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ABSTRACT 
 
Cotton jassid, whitefly and thrips are important sucking insect pests in cotton fields in the Punjab, Pakistan. The seasonal 
dynamics of these pests were compared on transgenic Bt cotton line, “IR-FH-901” expressing Cry1Ac insecticidal protein 
with its parent non-transgenic cotton cultivar, FH-901. There was no significant difference in population densities of theses 
pests in Bt and non-Bt cotton, when nothing was sprayed. However, insecticide application effectively controlled theses pests 
in both Bt and non-Bt cotton. In conclusion, there is no difference in transgenic Bt and non-Bt cotton for jassid, whitefly and 
thrips attack and application of suitable insecticide is required to theses pests on transgenic cotton. © 2010 Friends Science 
Publishers 
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INTRODUCTION 
 

Cotton (Gossypium hirsutum L.), known as “white 
gold” is an important fiber and cash crop of Pakistan. The 
average yield of cotton is about 570.99 kg/ha, which is low 
as compared to other cotton growing area of the world 
(Bakhsh et al., 2005). The low productivity of cotton is 
caused by many factors, but the most serious one is the 
intensity of insect pests attack. Among sucking insect pests, 
whitefly, jassid and thrips are important in Pakistan and 
cause significant yield reduction (Aslam et al., 2004; Amjad 
& Aheer, 2007). These are very destructive pests during 
seedling and vegetative phase of cotton as they suck the sap 
of the plant, make it weak and in case of severe 
infestation wilting and shedding of leaves occur (Abro et 
al., 2004). 

Transgenic Bt cotton can effectively control specific 
lepidopterous species (Arshad et al., 2009), but there is lack 
of resistance against sucking insect pests (Hofs et al., 2004; 
Sharma & Pampapathy, 2006) and hence require continuous 
use of pesticides and other control tactics for effective 
management (Hilder & Boulter, 1999; Hofs et al., 2006). A 
little attention has been given on the population dynamics of 
non-target, sucking insect pest community in Bt cotton as 
most of the studies focus on major target pests. The reduced 
use of insecticides in Bt cotton can increase the population 
of sucking insect pests (Men et al., 2005) and hence sucking 
pests have become a more significant part of insect pest 
complex in Bt cotton (Wu et al., 2002). Previous field 
studies have investigated the higher population of thrips, 
jassid and whitefly in Bt cotton as compared to conventional 

cotton (Sun et al., 2002; Abro et al., 2004; Naveen et al., 
2007). However, Sharma and Pampapathy (2006) found no 
significant difference of jassid and whitefly population 
between transgenic Bt and non-Bt cotton. 

The cotton insect pest management in Pakistan is 
mainly dominated by the use of broad-spectrum 
insecticides. Foliar application of insecticides at early stages 
can destroy natural enemies, however seed treatment with 
seed protectant insecticides are not only safe for natural 
enemies, but provide effective control of early stage sucking 
pests. One option to reduce the insecticide use on cotton is 
the exploitation of transgenic Bt cotton as a component of 
integrated pest management (Gore et al., 2001). The insect 
control strategy in cotton involves both the target and non-
target insect pests’ species, so the population dynamics of 
both species should be considered for the long-term 
implementation of Bt cotton (Whitehouse et al., 2005). No 
doubt Bt protein is toxic only to specific lepidopteran 
species, while the diversity of other insect species may be 
affected indirectly (Wu et al., 2005) or the impact of Bt 
cotton on the non-target insect species may be positive due 
to elimination of insecticidal use. The change in species 
composition may influence IPM approach in cotton crop. A 
little attention has been given on the population dynamics of 
non-target, sucking insect pests in Bt cotton as most of the 
studies focus on major target pests. The sucking pests have 
become a more significant part of pest complex in Bt cotton. 
The present study was therefore carried out to know the 
impact of transgenic Bt cotton on the non-target sucking 
insect pests community under sprayed and un-sprayed 
conditions. 
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MATERIALS AND METHODS 
 
Experimental study area and design: The field 
experiments were conducted for two cotton seasons from 
2006 to 2007 at Postgraduate Agriculture Research Station 
(PARS), Faisalabad, Punjab, Pakistan (31º21.52 North & 
72º59.40 East), where wheat and cotton are commonly 
intercropped. The experimental fields were laid out in a 
Randomized Complete Block Design (RCBD) consisting of 
four treatments each with four replications. Each replicated 
plot was about 0.05 ha (hectare). A gap of 5 m was left 
between plots to avoid the influence of treatments on insect 
population in neighbouring plots (Men et al., 2003). The 
transgenic Bt cotton line, “IR-FH-901” (NIBGE, 
Faisalabad, Pakistan) producing the Cry1Ac insecticidal 
protein of Bacillus thuringiensis was compared with its 
parent non-transgenic, conventional cotton cultivar, “FH-
901” (AARI, Faisalabad, Pakistan). The experimental plots 
were planted in the 3rd week of May. The experimental area 
selected was relatively isolated from other sprayed cotton to 
reduce the chance of insecticidal drift across the un-sprayed 
area. The seed rate was used to expect the plant population 
of 60,000 per ha with row to row and plant to plant distance 
of 0.75 and 0.25 m, respectively. The experimental fields 
were maintained according to the recommended agronomic 
practices for this area. The treatments included were: (a) 
transgenic Bt cotton without insecticide application (Bt 
cotton un-sprayed); (b) transgenic Bt cotton with insecticide 
application (Bt cotton sprayed); (c) non-transgenic cotton 
without insecticide application (non-Bt cotton un-sprayed); 
(d) non-transgenic cotton with insecticide application (non-
Bt cotton sprayed). 

Insect pests in sprayed plots of Bt and non-Bt cotton 
were monitored after every 3-4 days. The insecticides used 
in sprayed plots were based on the economic thresholds 
level (ETL) for insect pests of cotton crop. Insecticides were 
sprayed with knapsack sprayer and used hollow cone 
nozzles, held 0.3-0.5 m above the cotton plants (Wu et al., 
2002). The same insecticides were applied in both years, 
while no insecticides were applied in un-sprayed plots. 
Experimental design and sampling procedures were similar 
in both years of field studies. 
Sampling: The surveillance of cotton crop was initiated at 
the seedling emergence and continued up to the mid 
October on weekly basis. The plant inspection method was 
used for sampling and the populations of three major non-
target sucking pests (whitefly, jassid & thrips) were 
recorded early in the morning at weekly interval from 15 
leaves of 15 plants selected randomly. The sampling was 
done in such a way that the 1st leaf from upper portion of the 
1st plant, the 2nd leaf from middle portion of the 2nd plant and 
the 3rd leaf from bottom potion of the 3rd plant and so on 
(Sohail et al., 2003; Amjad & Aheer, 2007). 
Statistical analysis: All data on population dynamics of 
non-target sucking insect pests in different treatments in 
2006 and 2007 were analyzed using analysis of variance 

(ANOVA) and means were separated by using Tukey’s 
honestly significant difference (HSD) test. All analysis was 
done using SPSS (SPSS Institute, Chocago, Illinois) and 
STATISTICA-6 software. The multifactor effects of year, 
variety and pesticide were analyzed using GLM procedure 
in STATISTICA-6 statistical software. 
 
RESULTS 
 
Seasonal abundance of jassid: The results indicated no 
significant difference in cotton jassid populations between 
varieties, but a significant difference were found among 
sprayed and un-sprayed plots. The results showed that seed 
treatment in sprayed plots of Bt and non-Bt cotton 
significantly reduced the population up to 30-35 days after 
sowing (Fig. 1a & b). The jassid appeared on cotton leaves 
during the 2nd week of June (two week after sowing) and 
from then on the population increased gradually. The 
maximum population appeared during 30 July (3.3/leaf) and 
20 August (3.5/leaf) in un-sprayed plots of Bt and non-Bt 
cotton in 2006 and 2007 season, respectively. After that 
period it fluctuated up to the 2nd week of October and slowly 
decreased. The population in sprayed plots of Bt and non-Bt 
cotton were kept under threshold level with the use of 
pesticides. The overall mean data of all observations showed 
significant differences (P < 0.05) among the treatments in 
2006 (F = 348.86; df = 3; P = 0.00) and 2007 (F = 1756.59; 
df = 3; P = 0.00). The highest populations were observed on 
un-sprayed Bt and non-Bt cotton as compared to sprayed Bt 
and non-Bt cotton. The differences were mainly due to the 
use of insecticides in sprayed plot of Bt and non-Bt cotton, 
which significantly reduced the populations than those of 
un-sprayed plots. However, no significant differences were 
observed in jassid populations between the varieties under 
un-sprayed plots (Fig. 2). 

A multi-factor analysis on the effects of year, variety 
and pesticide showed that year and pesticide significantly (P 
< 0.05) influenced the mean population density of jassid, 
whereas varieties did not influenced the population density. 
There were significant interactions (P < 0.05) among year 
and pesticide, while all other interactions were not 
significant (P > 0.05, Table I). 
Seasonal abundance of whitefly: The Fig. 3a and b 
indicated that whitefly populations were recorded initially 
on 17 June (two week after sowing), that increased 
gradually and reached at maximum during the last week of 
August in the un-sprayed Bt and non-Bt cotton during both 
seasons, 2006-2007. This pest was active up to the 2nd week 
of October. The seed treatment significantly reduced the 
population up to 9 July (almost 40 days after sowing). In 
general, the population remained below the threshold level 
in the sprayed plots of Bt and non-Bt cotton. The pooled 
data of all observations showed significant differences (P < 
0.05) among treatments in 2006 (F = 148.03; df = 3; P = 
0.00) and 2007 (F = 298.34; df = 3; P = 0.00). The mean 
populations were significantly higher in un-sprayed Bt 
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(3.41/leaf in 2006; 3.54/leaf in 2007) and non-Bt cotton 
(3.52/leaf in 2006; 3.49/leaf in 2007) than those of sprayed 
Bt (1.72/leaf in 2006; 1.43/leaf in 2007) and non-Bt cotton 
(1.66/leaf in 2006; 1.42/leaf in 2007) (Fig. 4). The 
insecticide applications significantly reduced the population 
in sprayed plots of Bt and non-Bt cotton. However, there 
were no significant differences between varieties, that 
indicated no impact of Bt cotton on the population density 
of whitefly in both seasons. 

A summary of multi-factor (year, variety & pesticide) 
effects on the mean populations of whitefly showed 
significant (P < 0.05) effects of year and pesticide. Pesticide 
significantly influenced the population density of whitefly, 
while varieties had no impact on population. Interactions 
between year and pesticide were significant (P<0.05), while 
all other interactions were not significant (P>0.05, Table I). 

Seasonal abundance of thrips: The results presented in 
Fig. 5a and b indicated the significant lower populations in 
sprayed plots of Bt and non-Bt cotton throughout the 
seasons in both years, 2006-2007. The seed treatment in 
sprayed plots had a significant impact and reduced the 
population during early growth stages of plant 
(approximately, 35-40 DAS). The maximum population 
was observed in unsprayed Bt and non-Bt cotton in the 3rd 
week of August in both years. The pest remained active 
throughout the season in un-sprayed plots of Bt and non-Bt 
cotton, but the population was below the damaging levels. 
No pesticide application was needed in sprayed plots of Bt 
and non-Bt cotton to keep the pest below the threshold level. 
The pesticides used against other sucking pests in sprayed 
plots also reduced the thrips populations’ density. The mean 
data of all observations (Fig. 6) showed a significant 

Fig. 1: Seasonal abundance (Mean ± SE) of jassid in Bt 
and non-Bt cotton during, (a) 2006 and (b) 2007 
 

(a) 2006 

 

 
 

(b) 2007 
 

 
 
Fig. 2: Seasonal abundance (Overall mean ± SE) of 
jassid in 2006, 2007, bars indicated by different letters 
are significantly different (Tukey’s HSD, P<0.05) 
 
 

Fig. 3: Seasonal abundance (Mean ± SE) of whitefly in 
Bt and non-Bt cotton during, (a) 2006 and (b) 2007 
 

(a) 2006 
 

 
 

(b) 2007 
 

 
 
Fig. 4: Seasonal abundance (Overall mean ± SE) of 
whitefly in 2006, 2007, bars indicated by different 
letters are significantly different (Tukey’s HSD, P<0.05) 
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difference (P < 0.05) in thrips populations among the 
treatments in 2006 (F = 387.41; df = 3; P = 0.00) and 2007 
(F = 800.77; df = 3; P = 0.00). The maximum mean 
population was observed on unsprayed Bt (3.70/leaf in 
2006; 3.93/leaf in 2007) and non-Bt cotton (3.66/leaf in 
2006; 3.94/leaf in 2007) as compared to sprayed Bt (2.0/leaf 
in 2006; 1.96/leaf in 2007) and non-Bt cotton (1.92/leaf in 
2006; 2.0/leaf in 2007). 
 A multi-factor (year, variety & pesticide) analysis 
showed that only year and pesticide significantly (P < 0.05) 
influenced the population density of thrips, while varieties 
had no effects on population. There were no significant 
differences in all possible interaction (P > 0.05, Table I). 
 

DISCUSSION 
 
 Although, field experiments have revealed that Bt 
cotton proved to be effective against certain target 

lepidopterous pests, but it lacked the resistance against non-
target insect pests (Sharma & Pampapathy, 2006). There 
were no significant differences in population densities of 
major non-target sucking pests (jassid, whitefly & thrips) 
between Bt and non-Bt cotton and the populations were 
more or less uniform. In general, the populations were 
significantly higher in unsprayed Bt and non-Bt plots than 
those of sprayed Bt and non-Bt plots. No significant 
differences were found in sucking pest management 
between Bt and non-Bt cotton. In addition to seed treatment, 
3-4 insecticide applications were used in sprayed plots to 
keep sucking pests’ populations below the threshold level. 
The seed treatment significantly reduced the populations of 
jassid, whitefly and thrips during early growth of plant upto 
35-40 days after sowing. Dandale et al. (2001) reported that 
seed treatment in cotton with imidacloprid was effective 
against sucking pests and kept the population below the 
economic threshold level up to 40 days after sowing (DAS) 
(Patil et al., 2003). Similar, results have been found by 
Kannan et al. (2004), who mentioned the lower populations 
of sucking pests during early growth stages of plant in seed 
treated plots than those of control. The sucking pest 
populations were also noticed during later part of crop 
growth and mean population was higher in sprayed Bt 
cotton than those of sprayed non-Bt cotton. It may be due to 
reduced pesticide spray against target lepidopterous pests in 
Bt cotton, which built up the sucking pests population 
particularly at later stages. Cotton jassid and whitefly 
populations exceeded the threshold level and pesticides 
were used to control these pests in sprayed plots of Bt and 
non-Bt cotton. However, thrips population was below the 
threshold level throughout the seasons in all treatments. The 
decreased population densities of this pest in sprayed plots 
were mainly due to the impact of pesticides used against 
other sucking pests. The current and previous studies (Men 
et al., 2003; Bambawale et al., 2004) revealed that 
transgenic Bt cotton had no impact on the sucking pest 
population and consequently required suitable management 
strategy. 
 The results indicated that transgenic Bt cotton proved 
not to be effective against sucking insect pests and 
insecticides were needed to control these pests. The seed 
treatment provided the better protection against early-season 
sucking pests in transgenic cotton but for long term 
implementation of Bt cotton as a component of IPM, it is 

Fig. 5: Seasonal abundance (Mean ± SE) of thrips in Bt 
and non-Bt cotton during, (a) 2006 and (b) 2007 
 

(a) 2006 
 

 
 

(b) 2007 
 

 
 

Fig. 6: Seasonal abundance (Overall mean ± SE) of 
thrips in 2006, 2007, bars indicated by different letters 
are significantly different (Tukey’s HSD, P<0.05) 
 
 

Table I: Multi-factor effects of year, variety and 
pesticide on the mean seasonal population density of 
non-target major sucking pests 
 

Factors F-value 
Jassid Whitefly Thrips 

Year 359.38* 4.64* 35.19* 
Variety 3.08 0.01 4.12 
Pesticide 8133.77* 1568.53* 10193.95* 
Year * Variety 0.27 0.31 1.16 
Year * Pesticide 85.27* 10.15* 50.79* 
Variety * Pesticide 0.08 0.56 0.31 
Year * Variety * Pesticide 0.20 1.21 0.04 
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important that such varieties should be transformed with Bt 
genes that have also other resistance characters against non-
target sucking pests to reduce the number of pesticide 
applications. 
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