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ABSTRACT

Selection pressure under laboratory conditions
of the field strain of pink bollworm Pectinophora
gossypiella (Saund.) collected from Sharkeya
Governorate, Egypt was carried out using the py-
rethroid insecticide deltamethrin. The obtained
results indicated that the resistance ratio attained a
level of 215.11-fold comparing with the suscepti-
ble strain after 14 generations of selection. In addi-
tion, the response of the obtained deltamethrin
resistant strain to some insecticides indicated the
cross-resistance to esfenvalerate whereas no cross-
resistance occurred to thiodicarb (carbamate),
chlorpyrifos (organophosphorus) and/or the bioin-
secticides, Dipel 2X and Agerin (derived from
Bucillus thuringiensis, subspecies kurstuki). These
data may emphasize the possibility of rotation of
deltamethrin with these insecticides in pest control
program of pink bollworm.

INTRODUCTION

Pink  bollworm  Pectinvphora  gossypiella
(Saund.) is one of the most serious pests attacking
cotton crop in Egypt and the most cotton produc-
ing countries which cause a great damage in the
quality and quantity of cotton yield (EI-Naggar,
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2003). In the early of 1980's, pyrethroid insecti-
cides were rapidly substituted for organophospho-
rus and organochlorine insecticides for control of
the pink bollworm due to their wide spectrum, low
dosage, high killing efficiency, low residue and
low toxicity to humans and animals (Kranthi et a/
2001). Unfortunately, resistance by the bollworm
to such insecticides became more and serious be-
cause of indiscriminate applications (Wang,
1992). Since the resistance of such pests are ex-
pected, the aim of the present work is to investi-
gate the development of resistance of P. gos-
sypiella to a pyrethroid insecticide, deltamethrin.
Also, cross-resistance to other insecticides was
studied.

MATERIALS AND METHODS

1. Bioassay and selection pressure procedures
for resistance

Newly hatched larvae of a susceptible strain of
P. gossypiella (Saund.) were obtained from the
Bollworm Research Division, Plant Protection
Research Institute, ARC, Dokki, Giza, Egypt.
Larvae were reared on semi-artificial diet under
faboratory conditions for several generations away
front exposure to any insecticidal pressure accord-
ing to the method described by Rashad and Am-
mar (1984). Field strain (parent) was collected
from Ebrahemia region, Sharkeya Governorate,
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Egypt during 2002-2003 cotton season and reared
under laboratory conditions as the same with sus-
ceptible strain.

Serial concentrations (0.1-500 ppm) of del-
tamethrin were sprayed into petri dishes (9 cm
diameter) using a hand atomizer in a three repli-
cates for each concentration. The treated surfaces
were left to dry. Thirty newly hatched larvae were
transferred with a clean brush to each treated dish.
The dishes were covered with toilet paper then
further covered with their covers and kept in an
incubator adjusted at 27 + 2°C and 70-85% R.H.
After an hour of exposure, the treated and un-
treated (check) insects were transferred indiyidu-
ally on semi artificial diet poured into glass tubes
(2 x 7.5 ¢cm) covered with cotton piece and kept
under the previous constant conditions.

The mortality percent was determincd and cor-
rected after 24 hours using the Abbott’s formula
(1925). From the corrected mortality percent and
the concentrations used, the toxicity regression
lines of the tested compound was plotted and rep-
resented in Log/probit relation according to the
method of Finney, (1972) using the computer
program, Sigma Plot for Windows, Version 2.0.
LCy, and LCso values were estimated from the
plotted toxicity lines. Selection for resistance was
carried out on the newly-hatched larvae at the
LC;y levels. (0.078 ppm) of deltamethrin was ap-
plied on artificial diet in glass tubes of (2x7.5cm) ,
each tube was infested by neonata! lurvae and
capped with cotton piece. Higher concentrations of
deltamethrin were used in subsequent generations
with the increase of resistance levels. 1.Cs, values
were estimated for 1%, 3%, 5" 6™ 7" 10" and 14"
generations. Development of resistance ratio as
well as relative resistibility for each generation
were calculated as follows:

Resistant ratio = LCsg of the selected strain

/ LCsp of susceptible strain.
Relative resistibility = LCsg of selected generation
/ LCsqof anterior generation.

2. Cross-resistance of deltamethrin resistant
strain to the tested insecticides

Both of the obtained resistant strain to del-
tamethrin and the susceptible strain were exposed
to various insecticides, i.e. esfenvalerate (a pyre-
throid compound), chlorpyrifos (an organophos-
phorous), thiodicarb (a carbamate), l:cotech and
Agerin (an bioinsecticides derived from Bacillus
thuringiensis, subspecies kurstaki). The newly

hatched larvae of each strain was exposed to serial
dilutions of the tested insecticides as mentioned
before. The corrected mortality percentages were
estimated and the LCs, values were evaluated ac-
cording to Finney, (1972). The resistance ratio of
the tested insecticides (LCsy value of R-strain /
LCjsq value of S-strain) was calculated and the dif-
ferences of 5-fold or more were considered as in-
dicating positive correlation while those between |
: 4-fold were considered as indicating to no corre-
lation. Differences less than 1-fold represented a
probable negative correlation.

J. Statistical Analysis

All of the toxicity values (LCsy’s) which esti-
mated from the plotted toxicity regression lines
and their corresponding slope values were calcu-
lated using the Probit Analysis Program designed
by Dr. Nabil AM. Abd EL-Salam, Plant Protection
Institute, Dokki, Giza, Egypt. The significant dif-
ferences between the mentioned values were sta-
tistically analyzed using the Computer program
Statitica for Windows, version 4.5.

RESULTS AND DISCUSSION

1. Development of resistance of pink bollworm
to deltamethrin

The estimated LCso values of deltamethrin to
the different strains of pink bollworm P. gos-
sypiella (Saund.) during fourteen generations of
selection are shown in Table (1), while the plotted
toxicity regression lines are illustrated in Figure
(1). The results clearly indicate that LCs values
increased gradually during the first five genera-
tions. At G3 the resistance ratio attained a level of
11.49-folds then increased in generations 5 and 6
to be 20.82 and 69.69-folds, respectively. With
further selection pressure, the resistance ratio in-
creased again during generations 7 and 10 to be
99.80 and 165.84-folds and reached 215.11-folds
in generation fourteen.

In addition, the toxicity regression lines were
characterized by slight fluctuations in the slope
values, which were comparatively low and were
nearly close to each other. In this respect Hoskins
and Gordon (1956) pointed out that the develop-
ment of true resistance was characterized by re-
gression line becoming shallower as it moves to
the right direction, finally it becomes steeper again
as resistance genotypes comes to characterize the
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Table 1. Rate of development of resistance to deltamethrin in P. gossypiella (Saund.) during
selection for 14 generations

Selectipn LCs, ('ppn‘l) ' Slope Re§istance R.t.‘,!a'ti?'t.‘.
generations (5%fiducial limits) Ratio (Fold) Resistibility

Susceptible 0.55 (0.28-1.06) 0.69 - -
Parent 1.03 (0.58-1.84) 0.63 1.87 -

Gl 2.93(1.82-4.71) 1.31 5.32 2.84

G3 6.32" (3.48-11.51) 0.73 11.49 2.16

G5 11.45" (7.98-16.42) 1.30 20.82 1.81

G6 38.33"" (23.46-62.62) 0.85 69.69 3.35

G7 54.90""" (31.66-95.20) 0.85 99.80 1.43

G10 91.21"" (61.60-135.06) 1.14 165.84 1.66

G4 118.31°" (82.89-168.87) 1.31 215.11 1.30

Comparing to the parent generation, (***) highly significant p < 0.001, (**) moderately signifi-
cant p £ 0.01 and (*) significant »» < 0.05 (student t-test).
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Fig. 1. Toxicity lines of deltamethrin to the tested generations of P. gossypiella
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new population. Moreover, Osman et al (1991)
reported that sixteen generations of larval selec-
tion of a field strain of pink bollworm P. gos-
sypiella exposed to permethrin produced 9.7-folds
resistance in adults. Higher slope values obtained
in FI12 through F16 generations indicated an in-
creasing of homogeneity in later gencrations. On
the other hand, the estimated slope values indi-
cated that a population that was apparently hetero-
geneous at the beginning of the study tended to
become relatively more homozygous as selection
progressed. However, similar finding was ob-
tained by Aldosari er al (1996) who found that
selection of field populations of bect armyworm
Spodoptera exigua for resistance to ¢yfluthrin for
eight generations resulted in a 54.1-lolds increase
in the estimated LDs, values. The regression lines
of all strains, including the susceptible strain
yielded relatively low slope values ol .09 to 2.13
indicating that high degree of genetic heterogene-
ity exists among these strains.

Generally, various investigators reported that
the selection pressure of tobacco budworm Helio-
this virescens with pyrethroids produced an in-
crease in levels of resistance comparcd to the sus-
ceptible strain. In such studies, it was found that

the selection pressure of larvae of the diamond-
back moth Plutella xylostella with permethrin in-
creased resistance. After twenty generations of
continuous selection pressurc resistance to perme-
thrin reached to be over than 600-folds in this
strain compared with the unselected parent strain.
Strain differences as well as the degree of homo-
zygosity of resistance may account for the dis-
crepancy (Jensen ef al 1984; Ibrahim er al 1996;
Zhao ef ¢l 1996 & Yu and Nguyen 1996).

2. Cross-resistance to certain insecticides

The determined LCs, values of the tested
insecticides on susceptible and deltamethrin
resistant strains after the selection pressure of P.
gossypiella for fourteen generations were listed in
Table (2) and the corresponding plotted toxicity
regression lines are illustrated in Figures (2-6).
The selected strain was apparently resistant to
esfenvalerate, i.e. 25.57-folds, conferred low resis-
tance to chlorpyrifos, i.c. 4.20-folds and low toler-
ant to thiodicarb, i.e. 3.18-fulds. On the contrary,
the impact of deltamethrin resistance as the po-
tency of the biopesticides, Agerin and Ecotech,
were negligible.

Table 2. Response of deltamethrin resistant strain of P. gossypiella (Saund.) to the tested compounds

Tested Susceptible strain Deltamethrin resistance strain
SOty S e
Estenvalerate 0.14 (0.09-0.20) 1.19 3.58"(2.35-5.47) 1.19 25.57
Chlorpyrifos 0.05 (0.04-0.07) 1.47 0.21°(0.14-0.31) 1.19 4,20
Thiodicarb 70.80 (53.22-94.18) 1.88  225.02°(159.34-317.77)  1.44 3.18
Ecotech 380 (280-500) 1.41 350 (270-450) 1.59 0.92
Agerin 350 (240-510) 1.12 340 (230-510) 1.02 0.97

Comparing between deltamethrin resistant strain and susceptible strain, (***) highly signilicant p < 0.001, (**)
moderately significant p < 0.01 and (*) significant p < 0.05 (student -test).
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Fig. 2. Toxicity regression lines of esfenvalerate against susceptible and
deltamethrin resistant strains of P. gossypiella
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Fig. 3. Toxicity regression lines of chlorpyrifos against susceptible and
deltamethrin resistant strains of P. gossypiella
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Fig. 4. Toxicity regression lines of thiocarb against susceptible and del-
tamethrin resistant strains of P. gossypiella.
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Fig. 5. Toxicity regression lines of Ecotech against susceptible
and deltamethrin resistant strains of P. gossypiella
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" Fig. 6. Toxicity regression lines of Agerin against susceptible and
deltamethrin resistant strains of P. gossypiella

Similar finding was reported by Riskallah es
al (1983) who showed that the selection pressure
of a field strain of Egyptian cotton leafworm
Spodoptera littoralis  with  fenvalerate  or
deltamethrin resulted in the development of
resistance to all pyrethroids, DDT and aminocarb
but showed no cross resistance to the or-
ganophosphate, methyl  parathion.  Several
investigators reported that there is no cross
resistance between pyrethroids and
organophosphorus, carbamate and microbial insec-
ticides, (Yu and Nguyen 1996; Liu and Jiang
1995; Wu ef al 1994 and Ayad and Phillabaum
1990). Also, Jensen er al (1984) found that a per-
methrin resistant strain of tobacco budworm A.
virescens had developed cross resistance to cy-

permethrin which was evaluated by 7.9-folds. Ta-
bashnik er al 1987 suggests that cross-resistance
between conventional insecticides and
B.thuringiensis is unlikely in diamondback moth.
In contrary, Elzen (1995) and Zhao et al (1996)
found that the tobacco budworm H. virescens re-
sistance strain to cypermethrin proved cross resis-
tance to organophosphates, i.e. profenofos and
azinophos methyl and carbamales, i.e. thiodicarb
and methomyl but the data did not indicate any
resistance o B. thuringiensis. Also, Aldosari ef al
(1996) reported that cyfluthrin selected strain of
beet armyworm S. exigua (Hubner) showed cross
resistance to methomyl whereas it was only
weakly cross-resistant to profenofos.
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