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Abstract: We evaluated effects of Bacillus thuringiensis subspp. aizawai and kurstaki, in the same
concentration as those isolated from sprayed plants at 0, 1, 3 and7 days post spraying, on the biological and
reproductive potential factors of Pectinophora gossypiella. Our investigation showed that mortality
percentages for larvae and pupae were reduced at the tested concentrations isolated from the one to seven
days after treatments. Also, a prolongation of larval durations as males and females were significant to
control ones. The percentage emergence and malformation of adults seemed not clearly affected due to the
tested concentrations. Inconsistent significancefor the adult longevity, pre-oviposition period and oviposition
period between some concentrations of both B.thuringiensis strains were recorded. Generally, egg production
showed a significant increase as concentrations decreased for both B. thuringiensis strains. Regarding
percentage of hatching inconsistent relation between the different concentrations of both B. thuringiensis
subspp. aizawai and kurstaki, were recorded and this may be due to malformation of adults. However, a
significant reduction in some of these parameters at different concentrations of both B. thuringiensis strains
was recorded compared to control ones. This inconsistent relation may be due to that the tested
concentrations used were closer to each other.
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INTRODUCTION

The pink bollworm, Pectinophora gossypiella
(Saunders), continues to be the most serious insect pest
of cotton world wide. Damage is caused in the late
season, as developing larvae tunnel through the boll wall
and then lint fiber as they move from seed to seed. The
burrowing activity stains lint, destroy fiber and reduce
seed weight, vitality and oil content. The pink bollworm
cut holes in boll walls as they leave bolls for pupation.
Holes may become infected with boll rotting
organisms[4]. The evolution of insecticide resistance,
which has been documented in more than 500 insect
species including pink bollworm[9], threatens agriculture
and human health world wide. The myriad examples of
insecticide resistance offer rich opportunities for
examining hypotheses about how response to selection
is affected by various factors[19,25,6]. Problems with insect
resistance to insecticides, resurgence of secondary pests
and regulatory actions limiting availability of some
widely used cotton insecticides[18].

Continuing concern about the need for new
approaches to pink bollworm control has resulted in

research exploring the potential of mating disruption
with the sex pheromones[24]. Attracticides and release of
sterile insects[11]. All these approaches focus on
manipulating of the reproductive biology of the
insects to achieve population suppression. On the other
hand, mating disruption result in prevention,
reduction or delay of mating. However, all these
control measures are not lethal to the insect and still
there is a need for use of chemical insecticides besides
these control strategies.

Bacillus thuringiensis can reduce reliance on
sprayed insecticides[23]. This pathogen is less harmful to
non target organisms, including beneficial insects,
wildlife and people[7]. Foliar applied formulations of B.
thuringiensis had also been used for control of pink
bollworm in cotton production[3,8], though its use has
declined since the introduction of B.t. cotton varieties.

The purpose of the present study is to explore the
effects of residual bacterial strains on the biological
and reproductive potential factors of pink bollworm
including larval and pupal development, egg production,
hatching, adult longevity and mortality measures of
larvae and pupae.
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MATERIALS AND METHODS

The microbial biopesticides used in this study were:
 B. thuringiensis subsp. aizawai used at rate of

(500g/400 L water)
 B. thuringiensis subsp. kurstaki, used at the rate of

(300 g/400 L water).

The bacterial strains were suspended in 1/2 L water
and sprayed by a pressure sprayer (1.1liter) on cotton
plants (5 months old) previously planted in pots (30 cm
diameter), fifteen pots were used for each treatment.
Zero time, one day, 3 days and seven days after
application of the bacterial pathogens, the residual spore
deposits on plants were determined as recorded by
Karimaand Abdel-Razek[14]. These residual spore counts
after each period were used as the concentrations tested
in this experiment. These counts were (15 × 105 , 11 ×
105 , 10 × 10 5 ,45 × 104) and (23× 105 ,15× 105, 12× 105

, 34× 104) for B. thuringiensis subsp. aizawai and B.
thuringiensis subsp. kurstaki at 0, 1, 3 and 7 days
,respectively .The biological activity of these residues
against larval instars, pupae and adults of pink
bollworm (PBW) were evaluated as follows: a volume
of 1 ml suspension of each aforementioned bacterial
concentration was homogeneity mixed with 1 gm of
artificial diet[17] but with out the antimicrobial agents,
then placed in Petri-dish (9 cm diameter) . Fifty neonate
larvae of a susceptible laboratory strain of pink
bollworm were added to each Petri-dish. A control
experiment was done, but Petri-dishes were prepared
with diet mixed with water only. Larvae of all
treatments were allowed to feed on the treated diet for
one and half hour then transferred individually to glass
tubes (2×7 cm) containing untreated artificial diet.
Tubes were plugged with cotton plugs and
incubated at 26±1°C and 70±5 % RH. Mortalities of
larval instars, pupal stage, larval period, larval
weight, pupal

period, pupal weight, % emergency of adults,
malformation of adults were recorded. After emergence
three pairs of adults were kept in glass tubes and
the pre-oviposion, oviposition periods, the longevity of
both sexes, egg production and percent hatching were
recorded for the control and treatments.

Statistical analysis: Mortality records were corrected by
Abbott's formula Abbott's[1]. All biological data were
subjected to analysis of variance (ANOVA). In addition
means were separated by Duncan's multiple range tests.

RESULTS AND DISCUSSIONS

Effects on larval and pupal mortalities: Data in
Table 1 show that percentage mortalities in 1st and 2nd

larval instars, total larval instars, pupae from total
number of larvae used didn’t show any relation between
different concentrations isolated from different periods
after spraying with B. thuringiensis subsp. aizawai.

On the other hand, a gradual decrease in percentage
mortalities of 1st and 2nd larval instars, total larval
instars, and pupae from total number of larvae used
were recorded as compared with the different periods of
the isolated B. thuringiensis subsp. kurstaki (Table 1).
The female larvae of pink bollworm as feeding on
residual spore counts of B. thuringiensis subsp. aizawai
showed a significant elongation of larval period as
compared with the control. Also, all the treatments were
significantly different from each other and from the
control treatment except the first treatment with
(24.0±3.3), (21.7±2.4) and (19.4±2.7) days as compared
by 15.8±1.6 days for the control. The male larvae
showed the same trend of retardation of larval period
except that no significance at the level of 0.05% was
recorded between the concentrations from the 3 and 7
days period of isolation (Table 2). Data from treatments
with B. thuringiensis subsp. kurstaki at period of
isolation

Table 1: Effects of the residual B. thuringiensis strains on pink bollworm (PBW) larval and pupal mortalities.
% Mortality in

Bacterial Period of Concentration ------------------------------------------------------------------------------------------------------------
strain isolation (spores/ml) 1st and 2nd instars only Total larval instars Pupae from total No. of larvae used
B. thuringiensis 0 time 15 × 105 14.38 5.3 7.37
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
subsp. aizawai 1 day 11 × 105 20.40 23.36 28.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 days 10 × 105 31.10 26.8 35.68
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7 days 45 × 104 16.28 18.92 26.06
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
B. thuringiensis 0 time 23 × 105 31.04 32.78 41.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
subsp. kurstaki 1 day 15 × 105 16.86 18.24 44.1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 days 12× 105 10.02 5.68 15.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7 days 34× 104 10.46 3.38 18.6
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Table 2: Effects of the residual B. thuringiensis strains on pink bollworm (PBW) larval and pupal durations and larval weights separated as
females and males.

Larval duration (days) Larval weight (gm) P u p a l
d u ra t i on
(days)

Mean±SD. Mean±SD. Mean±SD.
Bacterial Period of Concentration --------------------------------- --------------------------------------------- --------------------------------
strain isolation (spores/ml)      
B. thuringiensis 0 time 5 × 105 17.3±2.9d 17.1±2.2d 0.0327±0.006ab 0.0271±0.005a 13.5±1.5 13.6±2.1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
subsp. aizawai 1 day 11 × 10 5 24.0±3.3a 23.7±2.6a 0.0285±0.005bcd 0.0208±0.005a 13.0±2.5 14.6±2.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 days 10 × 10 5 21.7±2.4b 21.3±4.7bc 0.0266±0.007cd 0.0226±0.004a 13.3±0.6 13.0±1.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7 days 45 × 10 4 19.4±2.7c 18.4±2.8c 0.0302±0.006bc 0.0255±0.004a 14.5±1.2 15.3±1.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
B. thuringiensis 0 time 23 × 10 5 23.4±4.3ab 23.8±2.6a 0.0284±0.007bcd 0.0241±0.005a 13.9±2.4 14.3±1.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
subsp. kurstaki` 1 day 15 × 10 5 23.2±3.5ab 20.6±2.5c 0.0291±0.009bc 0.0341±0.004a 13.1±2.6 12.9±2.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 days 12× 105 22.9±2.9ab 22.4±2.9ab 0.0264±0.004cd 0.0215±0.0036ca 14.9±1.0 14.9±1.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7 days 34× 104 21.8±2.3b 20.7±2.8c 0.0241±0.006d 0.0236±0.0039a 14.7±2.6 13.8±1.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 15.8±1.6d 15.4±1.3e 0.0346±0.005a 0.0263±0.0035d 13.00±2.1 13.0±1.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD 1.614 1.523 0.00412 0.00136 n.s. n.s.
n.s. no significance. Means in the same column followed by the same letter are not significantly different at the level of 5 %.

Table 3: Effects of the residual B. thuringiensis strains on pink bollworm (PBW) moth emergence , malformation and longevity separated as
females and males.

% Emergence % adult emergence % Malformation Longevity (days) Mean±SD.
Bacterial Period of Concentration -------------------- from the total ---------------------- -------------------------------------
strain isolation (spores/ml)   treated larvae    
B. thuringiensis 0 time 5 × 105 100 93.8 67.4 6.3 0.0 34.6±6.9a 27.0±7.0b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
subsp. aizawai 1 day 11 × 105 84.6 80.0 41.3 18.2 0.0 25.1±9.2c 24.1±7.3bc

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 days 10 × 105 66.6 93.8 41.2 0.0 6.6 28.1±7.4bc 27.1±8.7b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
7 days 45 × 104 90.5 100 73.2 16.6 0.0 34.3±3.7a 33.5±4.3a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
B. thuringiensis 0 time 23 × 105 83.3 90.9 43.5 0.0 0.0 24.6±11.3c 20.0±7.6cd

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
subsp. kurstaki` 1 day 15 × 105 61.5 80.0 54.5 12.5 0.0 30.8±6.3b 27.1±7.6b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 days 12× 10 5 85.5 94.1 69.6 0.0 25.0 25.6±8.6c 19.4±6.3d

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
7 days 34× 10 4 77.3 85.7 48.9 5.9 0.0 23.6±4.7c 21.0±5.5cd

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 83.3 85.0 72.2 0.0 5.9 35.4±7.3a 33.4±7.6a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD 4.362 4.282
Means in the same column followed by the same letter are not significantly different at the level of 5 %.

0 time, 1 day , 3 and 7 days did not show any
significant difference for female larval duration between
treatments but a significant difference recorded between
them and the control experiment. The male larvae
showed a significant retardation in duration as compared
with the control once (Table 2).

The larval weight for males at both treatments with
B .thuringiensis subsp. kurstaki and aizawai At the
different concentrations were not significant except with
the control treatments. The female weights of control
treatment show clear significance with treatments except
with first treatment.

Pupal duration did not have any significance for
female and male pupae between treatment and control
with a mean duration of 13 days at the control of both
male and female pupae (Table 2).

Percentage of female and male emergence showed
gradual decrease from 100% to 66.6 % from 0 to 3 days
of isolation and 90.5 % for females treated with B.
thuringiensis subsp. aizawai at the concentration isolated
from period of 7 days. For males a gradual increase
from 80% at 1day period to 100% at 7 days period for
the same treatments compared to 85% for the control
experiment. For treatments with B. thuringiensis subsp.
kurstaki, the
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Table 4: Effects of the residual B. thuringiensis strains on pink bollworm (PBW) pre-oviposition period , oviposition period, number of eggs
per female and percentage of hatching.

Bacterial Period of Concentration Pre-oviposition period Oviposition period Egg No. / female %
Strain isolation (spores/ml) (days) Mean±SD. (days) Mean±SD Mean±SD Hatching
B. thuringiensis 0 time 5 × 105 3.0±1.4 f 24.0±3.4a 67.1±12.9abc 27.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
subsp. aizawai 1 day 11 × 105 13.3±1.1a 5.3±2.1e 10.2±8.0e 18.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 days 10 × 105 7.25±1.7c 12.0±1.4d 33.5±3.5de 41.7
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7 days 45 × 104 5.0±1.4de 18.0±2.7bc 82.1±13.5ab 14.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
B. thuringiensis 0 time 23 × 105 7.0±1.0c 14.3±4.9cd 10.2±3.9e 10.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
subsp. kurstaki` 1 day 15 × 105 9.5±0.07b 10.7±2.5de 58.5±40.0bcd 31.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 days 12× 105 4.16±1.4ef 24.1±8.6a 46.6±32.8cd 32.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7 days 34× 104 4.25±1.2ef 14.7±3.8c 53.4±37.8bcd 15.8
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 5.87±1.2cd 21.1±7.2ab 91.3±28.5a 71.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD 1.374 5.515 27.00
Means in the same column followed by the same letter are not significantly different at the level of 5 %.

different periods of isolation showed relationship
concerning emergence (Table 3). In a trial of testing
percent adult emergence from the total larvae used at the
beginning of the experiment, data showed a gradual
increase in % emergence from 41.3-73.2 as
concentrations isolated from 1 to 7 days decreased.
Also, an increase from 43.5-69.6% as concentrations
isolated from 0-3days decreased. The control adult
emergence was 72.2 % .

Malformation of control adults was zero for females
and 5.9% for males. This increased to 6.3, 18.2 and
16.6% for females reared as larvae on B. thuringiensis.
subsp. aizawai at periods of 0 times, 1day and 7days,
respectively, and to 6.6% for males reared as larvae on
the same treatment at the period of 3 days (Table 3).
Also, female larvae reared on B. thuringiensis subsp.
kurstaki showed a malformation as adults of 12.5 and
5.9 % at the isolation period of 1 day and 7 days
compared with zero malformation at control treatment
(Table 3).

The females' longevity showed a significant
decrease from 25.1 and 28.1days for the treatments
of B. thuringiensis subsp. aizawai isolated at periods of
1day and 3days compared with control. The males on
the other hand did not show significance between
treatments 0, 1, 3 days except with treatment of 7 days
period which was not significantly different compared
with control experiment (Table 3).

The treated larvae with B. thuringiensis subsp.
kurstaki generally did not show a clear significant in
female and male adults longevity at the different
concentrations tested, while a significant reduction in
these treatment compared with control was recorded
(Table 3).

Table 4 showed that the pre-oviposition period was
significantly affected at the most tested concentrations
for both treatments with B. thuringiensis subsp. aizawai
and kurstaki as compared with control and with a

gradual decrease in this period as concentrations
decreased for the periods from 1-7 days. inconsistent.
The other treatment (B. thuringiensis subsp. kurstaki)
showed significance with control except for the first
concentration isolated after 0 times. The same trend
also, occurred for the oviposition period with
maximum oviposition period 24.0 days for treatment
at zero time with no significance with control 21.1 days,
for the treatment with B. thuringiensis subsp.aizawai.
While with B.thuringiensis subsp. kurstaki, the
oviposition period seemed to be significant with the
control except the treatment at 3 days of isolation, with
no clear relation between concentrations (Table 4).

With respect to egg production in the treatment with
B. thuringiensis. subsp. aizawai the isolated
concentration at 1day and 3 days were significantly
reduced compared with the control while, those at zero
time and 7 days were not significant. On the other
hand, treatments with B. thuringiensis. subsp. kurstaki
were significantly reduced the egg production of pink
bollworm. The percentage of egg hatching at both
treatments was reduced at the tested concentrations
compared with the control with inconsistent relation
between the tested concentrations (Table 4).

Cotton (Gossypium barbadense L.) in Egypt is
attacked by various insect pests and diseases during the
different stages of its development. The pink
bollworm, P . gossypiella (Saunders) is among the
primary pests of cotton causing most damage.

The system of cotton peat management adopted in
Egypt is described in relation to the economic thresholds
of infestation of various species. The management
system includes cultural, mechanical, chemical and
microbial control methods [20]. Hosny[12] accomplished a
season-long control of pink bollworm with 3-4
applications of pheromone, gossyplure. The application
of it at the pin square stage of the cotton plant is
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achieving control by mating disruption comparable to
3-4 application of broad spectrum chemical insecticides
and this has resulted in reduction of up to three
pesticide application in areas where the pink bollworm
infestation is exceptionally high.

The foregoing results indicate that toxins produced
by different strains of B. thuringiensis can have different
spectra of activity against pink bollworm. Burgerjon and
Dulmage[5,21] and Salama et al. reported similar results
judged by the variation in the units/mg of several
formulations of different varieties of B. thuringiensis.
Our results showed that severa l life-h istory
characteristics of pink bollworm were influenced to
varying degrees by different strains of B. thuringiensis
and also within the strains by the different
concentrations used. Although the different strains of B.
thuringiensis did not show any correlated percentage
larval and pupal mortalities, it seemed to be reduced
starting from the period of 1 day to 7 days of isolation
of concentrations tested.

The results obtained revealed that B. thuringiensis
subsp. kurstaki gave promising results on prolongation
of larval duration as compared with the other strain B.
thuringiensis subsp. aizawai and with the control. These
results are inconsistent with those reported by Salama et
al. and Abdel-Razek[22,2] for Plodia interpunctella,
Sitotroga cerealella and Cadra cautella, Tribolium
confusum, respectively. The larval weights for males and
females were significantly reduced compared to control
but with no differences between both sexes.

Ignoffo and Graham[13] recorded the susceptibility of
P. gossypiella to spores of B. thuringiensis and the
pupation rate of survivors exposed to spores as newly
hatched larvae was inhibited and pupal weight decreased
with increase in concentration.

The percentage of emergence and malformed adults
seemed to be not clearly affected; this may be due that
the concentrations tested were nearly lower.

The longevity of either sex was not affected by
treatment with B. thuringiensis subsp. aizawai as
compared to control, while those treated as larvae with
B. thuringiensis subsp. kurstaki showed significance
with control. Due to the fact that the isolated bacterial
strains from plants represented the different
concentrations used and while they seemed to be closer
to each other, the resulting parameters of pre-oviposition
period, oviposition period, egg production and percent
hatching in general showed insignificant between the
different concentrations of both B. thuringiensis subspp.
aizawai and kurstaki, although a significant reduction
was recorded in some of these parameters compared to
the control.

The aforementioned observations with our
laboratory susceptible pink bollworm strain could be

explained due to the binding affinity of B. thuringiensis
toxins to target sites in the brush border membrane
vesicles (BBMVs) of larval pink bollworm midgut is
high, this is why in resistant insects this binding affinity
was reduced or the toxins did not bind to any additional
binding sites as described by Karim et al.[15,10] and
Gonzalez-Cabrera et al. Also, because the larval midgets
of pink bollworm are alkaline and contain proteases that
help in the solubilization and activation of B.
thuiringiensis toxins. The same finding was reported
by Meyer et al.[16]. From the mortality records for pink
bollworm in this study we conclude that the
concentration used as isolated from the cotton plants
at the aforementioned periods, could be under the
sublethal doses that's why the results for some biological
parameters dose not have any correlated significance
although in most cases there were a significance
compared with the control experiment. However, the
biological effects recorded so far may reduce the ability
of pink bollworm to cause damage to cotton plants.
These effects could be increased by increasing the
concentrations.

Accordingly, continuous or intermittent exposure of
newly hatched larvae of pink bollworm to lower
concentrations as that used may be as significant as
death itself for effective control of the insect pest from
one side to prevent the introduction of resistance among
these susceptible strain of pink bollworm to B.
thuringiensis biopesticides.
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