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ABSTRACT 

The present thesis encompasses natural resistance of Bt-cottonto the thrips, 

Thrips tabaci (Lind.) through morphological and chemistry traits of cotton leaves, 

coupled with weather factors. Finally deliberate release of natural enemies to manage 

thrips was assessed, on a screened resistant and a susceptible Bt-cottongenotypes/ 

varieties.  

In the preliminary varietal screening trials, Twenty genotypes of Bt-cotton viz., 

AA-802, BH-178, MN-121, Bt-131, Bt-141, CBS-1, FH-114, FH-113, FH-4243, GM-2085, IR-

3, IR-4, IR-901, IR-824, IUB-212, IUB-222, IUB-2009, Subhan-2001, Tarzan-2 and VH-259 

during 2008 and based on per leaf density data of the pest, 6 genotypes (VH-259 and 

Tarzan showing susceptible response, BH-178 and H-4243 showing intermediate 

response and GM-2085 and AA-802 had comparatively resistant response) were selected 

for final screening studies. HPSI rating for thrips population per leaf on various selected 

genotypes of cotton on average of 2008 and 2009 revealed that the genotypes, VH-259 

and Tarzan-2, possessed 20% HPSI each and proved to be susceptible whereas the 

genotypes, AA-802 and GM-2085, respectively showing 12% and 14% HPSI were proved 

comparatively resistant whereas with 16% and 18%, FH-4243 and BH-178, respectively, 

were categorized as intermediate.  

All the genotypes differed significantly with respect to physico-morphic and 

chemical plant characters. Hair density on midrib and vein showed positive and 

significant correlation with the pest density (P < 0.01), while gossypol glands on lamina 

showed negative and significant correlation (P < 0.05). Moisture percentage, nitrogen, 

protein, lipids, calcium and zinc had significant and positive correlation (P < 0.01) with 

the pest population whereas, total minerals showed negative and significant effect on 

the pest density. Reducing sugar and magnesium had also significant and positive 

correlation at P < 0.05 with the pest population. The nitrogen percentage in the leaves of 

cotton plant were found to be the most important characters showing maximum impact 

i.e. 41.5 percent in population fluctuation of the pest followed by moisture contents and 

lipids with 32.8 and 10.7% role, respectively in per unit change of the thrips’ density. The 

overall impact of all the factors when computed together exerted 89.8 percent role in 

population variation.  
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The pest population was not significantly correlated with weather factors during 

2008, 2009 and on cumulative basis except relative humidity during 2009 and on 

cumulative basis which was significantly and positively correlated, r-values being 0.555 

(P < 0.05) and 0.451 (P < 0.01), respectively. Relative humidity had also maximum 

impact on per unit change in thrips’ population during 2008, 2009 and on cumulative 

basis which showed 14.6 percent, 22.7 and 20.7 percent, respectively. The maximum 

temperature contributed 11.8% role in per unit change of the pest during 2008 while 

rainfall shared 8.2 and 7.0% during 2009 and on cumulative basis, respectively.  

The fifteen treatments whose effect was determined on the population of Thrips 

were as follows: T1 = Release of Coccinella septumpunctata at one week interval for six 

releases from 21.06.2010 to 26.01.2010 at the rate of one 2nd instar larvae per plant, T2 = 

Release of Chrysoperla carnea  at one week interval for six releases from 21.06.2010 to 

26.01.2010 at the rate of one 2nd instar larvae per plant, T3 = Spray of Neem Seed Kernel 

Extract (NSKE) 5% at the rate of 1500 ml ha-1 at fortnight intervals for three times on 

21.06.2010, 05.07.2010 and 19.07.2010, T4 = Spray of spinosad 240 SL (Tracer) at the rate 

of 125 ml ha-1 at fortnight intervals for three times on 21.06.2010, 05.07.2010 and 

19.07.2010, T5 = T1 + T2, T6 = T1 + T3, T7 = T1 + T4, T8 = T2 + T3, T9 = T2 + T4, T10 =T3 + T4, 

T11 = T1 + T2 + T4, T12 = T1 + T2 + T3, T13 = T1 + T3 + T4, T14 = T1 + T2 + T3 + T4, T15= control. 

The analysis of variance of the data regarding the population of Thrips in different 

treatments and the interaction among treatments and leaf position revealed significant 

difference amongst them. The application of spinosad alone and in combination with 

other control methods proved to be the most effective treatment. The application of bio-

agents viz. Coccinellid and C. carnea resulted in 4.72 and 4.51 thrips leaf-1, respectively 

and did not differ significantly with each other. The application of coccinellid and C. 

carnea in combination also was less effective with 4.37 thrips leaf-1 and differed 

significantly from those of observed in all other treatments. The application of NKSE 

resulted in 4.00 thrips leaf-1 and found superior from those treatments where bio-agents 

were released alone and in combination. However, the maximum yield was observed in 

T14 where all the control methods were integrated together showing 30.976 kg plot-1 seed 

cotton and it did not differ significantly with those of recorded in T11, T7 and T4 with 

30.209, 29.319 and 29.270 kg plot-1 seed cotton yield, respectively. The minimum seed 
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cotton yield was recorded to be 23.393, 23.984 and 24.104 kg plot-1 in those plots where 

T1, T2 and T5 were applied and did not show significant difference among them.  

On the basis of these interventions, the maximum cost benefit ratio was 

calculated to be 1: 15.19 in those plots of AA-802 where spinosad alone was sprayed and 

this treatment was found to be the best economical and easy to apply for the farmers. 

The minimum cost benefit ratio was recorded in T5, i.e. 1: 1.02 where both the biological 

agents were released together.  

The results have been discussed in the light of these cost benefit ratio and it was 

concluded that deliberate use of predators may be expensive for management of thrips 

on Bt cotton.  
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CHAPTER I 

INTRODUCTION

 

 

The economy of Pakistan is dependent upon many crops among which, cotton 

(Gossypium hirsutum L.) is one of the most important cash crops and foreign exchange 

earner. This crop, as in the most parts of the World, is attacked by hundred of pest 

insects. Cotton in Pakistan is no exception to this. An early survey of insects on cotton 

crop revealed extensive diversity of the insects. However, notable among these are 

bollworms and sucking insects. Pest complex including these two types of insects 

warranted insecticide applications. It is estimated that eighty percent of insecticides use is 

on cotton crop alone (Khan et al., 2011). In this regard, insecticide import has increased 

from 21, 255 tonnes worth Rs. 3,477 million in 2000-200 to 27, 995 tonnes worth Rs. 

8,741 million in 2009-2010 (Government of Pakistan, 2009-2010). The control of the 

insect pests has not only increased area under cotton cultivation but also yield per acre 

significantly over last three decades (Abdullah et al., 2003). But the last decade has seen 

stagnant yield level. One reason for this inertia in yield was attributed to narrow genetic 

base of the cotton in the Pakistan, due to which efforts to breed resistant varieties has 

been overstated (Mushtaq et al., 2011).  

Genetically modified cotton plant with Bt (Bacillus thuringiensis) offer promising 

answer to have resistance against insect pests which can ultimately reduce consumption 

of insecticides on the cotton. The production of Bt-cotton in Pakistan was started in 2005 

with assumptions; to incase per acre yield and savings on pesticides and labor resulting 

from fewer pest attacks. Bt-cotton is genetically enhanced to resist three bollworms i.e. 

American bollworm (Helicoverpa armigera Hub.), spotted bollworm (Earias spp.), and 

pink bollworm (Pectinophora gossypiella Saunders).  

A number of studies compared the performance of the Bt-type varieties with non-

Bt varieties in Pakistan, and their findings provide a mixed picture. Hayee (2005) 

observed that Bt-cotton  performed poorly compared to the conventional varieties. On the 
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contrary, studies by Nazli et al. (2010) and Abdullah (2010) suggest a better performance 

of the existing unapproved varieties of Bt-cotton. These studies, however, acknowledge 

that farmers in Pakistan are not making the most of Bt-cotton because the Bt varieties 

were developed by various private sector plant breeders by transferring Bt trait to locally 

developed cotton varieties. These varieties are distributed without a formal regulatory 

framework which raises several concerns about seed quality. Cotton leaf curl virus 

(CLCV) is still a major threat to Pakistani cotton along with sucking pests (mealy bug, 

jassid and white fly). Presently, no resistant cotton variety is available against them. As a 

matter of effect, adoption of Bt-cotton varieties enhanced thirty percent more yield as 

compared to traditional varieties.  

Nevertheless two inadequacies are being experienced by the farmers and Provincial and 

National Governments: 

1. A steady increase in the number of pesticides / insecticides spraying during 2003-2009. 

2. Emergence of mealy bug and continuous threat of cotton – leaf curl virus (CLCV). 

 Arshad and Suhail (2010), recently, have stated higher incidence of armyworm 

(Spodoptera litura and S. exigua) and sucking insect pests (Bemisia tabaci, Thrips tabaci, 

Amrasca devastans and Aphis gossypii) in Bt-cotton. They further reported that farmers 

still relied heavily on chemicals in most of the cotton growing areas. Economic survey of 

Pakistan has also indicated susceptibility of Bt-cotton varieties to sucking insect pests. 

Thrips is a regular sucking insect pests in all cotton growing areas of Sindh and 

Punjab in Pakistan, along with Jassid (A. devastans) and whitefly (B. tabaci). Since its 

attack on lower side of cotton leaves start with beginning of growth of cotton, so farmers 

are advised to be vigilant as attack’s severity increases in dry weather. The loss in 

seedling growth and yield of the seed cotton due to thrips has been reported elsewhere 

and these losses ranged between 6-59% (El-Nahal and Nasir, 1968). A study in Pakistan 

revealed 37.6% loss in yield of the seed cotton by a combined attack of Thrips (14.6 per 

leaf) and jassid (4.6 per leaf) (Attique and Ahmad, 1990). Though two species of thrips 

viz., Thrips tabaci Lind. and Scirtothrips dorsalis Hood have been recognized, but Thrips 

tabaci is considered ubiquitous and become problem in certain years under favourable 

condition of population build up (Naqvi et al., 1988).  
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The highest and lowest population of thrips (4.28 and 2.21 leaf -1, respectively) 

was found on Empire WRD and Rode Okra varieties of cotton (Syed et al., 2003). 

Genotypes CRIS-168, CRIS-9, NIAB-78 and CIM-482 were moderate in degree of 

resistance against insect pest complex whereas CRIS-468 was highly resistant having 

maximum yield of 1021.0 Kg/ha. (Pathan, 2007). The population of thrips illustrated that 

cultivar SLH-257 was found resistant to a greater level against this pest per leaf 

population basis (5.011 per leaf) (Salman et al., 2011). Among nine varieties of cotton 

viz. CRIS-125, CRIS-9, B.T, CIM-506, DNH-105, CIM-554, BH-167, GOMAL-93 and 

DNH-57, DNH-105 and CIM-506 were found relatively resistant to sucking insect pest as 

they showed least infestation and high seed cotton yield (Khan, 2011).  

Non Bt-cotton  varieties have been found to possess morphological and chemicals 

characters that can be regarded as impediment to prevent Thrips population reaching to 

injury level. Hairiness and gossypol contents of leaves of cotton plants are important in 

this regard. Hair density on midrib of leaves of CIM 109 played a positive and highly 

significant role towards thrips population. Length of hairs on veins exerted negative and 

significant correlation with thrips population. Gossypol glands on midrib and veins were 

correlated significantly showing negative response to thrips population (R2 value for this 

effect was 0.756) (Arif et al., 2004).   

These characters have also been recognized in Bt varieties. Genetically 

engineered cotton genotypes, Gossypium hirsutum L., (Bt-121, Bt-196, Bt-313, Bt-333, 

Bt-496, Bt-703, Bt-802, Bt-1524, Bt-3701, Bt-W1) were evaluated for their resistance 

against whitefly, Bemisia tabaci (Genn.), in the cropping seasons 2008 and 2009. In 

2008, lamina thickness and gossypol glands were positively correlated with mean B. 

tabaci population/ leaf (r = 0.66; r = 0.67 respectively) whereas in 2009, hair length and 

gossypol glands showed negative and positive correlations respectively (r = -0.65; r = 

0.78) (Khan et al., 2010). There are no studies on Bt resistance against this insect pest.  

Traditional (organophosphates and carbamates) and new chemistry insecticides 

(mostly nicotinoides) are usually recommended for control of Thrips (Naqvi et al., 1988; 

Zaman, 1989; Aslam et al., 2004; Asi et al., 2008; Sadozai et al., 2009; Ullah et al., 

2010). Indiscriminate and injudicious use of insecticides has been complicated in the 

development of resistance in insects (Mallah, 2007). The cotton researchers have tried 
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biorational insecticides to reduce insect population but with variable success. The use of 

plant chemicals and predators are options that have been considered in many studies. 

Green lacewings (Chrysoperla carnea Stephens) are being used in insect management 

programs in Pakistan (Zia et al., 2008; Solangi et al., 2011). The integration of Green 

lacewings with insecticides and/or plant chemicals has been reported to be promising for 

management of many insect pests of the crops (Hasan et al., 2007).  

The present studies were, thus, planned to find out the integration of use of 

botanical, predator and insecticide coupled with host resistance for management of Thrips 

tabaci on cotton. This objective was accomplished by the following studies: 

 To screen the available genotypes of Bt-cotton for resistance/susceptibility 

based on population density count of thrips per leaf. 

 To study the role of some a biotic factors like temperature,  humidity and 

rainfall in the population fluctuation of thrips 

 To determine the impact of various morphological and chemical plant 

characters from the selected genotypes of Bt-cotton  on the population 

fluctuation of thrips 

 To integrate various bio-control methods such as botanicals, biological 

and spinosad (naturalyte / metabolite product) applied on the resistant 

genotype of Bt-cotton  for the control of the test insect pest. 

 To determine the cost benefit ratio and find the most effective, economical 

and safe control strategy for the recommendations to the farmers. 
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CHAPTER II 

REVIEW OF LITERATURE

 

2.1. HOST PLANT RESISTANCE 

 Hawkins et al. (1966) established a statistical relation between injury level of 

thrips with yield in 16 cotton varieties in two years. A highly significant (P=0.01) 

negative correlation (0.52) between yield and injury-index was obtained. The linear 

regression showed diminishing of 178 Kg seed cotton per acre for each unit increase in 

thrips-index.  

 Bughio et al. (1986) compared in the field experiments the occurrence and 

population density of A. devastans, T. tabaci and B. tabaci on 3 mutant strains (189/72, 

B-60 and B-2) and 2 commercial varieties (M-100 and Qalandri) of the cotton at 

Tandojam, Pakistan. There were statistical differences in the responses of all mutant 

strains and commercial varieties to the attack of the pests at all times point observations 

were made.  

 Tariq (1989) found LSD-170, a cotton variety as the most resistant to the Thrips 

(T. tabaci) as well as to sucking insect pest complex in an experiment on ten different 

cotton cultivars at Faisalabad, Pakistan. 

Bhatangar and Sharma (1991) stated that red varieties of cotton were less infested 

with A. devastans than the variety used as control, H777. Nectariless and okra leaf 

varieties were found less infested with B. tabaci and the frego bract and okra leaf 

varieties were less infested with T. tabaci. Glandless varieties were heavily affected with 

the insect pests found throughout the season. 

Twenty varieties of cotton were evaluated for fiber yield, fiber quality and 

earliness, covering a wide range of environment with different insect pests and abiotic 

conditions. The results were refracted that the cultivar MAR6 (multiple adversity 

resistance) is much resistant and showed the tolerance against insects like boll weevil and 

thrips (El-Zik and Thaxton, 1992). 
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Syed et al. (1996) observed the relative resistance of 20 cotton varieties. The 

results showed that the highest and the lowest thrips population were observed on Super 

Okra and Riode Okra, respectively.  

Naeem (1997) observed the comparative resistance of some cotton cultivars 

against the sucking insect pests and reported that FH-672 was the most resistance to the 

sucking insect pests including whitefly, whereas FS-628 was found to be least resistant to 

the sucking insect pests as well as to Thrips. 

Rafiq and Shah (1998) stated the population fluctuation of thrips in different 

varieties of cotton, Thrips tabaci fluctuated between 0.55 and 1.98; 0.92 and 2.29 and 

0.54 and 2.73 insects per leaf on varieties of CIM-240, S-12 and MNH-93, respectively.  

Ali (1999) found that among five genotypes of cotton viz., Karishma, FH-634, 

CIM-448, FH-685 and FH-643, the Karishma was the most resistant to whitefly and 

thrips while FH-643 was the most susceptible to thrips and whitefly. 

Aheer et al. (1999) investigated nine genotypes of cotton viz., SLS-1, N-92, 

Karishma, MNH-329, N-86, BH-89, N-86-PB and BH-36 for relative resistance against 

thrips and whitefly. They found the significant differences among genotypes regarding 

insect pest’s population. N-86-PB, N-92 and BH-89, respectively, showed the maximum 

pest leaf population of thrips (0.95) and whitefly (3.30) while the minimum population of 

thrips (0.34) and whitefly (1.89) per leaf was found on N-92, BH-86 and MNH-329, 

respectively.  

Nizamani et al. (2002) studied the resistance level of ten cotton cultivars viz., 

AEH-1, AEH-2, AEH-4, AEH-6, CRIS-9, CRIS-121, CRIS-124, CRIS-128, CRIS-129 

and Red Okra to thrips, jassid and whitefly. The cultivar AEH-4 showed relatively 

greater resistance to the attack of thrips (infestation per leaf basis) when compared with 

other cultivars tested and cultivar AEH-2, showed relative susceptibility to thrips attack. 

The population of thrips rapidly increased from June 27th to July 11th and then sharply 

declined upto August 8th.  

Ten genotypes of cotton were evaluated against jassid, whitefly and thrips 

population. Results revealed that jassid were susceptible to variety NIAB Karishma 

during second week of July and resistance on CIM-449 and NK-2002 in the month of 

September. Thrips were susceptible to NIAB-86 in late July and resistant to CIM-449 and 
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positively correlated with weather factors. However, maximum whitefly population 

occurred on variety FH-901 in the month of July and minimum on all the varieties in the 

month of late October and November and negatively correlated with weather factors 

(Shah, 2003). 

Syed et al. (2003) studied the relative resistance of 20 different cotton varieties 

against jassid (Amrasca devastans Dist.), thrips (Thrips tabaci Lind.), whitefly (Bemisia 

tabaci Genn.) and mites (Tetranychus spp.). The highest A. devastans population (2.72 

insects leaf -1)was observed on Greg-25V variety, while the lowest population was found 

on variety Rajhans (2.06 insects leaf -1), while the highest and the lowest thrips 

population of 4.28 and 2.21 insects leaf-1 was observed on Empire WRD and Rode okra 

respectively. Similarly, the highest and lowest population of B. tabaci was found on 

Rehmani and Greg-25V as 1.99 and 1.73 insects leaf -1 respectively. Tetranychus spp., 

had the highest and lowest population (3.23 and 1.71 mites leaf -1) on Rajhan and Coker-

8316.  

 Abro et al. (2004) compared incidence of Thrips on Bt and Non Bt-cotton  

varieties, such as KMG-1, KMG-2, KMG-3, MS-1, MS-2 NIAB-78 and CRIS-134. 

Thrips population remained to be fluctuated in different varieties and genotypes during 

the crop growth periods but KMG-1, KMG-2 and KMG-3 which were crosses of Bt-

cotton  and non-Bt-cotton  varieties were found harboring more thrips population. 

 Arif et al. (2004) studied various genotypes of cotton viz., CIM-109, CYTO-9/91, 

FH-900, FH-901, FH-925, IRCIM-448, IRFH-901, NIAB Karishma, VH-137 and VH-

142 for their resistance against thrips. They reported that all the genotypes significantly 

differed in relation to thrips density. CIM-109 was comparatively susceptible while 

CYTO-9/91 was resistant to the thrips population.  

 Hussain (2004) observed that NIAB-98 was comparatively resistant to jassid 

adult; whitefly adult and thrips population, BH-147 to jassid nymph, SLH-257 to whitefly 

adult and SLH-257 to thrips.  

 Arif et al. (2006) studied BH-118, CIM-443, CIM-448, FH-634, FH-87, HR-129, 

VH-142, SLH-1, HRVO and Okra-170 for their resistance against thrips and reported that 

CIM-448 was comparatively susceptible to thrips while HRVO was resistant. 

 Ali and Aheer (2007) observed the varietal resistance of cotton against whitefly, 
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Bemisia tabaci (Genn.), Thrips, Thrips tabaci (Lind.) and jassid, Amrasca devastans 

(Dist.) during 2003 under Bahawalpur ecological conditions on eight genotypes of cotton 

(CIM-499, SLH-279, FH-901, CIM-707, N-111, BH-995, BH-160 and BH-1199). 

Genotypes did not show momentous differences regarding jassid and thrips population 

that ranged from 1.40 to 1.82 and 10.59 to 12.85 per leaf, respectively. Significant 

difference was recorded among genotypes concerning whitefly population. CIM-499 

showed maximum susceptibility to whitefly (3.31/leaf) and CIM-707 showed minimum 

(1.99/leaf). Jassid and whitefly populations remained above economic threshold level 

throughout the season. Maximum population of whitefly (7.55/leaf) and jassid (2.26/leaf) 

was recorded on September 24, 2003 while thrips (28.16/leaf) were maximum on August 

21, 2003. 

 Bal and Dhawan (2008) studied the population of key pests in natural enemies in 

RCH-134 Bt and non-Bt-cotton  hybrid under sprayed and unsprayed conditions and they 

reported that the population of cotton thrips was significantly higher in Bt unsprayed 

plots as compared to non Bt-cotton . 

  Amjad et al. (2009) studied five cultivars of non Bt-cotton  viz., FH-682, NIAB-

78, FH-634, FS-628 and FH-643 for their comparative resistance against sucking insect 

pests and reported non-significant difference among cultivars against thrips population.  

 Gawaad et al. (2009) observed the resistance in nineteen different varieties (seven 

American, two Russian and ten Egyptian) of cotton against thrips and aphid. The 

varieties Pima S-1, 126-1, Giza 31, Giza 45 and Alexandria 3 showed a considerable 

resistance to both thrips and aphids. The results indicated that there were differences in 

fondness of insects to the varieties under study. Some of the varieties were tolerant and 

produce a high yield in spite of heavy infestation like F-108 and 63-17-1.     

 Khan (2011) studied nine varieties of cotton viz., CRIS-125, CRIS-9, B.T., CIM-

506, DNH-105, CIM-554, BH-167, GOMAL-93 and DNH-57 for their resistance 

performance against sucking insect pests and reported that DNH-105 and CIM-506 were 

found relatively resistant to sucking insect pests as they showed least infestation and 

higher seed cotton yield. 

 

2.2. PERIOD OF ABUNDANCE  
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Khan and Ullah (1994) conducted study on the population dynamics of insect 

pests of cotton at three localities (Faculty of Agriculture, Dhap Shamali and Qayyum 

Nagar) in D. I. Khan. The population of sucking pests started building up in July and 

reached its climax in August and September, then pests declined in the first week of 

October and completely subsided in the end of October. The bollworms were maximum 

in August and reached its peak in September and October. The population of pest 

complex of cotton was nearly equal at the Agricultural Faculty, Qayyum Nagar and lower 

than that of at Dhap Shamali. At high temperature and low relative humidity maximum 

population of thrips was recorded. Rainfall had an indirect effect on the population build 

up of sucking pests.  

  Sewify et al. (1996) observed the effect of sowing date on sucking insect pests 

and their associated predators in Giza region, Egypt and found that the peak population of 

Thrips tabaci occurred on the early sown crop of cotton but the population density was 

very low on the late sown crop of cotton. On late sown plants, the maximum population 

densities of sucking insects in all three years occurred during July, August and 

September. 

Gupta et al. (1997) observed the highest population of thrips, aphid and jassid 

during the last week of July to mid-August, the last week of July to mid-September and 

the second fortnight of August to the first fortnight of October, respectively. 

Anonymous (1998) observed that during the second and third week of July 

population of Jassid was significantly less which increased gradually later on and reached 

to peak in the third week of August. Population of whitefly was higher in the second, 

third and fourth week of August. Thrips population was relatively high in earlier days of 

July and later days of August but lower in middle period of crop growth.  

Anonymous (1998) studied that thrips population remained active upto September 

and caused serious injury to the cotton crop. The peak population of the thrips recorded 

on CIM-443 and CIM-NIAB Karishma was 2.5 and 1.5 per leaf respectively.  

Kalroo (2001) studied the population dynamics/trend of major sucking and 

bollworm pest complexes, at Central Cotton Research Institute, Sakrand, Sindh 

[Pakistan]. Maximum population of sucking pests i.e. thrips, jassid and whitefly were 

recorded as 13.4, 2.0 and 10.8 / leaf during 4th week of July, 3rd week of August and 1st 
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week of September, respectively. Maximum bollworm damage (9.2%) was recorded 

during 3rd week of October and 4th week of November. Three years (1997-1999) data 

specify that, pest population of sucking as well as bollworm pest complexes crossed the 

economic injury levels at CCRI-Sakrand farm and needed intervention to save the crop 

from economic losses.  

Parajulee et al. (2006) observed that thrips (Thysanoptera: Thripidae) infestations 

had two distinct peaks, with the first peak at the one to two main stem node leaf stage and 

the second peak during the flowering stage. Thrips abundance was found similar between 

the Bt and Non-Bt-cotton . Thrips average seasonal abundance was significantly higher in 

timely planted cotton compared with that in late planted cotton. Thrips were more 

widespread in upper one-third vertical stratum (51%) followed by middle stratum (33%) 

and the lower stratum (16%).  

Wilson and Bauer (2007) studied the seasonal abundance and species composition 

of thrips on cotton in the Namoi Valley, New South Wales (NSW). Adult thrips had three 

peaks of abundance in each season, with the species composition altering from 

predominantly Thrips tabaci (Lind.) early, to T. imaginis (Bagnall) mid-season and 

Frankliniella schulzei (Trybom) late season. Both T. tabaci and F. schultzei became 

visible to breed and develop successfully on cotton, with peaks of immature occurring in 

line with peaks in adult abundance. In contrast, T. imaginis did not seem to flourish on 

cotton, as indicated by the low number of immature recorded relative to the other two 

species, even when it was dominant in adult populations.  

Albeldano et al. (2008) conducted a field study at Munday in Knox Country, TX, 

on nine thrips species during 2004-2005; however, only seven thrips species in which T. 

tabaci was found in each individual year.  

 Greenberg et al. (2009) found that thrips population was high from mid May to 

late June.   

Shivanna et al. (2009) noticed the incidence of thrips population throughout the 

year except in the month of July and August because of high rainfall on transgenic Bt-

cotton  and reported that maximum incidence of thrips population was observed from 

April to May with a peak incidence of 26.81/three leaves recorded in April second 

fortnight. The population declined from June onwards to February without a definite 
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pattern and reached to zero during July and August. Again from March onward 

population increased gradually. 

Shivanna et al. (2011) reported that the peak population of thrips was observed on 

second fortnight of April on Bt-cotton . 

 

2.3. WEATHER FACTORS VERSUS POPULATION 

 It was generally assumed that the insect’s population grows fast under the effect 

of prevailing weather conditions in the field e.g. rain, temperature, humidity, hotness and 

falling down the temperature up to favorable conditions for the growth of insect 

population on cotton. It was observed when happening in 1983 when cotton production 

drop down up to the dangerous limit 40-50% (Anonymous, 1984). 

Mabbett et al. (1984) studied the distribution of thrips (Ayyaria chaetophora) and 

jassid (A. devastans) on cotton in Thailand show aggregation and can be adequately 

described by the negative binomial distribution. On the top four or five expanded leaves 

the majority of thrips are found. 

Thrips growth rate increases in two months, first during beginning of May and 

second during end of June or in very early July, the first phase of increasing population is 

higher as compared to the second. Nymphs and adults present similar pattern of 

population growth. The population declining early May is due to attaining the 

temperature by environment in cotton growing areas, but the humidity and relatively 

lowers temperature show positive influence in thrips number growth. Temperature and 

age of the plants were also the limiting factors for population growth of thrips as younger 

plants and temperature up to 35oC was more supportive as compared to bigger age plants 

under the temperature up to 20oC (Al-Faisal and Kardu, 1986). 

 Li et al. (1992) observed that population density of T. tabaci recorded during 

hours of a day on a cotton field and revealed its relevance closely to the temperature 

fluctuation. 

Ali et al. (1993) found a positive relation of temperature with Jassid density 

(r=0.307), whereas, it was non-significant for Thrips (r=0.031). Rainfall showed negative 

and significant effect on the Jassid population (r=0.48) and Thrips (r=0.41). The effect of 

relative humidity was non-significant. Cumulatively these factors contributed 46.00 and 
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33.7% in fluctuating jassid and thrips population, respectively.  

Riaz et al. (1996) studied the influence of environmental conditions on the 

sucking insect pests of NIAB-86 cotton and their chemical control. Temperature had a 

momentous and positive effect on whitefly and thrips population with r-values of 0.86 

and 0.77, respectively. Non-significant effect existed among relative humidity and insect 

pests population density. On whitefly and thrips the combined effect of temperature and 

relative humidity was higher (86.50 and 75.00 percent) and lesser (46.91 percent) on 

Jassid population. On Jassid population temperature alone showed a non-significant 

effect. Confidor and Nuvacron, used on cotton, yielded the maximum mortality of jassid 

(88.08 and 84.17 percent), whitefly (84.83 and 83.56 percent) and thrips (88.06 and 82.99 

percent), respectively.  

Wahla et al. (1996) observed the effect of seven physical environmental factors 

viz., maximum temperature, minimum temperature, temperature fluctuations, mean 

temperature, relative humidity, sun shine hours and rainfall on the population dynamics 

of sucking insect pests of cotton variety “FH-87”. They discovered that change in 

temperature was positively correlated to the population of sucking insect pests as against 

those in the minimum temperature as well as that in the relative humidity, which were 

negatively correlated to it.  

Patel et al. (1997) reported that minimum temperature and relative humidity did 

not show significant effect on thrips population while precipitation showed negative 

correlation.  

A roving survey was conducted in 59 places and fixed plot survey in 4 selected 

places for the incidence of yellow mite and thrips. They concluded that higher thrips 

population was noticed in the area with high temperature (Manjunatha et al., 2001). 

Paniker and Patel (2001) revealed the effect of weather factors on the activity of 

thrips infesting chilli, cotton and pigeon pea. It was found that the activity of T. tabaci on 

cotton leaves started form 2nd week of August until 1st week of January and T. tabaci had 

significant positive correlation with wind speed (0.79) and mean temperature (0.62). 

Effect of environmental factors on thrips population was investigated. Their 

results showed that cumulative rainfall appeared to be inversely associated with juvenile 

thrips population (Faircloth et al., 2002). 
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Khan et al. (2008) reported that temperature had played a significant and positive 

role for thrips (r = 0.64). Rainfall and relative humidity showed positive correlation with 

non-significant impact on the thrips population.  

Morsello et al. (2008) studied the effect of precipitation and temperature on the 

dispersion and seasonal pattern of tobacco thrips, Frankliniella fusca, and onion thrips, T. 

tabaci, on yellow sticky traps, in central and eastern North Carolina and eastern Virginia 

from 1997-2001. Precipitation had a comparatively greater effect on T. tabaci than F. 

fusca. The numbers of F. fusca and T. tabaci captured in flight were positively linked to 

degree-days and the number of days with precipitation but negatively linked to total 

precipitation. Combined in a single model, degree-days, total precipitation, and the 

number of days with precipitation explained 70 and 55% of the total variation in the 

number of F. fusca captured from 1 April through 10 May and from 1 April through 31 

May, respectively. Regarding T. tabaci flights, degree-days, total precipitation, and the 

number of days with precipitation collectively explained 57 and 63% of the total 

variation in the number captured from 1 April through 10 May and from 1 April through 

31 May, respectively.  

According to the findings of Greenberg et al., (2009), that heavy rainfall 

temporarily reduced abundance of thrips on cotton. 

 Shivanna et al. (2009) reported that the maximum temperature was correlated 

positively with thrips population while minimum temperature and rain fall was negatively 

correlated.  

  According to Shivanna et al. (2011) that maximum temperature exerted 

significant negative correlation while minimum temperature showed non significant 

effect on thrips population in transgenic cotton eco-system. 

 

2.4. PHYSICO-MORPHOLOGICAL AND CHEMICAL PLANT 

CHARACTERS 

 Bt-cotton  varieties have not afforded any protection to sucking pests of cotton 

and their tolerance and resistance was mainly dependent on the morphological and 

genetic base (Prasad et al., 2009).  

 Quisenberry and Rummel (1979) evaluated relative resistance of ten entries to the 
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injury from Thrips (Thripidae), as the percentage of leaf area reduction, three times at 

weekly intervals. Pilose (H2) was associated with a high level of resistance to thrips. 

Other morphological traits such as Okra-leaf shape (Lo), Red plant color (R1), glandless 

(gl2, gl3), nectariless (ne1, ne2) or smooth leaf (Sm1, Sm2) did not provide the plant with 

resistance, the significantly less leaf area occurred on the pubescent ‘Tamcot SP-37’ 

cultivar than on the glabrous ‘Tamcot SP-21’ cultivar. 

Riaz et al. (1987) found that hair density on leaf vein was negatively correlated 

with the jassid and aphid population while positive correlation was found with thrips and 

whitefly population.  

Yousaf and Ahmed (1990) evaluated sixteen varieties/advanced lines of cotton 

were tested at Faisalabad for their relative resistance against insect pests complex of 

cotton with reference to physico-chemical factors, like leaf lamina and number of hairs 

on leaf vein, length of hair, number of gossypol glands on various plant parts, total 

minerals, Ca, Fe, Mn, Mg, protein, fats and reducing sugars in the leaf tissue. Out of 

these varieties, AU-14 proved moderately resistant to cotton Jassid whereas NL-11-62-1, 

Stone Ville 731-N and CIM-10 were very susceptible to it. The varieties did not disclose 

any significant difference among themselves with regard to whitefly and thrips 

populations.  

Zia and Chaudhry (1994) observed the effect of chemical factors of leaves of 

NIAB-78, B-557, FH-87, FH-90, FH-367, FH-390, G-9, LH-119 and LH-170 cotton 

varieties for ranking the biochemistry of a resistant variety. They reported that moisture 

contents of leaves had significant positive correlation with whitefly population and T. 

tabaci.  

Ali et al. (1995) observed the physical characters of four cotton varieties (CIM-

70, FH-87, MNH-93 and NIAB-86) and six advanced lines (P-2/2, P-43/13, P-43/51-2, P-

43/60, S-9/1 and S-20) for resistance against A. devastans and T. tabaci during 1992 at 

Nuclear Institute for Agriculture and Biology (NIAB), Faisalabad. The entries differed 

significantly from one another in response to population density of both insects and in 

physical factors. CIM-70 was susceptible (1.69/leaf) and P-43/60 (0.71/leaf) was resistant 

to jassid, whereas FH-87 (5.34/leaf) was susceptible and S-20 (2.67/leaf) was resistant to 

thrips. The moisture contents, gossypol gland on midrib and lamina, length of hair and 
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leaf area were not important for Jassid and Thrips. The effect of gossypol glands on vein 

(0.463) and thickness of leaf lamina (0.456) was highly significant and positive for 

Jassid. Hair density on midrib, vein and lamina was significant with negative response for 

Jassid and positive for Thrips.  

Ali et al. (1999) observed that gossypol glands and hair length on vein played 

significant role in the population fluctuation of whitefly, and thrips, respectively.   

Hassan et al. (1999) planted five cotton varieties viz., FH-643, FH-634, FH-685, 

CIM-448 and NIAB-Karishma to test their physical plant factors which could contribute 

resistance to sucking pests, viz., Amrasca devastans (Dist.), Thrips tabaci (Lind.) and 

Bemisia tabaci (Genn.). A negative correlation (-0.94) was established between jassid 

attack and number of hair per unit leaf area. A positive correlation (0.93) between 

whitefly population and leaf hair density was observed, while leaf area and moisture 

contents did not have significant correlation with these insect pests.  

Raza (2000) studied the role of physico-morphic characters viz., number of 

gossypol glands, hair density and length of hair towards resistance/susceptibility against 

sucking insect pests viz., whitefly, jassid and thrips on 10 cotton genotypes viz., HR-

107NH, HR-107H, HR-101, HR-102, HR-103, HR-VO1, FH-900, MNH-552, CIM-443 

and FH-634. Whitefly adult population had negative correlation with hair density on leaf 

lamina and midrib with correlation coefficient values 0.145 and 0.394, respectively, 

while it correlated positively with gossypol glands on leaf mid-rib (0.664) and vein 

(0.55). Whitefly nymphal population showed positive correlation with gossypol glands on 

leaf vein (0.631) and mid-rib (0.446). Jassid adult and nymph correlated negatively with 

hair density on leaf lamina, mid-rib and vein. Length of hair on leaf mid-rib (0.41) 

correlated negatively with jassid nymph. Thrips population showed negative correlation 

with hair density on leaf lamina (0.403) and mid-rib (0.372) whereas it correlated 

positively with gossypol glands on leaf lamina (0.528), mid-rib (0.635) and vein (0.496).  

Bashir et al. (2001) recorded the positive correlation of hair density and length of 

hair on midrib, vein and lamina, within ten genotypes of cotton viz., HR-109, HR-127, 

HR-138, Brown, Camal brown, Green, VO-MS, NIAB-Karishma and CIM-448. The 

thrips population ranged from 3.27-21.19 per leaf on these varieties.   

 Arif et al. (2004) reported that hair density of midrib played a positive and highly 
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significant role to thrips population. Length of hair and veins exerted negative and 

significant correlation with thrips population. Gossypol glands on vein and midrib were 

correlated significantly showing negative response to thrips population. While hair 

density of vein and leaf lamina, length of hair on midrib and leaf lamina, gossypol glands 

on lamina and thickness of leaf lamina showed non-significant correlation with the thrips 

population. The R2 values revealed that all the morphological plant trade cumulatively 

contributed 75.6% role towards resistance against thrips.  

 Lei and Wilson (2004) observed the recovery of leaf area of cotton seedlings 

attacked by thrips through accelerated shoot ontogeny. Leaf area of cotton seedlings 

(Gossypium hirsutum) can be condensed by as much as 50% by early season thrips 

infestations. Thrips affected plants recovered from a 30% reduction in total leaf area.  

 Arif et al. (2006) studied the role of morpho-physical plant factors imparting 

resistance in cotton against thrips and reported that hair density on midrib and lamina of 

middle leaves and midrib, veins and lamina bottom leaves played a negative and 

significant role in relation to thrips population. The length of hair on midrib of upper 

leaves, midrib and lamina of middle leaves and midrib, vein and lamina of bottom leaves 

played a negative and significant role in relation to thrips population. Number of 

gossypol glands on midrib, veins and lamina of upper, middle and bottom leaves were 

correlated significantly and showed negative response to thrips population.  

 Brown and Simmonds (2006) differentiated the leaf morphology of the host and 

non hosts of the T. tabaci, by scanning through electron microscope techniques. T. tabaci 

had a fondness for species with leaves that were coriaceous, with one or both surfaces 

being smooth. Plants evading the thrips usually possessed glandular trichomes. Thus 

morphology may have a role in deterring thrips from the leaf surface, as well as 

influencing the behavior of predators that control thrips.  

 Naveed et al. (2011) reported that thrips population was significantly less on 

Cyto-46 having trichome density of 474+ 12.9 cm-2 and hair length of 705 + 44.8 µ and 

Cyto-12/91 having trichome density of 1011+ 21.0 cm-2 and hair length of 644 + 27.3 µ. 

        

2.5. BIO-INTENSIVE INTEGRATED MANAGEMENT 

 Kannan et al. (2004) reported that seed treatment of transgenic cotton with 
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imidacloprid @ 5 g/kg of seed was more effective than the other treatments in keeping 

the population of thrips, Scirtothrips dorsalis (Hood) below economic threshhold level up 

to 40 days after sowing.  The seed treatment of transgenic cotton with imidacloprid was 

not only safe but also attracted coccinellids, green lace wings and spiders such as Lynx 

spider, orb spider, wolf spider and long-jawed spider. 

Shanmugam et al. (2006) compared bio-intensive pest management (BIPM) 

modules with Farmer’s Package of Practices (FPP) for Mech 162 Bt and Mech 162 N Bt. 

The incidence of leaf hopper in different modules was in the order of FPP-Mech 162 Bt > 

Bimp-Mech 162 Bt > Bimp Mech 162 N Bt > FPP- Mech 162 N Bt.   

 Hasan et al. (2007) reported that the integration of bio control agents such as 

Chrysoperla carnea and Trichogramma chilonis individually as well as jointly with 

insecticides proved as effective as chemical control using recommended insecticides 

against sucking insect pests. They further reported that the integrated control proved 

economical as it had reduced the number of insecticide sprays from 8 in the chemical 

control to 2 in the integrated control treatment.  

 Biradar and Vennila (2008) studied that predator’s density in genetically modified 

cotton is important for pest management. Under field situations, aphids, jassid, thrips and 

Whiteflies, in particular were seen as ‘predator fodder’ and as such have a vital role to 

play as attractants to the ladybirds, lacewings, predatory bugs and spiders.  

 Hanumantharaya et al. (2008) reported that intercrop with Lucerne (1:1 row 

proportion), two sprays of NSKE (5%) on cotton at 38 and 60 DAS and release of 

Chrysoperla carnea (Stephens) grubs @ 0.75 and 1.0 lakhs per hectare starting from 43 

DAS reduced the sucking pest and increased the seed cotton yield from 5.2 q/ha in 

untreated check to 8.40 to 9.00 q/ha in treated plots.  

Udikeri et al. (2009) studied the bio-efficacy of BYI 08330 150 OD 

(spirotetramat 150 OD) and SYN 13623 a combi product of thiamethoxam 141 SC + λ-

cyhalothrin 106 SC. The population of thrips was brought below ETL with three sprays 

during 2006 and two sprays during 2007 with different dosages of new chemicals. 

Significantly highest seed cotton yield of 20.32 q/ha (2006) and 29.22 q/ha (2007) was 

harvested with higher doses of SYN 13623 @ 300 ml/ha and BYI 08330 150 OD @ 500 

ml/ha, respectively, and were at par with acetamiprid 20 SP, a standard check. 
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Kumar et al. (2011) compared integrated pest management (IPM) module 

developed for transgenic cotton with recommended package of practices (RPP) on Bt-

cotton  (RCH-134) during 2008 and 2009 at farmers field and resulted that the incidence 

of leaf hopper, thrips and mealybug was significantly low in IPM as compared to RPP. 

More seed cotton yield was recorded in IPM (11.90 q/ha) as compared to RPP (11.47 

q/ha) with CBR of 1.429 and 1.375, respectively. 

Fiaz et al. (2012) studied the efficacy of plants derivative viz., lemon oil, 

bittergourd (Momordica charantia L) extracts, bakain (Melia azadarach) leaf extract, 

neem (Azadirachta indica) oil and neem (A. indica) leaf extract, each at a 5% 

concentration for their repellency and phagodeterrent effects against jassid and thrips. 

The plant derivatives were applied three times at the interval of 20 days. The results 

revealed that all plant derivatives controlled the thrips population significantly. 

Furthermore, bakain leaf extract, neem oil and neem leaf extract showed comparatively 

higher mortality of the thrips as compared to other plant derivatives. 
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CHAPTER III 

MATERIALS AND METHODS

 
 
STUDY AREA AND ITS CLIMATE 

 
  The study was conducted on bio-intensive management of thrips (Thrips tabaci 

Lind.) on various genotypes of Bt-cotton.  Experiments were conducted in farmer’s fields 

Chak No. 60/RB, Shahbazpur, District Faisalabad and in the Laboratories of 

Entomological Research Institute, Faisalabad from 2008 to 2010. The area of Faisalabad 

is level plain, at 214-m altitude, latitude 31-25N, longitude 73-06E with average annual 

temperature of 24.50oC and 350-mm precipitation (Riaz, 1998). In general, the summer is 

very hot and winter is cold. In winter, the temperature sometimes falls below the mean 

and in January it occasionally goes even below the freezing point. Dust storms are 

frequent from April to May. Frost may occur intermittently for a week or two during 

December and January (Khan, 1997).  

 

 The objectives of these studies were to control the pest by bio-intensive 

management methods and to find an effective and economical method/s for 

recommendation to the farmers.  However, the subjects concerned in the chapter are as 

under: 

 

3.1 Host Plant Resistance  

3.1.1 Preliminary Screening Experiments 

3.1.2 Final Screening Experiment 

3.1.3 Host Plant Susceptibility Indices 

3.2      Role of Weather in the Expression of Resistance 

3.3 Physico-morphic and Chemical basis of Plant Resistance 

3.4       Integration of various Bio-Control Methods for the Control of Thrips 

3.5       Cost Benefit Ratio (CBR)  
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3.1 HOST PLANT RESISTANCE/SUSCEPTIBILITY 

3.1.1 PRELIMINARY SCREENING TRIAL 

            Study was conducted during 2008 to screen the materials for final investigations. 

Experiment was laid out in a Randomized Complete Block Design (RCBD) with three 

replications. The plot size was kept at 7.64-m × 9.17-m and row to row distance 0.76-m. 

Twenty genotypes of Bt-cotton, viz., AA-802, BH-178, MN-121, Bt-131, Bt-141, CBS-1, 

FH-114, FH-113, FH-4243, GM-2085, IR-3, IR-4, IR-901, IR-824, IUB-212, IUB-222, 

IUB-2009, Saeban-2001, Tarzan-2 and VH-259 were sown on May 1, 2008 and based on 

per leaf density data of the pest, 6 genotypes (VH-259 and Tarzan showing susceptible 

response, BH-178 and FH-4243 showing intermediate response and GM-2085 and AA-

802 had comparatively resistant response) were selected for final screening studies during 

2009.  

3.1.2     FINAL SCREENING TRIAL 

 Based on per leaf population data obtained from preliminary screening study, six 

genotypes of Bt-cotton of which 2 showing susceptible response (VH-259 and Tarzan-2), 

2 resistant (AA-802 and GM-2085) and 2 genotypes showing intermediate response (BH-

178, and FH-4243) were sown on May 13, 2009 in the same farmer’s field, where 

preliminary screening study was conducted, following RCBD with three replications. The 

plot size was kept at 7.64-m × 9.17-m and row to row distance 0.76-m. All the 

recommended agronomic practices viz., fertilizer, irrigation, hoeing were followed.  

3.1.3 DATA COLLECTION 

 Data regarding thrips population were recorded at weekly interval by randomly 

selecting 10 seedlings from each plot and by selecting 15 leaves from randomly selected 

fifteen plants in such a way that one leaf from top portion of 1st plant, second leaf from 

middle portion of 2nd plant and third leaf from bottom portion of 3rd plant and so on.  

3.1.4   HOST PLANT SUSCEPTIBILITY INDICES (HPSI) 

Host Plant Susceptibility Indices based on per leaf population of thrips on 

different genotypes of Bt-cotton during 2008 and 2009 individually and on cumulative 

basis were determined by Excel software through an IBM Compatible Computer. The 

objective was to determine the level of susceptibility within the test genotypes of Bt-
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cotton against the pest. However, the HPSI was also determined with the following 

formula:                                          

B-A 
          HPSI (%) =     100 -  ----------------   X 100 
                                                          B  
Where:   A= Pest Population (Adult + nymph), on a single genotype, and, B = Total Pest Population (Adult 

+ nymph), on all genotypes of the Bt-cotton. 

 

3.2 ROLE OF WEATHER IN THE EXPRESSION OF RESISTANCE 

The data on abiotic factors like maximum temperature, minimum temperature, 

average temperature, relative humidity and rainfall obtained from the observatory of 

Physiology Division, Agronomy Research Institute, Faisalabad were processed for simple 

correlation with the population of the pest to determine the effect of these factors in 

population fluctuation. The same were also processed for multiple linear regression 

analysis of variance through steps to find the contribution of these factors individually 

and in their combinations on the population fluctuation of thrips for both the study years 

i.e. 2008 and 2009. The IBM Compatible Computer with M-Stat package was used for 

the analysis.        

3.3    METHODOLOGY TO TEST MECHANISM OF RESISTANCE 

3.3.1  PHYSICO-MORPHOLOGICAL PLANT CHARACTERS  

3.3.1.1. HAIR DENSITY   

 One leaf each from top, middle and bottom portion of three plants was plucked 

and the number of hair was counted under a stereo binocular microscope. A half cm2 

sample was taken with the help of an iron made dye. The number of hair was counted 

from midrib, vein and lamina from three different places of each leaf. The unit of 

measurement for midrib and vein was cm and for lamina was cm2. 

3.3.1.2. LENGTH OF HAIR 

 Length of hair was measured by an ocular micrometer from midrib, vein and 

lamina by counting six hairs from each site using stereo scope binocular microscope from 

the samples used for counting hair density. 

3.3.1.3. THICKNESS OF LEAF LAMINA  

 A cross section was made with the help of a fine sharp razor and the thickness of 

leaf lamina was measured from three different places of each leaf under a stereo scope 
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binocular microscope with the help of an ocular micrometer. One leaf each from top, 

middle and bottom portion of three plants was taken into consideration.  

4.3.1.4. GOSSYPOL GLANDS  

 One leaf each from top, middle and bottom portion of three plants was plucked 

and the number of gossypol glands was counted under a stereo binocular microscope. A 

half cm2 sample was taken with the help of an iron made dye. The number of gossypol 

glands was counted from midrib, vein and lamina from three different places of each leaf. 

The unit of measurement for midrib and vein was cm and for lamina was cm2. 

 

3.3.2. CHEMICAL PLANT CHARACTERS  

3.3.2.1. MOISTURE PERCENTAGE IN LEAVES 

Three leaf samples of 10 gm each from the top, upper and lower parts of different 

plants were plucked from every plot. All leaves, under experiment, were cleaned with a 

muslin cloth, weighed, classified and kept into a drying oven, run at 100 + 5oC, for 12 

hours. The dry matter of leaves was weighed and put back into the oven, at the same 

temperature, for another six hours. After the weight of the dry material, became constant, 

the moisture percentage was calculated, according to the following formula: 

                                  Weight of fresh leaves – Weight of the dry leaves   ×   100                                
Moisture % =            ______________________________________________ 

                                                         Weight of fresh leaves 

PROCEDURE FOR SAMPLE’S DIGESTION  

 Samples weighing 500 g of top, bottom and middle leaves of each selected 

genotype of Bt-cotton were taken from each plot on August 07, 2009. These samples 

were brought in to the laboratory, washed with distilled water and kept into open air 

under shade for 3 hours. These were then dried in a drying oven run at 70 + 5oC for 12 

hours. The oven-dried material was cut into pieces, and passed through 1-mm mesh sieve. 

The samples were stored in dry polyethylene bags for working out their chemical 

analysis.  

3.3.2.1. TOTAL MINERALS 

 Weighed 2 gm of dry leaf tissue powder from each sample, and put into a boron-

free fused silica crucible. The samples were burnt to ash in Muffle furnace at 600oC for 
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five hours. The dry matter after combustion was weighed and again put at the same 

temperature till it was completely burnt to white/grayish ashes to a constant weight. The 

experiment was repeated three times. The total minerals were calculated as follows 

(Ranganna, 1977).  

     A              
Total Minerals (%) = --------------------- ×   100   
     B 

A= Weight of the ash; B= Weight of dried leaves 

3.3.2.2. NITROGEN (N) 

 Dry leaf tissue powder weighing 0.5 g from each sample was taken to determine 

the total nitrogen percentage in leaf tissues by Kjeldalh Method (Winkleman et al., 1986).  

DETERMINATION OF NITROGEN BY KJELDAHL METHOD  

APPARATUS 

 Block digester 

 Distillation unit  

 Automatic titrator connected to a pH-meter 

REAGENTS 

 Digestion catalyst mixture (K2SO4) containing 0.1% solution) 

 Sulfuric acid, concentrated. 

 EDTA, regeant-grade disodium salt (m.w.=372.2) 

 Sodium hydroxide solution, 10 N. 

 Saturated boric acid. 

 Sulfuric acid, 0.01 N. 

 Ammonium standard solution 1.2 mg N/L 

PROCEDURE 

 The finely ground plant tissue was mixed and spread in a thin layer on a sheet of 

paper. 

 Representative sub-samples of about 1 g were taken and placed into plastic vials.  

 The sub sample was dried at 60oC in an oven (overnight) and then was cooled in 

desiccators. 
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 0.50 g portion of dry plant material was transferred quantitatively into 100 ml 

digestion tubes.  

 3 Pumice boiling granules and 3 catalyst mixture was added using a calibrated 

spoon. 

 10 ml Conc. H2SO4 was added using a dispenser, and stirred with Vortex tube 

stirrer until mixed well.  

 Tubes were placed in a block digester set a 38oC, and digestion continued for 1 

hour after cleaning. 

 When digestion was completed, tubes were removed, cooled, and brought to 

volume (100 ml) with de-ionized water. 

 One reagent blank, one chemical standard (EDTA) 0.10 g and one standard plant 

sample (internal reference) were included in each batch for quality assurance.  

DETERMINATION OF NITROGEN BY DISTILLATION  

 The distillation apparatus was steamed out for at least 10 minutes 

 The plant digest in the tube was mixed and 20 ml digest was taken in 100 ml 

distillation flask. 

 Dispensed 10 ml 10 N NaOH solution carefully and immediately connected the 

flask to distillation unit to begin distillation. 

 The timer was set at 4 minutes after distillation started flowering into the 

collection flask. 

 The distillation flash was removed an empty 100 ml. Distillation flask was 

connected to the distillation unit. Water from the condenser jacket was drained 

and apparatus was steamed out for 90 seconds before connecting the next sample. 

 The distillate was titrated to pH 5 with standard 0.01 N H2SO4 using the auto-

titrator, and titration volume of acid was recorded. 
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CALCULATION 

Nitrogen % was calculated by the formula: 

      (V-B) × AA (14.01) × R × 100 
Nitrogen (%) =  ---------------------------------------- 
           W × 1000  

Where:  V= Sample titration volume (ml) 

B= Digestion blank titration volume (ml) 

A= Acid mortality 

R= Ratio of total digest volume to distillation volume 

W= Dry plant weight (g) 

3.3.2.3  PROTEIN  

 Protein contents were determined from each sample by the following formula: 

  Protein (%) = Nitrogen contents in the leaf × 6.25 

3.3.2.4  LIPIDS 

APPARATUS AND SUPPLIES  

 Soxhlet extraction apparatus. 

 Filter paper. 

 Absorbent cotton, free of petroleum ether extract. 

 Air tight sample containers. 

 Forced draft oven. 

 Metal or paper flat-bottom containers for pre-drying, 60 g capacity. 

 Fuming oven, a forced draft circulation oven thermostatically controlled to deliver 

heated air uniformly to the oven. 

 Fuming vessels, unglazed porous earthenware vessels. 

 Grinding mill. 

REAGENTS 

 Petroleum ether. 

 Hydrochloric acid (HCl) concentrated, sp. Gr. 1.19, reagent grade 

PROCEDURE 

 Weighed accurately 4 to 5 g of the ground sample into a filter paper and enclosed 

in a second filter paper folded in such a fashion as to prevent escape of the 
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sample. The second paper was left at the top like a thimble. A piece of absorbent 

cotton was placed in the top of the thimble to distribute the solvent as it drops on 

the sample. 

 Placed the wrapped sample in the soxhlet extraction tube, and added about 225 ml 

of petroleum ether into the tarred extraction flask before attaching to the tube.  

 Heated on a water bath at such a rate that the solvent dropped from the condenser 

on the center of the thimble at the rate of at least 150 drops per minute. 

 Kept the volume of solvent fairly constant by adding enough to make up for the 

lost due to evaporation. Continued extraction for 4 hours.  

 Cooled and disconnected the extraction flask. Evaporated the ether on a water 

bath until no odour of ether remained. A gentle stream of clean, dry air was used 

to facilitate removal of the solvent. Cooled to room temperature, carefully 

removed any moisture or dirt from the outside of the flask and weighed. Repeated 

heating until constant weight was oBtained (Firestone, 1989). 

 

CALCULATION  

        Weight of oil × 100 
Oil in ground sample (%)  =    --------------------------------- 

          Weight of sample 

3.3.2.5  REDUCING SUGARS 

REAGENTS 

 Fehling’s solution (A): Dissolved 69.28 g of (CuSO4.5H2O) in water, diluted to 

1000 ml.  

 Fehling’s solution (B): Dissolved 346 g of Rochelle salt (potassium sodium 

tartrate, KNaC4H4O6.4H2O) and 100 g NaOH in water and made up to 1000 ml. 

 Methylene blue indicator: Dissolved 1 g of methylene blue in 100 ml of water.  

 45% neutral lead acetate solution: Dissolved 225 g of neutral lead acetate in water 

and diluted to 500 ml. 

 22% Potassium oxalate solution: Dissolved 110 g potassium oxalate 

(K2C2O4.H2O) in water and diluted to 500 ml. Determined the exact amount of 

potassium oxalate solution necessary to precipitate the lead from the lead acetate 
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solution. To oBtain this value, pipette 2 ml aliquots of the lead acetate solution 

into each of six 50 ml beakers containing 25 ml water. To the beakers, added 1.6, 

1.7, 1.8, 1.9, 2.0 and 2.1 ml potassium oxalate solution respectively. Filtered each 

through a Whatman paper No. 42 and collected the filtrate in a 50 ml conical 

flask. To each of the filtrate, added a few drops of potassium oxalate solution. The 

correct amount of potassium oxalate required is the smallest amount, which when 

added to 2 ml of lead acetate solution, gave a negative test for lead in the filtrate. 

In the presence of lead, the filtrate gave white precipitate with HCl or yellow 

precipitate with potassium chromate solution. The equivalent volume should be 

marked on the bottle and employed when the solution is used in sugar 

determinations. 

 Standard invert sugar solution: Weigh accurately 9.5 g of AR sucrose into a 1 liter 

volumetric flask. Add 100 ml water and 5 ml conc. HCl. Allow to stand for 3 days 

at 20-25oC or 7 days at 15oC for inversion to take place, and then make up to 

mark with water. This solution is stable for several months. Pipette 25 ml of the 

standard invert solution into a 100 ml volumetric flask and added about 50 ml 

water. Added a few drops phenolphthalein indicator and neutralized with 20% 

NaOH until the solution turns pink. Acidified with 1 N HCl adding it drop-wise 

until one drop causes the pink color to disappear. Made up to mark with water (1 

ml = 2.5 mg of invert sugar). 

 

STANDARDIZATION OF THE FEHLING’S SOLUTION 

 Mixed equal quantities of Fehling’s solution (50 ml of A and 50 ml of B). 

Accurately pipette out 100 ml of the mixed solution into a 250 ml conical flask. 

Added 25 to 50 ml of water. Took the standard invert solution prepared by inversion 

of sucrose in a 50 ml burette. Added to mix Fehling’s solution almost the whole of 

the standard invert sugar solution 18 to 19 ml required to effect the reduction of all 

the copper, so that not more than 1 ml was required later to complete the titration. 

Heated the flask containing the cold mixture over a hot plate or burner covered with 

asbestos filled wire gauze. When the liquid began to boil, kept it in moderate 

ebullition for 2 minute. Without removing from the flame, added 3 drops of 
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methylene blue indicator solution and completed the titration in a further one minute, 

so that the reaction mixture boiled altogether for 3 minutes without interruption. The 

end point is indicated by the de-colourization of the indicator. Noted the volume of 

the sugar solution required for completely reducing 10 ml of Fehling’s solution. The 

equivalent volume should be 20.37+0.05 ml. 

 
        Titre  × 100 
Factor for Fehling’s solution  =    --------------------------- 
        (g of invert sugar)            1000 

 

PROCEDURE  

METHODS OF TITRATION 

 The sugar solution used was neutral. The concentration of the sugar solution was 

such that the titer value ranged between 15 ml and 50 ml. For this purpose, adjusted the 

sugar concentration in the solution taken for titration so as to contain 0.1 to 0.3 g of sugar 

per 100 ml, when 10 ml of mixed Fehling’s solution was used, initially titrated by the 

incremental method. When the corrected dilutions were established, it performed 

subsequent titration using standard method. 

INCREMENTAL METHOD OF TITRATION  

 Pipette 10 ml of the mixed Fehling’s solution into a 250 ml flask and added 50 ml 

water. Filled the burette with the clarified sugar solution and added from the burette, 

sugar solution sufficient to reduce almost completely the Fehling’s solution used. Mixed 

and heated to boil on hot plate or burner covered with clean asbestos-filled sire gauze. 

Boiled for 15 seconds, if the colour remains blue (indicating that the Fehling’s solution is 

not completely reduced), added further 2-3 ml of the sugar solution. Boiled the solution 

for a few seconds after each addition until only a faintest perceptible blue colour was 

remained. Added drops of methylene blue solution and completed the titration by adding 

the sugar solution drop-wise until the indicator is completely de-colourized and recorded 

the volume of solution required. The accuracy of the incremental method was increased 

by attaining the end point as rapidly as possible and by maintaining a total boiling period 

of 3 minutes. 
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STANDARD METHOD OF TITRATION 

 Pipette 10 ml of mixed Fehling’s solution into each of two 250 ml conical flasks. 

Filled the 50 ml burette with the solution to be titrated to run into the flask almost the 

whole volume of sugar solution required to reduce the Fehling’s solution, so that 0.5 ml 

to 1.0 ml  required later to complete the titration. Mixed the contents of the flask, heated 

to boiling and got boiled moderately for 2 minutes. Then, added 3 drops of the methylene 

blue solution, taking care not to allow it to touch the side of the flask. Completed the 

titration within one minute by adding 2 to 3 drops of sugar solution at 5 to 10 second 

intervals, until the indicator was completely de-colourized. At the end point, the boiling 

liquid assumed the brick-red colour of precipitated cuprous oxide, which it had before the 

indicator was added and noted the volume of the solution required (Ranganna, 1977). 

       mg of invert sugar × dilution × 100 
Reducing sugars  (%)  =    ----------------------------------------------------- 

             Titer × wt. or volume of the sample × 100 

 

3.3.2.6  MICRO AND MACRO NUTRIENTS 

WET DIGESTION OF PLANT TISSUE FOR MACRO AND MICRO NUTRIENT 

ANALYSIS 

  Macro and micro nutrient determination were made from nitric-perchloric acid 

digest of plant tissues. The essential features of the method were as follows: 

Plant material (1.00 g oven dry basis) was predigested in Taylor digestion tubes at 

room temperature in 100 ml of a 2.1 mixture of HNO2-HCLO4 overnight or until the 

vigorous reaction phase was past. Small short stemmed funnels were placed in the mouth 

of the tubes to reflex acid. After the preliminary digestion, tubes were placed in a cold 

aluminum block digester and the temperature raised to 150oC for 1 hour after which U-

shaped glass rods were placed under each funnel to permit exist of volatile vapours. 

Temperature was slowly increased until all traces of HNO3 had disappeared, after which 

the U-shaped glass rods were removed and the temperature rose to 235oC. Time was 

noted when dense white fumes of HC1O4 appeared in the tubes and digestion was 

continued for 30 minutes more. Samples were removed from the digester, allowed to cool 

for few minutes and a few drops of distilled water were added carefully through the 

funnel. After vapours had condensed, water was added in small increments washing 
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down walls of tubes and funnels. Appropriate dilutions were made with distilled water. 

The solution of each tube was mixed and then left undisturbed for a few hours. 

Supernatant liquid was then decanted and Ca, Mg, Zn, Fe, Cu and Mn in the aliquots 

were analyzed by atomic absorption spectro-photometry (Wright and Stuezynski, 1996). 

Potassium in the plant digests was determined by flame photometry (Sparks, 1996) and 

Phosphorus was determined colorimetrically by the vanadomolyhdo-phosphorus acid 

colour method (Jackson, 1958).  

3.3 INTEGRATION OF VARIOUS METHODS FOR THE CONTROL OF 
THRIPS ON Bt AA-802 COTTON 
 

One Bt-cotton genotype viz., AA-802 showing resistant response was selected 

from the screening trial during 2008 and 2009 (Table 2a and 4a). The genotype was sown 

on May 16, 2010 in the farmer’s fields Chak No. 60/RB, Shahbazpur, Faisalabad. The 

following treatments were applied for the management of thrips.        

Sr. # Name of 
Treatments 

Release rate or 
Dose  

Methodology 

T1 
Coccinella 
septumpunctata 

One 2nd Instar 
Larvae/plant  

Six releases were done at weekly 
interval from 21.06.2010 to 
26.07.2010.  

T2 Chrysoperla carnea -do- -do- 

T3 
Neem Seed Kernel 
Extract (Neemasol 
5%) 

1500 ml/ha Three sprays were done at 
fortnightly interval on 21.09.2010 
05.01.2010 and 19.07.2010 

T4 
Spinosad 240 SL 
(Tracer) 

125 ml/ha -do- 

T5 T1 + T2 As above Done as above accordingly 
T6 T1 + T3 -do- -do- 
T7 T1 + T4 -do- -do- 
T8 T2 + T3 -do- -do- 
T9 T2 + T4 -do- -do- 
T10 T3 + T4 -do- -do- 
T11 T1 + T2 + T4 -do- -do- 
T12 T1 + T2 + T3 -do- -do- 
T13 T1 + T3 + T4 -do- -do- 
T14 T1 + T2 + T3 + T4 -do- -do- 
T15 Control -  

 

 There were ten rows in each plot and the plot size was kept at 7.64-m × 9.17-m. 

The treatments were applied in random arrangement. The data on the density counts of 
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thrips (adult and nymph) were recorded from 15 leaves one each from upper, middle and 

bottom portion by randomly selected fifteen plants from each plot at weekly interval. 

Actara 25WG (thiamethoxam) at the rate of 24 gm/100 liters water and Sitara 

(buprofezin) 600 gm/acre were applied as cover spray on the crop twice on 12-07-2010 

and 19-07-2010, subsequently on 26-07-2010 and 02-08-2010  for the control of jassid 

and whitefly, respectively. Seed cotton yield data were also recorded from each plot.  

3.5  COST BENEFIT RATIO 
 
 Cost Benefit Ratios (CBR) in resistant genotypes for each treatment was 

calculated in order to determine the most economical and effective control method for 

recommendation to the farmer.     

3.6 STATISTICAL ANALYSES 

The data regarding population of thrips oBtained from host plant resistance 

section, bio-intensive management and phyico-chemical plant characters studies were 

analyzed statistically using RCB Design with the objective to find the significance among 

genotypes/treatments. The means were separated by DMR Test at P = 0.05. The data 

regarding population of thrips were also processed into simple correlation and multiple 

linear regression analyses of variance along with coefficient of determination values with 

the weather factors for 2008 and 2009 individually and on cumulative basis with the 

objective to find the role of weather actors in the expression of resistance. Similarly the 

data regarding population in selected genotypes of Bt-cotton were also processed for 

simple correlation with the physico-morphic and chemical plant characters and the 

characters which showed significant correlations were processed for multiple regression 

analyses with the objective to find their role/impact toward population fluctuation of the 

pest. The data were transformed in to square root transformation before calculating 

correlations and multiple regression analyses of variance.     
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CHAPTER IV 

RESULTS AND DISCUSSIONS 

 
 
  All the results of the experiments conducted on “Bio-intensive Management of 

Thrips, Thrips tabaci (Lind.) on Bt-cotton” during 2008 to 2010 are discussed under sub-

sections, viz.,  

 
Section 1: HOST PLANT RESISTANCE  

   
Section 2: ROLE OF WEATHER FACTORS 

 
Section 3: EVALUATION OF MORPHOLOGICAL AND CHEMICAL 

CHARACTERS OF COTTON PLANTS TOWARDS 
POPULATION OF THRIPS 

 
Section 4: BIO-INTENSIVE MANAGEMENT OF THRIPS ON BT-

COTTON   
 

SECTION 1 

HOST PLANT RESISTANCE 

4.1. VARIETAL SCREENING  
 
 The experiments were conducted to screen various genotypes of Bt-cotton for two 

consecutive years viz. 2008 and 2009 under the ecological conditions of “Faisalabad”. 

Twenty genotypes of Bt cotton viz. AA-802, BH-178, MN-121, Bt-131, Bt-141, CBS-1, 

FH-114, FH-113, FH-4243, GM-2085, IR-3, IR-4, IR-901, IR-824, IUB-212, IUB-222, 

IUB-2009, Saeban-2001, Tarzan-2 and VH-259 were studied as preliminary screening 

and from these, based on population density count on per leaf basis, six genotypes viz. 

VH-259, Tarzan-2 (showing susceptible response), BH-178, FH-4243 (showing 

intermediate response), GM-2085 and AA-802 (showing resistant response) were 

selected for final screening experiment during 2009 with the objective to confirm the 

previous years results. Based on per leaf density data of the pest, host plant susceptibility 
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indices were also worked out for both the study years individually as well as on 

cumulative basis.  

4.1.1 PRELIMINARY SCREENING OF Bt GENOTYPES DURING 2008 

a) VARIETAL VARIATION BASED ON POPULATION PER SEEDLINGS 

The data regarding thrips population per seedling on different genotypes of Bt-cotton 

during 2008 are given in Appendix 1. The analysis of variance of the same (Table 1) 

reveals significant difference among dates of observation, genotypes and in their 

interactions (P < 0.01). The means were compared by DMR Test at P=0.05 (Table 1 a). 

The genotypes AA-802 showed minimum population (0.33 per seedling) and did not 

differ significantly from those of observed on MN-121, BT-131, CBS-1, FH-113 and 

GM-2085 having population density of 0.30, 0.83, 0.77, 0.30 and 0.32 per seedling, 

respectively. The genotype VH-259 showed maximum population of the pest (1.75 per 

seedling) and did not differ significantly from those of recorded Tarzan-2, Saeban-2001, 

IUB-2009 and IUB-212 showing population density of 1.85, 1.85, 2.05 and 1.82 per 

seedling, respectively. The genotype IUB-222 also showed non-significant difference 

with IR-824 and FH-4243 having population density of 1.12, 1.05 and 0.93 per seedling, 

respectively. The genotype BH-178 with 1.38 thrips per seedling showed non significant 

difference with most of the genotypes except AA-802, IUB-212, IUB-222, IUB-2009, 

SAEBAN-2001, Tarzan-2 and VH-259 and appeared as intermediate.   

 
 
Table 1.  Analysis of variance of the data regarding thrips population seedling-1 on 

different genotypes of Bt-cotton during 2008.  
 
SOV  df Sum of Square Mean Square F value 
Replication 2 0.11 0.057 0.33 
Dates of 
Observation (D) 

1 126.90 126.896 739.01 ** 

Genotypes (G) 19 43.97 2.314 13.48 ** 
D × G 19 34.67 1.825 10.63 ** 
Error 78 13.39 0.172  
Coefficient of Variance = 33.64%; ** = Significant at P < 0.01. 
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Table 1a. Means comparison of the data regarding thrips population seedling-1  
on different genotypes of Bt-cotton during 2008. 

 
Sr. # Original Order Ranked Order 

Name of 
Genotypes 

Means Name of 
Genotypes 

Means 

1 AA-802 0.33 e IUB-2009 2.05 a 
2 BH-178 1.38 bc IR-4 1.88 ab 
3 MN-121 0.30 e IR-901 1.87 ab 
4 Bt-131 0.83 de Tarzan-2 1.85 ab 
5 Bt-141 0.87 cd Saeban-2001 1.85 ab 
6 CBS-1 0.77 de IUB-212 1.82 ab 
7 FH-114 1.67 ab VH-259 1.75 ab 
8 FH-113 0.30 e IR-3 1.70 ab 
9 FH-4243 0.93 cd FH-114 1.67 ab 
10 GM-2085 0.32 e BH-178 1.38 bc 
11 IR-3 1.70 ab IUB-222 1.12 cd 
12 IR-4 1.88 ab IR-824 1.05 cd 
13 IR-901 1.87 ab FH-4243 0.93 cd 
14 IR-824 1.05 cd BT-141 0.87 cd 
15 IUB-212 1.82 ab BT-131 0.83 de 
16 IUB-222 1.12 cd CBS-1 0.77 de 
17 IUB-2009 2.05 a AA-802 0.33 e 
18 SAEBAN-2001 1.85 ab GM-2085 0.32 e 
19 TARZAN-2 1.85 ab MN-121 0.30 e 
20 VH-259 1.75 ab FH-113 0.30 e 
LSD at 5% = 0.476; SE = + 0.169; Means sharing similar letters are not significantly different by DMR 
Test. 
 
b) VARIETAL VARIATION BASED ON POPULATION LEAF -1 
 

The data relating to the population of thrips per leaf on different genotypes of Bt-

cotton during 2008 are presented in Appendix 2. The analysis of variance (Table 2) of the 

same revealed significant difference among dates of observation, genotypes and in their 

interactions (p < 0.01). The means were compared by DMR Test at P=0.05 (Table 2a). 

The genotype VH-259 showed susceptible response with maximum thrips population 

(4.77 leaf -1) and did not show significant difference with Saeban-2001 (4.76 leaf-1). The 

genotype AA-802 appeared the resistant showing minimum thrips population (2.04 leaf -

1) and did not show significant difference with GM-2085 and MN-121 (2.12 and 2.16 leaf 
-1, respectively). The later mention genotype also found at par statistically with those of 

observed on FH-113 (2.28 thrips leaf -1). Variation was also found to be non significant 
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among CBS-1, Bt 141 and Bt 131 with 2.53, 3.57 and 3.59 thrips leaf -1, respectively. 

Similarly the genotype FH-4243, IUB-222 and IR-824 also showed non-significant 

difference with each other having 3.78, 3.75 and 3.73 thrips leaf-1, respectively. The 

genotype BH-178 (4.48 leaf -1) showed statistically similar response with IR-4, IUB-212, 

IR-901, IR-3, FH-114 and IUB-2009 with 4.54, 4.54, 4.55, 4.59, 4.59 and 4.61 thrips leaf 
-1, respectively. These genotypes also showed non-significant difference with those of 

found on Tarzan-2 with 4.63 thrips leaf -1.  

From these results, the genotypes AA-802 and GM-2085 appeared as resistant 

while VH-259 and Tarzan-2 showed comparatively susceptible response and BH-178 and 

FH-4243 were categorized showing values in between the above two classes of 

genotypes.  

These six genotypes were selected for final screening trial during 2009. 

 
Table 2. Analysis of variance of the data regarding thrips population leaf -1 on 

different genotypes of Bt-cotton during 2008.  
 
SOV  df Sum of Square Mean Square F. Value 
Replication 2 0.32 0.159 2.46 
Dates of 
Observation (D) 

11 1682.72 152.974 2359.19 ** 

Genotypes (G) 19 636.99 33.256 517.04 ** 
D × G 209 215.92 1.033 15.93 ** 
Error 478 30.99 0.065  
CV= 6.65%; ** = Significant at P < 0.01. 
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Table 2a. Means comparison of the data regarding thrips population leaf-1 on 
different genotypes of Bt cotton during 2008. 
 
Sr. # Original Order Ranked Order 

Name of 
Genotypes 

Means Name of 
Genotypes 

Means 

1 AA-802 2.04 g VH-59 4.78 a * 
2 BH-178 4.48 c Tarzan-2 4.76 a * 
3 MN-121 2.16 fg Saeban-2001 4.63 b 
4 Bt 131 3.59 e IUB-2009 4.61 bc 
5 Bt 141 3.57 e FH-114 4.59 bc 
6 CBS-1 2.53 e IR-3 4.59 bc 
7 FH-114 4.59 bc IR-901 4.55 bc 
8 FH-113 2.28 f IUB-212 4.54 bc 
9 FH-4243 3.78 d IR-4 4.54 bc 
10 GM-2085 2.12 g BH-178 4.48 c ** 
11 IR-3 4.59 bc FH-4243 3.78 d ** 
12 IR-4 4.54 bc IUB-222 3.76 d  
13 IR-901 4.55 bc IR-824 3.72 d 
14 IR-824 3.73 d Bt 131 3.59 e 
15 IUB-212 4.54 bc Bt 141 3.57 e 
16 IUB-222 3.75 d CBS-1 3.53 e 
17 IUB-2009 4.61 bc FH-113 2.28 f 
18 SAEBAN-2001 4.76 a MN-121 2.16 fg 
19 TARZAN-2 4.63 b GM-2085 2.12 g *** 
20 VH-259 4.77 a AA-802 2.04 g *** 
LSD value at 5% =0.118; SE = + 0.0424; Means sharing similar letters are not significantly 
different by DMR Test. *= Susceptible Genotypes; **= Intermediate Genotypes; ***= Resistant 
Genotypes 
 
c) POPULATION FLUCTUATION AT VARIOUS DATES OF OBSERVATION 

 
Means comparison of the data (Fig. 1) regarding thrips population per leaf on Bt-

cotton at various dates of observation during 2008 revealed the significant difference 

among them. The maximum peak (6.4 leaf -1) of the pest was observed on August 31 and 

a continuous decrease was observed thereafter on the subsequent dates of observation and 

reached to a minimum level (1.56 leaf -1) on October 6, 2008. The population level of the 

pest from 2.78 leaf-1 on July 15, 2008 started increasing trend up till August 31, 2008. 

These dates of observations between this period were also found statistically different 

with one another. The month of August, 2008 appeared to be most favorable for thrips 

growth. 
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LSD Value at 5% = 0.091; SE = + 0.0329; Means sharing similar letters are not significantly different by 
DMR Test. 

 
Fig. 1. Means comparison of the data regarding thrips population leaf -1 on different 

genotypes of Bt-cotton at various dates of observation during 2008. 
 
 

4.1.2 FINAL SCREENING DURING 2009 

Based on per leaf thrips population, six genotypes of Bt-cotton two showing 

susceptible response (VH-259 and Tarzan-2), two showing comparatively resistant 

response (AA-802 and GM-2085) and two showing intermediate response (FH-4243 and 

BH-178) were selected to screen out one resistant variety finally and to confirm the 

previous year findings.   

a) VARIETAL VARIATION BASED ON POPULATION PER SEEDLING  

The data regarding thrips population per seedling on various selected genotypes of 

Bt-cotton during 2009 are depicted in Appendix 3. The analysis of variance of the same 

(Table 3) revealed significant difference among dates of observation, genotypes and in 

their interaction (P < 0.01).   

The means were compared by DMR Test at p=0.05 (Table 3 a). The genotype VH-

259 showed maximum thrips population (1.31 seedling -1) and differed significantly from 

all other genotypes. The genotype Tarzan-2 categorized as next susceptible genotype 

showing 1.14 thrips seedling-1 and it, as well, differed significantly on all other 

genotypes. The genotype AA-802 appeared as comparatively resistant showing minimum 
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population (0.52 seedling-1) but did not show significant difference with GM-2085 (0.58 

seedling -1). The genotypes BH-178 and FH-4243 showing 0.91 and 0.88 thrips per 

seedling, respectively, were at par statistically with each other.  

The trend in population fluctuation at various dates of observation and genotype was 

found to be similar regarding resistance/susceptibility responses. However, the minimum 

thrips population on all selected genotypes on 17 May, 2009 was statistically similar but 

significantly different from population on May 24 and 31, 2009.  

 
Table 3. Analysis of variance of the data regarding thrips population per seedling-1 

on different selected genotypes of Bt-cotton during 2009.  
 
Source of 
Variance 

df  Sum of Square Mean Square F value 

Replication 2 0.01 0.006 0.32 
Dates of 
Observation (D) 

2 18.32 9.162 506.39** 

Genotypes (G) 5 4.28 0.856 47.29** 
D × G 10 1.44 0.144 7.93** 
Error 34 0.62 0.018  
Coefficient of Variance= 15.10%; ** = Significant at p < 0.01. 
 

Table 3a. Means comparison of thrips population seedling-1 on various selected 
genotypes of Bt-cotton at various dates of observation during 2009. 

 
Name of 
Genotypes 

Dates × Genotypes (LSD=0.22:SE =+ 0.07)  Average 
(LSD=0.128:SE+ 

0.045) 
May 17  

(A) 
May 24  

(B) 
May 31  

(C) 
VH-259 0.27 f 1.60 b 2.07 a 1.31 a 
Tarzan-2 0.13 f 1.40 b 1.90 a 1.14 b 
BH-178 0.07 f 1.03 c 1.63 b 0.91 c 
FH-4243 0.10 f 0.98 c 1.57 b 0.88 c 
GM-2085 0.03 f 0.70 de 1.00 c 0.58 d 
AA-802 0.07 f 0.60 e 0.90 cd 0.52 d 
Means  0.11 c 1.05 b 1.51 a  
(LSD=0.09; 
SE+ 0.03) 

    

Means sharing similar letters are not significantly different in rows and columns For A, B, and C and for 
average column and row by DMR Test at P=0.05. 
 
b) VARIETAL VARIATION BASED ON POPULATION LEAF-1 

 
The data regarding thrips population leaf -1 on different selected genotypes of Bt-
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cotton during 2009 are depicted in Appendix 4. The analysis of variance of the same 

(Table 4) shows significant difference among dates of observation, genotypes and in their 

interactions (p < 0.01). The comparison of means (Table 4a) and abundance period (Fig. 

2) showed that the genotype VH-259 appeared susceptible with maximum thrips 

population (4.45 leaf -1) and it differed significantly from all other genotypes. The 

minimum population of thrips (3.40 leaf -1) on AA-802 rendered the genotype as 

comparatively resistant. The genotypes, Tarzan-2, BH-178, FH-4243 and GM-2085 

having 4.36, 3.95, 3.81 and 3.54 thrips leaf -1, respectively differed significantly among 

them as well as with VH-259 and AA-802. Furthermore, the descending order of the 

genotype is VH-259 > Tarzan-2 > BH-178 > FH-4243 > GM-2085 > AA-802.  

The population trend (Fig. 2) revealed that the maximum thrips population was 

recorded (6.74 leaf-1) on August 14, 2009 and this population differed significantly from 

all other dates of observation. The minimum population (1.0 leaf -1) of the pest was 

recorded on June 18, 2009. This population increased continuously and reached to 3.66 

leaf -1 on July 09, 2009, later decreased significantly to 3.25 thrips leaf -1 on July 16. The 

population afterwards gained another peak (6.74 leaf -1) on August 14, 2009. A 

decreasing trend was again observed and reached to a minimum of 3.83 leaf -1 on 

September 04, 2009. A significant increase was also observed thereafter and the 

population reached to a third peak on September 18, 2009 with 5.56 thrips leaf -1. A 

significant decreasing trend was observed thereafter on the subsequent dates of 

observation. From these results it is concluded that the 2nd week of August is the most 

favorable period for the development of the pest.  

 
 
 
Table 4. Analysis of variance of the data regarding thrips population leaf -1 on 

different selected genotypes of Bt-cotton during 2009.  
SOV  df  Sum of Square Mean Square F. Value 
Replication 2 0.02 0.008 0.42 
Dates of 
Observation 

16 777.01 48.563 2519.97** 

Genotypes 5 45.73 9.146 474.57** 
D × G 80 19.17 0.240 12.43** 
Error 202 3.89 0.019  
Coefficient of Variance= 3.54%; ** = Significant at P < 0.01. 
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Table 4a. Means comparison of the data regarding thrips population leaf -1 on 
different selected genotypes of Bt-cotton during 2009. 

Name of Genotypes Means 
VH-259 4.45 a 
Tarzan-2 4.36 b 
BH-178 3.95 c 
FH-4243 3.81 d 
GM-2085 3.54 e 
AA-802 3.40 f 
LSD at 5% = 0.053; SE = + 0.019; Means sharing similar letters are not significantly different by DMR 
Test. 
 
 
 
 

2.55j
3.21i

4.4e

5.56c

4.44e
3.83g

4.11f

5.05d

6.74a6.52b

5.05d

4.1f
3.75i3.66h

1.83k
1.31l

1m

0

1

2

3

4

5

6

7

8

18
.6

.0
9

25
.6

.0
9

2.
7.

09

9.
7.

09

16
.7

.0
9

23
.7

.0
9

31
.7

.0
9

7.
8.

09

14
.8

.0
9

21
.8

.0
9

28
.8

.0
9

4.
9.

09

11
.9

.0
9

18
.9

.0
9

25
.9

.0
9

2.
10

.0
9

9.
10

.0
9

Dates of observations 

T
h

ri
p

s 
le

af
-1

 

 
LSD = 0.091; SE = + 0.032; Means sharing similar letters are not significantly different by DMR 
Test at p = 0.05. 
 
Fig. 2. Means comparison of thrips population leaf -1 at various dates of observation on 

Bt-cotton during 2009. 
 
 
 
4.1.3 HOST PLANT SUSCEPTIBILITY INDICES 

   
Host plant susceptibility indices based on thrips population seedling-1 as well as 

per leaf during 2008 and 2009 were calculated with an objective to find the percent 

contribution within the test materials towards susceptibility. The results are given as 

follows: 
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4.1.3.1   HOST PLANT SUSCEPTIBILITY INDICES FOR PRELIMINARY  
    SCREENING TRIAL DURING 2008. 

 
a) HPSI FOR SEEDLING (2008) 

The results regarding host plant susceptibility indices based on thrips population 

seedling-1 on different genotypes of Bt-cotton during 2008 are depicted in Fig. 3. It is 

evident from the results that maximum HPSI (8%) was recorded each on genotypes IR-3, 

IR-4, IUB-2009, Saeban-2001 and Tarzan-2. The minimum HPSI (1%) was calculated 

each for genotypes, AA-802, MN-121, FH-113 and GM-2085. The HPSI in other 

genotypes, BH-178, Bt-131, Bt-141, CBS-1, FH-114, FH-4243, IR-3, IR-824, IUB-212, 

IUB-222 and VH-259, ranged between 3 to 7%. The genotypes, AA-802, FH-113 and 

GM-2085 were comparatively resistant whereas IR-901, IR-824, IUB-2009, Saeban-2001 

and Tarzan-2 appeared as susceptible with maximum HPSI values.  
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Fig. 3.  Host plant susceptibility indices based on thrips population seedling-1 on different 

genotypes of Bt-cotton  during 2008.  
 

b) HPSI LEAF-1 BASIS (2008) 
 

HPSI’s based on thrips population leaf -1 on various genotypes of Bt-cotton during 

2008 are shown in Fig.4. The maximum HPSI was recorded to be 6 percent each in BH-

178, FH-114, IR-3, IR-4, IR-901, IUB-212, IUB-2009, Saeban-2001, Tarzan-2 and VH-
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259 while minimum HPSI was recorded to be 3 percent each on AA-802, MN-121, CBS-

1, FH-113 and GM-2085. The other genotypes showed 5 percent HPSI and were found to 

be intermediate. 
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Fig. 4. Host plant susceptibility indices based on thrips population leaf -1 on various 

genotypes of Bt-cotton during 2008.  
 
 

4.1.3.2   HPSIS IN FINAL SCREENING TEST ON SELECTED GENOTYPES  
 
a) HPSI BASED ON SEEDLING 
 
i) DURING 2008 
 

HPSIs for selected genotypes of Bt-cotton  on seedling are depicted in Fig.5. The 

results revealed that Tarzen-2 showed maximum HPSI (28%) followed by VH-259 

(27%). The minimum HPSI was calculated to be 5% each on AA-802 and GM-2085. The 

genotype FH-4243 and BH-178 showed 14 and 21 percent HPSI, respectively and 

categorized as intermediate.     
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Fig. 5.  Host plant susceptibility indices based on thrips population seedling-1 on different 

selected genotypes of Bt-cotton during 2008.  
 
ii) DURING 2009 
 

The results regarding HPSIs based on thrips population per seedling and different 

selected genotypes of Bt-cotton during 2009 are depicted in Fig.6. It is clear from the 

results that the genotype VH-259 appeared as susceptible showing maximum value of 

HPSI i.e. 25% followed by Tarzan-2 having 21% HPSI. The genotypes AA-802 and GM-

2085 proved to be comparatively resistant genotypes having minimum HPSIs i.e. 10% 

and 11% respectively. The genotypes FH-4243 and BH-178 showed 16% and 17% HPSIs 

and were categorized as intermediate.  
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Fig. 6. Host plant susceptibility indices based on thrips population seedling -1 on different 
selected genotypes of Bt-cotton during 2009.  
 
 
iii) DURING 2008 AND 2009 (AVERAGE OF TWO YEARS) 

 

The results regarding HPSI based on thrips population per seeding for different 

selected genotypes for Bt-cotton  during 2008 and 2009 are shown in Fig. 7. It is evident 

from the results that genotype VH-259 showed maximum HPSI i.e. 26 percent followed 

by Tarzen-2 with 25 percent HPSI. The genotypes AA-802 and GM-2085 had 7 and 8 

percent HPSI values, respectively and categorized as comparatively resistant. These 

HPSIs recorded to be 15 percent and 19 percent for FH-4243 and BH-178, respectively 

and categorized as intermediate.  
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Fig. 7. Host Plant Susceptibility Indices based on Thrips Population per Seedling-1 on 

different Selected Genotypes of Bt-cotton during 2008 and 2009 (Average).  
 

b) HPSI LEAF-1 BASIS  
 

i) DURING 2008 
 

The results relating to HPSIs based on thrips population leaf -1 on various selected 

genotypes of cotton during 2008 are given in Fig. 8. It is evident from the results that the 

genotypes VH-259 and Tarzan-2 showed maximum HPSIs, i.e., 22% each. The genotype 

AA-802 appeared comparatively resistant resulting in 9 percent HPSI, while GM-2085 

had 10 percent HPSI. The genotypes BH-178 and FH-4243 showed 20 percent and 17 

percent HPSIs, respectively and categorized as intermediate.  
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Fig. 8.  Host plant susceptibility indices based on thrips population per leaf-1 on 
various selected genotypes of Bt-cotton during 2008.  

 
 
ii) DURING 2009 
 

The results regarding HPSI based on thrips population per leaf on various selected 

genotypes of Bt-cotton  during 2009 are depicted in Fig.9. It is evident from the 

results that the genotypes VH-259 and Tarzan-2 showed maximum HPSI i.e., 19 

percent each which proved as susceptible. The minimum HPSI was recorded to be 14 

percent on AA-802 whereas GM-2085 showed 15 percent HPSI and both the 

genotypes were proved comparatively resistant. The genotype FH-4243 and BH-178 

showed 16 and 17 percent HPSI, respectively and these genotypes were categorized 

as intermediate.  
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Fig. 9. Host plant susceptibility indices based on thrips population leaf -1 on  various 

selected genotypes of Bt-cotton during 2009. 
 
 

iii) DURING 2008 AND 2009 (AVERAGE) 
 
The results pertaining to HPSI based on thrips population leaf -1 on various selected 

genotypes of cotton during 2008 and 2009 (average basis) are shown in Fig. 10. It is 

evident from the results that the genotype VH-259 and Tarzen-2 possessed 20 percent 

HPSI each and proved to be susceptible whereas the genotypes AA-802 and GM-2085 

each showing 12 percent and 14% HPSI respectively and proved comparatively resistant. 

The HPSI was recorded to be 16 percent and 18 percent for FH-4243 and BH-178, 

respectively and were categorized as intermediate. 
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Fig. 10. Host plant susceptibility indices based on thrips population leaf -1 on various 

selected genotypes of Bt-cotton during 2008 and 2009 (average). 
 
 

DISCUSSION 
 

The study was conducted to screen various genotypes of Bt-cotton, viz., IUB-

2009, IR-4, IR-901, Tarzan-2, Seaban-2001, IUB-212, VH-259, IR-3, BH-114, BH-78, 

IUB-222, IR-802, GH-4243, Bt-141, Bt-131, CBS-1, AA-802, GM-2085, MN-121 and 

FH-113 based on population density of thrips on seedling and leaf -1 basis as preliminary 

screening trial 2008. The results revealed that based on per seedling population density of 

thrips, the genotypes ranked in descending order are IUB-2009> IR-4> IR-901> Tarzan-

2> Seaban-2001> IUB-212> VH-259> IR-3> BH-114> BH-78> IUB-222> IR-802> GH-

4243> Bt 141> Bt 131> CBS-1> AA-802> GM-2085> MN-121> and FH-113. The 

population of thrips ranged from 0.30 to 2.05 seedling -1.  Similarly based on leaf -1 

population of thrips the genotypes ranked in descending order are VH-5>, Tarzan-2> 

Saeban-2001> IUB-2009> FH-114> IR-3> IR-901> IUB-212> IR-4> BH-178> FH-

4243> IUB-222> IR-824> BT-131> BT-141> CBS-1> FH-113> MN-121> GM-2085> 

and AA-802. The population ranged from minimum of 2.043 to maximum of 4.78 per 

leaf. The genotypes differed significantly (p < 0.01) both for seedling and leaf -1 

population. The present findings can partially be compared with those of Aheer et al. 

(1999) and Ali and Aheer (2007) who also reported significant difference among 
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genotypes regarding thrips population leaf -1. The variation was found in the set of 

genotypes they had attested other than those studied in the present investigation. In the 

present study, it is evident from the results that the genotypes showed different response 

to a little bit in population recorded on seedlings and leaves. For example, the genotype 

IUB-2009 showed maximum population of thrips i.e. 2.05 seedling -1 and did not differ 

significantly with those of recorded on IR-4, IR-901, Tarzan-2, Saeban-2001, VH-259, 

IR-3 and FH-114 whereas, the population recorded on leaf -1 basis revealed that VH-259 

showed maximum population and did not differ significantly with those of recorded on 

Tarzen-2. Similarly FH-113 was found comparatively resistant based on population 

seedling -1 and did not differ significantly from those of recorded on MN-121, GM-2085 

and AA-802 with population range of 0.30 to 0.33 seedling -1. The population leaf -1  of 

the thrips revealed that AA-802 appeared comparatively resistant showing the lowest 

population i.e. 2.04 leaf -1 and did not differ significantly with those of GM-2085 and 

MN-121 with 2.121 and 2.16 population leaf -1, respectively. Keeping in view the above 

results, 2 genotypes of Bt-cotton showing resistant response, 2 intermediate and 2 

susceptible trends based on population leaf -1 were selected for final screening trial during 

2009. The results revealed significant variation among genotypes both on seedlings and 

leaf -1 population. It is evident from the results  that the genotype VH-259 showed 

maximum population of thrips both on seedling and leaf -1 bases and proved to be a 

susceptible cultivar whereas the genotype AA-802 possessed the lowest population of 

thrips both on seedlings and leaves and appeared as comparatively resistant. The present 

findings cannot be compared with those of Hawkins et al. (1966), Bughio et al. (1986), 

Tariq (1989), Syed et al. (1996), Naeem (1997), Rafiq and Shah (1998), Ali (1999), 

Aheer et al. (1999), Syed et al. (2003), Abro et al. (2004), Arif et al. (2004), Hussain 

(2004), Arif et al. (2006), Ali and Aheer (2007), Bal and Dhawan (2008), Amjad et al. 

(2009), Gawaad et al. (2009) and Khan (2011) due to differences in their materials and 

methods as well as different ecological conditions. In addition to that most of the above 

mentioned workers studied non-Bt-cotton for host plant variation against the insect pests.  

 In the present study, the maximum peak of the pest was recorded on August 31, 

2008 showing 6.40 thrips leaf -1 but during 2009, the population of thrips fluctuated and 

thus there were 3 peaks during the season. First peak was recorded on July 09, 2009 with 
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3.66 thrips leaf -1 and the 2nd highest peak was observed on August 14, 2009. The 

population was decreased thereafter on the subsequent dates of observation up to 

September 04 with 3.83 leaf -1 population and then an increasing trend was again 

observed and the population reached to a third peak with 5.56 leaf -1 on September 18, 

2009.  The present findings are not in conformity with those of Nizamani et al. (2002) 

who reported that the population of thrips rapidly increased between June 27 to July 11 

and then sharply declined up to August 08. But in the present study the population of 

thrips remained present on the plant throughout the growth period and reached to a 

maximum level in the month of August during 2008, but during 2009 the population of 

thrips fluctuated. The findings of Greenberg et al., (2009) were also contradicted with the 

present findings who reported that population of thrips was at higher level in mid May to 

late June. The reason of the variation was due to uncertain weather conditions. The 

present findings are in conformity with those of Ali et al. (2009) who reported that 

maximum activity of the insect pests was observed on August 28, 2007. Similarly Sewify 

et al (1996) reported that maximum population densities of sucking insect pests occurred 

during July, August and September whereas Gupta et al. (1997) reported that the highest 

population of thrips was appeared during the last week of July to mid August. These 

findings can be compared in broader sense with the present findings.  The present 

findings are not inconformity with those of Shivanna et al. (2011) who reported that 

maximum population of thrips was observed during second fortnight of April. 
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SECTION 2 
 

ROLE OF WEATHER FACTORS 
 
4.2 ROLE OF WEATHER IN POPULATION FLUCTUATION OF THRIPS ON Bt-
cotton  
 

The study was conducted to determine the role of weather factors (temperature, 

relative humidity and rainfall) on population fluctuation of thrips recorded during 2008 

and 2009. The data were processed for simple correlation and linear regression models. 

The data were transformed into square root transformation before the processing. The 

results are given under the following sub-sections. 

 
4.2.1 POPULATION OF THRIPS LEAF -1 VERSUS WEATHER FACTOR 

DURING 2008  
 
The results presented in Fig. 11 regarding the effect of weather factors on 

population fluctuation of thrips leaf -1 revealed the significant and a continuous increase 

till the highest peak from 15-07-08 to 31-08-08. The highest peak was recorded to be 6.4 

thrips leaf -1 on 31-08-08 with maximum temperature of 37.27oC, minimum of 25.83oC, 

average of 31.55oC, relative humidity of 65.50% with 8.00mm rainfall. These conditions 

were found to be favoured the most in the population development of the pest. The 

population was decreased thereafter on the subsequent dates of observation till the 

population reached to a minimum level of 1.56 leaf -1 on 06-10-08. 
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Fig. 11. Thrips population leaf -1 on Bt-cotton in relation to weather factors in 2008. 
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4.2.2 POPULATION OF THRIPS LEAF -1 VERSUS WEATHER FACTOR 
DURING 2009 
 
The population trend of thrips population leaf -1 at various dates of observation 

with respect to weather factors during 2009 is given in Fig. 12. It is evident from the Fig 

that the population fluctuated at various dates of observation. An increasing trend was 

continuously observed from 18-06-2009 to 09-07-2009. A decreasing trend in the 

population was observed on the subsequent dates i.e. 16-07-2009. An increasing trend 

was observed till the highest peak thereafter from 23-07-2009 to 14-08-2009. The 

population of thrips was again decreased from 21-08-2009 to 04-09-2009. The population 

of thrips again showed an increasing trend till 18-09-2009 which showed 3rd peak of pest 

density. The population was decreased thereafter on the subsequent dates of observation. 

The ideal conditions of the pest was recorded on 14-08-2009 i.e. 39.38oC maximum 

temperature, 27.78oC minimum temperature, 33.58oC average temperature with R.H. of 

54.63% and 0.00 mm rainfall. 
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Fig. 12.    Thrips population leaf -1 on Bt-cotton in relation to weather factors in 2009. 
 
 
 
 
 
 
 
 
4.2.3 EFFECT OF WEATHER FACTORS ON THE POPULATION OF THRIPS 

LEAF -1 
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The results regarding the effect of weather factors on the population fluctuation of 

thrips leaf -1 during various study years on Bt-cotton  are given in Table 5. It is evident 

from the results that relative humidity during 2009 and on cumulative basis showed 

significant and positive correlation with the pest population. The r-value was recorded to 

be 0.555 and 0.451 for 2009 and on cumulative basis, respectively. All the other factors 

showed non significant correlation with the pest population in both the study years as 

well as on cumulative basis.  

 
Table 5. Effect of weather factors on the population fluctuation of thrips          
during various study years on Bt-cotton. 
 
Year Parameter Temperature (oC) RH (%) Rainfall 

(mm) Maximum Minimum Average 
2008 r-value 0.343 0.258 0.399 0.103 -0.052 

SE +0.135 +0.229 +0.112 +0.416 +4.219 
P-value 0.274 1.00 0.198 1.00 1.00 

       
2009 r-value -0.277 0.081 0.065 0.555* 0.013 

SE +0.314 +0.399 +0.266 +0.667 +2.677 
P-value 0.282 1.00 1.00 0.020 1.00 

       
Cumulative r-value -0.153 0.130 0.103 0.451** 0.004 

SE +0.257 +0.329 +0.215 +0.625 +3.299 
P-value 1.00 1.00 1.00 0.014 1.00 

* = Significant at P < 0.05 
** = Significant at P < 0.01. 
r = Correlation Coefficient. 

 
 
 
 
4.2.3 LINEAR REGRESSION MODELS  
 

Linear regression models between the population of thrips leaf -1 and weather 

factors during various study years viz., 2008, 2009 and on cumulative basis are given in 

Table 6.  
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Table 6. Linear regression models between the population of thrips leaf -1 and 
weather factors during various years. 

 
2008 

 Regression Equations R2 100-R2 Impact 
(%) 

S.E. F. 
value 

Y=  -3.314 + 0.910X1 0.118 11.8 11.8 +0.357 1.34 
Y= -5.389 + 0.907X1 + 0.410X2 0.184 18.4 6.6 +0.362 1.01 
Y= -5.640 + 0.724X1 + 0.293X2 + 

0.350X3 
0.186 18.6 0.2 +0.383 0.61 

Y= -14.000 + 2.354X1 + 0.485X2 – 
0.858X3 + 0.527X4 

0.332 33.2 14.6 +0.371 0.87 

Y= -14.227 + 2.179X1 + 0.457X2 – 
0.731X3 +M 0.621X4 – 0.015X5 

0.341 34.1 0.9 +0.398 0.62 

2009 
 Regression Equations R2 100-R2 Impact 

(%) 
S.E. F. 

value 
Y=  4.233 – 363X1 0.077 7.7 7.7 +0.413 1.24 
Y= 3.707 – 0.472X1 + 0.235X2 0.117 11.7 4.0 +0.418 0.93 
Y= 2.146 – 0.766X1 – 0.283X2 + 

1.059X3  
0.183 18.3 6.6 +0.417 0.97 

Y= -3.282 – 0.270X1 – 0.452X2 + 
1.198X3 + 0.327X4* 

0.410 41.0 22.7 +0.369 2.09 

Y= -1.608 – 0.483X1 – 0.249X2 + 
0.926X3 + 0.363X4* – 0.062X5 

0.492 49.2 8.2 +0.357 2.13 

Cumulative (2008 and 2009) 
 Regression Equations R2 100-

R2 
Impact 

(%) 
S.E. F. 

value 
Y=  3.491 – 0.234X1 0.023 2.3 2.3 +0.394 0.65 
Y= 2.863 – 0.331X1 + 0.239X2 0.059 5.9 3.6 +0.394 0.81 
Y= 1.945 – 0.567X1 – 0.065X2 + 

0.694X3 
0.088 8.8 2.9 +0.395 0.81 

Y= -4.045 – 0.087X1 – 0.343X2 + 
1.028X3 + 0.335X4** 

0.295 29.5 20.7 +0.355 2.51 

*Y= -3.360 – 0.254X1 – 0.223X2+ 
0.915X3 + 0.396X4** - 0.041X5 

0.365 36.5 7.0 +0.344 2.65 

Where:    X1 = Maximum Temperature oC; X2 = Minimum Temperature oC; X3 = Average Temperature 
oC; X4 = Relative Humidity (%); X5 = Rainfall (mm); *   = Significant at P < 0.05; ** = Significant at P < 
0.01; R2 = Coefficient of Determination 
 
 

During 2008, relative humidity showed maximum impact on the per unit change 

in population of thrips i.e., 14.6 percent followed by 11.8 percent and 6.6 percent as 

influenced by maximum temperature and minimum temperature, respectively. 

Furthermore none of the regression equation was found to be the best fitted. Similarly 

during 2009, it is clear that relative humidity again contributed maximum showing an 
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impact on 22.7 percent per unit change in population of thrips followed by rainfall, 

maximum temperature, average temperature and minimum temperature with 8.2, 7.7, 6.6 

and 4.0 percent impact, respectively. None of the regression equation showed significant 

impact and not to be the best fitted. Furthermore relative humidity had positive and 

significant impact (p<0.05). The total impact in per unit change of pest population was 

recorded to be 49.2 percent when the effect of all the weather factors computed together.  

 On the basis of cumulative results of both the study years, it is evident from the 

results that rainfall was the most important factor which contributed maximum towards 

per unit change in pest population i.e. 20.7 percent and had a positive and significant role 

(p<0.01). Rainfall was the second important factor which exerted 7 percent impact on per 

unit fluctuation of the pest. The other factors like maximum temperature, minimum 

temperature and average temperature showed 2.3, 3.6 and 2.9 percent impact in per unit 

change of the population of the pest, respectively. The effect of all the factors when 

computed together was calculated to be 36.5 percent. Relative humidity proved to be 

contributed much and had a positive and significant effect on the pest population. The 

regression equation was found to be fitted the best and had a significant impact (p<0.05) 

in per unit change of the pest.  

 
DISCUSSION 

 
The population density data were correlated with the ambient weather conditions 

during 2008 and 2009 separately and on cumulative basis. The impact of weather factor 

was calculated by processing the data into linear regression analysis of variance. The 

coefficient of determination values were also calculated for each factors and in their 

possible combinations. The results revealed that relative humidity during 2009 showed 

positive and significant correlation (p < 0.05) with the thrips population leaf -1 showing r-

value of 0.555. Similarly on cumulative basis, relative humidity again was resulted in 

positive and significant effect (p < 0.01) with the pest density having r-value of 0.451.  

The present findings are not inconformity with those of Ali et al. (1993), Riaz et 

al. (1996) and Patel et al. (1997), and Khan et al. (2008) who reported that the effect of 

relative humidity was non-significant with the thrips population. The present findings 

contradict with those of Wahla et al. (1996) who reported negative correlation between 



      

58 
 

relative humidity and sucking insect pests on cotton. 

The present findings are not inconformity with those of Li et al. (1992) who 

reported that temperature is closely related to the population fluctuation of the thrips but 

in the present investigation the correlation between thrips population and temperature 

was non- significant. Riaz et al. (1996) and Paniker and Patel (2001), and Khan et al. 

(2008) found a momentous and positive effect on thrips. According to Shivanna et al. 

(2009) and Shivanna et al. (2011) that maximum temperature was correlated positively 

with thrips population while minimum temperature was negatively correlated.  The 

present findings are in conformity with those of Ali et al. (1993) who reported that 

temperature played non-significant role on thrips density. Wahla et al. (1996) discovered 

that change in temperature was positively correlated to the population of sucking insect 

pests. 

In the present study rainfall showed non significant effect on the population of 

thrips. The present findings contradict with the findings of Mabbett et al. (1984) who 

reported that heavy rain provided with appreciable natural control of thrips on cotton. 

Similarly, Ali et al. (1993) reported negative and significant correlation between rainfall 

and thrips density. Khan et al. (2008) reported positive correlation with non significant 

impact between thrips population while Shivanna et al. (2009) reported negative 

correlation with the thrips density. The present findings can tally with the results of 

Greenberg et al., (2009) who reported that heavy rainfall temporarily reduced abundance 

of thrips on cotton. 

All the other factors showed non-significant correlation with the thrips population 

per leaf. 

  Multiple linear regression models revealed that during 2008, relative humidity 

showed maximum role in per unit change of population fluctuation i.e. 14.6 percent 

followed by maximum temperature and minimum temperature with 11.8 and 6.6 percent 

contribution in per unit population change. Similarly during 2009, relative humidity again 

showed maximum impact on the population fluctuation of the pest i.e. 2.7 percent 

followed by rainfall, maximum temperature and average temperature with 8.2, 7.7 and 

4.0 percent role in per unit variation of the pest, respectively. Furthermore on cumulative 

basis it is evident from the results that rainfall is the most important physical character 
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which contributed maximum i.e. 20.7 percent in per unit change of the pest density. 

Rainfall is the next important character which contributed 7 percent impact on the pest 

density. None of the regression equation was found to be fitted the best except on 

cumulative basis when all the factors were computed together showing R2 value 0.365.  

Furthermore, all the weather factors contributed 36.5 percent role in fluctuation of 

thrips population when computed together. The present findings can be compared with 

those of Ali et al. (1993) who reported 33.7% contribution of weather factors 

cumulatively.  
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SECTION 3 
 

EVALUATION OF MORPHOLOGICAL AND CHEMICAL CHARACTERS OF 
COTTON PLANTS TOWARDS 

POPULATION OF THRIPS 

 
Various morphological (hair density on midrib, vein and lamina; length of hair on 

midrib, vein and lamina; thickness of leaf lamina; and gossypol glands on midrib vein 

and lamina) and chemical plant characters (moisture, total minerals, nitrogen, protein, 

lipids, reducing sugars, calcium, magnesium, phosphorous, potassium, copper, zinc, 

manganese and ferrous) were studied in the selected genotypes of Bt-cotton with the 

objective to find the effective factors towards resistance/susceptibility against the pest 

under study. The relationship of morphological and chemical plant characters with pest 

population was determined by simple correlation and linear regression analysis. The 

results are described under the following sub-sections: 

 

3.1. MORPHOLOGICAL PLANT CHARACTERS  
 

3.1.1 VARIATION IN GENOTYPES  
 

a) HAIR DENSITY  
 

i) MIDRIB 
 

The data regarding hair density on midrib on the leaves of various selected genotypes 

of Bt-cotton are given in Appendix-7. The analysis of variance of the same (Table 7, 

Column a) revealed a significant difference (p<0.01) among genotypes, as shown by 

means difference (Table 8, Column a). The genotype VH-259 possessed maximum hair 

density (28.19 cm -1) and did not differ significantly from Tarzan-2 (27.11 cm-1). The 

minimum hair density was recorded (15.63 cm -1) on AA-802 which had non-significant 

difference with GM-2085 (16.74 cm -1). The genotype VH-259 possessed maximum 

number of hairs cm-1 while AA-802 showed minimum number of hairs cm -1.  
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Table 7. Analysis of variance of the data regarding plant morphological characters in various selected genotypes of Bt-cotton. 
 
 

S.O.V. df Hair Density Length of Hair (μ) Thickness of Leaf 
Lamina (μ)  [g] 

Midrib 
      (cm-1)  [a] 

Vein (cm-1) 
[b] 

Lamina  
       (cm-2)  [c] 

Midrib  
[d] 

Vein 
[e] 

Lamina 
     [f] 

M.S. F. 
value 

M.S. F. value M.S. F. 
value 

M.S. F. value M.S. F. 
value 

M.S. F. value M.S. F. 
value 

Replication 2 0.314 0.54 1.639 0.22 2.873 0.07 1301.859 4.86 1817.468 3.88 1067.713 1.35 1187.781 0.22 
Genotypes 5 81.106 139.69** 130.946 17.21** 4247.629 102.10** 59333.978 84.84 50007.603 106.64** 47957.483 60.46** 422144.1 79.71

** 
Error 10 0.581  7.591  41.604  699.347  468.930  793.258  5296.181  
CV%  3.44 9.67 5.22 1.58 1.49 1.90 2.18 

 
 
 
S.O.V D.F. Gossypol Glands 

Midrib (cm-1)   [h] Vein (cm-1)   [i] Lamina (cm-2)   [j] 
M.S. F. Value M.S. F. Value M.S. F. Value 

Replication 2 0.007 0.86 0.046 2.16 1.007 1.75 
Genotypes 5 6.910 895.03** 5.805 270.20** 26.714 46.53** 
Error 10 0.008  0.021  0.574  
CV %  0.54 0.81 1.86 
CV = Coefficient of Variation. 
** = Significant at P < 0.01. 
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Table 8. Mean comparison of the data regarding plant morphological characters in various selected genotypes of Bt-cotton . 
 
 
Genotypes Hair Density Length of Hair (μ) Thickness 

of Leaf 
Lamina(μ) 
      [g] 

Gossypol Glands 
Midrib 
(cm-1) 

[a] 

Vein  
(cm-1) 

[b] 

Lamina 
(cm-2) 

[c] 

Midrib 
 

[d] 

Vein 
 

[e] 

Lamina 
 

[f] 

Midrib 
(cm-1) 

[h] 

Vein  
(cm-1) 

[i] 

Lamina 
(cm-2) 

[j] 
VH-259 28.19 a 32.52 a 171.26 a 1575.88 d 1583.21 b 1391.83 c 2847.08 c 15.24 d 19.91 a 41.67 b 
Tarzan-2 27.11 a 34.67 a 155.11 b 1792.35 b 1373.62 d 1518.22 b 3644.37 a 17.76 b 16.27 f 38.87 c 
BH-178 23.54 b 32.88 a 136.71 c 1580.61 d 1301.18 e 1621.16 a 2925.81 c 15.29 d 17.38 d 37.68 c 
FH-4243 21.79 c 30.54 a 115.51 d 1851.19 a 1636.53 a 1498.18 b 3579.82 a 16.26 c 18.48 c 44.23 a 
GM-2085 16.73 d 20.78 b 82.85 e 1497.72 e 1395.16 d 1275.52 d 3361.40 b 14.22 e 19.21 b 38.00 c 
AA-802 15.63 d 19.52 b 79.82 e 1737.82 c 1445.17 c 1572.87 a 3712.28 a 18.06 a 17.03 e 44.07 a 
LSD Value 
at 5% 

1.38 5.01 11.73 48.11 39.39 51.24 132.39 0.16 0.26 1.38 

SE  + 0.44 +1.59 +3.72 +15.27 +12.50 +16.26 +42.01 +5.16 +0.08 +0.44 
Means sharing similar letters in columns for each character are not significantly different by DMR Test. 
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ii) VEINS 

The hair density on the veins in different selected genotypes of Bt-cotton is presented in 

Appendix-7. The analysis of variance (Table 7, Column b) of the same revealed a significant 

difference (p<0.01) among genotypes. The means were compared by DMR test at P=0.05 

(Table 8, Column b). The maximum number of hairs (34.67 cm -1) on Tarzan-2 did not differ 

significantly from VH-178, VH-259 and FH-4243 showing 32.88, 32.52 and 30.54 hairs   

cm-1, respectively. The minimum number of hairs on the veins (19.52 cm -1) on AA-809 did 

not differ significantly from GM-2085 (20.78 cm -1). From these results, it is concluded that 

Tarzan-2 had the maximum number of hairs on the veins while AA-802 showed the 

minimum number of hairs cm -1 (Table 8, Column b). 

iii) LAMINA 

The hair density on leaf lamina in different selected genotypes of Bt-cotton is given in 

Appendix-7. The analysis of variance (Table 7, Column c) revealed the significant variation 

among the genotypes. The genotype VH-259 with maximum number of hairs (171.26 cm -2) 

on leaf lamina and differ significantly from all other genotypes. The minimum number of 

hair (79.82 cm -2) on genotype AA-802 was at par statistically with GM-2085 (82.85 cm -2). 

The genotypes Tarzan-2, VH-178 and FH-4243 had 115.11, 136.71 and 115.51 number of 

hair cm -2 on their leaf lamina, respectively and differed significantly with one another. From 

these results, it is concluded that the genotype VH-259 possessed maximum number of hair 

while AA-802 showed minimum number of hair on their leaf lamina (Table 8, Column c).  

b) LENGTH OF HAIR 

i) MIDRIB 

 The data relating to length of hair on midrib in different selected genotypes of cotton 

are given in Appendix-7. The analysis of variance of the same (Table 7, Column d) revealed 

the significant difference (p<0.01) among the genotypes. The genotype FH-4243 had 

maximum hair length on midrib (1851.19 µ) and differed significantly from those on 

recorded on all other genotypes. The genotype GM-2085 possessed minimum length of hair 

on leaf midrib (1497.72 µ) and also differ significantly from those of found on all other 

genotypes. The VH-259 and VH-178 having 1575.88 µ and 1580.61 µ length of hair on 

midrib, respectively had non-significant difference between each other. The genotypes 
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Tarzan-2 and AA-802 with 1792.35 µ and 1737.82 µ hair lengths on the midrib, respectively, 

differed significantly with one another. The genotype FH-4243 possessed maximum length 

of hair while GM-2085 showed minimum length of hair on midrib (Table 8, Column d).  

ii) VEIN 

 Significant difference (P<0.01) existed among the genotypes (Table 7, Column e). 

The data were presented in Appendix-7. The genotype FH-4243 possessed maximum hair 

length (1636.53 µ) and did not differ significantly from those of observed in all other 

genotypes. The genotyped BH-178 possessed minimum hair length (1301.16 µ) and also 

differed significantly from those of recorded in all other genotypes. Non-significant 

difference existed between Tarzan-2 and GM-2085 having 1373.62 and 1395.16 µ length of 

hair, respectively, and did not differ significantly with one another. The genotypes VH-259 

and AA-802 with 1583.21 µ and 1445.17 µ hair lengths on vein, respectively, differed 

significantly with one another. From these results, it is concluded that FH-4243 showed 

maximum length of hair whereas the genotype BH-178 possessed minimum length of hair 

(Table 8, Column e). 

iii) LAMINA 

 The data regarding length of hair on leaf lamina of different selected genotypes of Bt-

cotton are depicted in Appendix-7, the analysis of variance (Table 7, Column f) of the same 

revealed significant difference (P<0.01) among genotypes. The genotype BH-178 showed 

maximum length of hair (1621.16 µ) and did not differ significantly with those of recorded 

on AA-802 having 1572.87 µ length of hair. Non-significant difference existed between 

Tarzan-2 and FH-4243 with 1518.22 and 1498.18 µ length of hair, respectively. The 

minimum length of hair (1275.52 µ) differed significantly with those of recorded on VH-259 

with 1391.83 µ hair length as well as from those of observed in all other genotypes (Table 8 

Column f).  

c) THICKNESS OF LEAF LAMINA  

 A significant difference was found among genotypes regarding thickness of leaf 

lamina (Appendix 7, Table 7 Column g), the genotype AA-802 showed maximum thickness 

of leaf lamina (3712.28 µ) which did not differ significantly from Tarzan-2 and FH-4243 

with 3644.37 µ and 3579.82 µ, respectively. The minimum thickness of leaf lamina (2847.08 

µ) on genotype VH-259 showed significant difference with BH-178 (2925.81 µ thicknesses). 
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The genotype GM-2085 possessed 3361.40 µ thickness of leaf lamina and differed 

significantly from all other genotypes (Table 8, Column g). 

d) GOSSYPOL GLANDS 

i) MIDRIB 

The data regarding gossypol glands on midrib in different selected genotypes of Bt-

cotton are depicted in Appendix 7. The analysis of variance of the same (Table 7 Column h) 

revealed significant difference among genotypes (p < 0.01). The genotype AA-802 showed 

maximum number of gossypol glands on midrib (18.06 cm-1) which differed significantly 

from all other genotypes. The minimum number of gossypol glands (14.22 cm -1) on GM-

2085 showed significant difference with all other genotypes. No significant difference 

existed between BH-178 and VH-259 showing 15.29 and 15.24 number of gossypol glands, 

respectively. The genotype Tarzan-2 and FH-4243 possessed 17.76 and 16.26 number of 

gossypol glands, respectively and differed with one another as well as from those of found on 

all other genotypes (Table 8, Column h).  

ii) VEIN 

The results pertaining to gossypol glands on leaf vein in different selected genotype 

of Bt-cotton  are shown in Appendix 7, the analysis of variance (Table 7 Column i) of the 

same revealed significant difference (p < 0.01) among genotypes. The genotype VH-259 

showed maximum number of gossypol glands on vein (19.91 cm -1) which differed 

significantly from all other genotypes. The genotype Tarzan-2 possessed minimum number 

of gossypol glands (16.27 cm -1) also differed significantly from all other genotypes. The 

genotype GM-2085, FH-4243, BH-178 and AA-802 showed 19.21, 18.48, 17.38 and 17.03 

cm -1 number of gossypol glands, respectively on their veins and these differed significantly 

among them. From these results it is concluded that the genotypes VH-259 possessed 

maximum number of gossypol glands while Tarzan-2 showed minimum number of gossypol 

glands on their leaf vein (Table 8 Column i).  

iii) LAMINA 

Significant difference existed among genotypes regarding gossypol glands on their 

leaf lamina (Appendix 7, Table 7 Column j). The genotype FH-4243 showed maximum 

number of gossypol glands on vein (44.23 cm -2) which did not differ significantly from AA-

802 (44.07 cm -2). A non significant difference was found among Tarzan-2, BH-178 and 
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GM-2085 showing 38.87, 37.68 and 38.00 cm -2 numbers of gossypol glands on lamina, 

respectively. VH-259 (41.67 cm -2 number of gossypol glands on lamina) differed 

significantly from all other genotypes (Table 8 Column j).  

 

3.1.2 EFFECT OF PLANT MORPHOLOGICAL CHARACTERS IN POPULATION 

FLUCTUATION OF THRIPS.  

a) SIMPLE CORRELATION  

The data regarding the population of thrips recorded on different selected genotypes 

of Bt-cotton were correlated with the physico-morphological plant characters with the 

objective to determine their effect on the population of the pest. The results are presented in 

Table 9. The analysis showed that hair density on midrib and vein showed significant (p < 

0.01) and positive correlation with the pest population. Similarly gossypol glands on leaf 

lamina also showed significant (p ≤ 0.05) and negative effect on the pest population under 

study. All the other factors had non significant correlation with the thrips population.   

b) LINEAR REGRESSION MODELS 

The factors showing significant correlation with the data of the pest population were 

subjected to linear regression of variance with the objective to find their contribution in per 

unit change of the pest individually as well as on cumulative basis. The results are presented 

in Table 10. It is evident from the results that hair density on midrib contributed maximum 

showing an impact of (73%) followed by hair density on vein and gossypol glands on lamina 

with 8.90 and 6.9% contribution in per unit change of the pest population. The coefficient of 

determination values on cumulative basis was calculated to be 0.888 when the effect of all 

factors was computed together. Hair density on midrib had positive impact in all the models 

whereas hair density on vein and gossypol glands showed negative impact. The effect of all 

these factors was however found to be significant. All the regression models were found to 

be fitted the best.   
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Table 9. Effect of plant morphological characters in population fluctuation of the thrips 
in various selected genotypes of Bt-cotton.  

 
Plant Characters Parameters 

Hair Density  Midrib r-value 0.855** 
P. value 0.00 
SE +2.81 

Vein  r-value 0.762** 
P. value 0.00 
SE +0.429 

Lamina r-value 0.405 ns 
P. value 0.095 
SE +1.937 

Length of Hair Midrib 
 

r-value -0.238 ns 
P. value 1.00 
SE +1.642 

Vein 
 

r-value 0.388 ns 
P. value 0.169 
SE +6.885 

Lamina r-value -0.059 ns 
P. value 1.00 
SE +3.871 

Thickness of 
Leaf Lamina 

 r-value -0.164 
P. value 1.00 
SE +10.643 

Gossypol Glands Midrib r-value -0.189 
P. value 1.00 
SE +0.178 

Vein r-value 0.114 
P. value 1.00 
SE +0.164 

Lamina r-value -0.462* 
P. value 0.053 
SE +0.204 

*   = Significant at P < 0.05; **  = Significant at P < 0.01; r  = Correlation Coefficient; ns = Non-significant; SE 
= Standard Error; P = Probability Value 
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Table 10.  Linear regression models between population of thrips leaf-1 and various 

plant morphological characters in Bt-cotton. 
 
 

 Regression Equation R2 100-R2 Impact 
(%) 

S.E. F. 
value 

**Y = 1.358 + 0.1557X1** 0.730 73.0 73.00 0.051 43.31 
**Y= 1.312 + 0.381X1** - 0.189X2** 0.819 81.9 8.90 0.043 33.87 
**Y= 2.106 + 0.341X1** - 0.164X2** - 

0.115X3** 
0.888 88.8 6.9 0.035 36.82 

Where: X1 = Hair Density on Midrib (cm-1); X2 = Hair Density on Vein (cm-1); X3 = Gossypol Glands on 
Lamina (cm-2); R2 = Coefficient of Determination; SE = Standard Error ; ** = Significant at P < 0.01. 
 
 
3.2 PLANT CHEMICAL CHARACTERS 

3.2.1 VARIATION IN GENOTYPES 

a)  MOISTURE CONTENTS 

The moisture contents (%) in the leaves of different finally selected genotypes of Bt- 

cotton are given in Appendix 8. The genotypes differed significantly at P< 0.01 (Table 11) on 

the comparison of the means by DMR Test at p = 0.05 (Table 11).  The highest moisture 

contents (82.91) in the genotype VH-259 differed significantly from all other genotypes, 

whereas the minimum moisture contents (81.33%) in the leaves of AA-802 showed the 

statistical difference from all other genotypes as well. The genotypes Tarzan-2, BH-178 and 

GM-2085 with 81.76, 81.62 and 81.57% moisture contents in their leaves, respectively, had 

non-significant difference among them. The genotype FH-4243 possessing moisture contents 

(82.17%) in between two extremes were significantly different from all the genotypes.  

b) TOTAL MINERALS  

The total minerals of various genotypes are presented in Appendix 8. A significant 

difference of the genotype GM-2085 with maximum total mineral (17.24 %) in the leaves 

against all other genotypes was observed (Table 11). The minimum total mineral (12.24%) in 

VH-259 differed significantly from levels of total minerals of all other genotypes. The 

genotypes AA-802, FH-4243, BH-178 and Tarzan-2 showing 16.93, 15.46, 14.85 and 

13.27% total minerals also differed significantly with one another. 
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Table 11. Means comparison of the data regarding plant chemical characters in various selected genotypes of Bt-cotton. 
 
 
 
 a b c d e f g h i j k l m n 
Genotypes Moisture 

(%) 
Total 
Minerals 
(%) 

Nitrogen 
(%) 

Protein 
(%) 

Lipids 
(%) 

Reducing 
Sugars 
(%) 

Ca (%) Mg 
(%) 

P  K  Copper Zinc  Mn  Fe  

         ppm ppm ppm ppm ppm ppm 
VH-259 82.91 a 12.24 f 2.53 a 15.81 a 9.65 b 5.50 a 3.63 a 0.58 

a 
2421.88 
e 

3.52 b 86.51 a 20.35 a 40.70 
a 

15.43 e 

Tarzan-2 81.76 c 13.27 e 2.40 b 15.01 b 10.22 a 4.93 b 3.50 b 0.52 
bc 

3216.57 
c 

2.93 d 20.36 f 17.15 b 38.56 
b 

17.48 b 

BH-178 81.62 c 14.85 d 2.31 c 14.42 c 8.47 c 4.26 e 3.37 c 0.49 
d 

3628.44 
b 

3.47 c 45.78 d 15.27 c 37.95 
c 

16.72 c 

FH-4243 82.17 b 15.46 c 2.30 c 14.40 c 7.34 d 4.31 d 2.43 d 0.52 
c 

2537.53 
d 

2.55 f 78.25 b 14.88 d 34.68 
d 

15.69 d 

GM-2085 81.57 c 17.24 a 2.26 d 14.15 d 7.10 e 4.91 b 2.38 e 0.54 
b 

2125.99 
f 

2.62 e 74.58 c 14.28 e 34.18 
e 

15.38 e 

AA-802 81.33 d 16.93 b 2.25 d 14.07 d 6.27 f 4.48 c 2.37 e 0.52 
bc 

3785.83 
a 

3.74 a 23.69 e 14.07 f 33.55 
f 

18.12 a 

LSD at 5% 0.22 0.14 0.02 0.19 0.08 0.02 0.02 0.02 26.29 0.02 1.63 0.18 0.09 0.12 
SE 0.07 0.04 0.01 0.06 0.03 0.005 0.005 0.005 8.34 0.005 0.52 0.05 0.03 0.03 
Means sharing similar letters in columns for each characters are not significantly different by DMR Test. 
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Table 12: Analyses of variance of the data regarding chemical plant characters in various selected genotypes of Bt-cotton. 
 
 
 
 a b c d e f g 
S.O.V D.F. Moisture  

(%) 
Total Mineral 
(%) 

Nitrogen (%) Protein (%) Lipids (%) Reducing 
Sugar (%) 

Calcium (%) 

M.S. F. 
Value 

M.S. F. 
Value 

M.S. F. 
Value 

M.S. F. 
Value 

M.S. F. 
Value 

M.S. F. 
Value 

M.S. F. Value 

Replication 2 0.041 2.75 0.004 0.75 0.000 0.21 0.002 0.19 0.003 1.19 0.000 1.67 0.000 0.68 
Genotypes 5 0.982 65.92** 11.784 2060.59** 0.034 97.41** 1.314 107.17** 7.166 3191.25** 0.675 5192.14** 1.127 10672.90** 
Error 10 0.015  0.006  0.0001  0.012  0.002  0.0001  0.0001  
CV %  0.15 0.50 0.79 0.76 0.58 0.24 0.35 

 
 
 
 
 h i j k l m n 
S.O.V D.F. Magnesium 

(%) 
Phosphorous (ppm) Potassium (%) Copper 

 (ppm) 
Zinc  
(ppm) 

Manganese 
(ppm) 

Ferrous 
(ppm) 

M.S. F. 
Value 

M.S. F. 
Value 

M.S. F. 
Value 

M.S. F. 
Value 

M.S. F. 
Value 

M.S. F. 
Value 

M.S. F. 
Value 

Replication 2 0.000 0.33 187.492 0.90 0.001 5.86 0.274 0.34 0.001 0.10 0.000 0.11 0.003 0.66 
Genotypes 5 0.003 7.76** 1414760.110 6771.04** 0.774 3151.91** 2509.132 3112.79** 17.226 1725.65** 24.843 7388.81** 4.014 929.43** 
Error 10 0.0001  208.943  0.0001  0.806  0.010  0.003  0.004  
CV %  3.65 0.49 0.50 1.64 0.62 0.16 0.40 

CV = Coefficient of Variation. 
** = Significant at P < 0.01. 

 
 
 
 



  
    

 71

c) NITROGEN 

The significant difference was found among genotypes for Nitrogen contents (%) in 

their leaves (Appendix 8, Table 12 Column c). The genotype VH-259 having maximum 

Nitrogen contents (2.53%) differed significantly from all other genotypes. The genotype AA-

802 with minimum Nitrogen contents in the leaves (2.25 %) did not differ significantly from 

GM-2085 (2.26%). Similarly a non-significant difference existed between BH-178 and FH-

4243 with 2.31 and 2.30% Nitrogen Content, respectively. The genotype Tarzan-2 with 

2.40% Nitrogen contents also differed significantly from all other genotypes. 

d) PROTEIN CONTENTS 

The analysis of data (Appendix 8) of protein contents in the leaves of different 

selected Bt genotypes (Table 11, Column d) revealed the significant difference among 

genotypes (p < 0.01). The genotype BH-259 possessed maximum protein percentage 

(15.81%) while AA-802 showed minimum protein contents (14.07%). The trend in 

genotypes concerning to protein percentage in the leaves of various genotypes was similar to 

that of observed in case of Nitrogen Contents. 

e) LIPIDS 

The data regarding lipid contents in the leaves of various selected leaves of Bt-cotton  

are given in Appendix 8. The analysis of variance of the data (Table 11 Column e) reveals 

significant difference (p < 0.01) among genotypes. The means were compared by DMR Test 

at p = 0.05 (Table 12 Column e). The genotype Tarzan-2 with maximum lipid percentage 

(10.22%) differed significantly from those of obtained in the leaves of all other genotypes. 

The genotype AA-802 possessed minimum lipid contents i.e. 6.27 percent and also differed 

significantly from those of found in all other genotypes. The genotype VH-259, BH-178, FH-

4243 and GM-2085 showing 9.65, 8.47, 7.34 and 7.10 percent lipid contents in their leaves, 

respectively, differed significantly with one another.  

f) REDUCING SUGARS 

 Significant differences were found to exist among genotypes regarding sugar 

percentage in their leaves (Appendix 8, Table 11, column f and Table 12 column f). The 

genotype, VH-259, possessed maximum reducing sugar 5.50% and differed significantly 

from those of obtained in all the other genotypes. The minimum reducing percentage was 

recorded to be 4.26 in the leaves of BH-178 and also differed significantly from those of 
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found in the leaves of all other genotypes. A non-significant difference was found to exist in 

between Tarzan-2 and GM-2085 showing 4.93 and 4.911% reducing sugar contents, 

respectively. The genotypes FH-4243 and AA-802 possessed 4.31 and 4.48% reducing sugar 

in their leaves and differed significantly with each other.  

g) CALCIUM  

The data relating to calcium percentage in the leaves of various selected Bt genotypes 

are given in Appendix 8. The analysis of variance of the same (Table 11, Column g) reveals 

significant difference among genotypes (p < 0.01). The means were compared by DMR Test 

at P=0.05 (Table 12, column g). The genotypes VH-259 with maximum calcium (3.63%) and 

differed significantly from all other genotypes. The genotype AA-802 with minimum 

calcium percentage i.e. 2.37 and showed a non-significant difference with GM-2085 (2.38%).  

The calcium percentage in the leaves of Tarzan-2, BH-178 and FH-4243 was 3.50, 3.37 and 

2.43, respectively differed significantly with one another. 

h) MAGNESIUM  

A significant difference was found to exist among selected genotypes of Bt-cotton 

regarding magnesium contents in their leaves (Appendix-8, Table 11 column h and Table 12, 

Column h). The genotype VH-259 with maximum magnesium (0.58%) differed significantly 

from all other genotypes. The minimum magnesium content (0.49%) in VH-178 differed 

significantly from all other genotypes. The genotype FH-4243 possessed (0.52%) magnesium 

in the leaves and was found at par statistically with those in leaves of Tarzan-2 and AA-802. 

GM-2085 with 0.54% magnesium did not differ significantly from Tarazan-2 and AA-802.  

i) PHOSPHOROUS (P) 

The phosphorous content in the leaves of different selected Bt genotypes are given in 

Appendix-8. The analysis of variance (Table 11 column i) of the same revealed the 

significant difference (p < 0.01) among genotypes. The means were compared by DMR test 

at p = 0.05 (Table 12 column i). The genotype AA-802 with maximum phosphorous contents 

(3785.83 ppm) differed significantly from all other genotypes. The genotype GM-2085 

possessed minimum phosphorous contents in the leaves i.e. 2125.99 ppm and also differed 

statistically from those of recorded in the leaves of all other genotypes. The phosphorous 

contents, respectively, 3628.44, 3216.57, 2537.53 and 2421.88 ppm in the leaves of BH-178, 

Tarzan-2, FH-4243 and VH-259, differed significantly from each other.  
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j) POTASSIUM (K) 

The results (Appendix 8, Table 11 column j) and (Table 12 column j) revealed the 

significant difference (P<0.01) of K contents among genotypes. The maximum K content 

(3.74%) in the leaves of AA-802 differed significantly from all other genotypes. The 

genotype FH-4243 with minimum K contents (2.55%) also differed significantly from all 

other genotypes. The genotypes VH-259, BH-178, Tarzan-2 and GM-2085 contained 3.55, 

3.47, 2.93 and 2.62 percent contents in their leaves, respectively and had statistical difference 

among them. 

k) COPPER (Cu) 

The Cu contents in the leaves of various selected Bt genotypes are presented in 

Appedix-8, Table 11 and 12 (column k). The maximum Cu contents (86.51%) were recorded 

in VH-259 which differed significantly with all other genotypes. The genotype Tarzan-2 

possessed minimum Cu content (20.36 ppm) also differed significantly from all other 

genotypes. The Cu content i.e. 78.25, 74.58, 45.78 and 23.69 ppm in the leaves of FH-4243, 

GM-2085, BH-178 and AA-802, respectively, differed significantly from one another.  

l) ZINC (Zn) 

A significant difference existed among genotypes with respect to Zn content in their 

leaves (Appendix-8, Table 11 and 12 column p).  The genotype VH-259 with maximum Zn 

content (20.35 ppm) in the leaves differed significantly from all other genotypes. The 

genotype AA-802 with minimum Zn content (14.07 ppm) also differed significantly from all 

other genotypes. The genotypes Tarzan-2, BH-178, FH-4243 and GM-2085 had 17.15, 15.27, 

14.88 and 14.28 ppm Zn content in their leaves and differed significantly from one another.  

m) MANGANESE (Mn) 

The data relating to Mn content in the leaves of various selected genotypes of Bt-

cotton are depicted in Appendix-8. The analysis of variance reveals significant difference 

(P<0.01) among genotypes (Table 11, Column m). The means were separated by DMR test at 

p = 0.05 (Table 12 column m).The genotype VH-259 contained maximum Mn content in the 

leaves (40.70 ppm) and differed significantly from those of found in the leaves of all other 

genotypes. The minimum Mn amount was recorded to be 33.55 ppm in the leaves of AA-

802. The Mn content i.e. 38.56, 37.95, 34.68 and 34.18 ppm in the leaves of Tarzan-2, BH-

178, FH-4243 and GM-2085 did not show significant difference with one another.  
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n) FERROUS (Fe) 

A significant variation was found among genotypes regarding Fe content in their 

leaves (Appendix 8, column n of Tables 11 and 12). The genotype AA-802 with maximum 

Fe content (18.12 ppm) in the leaves differed significantly from other genotypes. The 

minimum Fe content (15.38 ppm) in the leaves of GM-2085 was at par statistically with VH-

259 (15.43 ppm). The genotypes Tarzan-2, BH-178 and FH-4243 with 17.48, 16.72 and 

15.69 ppm Fe content, respectively, had significant difference among them.  

3.2.2 RELATION AND EFFECT OF PLANT CHEMICAL CHARACTERS IN 

POPULATION FLUCTUATION OF THRIPS. 

a) SIMPLE CORRELATION 

The relationship of all the chemical characters viz., moisture contents, total minerals, 

nitrogen, protein, lipids, reducing sugar, calcium, magnesium, phosphorous, potassium, 

copper, zinc, manganese and ferrous with the population of thrips leaf -1 (Table 13) revealed 

that moisture content, nitrogen, protein, lipids, calcium and zinc contents had positive and 

significant (p < 0.01) correlation with the pest population, whereas reducing sugar had also 

shown positive and significant correlation at p < 0.05. Negative and significant (p < 0.01) 

correlation was found to exist between total minerals and the pest population. All the other 

factors did not show significant relation on the population of thrips.  

b) LINEAR REGRESSION MODELS 

The chemical characters exhibiting significant relation with pest population were processed 

for stepwise and multiple linear regression analysis. The results (Table 14) showed that Nitrogen 

content was the most important factor which contributed 41.5% in per unit change of the pest 

population followed by moisture contents (32.8%) and lipids (10.60%)  for the above said effect. The 

100 R2 was calculated to be 89.8% when all the factors were computed together. It is also observed 

that all the regression models had significant impact on the fluctuation of the pest population.  



  
    

 75

Table 13. Effect of plant chemical characters in population fluctuation of the thrips in various 
selected genotypes of Bt-cotton.  

Plant Characters Parameters 
Moisture Contents r-value 0.571** 

P. Value 0.013 
SE 0.025 

Total Minerals r-value -0.864** 
P. Value 0.00 
SE 0.124 

Nitrogen r-value 0.837** 
P. Value 0.00 
SE 0.016 

Protein r-value 0.837** 
P. Value 0.00 
SE 0.045 

Lipids r-value 0.807** 
P. Value 0.00 
SE 0.177 

Reducing Sugar r-value 0.501* 
P. Value 0.034 
SE 0.246 

Calcium r-value 0.890** 
P. Value 0.00 
SE 0.073 

Magnesium r-value 0.508* 
P. Value 0.031 
SE 0.013 

Phosphorous r-value -0.216 ns 
P. Value 1.00 
SE 5.970 

Potassium r-value 0.068 ns 
P. Value 1.00 
SE 0.128 

Copper r-value 0.094 ns 
P. Value 1.00 
SE 2.011 

Zinc r-value 0.849** 
P. Value 0.00 
SE 0.147 

Manganese r-value 0.299 ns 
P. Value 0.227 
SE 0.335 

Ferrous r-value -0.219 
P. Value 1.00 
SE 0.131 

* = Significant at P < 0.05; ** = Significant at P < 0.01; r = Correlation Coefficient; ns = Non-significant; SE = 
Standard Error; P = Probability Value 
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Table 14. Linear regression models between population of thrips leaf-1 and various 
plant chemical characters in Bt-cotton. 

 
 Regression Equation R2 100-

R2 
Impact 

(%) 
S.E. F. 

value 
**Y= -14.574 + 1.837X1** 0.328 32.8 32.8 0.081 7.81 
**Y= 6.249 – 1.165X1 + 3.809X2**  0.743 74.3 41.5 0.052 21.72 
**Y= 6.385 – 1.149X1 + 2.887X2 + 

0.327X3 
0.745 74.5 0.2 0.053 13.61 

**Y= 3.029 – 0.656X1 + 4.188X2 – 
0.637X3 + 0.150X4** 

0.852 85.2 10.7 0.042 18.75 

**Y= 3.394 – 0.693X1 + 5.454X2 – 
1.239X3 + 0.167X4** + 
0.057X5 

0.865 86.5 1.3 0.042 15.39 

**Y= 1.211 – 0.335X1 + 4.761X2 – 
1.259X3 + 0.111X4 + 0.056X5 
+ 0.186X6 

0.874 87.4 0.9 0.042 12.73 

**Y= 1.313 – 0.328X1 + 4.775X2 – 
0.984X3 + 0.122X4 + 0.060X5 
+ 0.090X6 – 1.117X7 

0.878 87.8 0.4 0.044 10.27 

**Y= 5.769 – 0.602X1 + 4.283X2 – 
1.193X3 + 0.148X4 + 0.038X5 
– 0.110X6 – 2.226X7 + 
0.278X8 

0.884 88.4 0.6 0.045 8.56 

**Y= 0.955 – 0.220X1 + 3.276X2 – 
0.563X3 + 0.165X4 + 0.014X5 
– 0.032X6 – 3.374X7 + 
0.411X8 + 0.272X9 

0.898 89.8 1.5 0.045 7.82 

Where: X1 = Moisture Contents (%);X2 = Nitrogen (%);X3 = Protein (%);X4 = Lipids (%);X5 = Reducing 
Sugars (%); X6 = Calcium (%); X7 = Magnesium (%); X8 = Zinc (ppm); X9 = Total Minerals (%);** = 
Significant at P < 0.01. 

 
 

DISCUSSION 
 

Various plant morphological and chemical characters, viz., hair density, length of hair 

and gossypol glands on midrib, vein and lamina and thickness of leaf lamina, moisture 

contents, total minerals, nitrogen, protein, lipids, reducing sugar, calcium, magnesium, 

phosphorus, potassium, copper, zinc, manganese and ferrous were significantly different 

among  six selected genotypes of Bt-cotton, viz., VH-259,Tarzan-2, BH-178, FH-4243, GM-

2085 and AA-802. These factors have been reported to play an important role towards 

resistance/susceptibility of cotton plants against the thrips. Hair density on midrib and vein 

exerted significant and positive correlation (p < 0.01) with the thrips population showing  r-
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values of > 0.5. The present findings are in conformity with those of Quisenberry and 

Rummel (1979) who reported that pilose was associated with high level of resistance to 

thrips. Riaz et al. (1987) who also reported positive correlation between thrips population 

and hair density on leaf vein. 

In the present study, it was evident from the results that hair length on midrib, vein 

and lamina showed non-significant correlation with the pest population and all the other 

physico-morphic factors had non significant effect on the population density of the pest. 

The present findings cannot be compared with those of Naveed et al. (2011) who did 

not reported a clear picture regarding the hair length and trichome density in relation to thrips 

population. Furthermore the genotypes studied by them were different as those of included in 

the present investigation. 

Gossypol glands on lamina had negative and significant correlation (p < 0.05) with r-

value of 0.462. The present findings are partially in accordance with those of Ali et al. (1995) 

who found that gossypol glands on midrib and lamina were not important to thrips but in the 

present study, it was observed that gossypol glands on lamina showed negative and 

significant correlation with the pest density while these glands on vein and midrib were not 

so important as they exerted non-significant effect on the insect population.  

Amongst chemical plant traits moisture contents, nitrogen, protein, lipids, calcium, 

and zinc contents showed positive and significant correlation (p < 0.01) with the pest density 

showing r-values of > 0.5, while total minerals exerted negative and significant correlation  

(p < 0.01). Furthermore, reducing sugar and magnesium also had positive and significant 

correlation with the pest density at P < 0.05. Phosphorus, potassium, copper, manganese and 

ferrous had non significant correlation with the population of thrips. The present findings are 

in conformity with those of Zia and Chaudhry (1994) who reported that moisture contents in 

the cotton leaves had significant and positive correlation with the thrips population. The 

present findings are contradicted with Ali et al. (1995) who reported that moisture in the 

leaves of various genotypes of cotton was not important for thrips. 

The results of multiple linear regression analyses revealed that hair density on midrib 

contributed maximum (73%) in per unit change of the pest followed by hair density on vein 

(8.90%) and gossypol glands on lamina (6.9%) impact. The overall role of these factors was 

88.8% when the above three factors were computed together. The hair density on midrib is 
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the most important character which had positive and significant role in per unit change of the 

pest density.  

The nitrogen contents in the leaves was found to be the most important character 

impacting 41.5% for a unit variation of the pest followed by moisture contents (32.8%) and 

lipids (10.7%). All the other factors showed very minor impact ranging from 0.2 to 1.5% for 

a unit change of the pest density. The overall impact of these plant chemical traits was 

calculated to be 89.8 percent when these factors were computed together.  
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SECTION 4 

 

BIO-INTENSIVE MANAGEMENT OF THRIPS ON BT-COTTON  

 

The study on Bio-Intensive management of Thrips on a selected resistant genotype of 

Bt-cotton, cv AA-802, was conducted under field conditions during year 2010 at a farmer’s 

field at Chak No. 60/R.B., Shahbazpur, Faisalabad. Various treatments included release of 

biological agents (2nd instar larvae of Coccinella septumpunctata and Chrysoperla carnea), 

spray of neem seed kernel extract (NSKE) at the rate of 1500 ml/ha (Neemasol) and spray of 

spinosad 240SL (Tracer) at the rate of 125 ml/ha. The biological agents were released at 

weekly intervals for six times starting from 21-06-2010 to 26-10-2010 whereas NSKE and 

spinosad were sprayed three times each at fifteen days interval, viz., 21-06-2010, 05-07-2010 

and 19-07-2010. All the above treatments were applied on the target pest when reached at 

ETL level. The treatments were applied singly and in all their possible combinations. The 

data on the population of thrips from upper, middle and bottom leaves of the plants were 

recorded at weekly intervals starting from 15-06-2010 to 02-08-2010. The data on seed 

cotton yield were also recorded at the maturity of the crop and cost benefit ratio was 

calculated with the objective to find the economical and efficient treatment for the 

recommendation to the farmers. The results are described under the following sub-headings: 

 
4.4.1 POPULATION OF THRIPS AT VARIOUS DATES OF OBSERVATIONS IN 

DIFFERENT LEAF POSITIONS  
  

The data regarding population of thrips in different treatments at various positions of 

the leaves are presented in Appendices 9-16. The analysis of variance of the data reveals 

significant difference among various dates of observation (Table 15). The means were 

compared by DMR test at T =0.05 (Table 15a). 

It is evident from the results that maximum population (5.37 leaf -1) was recorded on 

21-06-2010 on the upper leaves (application of treatments were started). Thrips number (4.42 

leaf -1) reduced significantly on next date of observation i.e. 28-06-2010 (2.56 thrips leaf -1). 

The other next date (05-07-2010) showed an increase in population of thrips and thus second 

spray of NSKE and spinosad along with third release of bio-agents was done. The population 
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reduction was observed thereafter on the subsequent date of observation i.e. 2.37 leaf -1. The 

trend in population increase was again recorded on 19-07-2010, i.e., 5.12 leaf -1 and third 

application of NSKE and spinosad were done along with fifth release of bio-agents. The sixth 

release of bio-agents was done on 26-07-2010. The population of the pest was reduced 

significantly thereafter. In general, the population of the thrips was recorded to be maximum 

i.e. 5.17 leaf -1 on upper portion of the plant and differed significantly from those of recorded 

on middle and bottom leaves of the plant, i.e., 2.81 and 0.83 leaf -1, respectively. From these 

results it is concluded that upper leaves of the plant showed maximum population of thrips as 

compared to middle and bottom leaves. An interaction of date and leaf position also showed 

that upper leaves possessed significantly maximum population of thrips at all the dates of 

observation as compared to middle and bottom leaves. The population range from minimum 

of 2.59 to 10.17, 1.02 to 5.31 and 0.02 to 1.68 leaf -1 on upper, middle and bottom leaves, 

respectively.  

 
4.4.2 VARIATION IN TREATMENTS OF NATURAL ENEMIES AND 

CHEMICALS ON DIFFERENT LEAF POSITION  
 

The analysis of variance of the data regarding the population of thrips in different 

treatments and the interaction between treatments and leaf positions revealed significant 

difference (Table 15). The mean comparison of the data (Table 15 b) showed that the 

application of spinosad 240 SL at the rate of 125 ml/ha resulted in significant control of the 

pest showing 1.75 thrips per leaf and did not differ significantly from T-7, T-9, T-10, T-11, 

T-13 and T-14 with 1.78, 1.78, 1.81, 1.69, 1.74 and 1.71 thrips leaf -1, respectively. From 

these results it is concluded that application of spinosad alone and in combination with other 

control methods proved to be the most effective treatments. The application of bio-agents 

viz. Coccinellid and C. carnea resulted in 4.72 and 4.51 thrips per leaf, respectively and did 

not differ significantly with each other. The application of coccinellid and C. carnea in 

combination was less effective with 4.37 thrips leaf -1 and differed significantly from those of 

observed in all other treatments. The application of NKSE resulted in 4.00 thrips leaf -1 and 

found superior from those treatments where bio-agents were released alone and in 

combination. The treatment T-6 and T-12 did not show significant with each together having 

3.27 and 3.39 thrips leaf -1, respectively. Furthermore the effectiveness of treatments in 
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descending orders as under: 

T11 > T14 > T13 > T4 > T7 = T9 > T10 > T6 = T12 > T8 > T3 > T5 > T1 = T2 > T15 

 

The interaction response between leaf position and treatments relating the population 

of thrips per leaf revealed significant variations. It is evident from the results that maximum 

control of the pest was recorded in those treatments where spinosad alone and in combination 

with other control methods was applied at all the leaf positions whereas minimum control of 

the pest was observed  in the release of coccinellid and C. carnea when applied separately as 

well as together. The application NSKE was found intermediate in controlling the thrips 

population when applied singly and in combination with bio-agents.  The trend was, 

however, found to be the similar on upper middle and bottom leaves in the effectiveness of 

treatments.  

A graphical representation (Fig. 13) shows that the plots treated with spinosad singly 

or in combination with other control methods resulted in the highest reduction of the pest as 

compared plots under other control methods when applied singly or in combination with 

other control tactics. The application of bio-agents was found to be inferior in reducing the 

pest population. 

The reduction in thrips number (%) at different leaf positions (Fig. 14) revealed that 

higher reduction of the pest was recorded in T4, T7, T9, T10, T11, T13 and T14 at all the leaf 

positions. The application of spinosad was proved to be the best treatment when applied 

singly or in combination with other treatments in reducing the pest at all the leaf positions as 

compared to the release of biological agents and application of NSKE singly or in 

combinations with bio-agents.  
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Table 15. Analysis of variance of the data regarding thrips population leaf -1 with 
respect to position of leaves in various treatments at different dates of 
observation on AA-802 (a selected resistant Bt genotype). 

 
 
SOV  Df Sum of Square Means square F value 
Replication 2 0.07 0.036 0.15 
Dates of 
Observation (D) 

7 2442.43 348.919 1460.87** 

Leaf Position 
(P) 

2 4339.19 2169.594 9083.75** 

D X P 14 1034.36 73.883 309.33** 
Treatments (T) 14 2277.89 162.706 681.23** 
D X T 98 1164.91 11.887 49.77** 
P X T 28 704.11 25.147 105.29** 
D X P X T 196 471.83 2.704 10.08** 
Error 718 171.49 0.239  
CV = 15.66%; ** = Significant at P < 0.01. 
 
Table 15a. Means comparison of the data regarding thrips population leaf -1 on various 

position of the leaves at various dates of observation. 
 
 
Dates of 
Observation 

Position of Leaves (LSD= 0.202; SE = 0.072) Average (LSD = 
0.116, SE = 
0.042) 

Upper Middle Bottom  
15.06.2010 2.59 b 1.02 l 0.02 o 1.21 b 
21.06.2010 10.17 a 5.31 d 0.65 m 5.37 a 
28.06.2010 4.24 ef 2.67 h 0.79 m 2.56 d 
05.07.2010 7.17 c 4.41 e 1.68 j 4.42 c 
12.07.2010 4.16 f 2.23 i 0.72 m 2.37 e 
19.07.2010 9.35 b 4.37 ef 1.64 j 5.12 b 
26.07.2010 4.18 f 1.39 k 0.75 m 2.11 f 
02.08.2010 3.85 g 1.12 l 0.38 n 1.78 g 
Average 
(LSD=0.071, 
SE=0.025 

5.17 a 2.81 b 0.83 c  
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Table 15b. Means comparison of the data regarding thrips leaf -1 on various positions of 
the leaves at various treatments. 

 
 
Sr. # 
 
 

Name of 
Treatments 

Dose/Methods 
of Application 

Position of the Leaf (LSD=0.277, 
SE= 0.097) 

Means 
(LSD=0.0.15
9, SE=0.057 Upper Middle Bottom 

T1 Coccinella 
septumpunctata 

One 2nd Instar 
Larvae/plant at 

weekly 
Interval 

8.57 b 4.17 h 1.42 m 4.72 b 

T2 Chrysoperla 
carnea 

-do- 8.18 c 4.08 h 1.48 m 4.58 b 

T3 Neem Seed 
Kernel Extract 

1500 ml/ha 7.20 e 3.42 i 1.39 m 4.00 d 

T4 Spinosad 
(Tracer) 

125 ml/ha 3.35 ij 1.59 lm 0.32 o 1.75 g 

T5 T1 + T2 As above 7.82 d 3.97 h 1.33 m 4.37 c 
T6 T1 + T3 -do- 5.80 g 3.03 k 0.98 n 3.27 f 
T7 T1 + T4 -do- 3.38 i 1.57 lm 0.76 o 1.78 g 
T8 T2 + T3 -do- 6.97 e 3.45 i 0.93 n 3.78 e 
T9 T2 + T4 -do- 3.42 i 1.50 m 0.42 o 1.78 g 
T10 T3 + T4 -do- 3.37 i 1.66 lm 0.40 o 1.81 g 
T11 T1 + T2 + T4 -do- 3.28 ijk 1.49 m 0.32 o 1.69 g 
T12 T1 + T2 + T3 -do- 6.21 f 3.06 jk 0.92 n 3.39 f 
T13 T1 + T3 + T4 -do- 3.53 i 1.49 m 0.19 o 1.74 g 
T14 T1 + T2 + T3 + T4 -do- 3.31 ijk 1.64 lm 0.18 o 1.71 g 
T15 Control -do- 11.30 a 6.14 f 1.84 l 6.42 a 
Means 
(LSD=0.071,SE=0.025) 

-do- 5.71 a 2.82 b 0.83 c  
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Fig. 13. Percent thrips mortality over control in different treatments on selected genotype of 

Bt-cotton  (AA-802). 
 
Where: 
T1 = Release of Coccinella septumpunctata at one week interval for six releases from 

21.06.2010 to 26.01.2010 at the rate of one 2nd instar larvae per plant, 
T2 =  Release of Chrysoperla carnea  at one week interval for six releases from 21.06.2010 

to 26.01.2010 at the rate of one 2nd instar larvae per plant, 
T3 = Spray of Neem Seed Kernel Extract (NSKE) 5% at the rate of 1500ml/ha at fortnight 

interval for three times on 21.06.2010, 05.07.2010 and 19.07.2010. 
T4 = Spray of spinosad 240 SL (Tracer) at the rate of 125ml/ha at fortnight interval for 

three times on 21.06.2010, 05.07.2010 and 19.07.2010. 
T5 = T1 + T2    T6 = T1 + T3 
T7 = T1 + T4    T8 = T2 + T3 
T9 = T2 + T4    T10 = T3 + T4 
T11 = T1 + T2 + T4   T12 = T1 + T2 + T3 
T13 = T1 + T3 + T4   T14 = T1 + T2 + T3 + T4 
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Fig. 14. Percent thrips mortality over control in different treatments on selected 

genotype of Bt-cotton  (cv AA-802) in respect to the position of leaf. 
 
Where: 
T1 = Release of Coccinella septumpunctata at one week interval for six releases from 

21.06.2010 to 26.01.2010 at the rate of one 2nd instar larvae per plant, 
T2 =   Release of Chrysoperla carnea  at one week interval for six releases from 21.06.2010 

to 26.01.2010 at the rate of one 2nd instar larvae per plant, 
T3 = Spray of Neem Seed Kernel Extract (NSKE) 5% at the rate of 1500 ml/ha at fortnight 

interval for three times on 21.06.2010, 05.07.2010 and 19.07.2010. 
T4 = Spray of spinosad 240 SL (Tracer) at the rate of 125ml/ha at fortnight interval for 

three times on 21.06.2010, 05.07.2010 and 19.07.2010. 
T5 = T1 + T2    T6 = T1 + T3 
T7 = T1 + T4    T8 = T2 + T3 
T9 = T2 + T4    T10 = T3 + T4 
T11 = T1 + T2 + T4   T12 = T1 + T2 + T3 
T13 = T1 + T3 + T4   T14 = T1 + T2 + T3 + T4 
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4.4.3 SEED COTTON YIELD (KG PLOT-1) 

The seed cotton yields in different treatments on a resistant genotype of Bt-cotton are 

depicted in Appendix 17. The analysis of variance of the same (Table 16) revealed 

significant difference (p < 0.01) among treatments. The maximum yield was observed in T14 

where all the control methods were integrated together showing 30.974 kg plot -1 seed cotton 

yield and did not differ significantly with those of recorded in T11, T7 and T4 with 30.209, 

29.319 and 29.270 kg plot -1 seed cotton yield, respectively. The minimum seed cotton yield 

was recorded to be 23.393, 23.984 and 24.104 kg plot -1 in those plots where T1, T2 and T5 

were applied and did not show significant difference among them. The seed cotton yield 

recorded in T8 (26.409 kg plot -1) did not differ significantly from those of recorded in T12 

(24.436), T6 (27.602) and T3 (26.183) kg plot -1 and did not differ significantly among them. 

Non significant difference was also found to exist in between T9 and T13 showing 29.173 and 

28.913 kg plot -1 seed cotton yield, respectively. The seed cotton yield observed in T10 

(28.369 kg plot -1) did not differ significantly from those of recorded in T13, T7, T6 and T4.  

Furthermore, the results regarding increase in seed cotton yield in different treatments over 

control (Table 16, Fig. 15) revealed that the maximum increase in seed cotton yield 

(1225.804 Kg plot -1) was observed in T14 whereas minimum in T1 (137.779 Kg ha -1). 
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Fig. 15. Increase in seed cotton yield (kg plot-1) over control in different treatment on 

selected genotype of Bt-cotton  (cv AA-802).  
 
Where: 
T1 = Release of Coccinella septumpunctata at one week interval for six releases from 

21.06.2010 to 26.01.2010 at the rate of one 2nd instar larvae per plant, 
T2 =   Release of Chrysoperla carnea  at one week interval for six releases from 21.06.2010 

to 26.01.2010 at the rate of one 2nd instar larvae per plant, 
T3 = Spray of Neem Seed Kernel Extract (NSKE) 5% at the rate of 1500ml/ha at fortnight 

interval for three times on 21.06.2010, 05.07.2010 and 19.07.2010. 
T4 = Spray of spinosad 240 SL (Tracer) at the rate of 125ml/ha at fortnight interval for 

three times on 21.06.2010, 05.07.2010 and 19.07.2010. 
T5 = T1 + T2    T6 = T1 + T3 
T7 = T1 + T4    T8 = T2 + T3 
T9 = T2 + T4    T10 = T3 + T4 
T11 = T1 + T2 + T4   T12 = T1 + T2 + T3 
T13 = T1 + T3 + T4   T14 = T1 + T2 + T3 + T4 
 
 
4.4.4 COST BENEFIT RATIO (CBR) 
 

The cost benefit ratio of all treatments (T1-T14) is given in Appendix 18. A maximum 

cost benefit ratio was calculated to be 1: 15.19 in those plots where spinosad was sprayed 

alone and this treatment was found to be the best economical and easy to apply for the 

farmers. The minimum cost benefit (1: 1.02) ratio was recorded in T5 where both the 

biological agents were released together.  
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Table 16. Analysis of variance means comparison of the data regarding seed cotton 
yield in different treatment on a resistant genotype of Bt-cotton . 

 
ANOVA 
SOV  df Sum of Squares Means Square F. Value 
Replications 2 0.47 0.237 0.26 
Treatments 14 288.16 21.368 23.33** 
Error 28 25.65 0.916  
CV=3.53% 
 
Means Comparison: 
 
Sr. No. Treatments Rate of 

Application 
Seed Cotton Yield Increase 

in Seed 
Cotton 
Yield (Kg 
ha-1) 

Cost 
Benefit 
Ratio 

Kg Plot-1 Kg ha-1 

T1 Coccinella 
septumpunctata 

2nd Instar 
Larvae 

23.393 e 3357.363 137.779 1:1.16 

T2 Chrysoperla 
carnea 

-do- 23.984 e 3442.183 222.599 1:1.18 

T3 Neem Seed 
Kernel Extract 

1500 ml/ha 26.183 d 3757.784 538.200 1:4.61 

T4 Spinosad 
(Tracer) 

125 ml/ha 29.270 abc 4200.830 981.460 1:15.19 

T5 T1 + T2 As above 24.104 e 3459.406 239.822 1:1.02 
T6 T1 + T3 -do- 27.602 cd 3961.439 742.055 1:3.16 
T7 T1 + T4 -do- 29.319 abc 4207.862 988.278 1:5.40 
T8 T2 + T3 -do- 26.409 d 3790.219 570.635 1:2.42 
T9 T2 + T4 -do- 29.173 b 4186.908 967.054 1:5.29 
T10 T3 + T4 -do- 28.369 c 4071.518 851.934 1:4.70 
T11 T1 + T2 + T4 -do- 30.209 a 4335.596 1116.012 1:3.70 
T12 T1 + T2 + T3 -do- 26.436 d 3794.094 574.510 1:1.62 
T13 T1 + T3 + T4 -do- 28.913 bc 4149.593 930.009 1:3.10 
T14 T1 + T2 + T3 + 

T4 
-do- 30.974 a 4445.388 1225.804 1:2.93 

T15 Control -do- 22.433 e 3219.584 - - 
LSD 1.600    
SE +0.552    
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DISCUSSION 

 

Different control methods were studied individually and in their possible integrations on 

a resistant genotype of Bt-cotton, i.e., AA-802 in the farmer’s field at Chak No. 60/R.B, 

Faisalabad during 2010. One 2nd instar larvae each of C. septumpunctata and C. carnea as 

biological agents, spray of neem seed kernel extract (Neemasol 5% @ 1500 ml ha -1 as 

biological control and spray of spinosad 240SC (Tracer) @ 125 ml ha-1 as metabolite product 

were applied singly and in their all possible combinations for their comparative effectiveness 

against thrips. The results revealed significant difference among treatments regarding thrips 

population per leaf as well as in seed cotton yield kg plot -1. Furthermore, significant control 

of thrips was recorded in all the treatments as against control. The application of spinosad 

singly as well as in integration with other control methods resulted in maximum mortality of 

the pest and proved to be the most effective. The present findings cannot be compared with 

those of Kannan et al. (2004) who used imidacloprid @ 5 g kg -1 of seed as seed treatment 

and reported that this application kept the population below ETL up to 40 days after sowing. 

Similarly Shanmugan et al. (2006) compared bio-intensive pest management modules with 

farmer’s package of practices for the control of leaf hopper on Mech-162 Bt and Mech-162 N 

Bt. In the present study, the application of biological agents singly showed minimum 

mortality of the pest. The application of neem seed kernel extract (NSKE) was found 

intermediate in pest mortality. The present findings are not in conformity with those of Fiaz 

et al. (2012) who studied the efficacy of various plant derivatives and reported significant 

control of thrips population. Furthermore they concluded that application of bakain leaf 

extract, neem oil and neem leaf extract showed higher mortality of thrips as compared to 

lemon oil and bittergourd extract. In the present investigation, the bio-agents and neem seed 

kernal extract when integrated with spinosad resulted in encouraging trend towards pest 

mortality. On an average basis, the maximum mortality of the pest was recorded to be 73.67 

percent in those plots where  the biological agents were integrated with the spinosad and was 

at par with those of where the spinosad was integrated with the bio-agents and neem seed 

kernel extract. The integration of all the control methods yielded maximum output i.e. 30.974 

kg per plot and did not differ significantly with those of where biological agents were 

integrated with spinosad i.e. 30.209 kg plot -1.  
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Furthermore, maximum increase in seed cotton yield was recorded to be 1225.804 kg ha -1 in 

those plots where all the control methods were integrated together. The minimum increase in 

yield was recorded to be 137.779 kg ha -1 in those plots where C. septumpunctata was 

applied. The maximum cost benefit ratio was recorded in those plots where spinosad alone 

was sprayed resulted in 1:15.19 CBR and found to be the best treatment. The present findings 

cannot be compared with those of Shanmugam et al. (2006) because of differences in their 

materials and methods. The present results were partially supported with the findings of 

Hasan et al. (2007) who reported that the integration of bio control agents such as C. carnea 

and T. chilonis individually as well as jointly with insecticides proved as effective as 

chemical control using recommended insecticides against sucking insect pest. They further 

reported that integrated control proved economical but in the present study the application of 

biological agents did not show encouraging results both in pest mortality and increase in seed 

cotton yield kg ha -1. In the present study, the application of spinosad singly and integrated 

with other control methods showed good results but the spray of spinosad alone showed 

maximum cost benefit ratio. The increase in expenditures affected the CBR and resulted in 

minimum CBR in other treatments. The present findings are also not comparable with 

Biradar and Vennila (2008) who conserved biological agents for the control of aphid, jassid, 

thrips and whiteflies on Bt-cotton and reported that the diverse groups of predator have 

greater potential to offer natural control of emergence of sucking insects. These findings are 

in conformity with the findings of Hasan et al. (2007) who reported that integration of bio-

control agents like C. carnea and T. chilonis individually as well jointly with insecticides 

found effective as chemical control. The present findings can partially be compared with 

those of Hanumantharaya et al. (2008) who integrated intercropping lucerne + two spray of 

NSKE on cotton + Release of C. carnea at the rate of 0.075 and 0.1 million ha -1 resulted in 

significant reduction of sucking pests and increased the seed cotton yield from 5.2 q ha -1 in 

untreated check to 9.0 q ha -1 in treated plots. The present findings cannot be compared with 

those of Udikeri et al. (2009) because of differences in materials and methods they have 

implied as those of included in the present dissertation.  
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Furthermore the study conducted by Kumar et al. (2011) can also not be compared with the 

present results because they compared integrated pest management modules with 

recommended package of practices on Bt-cotton. 
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CHAPTER V 

SUMMARY

 

The study was conducted during 2008 to ascertain the variation among different 

genotypes of Bt-cotton, viz., AA-802, BH-178, MN-121, Bt 131, Bt 141, CBS-1, FH-114, 

FH-113, FH-4243, GM-2085, IR-3, IR-4, IR-901, IR-824, IUB-212, IUB-222, IUB-2009, 

Seaban-2001, Tarzan-2 and VH-259 as preliminary screening trial under RCBD replicated 

thrice in the farmer’s fields Chak No. 60 RB, Shahbazpur, Faisalabad. Amongst these six 

genotypes of Bt-cotton (two showing susceptible, viz., VH-59 and Tarzan-2; two showing 

intermediate viz. BH-178 and FH-4243 and two showing comparatively resistant responses 

viz. GM-2085 and AA-802) were selected for final screening trial during 2009 in the same 

area. The data on thrips population  based on  per seedling and per leaf were recorded from 

15 randomly selected  seedlings and 15 randomly selected leaves from 5 plants in such a way 

that 1 leaf from top, 2nd leaf from middle and 3rd leave from bottom portion of each plot. The 

results are summarized as under: 

 

SECTION-1 

- In preliminary screening trial, the genotypes differed significantly from one another 

both on seedling-1 and leaf-1 population.   

- The genotype IUB-2009 showed maximum per seedling population i.e. 2.05 whereas 

FH-113 and MN-121 found comparatively resistant with minimum population of 

the pest i.e. 0.30 seedling-1 each, but on leaf-1 basis, the genotype VH-259 showed 

susceptible trend showing maximum population of thrips i.e. 4.78 leaf -1while the 

genotype AA-802 appeared as comparatively resistant with minimum population 

of thrips i.e. 2.04 leaf-1.   

- The highest peak in 2008 was observed on August 31 with 6.4 thrips leaf-1. 

- In final screening trial, the genotypes showed significant variation regarding population 

of thrips both on seedlings and leaves. 

- The genotype VH-259 appeared as susceptible whereas AA-802 showed comparatively 
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resistant trend with 1.31 and 0.52 thrips seedling -1, respectively. Similar trend 

was observed among genotypes with respect to thrips population leaf -1. 

- The highest peak of the pest population was observed on August 14, 2009 followed by 

a 2nd peak on September 18, 2009 showing 6.74 and 5.56 leaf-1, respectively. A 

slight increase in the population of thrips was also observed on July 09, 2009. 

- The host plants susceptibility indices on an average basis of both the study years, 

showed that the genotype VH-259 showed maximum HPSI i.e. 26% based on 

seedling-1 population whereas AA-802 appeared comparatively resistant showing 

minimum HPSI i.e. 7%. Similarly based on per leaf population the genotypes VH-

259 and Tarzan-2 appeared as susceptible showing maximum HPSIs i.e. 20% 

each, whereas AA-802 proved comparatively resistant with minimum HPSI i.e. 

12%.  

 

SECTION-2 

The study was conducted to determine the role of weather factors on the 

population fluctuation of thrips per leaf in 2008 and 2009. The data were 

computed for simple correlation and linear regression analysis. The data were 

transformed into square root transformation before processing the data for 

analysis. The results are summarized as under: 

- The ideal conditions of weather factors were observed on 31-08-2008 and 14-08-2008 

which showed the highest peak of thrips population leaf -1 i.e. 6.4 and 6.74 

individuals per leaf in 2008 and 2009, respectively. 

- None of the weather factor showed significant correlation with the thrips population per 

leaf in 2008, 2009 and on cumulative basis except relative humidity in 2009 and 

on cumulative basis which exerted significant and positive effect showing r-

values of 0.555 (p < 0.05) and 0.451 (p < 0.01), respectively.  

- Relative humidity had maximum impact on per unit change in thrips population in 

2008, 2009 and on cumulative basis which showed 14.6%, 22.7 and 20.7%, 

respectively.  

- Maximum temperature was the second important factor which contributed 11.8% role 

in per unit change of the pest in 2008 while rainfall appeared to be the second 
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important factor which contributed 8.2 and 7.0% role in population fluctuation of 

the pest in 2009 and on cumulative basis, respectively.  

- Relative humidity was found to be the most important factor which played significant 

role in 2009 and on cumulative basis.  

- None of the regression equation was found to be fitted good except on cumulative basis 

when the effect of all the factors was measured together. 

 

SECTION-3   

Various morphological  plant characters  viz. hair density, length of hair and 

gossypol glands on midrib, vein and lamina and thickness of leaf lamina and 

chemical plant characters viz. moisture content, total minerals, nitrogen, protein, 

lipids, reducing sugar, Ca, Mg, P, K. Copper, Zinc, Mn and Fe  were determined 

in different selected genotypes of Bt-cotton  viz. VH-259, Tarzan-2, BH-178, FH-

4243, GM-2085 and AA-802 with the objective to find the role of these plant 

morphological and chemical characters towards resistance/susceptibility against 

the thrips. The results are summarized as under:  

- All the genotypes differed significantly with respect to plant morphological and 

chemical characters.  

- Hair density on midrib and vein showed positive and significant correlation with the 

pest density (p < 0.01), while gossypol gland on lamina showed negative and 

significant correlation (p < 0.05). All the other physico-morphic plant characters 

exerted non significant effect on the pest density.  

- Moisture percentage, nitrogen, protein, lipids. Calcium and zinc had significant and 

positive correlation (p < 0.01) with the pest population whereas, total minerals 

showed negative and significant effect on the pest density. Reducing sugar and 

magnesium had also significant and positive correlation at p < 0.05 with the pest 

population.  

- Linear regression models of variance revealed that hair density on midrib had 

maximum impact i.e. 73.00 in per unit change of the pest and had positive and 

significant impact on the pest population. Hair density on vein exerted 8.90% and 

gossypol glands on lamina showed 6.9 percent contribution in per unit change of the 
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pest. All the regression models were found to be fitted the best. The overall impact of 

the factors when computed together was calculated to be 88.8%.  

- Amongst various chemical plant traits, nitrogen percentage in the leaves of cotton plant 

were found to be the most important characters showing maximum impact i.e. 41.5% 

in population fluctuation of the pest followed by moisture contents and lipids with 

32.8 and 10.7% role, respectively in per unit change of the thrips density. The overall 

impact of all the factors when computed together exerted 89.8% role in population 

variation.  

 

SECTION-4   

 
The study was carried out to integrate various control methods like biological (release 

of one 2nd instar larvae per plant of Coccinella septempunctata and Chrysoperla 

carnea), botanical (spray of neem seed kernel extract, neemasol 5% at the rate of 1500 

ml/ha) control methods and spray of spinosad 240SL (Tracer) @ 125 ml/ha were 

applied singly and in their possible integrated manners to a resistant genotype of Bt-

cotton, i.e., AA-802, in the farmer’s field Chak No.60/R.B., Shahbazpur, Faisalabad 

during 2010. The predators were released for six times at weekly interval whereas 

neemasol and spinosad were sprayed for three times at fortnight interval. The 

population of thrips per leaf was recorded at weekly interval from upper, middle and 

bottom leaves of the plant throughout the experimental period. The results are 

summarized as under: 

- Significant control of thrips was recorded in all the treatments as against control. 

- The application of spinosad singly as well as in integration with other control methods 

resulted in maximum mortality of the pest and proved to be the most effective.  

- The application of biological agents singly showed minimum mortality of the pest. The 

application of neem seed kernel extract (NSKE) was found intermediate in pest 

mortality.   

- The bio-agents and neem seed kernal extract when integrated with spinosad resulted in 

encouraging trend towards pest mortality. On an average basis, the maximum mortality 

of the pest was recorded to be 73.67% in those plots where the biological agents were 
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integrated with the spinosad and was at par with those of where the spinosad was 

integrated with the bio-agents and neem seed kernel extract.  

- The integration of all the control methods yielded maximum output i.e. 30.974 kg plot-1 

and did not differ significantly with those of where biological agents were integrated 

with spinosad i.e. 30.209 kg plot -1. Furthermore, maximum increase in seed cotton 

yield was recorded to be 1225.804 kg ha -1 in those plots where all the control methods 

were integrated together. The minimum increase in yield was recorded to be 137.779 kg 

ha -1 in those plots where C. septumpunctata was released.  

- The maximum cost benefit ratio was recorded in those plots where spinosad alone was 

sprayed resulted in 1:15.19 CBR and found to be the best treatment. 
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APPENDICES 

 
Appendix 1: Population of Thrips, (Nypmh+Adult) on seedlings of various genotypes of  Bt-cotton 

recorded on various dates of observation in 2008. 
Genotypes May 18  May 26 

R1 R2 R3 R1 R2 R3 
AA-802 0.1 0.0 0.00 0.4 0.3 1.2 
BH-178 0.2 0.1 0.00 2.1 3.5 2.4 
MN-121 0 0.0 0.1 0.3 0.2 1.2 
Bt-131 0.3 0.4 0.2 1.5 1.3 1.3 
Bt-141 0.3 0.2 0.3 1.6 1.3 1.5 
CBS-1 0.2 0.2 0.2 1.4 1.2 1.4 
FH-114 0.0 0.2 0.1 3.2 3.1 3.4 
FH-113 0.0 0.0 0.0 0.1 1.3 0.4 
FH-4243 0.2 0.3 0.2 3.2 0.9 0.8 
GM-2085 0.0 0.1 0.0 0.4 0.6 0.8 
IR-3 0.0 0.3 0.4 3.5 2.4 3.6 
IR-4 0.2 0.2 0.2 4.3 4.2 2.2 
IR-901 0.3 0.2 0.2 3.5 3.6 3.4 
IR-824 0.5 0.2 0.2 1.6 2.3 1.5 
IUB-212 0.3 0.3 0.1 3.4 3.6 3.2 
IUB-222 0.2 0.2 0.3 1.3 2.3 2.4 
IUB-2009 0.4 0.3 0.4 4.6 3.4 3.2 
SAEBAN-2001 0.5 0.3 0.4 3.5 3.0 3.4 
TARZAN-2 0.3 0.5 0.2 3.2 3.4 3.5 
VH-259 0.2 0.3 0.2 3.4 3.2 3.2 
 
Appendix 2: Population of Thrips (Nypmh+Adult) per leaf on various genotypes of Bt-cotton recorded on 

different dates of observation in 2008. 
Genotypes July 15 July 22 July 29 

R1 R2 R3 R1 R2 R3 R1 R2 R3 
AA-802 1.0 1.2 1.4 1.2 1.2 1.3 2.3 2.5 2.2 
BH-178 3.5 3.2 3.4 3.8 4.0 3.9 4.6 4.7 4.5 
MN-121 1.3 1.0 1.0 1.4 1.6 1.5 2.4 2.3 2.2 
Bt-131 2.5 2.4 2.6 3.0 3.0 3.6 3.5 3.6 3.7 
Bt-141 2.6 2.5 2.5 3.2 3.3 3.4 3.8 3.6 3.8 
CBS-1 2.3 2.2 2.4 3.2 3.4 3.2 3.7 3.6 3.9 
FH-114 3.6 3.8 3.9 3.6 3.9 3.9 4.9 4.7 4.3 
FH-113 1.5 1.3 1.4 1.6 1.7 1.6 2.8 2.3 2.6 
FH-4243 2.6 2.7 2.8 3.5 3.3 3.2 3.6 4.1 3.8 
GM-2085 1.6 1.0 1.2 1.8 1.3 1.3 2.9 2.5 0.4 
IR-3 3.5 3.5 2.9 4.1 4.0 3.7 5.3 4.8 4.6 
IR-4 3.6 3.7 3.4 3.8 4.0 3.9 4.9 4.3 4.7 
IR-901 3.4 3.5 3.6 3.7 3.7 3.6 4.5 4.7 4.8 
IR-824 2.9 2.3 2.5 3.4 3.6 3.0 3.5 3.6 3.5 
IUB-212 3.8 3.6 3.4 3.8 3.8 3.6 4.7 4.8 4.9 
IUB-222 2.8 2.9 2.4 3.1 2.9 2.9 3.9 4.1 3.8 
IUB-2009 3.9 3.7 3.8 3.9 4.1 4.1 4.5 4.6 4.7 
SAEBAN-2001 3.6 3.7 3.7 4.1 4.2 3.8 4.6 4.8 4.8 
TARZAN-2 3.6 2.9 3.5 3.9 3.9 3.7 5.5 4.9 5.3 
VH-259 3.7 3.8 3.8 3.8 3.7 3.8 4.8 3.9 5.9 
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Name of 
Genotypes 

August 06 August 15 August 23 
R1 R2 R3 R1 R2 R3 R1 R2 R3 

AA-802 2.2 2.4 2.3 2.5 2.4 2.6 2.9 3.1 2.8 
BH-178 4.5 4.5 4.6 5.9 6.1 6.7 7.10 7.4 7.8 
MN-121 2.6 2.3 2.5 2.8 2.4 2.4 2.8 2.7 2.6 
Bt-131 4.1 3.9 3.8 4.9 5.6 5.7 5.6 5.4 5.9 
Bt-141 3.8 4.2 3.9 4.8 4.9 5.5 6.1 5.3 5.4 
CBS-1 3.4 4.3 3.7 5.3 5.4 5.3 5.7 5.8 5.6 
FH-114 5.0 4.1 4.6 7.2 6.3 6.7 7.6 7.5 7.9 
FH-113 2.8 2.8 2.4 2.6 2.7 2.6 3.2 3.1 2.9 
FH-4243 4.3 3.8 3.9 6.1 5.9 5.8 6.1 5.9 5.6 
GM-2085 2.7 2.3 2.6 2.0 2.4 2.5 2.9 2.8 2.9 
IR-3 4.8 4.9 4.7 6.8 7.1 6.2 6.9 7.2 7.3 
IR-4 4.4 4.7 4.6 6.7 7.1 6.8 7.4 7.3 7.5 
IR-901 4.3 4.5 4.7 6.7 6.6 5.8 7.6 6.8 7.4 
IR-824 3.7 4.5 3.8 6.4 6.2 6.1 5.8 5.7 6.3 
IUB-212 4.6 4.5 4.6 5.6 5.6 5.7 7.5 7.6 7.8 
IUB-222 5.1 4.9 4.8 6.5 5.4 5.3 6.4 6.5 5.9 
IUB-2009 4.7 4.9 4.8 5.8 5.9 5.6 8.4 7.5 7.6 
SAEBAN-
2001 

5.4 5.6 5.5 8.2 7.6 6.9 7.9 7.4 7.5 

TARZAN-2 4.7 4.9 5.1 7.3 7.4 7.3 6.8 7.1 7.2 
VH-259 5.2 5.1 4.9 8.5 8.4 7.4 7.6 7.6 7.4 
 
Name of 
Genotypes 

August 31 September 07 September 14 
R1 R2 R3 R1 R2 R3 R1 R2 R3 

AA-802 2.9 3.5 3.4 2.4 2.3 2.3 2.2 2.3 2.2 
BH-178 7.4 7.3 7.5 5.5 5.7 5.8 3.9 3.8 3.6 
MN-121 3.6 3.2 3.5 3.2 3.1 2.9 2.5 2.4 2.3 
Bt-131 6.4 6.3 6.7 4.2 4.3 4.6 2.9 3.1 2.8 
Bt-141 6.3 6.2 5.9 4.3 4.5 4.8 2.7 2.6 3.2 
CBS-1 5.8 5.7 5.8 3.9 3.7 5.3 3.0 3.0 2.9 
FH-114 6.9 7.5 7.8 6.3 5.9 5.7 4.2 3.9 3.9 
FH-113 3.4 3.2 3.4 3.2 3.1 2.9 2.6 2.7 2.8 
FH-4243 6.0 6.3 6.4 4.2 4.6 4.5 3.5 3.4 2.9 
GM-2085 3.5 3.6 3.7 2.9 2.8 3.1 2.5 2.4 2.6 
IR-3 8.3 7.9 8.1 5.8 5.7 5.6 3.8 4.3 4.2 
IR-4 7.7 7.8 8.2 4.8 5.1 5.2 3.5 3.6 3.7 
IR-901 7.4 7.9 8.4 5.7 5.8 5.6 3.6 3.9 3.5 
IR-824 6.5 6.8 6.3 4.2 3.9 4.1 3.2 3.2 3.1 
IUB-212 8.2 8.1 7.8 6.2 6.1 5.9 3.2 3.1 3.8 
IUB-222 5.9 6.4 6.3 4.2 4.3 4.5 3.0 2.9 2.8 
IUB-2009 7.6 7.5 7.5 5.9 5.7 5.6 3.7 4.1 3.8 
SAEBAN-
2001 

7.3 7.6 7.4 6.2 6.1 6.3 3.9 3.5 3.7 

TARZAN-2 8.1 7.8 7.6 5.6 5.7 5.8 3.8 3.6 3.4 
VH-259 7.9 7.5 7.7 5.9 5.8 5.9 4.1 3.9 3.7 
         Continue………… 
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Genotypes September 21 September 28 October 06 
R1 R2 R3 R1 R2 R3 R1 R2 R3 

AA-802 1.9 1.8 1.7 1.4 1.3 1.6 0.9 1.0 0.8 
BH-178 2.8 2.6 2.4 2.3 2.4 2.2 2.0 2.1 1.9 
MN-121 2.0 2.3 1.9 1.5 1.3 1.2 1.3 0.9 0.9 
Bt-131 2.1 2.2 1.4 1.9 1.8 1.7 1.3 1.2 1.5 
Bt-141 1.9 2.2 2.3 1.8 1.7 1.7 1.6 1.3 1.2 
CBS-1 2.0 2.3 2.1 1.6 1.5 1.4 1.7 1.5 1.6 
FH-114 2.3 2.5 2.6 2.5 2.6 2.4 1.8 1.7 1.9 
FH-113 1.9 1.8 1.7 1.6 1.2 1.0 1.3 1.2 1.0 
FH-4243 2.5 2.4 2.0 1.6 2.1 1.7 1.8 1.7 1.5 
GM-2085 1.8 1.6 2.0 1.3 1.3 1.2 1.0 1.0 0.9 
IR-3 2.5 2.3 2.4 2.5 2.5 2.3 1.4 1.8 1.5 
IR-4 3.2 2.7 2.6 2.8 1.9 2.4 1.7 1.9 1.8 
IR-901 3.4 3.2 3.1 2.2 2.3 2.4 2.0 1.9 1.9 
IR-824 1.9 1.8 2.0 1.5 1.4 1.9 1.6 1.7 1.8 
IUB-212 2.5 2.6 2.9 2.3 2.5 2.6 1.8 2.0 2.0 
IUB-222 1.8 2.4 1.9 1.8 1.7 1.8 1.3 1.2 1.5 
IUB-2009 3.1 3.6 3.0 2.3 2.4 2.6 1.9 1.7 1.6 
SAEBAN-2001 2.9 2.8 2.7 2.5 2.3 2.5 1.6 1.8 1.9 
TARZAN-2 2.7 2.5 2.4 2.4 2.6 2.3 1.5 2.0 1.9 
VH-259 3.2 2.8 2.7 2.5 2.2 2.3 1.6 2.1 1.8 
Appendix 3:  Population of Thrips per Seedling of Various Genotypes of Bt-cotton 
Recorded on Different Dates of Observation in 2010. 

 
 

Name of 
Genotypes 

May 27 June 04 June 11 
R1 R2 R3 R1 R2 R3 R1 R2 R3 

VH-259 0.3 0.2 0.3 1.4 1.6 1.8 2.10 2.2 1.9 
Tarzan-2 0.1 0.2 0.1 1.2 1.4 1.6 1.8 1.9 2.0 
BH-178 0.1 0.0 0.1 1.0 0.9 1.2 1.6 1.7 1.6 
FH-4243 0.2 0.1 0.0 1.2 0.8 0.9 1.4 1.5 1.8 
GM-2085 0.0 0.0 0.1 0.6 0.8 0.7 1.2 0.9 0.9 
AA-802 0.1 0.1 0.0 0.7 0.5 0.6 0.9 1.0 0.8 
 
Appendix 4: Population of Thrips Leaf -1 of Various Genotypes of Bt-cotton recorded 

on Different Dates of Observation during 2010. 
 
Name of 

Genotypes 
June 18 June 25 July 02 

R1 R2 R3 R1 R2 R3 R1 R2 R3 
VH-259 1.20 1.13 1.33 1.53 1.66 1.60 2.06 1.86 2.33 
Tarzan-2 1.40 1.06 1.13 1.47 1.53 1.47 2.20 2.13 2.00 
BH-178 1.00 0.93 1.13 1.26 1.20 1.13 1.93 2.00 1.86 
FH-4243 1.20 0.93 0.86 1.20 1.06 1.13 1.80 2.13 1.80 
GM-2085 0.80 0.86 0.73 1.06 1.40 1.26 1.53 1.60 1.47 
AA-802 0.73 0.86 0.73 1.13 1.20 1.06 1.40 1.33 1.53 
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Name of 

Genotypes 
July 09 July 16 July 23 

R1 R2 R3 R1 R2 R3 R1 R2 R3 
VH-259 4.13 4.06 4.20 3.66 3.53 3.60 4.47 4.60 4.53 
Tarzan-2 4.00 3.93 4.06 3.80 3.60 3.40 4.73 4.47 4.33 
BH-178 3.66 3.53 3.86 3.26 3.33 3.20 4.26 4.06 4.13 
FH-4243 3.93 3.73 3.53 3.13 3.20 3.33 3.93 3.86 4.13 
GM-2085 3.20 3.06 3.13 2.93 3.00 2.86 3.80 3.73 3.86 
AA-802 3.47 3.40 3.06 3.06 2.93 2.80 3.66 3.60 3.73 
 
 
 
 
 
 
Name of 
Genotypes 

July 31 August 07 August 14 
R1 R2 R3 R1 R2 R3 R1 R2 R3 

VH-259 6.06 5.80 6.26 7.40 7.66 7.33 7.93 8.00 7.80 
Tarzan-2 6.13 5.93 6.20 7.73 7.53 7.26 7.66 7.86 7.93 
BH-178 4.66 4.80 4.60 6.66 6.73 6.93 7.26 6.93 7.06 
FH-4243 4.53 4.73 4.66 5.93 5.80 6.00 6.80 7.00 7.13 
GM-2085 4.40 4.33 4.53 6.06 5.93 5.86 5.33 5.66 5.47 
AA-802 4.26 4.80 4.13 5.20 5.73 5.66 5.33 5.06 5.13 
          
 
 
Name of 
Genotypes 

August 21 August 28 September 04 September 11 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 

VH-259 5.80 5.66 5.86 4.47 4.53 4.33 4.26 4.13 4.33 5.06 5.00 4.73 
Tarzan-2 45.47 5.53 5.26 4.26 4.40 4.33 4.20 4.13 4.26 4.60 4.80 4.86 
BH-178 4.93 5.06 4.86 4.13 4.06 4.20 4.00 3.93 3.73 4.47 4.33 4.53 
FH-4243 5.20 5.13 4.60 4.06 3.93 4.00 3.86 3.60 3.66 4.26 4.13 4.33 
GM-2085 4.47 4.53 4.86 3.93 4.06 3.86 3.53 3.60 3.47 4.40 4.06 4.13 
AA-802 4.60 4.47 4.66 3.80 3.93 3.66 3.40 3.47 3.33 3.93 4.06 4.20 
 
 
 
Name of 
Genotypes 

September 18 September 25 October 02 October 09 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 

VH-259 5.93 6.13 6.26 4.80 4.73 4.86 3.66 3.47 3.73 3.26 3.06 2.93 
Tarzan-2 6.06 6.20 6.00 4.66 4.73 4.53 3.60 3.53 3.40 2.86 2.73 3.00 
BH-178 5.66 5.53 5.60 4.47 4.40 4.60 3.20 3.13 3.40 2.66 2.60 2.73 
FH-4243 5.33 5.40 5.33 4.33 4.26 4.47 3.06 3.00 3.26 2.20 2.73 2.53 
GM-2085 5.20 5.26 5.13 4.13 4.06 4.20 2.93 3.00 2.86 2.47 2.13 2.26 
AA-802 5.00 4.86 5.06 4.00 3.93 4.06 2.80 2.93 2.73 1.80 2.00 1.93 
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Appendix 5: Weather Factors during 2008 
 
Date Temperature (oC) R. H. (%) Rainfall 

(mm)  
Maximum Minimum Average   

July 15 35.34 (5.98) 25.44 (5.09) 30.39 (5.61) 70.90 (8.44) 14.70 (3.89) 
July 22 33.40 (5.82) 27.67 (5.31) 30.53 (5.57) 65.71 (8.14) 27.70 (5.12) 
July 29 38.74 (6.26) 28.27 (5.36) 33.00 (5.78) 58.57 (7.68) 0.00 (0.71) 
August 06 34.25 (5.89) 26.80 (5.22) 30.52 (5.57) 77.81 (8.85) 189.50 (13.78) 
August 15 33.58 (5.83) 25.95 (5.14) 29.76 (5.50) 75.66 (8.72) 75.00 (8.68) 
August 23 36.30 (6.06) 26.37 (5.18) 31.33 (5.64) 70.12 (8.40) 0.00 (0.71) 
August 31 37.27 (6.15) 25.83 (5.13) 31.55 (5.66) 65.50 (8.12) 8.00 (2.91) 
September 07 35.01 (5.95) 23.85 (5.37) 29.43 (5.46) 64.99 (8.09) 6.00 (2.55) 
September 14 36.75 (6.10) 22.61 (4.80) 29.68 (5.349) 55.92 (7.51) 0.00 (0.71) 
September 21 35.01 (5.95) 23.90 (4.99) 29.45 (5.47) 62.99 (7.96) 0.00 (0.71) 
September 28 33.96 (5.87) 21.90 (4.73) 27.93 (5.33) 69.31 (8.35) 31.00 (5.61) 
October 06 36.57 (6.08) 22.18 (4.76) 29.37 (5.46) 61.25 (7.86) 0.00 (0.71) 

 
Appendix 6: Weather Factors during 2009 
 
Date Temperature (oC) R. H. (%) Rainfall 

(mm)  Maximum Minimum Average 
June 18 38.81 (6.26) 27.91 (5.33) 33.36 (1.96) 45.00 (6.74) 3.6 (2.02) 
June 25 41.87 (6.50) 25.62 (5.11) 33.74 (5.85) 33.72 (5.84) 0.0 (0.71) 
July 02 37.20 (6.14) 26.65 (5.21) 31.93 (5.69) 48.00 (6.96) 14.0 (3.80) 
July 09 35.50 (6.07) 25.64 (5.11) 30.57 (5.51) 44.30 (6.69) 6.8 (2.70) 
July 16 37.78 (6.18) 26.67 (5.21) 32.23 (5.72) 64.65 (807) 21.0 (4.63) 
July 23 38.78 (6.26) 31.87 (5.68) 35.33 (5.98) 62.50 (7.93) 5.1 (2.37) 
July 31 36.32 (6.06) 26.42 (5.18) 31.37 (5.64) 66.50 (8.18) 5.6 (2.46) 
August 07 38.55 (6.24) 32.84 (5.11) 35.69 (6.01) 58.57 (7.68) 0.0 (0.71)  
August 14 39.38 (6.32) 27.78 (5.31) 33.58 (5.83) 54.63 (7.42) 0.0 (0.71) 
August 21 34.40 (5.30) 24.88 (5.03) 29.64 (5.48) 75.21 (8.70) 111.0 (10.58) 
August 28 34.65 (5.92) 27.68 (5.30) 31.17 (5.62) 73.99 (8.63) 18.4 (4.34) 
September 04 33.31 (5.81) 24.37 (4.98) 28.84 (5.41) 72.90 (8.56) 30.2 (5.54) 
September 11 35.28 (5.38) 22.80 (4.82) 29.04 (5.43) 64.13 (8.03) 0.0 (0.71) 
September 18 36.17 (6.05) 23.05 (4.85) 29.61 (5.48) 59.21 (7.72) 0.0 (0.71) 
September 25 38.34 (6.23) 25.32 (5.08) 31.83 (5.68) 64.85 (8.08) 0.0 (0.71) 
October 02 37.64 (6.17) 22.58 (4.88) 30.11 (5.53) 50.64 (7.15) 0.0 (0.71) 
October 09 33.60 (5.83) 1392 (3.79) 23.76 (4.92) 62.64 (7.94) 14.8 (3.91) 
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Appendix 7:  Physio-Morphological Plant Characters in the Leaves of Selected Genotypes of Bt-cotton. 
 
Genotypes Hair Density Hair Length (µ) 

Midrib (cm-1) Vein (cm-1) Lamina (cm-2) Midrib  Vein  Lamina  
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 

VH-259 28.49 
(5.38) 

27.93 
(5.33) 

28.16 
(5.35) 

35.89 
(6.03) 

35.67 
(6.01) 

36.00 
(6.04) 

169.85 
(5.38) 

172.43 
(13.15) 

171.51 
(13.51) 

1575.86 
(39.70) 

1588.61 
(39.86) 

1563.17 
(39.54) 

1555.47 
(39.45) 

1633.15 
(40.42) 

1561.00 
(39.52) 

1365.15 
(36.95) 

1347.73 
(36.72) 

1462.60 
(38.25) 

Tarzan-2 27.40 
(5.28) 

26.51 
(5.19) 

27.43 
(5.28) 

34.17 
(5.88) 

34.67 
(5.90) 

35.18 
(5.97) 

153.86 
(12.42) 

144.61 
(12.04) 

166.87 
(12.94) 

1766.71 
(42.04) 

1817.69 
(42.64) 

1762.65 
(42.35) 

1336.15 
(36.56) 

1293.36 
(35.97) 

1319.36 
(36.33) 

1517.71 
(38.91) 

1507.24 
(38.83) 

1533.72 
(39.17) 

BH-178 22.16 
(4.76) 

25.27 
(5.07) 

23.18 
(4.86) 

32.33 
(5.72) 

34.50 
(5.91) 

31.81 
(5.68) 

136.95 
(11.72) 

143.56 
(12.00) 

129.61 
(11.41) 

1565.69 
(39.57) 

1587.97 
(39.85) 

1588.17 
(39.86) 

1287.18 
(35.88) 

1324.59 
(36.40) 

1291.77 
(35.95) 

1625.73 
(40.33) 

1613.61 
(40.17) 

1624.15 
(40.31) 

FH-4243 21.87 
(4.73) 

21.93 
(4.74) 

21.56 
(4.69) 

31.15 
(5.62) 

30.97 
(5.60) 

29.50 
(5.47) 

115.51 
(10.77) 

113.36 
(10.67) 

117.65 
(10.87) 

1859.23 
(43.12) 

1875.62 
(43.31) 

1818.74 
(42.65) 

1655.73 
(40.69) 

1636.61 
(40.46) 

1617.25 
(12.95) 

1495.65 
(38.68) 

1513.17 
(38.90) 

1485.71 
(38.55) 

GM-2085 16.24 
(4.9) 

17.13 
(4.20) 

16.81 
(4.16) 

20.36 
(4.56) 

21.50 
(4.69) 

20.49 
(4.58) 

80.86 
(9.02) 

88.91 
(9.46) 

78.77 
(8.90) 

1491.87 
(38.63) 

1490.68 
(38.62) 

1510.61 
(38.87) 

1375.72 
(37.09) 

1414.62 
(37.62) 

1395.15 
(37.36) 

1244.72 
(35.29) 

1297.65 
(36.03) 

1284.19 
(53.30) 

AA-802 15.38 
(3.98) 

15.50 
(4.00) 

16.00 
(4.06) 

19.87 
(4.51) 

20.25 
(4.55) 

18.45 
(4.35) 

79.50 
(0.94) 

81.43 
(9.05) 

78.54 
(8.89) 

1771.34 
(42.09) 

1765.72 
(42.03) 

1676.39 
(40.95) 

1436.15 
(20.89) 

1447.73 
(38.06) 

1451.62 
(38.11) 

1568.81 
(39.61) 

1572.65 
(39.66) 

1577.15 
(39.72) 

 
 
Genotypes Gossypol Glands Thickness of Leaf Lamina (µ) 

Midrib cm-1) Vein cm-1)  Lamina cm-2) 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 

VH-259 15.16 
(3.95) 

15.33 
(3.98) 

15.22 
(3.96) 

19.75 
(4.50) 

20.10 
(4.54) 

19.88 
(4.51) 

41.36 
(6.37) 

42.00 
(6.51) 

41.65 
(6.49) 

2885.13 
(53.72) 

2724.60 
(85.00) 

2931.50 
(54.15) 

Tarzan-2 17.84 
(4.28) 

17.656 
(4.26) 

17.78 
(4.27) 

16.24 
(4.09) 

16.37 
(4.10) 

16.19 
(4.08) 

38.45 
(65.24) 

39.60 
(6.33) 

38.55 
(6.24) 

36.87.15 
(26.23) 

3730.10 
(61.07) 

3515.87 
(59.29) 

BH-178 15.27 
(3.97) 

15.29 
(3.96) 

15.33 
(3.97) 

17.36 
(4.23) 

17.47 
(4.24) 

17.32 
(4.22) 

37.50 
(6.16) 

37.43 
(6.15) 

38.11 
(6.21) 

29.12.36 
(53.97) 

2919.65 
(54.03) 

2945.43 
(54.28) 

FH-4243 16.25 
(4.09) 

16.33 
(4.10) 

15.21 
(4.08) 

18.37 
(4.34) 

18.65 
(4.38) 

18.44 
(4.35) 

44.51 
(6.470) 

44.73 
(6.72) 

43.47 
(6.59) 

3575.77 
(59.80) 

3588.50 
(59.91) 

3575.19 
(59.79) 

GM-2085 14.16 
(3.82) 

14.33 
(3.85) 

14.17 
(3.83) 

19.24 
(4.44) 

19.45 
(4.47) 

18.95 
(4.52) 

38.17 
(6.22) 

38.28 
(6.23) 

37.57 
(6.12) 

3345.52 
(57.84) 

3362.77 
(57.99) 

3375.91 
(58.11) 

AA-802 18.15 
(4.32) 

18.10 
(4.31) 

17.92 
(4.29) 

17.10 
(4.19) 

16.85 
(4.16) 

17.13 
(4.20) 

45.60 
(6.78) 

44.24 
(6.68) 

42.37 
(6.54) 

3760.11 
(61.32) 

3715.35 
(60.96) 

3661.38 
(60.51) 
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Appendix 8:  Chemical Plant Characters in the Leaves of Selected Genotypes of Bt-cotton. 
 

 Moisture (%) Total Minerals 
(%) 

Nitrogen (%) Protein (%) Lipids (%) Reducing Sugar 
(%) 

 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 
VH-259 82.93 

(9.13) 
83.0 

(9.13) 
82.81 
(9.12) 

12.24 
(3.57) 

12.29 
(3.57) 

12.18 
(3.56) 

2.53 
(1.74) 

2.54 
(1.74) 

2.52 
(1.73) 

15.81 
(4.03) 

15.88 
(4.04) 

15.75 
(4.03) 

9.65 
(3.18) 

9.64 
(3.17) 

9.70 
(3.19) 

5.50 
(2.44) 

5.51 
(2.45) 

5.49 
(3.38) 

Tarzan-2 81.61 
(9.06) 

81.73 
(9.06) 

81.95 
(9.08) 

13.36 
(3.72) 

13.19 
(3.70) 

13.26 
(3.70) 

2.36 
(1.69) 

2.43 
(1.71) 

2.41 
(1.70) 

14.78 
(3.90) 

15.19 
(3.96) 

15.07 
(3.94) 

10.24 
(3.27) 

10.23 
(3.27) 

10.19 
(3.25) 

4.94 
(2.32) 

4.91 
(2.32) 

4.93 
(2.33) 

BH-178 81.57 
(9.05) 

81.59 
(9.06) 

81.71 
(9.06) 

14.87 
(3.92) 

14.89 
(3.92) 

14.78 
(3.91) 

2.31 
(1.68) 

2.30 
(1.67) 

2.31 
((1.67) 

14.44 
(3.86) 

14.38 
(3.85) 

14.44 
(3.86) 

8.44 
(2.98) 

8.47 
(2.99) 

8.50 
(3.00) 

4.25 
(2.17) 

4.27 
(2.18) 

4.26 
(2.18) 

FH-4243 82.16 
(9.09) 

82.19 
(9.09) 

82.18 
(9.09) 

15.36 
(3.98) 

15.59 
(4.01) 

15.59 
(4.01) 

2.32 
(1.68) 

2.29 
(1.67) 

2.30 
(1.67) 

14.50 
(3.87) 

14.32 
(3.84) 

14.38 
(3.85) 

7.24 
(2.87) 

7.43 
(2.81) 

7.36 
(2.80) 

4.31 
(2.19) 

4.32 
(2.19) 

4.30 
(2.19) 

GM-2085 81.43 
(9.05) 

81.49 
(9.05) 

81.79 
(9.07) 

17.26 
(4.21) 

17.29 
(4.22) 

17.18 
(4.20) 

2.26 
(1.66) 

2.27 
(1.66) 

2.26 
(1.67) 

14.13 
(3.82) 

14.19 
(3.83) 

14.13 
(3.82) 

7.10 
(2.75) 

7.11 
(2.75) 

7.09 
(2.75) 

4.91 
(2.32) 

4.93 
(2.30) 

4.90 
(2.32) 

AA-802 81.13 
(9.03) 

81.49 
(9.15) 

81.36 
(98.04) 

16.90 
(4.17) 

16.91 
(4.17) 

16.99 
(4.18) 

2.25 
(1.66) 

2.24 
(1.65) 

2.26 
(1.66) 

14.07 
(3.82) 

14.00 
(3.80) 

14.13 
(3.82) 

6.24 
(2.60) 

6.30 
(2.60) 

6.26 
(2.60) 

4.47 
(2.22) 

4.49 
(2.23) 

4.48 
(2.23) 

 
 

Genotypes Calcium (%) Magnesium (%) Phosphorous (ppm) Potassium (%) 
 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 
VH-259 3.63 

(2.03) 
3.62 

(2.02) 
3.64 

(2.03) 
0.59 

(1.04) 
0.58 

(1.03) 
0.58 

(1.03) 
2417.30 
(49.17) 

2418.19 
(49.18) 

2430.15 
(49.30)2 

3.50 
(2.00) 

3.53 
(2.00) 

3.55 
(2.02) 

Tarzan-2 3.50 
(21.00) 

3.51 
(2.00) 

3.50 
(2.00) 

0.52 
(1.00) 

0.53 
(1.01) 

0.51 
(1.00) 

3213.17 
(56.08) 

3218.61 
(56.73) 

3217.95 
(56.73) 

2.93 
(1.85) 

2.91 
(1.85) 

2.95 
(1.86) 

BH-178 3.36 
(1.96) 

3.36 
(1.96) 

3.38 
(1.96) 

0.48 
(0.98) 

0.49 
(0.99) 

0.50 
(1.00) 

3631.91 
(60.26) 

3637.75 
(60.31) 

3615.65 
(60.13) 

3.46 
(1.98) 

3.49 
(1.99) 

3.48 
(1.99) 

FH-4243 2.43 
(1.71) 

2.44 
(1.71) 

2.42 
(1.70) 

0.53 
(1.01) 

0.50 
(1.00) 

0.52 
(1.00) 

2555.21 
(50.55) 

2527.62 
(50.28) 

2569.77 
(50.30) 

2.53 
(1.74) 

2.55 
(1.75) 

2.56 
(1.75) 

GM-2085 2.38 
(1.69) 

2.39 
(1.70) 

2.37 
(1.69) 

0.51 
(1.00) 

0.51 
9(1.00) 

0.52 
(1.00) 

2126.39 
(46.11) 

2129.50 
(46.15) 

2122.10 
(46.07) 

2.61 
(1.76) 

2.64 
(1.77) 

2.62 
(1.76) 

AA-802 2.36 
(1.69) 

2.38 
(1.69) 

2.36 
(1.69) 

0.52 
(1.00) 

0.52 
(1.00) 

0.53 
(1.01) 

3772.15 
(61.42) 

3818.19 
(61.79) 

3767.16 
(61.38) 

3.71 
(2.05) 

3.77 
(2.06) 

3.75 
(2.06) 
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Genotypes Copper (ppm) Zinc (ppm) Manganese (ppm) Ferrous (ppm) 
 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 

VH-259 86.50 
(9.32) 

86.40 
(9.32) 

86.353 
(9.32) 

20.36 
(4.57)  

20.33 
(4.56) 

20.41 
(4.57) 

40.77 
(6.42) 

40.65 
(6.41) 

40.69 
(6.42) 

15.45 
(3.99) 

15.39 
(3.99) 

15.44 
(3.99) 

Tarzan-2 20.36 
(4.56) 

20.39 
(4.57) 

20.33 
(4.56) 

17.18 
(4.20) 

17.29 
(4.22) 

16.99 
(4.18) 

38.53 
(6.24) 

38.59 
(6.25) 

38.56 
(6.24) 

17.43 
(4.23) 

17.50 
(4.24) 

17.51 
(4.24) 

BH-178 45.65 
(6.79) 

46.77 
(6.87) 

44.91 
(6.74) 

15.26 
(3.96) 

15.29 
(3.97) 

15.27 
(3.97) 

37.96 
(6.20) 

37.91 
(6.30) 

37.99 
(6.20) 

16.61 
(4.14) 

16.72 
(4.15) 

16.83 
(4.16) 

FH-4243 78.49 
(8.88) 

76.50 
(8.77) 

79.77 
(8.95) 

14.97 
(3.93) 

14.72 
(3.90) 

14.99 
(3.93) 

34.72 
(5.93) 

34.61 
(6.92) 

34.73 
(6.93) 

15.73 
(4.02) 

15.69 
(4.02) 

15.65 
(4.10) 

GM-2085 73.71 
(8.61) 

74.65 
(8.67) 

75.39 
(8.71) 

14.24 
(3.84) 

14.29 
(3.84) 

14.31 
(3.85) 

34.10 
(5.88) 

34.26 
(5.89) 

34.17 
(5.89) 

15.36 
(3.98) 

15.45 
(3.99) 

15.33 
(3.98) 

AA-802 23.65 
(4.91) 

23.71 
(4.92) 

23.72 
(4.92) 

14.10 
(3.82) 

13.99 
(3.80) 

14.11 
(3.82) 

33.51 
(5.83) 

 33.57 
(5.83) 

33.56 
(5.84) 

18.10 
(4.31) 

18.19 
(4.32) 

18.07 
(4.30) 
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Appendix 9:    Data Regarding Population of Thrips per Leaf on Resistant Cotton  
        Cultivar in different Treatments on 15.06.2010. 
 
Sr. 
# 

Name of 
Treatments 

Dose/Method 
of 
Application 

R1 R2 R3 
U M B U M B U M B 

T1 Release of  
Coccinellid 

2nd Instar 
Larvae 

2.8 1.2 0.0 2.6 1.0 0.0 3.2 1.4 0.0 

T2 Release of  
Chrysoperla 
Carnea 

-do- 3.0 1.4 0.0 2.4 0.8 0.0 2.4 0.4 0.0 

T3 Spray of 
NSKE 5% 

1500 ml ha-1 3.2 1.6 0.2 2.0 1.2 0.0 2.2 0.8 0.0 

T4 Spray of 
Spinosad 
240 SL 
(Tracer) 

125 ml ha-1 2.6 1.2 0.0 2.4 0.8 0.0 3.0 1.2 0.0 

T5 T1 +T2 As above 2.8 1.4 0.0 2.6 1.2 0.0 2.4 1.4 0.0 
T6 T1 +T3 -do- 2.6 1.2 0.0 2.8 1.2 0.0 2.6 0.8 0.0 
T7 T1 + T4 -do- 2.4 1.0 0.2 2.4 0.6 0.0 2.0 0.8 0.0 
T8 T2 + T3 -do- 2.6 0.8 0.0 2.8 0.2 0.0 2.2 0.8 0.0 
T9 T2 + T4 -do- 3.0 1.4 0.0 3.0 0.8 0.2 2.0 0.6 0.0 
T10 T3 + T4 -do- 3.2 1.2 0.0 2.4 1.0 0.0 2.2 1.0 0.0 
T11 T1 +T2 +T4 -do- 2.8 1.4 0.0 2.6 0.8 0.0 2.4 1.2 0.0 
T12 T1 +T2 +T3 -do- 2.6 1.6 0.0 2.8 1.0 0.0 2.4 1.0 0.0 
T13 T1 +T3 +T4 -do- 2.6 1.0 0.0 2.0 0.6 0.0 2.6 1.4 0.0 
T14 T1 +T2 + T3 

+T4 
-do- 2.8 1.0 0.0 2.4 0.6 0.0 2.8 1.2 0.0 

T15 Control  2.6 1.6 0.2 2.6 0.8 0.0 2.8 0.8 0.0 
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Appendix 10:  Data Regarding Population of Thrips per Leaf on Resistant Cotton  
   Cultivar in different Treatments on 21.06.2010. 
 
Sr. 
# 

Name of 
Treatments 

Dose/Method 
of 
Application 

R1 R2 R3 
U M B U M B U M B 

T1 Release of  
Coccinellid 

2nd Instar 
Larvae 

9.8 5.6 0.4 10.2 6.0 0.8 10.6 6.8 0.6 

T2 Release of  
Chrysoperla 
Carnea 

-do- 10.0 4.8 0.6 9.8 5.4 0.6 10.4 4.87 0.8 

T3 Spray of 
NSKE 5% 

1500 ml/ha 10.2 4.0 0.2 9.4 5.8 0.8 10.6 5.8 0.8 

T4 Spray of 
Spinosad 
240 SL 
(Tracer) 

125 ml/ha 9.6 3.8 0.8 10.4 6.2 1.0 10. 6.2 0.8 

T5 T1 +T2 As above 10.6 5.4 0.2 10.2 5.4 0.8 9.8 6.0 0.6 
T6 T1 +T3 -do- 10.0 5.2 0.4 10.8 5.8 1.2 9.6 5.0 1.0 
T7 T1 + T4 -do- 9.4 4.8 0.6 10.2 5.6 0.4 10.4 4.8 0.6 
T8 T2 + T3 -do- 10.2 5.8 0.8 10.6 5.2 0.6 10.8 5.0 0.8 
T9 T2 + T4 -do- 9.8 5.0 0.6 9.6 4.8 0.8 10.8 5.8 0.6 
T10 T3 + T4 -do- 10.6 5.8 0.8 10.2 4.8 0.6 9.6 6.0 0.4 
T11 T1 +T2 +T4 -do- 9.4 4.0 0.2 10.6 5.2 0.4 10.6 5.0 0.6 
T12 T1 +T2 +T3 -do- 10.2 5.6 0.6 10.4 4.8 0.8 10.4 4.6 0.8 
T13 T1 +T3 +T4 -do- 10.6 4.8 0.4 10.0 5.6 0.6 9.8 4.8 0.8 
T14 T1 +T2 + T3 

+T4 
-do- 9.8 4.6 0.2 10.4 6.2 0.8 10.4 6.0 0.6 

T15 Control  10.4 5.8 1.0 9.8 5.6 0.8 10.6 5.8 0.8 
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Appendix 11:  Data Regarding Population of Thrips per Leaf on Resistant Cotton  
   Cultivar in different Treatments on 28.06.2010. 
 
Sr. 
# 

Name of 
Treatments 

Dose/Method 
of 
Application 

R1 R2 R3 
U M B U M B U M B 

T1 Release of  
Coccinellid 

2nd Instar 
Larvae 

9.6 4.4 1.8 9.8 5.6 1.6 9.2 5.2 1.4 

T2 Release of  
Chrysoperla 
Carnea 

-do- 8.8 5.5 1.6 8.4 5.8 1.8 7.0 5.8 1.6 

T3 Spray of 
NSKE 5% 

1500 ml/ha 6.6 3.4 0.8 6.8 3.6 1.0 6.4 3.6 1.8 

T4 Spray of 
Spinosad 
240 SL 
(Tracer) 

125 ml/ha 0.2 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 

T5 T1 +T2 As above 7.8 5.4 1.6 7.6 4.0 1.4 7.0 6.6 1.8 
T6 T1 +T3 -do- 5.6 4.4 0.6 5.4 3.6 1.0 5.8 4.2 1.2 
T7 T1 + T4 -do- 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 
T8 T2 + T3 -do- 6.4 4.6 1.0 4.6 4.4 1.6 8.8 4.4 1.4 
T9 T2 + T4 -do- 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 
T10 T3 + T4 -do- 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T11 T1 +T2 +T4 -do- 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T12 T1 +T2 +T3 -do- 6.0 3.6 1.0 4.8 3.6 1.2 5.4 3.4 1.0 
T13 T1 +T3 +T4 -do- 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T14 T1 +T2 + T3 

+T4 
-do- 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

T15 Control  13.6 8.4 2.2 14.4 8.6 2.6 13.8 8.0 2.6 
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Appendix 12:  Data Regarding Population of Thrips per Leaf on Resistant Cotton  
   Cultivar in different Treatments on 05.07.2010. 
 
Sr. 
# 

Name of 
Treatments 

Dose/Method 
of 
Application 

R1 R2 R3 
U M B U M B U M B 

T1 Release of  
Coccinellid 

2nd Instar 
Larvae 

9.8 5.6 2.4 9.6 6.8 2.2 9.6 5.2 2.4 

T2 Release of  
Chrysoperla 
Carnea 

-do- 8.6 5.8 2.6 8.8 5.2 2.4 8.8 6.6 2.2 

T3 Spray of 
NSKE 5% 

1500 ml/ha 12.8 6.4 3.4 11.0 6.6 3.2 12.6 6.8 3.6 

T4 Spray of 
Spinosad 
240 SL 
(Tracer) 

125 ml/ha 4.6 2.6 1.0 4.8 2.8 0.8 4.4 3.0 0.8 

T5 T1 +T2 As above 8.4 5.4 2.8 8.2 5.8 2.8 8.6 5.6 2.6 
T6 T1 +T3 -do- 5.8 4.6 2.8 5.8 4.8 2.6 6.0 5.2 2.8 
T7 T1 + T4 -do- 4.6 3.4 0.6 4.8 3.8 0.8 4.4 3.6 0.8 
T8 T2 + T3 -do- 8.2 4.2 1.6 8.0 5.0 1.4 8.8 4.6 1.8 
T9 T2 + T4 -do- 4.8 2.8 0.8 4.6 2.6 0.8 4.8 2.4 1.4 
T10 T3 + T4 -do- 5.2 3.6 0.8 4.4 3.4 0.6 4.6 3.8 0.8 
T11 T1 +T2 +T4 -do- 3.6 2.6 0.6 4.8 2.8 0.8 4.4 2.6 0.8 
T12 T1 +T2 +T3 -do- 6.8 3.6 1.8 6.6 3.8 1.6 6.8 3.4 1.6 
T13 T1 +T3 +T4 -do- 4.4 2.2 0.8 4.8 2.4 0.8 4.0 2.6 0.8 
T14 T1 +T2 + T3 

+T4 
-do- 4.2 2.0 0.6 4.4 2.6 0.8 4.2 2.8 0.6 

T15 Control  16.8 8.4 3.4 15.4 8.9 3.0 16.2 9.8 3.2 
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Appendix 13:  Data Regarding Population of Thrips per Leaf on Resistant Cotton  
   Cultivar in different Treatments on 12.07.2010. 
 
Sr. 
# 

Name of 
Treatments 

Dose/Method 
of 
Application 

R1 R2 R3 
U M B U M B U M B 

T1 Release of  
Coccinellid 

2nd Instar 
Larvae 

8.4 4.2 1.8 8.6 4.8 1.6 8.4 4.0 1.6 

T2 Release of  
Chrysoperla 
Carnea 

-do- 8.8 4.4 1.6 8.2 4.6 1.8 8.8 4.2 1.6 

T3 Spray of 
NSKE 5% 

1500 ml/ha 6.6 3.2 1.8 6.8 3.8 1.8 6.4 3.6 1.6 

T4 Spray of 
Spinosad 
240 SL 
(Tracer) 

125 ml/ha 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

T5 T1 +T2 As above 7.4 4.2 1.4 7.6 4.0 1.6 7.8 3.8 1.8 
T6 T1 +T3 -do- 5.2 3.6 0.6 5.4 3.4 0.8 5.6 3.2 0.6 
T7 T1 + T4 -do- 0.2 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 
T8 T2 + T3 -do- 6.6 3.6 0.4 6.8 3.6 0.2 6.0 3.4 0.8 
T9 T2 + T4 -do- 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 
T10 T3 + T4 -do- 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T11 T1 +T2 +T4 -do- 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T12 T1 +T2 +T3 -do- 5.6 3.2 0.6 4.8 3.4 0.8 5.8 3.6 0.6 
T13 T1 +T3 +T4 -do- 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T14 T1 +T2 + T3 

+T4 
-do- 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

T15 Control  13.6 6.8 2.6 14.8 7.2 2.2 12.4 6.4 2.4 
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Appendix 14:  Data Regarding Population of Thrips per Leaf on Resistant Cotton  
   Cultivar in different Treatments on 19.07.2010. 
 
Sr. 
# 

Name of 
Treatments 

Dose/Method 
of 
Application 

R1 R2 R3 
U M B U M B U M B 

T1 Release of  
Coccinellid 

2nd Instar 
Larvae 

14.2 6.4 2.2 13.8 6.6 2.4 14.0 6.2 2.6

T2 Release of  
Chrysoperla 
Carnea 

-do- 13.6 6.8 2.0 14.8 6.4 2.6 12.6 5.6 2.4

T3 Spray of 
NSKE 5% 

1500 ml/ha 8.6 4.2 2.2 9.8 4.0 2.0 8.8 4.0 2.2

T4 Spray of 
Spinosad 
240 SL 
(Tracer) 

125 ml/ha 5.8 2.6 0.6 5.6 2.4 0.8 6.2 2.4 0.8

T5 T1 +T2 As above 13.4 6.2 1.8 11.6 5.8 2.6 12.8 5.6 2.4
T6 T1 +T3 -do- 7.2 2.6 1.4 6.6 2.6 1.2 6.4 2.8 1.4
T7 T1 + T4 -do- 6.6 2.8 1.6 6.2 2.4 1.8 6.4 2.2 1.4
T8 T2 + T3 -do- 11.6 6.8 3.4 12.8 5.6 2.8 11.6 6.4 2.2
T9 T2 + T4 -do- 6.4 2.4 1.4 6.2 2.2 1.0 6.6 2.8 2.0
T10 T3 + T4 -do- 6.4 2.4 1.6 6.6 2.6 1.8 6.4 2.4 1.8
T11 T1 +T2 +T4 -do- 5.8 2.6 1.2 5.6 2.4 1.0 6.0 2.4 1.2
T12 T1 +T2 +T3 -do- 11.8 4.4 1.2 10.6 5.8 2.4 11.2 4.2 2.2
T13 T1 +T3 +T4 -do- 6.6 2.6 0.0 7.8 2.4 0.2 7.6 2.2 0.0
T14 T1 +T2 + T3 

+T4 
-do- 5.4 2.8 0.0 6.6 3.6 0.2 6.8 2.4 0.0

T15 Control  19.8 8.6 2.8 18.8 15.6 2.4 10.6 10.4 2.6
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Appendix 15:  Data Regarding Population of Thrips per Leaf on Resistant Cotton  
   Cultivar in different Treatments on 26.07.2010. 
 
Sr. 
# 

Name of 
Treatments 

Dose/Method 
of 
Application 

R1 R2 R3 
U M B U M B U M B 

T1 Release of  
Coccinellid 

2nd Instar 
Larvae 

8.4 2.8 2.2 7.8 3.0 2.4 8.6 2.8 2.4 

T2 Release of  
Chrysoperla 
Carnea 

-do- 8.6 3.6 1.8 8.2 2.8 2.0 8.2 2.6 2.2 

T3 Spray of 
NSKE 5% 

1500 ml/ha 6.4 2.0 1.2 5.8 1.8 1.4 5.8 2.2 1.4 

T4 Spray of 
Spinosad 
240 SL 
(Tracer) 

125 ml/ha 1.0 0.6 0.0 0.8 0.4 0.0 0.8 0.6 0.0 

T5 T1 +T2 As above 8.6 2.8 1.2 8.4 2.6 1.4 8.6 2.2 0.8 
T6 T1 +T3 -do- 5.4 2.2 1.0 5.8 1.2 0.8 5.2 1.2 0.6 
T7 T1 + T4 -do- 1.0 0.2 0.0 0.8 0.0 0.0 1.2 0.4 0.0 
T8 T2 + T3 -do- 5.6 1.2 0.0 4.8 1.0 0.2 4.6 0.8 0.4 
T9 T2 + T4 -do- 0.6 0.2 0.0 0.8 0.0 0.2 1.0 0.4 0.0 
T10 T3 + T4 -do- 0.4 0.0 0.0 0.6 0.0 0.0 0.8 0.0 0.0 
T11 T1 +T2 +T4 -do- 0.8 0.0 0.0 0.6 0.0 0.0 1.0 0.6 0.0 
T12 T1 +T2 +T3 -do- 4.4 2.2 1.2 4.6 1.8 1.0 4.2 2.0 1.0 
T13 T1 +T3 +T4 -do- 0.8 0.2 0.0 0.6 0.4 0.0 0.8 0.2 0.0 
T14 T1 +T2 + T3 

+T4 
-do- 0.6 0.0 0.0 0.4 0.2 0.0 0.8 0.4 0.0 

T15 Control  11.6 4.8 2.2 10.8 3.8 2.4 11.4 4.6 2.6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



      

121 
 

Appendix 16:  Data Regarding Population of Thrips per Leaf on Resistant Cotton  
   Cultivar in different Treatments on 02.08.2010. 
 
Sr. 
# 

Name of 
Treatments 

Dose/Method 
of 
Application 

R1 R2 R3 
U M B U M B U M B 

T1 Release of  
Coccinellid 

2nd Instar 
Larvae 

5.8 2.0 0.2 5.6 1.8 0.6 5.4 1.0 0.4 

T2 Release of  
Chrysoperla 
Carnea 

-do- 5.4 1.6 0.4 5.2 1.4 1.4 5.6 1.6 1.2 

T3 Spray of 
NSKE 5% 

1500 ml/ha 4.6 1.2 0.6 4.8 1.0 0.8 4.2 1.4 0.6 

T4 Spray of 
Spinosad 
240 SL 
(Tracer) 

125 ml/ha 2.6 0.4 0.0 2.4 0.4 0.2 2.6 0.6 0.0 

T5 T1 +T2 As above 5.4 1.6 0.8 5.2 1.4 1.0 4.8 1.6 0.6 
T6 T1 +T3 -do- 4.6 1.6 0.4 4.8 0.8 0.8 4.2 1.6 0.4 
T7 T1 + T4 -do- 2.6 0.4 0.0 2.8 0.6 0.2 2.6 0.2 0.0 
T8 T2 + T3 -do- 4.2 1.8 0.4 4.0 1.6 0.8 4.6 2.0 0.8 
T9 T2 + T4 -do- 2.4 0.6 0.0 2.8 0.8 0.0 2.6 0.4 0.2 
T10 T3 + T4 -do- 2.2 0.4 0.0 2.6 0.8 0.2 2.4 0.6 0.2 
T11 T1 +T2 +T4 -do- 2.2 0.8 0.2 2.8 0.4 0.4 2.6 1.0 0.2 
T12 T1 +T2 +T3 -do- 3.6 0.6 0.0 3.8 0.8 0.2 3.4 1.4 0.4 
T13 T1 +T3 +T4 -do- 2.8 1.0 0.0 3.4 0.6 0.0 3.6 0.8 0.2 
T14 T1 +T2 + T3 

+T4 
-do- 2.2 0.8 0.0 2.4 1.0 0.0 2.8 1.0 0.4 

T15 Control  6.8 2.2 1.0 5.4 1.8 0.8 6.4 2.6 0.4 
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Appendix 17:     Yield of Seed Cotton (kg/plot) in Selected Resistant Genotype of  
    Bt-cotton  in Different Treatments. 
 
 
Tr. 
# 

Name of Treatment Dose/Method 
of 
Application 

R1 R2 R3 

T1 Release of  
Coccinellid 

2nd Instar 
Larvae 

23.400 23.416 23.363 

T2 Release of  
Chrysoperla Carnea 

-do- 23.981 23.972 23.999 

T3 Spray of NSKE 5% 1500 ml/ha 26.156 26.213 26.179 
T4 Spray of Spinosad 

240 SL (Tracer) 
125 ml/ha 29.263 29.236 29.311 

T5 T1 +T2 As above 24.102 24.111 24.100 
T6 T1 +T3 -do- 26.887 25.987 29.933 
T7 T1 + T4 -do- 29.285 29.374 29.297 
T8 T2 + T3 -do- 26.404 26.414 26.408 
T9 T2 + T4 -do- 29.173 29.169 29.178 
T10 T3 + T4 -do- 29.358 29.367 29.355 
T11 T1 +T2 +T4 -do- 30.177 30.281 30.169 
T12 T1 +T2 +T3 -do- 26.465 26.357 26.486 
T13 T1 +T3 +T4 -do- 30.263 30.330 26.147 
T14 T1 +T2 + T3 +T4 -do- 30.996 30.869 31.057 
T15 Control - 22.368 22.569 22.361 
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Appendix 18: Cost Benefit Ratio (CBR) for Different Treatment in resistant Bt-
cotton  
________________________________________________________________________ 
 
T1 =  Release of 2nd instar larvae of Coccinellid Beetle @ 1 larvae per plot at 
Weekly  Interval from 21.06.2010 to 26.07.2010 (6-releases). 
 
Expenditure: 
 Number of Larvae Released per plot    = 40 
 Number of Larvae Released per Hectare  = 5740 
 Price per 100 Larvae     = Rs. 10/- 
 Price of Larvae per Hectare    = Rs. 574/-  
 Expenditure for 6 Releases    = Rs. 3444/- 
 Labour Charges per Release per Hectare  = Rs.1200/- 
 Labour Expenditure for 6 Releases per Hectare = Rs. 7200/- 
 Total Expenditure     = Rs. 10644 
 
Income: 
 Increase in Yield per Hectare    = 137.779 kg 
 Cost of Yield       = Rs. 90/- per kg 
 Total Income      = Rs. 12400.11/- 
    CBR= 1:1.16 
 
 
T2 =  Release of 2nd instar larvae of Chrysoperla carnea Larvae @ 1 larvae per plot 
at  Weekly Interval from 21.06.2010  to 26.07.2010 (6-releases). 
 
Expenditure: 
 Number of Larvae Released per plot    = 40 
 Number of Larvae Released per Hectare  = 5740 
 Price per 100 Larvae     = Rs. 10/- 
 Price of Larvae per Hectare    = Rs. 574/-  
 Expenditure for 6 Releases    = Rs. 3444/- 
 Labour Charges per Release per Hectare  = Rs.1200/- 
 Labour Expenditure for 6 Releases per Hectare = Rs. 7200/- 
 Total Expenditure     = Rs. 10644 
 
Income: 
 Increase in Yield per Hectare    = 222.599 kg 
 Cost of Yield       = Rs. 90/- per kg 
 Total Income      = Rs. 20033.91/-  
    CBR = 1:1.18 
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T3 =  Spray of Neem Seed Kernel Extract (NSKE) 2.5% @ 2.50 liters per hectare 
thrice  on 21.06.2010, 05.07.2010 and 19.07.2010. 
 
Expenditure: 
 Use of NSKE @ 2.50 liters per ha. for three applications = 7.5 liters    
 Cost per liter       = Rs. 1000/-  
 Total cost of NSKE      = Rs. 7500/- 
 Labour Charges per hectare      = Rs. 1000/- 
 Total labour Charges for three replication    =Rs. 3000/- 
 Total Expenditure       = Rs. 10500/-  
 
Income: 
 Increase in Yield per Hectare     = 538.200 kg 
 Cost of Yield        = Rs. 90/- per kg 
 Total Income       = Rs. 48438/-  
    CBR = 1:4.61 
 
T4 =  Application of Spinosad 240 SC (Tracer) @ 125-ml per hectare thrice  on 
 21.06.2010, 05.07.2010 and 19.07.2010. 
Expenditure:  

Spinosad SC sprayed      = 125ml/ha 
 Number of Applications     = 03 
 Total Insecticide Used      = 375 ml 
 Price of Insecticide      = 600/1000 ml 
 Price per ml       = Rs. 7.5/- 
 Total Cost of Insecticide     = Rs. 2812.50 
 Labour Charges      = Rs 1000/ha 
 Total Labour Charges for three applications   = Rs 3000/- 
 Total Expenditure      = Rs.5812.50 
     
Income: 
 Increase in Yield per Hectare     = 981.46 kg/ha 
 Cost of Yield        = Rs. 90/- per kg 
 Total Income       = Rs. 88331.14/-  

CBR = 1:15.19 
 
T5 (T1 + T2) 
Expenditure: 
 Expenditure in T1       = Rs. 10644/- 
 Expenditure in T2      = Rs. 10644 
 Total Expenditure      = Rs. 21288/- 
Income: 
 Increase in Yield per Hectare     = 239.822 kg/ha 
 Cost of Yield        = Rs. 90/- per kg 
 Total Income       = Rs. 21583.98/-  

CBR = 1:1.02 
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T6 (T1 + T3) 
Expenditure: 
 Expenditure in T1       = Rs. 10644/- 
 Expenditure in T3      = Rs. 10500/- 
 Total Expenditure      = Rs. 21144/- 
Income: 
 Increase in Seed Cotton Yield per Hectare   = 742.055 kg/ha 
 Cost of Yield        = Rs. 90/- per kg 
 Total Income       = Rs. 66784.95/-  
    CBR = 1:3.16 
 
T7 (T1 + T4) 
 
Expenditure 
 Expenditure in T1      = Rs. 10644/- 
 Expenditure in T4      = Rs. 5812.50 
 Total Expenditure      = Rs. 16456.5 
 
Income: 
 Increase in Seed Cotton Yield per Hectare   = 988.278 kg/ha 
 Cost of Yield        = Rs. 90/- per kg 
 Total Income       = Rs. 88945.02/-  
    CBR = 1:5.40 
 
T8 (T2 + T3) 
 
Expenditure 
 Expenditure in T2      = Rs. 10644/- 
 Expenditure in T3      = Rs. 10500 
 Total Expenditure      = Rs. 21144 
 
Income: 
 Increase in Seed Cotton Yield per Hectare   = 570.635 kg/ha 
 Cost of Yield        = Rs. 90/- per kg 
 Total Income       = Rs. 51357.15/-  
    CBR = 1:2.42 
T9 (T2 +T4) 
Expenditure 
 Expenditure in T2      = Rs. 10644/- 
 Expenditure in T4      = Rs. 5812.50 
 Total Expenditure      = Rs. 16456.50 
 
Income: 
 Increase in Seed Cotton Yield per Hectare   = 967.054 kg/ha 
 Cost of Yield        = Rs. 90/- per kg 
 Total Income       = Rs. 87034.86/-  
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    CBR = 1:5.29 
 
T10 (T3 +T4) 
 
Expenditure 
 Expenditure in T3      = Rs. 10500/- 
 Expenditure in T4      = Rs. 5812.50 
 Total Expenditure      = Rs. 16312.50 
 
Income: 
 Increase in Seed Cotton Yield per Hectare   = 851.934 kg/ha 
 Cost of Yield        = Rs. 90/- per kg 
 Total Income       = Rs. 76674.06/-  
    CBR = 1:4.70 
 
T11 (T1 +T2 + T4) 
Expenditure 
 Expenditure in T1      = Rs. 10644/- 
 Expenditure in T2      = Rs. 10644 
 Expenditure in T4      = Rs.5812.50 
 Total Expenditure      = Rs. 27100.50 
Income: 
 Increase in Seed Cotton Yield per Hectare   = 1116.012 kg/ha 
 Cost of Yield        = Rs. 90/- per kg 
 Total Income       = Rs. 100441.08/-  
    CBR = 1:3.70 
 
T12 (T1 +T2 +T3) 
 
Expenditure 
 Expenditure in T1      = Rs. 10644/- 
 Expenditure in T2      = Rs. 10644 
 Expenditure in T3      = Rs.10500/- 
 Total Expenditure      = Rs. 31788/- 
Income: 
 Increase in Seed Cotton Yield per Hectare   = 574.510 kg/ha 
 Cost of Yield        = Rs. 90/- per kg 
 Total Income       = Rs. 51705.90/-  
    CBR = 1:1.62 
T13 (T1 +T3 + T4) 
 
Expenditure 
 Expenditure in T1      = Rs. 10644/- 
 Expenditure in T3      = Rs. 10500/- 
 Expenditure in T4      = Rs.5812.50/- 
 Total Expenditure      = Rs. 26956.50/- 
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Income: 
 Increase in Seed Cotton Yield per Hectare   = 930.009 kg/ha 
 Cost of Yield        = Rs. 90/- per kg 
 Total Income       = Rs. 86700.81/-  
    CBR = 1:3.10 
 
T14 (T1 +T2 +T3 +T4) 
 
Expenditure 
 Expenditure in T1      = Rs. 10644/- 
 Expenditure in T2      = Rs. 10644/- 
 Expenditure in T3      = Rs. 10500/- 
 Expenditure in T4      = Rs. 5812.50 
 Total Expenditure      = Rs. 37600.50/- 
 
Income: 
 Increase in Seed Cotton Yield per Hectare   = 1225.804 kg/ha 
 Cost of Yield        = Rs. 90/- per kg 
 Total Income       = Rs. 110322.36/-  
    CBR = 1:2.93 
 
_______________________________________________________________________ 
 
 
 


