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Abstract |Cotton is one of the major cash crops of Pakistan. It suffers from severe yield losses because of various
insect pests and diseases. Whiteflies and jassids are regarded as the key pests of cotton. Beside these, pink bollworm
is also one of major devastators of this crop. Present study was conducted to evaluate the performance of Bt and non
Bt varieties against these three major pests of cotton. Data were taken from upper, middle and lower leaves in case of
sucking pests and for pink bollworm 5 plants were selected for determining its percent infestation. Data for CLCuD
was computed using percent disease index (PDI). The results showed that non Bt varieties were heavily attacked by
whiteflies with population above economic threshold level (ETL). Maximum mean population of 5.67 was recorded
on NIAB-Karishma. Cotton jassid population was above ETL in all the varieties under study, with a maximum mean
population of 1.80 on IR-NIAB-824. Moreover, population of pink bollworm was higher on Bt varieties as compared
to the non Bt varieties with maximum mean percent infestation of 51.34% on Lalazar. The highest yield of 826 kg/acre
was observed in NIAB-Karishma. All the tested varieties were highly susceptible to cotton leaf curl disease and there
was no significant correlation of whitefly levels with percent disease index.
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INTRODUCTION

throughout the crop season, however it is observed in huge
proportion during the vegetative growth of the plant. It

otton is an important asset towards the economy of ~considerably reduces the formation of the boll by sucking

Pakistan, as it solely contributes a total of 1.5% in the
overall economy of the country (Anonymous, 2015). It has
exceptionally high demand in textile industry as it provides
the major raw material i.e. fiber, to the industry. Pakistan
is the 4™ largest producer of cotton after China, India and
USA. However, its production in the country is threatened
by a number of insect pests and diseases. Cotton pests are
categorized into sucking and chewing pest complex. They
averagely cause 5-10% loss in cotton yield, but in extreme
cases the damage can be as high as 40-50% (Naqvi, 1976).
Cotton whitefly (Bemisia tabaci Gennadius) is one of the
key pests that infests cotton crop. Its population, prevail

the cell sap Ahmad et al. (2001). Whitefly is also known to
be the sole vector of devastating cotton leaf curl virus dis-
ease Nelson et al. (1998). Cotton jassid (Amarsca devastans
Distant), is also an important pest of cotton. It is extremely
damaging to the crop and even a single jassid requires its
management. It causes severe losses to cotton by sucking
cell sap and also by inducing toxin which may cause almost

5% reduction in the crop yield (Bhat, 1986).

Chewing pests damage leaves and bolls of the cotton. In-
troduction of Bt varieties having Bt toxin gene has signifi-
cantly reduced infestation of these pests. However, the
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Table 1: Disease scale for rating of cotton leaf curl disease (CLCuD).

Disease Symptoms Severity Percent Disease = Disease response
rating index index
0 Complete absence of symptoms and virus cannot be de- 0 0 Highly resistant
tected in plant tissues using molecular techniques.
1 Complete absence of symptoms but virus can be detected ~ 0.1-1.4 0.1- 10 Resistant
in plant tissues using molecular techniques.
OR
Thickening of few small scattered veins or only presence of
leaf enations on one or few leaves of a plant (all observa-
tions should be done carefully).
2 Thickening of small group of veins, no leaf curling, no 1.5-2.4  10.1-20 Moderately resist-
reduction in leaf size and boll setting. ant
3 Thickening of all veins, minor leaf curling & deformity of  2.5-3.4  20.1-30 Tolerant
internode with minor reduction in leaf size but no reduc-
tion in boll setting.
4 Severe vein thickening, moderate leaf curling followed by ~ 3.5-4.4  30.1 - 40 Moderately suscep-
minor deformity of internodes and minor reduction in leaf tible
size and boll setting.
5 Severe vein thickening, moderate leaf curling & deformity 4.5-5.4  40.1 - 50 Susceptible
of internodes with moderate reduction in leaf size and boll
setting followed by moderate stunting.
6 Severe vein thickening, leaf curling, reduction in leaf size,  5.5-6.0 50 Highly susceptible

deformed internodes and stunting of the plant with no or

few boll setting.

pests have attained resistance against Bt toxin gene over
the time (Tabashnik, 1994; Gould, 1998), and the highest
amount of resistance is shown by Pink bollworm (Pictino-
phora gossypiella, Saunders) (Wu and Guo, 2005). Its re-
sistance against the toxin gene keeps increasing every year,
Tabashnik et al. (2012) thus presenting an alarming threat
to the cotton industry throughout the world. There is an
urgent need to focus continuously on population of pink
bollworm to avoid its infestation. Considering the impor-
tance of the mentioned issues of cotton crop, present study
was conducted to monitor the population of cotton white-
fly, cotton jassid, pink bollworm and response to CLCuD
in different Bt and non Bt cotton varieties.

MATERIALS AND METHODS

Six Bt (Lalazar, IR-NIBGE-1524, NIAB-Bt-1, IR-
NIBGE-3, IR-NIAB-824 & Bt-114) and five non Bt
(NIAB-86, N-KARISHMA, NIAB-852, NIAB-777
& NIAB-846) varieties were sown at Nuclear Institute
for Agriculture & Biology (NIAB), Faisalabad in three
replicates following Randomized Complete Block De-
sign (RCBD). Each replicate was cultivated in an area of
25x105 ft?,separated by 2.5ft path.

Population of cotton whiteflies (Bemesia tabasi Gennadius)
and jassids (Amarsca devastans Distant) were monitored on
weekly basis starting from May, until July, 2015. Data were
recorded from upper, middle and lower leaves of five ran-

domly selected plants in each experimental unit. Moreover,
later in the season during the months of August-Septem-
ber, the population of pink bollworm was monitored by
observing infested bolls to calculate the percent infestation.
'The bolls were checked by pressing them with fingers; and
were cracked if found soft in order to determine the rate
of infestation. The damaged bolls or those having the pest
inside, were considered as infested. Data for CLCuD were
recorded following the rating system described in Table-1
to calculate percent disease index (PDI) and response of
varieties as suggested by Akhtar et al. (2010).

Data were analyzed by two-way Analysis of Variance
(ANOVA) and means were distinguished by Tuckey’s
multiple range test at o =0.05 level of significance using
statistical software (Statistix 8.1, Tallahassee, Florida,
USA).

RESULTS AND DISCUSSION

FIELD MONITORING OF INSECTS PESTS

The maximum infestation level of cotton whiteflies was
recorded as 5.67, 5.57, and 5.32, on NIAB-Karishma,
IR-NIBGE-1524, and NIAB-846, respectively. Where-
as, NIAB-852, NIAB-86, NIAB-777, IR-NIAB-824,
IR-NIBGE-3, Lalazar and NIAB-Bt-1, showed an infes-
tation of 5.27,5.14,4.74,4.64, 3.94, 3.86, and 3.38, respec-
tively. Bt-114 was observed to have the minimum mean
whitefly population of 2.26. These results contradict with
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the results of Jeyakumar et al. (2008) who reported that
whitefly population was more on Bt varieties than on the
non Bt. The population of whitefly on certain Bt varieties
may be low due to certain morphological factor such as
less gossypole contents and thickness of lamina as it have
positive correlation with whitefly population and hair
length and thickness of hairs having negative correlation
with whitefly population Zia et al. (2011). IR-NIAB-824
was found to be the most susceptible variety against cotton
jassids followed by IR-NIBGE-3, NIAB-777, IR-NIB-
GE-1524, Lalazar, NIAB-846, Bt-114, NIAB-852 and
NIAB-Bt-1 with average jassid population of 1.80, 1.75,
1.63, 1.53, 1.49,1.49, 1.37, 1.35 and 1.31, respective-
ly. Minimum population of jassids was recorded on NI-
AB-Karishma (1.14), and NIAB-86 (1.15). However, in-
terestingly, the jassid population remained above economic
threshold level (ETL) in all varieties (Figure 2). These
findings are in accordance with the results of (Arshad and
Suhail, 2010) who reported no significant difference be-
tween Bt and non Bt varieties against jassid infestation.
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Figure 1: Mean infestation of cotton whiteflies on
different Bt and non Bt cotton varieties. Means followed
by the same letter in the same category are not significantly

different at P< 0.05
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Figure 2: Mean infestation of cotton jassid on different Bt
and non Bt cotton varieties. Means followed by the same
letter in the same category are not significantly different

at P<0.05

All the tested varieties were variably infested by pink boll-
worm. Maximum damage was observed in Bt variety La-

lazar (51.34%). Mean pink bollworm infestation was re-
corded to be 42.76,41.87,38.78,38.54,35.49, 34.91, 32.86,
28.62,26.72 and 24.18% on IR-NIBGE-1524, IR-NI-
AB-824, NIAB-846, IR-NIBGE-3, NIAB- Bt-1, NIAB-
777, NIAB-852, Bt-114, NIAB-86 and NIAB-Karishma,
respectively (Figure 3). Similar results were also reported
by Tabashnik et al. (2012), who observed resistance in pink
and American bollworm in different Bt cotton varieties.
The results we obtained, could have been an outcome of
ecological factors, or acquired resistance in pink bollworm.
The results of the study contradict with the findings of
Wan et al. (2004), who demonstrated that Bt varieties were
less damaged by pink bollworm than conventional non Bt
varieties.

There were significant differences regarding yield among
all the tested varieties. NIAB-Karishma was found to be
the most productive followed by IR-NIBGE-3, IR-NIB-
GE-1524, NIAB-86 with an average yield of 825, 720,
582 and 542 kg/acre, respectively. The yield of NIAB-Bt-1
(483 kg/acre), NIAB-777 (481 kg/acre) and NIAB-852
(474 kg/acre) were statistically similar. Minimum yield of
346 kg/acre was recorded for IR-NIAB-824 (Figure 4).
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Figure 3: Percent infestation of PBW on different Bt
and non Bt cotton varieties. Means followed by the same
letter in the same category are not significantly different

at P<0.05
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Figure 4: Yield per acre (Kgs) in different Bt and non Bt
cotton varieties. Means followed by the same letter in the
same category are not significantly different at P< 0.05.
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CLCuV vector whiteflies were observed to appear in low
densities just after the emergence of seedlings. The whitefly
population continued building up during the active growth
of the crop, although their population fluctuated greatly
during the whole period of the study. It was seen that none
of the tested varieties was disease free (Figure 5). All va-
rieties were infected systemically with virus and rated as
highly susceptible. However, there were wide variations in
percent disease index (PDI) ranging from 63 to 98% to
CLCuD among the examined 11 varieties. The differences
recorded for PDI were statistically significant. It was evi-
dent from
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Figure 5: Occurrence of CLCuV in different Bt and non
Bt cotton varieties. Means followed by the same letter in
the same category are not significantly different at P< 0.05.

LSD comparison that intensity of CLCuD was less in non
Bt NIAB-Karishma and NIAB-846 (63) as compared to
the Bt variety IR-NIAB 824 (98%). Disease symptoms
were observed to develop after 43 days of germination in all
the tested varieties. Severe symptoms started with a minor
vein thickening of young leaves, and gradually progressed
to severe vein thickening, leaf curling, reduction in leaf size
with “enations” of different types and sizes, deformation
of internodes, eventually culminating in severe stunting of
the plants with no or few bolls. These results line parallel
with the findings of Akhtar et al. (2010, and 2015) who
found that all existing Bt and non Bt-cotton varieties be-
longing to G. hirsutum species are susceptible to CLCuD.
Vulnerability to whitefly colonization also showed signifi-
cantly varied response among tested Bt and non-Bt cotton
varieties (Figure 1). However, the correlation between CL-
CuD symptoms severity and whitefly population levels was
non-significant for all the tested varieties except for Bt-
114. Non Bt varieties (NIAB-Karishma and NIAB-846)
showing minimum disease although it attracted maximum
whiteflies as received by other tested varieties having high
PDI. On the other hand Bt varieties Bt-114 showed bet-
ter response against whiteflies and virus. Previous studies
also proved that whitefly population levels do not correlate
significantly with disease incidence (Hameed et al., 1994;
Briddon et al., 2000; Akhtar et al., 2004).

CONCLUSIONS

From the above findings it is concluded that NIAB-Ka-
rishma was the most susceptible variety against whitefly
and there is a constant threat of CLCuV on this genotype.
Jassid was found to be the most damaging pest to all the
varieties. Whereas, pink bollworm infestation was highest
on Lalazar. Bt-114 showed better response against white-
flies and CLCuD. To minimize future losses in cotton, it
is suggested that this variety could be used along with ad-
aptation of management strategies in areas having severe

problem of whitefly and CLCuD.
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