as they 
were not sure of its effectiveness against target pests, because, they were easily 
convinced by the commercial advertisements of pesticide companies. The results 
revealed that the judicious use of insecticides in Bt cotton at economic threshold level 
was provided the salubrious conditions for beneficial insects conservation. The efficacy 
of Bt insecticidal protein in different plant parts was in the order of leaves>flower-bolls. 
The increased larval population in Bt cotton at later stages of crop indicated spatial and 
temporal variation of Cry1Ac toxin expression. The studies highlight that researchers, 
technology providers and administrators should ensure the effective and highest level of 
Bt toxin expression in appropriate plant parts at the requisite time, particularly late in the 
season. 
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Chapter 1 

 

INTRODUCTION 

 

Cotton (Gossypium hirsutum L.) is an important industrial crop of the world, 

grown on an area of more than 38 million hectares (Kannan et al., 2004). The important 

products are cotton lint, cotton seed meal and cotton seed oil. It is an employment-

generated industry and estimated that about 250 million people are dependent on 

production, processing and marketing of the cotton all over the world (Bharathan, 2000). 

The developing countries accounts for 50 percent export of raw cotton to most of the 

industrialized nations like Western Europe and USA (Gayatri, 2005). 

Pakistan is the fourth largest producer of cotton after China, the USA and India 

(Abro et al., 2004). It is an important fiber and cash crop of Pakistan and known as 

“white gold”. It accounts for 10.5% of the value added in agriculture and about 2.4% to 

GDP. In Pakistan, the lives of millions of farmers depend on the cotton crop and millions 

of people are also employed in cotton, weaving, textiles and garment production. Besides, 

35 percent of total edible oil production comes from cotton seed. Population growth rate 

in Pakistan is 2.16%. Most importantly, 67.5% of country's population living in rural 

areas is directly or indirectly dependent on agriculture for their livelihood. This situation 

demands increasing productivity with less available resources, less use of water and 

pesticides and with less labour engaged in agricultural production. The average yield of 

cotton is about 570.99 kg/ha, which is low as compared to other cotton growing area of 

the world (Bakhsh et al., 2005). The low productivity of cotton is caused by many factors 

but the most serious one is the intensity of insect pests attack.  

Cotton crop hosts a rich diversity of insect pests, predators and parasitoids. About 

145 insect and mite pests have been reported in the cotton crop in Pakistan (Huque, 

1994). Cotton insect pests cause 35-40% yield loss (Kannan et al., 2004). The insect pest 

complex on cotton is divided into two groups: chewing insect pests and sucking insect  
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pests. Among the chewing insect pests, cotton bollworm complex (Helicoverpa armigera 

(Hubner), Pectinophora gossypiella (Saunders) and Earias insulan & E. vitella) are the 

most destructive ones in Pakistan and causes 30-40% yield reduction (Abro et al., 2004),  

because of damage to flowers, squares and bolls (Luttrell et al., 1994 ; Gore et al., 2000; 

Ashfaq et al., 2006). Among sucking insect pests i.e., whitefly, jassid, thrips and aphid 

are important (Aslam et al., 2004; Amjad and Aheer, 2007). 

The insect pest management in cotton is mainly dominated by the use of broad-

spectrum insecticides, which disrupt the beneficial insect fauna, leading to pest 

resurgence and outbreaks of secondary pests, as well as risk to human health and 

environment (Yousefi, 2000). The insecticide application to cotton crop is the most 

intensive and the crop is to be considered as the largest insecticide consumer throughout 

the world (Yan et al., 2004). It is estimated that in Pakistan, farmers spend US$300 

million on pesticides annually, of which more than 80% is used on cotton, especially for 

bollworms (Rao, 2007). The pesticides use in the Punjab, Pakistan has increased from 

14,000 tones in 1990 to over 54,000 tones in 2008 (Anonymous, 2008). Most of the 

insecticides currently used are non-selective toxic chemicals that can eliminate natural 

enemies and disturb the insect biodiversity. 

One option to reduce the insecticide use on cotton is the exploitation of transgenic 

Bt cotton as a component of integrated pest management (Gore et al., 2001). 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, the first transgenic non-food crop, has provided a specific, safe and 

effective tool for the control of lepidopterous pests (Sims, 1995; Watson, 1995; Harris et 

al., 1996; Bacheler et al., 1998; Betz et al., 2000; Shelton et al. 2002; Mendelsohn et al., 

2003; Wu and Guo, 2005) as compared to insecticides (pyrethroids and carbamates) that 

adversely impact non-target arthropods and other invertebrates (Wu and Guo, 2004). Bt 

cotton expressing the Cry1Ac protein has been available commercially in the US since 

1996 and is also being grown in Mexico, Colombia, Australia, China, India, Argentina 

and South Africa (James, 2006).  
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Field studies have shown that, by adopting Bt cotton, farmers have reduced the cost of 

pesticides and labour and reduced exposure to toxic insecticides (Hossain et al., 2004) in 

both developed and developing countries: United States (Perlak et al., 2001), Mexico 

(Traxler et al., 2001), South Africa (Ismael et al., 2001, 2002a; Thirtle et al., 2003), 

China (Pray et al., 2001, 2002; Huang et al., 2002a, c; Zhang et al., 2005) and India 

(Qaim, 2003; Qaim and Zilberman, 2003; Bennett et al., 2004b; Morse et al., 2005; Crost 

et al., 2007).  

 

 

Fig.1.1: Cotton growing area in Pakistan. 

Source:  

http://www.pakissan.com/english/allabout/crop/cotton/cotton.growing.areas.pakistan.shtml 

 

The Punjab is the leading province of Pakistan with respect to cotton production 

and comprises about 85% of the cotton area (Fig.1). Farmers of this province started to 

grow Bt cotton in 2001. The area under Bt cotton increased dramatically in 2005 when 

the 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  
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were grown on over 3,238 ha during the 2005-06 cotton season (Rao, 2006). In 2006, Bt 

cotton was grown on 0.20 million ha in Pakistan, of which 0.093 million ha was in the 

Punjab Province (Rao, 2007). Transgenic crops may perform differently under different 

ecological conditions and cropping systems, so there is need for researchers and 

extension staff to conduct surveys and layout field trials to build a complete model for the 

long-term implementation of transgenic crops. 

Growing of transgenic crops is a new technology in Pakistan agriculture and 

every new technology has its benefits and risks. The benefits of transgenic crops are 

dramatic decreases in the use of insecticides, target pest specificity, improved yield, 

lower production costs and compatibility with other biological control agents (Cannon, 

2000; Edge et al., 2001; Shelton et al., 2002; Naranjo, 2005c; Khadi, 2006). Risks 

include out-crossing by the transfer of pollen to non-transgenic plants, food safety, 

development of resistance in target pests, effect on non-target organisms and biodiversity 

(Gould, 1998; Cannon, 2000; Shelton et al., 2002; Naranjo, 2005b).  

The acceptance or rejection of any new variety depends upon the end users, the 

growers or farmers. A few studies have been carried out to understand farmers’ attitude 

towards the acceptance or rejection of Bt cotton. A survey study concerning farmers’ 

interview is very important to inquire in-depth and in detail-concerned issues as, there is 

no limitation in open discussion (Gayatri, 2005).  

The insect control strategy in cotton involves both the target and non-target insect 

pests’ species, so the population dynamics of pests and beneficial insects should be 

considered for the long-term implementation of Bt cotton (Pilcher et al., 1997; Wilson et 

al., 1992; Whitehouse et al., 2005). The impact of Bt cotton on the non-target insect 

species may be positive due to elimination of insecticidal use or may be negative because 

of elimination of host (Fitt, 1994a). No doubt Bt protein is toxic only to specific 

lepidopteran species, while the diversity of other insect species may be affected indirectly 

(Wu et al., 2005b). The change in abundance of other insect species, which are neither 

beneficial nor pests could influence pests and beneficial insects through food web.  
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Preliminary studies have reported a clear difference in the abundance of insect pests and 

beneficial insects between unsprayed transgenic cotton (Cry1Ac) and conventional cotton  

(Fitt and Wilson, 2002). However, many farmers, consumers and environmentalist 

opposed to the transgenic cotton with the intention that Bt cotton will harm the beneficial 

insects, susceptibility to insect pests as well as non profitable to farmers (Qayum and 

Kiran, 2003).  

 The change in species composition may influence IPM approach in cotton crop, 

which need a systematic study to know the impact of transgenic Bt cotton on the insect 

diversity (target & non-target) in comparison with that of conventional cotton. Most of 

the field studies pertaining to the impact of Bt cotton focused on a few insect species 

using only one sampling method. It is therefore; present project was planned, which 

include farmers’ survey and field & laboratory experiments, to know the impact of 

transgenic Bt and non-Bt cotton on insect biodiversity, on following parameters.  

Farmers’ Survey: To know the farmer’s knowledge, perception of insect pest 

incidence and management practices in Bt cotton. 

 Objectives 

a. To know the farmers’ adoption Bt cotton.  

b. To know the sources of Bt cotton seed acquisition. 

c. To know the farmers’ perception of insect pests incidence in Bt cotton. 

d. To know the farmers’ management practices used in Bt cotton. 

e. To know the farmer’s views about the safety of Bt cotton. 

f. To know the factors influencing the adoption of Bt cotton. 

Experimentation 

A. Field experiments: To compare the insect community associated with Bt and  

non-Bt cotton. 

 Objectives  

a. To compare the target insect pests community. 

i.  American bollworm, Helicoverpa armigera (egg & larvae). 

ii. Spotted bollworm, Earias spp. (egg & larvae). 
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iii. Pink bollworm, Pectinophora gossypiella (rosette flowers & 

larvae). 

iv. Armyworm, Spodoptera spp. larvae. 

b. To compare the non-target insect community on Bt cotton. 

 i. The major sucking pests. 

 ii. The minor insect pests. 

 ii. The beneficials (predators & parasitoids). 

 iii. The pollinators. 

ii. The visitors (non-cotton insect pests). 

B. Laboratory experiments: To determine the impact of Bt cotton on the  

biological aspects (survival and growth) of cotton bollworm (Helicoverpa  

armigera) and armyworm (Spodoptera exigua).  

 Objective 

a.  To determine the larval mortality in each instars. 

b. To determine the larval development time. 

c. To determine the pupal weight.
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Chapter 2 

 

REVIEW OF LITERATURE 

 

Diversity is not only an important characteristic of a biological community, but is 

also an important criterion of the stability of community (Wei et al., 2004). Biodiversity 

is threatened by agriculture as a whole, and particularly also by traditional methods of 

agriculture. Transgenic crops may affect insect biodiversity by unintended impacts on 

non-target arthropods population. On the other hand there may be positive impacts on the 

species biodiversity, if such crops provide targeted management of weeds and insect 

pests as compared to conventional agriculture with widespread use of broad-spectrum 

insecticides. Many researchers have revealed that the transgenic Bt crops could provide 

efficient control of some target insect pests (Jenkins et al., 1993; Shu et al., 1998; Giles et 

al., 2000; Stewart et al., 2001; Storer et al., 2001). Transgenic Bt cotton has been 

introduced to combat the lepidopterous pests, particularly bollworm species (Perlak et al., 

1991; Mascarenhas and Luttrell, 1997; Hilder and Boulter, 1999; Peck et al., 1999; Olsen 

and Daly, 2000; Liao et al., 2002). It can change the cotton pest spectrum (Kranthi et al., 

2004) and may induce the growth of new harmful pest species having no pest status 

because of negative impact on predators and parasitoids (Groot and Dicke, 2002). The 

relevant information about the above aspects is reviewed in this chapter. 

 

2.1: Transgenic Bt cotton 

 Cotton plant has been genetically modified to incorporate recombinant DNA from 

bacterium, Bacillus thuringiensis containing delta endotoxin protein (Perlak et al., 1991). 

It is commonly known as Bt cotton, because it produces an insecticidal protein (Cry1Ac) 

derived from the naturally occurring soil bacterium Bacillus thuringiensis (Bt) var. 

kurstaki (Peferoen, 1997). Monsanto developed and commercialized the first insect-

resistant transgenic Bt cotton (Bollgardâ I) in 1996 (Perlak et al., 2001; Purcell and  
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Perlak, 2004). Bt cotton producing Cry1Ac has the insecticidal activity against the larvae 

of selected lepidopterous pests. 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 

(Gawron-Burke and Baum, 1991; Gill et al., 1992; Benedict et al., 1993). The larval 

death may vary depending on insect species, larval age and the amount of toxin ingested 

(Halcomb et al., 1996). 

 Transgenic Bt cotton has provided an important tool for developing an integrated 

pest management (IPM) strategy (Wilson et al., 1998; Liu et al., 2001; Mellet et al., 

2004), especially for lepidopterous larvae in cotton (Watson, 1995; Bacheler et al., 1996, 

1998; Harris et al., 1996; Torres and Ruberson, 2005). Edge et al., (2001) reported that 

the integration of Bt cotton as an IPM component has many benefits like reduced use of 

broad-spectrum insecticides, improved control of target pests, reduced production cost, 

increased yield and better opportunity for biological control.   

Bt cotton that express Cry toxin has been cultivated on a large scale in the USA, 

Australia, Argentina, China, India, Indonesia, Mexico and South Africa (Layton et al., 

1999; Fitt, 2000; Edge et al., 2001; Perlak et al., 2001; Yousouf et al., 2001; Qaim and 

De Janvry, 2003; Toenniessen et al., 2003; Wu and Guo, 2005). Bt cotton varieties tested 

so far have produced profitable yields quality as compared to conventional varieties 

(Stewart et al., 1998). There are also potential risks, including food safety, loss of target 

pests’ susceptibility to Bt toxin and direct or indirect effects on non-target organisms 

(Shelton et al., 2002).  

Bollgardâ varieties producing Cry1Ac protein are less effective against 

armyworm, Spodoptera species (Adamczyk et al., 1998b). To overcome this problem a 

Bollgardâ II cotton was developed that contain two Bt genes, Cry1Ac and Cry2Ab 

(Greenplate et al., 2000a, b), which provide the adequate control of armyworm and 

cotton bollworms (Allen et al., 2000; Jackson et al., 2000; Ridge et al., 2000; Stewart  

et al., 2000; Gore et al., 2001; Chitkowski et al., 2003).    
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Bt cotton expresses different amounts of toxin in different plant parts and less expression 

is noted in fruiting structures than in newly expanded leaves because of reduced 

insecticidal efficacy with plant age (Fitt et al., 1994, 1998; Greenplate, 1999;  

Greenplate et al., 2000a; Olsen and Daly, 2000; Adamczyk and Sumerford, 2001; Liao et 

al., 2002; Rui et al., 2002; Kranthi et al., 2005; Wan et al., 2005).  

 

2.2: Transgenic Bt cotton and insecticide use 

 Farmers rely heavily on pesticides to control insect pests in cotton crop (Nasreen 

et al., 2004; Sharma and Pampapathy, 2006). This dependence on pesticides has 

increased the production cost. Bt cotton that is toxic to lepidopterous larvae aims at 

reducing insecticide applications during pest management practices (Benedict et al., 

1993; Mascarenhas and Luttrell 1997; Pannetier et al., 1997; Benedict and Altman, 2001; 

Carriere et al., 2001a; Perlak et al., 2001; Liu et al., 2002; Qaim, 2003; Wu and Guo, 

2005). Insecticide application in Bt cotton has reduced up to 14 applications in China 

(Pray et al., 2002), 5-6 in Australia (Fitt, 2003), 7 in South Africa (James, 2002) and 2.5 

in India (Barwale et al., 2004). The introduction of Bt cotton in Southeast Asia 

significantly reduced the insecticide applications by 72%, increased yield of 11.4% and 

an estimated profit of US $126.02/ha (Hubbell et al., 2000). The reduced insecticide use 

may increase the predator abundance (Luttrell et al., 1995; Armstrong et al., 2000; Men 

et al., 2003; Wu and Guo, 2003; Hagerty et al., 2005) and can affect the arthropod 

communities overall in Bt cotton field (Men et al., 2003).  

It is suggested somewhere (Torres and Ruberson, 2005) that Bt cotton use with 

judicious insecticide application at economic thresholds level has no effect on the 

predator community. Foliar application of insecticides at early stages can destroy natural 

enemies; however seed treatment with seed protectant insecticides may provide effective 

control of early stage sucking pests. Seed treatment in transgenic Bt cotton is not only 

safe for natural enemies but also attracts the predators viz., green lacewings, coccinellid 

beetles and spiders (Kannan et al., 2004). The imidacloprid seed treatment @ 5g/kg of 

seeds is very effective to keep the pest population of major sucking insect pests like  
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whitefly, jassid, thrips and aphid below economic threshold level up to 40 days after 

sowing the crop (Kannan et al., 2004). 

 

2.3: Farmers’ knowledge and perception of Bt cotton 

 Bt cotton adoption has been increased rapidly since its introductory period, 1996. 

The vast majority of farmers using Bt cotton globally have economic, social and 

environmental benefits (Huang et al., 2002b; Ismael et al., 2002a, b; Pray et al., 2002; ; 

Qaim, 2003; Qaim and Zilberman, 2003; Thirtle et al., 2003; Bennett et al., 2004a, b; 

Purcell and Perlak, 2004; Reddy et al., 2005; Qaim et al., 2006). 

Farmers’ adoption of Bt cotton has increased dramatically in China and about 2.5 

millions ha are being grown annually with Bt cotton (Huang et al., 2002b; Yang et al., 

2005a). Field studies have shown that, by adopting Bt cotton, farmers have reduced the 

cost of both pesticides and labour, and this in turn has reduced exposure of human to 

toxic insecticides in both developed and developing countries: USA (Perlak et al., 2001), 

Mexico (Traxler et al., 2001), South Africa (Ismael et al., 2001), China (Pray et al., 2001, 

2002; Huang et al., 2002a, b), India (Qaim and Zilberman, 2003) and Pakistan (Arshad et 

al., 2009). A survey study in China showed that farmers adopt Bt cotton because of less 

labour use, higher yield and reduced insecticide applications (Yang et al., 2005a, b).  

A two year survey study in Makhathini Flats, South Africa had showed that Bt 

cotton has a positive impact on farmers revenue due to reduced insecticide costs and 

increased yield (Thirtle et al., 2003) but the extent of gain was not as high as expected 

(Hofs et al., 2006). Most of the survey studies indicated higher cost of Bt cotton seed as 

main constrain in the adoption behavior of farmers (Thirtle et al., 2003; Arshad et al., 

2007). Some farmers complain that Bt cotton varieties are not drought resistance and 

cannot survive in moisture stress conditions, resulting heavy loss. However, many of 

them are reluctant in using Bt cotton as they were not sure of its effectiveness against 

target pests and yield increase (Marra, 1999; Arshad et al., 2009). 

 



 
 

11 

2: Review of literature 

 

2.4: Impact of transgenic Bt cotton on target insect pests 

 Among the target insect pests of Bt cotton Heliocoverpa armigera Hubner, Earias 

spp., Spodoptera spp. (Lepidoptera: Noctuidae) and Pectinophora gossypiella Saunder 

(Lepidoptera: Gelechidae) are more serious pests of cotton in Pakistan. They damage the 

cotton plant by feeding on squares, flowers and bolls (Luttrell et al., 1994). Taley et al., 

(1988) reported 71.4% yield reduction in cotton due to bollworm complex.   

H. armigera: Commonly known as cotton bollworm (CBW) is one of the damaging pests 

of cotton and many other field crops worldwide (Fitt, 1989; Matthews, 1999; Gujar et al., 

2000; Khan and Hameed, 2005; Wu and Guo, 2005; Liu et al., 2006). In India, this pest 

causes an estimate crop loss of US $350 million annually and farmers have to spray 15-

20 times (Sharma and Pampapathy, 2006). Farmers in Pakistan also rely heavily on the 

use of chemical to control this pest (Arshad et al., 2009). This indiscriminate use of 

insecticide particularly pyrethroids has developed resistance in this pest against 

insecticides (Forrester et al., 1993; Fitt, 1994a; Armes et al., 1996; Kranthi et al., 2002a, 

b).  

 Bt cotton containing Cry1Ac has lethal effect against H. armigera (Padidam, 

1992; Wu et al., 2000; Zhao et al., 2000b; Akhurst et al., 2003; Morse et al., 2005; Wan 

et al., 2005; Kumar and Stanley, 2006). Previous studies have shown that transgenic Bt 

cotton varieties proved to be very effective in controlling this pest, causing 80-90% 

mortality in Australia (Fitt et al., 1998), more than 90% in China (Wu et al., 2003) and 

40-50% in India (Bambawale et al., 2004). However, some studies have showed 

inadequate control of H. armigera with Bt cotton (Fitt, 1994a, b; Hilder and Boulter, 

1999). Previous studies have showed no oviposition difference of H. armigera between 

transgenic Bt and non-Bt cotton (Parker and Luttrell, 1998; Cui and Xia, 1999; Ning et 

al., 2001; Xia et al., 2001). While, Sharma and Pampapathy (2006) reported greater 

number of eggs in Bt cotton than conventional cotton because of better leaf canopy due to 

lower damage. Liu et al., (2002) reported that transgenic Bt cotton have shown the higher 

resistance to H. armigera at the last ten days of May (94.5%) and July (83.3%), 

 



 
 

12 

2: Review of literature 
 

which decreased in August (22.7%). Sarfraz et al., (2003) studied the comparative 

resistance of transgenic Bt (IR-FH-901, IR-CIM-443 and IR-CIM-448) and conventional 

(CIM-109, CIM-446, CIM-473 and FH-900) cotton cultivars to H. armigera and revealed 

that Bt cotton variety, “IR-FH-901” proved to be comparatively resistant than those of 

other cultivars. Similarly other field studies (Cui and Xia, 2000; Head et al., 2005; Men 

et al., 2005; Wu et al., 2005a) have also showed significantly lower population of H. 

armigera in Bt cotton as compared to non-Bt cotton. 

Pink bollworm: It is the most important pest throughout the world, where the cotton is 

grown (Attique et al., 2001; Naranjo, 2002) and almost difficult to control this pest 

because of its cryptic feeding habit (Henneberry and Naranjo, 1998). Bt cotton containing 

Cry1Ac can affectively control this pest (Wilson et al., 1992; Flint et al., 1995, 1996; 

Watson, 1995; Greenplate et al., 1998; Simmons et al., 1998; Flint and Parks, 1999; 

Carriere et al., 2001b; Wan et al., 2004). 

Arif et al., (2006) determined the comparative resistance of transgenic Bt and 

conventional cotton cultivars against P. gossypiella and found that transgenic cultivar, 

“IR-FH-901” showed the minimum infestation of 1.95% and 1.27% than conventional 

cultivar, “FH-900” with infestation of 3.37% and 2.56% on flowers and bolls 

respectively. Similarly, another field study (Nadaf and Gould, 2007) revealed 

significantly lower number of rosette flowers and larvae in Bt cotton as compared to non-

Bt cotton.  

Spotted bollworm: It is a serious pest of cotton in Indo-Pak subcontinent and in some 

Middle Eastern countries and severely attack seedlings, buds, flowers and bolls (Leghari 

and Kalro, 2002; Abro et al., 2003, 2004). Bt cotton containing Cry1Ac proved to be 

effective against this pest (Abro et al., 2004; Hofs et al., 2004; Morse et al., 2005; 

Kannan and Uthamasamy, 2006; Sharma and Pampapathy, 2006). Ashfaq et al., (2006) 

investigated the infestation trend of spotted bollworm in different plant parts of 

transgenic Bt and conventional cotton cultivars and reported minimum infestation of 

3.36% in transgenic variety, “IR-FH-901” as compared to conventional variety, “FH-

900” with 10.5% infestation.    
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Armyworm: Commonly known as beet armyworm and fall armyworm is a multivoltine, 

polyphagous pest and in case of severe infestation, cause significant damage to cotton 

crop in Pakistan. Bt cotton with Cry1Ac proved not to be effective against armyworm, 

Spodoptera spp. (Ashfaq and Young, 1999; Adamczyk et al., 2001; Agrawal et al., 2002; 

Ponsard et al., 2002; Hofs et al., 2004; Yu et al., 2004), hence insecticide applications are 

needed to control this pest in Bt cotton (Smith, 1997). Abro et al., (2004) reported 13.3 to 

53.3% mortality of Spodoptera spp. on different Bt cotton varieties. Some other field 

studies (Jeyakumar et al., 2007; Wan et al., 2008) have shown no significant difference in 

larval population between Bt and non-Bt cotton under unsprayed conditions.  

 

2.5: Impact of transgenic Bt cotton on non-target insect pests 

 A number of studies have shown that Bt toxin is highly selective and has no 

adverse effects on non-target insect fauna in cotton (Flint et al., 1995; Schuler et al., 

1999; Men et al., 2003; Pilson and Prendeville, 2004; Sisterson et al., 2004; Hagerty et 

al., 2005; Lovei and Arpaia, 2005).  

 

2.5.1: Impact on non-target major sucking insect pests 

  Among the non-target, sucking insect pests, cotton whitefly, jassid, thrips aphid 

and cotton mealy bug are the most important in Pakistan. These are very destructive pests 

during seedling and vegetative phase of cotton as they suck the sap of the plant, make it 

weak and in case of severe infestation wilting and shedding of leaves occur (Abro et al., 

2004).  

 Bt cotton can effectively control specific lepidopterous species but there is lack of 

resistance against sucking insect pests (Hofs et al., 2004; Sharma and Pampapathy, 2006) 

and hence require continuous use of pesticides and other control tactics for effective 

management (Hilder and Boulter, 1999; Hofs et al., 2006). A little attention is given on 

the population dynamics of non-target, sucking insect pests in Bt cotton as most of the 

studies focus on major target pests. The reduced use of insecticides in Bt cotton can  
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increase the population of sucking insect pests (Men et al., 2005). Sucking pests have 

become a more significant part of pest complex in Bt cotton (Wu et al., 2002). Previous 

field studies have investigated the higher population of thrips, aphid, jassid and whitefly 

in Bt cotton as compared to conventional cotton. (Ning et al., 2001; Bai et al., 2002; Sun 

et al., 2002; Wu et al., 2005b; Naveen et al., 2007).  

 Deng et al., (2003a) reported no resistance in Bt cotton against whitefly. As, there 

is no direct impact of Bt toxin on the non-target insect species but the ingestion of Bt 

toxin may prolong the development time during which herbivores are more exposed to 

parasitoids and predators (Groot and Dicke, 2002). Abro et al., (2004) investigated the 

insect pests infestation on transgenic Bt and non-Bt cotton and revealed that all varieties 

are to be infested with sucking pests: jassid, whitefly and thrips while, Whitehouse et al., 

(2005) reported significantly lower population of jassid in Bt cotton as compared to 

conventional cotton. However, Sharma and Pampapathy, (2006) found no significant 

difference of jassid and whitefly population between transgenic Bt and non-Bt cotton.  

 

2.5.2: Impact on non-target natural enemies 

 Cotton crop hosts a rich diversity of insect predators and parasitoids, which have 

the significant role in regulating the pest population (Eveleens et al., 1973; Stoltz and 

Stern, 1978; Naranjo, 2005c; Naranjo and Ellsworth, 2005). Most of the field studies 

have shown no significant effects of Bt crops on natural enemies (Johnson and Gould, 

1992; Orr and Landis, 1997; Schuler et al., 1999; Sears et al., 2001; Groot and Dicke, 

2002; Wu and Guo, 2003; Obrycki et al., 2004; Head et al., 2005). Some reported the 

reduced activity of parasitoids in Bt cotton due to the absence of hosts or direct toxic 

effects of Bt toxin (Loughrin et al., 1995; Xia et al., 2001). Whitehouse et al., (2005) 

reported no consistent difference in the number of egg and larval parasitoids of 

lepidoptera between Bt and conventional cotton, while others reported lower number of 

parasitoids in Bt crops (Xia et al., 1998; Pilcher et al., 2005).  
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Bt cotton may act as a refuge for insect predators and spiders in large scale cotton  

production, where non-Bt cotton may be sprayed with insecticides (Armstrong et al., 

2000). Although Bt cotton is effective against target pests and have no direct influence on 

natural enemies (Mascarenhas and Luttrell, 1997) but there are the options that natural 

enemy population may be indirectly influenced by the behavioral change of non-target 

organisms or by the removal of their prey/hosts (Schuler et al., 1999; Dutton et al., 2002; 

Sisterson et al., 2004; Torres and Ruberson, 2005). Some laboratory studies have 

reported indirect effects on natural enemies’ population through unhealthy prey/hosts but 

at the same time population may be increased because of increased parasitism of 

unhealthy prey/host due to Bt toxin (Hilbeck et al., 1999; Schuler et al., 1999; Dutton et 

al., 2002; Baur and Boethel, 2003; Ren et al., 2004).  

 Bt cotton can effect natural enemies by the removal of eggs, larvae and pupae of 

lepidopterous pests that serves as food sources (Wu et al., 2005b). Some studies showed 

the adverse effects of Bt toxin on the survival and development of some predators 

(Hilbeck et al., 1998a, b; Perlak et al., 2001; Ponsard et al., 2002). It may be due to the 

ingestion of Bt toxin during feeding on lepidopterous larvae or may be due to the 

consumption of intoxicated non-target prey (Naranjo and Ellsworth, 2005), that may pick 

up the Bt toxin (Dutton et al., 2002, 2004). Hilbeck et al., (1999) investigated the 

increased larval mortality of a key predator, Chrysoperla spp. feeding on Bt intoxicated 

prey, while most of the studies experienced no effect of Bt toxin on Chrysoperla carnea 

(Dutton et al., 2002; Romeis et al., 2004) and reported no significant difference in 

abundance of Chrysoperla spp. between unsprayed Bt and non-Bt cotton fields (Flint et 

al., 1995; Naranjo and Ellsworth, 2003; Hagerty et al., 2005).  

 The reduced insecticide use in Bt cotton can increase the predaceous arthropod 

population (Luttrell et al., 1995; Turnipseed and Sullivan, 1999; Armstrong et al., 2000; 

Men et al., 2003; Wu and Guo, 2003; Hagerty et al., 2005). Some other field studies 

reported no significant difference of natural enemy populations between Bt and non-Bt 

cotton fields and where the differences were present, natural enemy populations were  
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significantly higher in Bt than non-Bt cotton, mainly due to lower insecticide use in Bt 

cotton fields (Sims, 1995; Orr and Landis, 1997; Ning et al., 2001; Torres and Ruberson,  

2005; Kumar et al., 2007). A field study has shown that the population of insect 

predators, lacewings and lady bird beetles is higher in unsprayed conventional and Bt 

cotton (Wu et al., 2005b), while Head et al., (2005) reported no significant difference of 

adult ladybird beetle populations between Bt and non-Bt cotton. 

 

2.5.3: Impact on non-target insect diversity 

Bt cotton can alters the insect diversity especially predators and parasitoids by 

reducing the abundance of Helicoverpa spp. and some other lepidopterous species 

(Wilson et al., 1992; Jenkins and Mccarty, 1994; Luttrell et al., 1994; Flint et al., 1995). 

Fitt and Wilson, (2000) found a little numerical difference on the overall abundance and 

diversity of insect community in unsprayed Bt and conventional cotton fields by using 

visual, pitfall and suction sampling techniques. But, Wei et al., (2001) found that species 

richness and total abundance reduced by 2.4-16.3% and 71.0-78.3%, respectively in Bt 

than non-Bt cotton fields. A three years field studies have revealed no significant 

differences in species richness, evenness and diversity between unsprayed Bt and non Bt 

cotton, but plots receiving insecticides have slightly higher evenness (Naranjo, 2002).  

The reduced insecticide use in Bt cotton may increase the minor insect pests 

community, which are suppressed under intense insecticide applications (Men et al., 

2003). Li, (2003) studied the effect of Bt cotton on the diversity of arthropod 

communities in North China and found no significant difference in diversity of insect 

community between unsprayed Bt and non-Bt cotton but Shannon's index for total 

arthropod community and the neutral arthropod guild were significantly higher in Bt 

cotton fields than those in sprayed plots. Men et al., (2003) measured the Shannon-

Weaver diversity indices for species comparison in Bt and non-Bt cotton under sprayed 

and unsprayed conditions and found that Bt cotton increased the diversity of arthropod  
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communities and pest sub-communities, however it decreased the diversity of natural 

enemy sub-communities.  

Shashidhar and Nachappa, (2004) studied the abundance of insect pollinators on 

transgenic Bt and non-Bt cotton hybrids and found the relative greater abundance of Apis 

mellifera, A. cerana, A. dorsata and other pollinators in Bt than non-Bt cotton,  indicating 

that Bt cotton is a good source of nectar and pollen for insect pollinators. A comparison 

of canopy and ground dwelling arthropod community revealed no significant difference 

in the abundance of total insect community between unsprayed Bt and non-Bt cotton 

(Torres and Ruberson, 2005; Whitehouse et al., 2005). Similarly, some other field studies 

have revealed that Bt cotton increased the stability of insect community, pest and natural 

enemy sub-communities and found no significant effects on the non-target insect 

diversity (Cui et al., 2006; Wadhwa and Gill, 2007).  

 

2.6: Impact of transgenic Bt cotton on the biology (survival and growth) 

 of cotton boll (H. armigera) and army worms (S. exigua). 

 There is a spatial and temporal variation in Cry1Ac toxin in Bt cotton plant, 

which caused the variation in the survival and development of target pests by feeding on 

different plant parts (Greenplate, 1999; Adamczyk et al., 2000; Adamczyk and Gore, 

2004).  

i. Helicoverap armigera 

 Transgenic Bt cotton has adverse effects on the survival and development of H. 

armigera (Halcomb et al., 1996; Ni et al., 1996; Zhao et al., 1998; Cui and Xia , 1999; 

Henneberry et al., 2001; Bambawale et al., 2004). However, Leonard et al., (1997) found 

no significant difference in the mortality of the third instar bollworm larvae feeding on 

Bollgardâ squares as compared to conventional cotton. Zhao et al., (2000b) studied the 

effects of transgenic Bt cotton on the growth and development of the 1st to 5th instar 

larvae of H. armigera and found clear differences in the lethal activity of plant organs as:  

leaf > square > boll > and susceptibilities of different larval instars in the order of the  
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1st-instar > 2nd-instar > 3rd-instar > 4th-instar > 5th-instar. Some studies found a  

greater survival on squares and flower anthers than other floral parts (Gore et al., 2001; 

Stewart et al., 2001). The resistance of transgenic Bt cotton to H. armigera is different in 

different plant parts (Liu et al., 2002), which decreased at square stage (Chen et al., 

2002).  

Murugan et al., (2003) evaluated the efficacy of Bt cotton cultivars to H. 

armigera and recorded 92.8, 66.7 and 51.7% mortality in the first, second and third 

instar, respectively after 72 h feeding on the Bt cotton cultivars. The 1st-instar larvae 

showed similar mortality, while 2nd and 3rd instar survival rate differed on different 

plant parts namely: top leaf, middle leaf, square and boll of the Bt compared with non-Bt 

cotton cultivars. Although survival was observed, Bt cotton feeding reduced the final 

weight of each instar. Some other studies have also shown a significant reduction in 

larval pupation rate and pupal weight after feeding on Bt as compared to non-Bt cotton 

plant parts (Deng et al., 2003b; Wang et al., 2003).  

Men et al., (2005) revealed a significant difference in larval mortality of H. 

armigera fed on leaves and flower-bolls of transgenic Bt and non-Bt cotton. They found 

100% mortality on Bt leaves, while only 8.3% larvae pupated on Bt flowers-bolls. They 

also found significant differences in larval development time, which were about 4.6 and 

7.6 days longer on transgenic Bt than those fed with leaves and flowers-bolls of non-Bt 

cotton. The larval survival on Bt flowers and bolls may be due to the low expression of 

Bt toxin at boll formation, as toxin level decreases with plant age (Kranthi et al., 2005; 

Shanmugam et al., 2006; Basavaraja et al., 2007).  

 

ii. Spodoptera exigua 

It primarily feed on foliage but also feed on fruiting parts of cotton plant 

(Eveleens et al., 1973). Burris et al., (1994) found no significant differences in leaf area 

consumed, mortality or pupal weight of beet armyworm larvae by feeding on Bt and non-

Bt cotton in the laboratory. Low larval mortality was observed in Spodoptera spp. fed on  
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Bt cotton leaves (Ashfaq and Young, 1999; Henneberry et al., 2001; Abro et al., 2004),  

but it exhibited small size and delayed developmental time (Jenkins et al., 1993; 

Mascarehans and Luttrell, 1997; Adamczyk et al., 1998a).  

 A number of studies have revealed that armyworm was not susceptible to Bt 

cotton with Cry1Ac toxin and showed no significant difference in larval survival, feeding 

on Bt and non-Bt cotton plant structures, but found significant reduction in larval & pupal 

weight as well as size and increased larval development time (Adamczyk et al., 1998a, b; 

Ashfaq et al., 2000; Nava-Camberos and Ibarra-Frias, 2000; Henneberry et al., 2001; 

Guo et al., 2003; Huang et al., 2007; Wan et al., 2008).  
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Chapter 3 

 

MATERIALS AND METHODS 

 

The present study was aimed to know the impact of transgenic Bt and non-Bt 

cotton on the diversity of target and non-target insect pests in insecticides treated and 

untreated plots. Approaches used to complete the objectives of this research project 

include: 

3.1: Survey study* 

A questionare-based survey (Appendix-I) was conducted from May to November 

2006 in the major cotton-growing districts (Rahim Yar Khan, Bahawalpur, 

Bahawalnagar, Multan, Lodhran, Muzaffar Garh, Dera Ghazi Khan, Layyah, Vehari, 

Khanewal and Faisalabad) of the Punjab Province in Pakistan where Bt cotton has been 

grown by progressive farmers since, 2001. This survey study included 150 Bt cotton 

growers and 75 growers who had grown Bt cotton in the previous year but had reverted to 

non-Bt cotton. Major cotton growing districts were selected within the province, and 

within each district Bt cotton growing farmers were chosen with the advice of the 

Agricultural Extension and Plant Protection Department of the district. A preliminary 

survey was performed in the 2005 season to develop a questionnaire. The purpose was to 

obtain a clear picture of the farmers’ knowledge, perceptions of insect pests incidence 

and control practices in Bt cotton. To evaluate farmers’ pest perceptions, farmers were 

first asked to rank pests, diseases and natural enemy incidence in Bt cotton, based on a 

four-level scale (low, medium, high, no response), and to indicate where they obtained 

information on protection measures. The questionnaire was completed during face-to-

face interviews in the field, each questionnaire taking 30–60 min.  

*Survey study portion of thesis has been published in International Journal of Pest 
  Management, manuscript is attached as Appendix-III, 
  Reprinted by the permission of Journal.
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3.2: Experimentations 

3.2.1: Field experiments 

3.2.1.1: Experimental study area and Design 

The field experiments were conducted for two cotton seasons from 2006 to 2007 

at Postgraduate Agriculture Research Station (PARS), Faisalabad, Punjab, Pakistan (31º 

21.52 North and 72 º 59.40 East), where wheat and cotton are commonly intercropped. 

The experimental fields were laid out in a Randomized Complete Block Design (RCBD) 

consisting of four treatments each with four replications (Appendix-II). Each replicated 

plot was about 0.05 ha (hectare). A gap of 5-m was left between plots to avoid the 

influence of treatments on insect population in neighbouring plots (Men et al., 2003). The 

transgenic Bt-cotton line, “IR-FH-901” (NIBGE, Faisalabad, Pakistan) producing the 

Cry1Ac insecticidal protein of Bacillus thuringiensis was compared with its parent non-

transgenic, conventional cotton cultivar, “FH-901” (AARI, Faisalabad, Pakistan). The 

experimental plots were planted in the 3rd week of May. The experimental area selected 

was relatively isolated from other sprayed cotton to reduce the chance of insecticidal drift 

across the unsprayed area. The seed rate was used to expect the plant population of 

60,000 per ha with row to row and plant to plant distance of 0.75 and 0.25 m 

respectively. Cultural practices (thinning, weed removal, hoeing) were done in all 

experimental plots to avoid the effects of surrounding environments. The experimental 

fields were maintained according to the recommended agronomic practices for this area. 

The treatments included were: 

i. Transgenic Bt-cotton without insecticide application  

 (Bt cotton unsprayed). 

ii. Transgenic Bt-cotton with insecticide application  

 (Bt cotton sprayed). 

iii. Non transgenic cotton without insecticide application 

 (Non-Bt cotton unsprayed).    

iv. Non transgenic cotton with insecticide application 

 (Non-Bt cotton sprayed). 
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Insect pests in sprayed plots of Bt and non-Bt cotton were monitored after every 

3-4 days. The insecticides used in sprayed plots (Table 1) were based on the economic 

thresholds level (ETL) for insect pests of cotton crop (Table 2). Insecticides were sprayed 

with knapsack sprayer and used hollow cone nozzles, held 0.3-0.5 m above the cotton 

plants (Wu et al., 2002). The same insecticides were applied in both years, while no 

insecticides were applied in unsprayed plots. Experimental design and sampling 

procedures were similar in both years of field studies. 

3.2.1.2: Sampling 

The surveillance of cotton crop was initiated at the seedling emergence and 

continued up to the mid October on weekly basis. This resulted in at least 18 sampling 

dates. A variety of sampling methods were used including plant inspection, sweep net, 

drop cloth and pitfall trap to compare the insect faunal diversity between Bt and non- Bt 

cotton. The collected insect fauna were killed and preserved as dry (pinning the hard 

bodied, relatively large sized insect species and double mounting the small ones) and wet 

(preservation of soft bodied insect species in 70% ethyl alcohol) for their identification. 

Identifications were conducted by using a reference collection of cotton crop insects in 

Insect Biodiversity and Biosystematics Laboratory and Insect Museum, Department of 

Agri. Entomology, University of Agriculture Faisalabad; Bahudin Zakria University, 

Multan; Per Mehr Ali Shah University of Arid Agriculture Rawalpindi; Natural History 

Museum, Islamabad; Insect Museum, National Agriculture Research Council, Islamabad 

and Ecological Museums, Department of Zoology, University of Karachi; The Punjab 

University Lahore and G.C. University Lahore. Insects were identified to species level in 

most cases. Because of large number of insect fauna and chances that many of these 

could have been the same species, some of insect samples were identified up to the 

genus. The insects were further grouped into four categories: pests (target and non-

target), beneficials (predators and parasitoids), pollinators and visitors (non cotton 

insects). 
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Following sampling methods were used during this study: 

i. Plant inspection 

This sampling method was focused on major target lepidopterous (american 

bollworm, spotted bollworm, pink bollworm and armyworm) and non-target sucking 

insect pests of cotton (jassid, whitefly, thrips, aphid and mealybug).  

a. Target pests 

 The incidence of major target lepidopterous pests (american bollworm, spotted 

bollworm, pink bollworm and armyworm) were recorded weekly from 15 plants selected 

at random in each replicate plot. Plants were thoroughly inspected to determine the egg 

and larval populations of bollworms in terminals, flower buds and bolls from each plant. 

The sampling for cotton bollworms, H. armigera and Earias spp. was done at eggs and 

larval stages, because these stages are less mobile and more likely to be affected by 

insecticides or Bt toxic proteins (Head et al., 2005). Pink bollworm larvae were estimated 

by counting all larvae inside 25 randomly collected green bolls (14-20 d old) per plot. 

Rosette flowers caused by the pink bollworm larvae were also counted on 15 plants 

selected randomly in each plot. A typical rosette flower contain pink bollworm larva. The 

incidence of armyworm (Spodoptera spp.) was done at larval stage on 15 plants selected 

at random in each plot. The mean eggs, larvae and rosette flowers incidence of target 

pests in Bt and non-Bt cotton were worked out on per 15 plants basis for each treatment. 

b. Non-target pests 

The populations of four major non-target sucking pests (jassid, whitefly, thrips 

and aphid) were recorded early in the morning at weekly interval from 15 leaves of 15 

plants selected randomly. The sampling was done in such a way that the 1st leaf from 

upper portion of the 1st plant, the 2nd leaf from middle portion of the 2nd plant and the 3rd  

leaf from bottom potion of the 3rd plant and so on (Sohail et al., 2003: Amjad and Aheer, 

2007). Cotton mealybug populations were recorded from upper five inches portion of 

stem of cotton plant by selecting 15 plants at random in each replicate plot.  
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ii. Sweep net 

This method was used for the sampling of canopy and foliage dwelling insects. A 

standard sweep net (38-cm diameter) was swung in a figure-eight pattern (Naranjo, 

2005b). Five sets of 10 sweeps were collected in each replicate plot from a different 

starting point each week. All contents per treatment were put into a same plastic bag with 

a label and taken in the laboratory and killed for sorting, identification and counting. 

Adults and immature of major sucking (jassid, whitefly, thrips, aphid and cotton 

mealybug) and eggs/larvae of target lepidopterous pests (american bollworm, spotted 

bollworm, pink bollworm and armyworm) were not included in sweep net sample as they 

recorded in plant inspection method. Samples were collected weekly from mid July to 

mid October on 18-dates each year. A total of 18 samples were collected in both years 

2006-07.  

iii. Drop cloth 

This sampling method was used for foliage dwelling insect community. A 

standard 100-cm long white canvas cloth was used for sampling method. The cloth was 

spread on the ground between the two rows of cotton plants (Torres and Ruberson, 2005). 

Plants on the rows adjacent to the cloth were bent and shaken vigorously over the cloth, 

5-10 times from the base to the top. Five samples were taken randomly per plot, so that a 

total of 20 samples per treatment. All drop cloth net contents per treatment were put 

together into a same plastic bag with a label and taken in the laboratory. Insects were 

killed, sorted, identified, counted and recorded.  

iv. Pitfall trap 

This method was used for the sampling of ground dwelling insect community. 

The trap consisted of a 500 ml plastic cup (9 cm diameter × 12 cm depth). Two holes of 2 

cm were made on each side of cup, approximately 5 cm from the bottom. The holes were 

covered with mesh to drain excess water resulting from irrigation and rainfall. The fluid 

used in the trap cup consisted of 70% ethylene glycol. The trap cups were inserted into 

previously installed larger and deeper plastic base cup without bottom to permit drainage. 

The pitfall cups and their bases were built so that the cups fit closely inside the base cup.  
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The upper edge of base cup was level with the soil surface (Torres and Ruberson, 2005). 

Five traps were set at randomly selected sites in each replicated plot, so that a total of 20 

traps were used per treatment. Traps were placed immediately after seedling emergence 

and same base were used throughout the season. The insect fauna in traps were collected 

on weekly basis. All five traps per plot were removed and poured into the same jar and 

transported to the Insect Biodiversity and Biosystematics laboratory. The contents were 

poured into a small mesh kitchen strainer, rinsed with ethyl alcohol and stored in wide 

mouth plastic bottles containing 70% alcohol. The contents of plastic bottles were 

emptied onto a plastic tray for insect identification, sorting and counting. 
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3.2.2: Laboratory experiments 

3.2.2.1: Plant culture 

 The transgenic Bt-cotton line “IR-FH-901” containing Cry1Ac and its non-

transgenic parent cultivar “FH-901” were cultured in this study. The cotton plants were 

grown in pots in a green-house at 25 ºC, 50-70% RH, and a photoperiod of 14:10  

(L: D) h. Plants were kept free from any insecticide treatment. 

3.2.2.2: Insects culture 

a. Helicoverpa armigera** 

H. armigera eggs laid on a cotton cloth were obtained from Ayub Agriculture 

Research Institute (AARI), Faisalabad, Pakistan, where culture had been maintained for 

several generations. The cotton cloth on which eggs had been laid was placed in a small 

box (20 x 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% R.H. and a 

photoperiod of 14:10 (L: D) h. After 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 rinsed with distilled water. 

 

b. Spodoptera exigua 

 Full-grown larvae of S. exigua were collected from the cotton fields and were 

reared on cotton leaves up to pupation. After adults’ emergence, moths were maintained 

in plastic cages (30x30X30 cm) and nappy liner strips were provided for oviposition. 

Adults were provided with 10% honey/water solution on cotton swab for feeding. The 

liners were removed daily and eggs laid on liner strips were kept for hatching. The insect 

culture was maintained for several generations under control conditions at 27°C with a 

75% R.H. and a photoperiod of 14:10 (L: D) h. Newly hatched larvae were used for 

feeding bioassay.  

 
**Lab study portion of thesis has been published in International Journal of 
Agriculture and Biology; manuscript is attached as Appendix-IV. 
    Reprinted by the permission of Journal. 
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3.2.2.3: Experimental Procedure 

 The experiments were laid out in a Randomized Complete Block Design (RCBD) 

with four replications, with 25 larvae in each replicate. The treatments consisted of:   

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. 

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 and young bolls < 2.5 cm diameter) were obtained from the 

plants during the reproductive phase. Plant parts (leaves, flowers and 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 

and S. exigua were placed individually on each of the plant parts, in an individual 8cm x 

2.5cm 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. 
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3.3: Statistical analysis 

i. Survey  

Survey data were summarized and chi-squared analysis (using SPSS, version 15) 

was done to determine association significance. 

ii. Field experiments 

 All data on population dynamics of major target and non-target insect pests in 

different treatments in 2006 and 2007 were analyzed using analysis of variance 

(ANOVA) and means were separated by using Tukey’s honestly significant difference 

(HSD) test. All analysis were done using SPSS (SPSS Institute, Chocago, II., USA) and 

STATISTICA-6 software. The multifactor effects of year, variety and pesticide were 

analyzed using GLM procedure in STATISTICA-6 statistical software. 

The non-target insect fauna was divided into insect community and sub-

communities: pests, beneficials, pollinators and visitors. The analysis was done by using 

Shannon-Weaver diversity index (Shannon and Weaver, 1949) and evenness index 

(Pielou, 1966).   

 

Shannon-Weaver diversity index  (H´) = - ∑ pi loge pi 

 

Where,  pi = Importance probability of each species (ni/N) 

  ni  = Importance value for each species 

  N = Total of importance value 

 

 Evenness index (J) = H´/loge S 

 

Where,  H´= Shannon-Weaver’s index 

   S = Number of species   
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All date on species abundance, species richness, species diversity and evenness of 

insect community and sub-communities from different treatments were analyzed using 

two-way analysis of variance (ANOVA) and means were separated by using Tukey’s 

honestly significant difference (HSD) test. All analysis was conducted in STATISTICA-6 

software. 

iii. Laboratory experiments 

 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). 
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Table 3.1: Insecticides application based on economic threshold level (ETL) in plots under sprayed conditions. 

Insecticides  Target pest    Spraying date       Dose rate/acre 

        Non-Bt cotton sprayed Bt cotton sprayed_______ 

        2006  2007  2006  2007 

Imidacloprid  Jassid, Whitefly & Thrips  Preventive seed treatment Preventive seed treatment 5g/kg of seed 

Confidor 20% SL Jassid & Thrips   17 Jul.    17 Jul.    60 ml/acre 

Confidor 20% SL Jassid         10 Jul.    10 Jul.  60 ml/acre 

Profenofos 500 EC Cotton mealybug*   20 Jul. 17 Jul. 20 Jul.  17 Jul.  1000 ml/acre 

Confidor 20% SL Jassid & Whitefly     2 Aug.    2 Aug.  60 ml/acre 

Acetamiprid 20% Whitefly & Jassid   31 Jul.  14 Aug. 31 Jul.  14 Aug. 150 ml/acre 

Chlorpyrifos 40 EC Cotton mealybug*   15 Aug . 21 Aug. 15 Aug. 21 Aug. 1000 ml/acre 

Bifenthrin 10 EC Spotted bollworm   18 Aug. 10 Aug.     250 ml/acre 

Thiodicarb 80 DF Pink & American bollworm  28 Aug. 21 Aug.     480 gm/acre 

Match® 5 EC  Armyworm*    15 Aug. 25 Aug. 15 Aug. 25 Aug. 200 ml/ acre 

Triazophos 40EC Spooted & Pink bollworm  7 Sep.  13 Sep.     1000 ml/acre 

Profenofos 500 EC American     15 Sep. 5 Sep.      1000 ml/acre  

Confidor 20% SL cotton mealybug*       12 Sep. 25 Sep. 80 ml/acre                                 

* Localized treatment, on visible damage/appearance. 
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Table 3.2: Recommended threshold levels for insect pests of cotton in Pakistan. 

Insect pests   Economic Threshold Level (ETL) 

Sucking pests 

Jassid    1 adult or nymph per leaf 

Whitefly    5 adults/nymph or both 5/leaf 

Thrips 8-10 adults/nymph per leaf 

Aphid spray on visible damage on top terminals  

Mealybug on appearance 

Lepidopterous pests  

American bollworm  5 brown eggs or 3 larvae or collectively both 5/25 plants 

Spotted bollworm  3 larvae/ 25 plants 

Pink bollworm   a) Before boll formation, 5% rosette flowers 

b) at boll formation, 5% damage or 5 larvae per 100 bolls 

Armyworm   on appearance 
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Chapter 4 

      

RESULTS 

 

4.1: Survey study* 

The introduction of Bt cotton as an “insect resistant” cotton has increased 

confusion amongst farmers as they think that it is totally resistant from all insect pests 

and don’t need to use insecticides with such a cultivar.  

4.1.1: Socio-economic characteristics of the respondents 

Many of the 150 farmers surveyed (44.0%) were in the middle age category (31-

45 years), while 34.7% were up to 30 years old, and 21.3% of the respondents were over 

45 years of age. Sixty eight percent of the farmers were literate and 32.0% illiterate. 

Among the literate, 38.7% had undergone primary to middle school education (class 1-8), 

while 29.3% of the respondents had matriculation and above education (class 9-10 and 

above) (Table 4.1.1). 

4.1.2: Bt cotton cultivation  

The surveyed farmers started to grow Bt cotton in 2001 and adoption increased so 

that 30.0% of 150 farmers had adopted it in 2003, 54.6% in 2004, 89.3% in 2005 and all 

of them in 2006 (Table 4.1.2). When the farmers were asked why they adopted Bt cotton 

(multiple responses were allowed), 34.0% responded that they grew it on a trial basis to 

evaluate its effectiveness against bollworms. Other reasons given by the farmers were 

reduced bollworm damage (32.7%), reduced pesticide usage (18.7%), higher yield 

(11.3%), reduced labour (6.7%), greater profit (6.0%), less viral incidence (4.0%) and 

greater boll size (3.3%). No significant differences in responses were found among the  

 

* Survey part of this study has been published in International Journal of Pest  
      Management, manuscript is attached as Appendix III. 
      Reprinted by the permission of journal.
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age groups, but there were significant differences among the education groups of farmers 

for the adoption of Bt cotton (P < 0.05) in the cases of pesticide use (c2 = 4.27, P = 0.039, 

d.f = 1) and yield  (c2 = 4.48, P = 0.034, df = 1) of Bt cotton. Most of the literate farmers 

(middle, matriculation & above) mentioned that Bt cotton required less use of pesticides 

and produced high yield whereas illiterate farmers did not have the same opinions  

(Table 4.1.3).  

 

Table 4.1.1: Socio-economic characteristics of the respondents (n = 150). 

Categories of farmers    No. (%) respondents 

Age: 

Young (up to 30 years)     52(34.7)   

Middle (31-45 years)    66(44.0) 

Old (Above 45 years)    32(21.3) 

Education: 

Illiterate     48(32.0) 

Up to middle school (8 years)   58(38.7) 

Matriculation & above (above 8 years) 44(29.3) 

 

Table 4.1.2: Farmers’ adoption of Bt cotton in the Punjab Province, Pakistan (n = 150). 

Year when first  Number of   Aggregated percentage 

grew Bt cotton   respondents  of respondents 

 2000   0    0 

 2001   5    3.33 

 2002   15    16.6 

 2003   25    30.0 

 2004   37    54.6 

 2005   52    89.3 

 2006   16    100 
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Table 4.1.3: Farmers’ reasons for the adoption of Bt cotton (n = 150). 

    No (%) respondents 

Categories of   Higher yield Less use of   Less labour Less viral Greater  Less bollworm More profit on trial basis 

farmers     pesticides requirement incidence boll size damage      

Age  

Young –30     6(11.5) 7(13.5)  4(7.7)  4(7.7)  1(1.9)  21(40.4) 4(7.7)  14(26.9) 

Middle 31-45     5(7.6)  15(22.7) 3(4.50)  0(0.00)  2(3.0)  21(31.8) 3(4.5)  25(37.9) 

Old > 45      6(18.8) 6(18.8)  3(9.4)  2(6.3)  2(6.3)  7(21.9)  2(6.3)  12(37.5) 

Linear-by-linear    0.62(p=0.54) 0.60(p=0.44) 0.02(p=0.88) 0.46(p=0.49) 1.05(p=0.30) 3.09(p=0.08) 0.14(p=0.71) 1.25(p=0.26) 

association 

Education 

Illiterate     4(8.30) 4(8.30)  1(2.10)  2(4.20)  3(6.3)  18(37.5) 4(8.3)  17(35.4) 

Middle       3(5.2)  13(22.4) 7(12.1)  2(3.40)  2(3.4)  17(29.3) 2(3.4)  21(36.2) 

Matriculation & above     10(22.7) 11(25.0) 2(4.50)  2(4.50)  0(0.00)  14(31.8) 3(6.8)  13(29.5) 

Linear-by-linear   4.48(p=0.034) 4.27(p=0.039) 0.28(p=0.59) 0.007(p=0.93) 2.76(p=0.09) 0.35(p=0.55) 0.11(p=0.74) 0.34(p=0.56) 

association 

Total (n = 150)         17(11.3) 28(18.7) 10(6.7)  6(4.0)   5(3.3)  49(32.7) 9(6.0)  51(34.0) 

Note: Multiple responses were allowed.
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Farmers indicated different sources of Bt seed acquisition (multiple responses 

were allowed). Farmers obtained Bt cotton seed from local market (26.7%) and seed 

companies (20.0%), or used retained seed (21.3%) much as they do for conventional 

cotton. Other farmers obtained Bt cotton seed from research stations (12.7%) and 

pesticide companies (12.0%), while a few obtained it from other farmers (11.3%) as a 

gift. A significant difference (c2 = 10.8, P = 0.001, df = 1) was found among the 

education groups for Bt cotton seed acquisition in the case of research stations, as most of 

the literate farmers (middle, matriculation & above) obtained Bt cotton seed from 

research stations, while illiterate farmers did not approach research stations and relied 

entirely on the local market (Table 4.1.4).  

 

4.1.3: Farmers’ perceptions of insect pests’ incidence in Bt cotton 

 A major aim of this survey was to understand farmers’ perceptions of the 

incidence of the bollworm complex, as well as sucking pests and also beneficial insects in 

Bt cotton. Farmers were generally aware of major insect pests and disease incidence in Bt 

cotton. In response to the question concerning the major insect pests and diseases, 

farmers mentioned different species of insects and diseases according to observed 

symptoms. Farmers’ estimates of insect pests and disease incidence were categorized as 

low, medium, high and no response. The majority of farmers (60.7%) mentioned a low 

incidence of american bollworm (Helicoverpa armigera), while 20.0% reported medium 

and 13.3% high incidence of this pest. Only 6.0% of the farmers gave no response when 

asked about the american bollworm, this was attributable to confusion over its identity 

they confuse it with armyworm larvae. Most farmers were also aware of the incidence of 

the spotted bollworm (Earias vitella and E. insulana) a very destructive pest of cotton in 

Pakistan. Most of the farmers (54.7%) reported a low incidence of this pest in Bt cotton, 

29.3% reported a medium, and 16.0% reported a high incidence. Another important pest 

of cotton is the monophagous pink bollworm (Pectinophora gossypiella), which farmers 

recognize by the formation of rosette flowers. They reported a low (47.3%), medium 

(30.0%) and high (14.7%) incidences, while only 8.0% gave no 



 
 

36 

4: Results 
 

 

Table 4.1.4: Sources of Bt cotton seed. 

    No (%) respondents 

Categories of farmers  Research  Seed   Pesticide Home          Other farmers Local market                  
    station             companies companies   retained           
Age  

Young –30    10(19.2) 11(21.2) 3(5.8)  11(21.2) 6(11.5)  14(26.9) 

Middle 31-45    6(9.10)  9(13.6)  10(15.2) 16(24.2) 7(10.6)  18(27.3) 

Old > 45    3(9.40)  10(31.3) 5(15.6)  5(15.6)  4(12.5)  8(25.0) 

Linear-by-linear   2.20(p=0.14) 0.68(p=0.41) 2.24(p=0.13) 0.22(p=0.64) 0.009(p=0.92) 0.03(p=0.87) 

association 

Education 

Illiterate    3(6.3)  10(20.8) 6(12.5)  11(22.9) 7(14.6)  16(29.1) 

Middle    3(5.2)  9(15.5)  10(17.2) 15(25.9) 7(12.1)  13(27.1) 

Matriculation & above    13(29.5) 11(25.0) 2(4.5)  6(13.6)  3(6.8)  11(25.0) 

Linear-by-linear  10.8(p=0.001) 0.22(p=0.64) 1.27(p=0.26) 1.11(p=0.29) 1.35(p=0.24) 0.05(p=0.83) 

association 

Total  (n =150)  19(12.7) 30(20.0) 18(12.0) 32(21.3) 17(11.3) 40(26.7) 

Note: Multiple responses were allowed. 
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Table 4.1.5: Farmers’ perceptions of cotton bollworms and armyworm incidence in Bt     

     cotton (n = 150). 

    Low  Medium High  No response 

ABW (Helicoverpa armigera) 

No. (% respondents)  91(60.7) 30(20.0) 20(13.3) 9(6.0) 

Age a (b)   0.04(0.845) 0.30(0.581) 1.98(0.159) 2.22(0.136) 

Education a (b)  0.09(0.761) 2.27(0.132) 2.79(0.095) 0.59(0.441) 

SBW (Earias spp.)    

No. (% respondents)  82(54.7) 44(29.3) 24(16.0) 0(0.00) 

Age a (b)   0.21 (0.646) 0.20(0.650) 0.004(0.952) 0.00(0.00) 

Education a (b)  1.17(0.279) 0.76(0.382) 0.149(0.700) 0.00(0.00) 

PBW (Pectinophora gossypiella) 

No. (% respondents)  71(47.3) 45(30.0) 22(14.7) 12(8.0)  

Age a (b)   2.78(0.095) 3.72(0.06) 0.00(0.98) 0.03(0.87) 

Education a (b)  2.70(0.100) 3.13(0.077) 1.11(0.29) 1.98(0.16) 

Armyworm (Spodoptera spp.) 

No. (% respondents)  61(40.7)  46(30.7) 43(28.6) 0(0.00) 

Age a (b)   0.04(0.84) 0.86(0.35) 1.34(0.25)           --------- 

Education a (b)  0.304(0.58) 1.69(0.19) 0.52(0.47)    --------- 

Note: ABW = American bollworm, SBW = Spotted bollworm, PBW = Pink bollworm 
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Table 4.1.6: Farmers’ perception to some major sucking insect pests’ incidence in Bt  

 cotton (n = 150). 

    Low  Medium High  No response 

Whitefly 

No. (% respondents)  24(16.0) 56(37.3) 70(46.7) 0(0.00) 

Age a (b)   0.004(0.952) 0.32(0.573) 0.35(0.555) --------- 

Education a (b)  0.010(0.919) 1.95(0.163) 1.64(0.201) --------- 

Jassid    

No. (% respondents)  24(16.0) 50(33.3) 62(41.3) 14(9.3) 

Age a (b)   0.13(0.718) 0.39(0.532) 0.15(0.697) 0.66(0.418) 

Education a (b)  0.22(0.642) 0.09(0.769) 0.02(0.890) 1.68(0.195) 

Thrips 

No. (% respondents)  21(14.0) 34(22.7) 44(29.3) 51(34.0) 

Age a (b)   0.065(0.799) 2.97(0.085) 1.01(0.316) 0.56(0.455) 

Education a (b)  1.138(0.286) 1.03(0.309) 0.07(0.789) 0.02(0.888) 

Aphid 

No. (% respondents)  25(16.7) 58(38.6) 36(24.0) 31(20.7) 

Age a (b)   0.97(0.323) 0.004(0.952) 0.68(0.408) 0.001(0.971) 

Education a (b)  1.46(0.227) 0.274(0.600) 2.10(0.147) 0.045(0.832) 

Cotton Mealy bug 

No. (% respondents)  34(22.7) 29(19.3) 48(32.0) 39(26.0) 

Age a (b)   1.39(0.238) 0.06(0.808) 0.32(0.570) 0.09(0.762) 

Education a (b)  1.48(0.223) 0.22(0.641) 0.004(0.950) 2.72(0.099) 

Note: a = Linear by linear association, (b) = P-value,   
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response. Armyworm (Spodoptera litura and S. exigua) is a sporadic pest but in the 2003-

04 cotton seasons it caused a major loss to the cotton crop and has become a major pest 

of cotton in the Punjab Province. Many farmers (40.7 %) reported low incidence in Bt 

cotton, while 30.7% and 28.6% reported medium and high incidences respectively  

(Table 4.1.5).  

 Another important group of pests causing problems in cotton is the sucking pest 

complex against which Bt cotton is ineffective. Whitefly (Bemisia tabaci) is very 

important as it is a vector of cotton leaf curl virus (CLCV), which may lead to crop 

failure in Pakistan. Many farmers (46.7%) reported a high incidence, while 37.3% 

reported a medium and only 16.0% of respondents reported a low incidence of this pest. 

The second most important sucking pest is the cotton jassid (Amrasca devastans). Many 

farmers (41.3%) reported a high incidence of this pest while 33.3% reported a medium 

and only 16.0% mentioned a low incidence. Approximately 34.0% of respondents gave 

no response in the case of thrips (Thrips tabaci) due to difficulty in its identification. A 

high (29.3%), a medium (22.7%) and a low (14.0%) incidence in Bt cotton were also 

reported. The aphid (Aphis gossypii) was noted by many farmers, with 38.7% reporting a 

medium incidence, while 24.0% reported a high and 16.7% a low incidence, while 20.6% 

gave no response. There were no significant differences for two categories of farmers 

(age and education) for pest incidence in Bt cotton. During the last two cotton-growing 

seasons, a new pest, cotton mealybug (Phenacoccus sp.), caused major damage to both 

the Bt and non-Bt cotton crops in most of the cotton-growing areas. Many farmers were 

still not aware of this new pest but heavy losses occurred. Twenty six percent of farmers 

gave no response, while 32.0% reported a high, 22.7% low and 19.3% a medium 

incidence in Bt cotton (Table 4.1.6). Mites (Tetranychus spp.) are also serious pest of 

cotton crop and cause significant loss under favourable conditions. However farmers 

were unaware of mites due to their small size and lack of skills to identify them. 

When farmers were asked about natural enemies in Bt cotton, they showed a 

moderate level of awareness. Farmers mentioned only the main predators e.g. lacewings  
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(Chrysoperla spp.), ladybird beetles (Coccinella spp.), dragonflies, spiders and birds but 

were unaware of the parasitoids and pathogens. Most farmers were aware of two main 

natural predators (lacewing and lady bird beetle) and reported a high incidence of these 

two predators in Bt cotton fields. Among the 150 farmers interviewed, 36.6% gave no 

response regarding the incidence of lacewing in Bt cotton. However 22.7% reported a 

high, 22.0% a low and 18.7% a medium incidence. Farmers were aware of ladybird 

beetles due to the conspicuous appearance of the adults. Only 24.6% of the respondents 

did not mention ladybird beetle, while 30.7% reported a high, 24.7% a medium and 

20.0% a low incidence (Table 4.1.7). 

 
 

Table 4.1.7: Farmers’ perceptions of natural enemies incidence in Bt cotton (n = 150).  

   Low  Medium High  No response 

Lacewing  

No. (% respondents) 33(22.0) 28(18.7) 34(22.7) 55(36.6) 

Age a (b)  1.38(0.240) 0.04(0.835) 0.15(0.699) 0.71(0.400) 

Education a (b) 0.05(0.825) 0.54(0.464) 0.27(0.603) 0.11(0.741) 

Ladybird beetle    

No. (% respondents) 30(20.0) 37(24.7) 46(30.7) 37(24.6) 

Age a (b)  0.30(0.581) 0.25(0.620) 0.001(0.975) 0.00(0.986) 

Education a (b) 0.33(0.567) 0.24(0.627) 0.003(0.959) 0.92(0.336) 

Note: a = Linear by linear association, (b) = P-value 
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The survey indicated that farmers’ knowledge of disease identification was very 

poor. They were only aware of cotton leaf curl virus, as this disease is the most common 

in most Bt and non-Bt cotton fields. This disease appeared in Pakistan in 1992 and has 

caused major damage every year since. As Bt cotton has no resistance against whitefly, 

the incidence of cotton leaf curl virus was as severe as in conventional cotton. 

Approximately 43.3% of farmers reported a medium, 29.3% a high and 22.7% a low 

incidence of CLCV in Bt cotton (Table 8). A vast majority of respondents (64.6%) were 

also not aware of wilt caused by (Fusarium spp. and Verticillum spp.) and some other 

diseases of cotton although they appear in many Bt and non- Bt cotton field in Punjab, 

Province (Table 4.1.8). 

 

Table 4.1.8: Farmers’ perceptions of disease incidence in Bt cotton (n = 150). 

   Low  Medium High  No response 

CLCV  

No. (% respondents) 34(22.7) 65(43.3) 44(29.3) 7(4.7) 

Age a (b)  0.15(0.699) 0.02(0.882) 0.88(0.348) 2.58(0.108) 

Education a (b) 0.22(0.636) 0.98(0.321) 2.43(0.119) 0.01(0.927) 

Wilt    

No. (% respondents) 22(14.7) 15(10.0) 16(10.7) 97(64.6) 

Age a (b)  0.42(0.519) 0.14(0.713) 1.92(0.166) 1.30(0.254) 

Education a (b) 1.82(0.178) 1.38(0.239) 2.37(0.123) 0.55(0.458) 

Note: a = Linear by linear association, (b) = P-value, CLCV = Cotton leaf curl virus 

 

 
 
4.1.4: Farmers’ management practices for controlling pests in Bt cotton.    

 The survey indicated that farmers used several methods for controlling pests in Bt 

cotton. Almost all farmers sprayed the crop with pesticides and used cultural practices 

such as weeding and hoeing, while none of them used rope dragging, light trapping or  
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biological control. Bt cotton has resistance against cotton bollworms, but most of the 

farmers were still extremely conscious of their incidence in Bt cotton and took some 

action. Many farmers (34.7%) sprayed insecticides immediately (or soon after) the 

emergence of cotton bollworms, while 26.7% and 23.3% consulted agricultural extension 

and plant protection staff and pesticide salespersons for plant protection measures, 

respectively. Other actions taken by farmers with regard to cotton bollworms were 

spraying (16.7%) at the Economic Threshold Level (ETL) established by the Agriculture 

Extension and Plant Protection Department, and following the practices of neighboring 

farmers (10.7%). In the case of sucking insect pests, all the farmers sprayed pesticides; 

31.3% sprayed at the ETL, 22.0% consulted pesticide sellers, 18.7% consulted the 

Agriculture Department for spraying advice, 20.7% sprayed immediately and 17.3% 

followed the advice of their neighbouring farmers (Table 4.1.9). 

When farmers were asked about the safety of Bt cotton for humans, animals and 

beneficial insects, multiple responses were obtained. Many (44.0%) reported that it is 

safe for humans, while 24.7% reported that it is unsafe, while 31.3% gave no response. 

Most of the farmers (50.0%) mentioned that it is safe for domesticated animals, while 

32.7% gave no response and only 17.3% cited that it is unsafe. Many of the respondents 

(50.0%) had no knowledge of its effects on beneficial insects, while 30.7% of 

respondents reported that it is safe and 19.3% cited that Bt cotton was harmful to the 

beneficial insect fauna. A significant difference was found among the education 

categories of the farmers for their perceptions of the safety of Bt cotton toxin to humans 

(c2 = 18.9, P = 0.00, df = 1), animals (c2 = 12.49, P = 0.00, df =1) and beneficial insects 

(c2 = 18.79, P = 0.00, df = 1). The majority of the literate farmers was aware of the 

effectiveness of Bt toxin against the target insect pests and mentioned no harmful impact 

on non-target species, but most of the illiterate farmers were unaware of the effectiveness 

of Bt cotton toxin and mentioned that it is also harmful to humans, animals and beneficial 

insects (Table 4.1.10). 

 



 
 

43 

4: Results  
 

 

 

Table 4.1.9: Farmers’ management practices of insect pests in Bt cotton (n = 150). 

   Not spray immediately spray Spray at ETL Consult Agri. Consult pesticide Follow neighbors 

     Insecticide    Department companies 

Against CBW  

No. (% respondents) 0(0.00)  52(34.7)  25(16.7) 40(26.7) 35(23.3)  16(10.7) 

Age a (b)  -------  1.31(0.252)  0.01(0.921) 2.77(0.096) 0.19(0.663)  0.002(0.962) 

Education a (b) -------  0.12(0.724)  0.55(0.457) 1.42(0.234) 0.57(0.451)  1.45(0.229) 

 

Against sucking pests 

No. (% respondents) 0(0.00)  31(20.7)  47(31.3) 28(18.7) 33(22.0)  26(17.3) 

Age a (b)  -------  0.34(0.560)  0.03(0.861) 0.13(0.719) 0.18(0.669)  0.20(0.654) 

Education a (b) -------  1.76(0.184)  0.91(0.340) 0.11(0.738) 0.08(0.779)  0.22(0.642) 

Note: Multiple responses were allowed, a = Linear by linear association, (b) = P-value, ETL = Economic Threshold Level 
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Table 4.1.10: Farmers’ perceptions of the safety of Bt cotton (n = 150). 

    Yes  No  No knowledge 

Safety for humans  

No. (% respondents)  66(44.0) 37(24.7) 47(31.3)  

Age a (b)   0.87(0.350) 0.28(0.596) 2.23(0.135) 

Education a (b)  18.91(0.000) 0.24(0.627) 17.66(0.000) 

Safety for animals 

No. (% respondents)  75(50.0) 26(17.3) 49(32.7) 

Age a (b)   2.39(0.122) 0.52(0.471) 1.14(0.285) 

Education a (b)  12.49(0.000) 0.007(0.933) 13.69(0.000) 

Safety for insects 

No. (% respondents)  46(30.7) 29(19.3) 75(50.0) 

Age a (b)   1.98(0.160) 1.17(0.279) 0.19(0.658) 

Education a (b)  18.79(0.000) 14.03(0.000) 1.08(0.298) 

Note: a = Linear by linear association, (b) = P-value, 

 

4.1.5: Farmers’ reasons for the non-adoption of Bt cotton 

To further understand farmers’ perceptions of Bt cotton, a survey of 75 farmers 

was conducted who did not plant Bt cotton but had planted in the previous season. This 

survey was most important for learning about the factors influencing the adoption of Bt 

cotton. Of this group of farmers, 21.3% cited that they were not sure of the effectiveness 

of Bt toxin against target pests. Among the other reasons, 18.7% mentioned, the higher 

price of Bt cotton seed, 13.3% stated that Bt cotton required more irrigation and fertilizer 

applications, 10.7% stated lower yield, 9.3% mentioned cotton leaf curl virus and flower 

and fruit shedding at high temperature, 8.0% reported less plant height, 6.7% emphasized 

small boll size and non-availability of Bt cotton seed, 5.3% stated that the crop requires 

more time to mature, while 4.0% of the respondents were not growing Bt cotton due to 

government restriction (Table 4.1.11). 
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Table 4.1.11: Reasons given by farmers for the non adoption of Bt cotton (Total farmer n = 75). 

   Govt. restriction Higher price   Non availability CLCV  Take more Take more  

      of seed   of seed     irrigation fertilizer  

No. (% respondents) 3(4.0)   14(18.7)  5(6.7)   7(9.3)  10(13.3) 10(13.3)  

Age a (b)  1.40(0.236)  0.009(0.923)  0.02(0.900)  1.02(0.311) 0.08(0.782) 0.08(0.782)  

Education a (b) 0.06(0.800)  0.75(0.388)  1.34(0.247)  0.05(0.826) 1.06(0.302) 1.06(0.302)  

Note: Multiple responses were allowed,  a = Linear by linear association, (b) = P-value, CLCV = Cotton leaf curl virus 

 

Table 4.1.11: To be continued 

Reasons given by farmers for the non adoption of Bt cotton (Total farmers n = 75). 

   Take more time Flower & fruit  Small boll size  Low yield Less height Not sure of Bt   

   to mature  shedding       effectiveness  

No. (% respondents) 4(5.3)   7(9.3)   5(6.7)   8(10.7)  6(8.0)  16(21.3)  

Age a (b)  0.06(0.802)  0.36(0.546)  0.57(0.450)  1.9(0.167) 0.001(0.982) 0.36(0.5501)  

Education a (b) 1.73(0.189)  0.09(0.755)  1.34(0.247)  0.009(0.925) 0.042(0.837) 1.62(0.202)  

Note: Multiple responses were allowed, a = Linear by linear association, (b) = P-value, 
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4.2: Field experiments 

 The field experiments were carried out to compare the insect community between 

Bt and non-Bt cotton under sprayed and unsprayed conditions. In this study a local 

transgenic Bt cotton line “IR-FH-901” and its parent variety “FH-901” were used because 

farmers were commonly growing it in that area. Different sampling techniques (plant 

inspection, sweep net, drop cloth and pitfall trap) were used to compare the target and 

non-target insect community. This type of comparison is the most important for 

introducing a transgenic variety in an area with a chance of replacing a conventional 

variety (Men et al., 2004). The results are presented here: 

4.2.1: Comparison of target insect pests’ community 

 Plant inspection method was done for the population comparison of major target 

lepidopterous pests (american bollworm, spotted bollworm, pink bollworm and 

armyworm). The results are compiled in figures 4.2.1-4.2.11 and tables 4.2.1-4.2.4, 

which consists the population data recorded on per 15 plants basis at weekly interval. 

4.2.1.1 Seasonal abundance of american bollworm eggs and larvae in 2006-07 

Bollworms’ eggs density curves for two cotton seasons in all treatments are 

shown in Fig. 4.2.1(a & b). No apparent pattern of eggs number was found over the 

season between Bt and non-Bt cotton. The seasonal distribution of eggs varied as season 

progress. In general there were three peaks in the number of eggs found over the both 

seasons in all treatments. The first peak was observed in the end of July, second and third 

peaks were on the mid August and September. The pooled data of all the observations 

indicated no significant differences (P > 0.05) in the number of eggs between Bt and non-

Bt cotton under sprayed and unsprayed conditions during both years of study, in 2006 (F 

= 0.89; df = 3; P = 0.47) and 2007 (F = 1.27; df = 3; P = 0.33) (Fig. 4.2.3a). The analysis 

of multi-factor effects (years, variety and pesticide) showed that only years had a 

significant effects (P < 0.05), while variety, pesticide and interaction of all these three 

factors had no significant effect on the eggs number of american bollworm (Table 4.2.1).  
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 Fig. 4.2.1: Seasonal abundance (Mean ± SE) of american bollworm eggs in Bt and  
non-Bt cotton, (a) 2006; (b) 2007. 
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 Fig. 4.2.2: Seasonal abundance (Mean ± SE) of american bollworm larvae in Bt 

and non-Bt cotton, (a) 2006; (b) 2007. 
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The field evaluation from 2006 to 2007 indicated that Bt cotton provided effective 

control of cotton bollworm, caused reduction in larval densities. There were significant 

differences (P < 0.05) in larvae number between the treatment in 2006 (F = 235.00; df = 

3; P = 0.00) and 2007 (F = 121.41; df = 3; P = 0.00) (Fig. 4.2.2 & 4.2.3b).  

The number of larvae remained high in the unsprayed non-Bt cotton fields 

throughout the season. Similar trend was observed in the second season of study. Larvae 

number changed significantly over time in the unsprayed non-Bt cotton (Fig. 4.2.2, a & 

b). In 2006, no larvae were found up to 30 July in Bt cotton.  However, later the number 

of larvae increased slightly on 10 and 24 September in sprayed and unsprayed Bt cotton 

but remained below the economic threshold level (3 larvae/25 plants). The larval 

populations increased rapidly in unsprayed non-Bt cotton and were significantly higher 

on 30 July, 27 August and 17 September. During the second year (2007) of study, 

similarly very few or no larvae were found in Bt cotton throughout the season. However 

larval populations were significantly higher on 27 August, 10 and 24 September in 

unsprayed non-Bt cotton and remained high up till late season than Bt cotton. The 

numbers of larvae were not influenced by the number of eggs in both seasons in all 

treatments. As there were no significant differences in the number of eggs between Bt 

and non-Bt cotton, but larval populations were significantly (P < 0.05) lower (0.41 and 

0.54 larvae/15 plants in 2006 and 2007 respectively) on the unsprayed Bt cotton as 

compared to the parent unsprayed non-Bt cotton (3.85 and 3.28 larvae/15 plants in 2006 

and 2007 respectively). In general number of larvae did not exceed threshold level for 

both seasons in sprayed and unsprayed Bt cotton, whereas, the numbers of larvae 

increased above threshold level in non-Bt cotton. Pesticide application significantly 

reduced the population in sprayed non-Bt cotton. No insecticides were needed in sprayed 

Bt cotton plots, while an average 2-3 insecticide applications were applied in sprayed 

plots of non-Bt cotton to keep the bollworm population below the threshold level (Table 

3.1, Chapter 3). A multi factor analysis showed significant differences (P < 0.05) in 

population among varieties. Interaction between year × variety, year × pesticide and 

variety × pesticide were also significant (Table 4.2.1).  
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Fig. 4.2.3: Seasonal abundance (Overall mean ± SE) of american bollowrm, (a) eggs and  

(b) larvae in 2006 and 2007, bars indicated by different letters are  significantly  
different (Tukey’s HSD, P < 0.05).  
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Table 4.2.1: Multi-factor effects of year, variety and pesticide on the mean seasonal  

              abundance of american bollworm eggs and larvae. 

Factors            

     Egg_______________Larvae__________________ 

     F-values  F-values         

Year     207.85*  2.81   

Variety    3.50   1345.77*  

Pesticide    3.50   261.23*  

Year × Variety   2.05   26.67*   

Year × Pesticide   0.07   5.51*   

Variety × Pesticide   0.39   386.13*  

Year ×Variety × Pesticide  0.71   1.62   

Significant difference indicated by *P<0.05 
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4.2.1.2 Seasonal abundance of spotted bollworm eggs and larvae in 2006-07. 

 The results revealed that spotted bollworm eggs and larvae appeared in the field 

in the 2nd week of July and continued its activity till the mid of October. The incidence of 

eggs varied during seasons and peaked in 13 August and 10 September in 2006 and 30 

July and 17 September in 2007 (Fig. 4.2.4, a & b). The pooled data of all observations 

showed no significant (P > 0.05) differences in eggs number between Bt and non-Bt 

cotton plots under sprayed and unsprayed conditions during the both seasons in 2006 (F = 

3.49; df = 3; P = 0.06) and 2007 (F = 2.70; df = 3; P = 0.09) (Fig. 4.2.6a).  

In 2006 larval populations peaked on 20 August and 17 September in unsprayed 

non-Bt cotton and were significantly (P < 0.05) higher than other treatments (Fig. 4.2.5a). 

In the second season (2007) larval populations were comparatively low and peaked 

numbers were observed on 20 August, 10 and 24 September (Fig. 4.2.5b). The pooled 

data of all the observation revealed significant differences (P < 0.05) in larval populations 

among the treatments in 2006 (F = 448.79; df = 3; P = 0.00) and 2007 (F = 686.23; df = 

3; P = 0.00). The larval population was lower in unsprayed Bt plots (1.17 and 1.00 

larvae/15 plants in 2006 and 2007 respectively) and were at par with sprayed Bt plots 

(1.22 and 0.94 larvae/15 plants), where no insecticide application was needed to control 

this pest. While, unsprayed non-Bt plots have significantly (P < 0.05) higher larval 

population (8.01 and 5.78 larvae/15 plants respectively in 2006 and 2007) and 

insecticides were applied in sprayed non-Bt plots to keep the pest population below the 

threshold level (Fig. 4.2.6b, Table 3.1, Chapter 3).  

A multi-factor (years, variety and pesticide) effects revealed that variety and 

interactions of years × variety and all of three factors (year × variety × pesticide) had no 

significant (P > 0.05) differences in eggs number, while year, pesticide and their 

interactions were significant (P < 0.05). However, there were the significant differences 

(P < 0.05) in larval numbers among the years, variety, pesticides and all their interactions 

(Table 4.2.2). 
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 Fig. 4.2.4: Seasonal abundance (Mean ± SE) of spotted bollworm eggs in Bt and  
  non-Bt cotton, (a) 2006; (b) 2007. 
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 Fig. 4.2.5: Seasonal abundance (Mean ± SE) of spotted bollworm larvae in Bt and  
  non-Bt cotton, (a) 2006; (b) 2007. 
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Fig. 4.2.6: Seasonal abundance (Overall mean ± SE) of spotted bollworm (a) eggs  
 and (b) larvae in 2006 and 2007, bars indicated by different letters are  

 significantly different (Tukey’s HSD, P < 0.05).  
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Table 4.2.2: Multi-factor effects of year, variety and pesticide on the mean seasonal  

                  abundance of spotted bollworm egg and larvae. 
Factors     Egg______________ Larvae__________________ 

     F-values  F-values         

Year     10.65*   98.35*   

Variety    0.11   1541.56*  

Pesticide    12.46*   626.85*  

Year × Variety   3.23   54.72*   

Year × Pesticide   8.98*   11.66*   

Variety × Pesticide   4.83*   622.79*  

Year × Variety × Pesticide  4.26   15.87*   

Significant difference indicated by *P<0.05 
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4.2.1.3 Seasonal abundance of rosette flowers and pink bollworm larvae 

 The population density of pink bollworm was recorded by the quantity of rosette 

flowers and number of larvae found in bolls. Rosette flowers density varied significantly 

in treatments throughout the season in 2006. The maximum numbers were observed on 

30 July and 20 August in unsprayed non-Bt cotton. A very few or no rosette flowers were 

observed in Bt cotton with and without spray (Fig. 4.2.7a). Larval densities were peaked 

on 3 and 24 September in unsprayed non-Bt cotton in 2006 (Fig. 4.2.8a). The pooled data 

of all the observations showed significant differences in rosette flowers (F = 151.24; df = 

3; P = 0.00) and larval densities in bolls among the treatments (F = 79.73; df = 3; P = 

0.00) (Fig. 4.2.9a & b). The larval density was maximum in unsprayed non-Bt cotton 

(1.98/25 bolls) than unsprayed Bt cotton (0.46 larvae/ 25 boll). No insecticide application 

was needed to control the pink bollworm in sprayed Bt cotton, whereas insecticide 

applications were done in sprayed non-Bt cotton to keep the population below the 

threshold level (Table 3.1, Chapter 3). 

Curves of rosette flower dynamics in 2007 presented in Fig. 4.2.7b. As in 2006, 

rosette flower numbers varied significantly during the season, which peaked in late 

August in unsprayed non-Bt cotton. Only a few rosette flowers were observed in Bt 

cotton with and without spray. The pooled data of all observations showed a significant 

difference in rosette flower densities among the treatments (F = 70.76; df = 3; P = 0.00) 

(Fig. 4.2.9a). Larval numbers also varied significantly among the treatments (F = 420.95; 

df = 3; P = 0.00) and were peaked on 27 August and 17 September in unsprayed non-Bt 

cotton (Fig. 4.2.8b). The overall data showed a significantly (P < 0.05) lower larval 

density (0.35 larvae/25 bolls) in unsprayed Bt cotton compared to unsprayed non-Bt 

cotton (2.45 arvae/25 bolls). Larval number increased in Bt cotton with and without spray 

in September and October, but remained below the threshold level (Fig. 4.2.9b) and 

needed no insecticide in sprayed plots of Bt cotton. However, insecticides were used to 

control the pest in sprayed non-Bt cotton. A summary of multi-factor analysis showed 

that all factors (year, variety and pesticide) and their possible interactions were 

significant for rosette flowers and larval densities (Table 4.2.3).  
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 Fig. 4.2.7: Seasonal abundance (Mean ± SE) of rosette flowers in Bt and  
  non-Bt cotton, (a) 2006; (b) 2007.



 
 

59 

4: Results 
 
 
 (a) 

9-
Ju

l

16
-J

ul

23
-J

ul

30
-J

ul

6-
A

ug

13
-A

ug

20
-A

ug

27
-A

ug

3-
S

ep

10
-S

ep

17
-S

ep

24
-S

ep

1-
O

ct

8-
O

ct

15
-O

ct

Sampling Dates: 2006

-2

-1

0

1

2

3

4

5

6

7

8

N
um

be
r 

of
 la

rv
ae

 p
er

 2
5 

bo
lls

 Bt cotton unsprayed
 Bt cotton sprayed
 Non-Bt cotton unsprayed
 Non-Bt cotton sprayed

 
(b) 

9-
Ju

l

16
-J

ul

23
-J

ul

30
-J

ul

6-
A

ug

13
-A

ug

20
-A

ug

27
-A

ug

3-
S

ep

10
-S

ep

17
-S

ep

24
-S

ep

1-
O

ct

8-
O

ct

15
-O

ct

Sampling Dates: 2007

-2

-1

0

1

2

3

4

5

6

7

8

N
um

be
r 

of
 la

rv
ae

 p
er

 2
5 

bo
lls

 Bt cotton unsprayed
 Bt cotton sprayed
 Non-Bt cotton unsprayed
 Non-Bt cotton sprayed

 
 Fig. 4.2.8: Seasonal abundance (Mean ± SE) of pink bollworm larvae in Bt and  
  non-Bt cotton, (a) 2006; (b) 2007. 
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Fig. 4.2.9: Seasonal abundance (Overall mean ± SE) of pink bollworm (a) rosette 
 flowers (b) larvae in 2006 and 2007, bars indicated by different letters are  
 significantly different (Tukey’s HSD, P < 0.05). 
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Table 4.2.3: Multi-factor effects of year, variety and pesticide on the mean seasonal  

              abundance of pink bollworm. 

Factors     Rosette flowers___________Larvae____________ 

     F-values   F-values         

Year     18.31*    9.29*   

Variety    548.46*   623.34*  

Pesticide    64.22*    175.99*  

Year * Variety    11.19*    16.30*   

Year * Pesticide   6.59*    0.82   

Variety * Pesticide   37.78*    127.43*  

Year * Variety * Pesticide  8.29*    1.53   

Significant difference indicated by *P<0.05
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4.2.1.4 Seasonal abundance of armyworm larvae 

 Almost in all treatments larval density remained high in the mid August and late 

September in almost all treatments (Fig. 4.2.10a). However, pooled data of all the 

observations showed a significant difference in larval numbers between treatments (F = 

19.55; df = 3; P = 0.00). The larval density was lower in sprayed plots of Bt and non-Bt 

cotton (1.91and 2.10 larvae/15 plants respectively) as compared to unsprayed Bt and non-

Bt cotton (3.29 and 3.57 larvae/15 plants respectively) in 2006 (Fig. 4.2.11). While, in 

2007 larval density remained low throughout the observation periods and did not cause 

the economic damage. Bt cotton did not prove so effective against armyworm and 

insecticides were used to control this pest in sprayed Bt and non-Bt plots (Fig. 4.2.10b). 

The pooled analysis of all observations showed a significant difference among the 

treatments (F = 12.99; df = 3; P = 0.00) (Fig. 4.2.11). The differences were mainly due to 

the reduced larval number in sprayed plots of Bt and non-Bt cotton. 

 A summary of multi-factor analysis showed that only year and pesticide 

significantly influenced (P < 0.05) the larval density, whereas variety had no significant 

(P > 0.05) effects on the larval population density. No significant differences were found 

in all possible interactions (Table 4.2.4).     
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 Fig. 4.2.10: Seasonal abundance (Mean ± SE) of armyworm larvae in Bt and  
  non-Bt cotton, (a) 2006; (b) 2007. 
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Fig. 4.2.11: Seasonal abundance (Overall mean ± SE) of armyworm larvae in 2006 and 
 2007, bars indicated by different letters are significantly different 
 (Tukey’s HSD, P < 0.05). 
 
 
 

Table 4.2.4: Multi-factor effects of year, variety and pesticide on the mean seasonal  

              abundance of armyworm. 

Factors      Larvae______________________________                           

      F-values    

Year      25.62*      

Variety     3.36      

Pesticide     101.84*     

Year × Variety    0.02      

Year × Pesticide    3.83      

Variety × Pesticide    0.51      

Year × Variety × Pesticide   0.12      

Significant difference indicated by *P < 0.05 

 



 
 

65 

4: Results 
 

4.2.2 Comparison of major non-target insect pests’ community  

The population densities of non-target major sucking insect pests (jassid, whitefly, 

thrips, aphid and mealybug) in cotton were recorded on per leaf basis at weekly interval. 

The results compiled in figures 4.2.12-4.2.21 and table 4.2.5. The detailed results of 

individual pests are presented here: 

4.2.2.1 Seasonal abundance of jassid   

 The results indicated no significant difference in cotton jassid populations 

between varieties but a significant difference were found among sprayed and unsprayed 

plots. The results showed that seed treatment in sprayed plots of Bt and non-Bt cotton 

significantly reduced the population up to 30-35 days after sowing (Fig. 4.2.12 a & b). 

The jassid appeared on cotton leaves during the 2nd week of June (two week after 

sowing) and from then on the population increased gradually. The maximum population 

appeared during 30 July (3.3/leaf) and 20 august (3.5/leaf) in unsprayed plots of Bt and 

non-Bt cotton in 2006 and 2007 season respectively. After that period it fluctuated up to 

the 2nd week of October and slowly decreased. The population in sprayed plots of Bt and 

non-Bt cotton were kept under threshold level with the use of pesticides (Table 3.1, 

Chapter 3). The overall mean data of all observations showed significant differences (P < 

0.05) among the treatments in 2006 (F = 348.86; df = 3; P = 0.00) and 2007 (F = 

1756.59; df = 3; P = 0.00). The highest populations were observed on unsprayed Bt and 

non-Bt cotton as compared to sprayed Bt and non-Bt cotton. The differences were mainly 

due to the use of insecticides in sprayed plot of Bt and non-Bt cotton, which significantly 

reduced the populations than those of unsprayed plots. However, no significant 

differences were observed in jassid populations between the varieties under unsprayed 

plots (Fig. 4.2.13).  

 A multi-factor analysis on the effects of year, variety and pesticide showed that 

year and pesticide significantly (P < 0.05) influenced the mean population density of 

jassid, whereas varieties did not influenced the population density. There were significant 

interactions (P < 0.05) among year and pesticide, while all other interactions were not 

significant (P > 0.05, Table 4.2.5).    
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 Fig. 4.2.12: Seasonal abundance (Mean ± SE) of jassid in Bt and non-Bt cotton,  
  (a) 2006; (b) 2007. 
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Fig. 4.2.13: Seasonal abundance (Overall mean ± SE) of jassid in 2006, 2007, bars 
 indicated by different letters are significantly different (Tukey’s HSD, P<0.05). 
 

 

 

4.2.2.2: Seasonal abundance of whitefly 

 The figure 4.2.14a & b indicated that whitefly populations were recorded on 17 

June (two week after sowing), that increased gradually and reached at maximum during 

the last week of August in the unsprayed Bt and non-Bt cotton during both seasons, 2006-

07. This pest was active up to the 2nd week of October. The seed treatment significantly 

reduced the population up to 9 July (almost 40 days after sowing). In general, the 

population remained below the threshold level in the sprayed plots of Bt and non-Bt 

cotton. The pooled data of all observations showed significant differences (P < 0.05) 

among treatments in 2006 (F = 148.03; df = 3; P = 0.00) and 2007 (F = 298.34; df = 3; P 

= 0.00). The mean populations were significantly higher in unsprayed Bt (3.41/leaf in 

2006; 3.54/leaf in 2007) and non-Bt cotton (3.52/leaf in 2006; 3.49/leaf in 2007) than 

those of sprayed Bt (1.72/leaf in 2006; 1.43/leaf in 2007) and non-Bt cotton (1.66/leaf in 

2006; 1.42/leaf in 2007) (Fig. 4.2.16). The insecticide applications significantly reduced 
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the population in sprayed plots of Bt and non-Bt cotton. However, there were no 

significant differences between varieties, that indicated no impact of Bt cotton on the 

population density of whitefly in both seasons. 

 A summary of multi-factor (year, variety and pesticide) effects on the mean 

populations of whitefly showed significant (P < 0.05) effects of year and pesticide. 

Pesticide significantly influenced the population density of whitefly, while varieties had 

no impact on population. Interactions between year and pesticide were significant (P < 

0.05), while all other interactions were not significant (P > 0.05, Table 4.2.5).    

4.2.2.3: Seasonal abundance of thrips 

 The results presented in figure 4.2.15a & b indicated the significant lower 

populations in sprayed plots of Bt and non-Bt cotton throughout the seasons in both 

years, 2006-07. The seed treatment in sprayed plots had a significant impact and reduced 

the population during early growth stages of plant (approximately, 35-40 DAS). The 

maximum population was observed in unsprayed Bt and non-Bt cotton in the 3rd week of 

August in both years. The pest remained active throughout the season in unsprayed plots 

of Bt and non-Bt cotton but the population was below the damaging levels. No pesticide 

application was needed in sprayed plots of Bt and non-Bt cotton to keep the pest below 

the threshold level. The pesticides used against other sucking pests in sprayed plots also 

reduced the thrips populations’ density. The mean data of all observations (Fig. 4.2.17) 

showed a significant difference (P < 0.05) in thrips populations among the treatments in 

2006 (F = 387.41; df = 3; P = 0.00) and 2007 (F = 800.77; df = 3; P = 0.00). The 

maximum mean population was observed on unsprayed Bt (3.70/leaf in 2006; 3.93/leaf in 

2007) and non-Bt cotton (3.66/leaf in 2006; 3.94/leaf in 2007) as compared to sprayed Bt 

(2.0/leaf in 2006; 1.96/leaf in 2007) and non-Bt cotton (1.92/leaf in 2006; 2.0/leaf in 

2007).  

 A multi-factor (year, variety and pesticide) analysis showed that only year and 

pesticide significantly (P < 0.05) influenced the population density of thrips, while 

varieties had no effects on population. There were no significant differences in all 

possible interaction (P > 0.05, Table 4.2.5). 
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 Fig. 4.2.14: Seasonal abundance (Mean ± SE) of whitefly in Bt and non-Bt cotton,  

       (a) 2006; (b) 2007. 
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 Fig. 4.2.15: Seasonal abundance (Mean ± SE) of thrips in Bt and non-Bt cotton,  
  (a) 2006; (b) 2007. 
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Fig. 4.2.16: Seasonal abundance (Overall mean ± SE) of whitefly in 2006, 2007, bars 
indicated by different letters are significantly different (Tukey’s HSD, P<0.05). 
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Fig. 4.2.17: Seasonal abundance (Overall mean ± SE) of thrips in 2006, 2007, bars  

indicated by different letters are significantly different (Tukey’s HSD, P<0.05). 
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4.2.2.4: Seasonal abundance of aphid  

 The aphid appeared on cotton leaves during early August and remained active up 

to the mid-October in both seasons (Fig. 4.2.18a & b). The pest pressure was below the 

threshold level in both seasons. In 2006 the maximum population was observed on 17 

September in unsprayed Bt and non-Bt cotton (5.5 and 5.6/leaf respectively). While, in 

2007 the population density in unsprayed Bt and non-Bt cotton were peaked on 3 

September and 1October (almost 7.6-7.8/leaf). The pooled data of all observations 

indicated a significant difference (P < 0.05) among all treatments during 2006 (F = 

166.51; df = 3; P= 0.00) and 2007 (F= 130.75; df= 3; P= 0.00). The mean populations 

were significantly higher (P < 0.05) in unsprayed plots of Bt (1.46/leaf in 2006; 2.78/leaf 

in 2007) and non-Bt cotton (1.43/leaf in 2006; 2.68/leaf in 2007) followed by sprayed Bt 

(1.06/leaf in 2006; 1.79/leaf in 2007) and non-Bt cotton (0.65/leaf in 2006; 1.1/leaf in 

2007) (Fig. 4.2.20). In particular, no pesticide application was required in sprayed plots 

of Bt and non-Bt cotton to keep the pest below the threshold level. 

A multi-factor effect of year, variety and pesticide showed that all these three 

factors significantly (P < 0.05) influenced the population density of aphid. There were the 

significant interactions between year × variety, year × pesticide and variety × pesticide. 

However no significant interactions were found among three factors (year × variety × 

pesticide) (Table 4.2.5). 

 

4.2.2.5: Seasonal abundance of cotton mealybug 

 The results revealed the higher population density of cotton mealybug in all 

treatments than those of other sucking pests. The pest appeared in the mid-July and 

remained active throughout the season in 2006 and 2007 (Fig. 4.2.19a & b). The 

population was peaked on the mid August and mid September in both years, 2006-07. 

The pooled data of all observations (Fig. 4.2.21) showed a significant difference among 

the treatments during both seasons; in 2006 (F = 445.54; df = 3; P = 0.00) and 2007 (F = 

246.20; df = 3; P = 0.00). The mean populations were significantly higher in unsprayed  
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Bt (110.3 and 75.3 per top 5 inches portion of plant in 2006 and 2007 respectively) and 

non-Bt cotton (105.8 and 77.9 per top 5 inches portion in 2006 and 2007 respectively) 

than those of sprayed Bt (20.1 and 17.9 per top 5 inches portion in 2006 and 2007 

respectively) and non-Bt cotton (18.1 and 16.4 per 5 inches top portion in 2006 and 2007 

respectively). The pesticides were used in sprayed plots of Bt and non-Bt cotton to keep 

the population below the threshold level (Table 3.1, Chapter 3). 

 In multi-factor analysis, only year and pesticide and their interactions (year × 

pesticide) were significant (P < 0.05) for the mean population density of mealybug. There 

were no significant (P > 0.05) differences in population density among varieties. No 

significant interactions were found among year × variety, variety × pesticide and all of 

three factors (year × variety × pesticide) (Table 4.2.5).  
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 Fig. 4.2.18: Seasonal abundance (Mean ± SE) of aphid in Bt and non-Bt cotton,  

  (a) 2006; (b) 2007.
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 Fig. 4.2.19: Seasonal abundance (Mean ± SE) of cotton mealybug in Bt and 

 non-Bt cotton, (a) 2006; (b) 2007. 
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Fig. 4.2.20: Seasonal abundance (Overall mean ± SE) of aphid in 2006, 2007,  

bars indicated by different letters are significantly different  
(Tukey’s HSD, P<0.05). 
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Fig. 4.2.21: Seasonal abundance (Overall mean ± SE) of cotton mealybug in 2006, 2007,  
bars indicated by different letters are significantly different 
(Tukey’s HSD, P<0.05). 
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Table 4.2.5: Multi-factor effects of year, variety and pesticide on the mean seasonal population density of non-target major  

                   sucking pests. 

Factors         F-value_______________________________________________ 

     Jassid  Whitefly Thrips  Aphid  Mealybug  

Year     359.38* 4.64*  35.19*  609.39* 140.48* 

Variety    3.08  0.01  4.12  64.01*  0.93 

Pesticide    8133.77* 1568.53* 10193.95* 603.19* 2781.87* 

Year * Variety    0.27  0.31  1.16  5.46*  1.87 

Year * Pesticide   85.27*  10.15*  50.79*  82.32*  110.28* 

Variety * Pesticide   0.08  0.56  0.31  40.13*  0.09 

Year * Variety * Pesticide  0.20  1.21  0.04  1.93  1.43 

Significant difference indicated by *P<0.05 
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4.2.3: Comparison of non-target insect diversity  

 The non-target insect community (excluding major non-target sucking pests, 

covered in plant inspection sampling technique) was divided into two categories: 

1. Canopy and foliage-dwelling  insect community 

2. Ground-dwelling insect community 

The collected insect fauna was further divided into the total insect community and sub-

communities on the basis of sampling techniques used (sweep net, drop cloth and pitfall 

trap), while insect sub-communities included were as: 

a. Pests (non-target insect pests). 

b. Beneficials (predators & parasitoids). 

c. Pollinators (insect pollinators).  

d. Visitors (non cotton insect pests) 

 

4.2.3.1: Canopy and foliage-dwelling non-target insect community 

The canopy dwelling insect community consisted the insect fauna (pests, 

beneficials, pollinators and visitors) collected during the year 2006-07 by sweep net and 

drop cloth sampling techniques.  

 

4.2.3.1.1: Insect community collected in sweep net  

The overall sweep net insect community across two years consisted, 18 species of 

insect pests, 43 species of beneficial insects, 6 species of pollinators and 21 species of 

visitors. Species abundance, richness, diversity and evenness were measured by Shannon-

Weaver diversity indices and means of four replications for each treatment within both 

years shown in table 4.2.6. 



 
 

79 

Table 4.2.6  

(Excel sheet) sweep net
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Table 4.2.6  

(Excel sheet) sweep net
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Table 4.2.6 

 

(Excel sheet) sweep net
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a. Species abundance: 

 The results indicated a significant differences in the average abundance of the 

total insect community among Bt and non-Bt cotton under sprayed and unsprayed 

conditions in 2006 (F = 187.99, df = 3, P = 0.000) and 2007 (F = 50.09, df = 3, P = 

0.000). Similarly, significant differences were found in the average abundances of insect 

sub-communities: pests (F = 6.58, df = 3, P = 0.012 in 2006 and F = 35.23, df  = 3, P = 

0.000 in 2007); beneficials (F = 135.93, df = 3, P = 0.00 in 2006 and F = 38.05, df = 3, P 

= 0.000  in 2007); pollinators (F = 5.75, df = 3, P = 0.018 in 2006 and F = 66.38, df = 3, P 

= 0.000 in 2007) and visitors (F = 9.61, df = 3, P = 0.004 in 2006 and F = 32.22, df = 3, P 

= 0.000 in 2007). The insecticide applications significantly (P < 0.05) reduced the 

abundances of insect community and pests, beneficials, pollinators and visitors’ sub-

communities in the sprayed plots of Bt and non-Bt cotton. Abundance of beneficial 

insects were significantly (P < 0.05) higher in unsprayed non-Bt and Bt cotton followed 

by sprayed Bt and non-Bt cotton. However, there were no significant (P > 0.05) 

differences in insect community and sub-communities between Bt and non-Bt cotton 

under unsprayed condition (Table 4.2.7).  

 The analysis of averaged abundance for both years data showed significant (P < 

0.05) differences in abundance of the total insect community (F = 127.92, df = 3, P = 

0.000) and insect sub-communities: pests (F = 54.82, df = 3, P = 0.000); beneficials (F = 

132.87, df = 3, P = 0.000); pollinators (F = 23.43, df = 3, P = 0.000) and visitors (F = 

26.52, df = 3, P = 0.000). The abundances of insect pests and beneficials were 

significantly (P < 0.05) higher in unsprayed non-Bt cotton followed by unsprayed Bt and 

sprayed Bt and non-Bt cotton (Table 4.2.21).  

b. Species Richness: 

 There were significant differences in species richness of the total insect 

community in 2006 (F = 12.81, df = 3, P = 0.000) and 2007 (F = 7.03, df = 3, P = 0.010). 

The insecticide applications significantly (P < 0.05) reduced the species richness of insect 

community in sprayed Bt and non-Bt cotton as compared to unsprayed Bt and non-Bt 
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Table 4.2.7: Seasonal mean ± SE species abundance of insects’ community and sub-communities per 50 sweeps per plot throughout  

 the cotton season during two years of study, 2006-07. 
      ___              Bt cotton________ ____     Non-Bt cotton______ 

     Unsprayed  Sprayed  Unsprayed  Sprayed 

2006 

Total insect community  39.86 ± 0.92a  29.10 ± 0.27b  42.57 ± 1.27a  24.38 ± 0.57c 

Insect sub-communities 

Pests     41.72 ± 4.85ab  32.18 ± 2.52ab  45.96 ± 3.72a  28.48 ± 2.16b  

Beneficials     48.43 ± 0.83a  34.59 ± 0.55b  52.24 ± 1.95a  28.30 ± 0.41c 

Pollinators    32.29 ± 5.24a  20.95 ± 2.28ab      31.62 ± 6.03a  16.37 ± 1.50b 

Visitors    19.04 ± 1.71a  11.59 ± 0.95b   18.40 ± 2.20a    9.95 ± 1.13b 

2007 

Total insect community  56.62 ± 2.50a  33.26 ± 1.45b  62.25 ± 2.87a   26.39 ± 2.72b 

Insect sub-communities 

Pests     55.82 ± 2.47a  30.21 ± 1.90b  58.45 ± 4.75a   24.13 ± 2.26b 

Beneficials    63.64 ± 3.27a  37.33 ± 1.88b  70.26 ± 3.51a   29.96 ± 2.98b 

Pollinators    41.70 ± 4.66a  24.80 ± 3.65b  47.20 ± 4.41a   18.95 ± 4.59b 

Visitors    39.56 ± 1.98a  26.95 ± 1.86b  46.01 ± 2.78a    20.51 ± 3.47b 

Mean followed by different letters within a row are significantly different (Tukey’s HSD, P < 0.05). 
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Table 4.2.8: Seasonal mean ± SE species richness of insects’ community and sub-communities per 50 sweeps per plot throughout 

 the cotton season during two years of study, 2006-07. 
      ___              Bt cotton________  ____     Non-Bt cotton__________ 

     Unsprayed  Sprayed  Unsprayed  Sprayed 

2006 

Total insect community  80.75 ± 0.48a  73.75 ± 1.11b  80.25 ± 1.89a  71.75 ± 0.96b  

Insect sub-communities 

Pests     15.00 ± 0.41a  13.25 ± 0.48b  15.00 ± 0.58a  13.00 ± 0.41b  

Beneficials    43.00 ± 0.01a  42.25 ± 0.25ab  42.75 ± 0.25a  41.25 ± 0.25b 

Pollinators      6.00 ± 0.01a    5.70 ± 0.25a    6.00 ± 0.01a    5.75 ± 0.25a  

Visitors    16.75 ± 0.63a  12.50 ± 1.32ba  16.50 ± 1.26a  11.75 ± 0.85a  

2007 

Total insect community  75.50 ± 0.64a  73.00 ± 0.91ab  74.75 ± 1.11a  71.00 ± 1.00b 

Insect sub-communities 

Pests     17.25 ± 0.48a  16.50 ± 0.29a  17.50 ± 0.29a  16.25 ± 0.25a 

Beneficials    41.25 ± 0.75a  40.75 ± 0.75a  40.75 ± 0.75a  39.00 ± 0.71b  

Pollinators      5.00 ± 0.01a    5.00 ± 0.01a    4.75 ± 0.25a    5.00 ± 0.01a  

Visitors    12.00 ± 0.41a  10.75 ± 0.48a  11.75 ± 0.25a  10.75 ± 0.48a 

Mean followed by different letters within a row are significantly different (Tukey’s HSD, P < 0.05)
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cotton. There were also the significant effects of treatments on the species richness of 

insect pests’ sub-community in 2006 (F = 11.95, df = 3, P = 0.002). The transgenic Bt 

cotton had no significant impact on the beneficials sub-community in both years, while 

insecticide applications significantly (P < 0.05) reduced the species richness of 

beneficials in 2006 (F = 10.50, df = 3, P= 0.003) and 2007 (F = 3.32, df = 3, P = 0.041). 

There were no significant (P > 0.05) effects of treatments on pollinators and visitors sub-

communities in both years (Table 4.2.8).  

 The averaged analysis of the data of both years showed significant (P < 0.05) 

differences among the treatments in species richness of the total insect community (F= 

23.34, df = 3, P= 0.000) and sub-communities: pests (F = 7.45, df = 3, P = 0.008); 

beneficials (F = 7.06, df = 3, P = 0.010) and visitors (F = 8.93, df = 3, P = 0.005). The 

insecticide applications lowered the species richness of insect community and sub-

communities in sprayed plots of Bt and non-Bt cotton (Table 4.2.22). 

c. Species Diversity: (Shannon-Weaver diversity index) 

 There were no significant differences in species diversity (H) of the total insect 

community among the treatments in 2006 (F = 2.40, df = 3, P = 0.131) and in 2007 (F = 

2.80, df = 3, P = 0.104). However, species diversity of beneficials sub-community was 

significantly different among the treatments in 2006 (F = 5.21, df = 3, P = 0.024). The 

sprayed plots of non-Bt cotton had significantly (P < 0.05) higher species diversity than 

all other treatments in 2006, while species diversity did not differ significantly with 

respect to varieties under unsprayed conditions. The species diversity was not 

significantly (P > 0.05) different for insect sub-communities: pests, pollinators and 

visitors in 2006 and for pests, beneficials, pollinators and visitors sub-communities in 

2007 (Table 4.2.9). 

 The averaged analysis of the data of both years showed significant differences 

among treatments in species diversity of total insect community (F = 5.90, df = 3, P = 

0.016) and only for pests sub-community (F = 4.92, df = 3, P = 0.027) (Table 4.2.23).  
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Table 4.2.9: Seasonal mean ± SE species diversity of insects’ community and sub-communities per 50 sweeps per plot throughout  

 the cotton season during two years of study, 2006-07.  
      ___              Bt cotton________  ____     Non-Bt cotton__________ 

     Unsprayed  Sprayed  Unsprayed  Sprayed 

2006 

Total insect community  3.76 ± 0.03a  3.80 ± 0.02a  3.77 ± 0.02a  3.81 ± 0.02a  

Insect sub-communities 

Pests     1.20 ± 0.06a  2.05 ± 0.05a  1.92 ± 0.04a  2.02 ± 0.04a 

Beneficials     3.34 ± 0.03b  3.38 ± 0.02ab  3.39 ± 0.03ab  3.41 ± 0.02a 

Pollinators    1.13 ± 0.06a  1.18 ± 0.11a  1.11 ± 0.08a  1.14 ± 0.06a 

Visitors    1.56 ± 0.03a  1.61 ± 0.06a  1.61 ± 0.01a  1.67 ± 0.02a 

2007 

Total insect community  3.58 ± 0.02a  3.61 ± 0.02a  3.55 ± 0.04a  3.61 ± 0.03a 

Insect sub-communities 

Pests     2.24 ± 0.01a  2.36 ± 0.04a  2.28 ± 0.06a  2.36 ± 0.04a 

Beneficials    3.28 ± 0.03a  3.30 ± 0.02a  3.26 ± 0.03a  3.29 ± 0.04a 

Pollinators    1.39 ± 0.02a  1.43 ± 0.02a  1.41 ± 0.04a  1.44 ± 0.03a 

Visitors    1.78 ± 0.05a  1.87 ± 0.04a  1.80 ± 0.06a  1.90 ± 0.03a 

Mean followed by different letters within a row are significantly different (Tukey’s HSD, P < 0.05)
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Table 4.2.10: Seasonal mean ± SE species evenness of insects’ community and sub-communities per 50 sweeps per plot throughout  

 the cotton season during two years of study, 2006-07.  

      ___              Bt cotton________  ____     Non-Bt cotton__________ 

     Unsprayed  Sprayed  Unsprayed  Sprayed 

2006 

Total insect community   0.86 ± 0.01b  0.88 ± 0.01a  0.86 ± 0.01b  0.89 ± 0.01a  

Insect sub-communities 

Pests     0.74 ± 0.03b  0.80 ± 0.03a  0.71 ± 0.01b  0.79 ± 0.02a 

Beneficials     0.89 ± 0.01b  0.91 ± 0.01a  0.90 ± 0.01b  0.92 ± 0.01a 

Pollinators    0.63 ± 0.03a  0.68 ± 0.05a  0.62 ± 0.04a  0.65 ± 0.02a 

Visitors    0.55 ± 0.01b  0.64 ± 0.01a  0.58 ± 0.01b  0.68 ± 0.01a 

2007 

Total insect community  0.83 ± 0.01ab  0.84 ± 0.01a  0.82 ± 0.01b  0.85 ± 0.01a 

Insect sub-communities 

Pests     0.79 ± 0.01a  0.84 ± 0.01a  0.80 ± 0.02a  0.85 ± 0.01a 

Beneficials    0.88 ± 0.01a  0.89 ± 0.01a  0.88 ± 0.01a  0.90 ± 0.01a 

Pollinators    0.86 ± 0.01b  0.89 ± 0.01ab  0.91 ± 0.02a  0.89 ± 0.02ab 

Visitors    0.72 ± 0.03a  0.79 ± 0.02a  0.73 ± 0.03a  0.80 ± 0.01a 

Mean followed by different letters within a row are significantly different (Tukey’s HSD, P < 0.05)
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d. Species evenness 

 Significant differences were found in species evenness of the total insect 

community among the treatments in 2006 (F = 27.80, df = 3, P = 0.000) and in 2007 (F = 

6.90, df = 3, P = 0.010). In 2006, the insecticide applications in sprayed plots of Bt and 

non-Bt cotton significantly (P < 0.05) increased the species evenness of insect sub-

communities: pests (F = 7.41, df = 3, P = 0.008); beneficials (F = 12.7, df = 3, P = 0.001) 

and visitors (F = 53.6, df = 3, P = 0.000). However no significant (P > 0.05) differences 

were found in species evenness of insect sub-communities in 2007 year except pollinators 

(F = 4.80, df = 3, P = 0.029) (Table 4.2.10).  

 The averaged analysis of species evenness of both years revealed significant 

differences among treatments of total insect community (F = 28.1, df = 3, P = 0.000) and 

insect sub-communities: pests (F = 17.21, df = 3, P = 0.000); beneficials (F = 4.90, df = 

3, P = 0.028) and visitors sub-communities (F = 16.89, df = 3, P = 0.000) (Table 4.2.24). 

4.2.3.1.2: Insect community collected in drop cloth 

  The drop cloth insect community included 15 species of pests (excluding major 

target lepidopterous and non-target sucking pests that were observed in plant inspection 

sampling method), 28 species of beneficials and 4 species visitors during two year of 

study, 2006-2007 (Table 4.2.11).  

a. Species abundance: 

 Significant differences were found in average abundance of total insect 

community among the treatments in 2006 (F = 35.28, df = 3, P = 0.000) and 2007 (F = 

418.07, df = 3, P = 0.000). The insecticide applications significantly (P < 0.05) reduced 

the abundances of insect community and sub-communities in sprayed plots of Bt and 

non-Bt cotton in both years. There were also the significant differences in the average 

abundances of insect sub-communities: pests (F = 13.85, df = 3, P = 0.001 in 2006 and F 

= 62.82, df = 3, P = 0.000 in 2007); beneficials (F = 95.43, df = 3, P = 0.00 in 2006 and F 

= 431.23, df = 3, P = 0.000 in 2007) and visitors (F = 10.76, df = 3, P = 0.002 in 2007). 

However, there were no significant (P > 0.05) effects of varieties on insect community 

and sub-communities under unsprayed condition (Table 4.2.12).  
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(Excel sheet) Drop cloth
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Table 4.2.12: Seasonal mean ± SE species abundance of insects’ community and sub-communities per 5 drop cloths per plot 

 throughout the cotton season during two years of study, 2006-07. 

      ___              Bt cotton________  ____     Non-Bt cotton__________ 

     Unsprayed  Sprayed  Unsprayed  Sprayed 

2006 

Total insect community  112.85 ± 6.26a  68.91 ± 2.40b  119.88 ± 9.44a  52.66 ± 3.03b  

Insect sub-communities 

Pests     151.37 ± 13.77a 89.95 ± 8.90b  169.25 ± 18.21a 72.83 ± 6.54b 

Beneficials     104.24 ± 5.13a  65.41 ± 0.70b  106.10 ± 6.61a   47.54 ± 2.50c 

Visitors      28.54 ± 2.93a  23.31 ± 3.56a    28.35 ± 2.93a   24.43 ± 5.26a  

2007 

Total insect community  110.92 ± 2.33a  73.56 ± 1.95b  116.38 ± 0.95a  66.63 ± 3.15c 

Insect sub-communities 

Pests     125.82 ± 4.55a  85.57 ± 4.73b  128.44 ± 3.15a  86.98 ± 7.48b 

Beneficials    111.64 ± 2.85b 73.17 ± 0.93c  119.02 ± 1.51a  61.64 ± 2.52d 

Visitors      29.62 ± 5.04a  19.75 ± 1.65b    31.92 ± 2.88a   18.37 ± 2.04b 

Mean followed by different letters within a row are significantly different (Tukey’s HSD, P < 0.05)
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Table 4.2.13: Seasonal mean ± SE species richness of insects’ community and sub-communities per 5 drop cloths per plot throughout  

 the cotton season during two years of study, 2006-2007. 

      Bt cotton___________________  Non-Bt cotton_______________ 

     Unsprayed  Sprayed  Unsprayed  Sprayed 

2006 

Total insect community  45.25 ± 0.63a  41.25 ± 0.63b  45.00 ± 1.08a  39.75 ± 1.49b  

Insect sub-communities 

Pests     14.50 ± 0.29a  12.25 ± 0.75b  14.00 ± 0.41a  11.25 ± 0.63b  

Beneficials     27.00 ± 0.71a  25.75 ± 0.63b  27.50 ± 0.50a  25.25 ± 0.63b 

Visitors      3.75 ± 0.25a    3.25 ± 0.25a    3.50 ± 0.29a    3.25 ± 0.25a  

2007 

Total insect community  43.50 ± 0.50a  41.00 ± 0.71ab  43.25 ± 0.48a  39.00 ± 0.71b 

Insect sub-communities 

Pests     14.00 ± 0.01a  13.25 ± 0.25ab  13.75 ± 0.25a  11.75 ± 0.63b 

Beneficials    26.75 ± 0.25a  25.00 ± 0.71a  26.75 ± 0.25a  25.00 ± 0.58a  

Visitors      2.75 ± 0.25a    2.75 ± 0.25a    2.75 ± 0.25a    2.25 ± 0.25a 

Mean followed by different letters within a row are significantly different (Tukey’s HSD, P < 0.05)
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 The averaged analysis of abundance for both years showed significant differences 

among treatments in average abundance of total insect community (F = 100.13, df = 3, P 

= 0.000) and insect sub-communities: pests (F = 31.86, df = 3, P = 0.000); beneficials (F 

= 436.08, df = 3, P = 0.000) and visitors (F = 4.98, df = 3, P = 0.026). The abundance was 

significantly (P < 0.05) lowered in sprayed non-Bt cotton. However, there were no 

significant differences among varieties under unsprayed conditions (Table 4.2.21). 

b. Species Richness: 

 There were significant treatments effects on the species richness of total insect 

community in 2006 (F = 12.55, df = 3, P = 0.001) and 2007 (F = 10.35, df = 3, P = 

0.003). The insecticide applications lowered the species richness of insect community in 

sprayed plots of Bt and non-Bt cotton compared with unsprayed Bt and non-Bt cotton. 

The insecticides applications also significantly (P < 0.05) reduced the species richness of 

insect sub-communities: pests (F = 7.50, df = 3, P = 0.008 in 2006 and F = 7.22, df = 3,  

P = 0.009 in 2007) and beneficials (F = 17.67, df = 3, P = 0.000 in 2006 and F = 5.07, df 

= 3, P = 0.025 in 2007). However, varieties had no significant effects (P > 0.05) on the 

species richness of insect community and sub-communities under unsprayed conditions. 

There were no significant (P > 0.05) effects of treatments on the species richness of insect 

visitor sub-community in both years (Table 4.2.13).  

 The averaged analysis of the data of both years showed significant differences in 

species richness of the total insect community (F = 26.76, df = 3, P = 0.000) and insect 

sub-communities: pests (F = 19.98, df = 3, P = 0.000) and beneficials (F = 17.65, df = 3, 

P = 0.000). There were no significant effects of varieties on the species richness, whereas 

insecticide application reduced richness in sprayed plots (Table 4.2.22). 

c. Species Diversity: (Shannon-Weaver diversity index) 

 The results showed significant differences among the treatments in species 

diversity (H) of the total insect community (F = 8.48, df = 3, P = 0.005 in 2006 and F= 

3.20, df = 3, P = 0.041 in 2007) and beneficials sub-community (F = 7.30, df = 3, P = 

0.008 in 2006 and F= 14.70, df = 3, P = 0.001 in 2007).  
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Table 4.2.14: Seasonal mean ± SE species diversity of insects’ community and sub-communities per 5 drop cloths per plot throughout  

 the cotton season during two years of study, 2006-2007. 

      Bt cotton_________________  Non-Bt cotton_______________ 

     Unsprayed  Sprayed  Unsprayed  Sprayed 

2006 

Total insect community  2.97 ± 0.06b  3.06 ± 0.04a  2.94 ± 0.04b  3.07 ± 0.02a   

Insect sub-communities 

Pests     1.67 ± 0.06a  1.71 ± 0.05a  1.65 ± 0.04a  1.78 ± 0.03a 

Beneficials     2.66 ± 0.03b  2.72 ± 0.03a  2.64 ± 0.02b  2.69 ± 0.02a 

Visitors    0.86 ± 0.05a  0.85 ± 0.04a  0.81 ± 0.04a  0.86 ± 0.04a 

2007 

Total insect community  3.05 ± 0.01a  3.10 ± 0.01a  3.05 ± 0.01b  3.05 ± 0.03a 

Insect sub-communities 

Pests     2.24 ± 0.01a  2.36 ± 0.04a  2.28 ± 0.06a  2.36 ± 0.04a 

Beneficials    2.65 ± 0.02b  2.70 ± 0.02a  2.64 ± 0.02b  2.68 ± 0.02a 

Visitors    0.67 ± 0.02a  0.70 ± 0.02a  0.66 ± 0.02a  0.71 ± 0.02a 

Mean followed by different letters within a row are significantly different (Tukey’s HSD, P < 0.05)
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Table 4.2.15: Seasonal mean ± SE species evenness of insects’ community and sub-communities per 5 drop cloths per plot throughout  

 the cotton season during two years of study, 2006-07. 

      ___              Bt cotton________  ____     Non-Bt cotton__________ 

     Unsprayed  Sprayed  Unsprayed  Sprayed 

2006 

Total insect community  0.78 ± 0.02b  0.82 ± 0.01a  0.77 ± 0.01b  0.83 ± 0.01a  

Insect sub-communities 

Pests     0.63 ± 0.03b  0.69 ± 0.03a  0.62 ± 0.02b  0.73 ± 0.01a 

Beneficials     0.81 ± 0.01b  0.84 ± 0.01a  0.80 ± 0.01b  0.83 ± 0.01a 

Visitors    0.66 ± 0.03a  0.74 ± 0.06a  0.66 ± 0.02a  0.74 ± 0.02a   

2007 

Total insect community  0.81 ± 0.01b  0.84 ± 0.01a  0.81 ± 0.01b  0.83 ± 0.01a 

Insect sub-communities 

Pests     0.85 ± 0.01b  0.91 ± 0.02a  0.87 ± 0.02b  0.96 ± 0.02a 

Beneficials    0.81 ± 0.01b  0.84 ± 0.01a  0.80 ± 0.01b  0.83 ± 0.01a 

Visitors    0.69 ± 0.06a  0.73 ± 0.08a  0.69 ± 0.09a  0.91 ± 0.07a 

Mean followed by different letters within a row are significantly different (Tukey’s HSD, P < 0.05).
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 Species diversity of beneficials sub-community was usually greater in sprayed 

plots of Bt and non-Bt cotton in both years. However, there were no significant (P > 0.05) 

differences in species diversity of pests and visitors sub-communities between Bt and 

non-Bt cotton under sprayed and unsprayed conditions (Table 4.2.14).  

 The averaged analysis of the data of both years presented significant differences 

in species diversity of the total insect community (F = 6.50, df = 3, P = 0.012) and 

beneficials sub-community (F = 12.1, df = 3, P = 0.002). The diversity value of 

beneficials was significantly (P < 0.05) higher in sprayed Bt cotton as compared to 

sprayed non-Bt cotton and unsprayed Bt and non-Bt cotton (Table 4.2.23).  

 

d. Species evenness 

 The insecticide applications significantly (P < 0.05) increased the species 

evenness of the total insect community and pests and beneficials sub-communities in 

sprayed plots of Bt and non-Bt cotton. As there were significant differences among 

treatments in species evenness of the total insect community (F = 28.46, df = 3, P = 0.000 

in 2006 and F = 13.90, df = 3, P = 0.001 in 2007) and insect sub-communities: pests (F = 

10.42, df = 3, P = 0.003 in 2006 and F = 10.34, df = 3, P = 0.003 in 2007) and beneficials 

(F = 16.20, df = 3, P = 0.000 in 2006 and F = 15.51, df = 3, P = 0.000 in 2007). No 

significant differences were found in species evenness of visitors’ sub-community among 

the treatments in both years (Table 4.2.15).  

 The averaged analysis of data of both years showed significant differences in 

species evenness of the total insect community (F = 44.10, df = 3, P = 0.000) and insect 

sub-communities: pests (F = 23.57, df = 3, P = 0.000) and beneficials (F = 25.91, df = 3, 

P = 0.000). Species evenness was higher in insecticide treated plots as compared to 

unsprayed plots of Bt and non-Bt cotton (Table 4.2.24).  
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4.2.3.2: Ground-dwelling non-target insect community 

 Pitfall traps were used for the sampling of ground-dwelling insect community. 

 

4.2.3.2.1: Insect community collected in pitfall trap 

 The overall insect community collected in pitfall consisted, 15 species of pests 

(excluding major target lepidopterous and non-target sucking pests, which were observed 

in plant inspection method), 20 species of beneficials and 7 species of visitors over two 

years (Table 4.2.16). 

a. Species abundance 

 The results indicated that the average abundance of the total insect community 

differed significantly among the treatments in 2006 (F = 201.78, df = 3, P = 0.000) and 

2007 (F = 223.35, df = 3, P = 0.000). Abundances were significantly (P < 0.05) higher in 

unsprayed non-Bt cotton plots than those of unsprayed Bt and sprayed Bt and non-Bt 

cotton plots. The insecticide applications significantly (P < 0.05) lowered the abundance 

of the total insect community and sub-communities in sprayed Bt and non-Bt cotton 

plots. Significant differences were found among treatments in the abundance of insect 

sub-communities: pests (F = 14.83, df = 3, P = 0.001 in 2006 and F = 74.51, df = 3, P = 

0.000 in 2007); beneficials (F = 27.84, df = 3, P = 0.000 in 2006 and F = 59.63, df = 3, P 

= 0.000 in 2007) and visitors (F = 7.38, df = 3, P = 0.008 in 2006 and F = 8.89, df = 3, P 

= 0.005 in 2007) (Table 4.2.17).  

 The analysis of data of both years showed significant differences among 

treatments in average abundance of the total insect community (F = 386.62, df = 3, P = 

0.000) and insect sub-communities: pests (F = 57.52, df = 3, P = 0.000); beneficials (F = 

75.47, df = 3, P = 0.000) and visitors (F = 9.00, df = 3, P = 0.004). The varieties had no 

significant effects on the abundance, whereas insecticide applications significantly 

reduced the abundance of insect community and sub-communities (Table 4.2.21).  
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(Excel sheet) Pitfall trap
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Table 4.2.17: Seasonal mean ± SE species abundance of insects’ community and sub-communities per 5 pitfalls per plot throughout 

  the cotton season during two years of study, 2006-2007. 

      ___              Bt cotton________  ____     Non-Bt cotton__________ 

     Unsprayed  Sprayed  Unsprayed  Sprayed 

2006 

Total insect community  50.59 ± 0.71b  41.36 ± 0.39c    56.18 ± 0.47a  38.40 ± 0.30d 

Insect sub-communities 

Pests     57.32 ± 2.32a  50.04 ± 2.25b    64.37 ± 3.49a  49.94 ± 1.18b 

Beneficials     50.32 ± 0.78a  38.86 ± 1.43b    53.93 ± 3.29a  33.39 ± 1.73b 

Visitors    36.93 ± 3.15ab  30.03 ± 2.25b    44.64 ± 2.60a  28.11 ± 4.18b 

2007 

Total insect community  65.46 ± 1.66b  43.90 ± 0.27c    72.01 ± 0.73a  45.34 ± 1.10c 

Insect sub-communities 

Pests     65.58 ± 2.29b  42.16 ± 1.21c    86.59 ± 4.51a  39.64 ± 2.70c 

Beneficials    69.07 ± 2.76a  44.99 ± 0.45b    66.86 ± 2.47a  45.97 ± 0.40b 

Visitors    54.36 ± 2.59ab  44.27 ± 1.06b    59.83 ± 3.63a  57.25 ± 1.77a 

Mean followed by different letters within a row are significantly different (Tukey’s HSD, P < 0.05). 
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Table 4.2.18: Seasonal mean ± SE species richness of insects’ community and sub-communities per 5 pitfalls per plot throughout  

 the cotton season during two years of study, 2006-2007. 

      ___              Bt cotton________  ____     Non-Bt cotton__________ 

     Unsprayed  Sprayed  Unsprayed  Sprayed 

2006 

Total insect community  41.00 ± 0.01a  40.50 ± 0.29b  40.75 ± 0.25a  39.75 ± 0.25b 

Insect sub-communities 

Pests     15.00 ± 0.01a  14.75 ± 0.25a  15.00 ± 0.01a  14.50 ± 0.29a 

Beneficials     19.00 ± 0.00a  18.75 ± 0.25a  19.00 ± 0.00a  18.50 ± 0.29a  

Visitors      7.00 ± 0.00a    7.00 ± 0.00a    6.75 ± 0.25a    6.75 ± 0.25a   

2007 

Total insect community  39.50 ± 0.29a  37.75 ± 0.25b   39.25 ± 0.48a  34.50 ± 0.64b 

Insect sub-communities 

Pests     12.75 ± 0.25a  12.25 ± 0.25a   12.75 ± 0.25a  11.75 ± 0.75a 

Beneficials    20.00 ± 0.00a  19.25 ± 0.25a   19.75 ± 0.25a  17.75 ± 0.25b 

Visitors    6.75 ± 0.25a   6.25 ± 0.48ab   6.75 ± 0.25a    5.00 ± 0.01b   

Mean followed by different letters within a row are significantly different (Tukey’s HSD, P < 0.05).
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B. Species richness: 

 Significant differences were found in species richness of the total insect 

community among the treatments in 2006 (F = 5.30, df = 3, P = 0.022) and 2007 (F= 

34.64, df = 3, P= 0.000). However, there were no significant differences in species 

richness of insect sub-communities in 2006, while significant differences were found in 

species richness of beneficials (F = 17.73, df = 3, P = 0.000) and visitors (F = 6.89, df = 

3, P = 0.010) sub-communities in 2007. There were no significant (P > 0.05) effects of 

varieties on the species richness of the total insect community and sub-communities 

under unsprayed conditions (Table 4.2.18).  

 The averaged analysis of data of both years resulted significant differences in 

species richness of the total insect community (F = 48.20, df = 3, P = 0.000) and 

beneficials (F = 12.33, df = 3, P = 0.001) and visitors sub-communities (F = 5.74, df = 3, 

P = 0.018) (Table 4.2.22). 

c. Species Diversity: (Shannon-Weaver diversity index) 

 There were no significant differences in species diversity of the total insect 

community and sub-communities except visitors in 2006 (F = 6.10, df = 3, P = 0.015). 

However, significant differences were found in the diversity of the total insect 

community (F = 9.61, df = 3, P = 0.004) and pests sub-community in 2007 (F = 4.48, df = 

3, P = 0.035) (Table 4.2.19). 

 The averaged diversity analysis of both years showed significant differences 

among treatments in species diversity of the total insect community (F = 8.01, df = 3, P = 

0.006) and pests (F = 6.10, df = 3, P = 0.015) and visitors sub-communities (F = 6.33, df 

= 3, P = 0.013) (Table 4.2.23). 
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Table 4.2.19: Seasonal mean ± SE species diversity of insects’ community and sub-communities per 5 pitfalls per plot throughout 

 the cotton season during two years of study, 2006-2007. 

 

      ___              Bt cotton________  ____     Non-Bt cotton__________ 

     Unsprayed  Sprayed  Unsprayed  Sprayed 

2006 

Total insect community   3.31 ± 0.01a  3.32 ± 0.02a  3.30 ± 0.01a  3.30 ± 0.01a  

Insect sub-communities 

Pests      2.21 ± 0.01a  2.23 ± 0.02a  2.20 ± 0.01a  2.22 ± 0.02a 

Beneficials      2.61 ± 0.01a  2.62 ± 0.03a  2.61 ± 0.02a  2.64 ± 0.03a 

Visitors     1.73 ± 0.02a  1.72 ± 0.02a  1.67 ± 0.02b  1.69 ± 0.02ab 

2007 

Total insect community   3.24 ± 0.01b  3.30 ± 0.01a  3.21 ± 0.02b  3.26 ± 0.03ab 

Insect sub-communities 

Pests      2.09 ± 0.02ab  2.16 ± 0.03a  2.04 ± 0.05b  2.11 ± 0.06ab 

Beneficials     2.60 ± 0.01a  2.65 ± 0.02a  2.61 ± 0.03a  2.63 ± 0.03a 

Visitors     1.44 ± 0.04a  1.47 ± 0.05a  1.39 ± 0.05a  1.41 ± 0.04a 

Mean followed by different letters within a row are significantly different (Tukey’s HSD, P < 0.05). 
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Table 4.2.20: Seasonal mean ± SE species evenness of insects’ community and sub-communities per 5 pitfalls per plot throughout  

 the cotton season during two years of study, 2006-2007. 

      ___              Bt cotton________  ____     Non-Bt cotton__________ 

     Unsprayed  Sprayed  Unsprayed  Sprayed 

2006 

Total insect community  0.89 ± 0.01a  0.90 ± 0.01a  0.89 ± 0.01a  0.89 ± 0.01a  

Insect sub-communities 

Pests     0.82 ± 0.01a  0.83 ± 0.01a  0.81 ± 0.01a  0.83 ± 0.01a 

Beneficials     0.88 ± 0.01a  0.89 ± 0.01ab  0.86 ± 0.01b  0.90 ± 0.01a  

Visitors    0.89 ± 0.01a  0.88 ± 0.01a  0.88 ± 0.01a  0.88 ± 0.01a  

2007 

Total insect community  0.88 ± 0.01b  0.91 ± 0.01a  0.87 ± 0.01b  0.92 ± 0.01a 

Insect sub-communities 

Pests     0.82 ± 0.01ab  0.86 ± 0.01a  0.80 ± 0.02b  0.86 ± 0.01a  

Beneficials    0.87 ± 0.01b  0.90 ± 0.01a  0.87 ± 0.01b  0.91 ± 0.01a 

Visitors    0.75 ± 0.02ab  0.82 ± 0.06ab  0.73 ± 0.01b  0.88 ± 0.03a 

Mean followed by different letters within a row are significantly different (Tukey’s HSD, P < 0.05). 
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d. Species evenness: 

 Only the beneficials sub-community differed significantly with respect to species 

evenness in 2006 (F= 5.20, df = 3, P = 0.024). However, species evenness differed 

significantly among treatments in 2007 for the total insect community (F = 45.80, df = 3, 

P = 0.000) and insect sub-communities: pests (F = 7.39, df = 3, P = 0.008); beneficials (F 

= 11.85, df = 3, P = 0.002) and visitors (F = 5.12, df = 3, P = 0.024) (Table 4.2.20).  

 The averaged analysis of both years resulted significant differences in species 

evenness of the total insect community (F = 35.20, df = 3, P = 0.000) and insect sub-

communities: pests (F = 10.59, df = 3, P = 0.003); beneficials (F = 15.40, df = 3, P = 

0.000) and visitors (F = 4.20, df = 3, P = 0.041) (Table 4.2.24).    
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Table 4.2.21: Seasonal mean ± SE species abundance of insects’ community and sub-communities throughout the cotton season 
 during two years of study, 2006-2007. 
      ___              Bt cotton________  ____     Non-Bt cotton_______ 
     Unsprayed  Sprayed  Unsprayed  Sprayed 
Per 50 sweep 
Total insect community  48.24 ± 1.37a  31.18 ± 0.66b  52.41 ± 0.93a  25.39 ± 1.63c 
Insect sub-communities 
Pests     48.77 ± 2.74a  31.20 ± 0.60b  52.21 ± 0.71a  26.30 ± 2.16b  
Beneficials     56.04 ± 1.72a  35.96 ± 0.79b  61.25 ± 1.57a  29.13 ± 1.38c 
Pollinators    36.99 ± 4.28a  22.87 ± 1.66b      39.41 ± 5.01a  17.66 ± 1.54b 
Visitors    29.30 ± 1.21a  19.27 ± 0.69b  32.21 ± 1.76a  15.23 ± 2.03b 
Per 5 drop cloths 
Total insect community  111.89 ± 2.54a  71.24 ± 2.09b  118.13 ± 4.46a  59.65 ± 0.78b  
Insect sub-communities 
Pests     138.59 ± 5.96a  87.76 ± 6.57b  148.85 ± 7.76a  79.91 ± 4.17b 
Beneficials     107.94 ± 1.84a  69.29 ± 0.77b  112.56 ± 3.10a  54.59 ± 1.30c 
Visitors      29.08 ± 2.89a  21.53 ± 2.20a    30.14 ± 2.83a  21.41 ± 3.19a 
Per 5 pitfalls 
Total insect community  58.02 ± 0.89b  42.63 ± 0.33c   64.10 ± 0.40a  41.87 ± 0.66c 
Insect sub-communities 
Pests     61.45 ± 2.03b  46.10 ± 1.68c   75.48 ± 3.92a  44.79 ± 1.74c 
Beneficials     59.60 ± 1.06a  41.93 ± 0.87b   60.40 ± 2.68a  39.68 ± 0.92b 
Visitors    45.65 ± 2.73ab  37.15 ± 1.19b   52.23 ± 2.65a  42.68 ± 2.48b 
Mean followed by different letters within a row are significantly different (Tukey’s HSD, P < 0.05). 
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Table 4.2.22: Seasonal mean ± SE species richness of insects’ community and sub-communities throughout the cotton season during  
 two years of study, 2006-2007. 
      ___              Bt cotton________  ____     Non-Bt cotton__________ 
     Unsprayed  Sprayed  Unsprayed  Sprayed 
Per 50 sweep 
Total insect community  78.11 ± 0.43a  73.36 ± 0.37b  77.50 ± 1.24a  71.37 ± 0.85b 
Insect sub-communities     
Pests     16.12 ± 0.37a  14.87 ± 0.24bc  16.25 ± 0.43a  14.63 ± 0.24c  
Beneficials     42.12 ± 0.37a  41.50 ± 0.35ab  41.75 ± 0.48a  40.12 ± 0.31b 
Pollinators       5.50 ± 0.01a     5.37 ± 0.12a     5.37 ± 0.12a     5.37 ± 0.12a  
Visitors    14.37 ± 0.47a  11.62 ± 0.51b  14.12 ± 0.52a  11.25 ± 0.43b  
Per 5 drop cloths 
Total insect community  44.37 ± 0.51a  41.12 ± 0.37b  44.11 ± 0.75a  39.37 ± 0.72b  
Insect sub-communities 
Pests     14.25 ± 0.14a  12.75 ± 0.32b  13.87 ± 0.24a  11.50 ± 0.41c  
Beneficials     26.87 ± 0.47a  25.37 ± 0.51b  27.12 ± 0.37a  25.12 ± 0.24b 
Visitors        3.25 ± 0.14a     3.00 ± 0.20a     3.12 ± 0.24a      2.75 ± 0.25a 
Per 5 pitfalls 
Total insect community  40.24 ± 0.14a  39.12 ± 0.12b  40.00 ± 0.29a  37.11 ± 0.31b 
Insect sub-communities 
Pests     13.87 ± 0.12a  13.50 ± 0.20a  13.87 ± 0.12a  13.12 ± 0.37a 
Beneficials     19.50 ± 0.01a  19.00 ± 0.20a  19.37 ± 0.12a  18.12 ± 0.24b  
Visitors      6.87 ± 0.12a      6.62 ± 0.24ab      6.75 ± 0.25a     5.87 ± 0.12b 
Mean followed by different letters within a row are significantly different (Tukey’s HSD, P < 0.05). 
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Table 4.2.23: Seasonal mean ± SE species diversity of insects’ community and sub-communities throughout the cotton season during  
 two years of study, 2006-2007. 
      Bt cotton_________________  Non-Bt cotton______________ 
     Unsprayed  Sprayed  Unsprayed  Sprayed 
Per 50 sweep 
Total insect community  3.67 ± 0.02b  3.70 ± 0.02a  3.66 ± 0.02b  3.71 ± 0.02a  
Insect sub-communities 
Pests     2.12 ± 0.03b  2.21 ± 0.05a  2.10 ± 0.01b  2.19 ± 0.04a 
Beneficials     3.31 ± 0.03a  3.34 ± 0.02a  3.32 ± 0.03a  3.35 ± 0.02a 
Pollinators    1.26 ± 0.03a  1.31 ± 0.05a  1.26 ± 0.05a  1.29 ± 0.03a 
Visitors    1.66 ± 0.03a  1.74 ± 0.03a  1.71 ± 0.03a  1.79 ± 0.01a 
Per 5 drop cloths 
Total insect community  3.01 ± 0.02ab  3.08 ± 0.02a  2.99 ± 0.02b  3.06 ± 0.01ab   
Insect sub-communities 
Pests     1.96 ± 0.03a  2.04 ± 0.02a  1.96 ± 0.01a  2.07 ± 0.03a 
Beneficials     2.66 ± 0.02bc  2.71 ± 0.02a  2.64 ± 0.02c  2.68 ± 0.02ab 
Visitors    0.77 ± 0.03a  0.78 ± 0.01a  0.74 ± 0.02a  0.78 ± 0.03a 
Per 5 pitfalls 
Total insect community   3.28 ± 0.01ab  3.31 ± 0.01a  3.25 ± 0.01b  3.28 ± 0.01ab  
Insect sub-communities 
Pests      2.15 ± 0.01ab  2.20 ± 0.01a  2.12 ± 0.02b  2.16 ± 0.02ab 
Beneficials      2.61 ± 0.01a  2.64 ± 0.02a  2.61 ± 0.02a  2.63 ± 0.01a 
Visitors     1.58 ± 0.03ab  1.60 ± 0.03a  1.53 ± 0.03b  1.55 ± 0.02ab 
Mean followed by different letters within a row are significantly different (Tukey’s HSD, P < 0.05). 
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Table 4.2.24: Seasonal mean ± SE species evenness of insects’ community and sub-communities throughout the cotton season during  
 two years of study, 2006-2007. 
      ___              Bt cotton________  ____     Non-Bt cotton__________ 
     Unsprayed  Sprayed  Unsprayed  Sprayed 
Per 50 sweep 
Total insect community  0.84 ± 0.01b  0.86 ± 0.01a  0.84 ± 0.01b  0.87 ± 0.01a  
Insect sub-communities 
Pests     0.76 ± 0.02b  0.82 ± 0.02a  0.75 ± 0.01b  0.82 ± 0.01a 
Beneficials     0.88 ± 0.01b  0.90 ± 0.01a  0.89 ± 0.01b  0.91 ± 0.01a 
Pollinators    0.75 ± 0.02a  0.79 ± 0.02a  0.76 ± 0.02a  0.77 ± 0.01a 
Visitors    0.63 ± 0.01b  0.71 ± 0.01a  0.65 ± 0.01b  0.74 ± 0.01a 
Per 5 drop cloths 
Total insect community  0.79 ± 0.01b  0.83 ± 0.01a  0.79 ± 0.01b  0.83 ± 0.01a  
Insect sub-communities 
Pests     0.74 ± 0.01c  0.80 ± 0.01b  0.75 ± 0.01c  0.85 ± 0.01a 
Beneficials     0.81 ± 0.01b  0.84 ± 0.01a  0.80 ± 0.01b  0.83 ± 0.01a 
Visitors    0.68 ± 0.02a  0.73 ± 0.06a  0.67 ± 0.05a  0.83 ± 0.04a 
Per 5 pitfalls 
Total insect community  0.89 ± 0.01b  0.90 ± 0.01a  0.88 ± 0.01b  0.91 ± 0.01a 
Insect sub-communities 
Pests     0.82 ± 0.01bc  0.85 ± 0.01a  0.81 ± 0.01c  0.84 ± 0.01ab 
Beneficials     0.88 ± 0.01b  0.90 ± 0.01a  0.88 ± 0.01b  0.91 ± 0.01a  
Visitors    0.82 ± 0.01ab  0.85 ± 0.03ab  0.80 ± 0.01b  0.88 ± 0.01a 
Mean followed by different letters within a row are significantly different (Tukey’s HSD, P < 0.05). 
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4.3: Laboratory experiments 

Laboratory experiments were carried out to study the impact of Bt (IR-FH-901) 

and non-Bt (FH-901) cotton plant structures (leaves and flower-bolls) on the biological 

traits (larval mortality, larval development and pupal weight) of Helicoverpa armigera 

and Spodoptera exigua. 

 

 4.3.1: Helicoverpa armigera** 

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 1). 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 4.3.1).  

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  

 

 
**Lab study portion (H. armigera) of thesis been published in International Journal of 
Agriculture  and Biology, manuscript is attached as Appendix-IV. 
Reprinted by the permission of Journal. 
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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 4.3.2).  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. 

 

 

Table 4.3.1: Percent cumulative mortality (Mean ± SE) of larval instars of Helicoverpa  

 armigera fed with leaves and flowers-bolls of Bt and non-Bt cotton. 

 Leaves_______________________  Flowers-bolls___________________ 

Instars  Non-Bt cotton  Bt cotton  Non-Bt cotton  Bt cotton 

I 1.00 ± 0.58a  16.50 ± 0.96c  0.50± 0.50a  8.00 ± 0.82b 

II 4.00 ± 0.82a  79.50 ± 0.96c  1.50 ± 0.50a  54.00 ± 0.81b 

III         8.50 ± 0.96b  91.00 ± 1.00d  4.00 ± 0.00a  63.50 ± 0.96c 

IV 10.00 ± 0.82a  97.00 ± 0.58c  7.00 ± 0.58a  79.00 ± 1.29b 

V 13.00 ± 0.58b  100.00 ± 0.00d 8.50 ± 0.50a  88.50 ± 0.96c 

VI 15.00 ± 0.58b  100.00 ± 0.00d 9.00 ± 0.58a  93.00 ± 0.58c 

Means ± SE followed by the same letters within the row are not significantly different  

(P > 0.05; Tukey’s HSD). 



 
 

112 

4: Results  
 

 

Table 4.3.2: Larval development time and pupal weight of Helicoverpa armigera fed  

with leaves and flowers-bolls of Bt and non-Bt cotton. 

    Mean development   Mean pupal weight  

Treatment   time (days) ± SE  (mg) ± SE 

Non-Bt cotton leaves  19.35 ± 0.10c   0.232 ± 0.005c 

Bt cotton leaves  0.00 ± 0.00a   0.000 ± 0.00a 

Non-Bt cotton flowers-bolls 16.68 ± 0.37b   0.254 ± 0.004d 

Bt cotton flowers-bolls 27.75 ± 0.20d   0.166 ± 0.008b 

Means followed by the same letters within a column are not significantly different 

(p>0.05; Tukey’s HSD).  

 

 

4.3.2: Spodoptera exigua 

 No significant differences (P > 0.05) were found in larval mortality of 1st-instar 

(F = 0.80, df = 3, P = 0.517); 2nd-instar (F = 3.18, df = 3, P = 0.063); 3rd-instar (F = 

2.68, df = 3, P = 0.094); 4th-instar (F = 2.76, df = 3, P = 0.088) and 5th-instar (F = 3.06, 

df = 3, P = 0.069) larvae fed with Bt and non-Bt cotton leaves and flower-bolls (Table 

4.3.3). In general, survival remained high in all treatments (84-87%). However a 

significant difference was found in larval development (F = 226.89, df = 3, P = 0.000) 

between Bt and non-Bt cotton plant structures. The number of instars increased from five 

to six on Bt cotton plant structures but no mortality was observed in additional instar. The 

inhibitory effects of Bt cotton on the growth of larvae were more obvious than the lethal 

effects. Larvae that were fed on non-Bt cotton, completed development faster than those 

fed on Bt cotton. A comparison of average larval period of larvae indicated that larval 

period increased on Bt cotton leaves and flower-bolls (17.75 and 17.52 days respectively) 

compared with non-Bt cotton leaves and flower-bolls (14.82 and 14.57 days 

respectively). 
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Similarly, a marked difference was found in pupal weight (F = 145.95; df = 3, 12; P = 

0.000) of larvae fed Bt and non-Bt cotton. Pupal weight was reduced by the toxin and an 

average pupal weight was significantly (P < 0.05) higher on non-Bt cotton leaves (0.139 

mg) compared to average pupal weight on Bt cotton leaves (0.098 mg) (Table 4.3.4).  

 

 

 

Table 4.3.3: Percent cumulative mortality (Mean ± SE) of larval instars of Spodoptera 

  exigua  fed with leaves and flowers-bolls of Bt and non-Bt cotton. 

 Leaves_______________________  Flowers-bolls__________________ 

Instars  Non-Bt cotton  Bt cotton  Non-Bt cotton  Bt cotton 

I 1.00 ± 0.58a  1.50 ± 0.50a  1.50 ± 0.50a  2.00 ± 0.00a 

II 5.00 ± 0.58a  6.50 ± 0.50a  6.00 ± 0.00a  7.00 ± 0.58a 

III         11.00 ± 0.58a  12.50 ± 0.50a  10.00 ± 0.82a  11.00 ± 0.58a 

IV 14.00 ± 0.82a  14.50 ± 0.50a  11.50 ± 0.96a  12.50 ± 0.96a 

V 15.50 ± 0.96a  16.00 ± 0.82a  13.00 ± 1.00a  13.50 ± 0.50a 

VI 15.50 ± 0.96a  16.00 ± 0.82a  13.00 ± 1.00a  13.50 ± 0.50a 

Means ± SE followed by the same letters within the row are not significantly different  

(P > 0.05; Tukey’s HSD). 
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Table 4.3.4: Larval development time and pupal weight of Spodoptera exigua fed with 

 leaves and flowers-bolls of Bt and non-Bt cotton. 

    Mean development   Mean pupal weight  

Treatment   time (days) ± SE  (mg) ± SE 

Non-Bt cotton leaves  14.82 ± 0.13a     0.139 ± 0.001c 

Bt cotton leaves  17.75 ± 0.06b   0.098 ± 0.001a 

Non-Bt cotton flowers-bolls 14.57 ± 0.08a   0.141 ± 0.007c 

Bt cotton flowers-bolls 17.52 ± 0.15b   0.107 ± 0.003b 

Means ± SE followed by the same letters within a column are not significantly different 

(P < 0.05; Tukey’s HSD). 

 
 



 
 

115 

5: Discussion 

 

Chapter 5 

 

DISCUSSION 

 

5.1: Survey study* 

Transgenic Bt cotton has been grown over the last 4-5 years in the Punjab, 

Pakistan and farmers are enthusiastic about adopting this new technology. Pakistan also 

realizes the significance of Bt cotton, as different institutes are working on developing Bt 

cotton varieties and some of them have applied for patents of some novel Bt genes. The 

National Institute for Biotechnology and Genetic Engineering (NIBGE) has so for 

developed four strains of Bt cotton, namely IR-FH-901, IR-NIBGE-2, IR-CIM-443 and 

IR-CIM-448, which produce Cry1Ac toxin. According to an estimate, in 2006-07 Bt 

cotton was grown over an area of 0.093 million hectares out of 2.05 million hectares of 

total cotton area in the Punjab (Rao, 2007).  

Research stations and seed companies are promoting Bt cotton through research 

trials on farmers’ fields. However this study has shown that farmers’ main reasons for 

adopting Bt cotton were: less bollworm damage (32.7%), less use of pesticides (18.7%), 

higher yield (11.3%), less requirement of labour (6.7%), more profit (6.0%) with many 

farmers (34.0%) noted that they were growing it on a trial basis just to evaluate its 

effectiveness against bollworms. These results are largely consistent with other farmer 

surveys conducted in Shandong and Hebei Provinces (Yang et al., 2005a; Huang et al., 

2002a; Ismael et al., 2001; Pray et al., 2001, 2002). The current study has shown that 

farmers used different strains of Bt cotton and have mentioned different sources of Bt 

cotton seed. Local markets (26.7%) and seed companies (20.0%) were the main sources  

 

* Survey portion of this study has been published in International Journal of Pest   
     Management; manuscript is attached as Annexure-III. 
     Reprinted by the permission of journal
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of Bt cotton seed acquisition, with 21.3% of farmers using home-retained seed. These 

responses on the acquisition of Bt cotton seed are consistent with a survey study in Sindh 

Province, Pakistan (Hayee, 2005) and in Shandong and Hebei Provinces, China (Pray et 

al., 2002; Yang et al., 2005a). 

The current survey study showed that farmers have some awareness of the 

incidence of major insect pests in Bt cotton, especially the bollworms (american 

bollworm, pink bollworm & spotted bollworm), armyworm, and some sucking pests like 

whitefly, jassid, thrips and aphid. The study showed that farmers reported low incidence 

of bollworms in Bt cotton. Previous studies (Xia et al., 1998) have shown that Bt cotton 

varieties expressing Cry1Ac insecticidal proteins are highly effective against the cotton 

bollworms, Helicoverpa armigera (Olsen and Daly, 2000), Pectinophora gossypiella 

(Nava-Camberos et al., 1999a, b; Flint and Parks, 1999) and Earias spp. (Abro et al., 

2004). However, some farmers mentioned that bollworms were still a problem in Bt 

cotton. The problem may be due to home-retained seed, or might be due to the mixing of 

Bt and non-Bt cotton seed by local market dealers. Farmers reported high incidence of 

armyworm in Bt cotton, as compared to other bollworms. Similar results have been 

shown in a survey study (Xia et al., 1998) conducted in China which indicated a high 

incidence of armyworm Spodoptera spp. in Bt cotton fields, whereas armyworm showed 

tolerance to Bt cotton producing Cry1Ac (Ashfaq et al., 1999; Adamczyk and Sumerford, 

2001). No Bt cotton seed developer has ever claimed that it would also control sucking 

pests, and this study confirms that status with Bt cotton growers reported high incidence 

of the major sucking pests namely whitefly, jassid, thrips and aphid, as Bt cotton varieties 

were not effective against sucking insect pests (Hilder and Boulter, 1999; Deng et al., 

2003a; Sharma and Pampapathy, 2006). Farmers mentioned a new pest, the cotton 

mealybug, which was severe in most of Bt cotton fields, and farmers have to apply more 

pesticide applications to control this pest. Most of the farmers uprooted and burnt the 

infested plants. The cotton mealybug incidence increased in most of the Bt cotton fields 

and caused the failure of Bt cotton in most of the areas of Punjab Province (Dutt, 2007). 

Farmers’ knowledge of natural enemies and diseases was poor. Similar results were  
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found in a survey study conducted in Shandong Province, China (Yang et al., 2005a). In 

the current study, farmers mentioned the high incidence of only two key predators i.e., 

lacewing and ladybird beetle in Bt cotton fields. Farmers were not aware of parasitoids 

and entomopathogens.  

In this study, farmers mentioned a high incidence of cotton leaf curl virus (CLCV) 

in Bt cotton. This is a very common disease in Pakistan caused by whitefly. With the 

green revolution, cotton production in Pakistan increased to 12.82 million bales in 1991-

92, but after this, production decreased drastically and fell to 8 million bales due to 

CLCV. A survey study in Sindh Province (Hayee, 2005) indicated that 60% of Bt cotton 

growers reported CLCV in Bt cotton. The cotton mealybug and CLCV have shaken the 

confidence of Bt cotton growers and pesticide companies took advantage of this situation 

to advise farmers not to grow Bt cotton. Some farmers mentioned wilting of Bt cotton 

plants, but actually it was due to excessive use of fertilizer and irrigation applications, 

which increase the buildup of Verticillum & Fusarium wilt. Reddening (red leaf disease) 

and wilt diseases were also observed to be severe in Bt cotton fields in a survey study 

conducted in Umerkot district, Sindh (Hayee, 2005) and in northern China during the 

1990’s (Xia et al., 1998).  

Farmers were still over utilizing insecticides on Bt cotton, as they were not 

confident and continued to spray either as a risk reduction strategy in the case of Bt 

cotton proves not to be as resistant as claim, or they were not aware of the effectiveness 

of Bt cotton against target pests. The study has shown that most of the farmers consulted 

pesticide sellers and dealers about pest problems. Advertisements by pesticide companies 

often influence the adoption of any IPM approach to the extent that farmers rely only on 

pesticide use (Sharma, 1998). Farmers are easily trapped by pesticide companies that 

discourage farmers from growing Bt cotton and encourage reliance on the use of 

chemicals (Pray et al., 2002), the same as in conventional cotton.  

The survey study of 75 non-adopters of Bt cotton showed the different factors 

influencing the adoption of Bt cotton. Among these factors, the important ones were 

increased fertilizer & irrigation requirements and CLCV disease. Fewer yields, non-



 
 

118 

5: Discussion 
 

availability of Bt seed and the higher price of Bt cotton seed were also the important 

reasons for the non-adoption of Bt cotton. Similar results were found in a survey study 

conducted in South Africa (Ismael et al., 2001; Thirtle et al., 2003), which showed that 

low yield and higher cost of seed were the main reasons for the non-adoption of Bt 

cotton. Qayum and Kiran, (2005) reported that Bt cotton varieties were not drought 

resistant and couldn’t tolerate/survive moisture stress conditions, which cause heavy 

losses.  

 This study showed that most of the reasons given by the farmers for the non-

adoption of Bt cotton concerned its agronomic performances. It was clear that many 

farmers were not aware of the effectiveness of Bt cotton, and their knowledge and 

management practices were the same as those of conventional cotton growers. This 

certainly presents a problem for the long-term implementation of Bt cotton. However, 

previous studies have shown that phenotypic development, management practices (Yang 

et al., 2005a), and population dynamics of pests and natural enemies (Xia et al., 1998; 

Shoemaker, 2001) were very different from conventional cotton.  
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5.2: Field experiments 

 

5.2.1: Comparison of major target pest community  

Resistance of transgenic Bt cotton, containing the Bacillus thuringiensis Cry1Ac 

toxin, to the major target lepidopterous pests of cotton had been evaluated. The studies 

reported here indicated that insect transgenic Bt cotton, IR-FH-901 provided significant 

season-long field control of american bollworm (H. armigera), spotted bollworm (Earias 

spp.) and pink bollworm (P. gossypiella), while no significant control of armyworm 

(Spodoptera spp.) The detailed discussion is given below: 

 

5.2.1.1: Seasonal abundance of american bollworm eggs and larvae  

The current and previous filed studies (Cui and Xia, 1999; Ning et al., 2001; Xia 

et al., 2001; Wu et al., 2003; Yang et al., 2005b) have shown no ovipositional differences 

between Bt and conventional cotton. As, female moths can not differentiate between Bt 

and non-Bt cotton for oviposition. These results are inconsistent with Sharma and 

Pampapathy, (2006), who reported significantly higher number of eggs in insecticide 

protected plots of Bt cotton compared to unprotected plots, possibly because of more 

vegetative growth under insecticide protected conditions. However, there were significant 

differences in larval numbers between Bt and non-Bt cotton. Present and previous field 

studies (Padidam, 1992; Wu et al., 2000; Zhao et al., 2000a; Akhurst et al., 2003; Morse 

et al., 2005; Wan et al., 2005; Kumar and Stanley, 2006) have shown the higher 

resistance of transgenic Bt cotton in controlling cotton bollworm, H. armigera. The 

results indicated lower larval populations in sprayed and unsprayed Bt cotton compared 

to non-Bt cotton. Previous field studies (Cui and Xia, 2000; Wu et al., 2003; Sarfraz et 

al., 2005; Men et al., 2005a) confirmed these results by comparing larval population 

between Bt and non-Bt cotton. The mean numbers of larvae per plant were significantly 

lower in Bt cotton compared to non-Bt cotton. These results are also in conformity of 

Bambawale et al., (2004), who reported lowest number of larvae 
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(0.03 larvae/plant) in Bt cotton as compared to conventional cotton (0.09 larvae/plant). 

The increased larval densities in Bt cotton late in the season, may be due to the reduced 

level of Cry1Ac toxin at this stage or may be the variation in Bt gene expression within 

plant organs (Greenplate, 1999; Xia et al., 2001; Zhang et al., 2001). Liu et al., (2002) 

reported the higher resistance of transgenic Bt cotton to cotton bollworm, H. armigera at 

the last ten days of May (94.5%) and July (83.3%), which decreased in August (22.7%).   

The highest numbers of larvae were found in non-Bt cotton at flowering and boll 

forming stages of the plants. These results are in agreement with Mellet et al., (2004).  

There was no correlation between number of eggs and larvae. As in the both seasons, the 

bollworm larval densities in Bt cotton were below the threshold level, hence no 

insecticide application was needed in sprayed Bt cotton plots. The higher larval densities 

in non-Bt cotton demanded insecticide applications in sprayed plots to keep larval 

numbers below threshold level. Transgenic Bt cotton offers great potential to 

significantly reduce the pesticide application for the control of major lepidopterous pest, 

H. armigera in Pakistan. However, increased larval densities in Bt cotton at later stages 

may result an increased pesticide application. Some studies have shown that Bt cotton has 

not provided adequate control of H. armigera, especially at late season (Hilder and 

Boulter, 1999; Fitt et al., 1994; Zhang et al., 2001; Wu et al., 2003). It is notable that 

larval density in Bt cotton should be monitored carefully at the late season and controlled 

with effective insecticides or other control measures.  

 

5.2.1.2: Seasonal abundance of spotted bollworm eggs and larvae  

  Spotted bollworms is an important pest of cotton causing damage to fruiting 

bodies and shedding of squares, flowers and bolls (Abro et al., 2003; Ibargutxi et al., 

2006). Although, the primary target of transgenic Bt cotton is to control cotton bollworm, 

H. armigera but it also has a significant impact on other bollworm species,  

including Earias insulana & E. vitella. It occur as an early to mid-season pest in cotton 

and hence transgenic Bt cotton can effectively control this pest during early-mid phase of  
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the crop, when toxin expression is high (Kranthi et al., 2004). Baseline susceptibility data 

has shown that Cry1Ac was highly toxic to spotted bollworm with LC50 ranged from 

0.006 to 0.105 µg/ml of diet and 0.88 ng/cm2 for leaf-dip bioassays (Kranthi et al., 2004). 

The results showed that Bt cotton significantly suppressed the larval population in 

sprayed and unsprayed Bt plots and hence no insecticide application was needed against 

this pest in Bt cotton. These results corroborate with Kumar and Stanley, (2006).  An 

overall polled data of all observations also revealed significant lower larval populations 

in Bt cotton compared to non-Bt cotton. Similar results have been found by (Abro et al., 

2004; Hofs et al., 2004; Morse et al., 2005; Ashfaq et al., 2006; Kannan and 

Uthamasamy, 2006; Sharma and Pampapathy, 2006; Bal and Dhawan, 2008). However, 

egg numbers were not significant between treatments. This is in agreement with 

Kengegowda et al., (2005).  

 

5.2.1.3: Seasonal abundance of rosette flowers and pink bollworm larvae 

   An overall pest population density of pink bollworm was low as compared to 

other target pests throughout the both cotton seasons. However, results indicated a lower 

density of rosette flowers and larvae in Bt cotton with and without spray than in non-Bt 

conventional cotton with and without spray. Larval populations were significantly higher 

in unsprayed non-Bt cotton in both seasons and an average 1-2 insecticide applications 

were used to control this pest. In general, larval density was higher in non-Bt cotton than 

those of Bt cotton. These results corroborate with previous studies on pink bollworm 

infestation in Bt cotton (Arif et al., 2006). The study indicated that some larvae survived 

in Bt cotton, late in the season (end of September and October). These results are in 

agreement with Wan et al., (2004). It may be due to the decreased Bt toxin expression at 

lateral stage of plant (Zhang et al., 2001). However, it is admired that Bt cotton 

effectively suppressed the larval density in early season to an extent that pest could not 

cause an economic damage in the late season. These late season larvae were below the 

threshold level and did not cause the economic damage. The results of the present study 
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and those of other investigators (Wilson et al., 1992; Flint et al., 1995, 1996; Watson, 

1995; Simmons et al., 1998, Henneberry and Jech, 2000; Liu et al., 2001; Lavekar et al., 

2004; Wan et al., 2004; Nadaf and Gould, 2007) support the efficacy of Bt cotton for 

pink bollworm control. 

 

4.2.1.4: Seasonal abundance of armyworm larvae 

 Armyworms (Spodoptera exigua & S. litura) are polyphagous insect pests 

affecting various economically important crops (Agrawal et al., 2002). Larval feeding on 

cotton leaves can cause devastating losses in yield (Adamczyk et al., 1998a). Toxic genes 

from Bt plant lead to the suppressions of major lepidopterous pests’ population (Carriere 

et al., 2003). However, transgenic plants containing Cry1Ac toxin are ineffective against 

Spodoptera spp. (Adamczyk et al., 1998a, b; Henneberry et al., 2001). But the addition of 

Cry2Ab along with Cry1Ac in Bollgardâ II appears to be the most effective against 

Spodoptera spp. (Adamczyk et al., 2001; Stewart et al., 2001). The field results indicated 

no significant differences in larval density of Spodoptera spp. between unsprayed Bt and 

non-Bt conventional cotton. These results are in conformity with previous field studies 

(Agrawal et al., 2002; Adamczyk and Gore, 2004; Wan et al., 2008). The larval 

populations were significantly higher in unsprayed Bt and non-Bt cotton than those of 

sprayed Bt and non-Bt cotton plots. The insecticide applications reduced the pest 

population in sprayed Bt and non-Bt plots. Similarly, foliar insecticide applications have 

been used to control armyworm in Bt cotton fields in some other field studies (Hood, 

1997; Smith, 1997; Bacheler and Mott, 1996; Wan et al., 2008). It is noteworthy that the 

reduced use of insecticide in Bt cotton may increase the population of Spodoptera spp. in 

Bt cotton. Therefore, there is a risk that this pest may become the major pest in Bt cotton 

field. It is suggested that population should be monitored properly to prevent the crop 

from economic damage.  
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5.2.2 Comparison of non-target insect community  

 

5.2.2.1 Major non-target insect pests’ community 

 Although, field experiments have revealed that Bt cotton proved to be effective 

against certain lepidopterous pests but it lacked the resistance against sucking pests. 

There were no significant differences in population densities of major non-target sucking 

pests (jassid, whitefly, thrips, aphid and mealybug) between Bt and non-Bt cotton and the 

populations were more or less uniform. In general, the populations were significantly 

higher in unsprayed Bt and non-Bt plots than those of sprayed Bt and non-Bt plots. No 

significant differences were found in sucking pest management between Bt and non-Bt 

cotton. In addition to seed treatment, 3-4 insecticide applications were used in sprayed 

plots to keep these pests’ populations below the threshold level. The seed treatment 

significantly reduced the populations of jassid, whitefly and thrips during early growth of 

plant upto 35-40 days after sowing. Dandale et al., (2001) reported that seed treatment in 

cotton with imidacloprid was effective against sucking pests and kept the population 

below the economic threshold level up to 40 days after sowing (DAS) (Patil et al., 2003). 

Similar, results have been found by Kannan et al., (2004), who mentioned the lower 

populations of sucking pests during early growth stages of plant in seed treated plots than 

those of control. The aphid populations were noticed during later part of crop growth and 

mean population was higher in sprayed Bt cotton than those of sprayed non-Bt cotton. It 

may be due to reduced pesticide spray against target lepidopterous pests in Bt cotton, 

which built up the sucking pests population particularly at later stages. These results are 

in conformity with those of Kannan et al., (2004) and Vennila et al., (2004), who 

reported the higher abundance of sucking pests: whitefly, jassid and aphid in Bt cotton 

than non-Bt cotton. Cotton jassid and whitefly populations exceeded the threshold level 

and pesticides were used to control these pests in sprayed plots of Bt and non-Bt cotton. 

However, thrips and aphid populations were below the threshold level throughout the 

seasons in all treatments. The decreased population densities of these pests in sprayed 

plots was mainly due to the impact of pesticides used against other sucking pests, mainly  
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cotton mealybug. The current and previous studies (Bambawale et al., 2004; Men et al., 

2003) revealed that transgenic Bt cotton had no impact on the sucking pest population 

and consequently required suitable management strategy. Among non-target sucking 

pests, cotton mealybug remained active in all treatments throughout the seasons (2006; 

2007) and has become more serious pests of cotton in recent years. This outbreak 

occurred in both the Bt and non-Bt cotton fields and farmers have to spend a large 

amount of pesticides, almost US$121.4 million worth in the Punjab in two month in 2007 

(Dutt, 2007).  

 The results indicated that transgenic Bt cotton proved to be effective against 

certain lepidopterous pests and reduced the insecticide applications. But at the same time, 

additional sprays were required against sucking pests particularly cotton mealybug, a new 

emerging pests in both Bt and nom-Bt cotton. Seed treatment provided the better 

protection against early-season sucking pests in transgenic cotton. It is suggested that Bt 

cotton along with pesticide applications could provide protection against target and non-

target insect pests. But for the long term implementation of Bt cotton as a component of 

IPM, it is important that such varieties should be transformed with Bt genes that have 

also the resistance against non-target sucking pests to reduce the number of pesticide 

applications.    

5.2.2.2 Comparison of non-target insect diversity 

 A large number of insects visit the cotton crop from sowing to maturity and any 

control measure taken against major target and non-target pests will inevitably affect 

other non-target insect species. In this comparison insect fauna (excluding major target 

and non-target insect pests, which were covered in plant inspection technique), collected 

in sweep net, drop cloth and pitfall sampling were compared among the treatments. 

Because of large number of insect species, diversity indices (species abundance, species 

diversity, species richness & evenness) were used for comparison and insect fauna were 

divided into the total insect community and insect sub-communities (pests, beneficials, 

pollinators and visitors) for each sampling technique. 
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A number of studies have investigated the impact of transgenic Bt cotton on target 

pests’ community. However, relatively few studies have been conducted to know the 

potential impacts of Bt cotton on non-target insect community and sub-communities. The 

results presented here indicated the changes of plant canopy and foliage- dwelling and 

ground dwelling non-target insect community and sub-communities over two cotton 

seasons by using different sampling techniques. Transgenic Bt cotton is capable to 

manage the cotton bollworms and dramatically reduced the insecticide applications used 

to control the major lepidopterous pests (Forrester et al., 1993; Pray et al., 2002). 

However, transgenic Bt cotton may have the number of direct and indirect effects on 

arthropod communities in agro-ecosystem (Men et al., 2003). The direct impact is the 

mortality of bollworms (Fitt, 1994a) and effective or partial control of some other 

lepidopterous pests feeding on Bt cotton (Harris et al., 1996; Watson, 1995; Bacheler et 

al., 1998). Transgenic cotton can affect the beneficial community indirectly (Wu et al., 

2005b), through the removal of eggs, larvae and pupae of lepidopterous pests, which 

serve as a food source for predators and parasitoids. The reduction in pesticide 

applications is another factor that can affect arthropod communities in Bt cotton and can 

increase the abundance of beneficial insects and some minor pests, which are otherwise 

suppressed under heavy insecticide applications (Men et al., 2003).  

 Overall, the results indicated significant differences among treatments in the 

abundance and species richness of insect community and sub-communities across each 

sampling techniques (sweep net, drop cloth and pitfall) in separate and combined analysis 

of two years data. The insecticide applications significantly reduced the abundance of 

total non-target insect community and sub-communities (pests, beneficials, pollinators 

and visitors) in sprayed plots of Bt and non-Bt cotton in both years. Overall, the 

abundances of insect community and sub-communities were higher in unsprayed Bt and 

non-Bt cotton as compared to sprayed Bt and non-Bt cotton. These results corroborated 

with the previous field studies (Fitt and Wilson, 2002; Men et al., 2003). Results revealed 

no significant differences in abundance among unsprayed Bt and non-Bt cotton, this 

showed that Bt cotton had no adverse effects on the abundance of non-target insect  
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community and sub-communities. This is in agreement with Sisterson et al., (2004). It is 

interesting, that the abundance of beneficial insect sub-community observed in sweep net 

and drop cloth were significantly higher in sprayed plots of Bt cotton than those of 

sprayed non-Bt cotton. It may be due to the reduced insecticide use in Bt cotton, which 

exerted a positive impact on the beneficial insect community. This is in agreement with 

another field study (Head et al., 2005), which showed significantly higher populations of 

predators in Bt cotton than non-Bt fields, where insecticide applications occurred. 

However, varieties had no significant impact on the beneficials sub-community under 

unsprayed conditions. Similar results have been found in another field studies (Naranjo 

and Ellsworth, 2002), conducted in central Arizona, USA showed no significant 

differences in seasonal abundance of beneficial insect community between Bt and non-Bt 

cotton under unsprayed conditions. Most of the workers reported no adverse impact of Bt 

crops on either the abundance or the activity of beneficial insect community (Johnson and 

Gould, 1992; Pilcher et al., 1997; Wu and Guo, 2003).  

 The species richness varied between the years and treatments across each 

sampling technique, but significant differences were found between sprayed and 

unsprayed plots of Bt and non-Bt cotton. The results showed significant decrease of 

species richness in insecticide treated plots of Bt and non-Bt cotton. These results are in 

consistent with previous field studies (Naranjo and Ellsworth, 2002; Men et al., 2003). 

However, no significant differences were found in species richness of insect community 

and sub-communities between varieties under unsprayed conditions. It was clear, that Bt 

cotton had no impact on the species richness of non-target insect pests and beneficial sub-

communities. Whitehouse et al., (2005) reported no significant difference in the species 

richness of beneficial insect community in unsprayed Bt and conventional cotton. 

Previous field studies conducted in Australia and USA (Head et al., 2005; Naranjo, 2002) 

have revealed the higher population of non-target insect community in Bt than in sprayed 

conventional cotton fields. 

 The diversity indices (species diversity and evenness) of insect community and 

sub-communities (pests and beneficials) varied by years across each of the sampling  
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techniques (sweep net, drop cloth and pitfall), but were generally higher in sprayed plots 

of Bt and non-Bt cotton. The species evenness increased with the use of insecticides. It 

may be due to the reduction in the density of most abundant insect pests and beneficial 

sub-communities in insecticide treated plots, which tend to increase the equitability 

among the species. It is reported (Men et al., 2003) that reduction in pests abundance in 

sprayed plots due to insecticides and in Bt cotton plots by Bt toxin cause higher diversity 

indexes of insect community and sub-communities. Results revealed no significant 

differences in species diversity and evenness between unsprayed Bt and non-Bt cotton. 

Previous field studies (Naranjo, 2002; Naranjo and Ellsworth, 2002; Bai et al., 2002; 

Sisterson et al., 2004; Whitehouse et al., 2005) have also shown no significant 

differences in species diversity and evenness of arthropod community between Bt and 

non-Bt cotton that received no additional insecticides, however plots receiving insecticide 

applications had higher species evenness. Wei et al., (2001) observed higher species 

diversity and evenness values of arthropod communities in Bt cotton as compared to non-

Bt cotton. The differences in diversity indices among the varieties in sprayed and 

unsprayed conditions showed that insecticide application had an adverse effect on rare 

species. Hence, decreased use of insecticide in Bt cotton, can increase the stability of rare 

species.  
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5.3: Laboratory experiments** 

5.3.1: Helicoverpa armigera  

The early instar larvae of H. armigera prefer tender leaves, then the later instars, 

which feed on reproductive parts (flowers, square and bolls) and can infest several fruits 

and flowers over the course of larval development (Qin et al., 1962; 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, which corroborated 

with the earlier reports (Gore et al., 2000; Zhao et al., 2000b). Leonard et al., (1997) 

found a non-significant difference in the mortality of third instar bollworm larvae feeding 

on Bollgardâ squares as compared to conventional cotton. Because of, spatial-temporal 

variation, in Cry1Ac protein levels in Bt cotton, Shanmugam et al., (2006) reported the  

 

 

** Laboratory experiments of H. armigera has been published in International Journal 
    of Agriculture and Biology, manuscript is attached as Appendix-IV. 
      Reprinted by the permission of Journal. 
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susceptibility of H.  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 cotton flower-bolls. Men et al., (2005b) showed 

100% mortality while Xu et al., (2008) reported 2.6% larval survival of H. armigera fed 

on Bt cotton leave. 1st-6th instars larvae fed on Bt cotton leaves, however none of those 

pupated successfully.   

The observed differences, in larval mortality of H. armigera among different 

plant parts of Bt cotton 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 and 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., 2000a; Kranthi et al., 2005).  

Other fitness indicators (larval development and pupal weight) were also 

significantly different among treatments. The results on larval developmental period 

showed that Bt cotton significant delayed the larval development (Khalique and 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 indicator of lepidopteran insect fitness (Leuck and 

Perkins, 1972). 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. 
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5.3.2: Spodoptera exigua 

Beet armyworm, S. exigua larvae primarily feed on foliage but also feed on stem 

and fruiting parts of cotton plant (Eveleens et al., 1973). Larval feeding on cotton plants 

can cause serious yield losses (Adamczyk et al., 1998a, b). Results showed no significant 

differences in larval mortalities between Bt and non-Bt cotton feeding structures. 

Although certain lepidopterous pests of cotton are controlled by Bollgardâ cotton 

varieties but the Cry1Ac toxin in Bollgardâ cotton have exhibited little or no efficacy 

against armyworm Spodoptera spp. (Adamczyk et al., 2001; Henneberry et al., 2001; 

Stewart et al., 2001; Chitkowski et al., 2003; Adamczyk and Gore, 2004; Abro et al., 

2004; Wan et al., 2008).   

However, results indicated the delay in larval development time on Bt cotton. 

These results are in agreement with the previous studies (Mascarehans and Luttrell, 1997; 

Stapel et al., 1998; Ashfaq et al., 1999; Adamczyk et al., 1998b), which showed sub-

lethal effects of Bt cotton on larval development of armyworm. Similarly Adamczyk et 

al., (2001) reported that larvae reared on Cry1Ac diet and Bt cotton took significantly 

more time for pupation than those of control diet and conventional non-Bt cotton. The 

present results contradict with Nava-Camberos and Ibarra-Frias, (2000), reported similar 

larval development time of S. exigua larvae between Bt and non-Bt cotton. The current 

and previous studies (Adamczyk et al., 1998a) have showed the significant decrease in 

pupal weight, produced by larvae fed on Bt cotton plant structures. As Bt cotton 

expressing Cry1Ac is ineffective against Spodoptera spp. hence, outbreaks of armyworm 

on Bt cotton need foliar insecticides applications to keep the population below economic 

injury level (Hood, 1997). These findings may influence the management strategies for 

armyworm in Bt cotton.  
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Chapter 6 

 

SUMMARY AND CONCLUSION 

 

 Research studies on “Impact of Bt and non-Bt cotton on insect biodiversity” were 

conducted during 2006-2007 cotton season. The results of these studies are summarized 

below: 

6.1: Survey study 

The survey study was conducted to examine the factors involved in the adoption 

or non-adoption of Bt cotton, identify sources of Bt cotton seed acquisition, and to 

evaluate farmers’ knowledge and perception of insect pests incidence and management 

practices in Bt cotton in the Punjab Pakistan. A preliminary survey was conducted to 

develop a questionnaire and a total of 150 farmers growing Bt cotton expressing Cry 1Ac 

protein were interviewed in the main cotton-growing districts of the Punjab Province. 

Farmers mentioned different reasons for the adoption of Bt cotton and majority of them 

(34.0%) were not initially aware of Bt cotton’s effectiveness against cotton bollworms 

and then grew it on a trial basis. The other reasons mentioned were: reduce bollworm 

damage (32.7%); reduce pesticide requirements (18.7%); obtain higher yield and profit 

(11.3% and 6.0% respectively) and reduce labour (6.7%). The main sources of Bt cotton 

seed were the local market and seed companies while many farmers used home-retained 

Bt cotton seed, much as they practiced with conventional cotton. The survey showed that 

farmers were aware of the major insect pests of cotton and reported a low incidence of 

cotton bollworms (Helicoverpa armigera, Pectinophora gossypiella and Earias spp.) and 

a high incidence of armyworm (Spodoptera spp.) and sucking pests (Bemisia tabaci, 

Thrips tabaci, Amrasca devastans & Aphis gossypii) in Bt cotton. Farmers also noted the 

incidence of a new pest, the cotton mealybug (Phenacoccus spp.), which caused major 

damage to the crop in most cotton-growing areas. Farmers had little knowledge of  

natural enemies and diseases in their fields. Farmers were aware of only two predators  
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(lacewing and lady bird beetle) and reported a high incidence of these predators and 

cotton leaf curl virus (CLCV) in Bt cotton. Farmers still relied heavily on chemicals to 

control the pests in Bt cotton as they were easily persuaded by the advertisements of 

pesticide companies. Another survey of 75 farmers was conducted, who were not 

cultivating Bt cotton or had grown Bt cotton in previous years but now reverted back to 

conventional cotton. The main reason for the rejection of Bt cotton was that majority of 

the farmers (21.3%) were not sure of its effectiveness against insect pests. The other 

reasons included were higher prices of Bt cotton seed (18.7%), perception of higher 

vulnerability to viral infection (9.3%) and greater requirements for fertilizers and 

irrigation (13.3%). 

This survey studies highlight the need for the training of farmers in the 

identification of pests, natural enemies and diseases, as well as the establishment of 

economic threshold levels for pests and the debunking of pest management 

misconceptions in Bt cotton. It is necessary to educate farmers regarding the 

effectiveness of Bt cotton against target insect pests, including risks and benefits to 

humans, animals and the environment. There should be a strict regulatory system in the 

local market to protect farmers from adulterated Bt cotton seed lots. The available 

varieties should also be monitored as to whether they are producing good results or not. 

The research trials should be laid out at farm level to build up the farmers’ confidence of 

transgenic Bt cotton and to encourage them to take up sustainable agricultural practices 

and non-chemical, alternative management options.  

6.2: Experimentations 

6.2.1: Field experiments 

 The field experiments were conducted to evaluate the resistance of transgenic Bt 

cotton, containing the Bacillus thuringiensis Cry1Ac toxin against major target and non-

target insect pests and its possible adverse impacts on non-target insect fauna in cotton 

agro-ecosystem. The experimental field trials were laid out in a Randomized Complete 

Block Design (RCBD) and different sampling methods: plant inspection, sweep net, drop 

cloth and pitfall trap were used to collect and compare insect community associated with  
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transgenic Bt (IR-FH-901) and non-Bt cotton (FH-901) under sprayed and unsprayed 

conditions. A plenty of insects inhabited the cotton crop, which included the target and 

non-target insect community. The results revealed that Bt cotton proved to be highly 

specific and provided significant season-long field control of major target pests 

(H.armigera, Earias spp. & P. gossypiella ), while no significant control of Spodoptera 

spp. There were significantly lower larval population of H. armigera (0.41 and 0.54 

larvae/15 plants in 2006 and 2007 respectively) Earias spp. (1.17 and 1.00 larvae/15 

plants in 2006 and 2007 respectively) and P. gossypiella (0.46 and 0.35 larvae/25 bolls in 

2006 and 2007 respectively) in unsprayed Bt cotton plots. However, there were no 

ovipositional differences of H. armigera and Earias spp. between Bt and non-Bt cotton. 

The insecticides were not needed in Bt cotton against these target pests, while an average 

3-4 insecticide applications were used in non-Bt cotton to keep these pests below the 

threshold level. The increased larval densities of H. armigera in Bt cotton at later stages 

of crop may be due to the reduced level of Bt toxin. However, these late season larvae 

were below the threshold level and did not cause the economic damage. The field results 

indicated no significant differences in larval density of Spodoptera spp. between 

unsprayed Bt and non-Bt conventional cotton, which showed that transgenic Bt cotton 

with Cry1Ac toxin is ineffective against Spodoptera spp. Therefore, there is a chance that 

this pest may become the major and alarming pest in Bt cotton field.  

The results have revealed that Bt cotton had no resistance against sucking pests. 

There were no significant differences in population density of major non-target sucking 

pests (jassid, whitefly, thrips, aphid and mealybug) between Bt and non-Bt cotton and the 

populations were more or less uniform. Regarding sucking pests management no 

significant differences were found in insecticide applications between Bt and non-Bt 

cotton. In addition to seed treatment 3-4 pesticide applications were used in sprayed plots 

of Bt and non-Bt cotton to keep these pests below threshold level. The seed treatment 

significantly reduced the population of jassid, whitefly and thrips during early growth of 

plant upto 35-40 days after sowing both in Bt and non-Bt cotton.  
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The results indicated significant differences in the abundance and species richness 

of insect community and sub-communities (pests, beneficials, pollinators and visitors) 

among the treatments across each sampling techniques (sweep net, drop cloth and pitfall) 

during both years. The insecticide applications significantly reduced the abundance and 

species richness in sprayed plots of Bt and non-Bt cotton but no significant differences 

were found between unsprayed Bt and non-Bt cotton, which showed that Bt cotton has no 

adverse affects on the abundance and richness of non-target insect community and sub-

communities. In addition, the reduced insecticide applications in sprayed Bt cotton plots, 

exerted a positive impact on the species abundance and richness, particularly beneficials 

sub-community as compared to sprayed non-Bt cotton plots, where insecticides 

significantly reduced the abundance and richness. The diversity indices (species diversity 

and evenness) were generally higher in sprayed plots of Bt and non-Bt cotton. The 

species evenness increased with the use of insecticides. It may be due to the reduction in 

density of most abundant insect pests and beneficials sub-communities in insecticide 

treated plots, which tend to increase the equitability among the species. Results revealed 

no significant differences in species diversity and evenness between unsprayed Bt and 

non-Bt cotton. The differences in diversity indices among the varieties in sprayed and 

unsprayed conditions showed that insecticide application had adverse effects on rare 

species.  

6.2.2: Laboratory experiments 

Laboratory experiments were conducted to determine the impact of Bt (IR-FH-

901) and non-Bt (FH-901) cotton plant structures (leaves and flower-bolls) on the 

biological aspects (survival and growth) of Helicoverpa armigera and Spodoptera 

exigua. The parameters measured were larval mortality to pupation, larval period and 

pupal weight.  

Results indicated significant differences in percent cumulative mortalities of all 

instars (1-6th) of H. armigera larvae fed continuously on leaves and flower-bolls of Bt 

and 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  
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marked difference in larval development period on Bt (27.75 days) and non-Bt cotton 

(16.68 days) flower-bolls. Pupae weights were significantly higher for larvae fed on non-

Bt compared with Bt cotton plant structures (leaves and flowers-bolls). 

Bt cotton proved not to be effective against S. exigua, as results showed no 

significant differences in larval mortality of all instars (1-5th) fed continuously with Bt 

and non-Bt cotton plant structures (leaves and flower-bolls). However, the inhibitory 

effects of Bt cotton on the growth of larvae were more obvious than the lethal effect. 

Larvae that were fed on non-Bt cotton, completed development faster than those fed on 

Bt cotton plant structures. Pupae weights were reduced by the toxin and an average pupal 

weight was significantly reduced on Bt cotton leaves (0.098 mg) as compared to non-Bt 

cotton leaves (0.139 mg).  

From experimentations, it is concluded that transgenic Bt cotton is highly specific 

to target pests and has no unintended impact on non-target insect community in cotton 

agro-ecosystem. The decreased use of insecticides in Bt cotton has a positive impact on 

beneficials community and can increase the stability of rare species. As Bt cotton has no 

adverse effects on the non-target insect community and can reduce the use of broad 

spectrum insecticides thus, it can become an important tool of IPM program in cotton 

agro-ecosystem of Pakistan. But for the long term implementation of Bt cotton as a 

component of IPM, it is important that such varieties should be transformed with Bacillus 

thuringiensis (Bt) toxin genes, which also have other resistance traits against target and 

non-target insect pests to reduce the number of insecticide applications. It is suggested 

that Bt cotton along with insecticide application based at economic threshold level could 

provide the protection against target and non-target insect pests. So, newer seed dresser 

should be preferred against sucking pests, instead of broad-spectrum foliar sprays for the 

deployment of transgenic Bt cotton. There is also a need to re-determine the economic 

threshold levels for sucking pests and bollworms in Bt cotton due to increased beneficial 

abundance and the change of pest status. The studies also 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  
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efforts, in developing the transgenic Bt cotton varieties, should focus on the higher level 

of toxic genes expression in fruiting parts. The significant temporal variations in insect 

pests populations indicate that there may be some other factors (biotic and abiotic), which 

should be under considerations in future studies. It is therefore, the research on the impact 

of transgenic Bt cotton on insect biodiversity should be a continuing process in order to 

evaluate the long-term negative effects on the non-target insect community, because of 

changed insect pests spectrum and species composition. Future research must be 

conducted with available commercial varieties of transgenic Bt cotton to ensure that 

expression level of Cry1Ac protein remain consistent with current level in Bollgard 

cotton developed by Monsanto, USA.  
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Appendix-I 
 

Questionnaire proforma for the survey of main cotton growing areas of the Punjab, Pakistan
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Questionnaire proforma 

 
 

Interview Questionnaire for Bt cotton farmers 
  

(Total farmers = 150) 
     
      

i. Name of the farmer    …………………………………. 

ii. Location      …………………………………. 

iii. Age (years)     …………………………………. 

 1.  Young (up to 30 years)   ……………………………….… 

 2.  Middle (31-45 years)   …………………………………. 

 3.  Old (above 45 years)   …………………………………. 

 

iv. Educational level 

 1.  Illiterate           ………………………………… 

      Literate (Year of passing school)   ….……………………………… 

 2.    Up to middle school (8 years)  …………………………………. 

 3.    Matriculation & above (above 8 years) …………………………………. 

v. Year of cultivation of Bt cotton?  …………………………………. 

 

vi. Why are you adopting Bt cotton?    

 1.   Due to higher yield   ………………………………… 

 2.   Less use of pesticides    ………………………………… 

 3.   Less requirement of labour                       ………………………………… 

 4.   Less viral incidence   ………………………………… 

 5.   Greater boll size    ………………………………… 

 6.   Less bollworm damage   ………………………………… 

 7.   More profit    ………………………………… 

 8.   On trial basis    ………………………………… 
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vii. What are your main sources of getting Bt cotton seed? 

 1.   Research stations    ………………………………… 

 2.   Seed companies    ………………………………… 

 3.   Pesticide companies   ………………………………… 

 4.   Home retained    ………………………………… 

 5.   Other farmers                ………………………………… 

 6.   Local markets    ………………………………… 

 

viii. What do you know about the insect pests’ incidence in Bt cotton? 

  Extent of damage            Low        Medium     High      No response  

          (1)             (2) (3)           (4)                             

  Bollworm complex  

American bollworm  ………       ……..     ……….      ……....              

   Spotted bollworm  ………      ……...     ……….      ………          

    Pink bollworm  ………      ……...     ……….      ………           

    Army worm   ………      ……...     ……….      ………          

   Sucking complex 

Whitefly   ………      ……...     ……….      ………           

   Jassid    ………      ……...     ……….      ………           

   Thrips    ………      ……...     ……….      ………           

    Aphid    ………      ……...     ……….      ………         

   Cotton Mealybug  ………      ……...     ……….      ………         

     
 ix. How would you estimate the presence of natural enemies present in the Bt cotton? 
                    Low        Medium     High      No response  

              (1)             (2)              (3)            (4)                    

          Lace wing                    ………..      ………..     .……….      …….…         

     Lady bird beetle    ………..      ………..     .……….      …….…         

       Others        ………..      ………..     .……….      ………            
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  Questionnaire proforma 
 

 

x. How would you rate the diseases in Bt cotton field? 

  Severity of disease          Low        Medium     High       No response 

         (1)          (2)            (3)              (4)                               

  Cotton leaf curl virus  ………       ……..     ……….      ……..             

       Cotton wilt   ………       ……..     ……….      ……..             

          

xi. What do you do when insect pests appeared in Bt cotton field? 

          

1. Not spraying     ………………………………… 

2. Immediately spray insecticide   ………………………………… 

3. Spray at Economic threshold level  ………………………………… 

4. Consult the Agriculture department  ………………………………… 

5. Consult the Pesticide companies   ………………………………… 

6. Follow neighbours    ………………………………… 

 

xii. What do you know about the safety of Bt cotton? 

        Yes        No           No knowledge  

   1. Safe for humans    ……..      ………..     .……….       

   2. Safe for animals    ……..      ………..     .……….       

   3. Safe for beneficial insects      ……..      ………..     .……….        
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Interview Questionnaire for non-Bt cotton farmers 
 

Total farmer = 75 
 
 

Farmers’ reason for the non-adoption of Bt cotton 
 

 
Why are you not adopting Bt cotton?   

 1.    Gov. Restriction    …………………………………… 

 2.    Higher price of seed   …………………………………… 

 3.    Non availability of seed   …………………………………… 

 4.    CLCV     …………………………………… 

 5.    Take more irrigation   …………………………………… 

 6.    Take more fertilizer   …………………………………… 

 7.    Take more time to mature  …………………………………… 

 8.    Flower & fruit shedding    …………………………………… 

 9.    Small boll size    …………………………………… 

 10.  Low yield     …………………………………… 

 11.  Less height    …………………………………… 

 12.  Not sure of Bt effectiveness  …..………………………………. 
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Appendix-II 

Experimental Layout of Field trials
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Appendix-III 

Manuscript survey study parameter, published in  

International Journal of Pest Management 

 

Arshad et al., 2009. Farmers’ perception of insect pests and pest management practices 

in Bt cotton in the Punjab, Pakistan. International Journal of Pest Management.  

55(1):1-10.   
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Appendix-IV 

Manuscript laboratory experiments, published in  

International Journal of Agriculture and Biology 

 

Arshad et al., 2009. Transgenic Bt and non-transgenic cotton effects on survival and 

growth of Helicoverpa armigera. International Journal of Agriculture & Biology. 

11(4):473-476. 


