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Abstract. Cotton with Bt gene is only resistant against bollworms. Sucking insect pests also cause huge 

losses to cotton crop. It is reported that okra leaf cotton genotypes are resistant to sucking insect pests. 

The objective of this research was to explore the potential of okra leaf Bt cotton for resistance against 

bollworms and sucking insect pests. Okra leaf Bt cotton recombinant lines were developed by 

hybridization and selection process for use in this study. Comparative insect pest buildup/infestation was 

studied on non Bt normal leaf, normal leaf Bt, non Bt okra leaf and okra leaf Bt 

genotypes/cultivars/recombinant lines under field conditions using randomized complete block design 

with three replications. The genotypes/cultivars/recombinant lines were separated by nets to confined the 

insect population buildup within the genotype. Significantly lower buildup of sucking insect pests was 

found on okra leaf cotton compared to normal leaf cotton and significantly lower buildup/infestation of 

sucking insects as well bollworms was found on okra leaf recombinant lines with Bt gene. Development 

of Bt cultivars with okra leaf is recommended which would be resistant against bollworms as well as 

sucking insect pests attacks. 
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Introduction 

Pakistan is the 4th largest producer of cotton in the world. Cotton crop is severely 

damaged by many sucking insects (Jassid, whitefly, aphid, thrips) and bollworms 

(American bollworm, Spotted bollworm and Pink bollworm). Genetically modified Bt 

cotton is only resistant to bollworms but is not resistant to sucking insect pests (Din      

et al., 2016). Huge quantity of insecticide is applied to protect Bt cotton from sucking 

insect pests which increases production cost of cotton crop and pollute the environment. 

So, Bt cotton cultivars which may be resistant to sucking insect pests as well may be 

developed. 

It has been reported that population buildup of sucking insect pests on cotton with 

okra leaf trait is comparatively low due to its open canopy (Chu et al., 2000; Soomro et 

al., 2000; Ahmad et al., 2005; Din et al., 2016). The objective of present research was to 

explore the potential of Bt cotton with okra leaf trait for resistance against sucking 

insect pests and bollworms. 

Assessment of cotton against insect pests by scoring insect pest population buildup 

on genotype under field conditions is tedious work as the experimental plots of the 

genotypes have to be separated by nets to confine the insect population within the 

genotype. Thus, only a small number of such studies are found in the literature. The 

present study was conducted to assess the comparative insect pest buildup/infestation on 

okra leaf (non Bt and Bt) and normal leaf (non Bt and Bt) cotton under field condition. 
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Material and methods 

The study was conducted in the field area of the University of Agriculture Faisalabad 

(Latitude = 31° 26’ N, Longitude = 73° 06’ E, Altitude = 184.4 m), Pakistan, during the 

year 2014 to 2016. Faisalabad possess the arid climate. It can touch both extremes, with 

a summer with maximum temperature 50 °C and winter temperature of -2 °C. 

 

Development of okra leaf Bt cotton recombinant lines 

In year 2014 crosses were made and F1 generation was developed ((MNH-

886 × Gumbo Okra), (CRS-456×Gumbo Okra) and (PB-38×Gumbo Okra)), in season 

2015 F1 were sown and F2 was raised into the field. Recombinant okra leaf Bt cotton 

lines were selected from the F2 populations of the cross of Gumbo okra (okra leaf) with 

normal leaf genotypes/cultivars. Recombinant plants from F2 were selected on the basis 

of okra leaves with high yielding traits and Bt proteins test by using ELISA (Quali-

Plate™ Kit for Cry1Ab/Cry1Ac by Enviro-Logics). The Enviro-Logix QualiPlate Kit is 

a “sandwich Enzyme-Linked Immuno Sorbent Assay” (ELISA). List of cotton 

genotypes/cultivars/recombinant lines used in the study is given in Table 1. 

To assess the comparative insect pest buildup/infestation, Eight G. hirsutum 

genotypes/cultivars/recombinant lines were sown at the 27th of March (2016) under 

normal soil and irrigation conditions in randomized complete block design with three 

replications. Standard agronomic practices of growing cotton crop were used in the 

experiment. There were 24 rows, each 300 cm in length (10 plant in each row) in each 

replication (three rows for each genotype/cultivar/ recombinant line) by keeping the 

plant to plant distance of 30 cm and row to row distance of 75 cm. 

 
Table 1. List of cotton genotypes/cultivars/recombinant lines evaluated for resistance 

against different insect pests under field condition 

Sr. No. Genotype/cultivar Description 

1. PB-38 Cultivar with Normal leaf trait 

2. MNH-886 Cultivar with Normal leaf trait + Cry1Ac 

3. FH-142 Cultivar with Normal leaf trait + Cry1Ac 

4. FH-lalazar Cultivar with Normal leaf trait + Cry1Ac 

5. Gumbo Okra Genotype with Okra leaf trait 

6. RP1 (MNH-886 × Gumbo Okra) Recombinant population with Okra leaf + Cry1Ac  

7. RP2 (CRS-456 × Gumbo Okra) Recombinant population with Okra leaf + Cry1Ac 

8. RP3 (PB-38 × Gumbo Okra) Recombinant population with Okra leaf trait 

 

 

The data were taken at ten-day intervals beginning from 15th of May 2016 to 15th of 

November 2016 from ten healthy plants randomly selected from each 

genotype/cultivar/recombinant line. For sucking insects (thrips, jassid, aphid, whitefly 

and mites), from each plant three leaves were selected (one each from top, middle and 

bottom) and examined for both adult and nymph, using magnifying glass. The 

population of bollworms (Pink bollworm, Spotted bollworm, and American bollworm) 

were assessed by counting infested bolls, squares and flowers on per plant basis. 

Analysis of variance of insect pest’s data was conducted and means were separated by 

LSD test as in Steel et al. (1997). 
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Results 

The population means of insect pest buildup/infestation (Pink bollworm, American 

bollworm, thrips, jassid, whitefly, mites, aphid) on different 

genotypes/cultivars/recombinant lines are given in Table 2. The analysis of variance 

showed significant variation for insect pest population built up on different 

genotypes/cultivars/recombinant lines. Comparison of means of insect pests 

buildup/infestation of (Pink bollworm, American bollworm, thrips, jassid, whitefly, 

mites, aphid) on different genotypes/cultivars/ recombinant lines by using LSD test is 

also given in Table 2. The results showed that Gossypium hirsutum genotypes/cultivars 

with normal leaf trait had significantly higher thrips population buildup comparatively 

to the okra leaf genotypes/recombinant lines. Maximum infestation was found on FH-

lalazar which is a normal leaf variety while minimum infestation was found on okra leaf 

line RP2. Maximum number of Jassid population was found on FH-lalazar followed by 

other normal leaf cultivars while minimum number of infestations was found on okra 

leaf line RP2. Results showed that comparative population built up of whitefly was 

significantly higher on normal leaf genotypes/cultivars as compared to okra leaf 

genotype/cultivar/ line.  

 
Table 2. Mean population buildup/infestation of insect pests on cotton 

genotypes/cultivars/recombinant lines 

               Insects 

Genotypes 
Thrip Jassid Whitefly Aphid Mites 

Spotted 

bollworm 

Pink 

bollworm 

American 

bollworm  

PB-38 5.273 b 4.410 c 8.420 b 8.333 a 7.563 b 10.037 a 9.553 a 11.070 a 

MNH-886 5.204 b 4.589 c 8.306 b 9.016 a 8.261 a 0.291cd 1.078 cd 0.411 d 

FH-142 5.728 a 5.076 b 8.816 a 8.551 a 8.116 a 0.744 c 202 c 0.869 d 

FH-lalazar 5.941 a 5.559 a 7.309 c 8.861 a 7.414 b 0.478 cd 1.154 cd 0.620 d 

Gumbo Okra 4.498 c 2.411 d  3.287 d 4.431 bc 5.187 e 4.096 b 6.341 b 4.341 b 

RP1  3.519 d 2.485 de 2.780 e 3.764 cd 6.094 c 0.044 d 0.026 d 0.298 e 

RP2  3.413 d 1.887 e 3.022 de 3.570 d 5.568 d 0.119 cd 0.053 cd 0.199 e 

RP3  4.728 c 2.693 d 3.254 d 4.707 b 5.922 c 4.641 b 5.294 b 3.84 c 

MS for genotype 2.661** 6.022** 23.131** 18.413** 4.374** 44.356** 65.528** 77.423** 

LSD value 0. 399 0. 342 0.340 0.780 0.242 0.638 0.399 0.486 

**Highly significant (p < 0.01) 

*Significant (p < 0.05) 

Genotypes/cultivars/recombinant lines not sharing the same letter are significantly different 

 

 

Maximum number of whiteflies was found on normal leaf cultivar FH-142 followed 

by other normal leaf genotype/cultivar PB-38 and MNH-886. Minimum number of 

whiteflies were found on okra leaf line RP1. Results showed that comparative 

population built up of whitefly was significantly higher on normal leaf 

genotypes/cultivars as compared to okra leaf genotype/cultivar/ recombinant line. 

Maximum number of whiteflies was found on normal leaf cultivar FH-142 followed by 

other normal leaf genotype/cultivar PB-38 and MNH-886. Minimum number of 

whiteflies was found on okra leaf line RP1. Comparatively high infestation of mites was 

found on normal leaf genotypes/cultivars as compared to okra leaf genotypes/cultivars/ 

recombinant lines. Maximum number of mites population was found on MNH-886 and 

FH-142 while minimum number of infestation was found at Gumbo okra followed by 

other okra leaf genotype/ recombinant lines. Overall results showed that normal leaf 

cotton (PB-38, MNH-886, FH-142 and FH-lalazar) had high buildup of sucking insect 
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pests compared to okra leaf cotton (Gumbo Okra, RP1, RP2 and RP3). Significantly 

higher infestation of bollworms was found on non Bt cotton (PB-38, Gumbo Okra, and 

RP3) compared to Bt cotton (MNH-886, FH-142, FH-lalazar RP1 and RP2). Non Bt okra 

leaf Cotton (Gumbo Okra, and RP3) had lower infestation compared to normal leaf non 

Bt cotton (PB-38). 

Discussion 

Okra leaf trait is characterized by narrowly lobbed and deeply cleft leaves with less 

per leaf surface area compared to normal leaf cotton. It has been reported that okra leaf 

cotton is resistant to sucking insect pests and also relatively resistant to bollworms 

compared to normal leaf cotton. In the present study and in earlier reports lower buildup 

of sucking insect on okra leaf cotton compared to normal leaf cotton was due to its 

reduced leaf surface area and open canopy (Kular and Butter, 1999; Arif et al., 2006; 

Din et al., 2016). In a study of eight cotton cultivars from USA and six from Australia, 

Chu et al. (1999) observed that okra leaf cotton cultivars had lower attack of whitefly 

compared to normal leaf cotton cultivars. It was suggested that okra leaf trait had great 

potential for breeding upland cotton resistant to whitefly. Kanher et al. (2016) reported 

positive correlation of leaf area and aphid population on cotton. So, development of 

okra leaf cultivars has been suggested to control sucking insect pests (Wilson, 1994; 

Soomro et al., 2000; Chu et al., 2002; Ahmad et al., 2005; Din et al., 2016; Kanher et 

al., 2016). Wilson (1889) observed that okra leaf cotton required 33% less insecticide 

and had less damage by insect pests but yield was as much as normal leaf cultivars. 

Smith (2001) also compared okra leaf cotton with normal leaf cotton and found that 

okra leaf cotton was equal in fiber length, fiber strength and fiber fineness as well as 

yield. Wilson and George (1982) found that okra leaf cultivars were resistant to 

bollworms compared to the normal leaf cultivars. They concluded that okra leaf 

cultivars had smaller leaf area and open plant canopy leading to better light penetration 

and more air circulation which made these cultivars resistant to bollworms. Din et al. 

(2016) also found in a field study that okra leaf cotton was resistant to bollworms. 

Okra leaf trait in cotton is controlled by single gene. Its locus has been reported on 

chromosome 15 on D genome (Andres et al., 2016). Okra leaf trait is monogenic in 

inheritance so, breeding cultivars with okra leaf trait may not be difficult. Results of 

present study and earlier findings suggest that okra leaf cotton Bt cultivars should be 

tailored to control sucking insect pests and bollworms. 

Conclusion 

Findings of this study revealed significantly lower buildup/infestation of bollworms 

(pink bollworm, American bollworm, spotted bollworm) and sucking insects (Aphid, 

Jassid, Whitefly, thrips and whitefly) on okra leaf Bt cotton compared to normal leaf Bt 

cotton. So, Bt cotton cultivars with okra leaf trait should be engineered which would be 

resistant to bollworms as well as sucking insect pests. 
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