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ARTICLE INFO ABSTRACT

Avrticle History The present study was performed in order to evaluate the biological
Received: 5/9/2016 and biochemical effects of commercially formulated Bacillus
Accepted: 1/11/2016 thuringiensis kurstaki (BTK) and a locally isolated BTK against the

cotton leafworm, Spodoptera littoralis, under laboratory conditions. Two
Key words: commercial bioinsecticides; Protecto® and Dipel DF®, and the local
cotton leafworm isolated B. thuringiensis kurstaki (BTK) were tested against 2" and 4"
Spodoptera littoralis instar larvae of S. littoralis. The results showed a decrease in both mean
Bacillus thuringiensis larval and pupal duration of the larvae, which were treated as 2™ and 4™
kurstaki instar larvae. The results also showed a decrease in the rate pupation and
commercial formulations the adult emergence percentage compared to the control. The results also
biological aspects showed influenced by the mean adult longevity for both male and female
non-specific esterases moths as a result of treatment with studied compounds. In addition,
ALP results showed that the treatment with tested bioagents led to a negative
ACP impact on the activity of certain enzymes.

INTRODUCTION

In Egypt, the cotton leafworm Spodoptera littoralis (Boisduval) (Lepidoptera:
Noctuidae) is destructive phytophagous lepidopterous pest causing various ravages
not only for cotton plants (Ahmad, 1988 and Hatem et al., 2009) but also for other
field crops, vegetables (Hosny et al., 1986), ornamentals and orchard trees
(Dominguez, 1993 and Belda et al., 1994) all over the year in Egypt (Hamouda and
Dahi, 2008). Development of an effective control method against this pest is urgently
needed since it does serious damage to many important agricultural crops in Egypt.
There is a serious interest in the use of microbial insecticides for biological control of
the cotton leafworm, as alternatives to chemical control, since they neither leave toxic
chemical residues in the environment nor do they develop resistance in their insect
hosts. And hence, the public awareness and concern for environmental quality, has led
to more focused attention on research aiming at developing biological agents. A
promising strategy with good potential to control insect pests and, at the same time, to
minimize the adverse effects of chemical insecticides is the use of microbial agents
(Ahmed and El-Katatny, 2007). For the purpose of evaluating the different biological
and biochemical effects of commercially formulated Bacillus thuringiensis kurstaki
(BTK) and a locally isolated BTK, the present study was conducted under laboratory
conditions.
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MATERIALS AND METHODS
Insects used

A laboratory susceptible strain of
the cotton leaf worm Spodopter littoralis
(Boisd.) (Lepidoptera: Noctuidae), reared
for more than 10 generations was
obtained from the Research Division of
the cotton leaf worm, Plant Protection
Research Institute. Insects were reared
under controlled conditions in an
incubator at 26 + 2° C, of 65 £ 10% R.
H., and 8:16 L: D photoperiod at the
Plant Protection Research Institute,
Dokki-Giza, Egypt (EI-Sawaf, 1971).
Bacterial isolation:

Soil samples from maize field at
El-Dakhaly village, the western side of
Rashid branch, Kom Hamada Center,
Beheira Governorate were collected in
glass flasks. About 1g of soil was
cultured in 10mL of Nutrient Broth for
24h at 30°C with orbital shaking at
150rpm. From the culture, 2mL was
taken and heat-shocked in water bath at
60°C for 1lh. Then the samples were
spread on Nutrient Agar plates (0.5%
Peptone, 0.3% beef extract, 0.5% NaCl
and 1.5% agar), incubated at 30°C for
24h and checked for the presence
characteristic colonies of B. thuringiensis
phenotype (matte white colour, flat, dry
and uneven borders). Each sporulated
culture was then heat fixed and stained
(0,133 % Coomassie Blue stain in 50 %
acetic acid) in a glass microscope slide
(Ammons et al., 2002). The Bt-like cells
identification ~ was  performed by
microscopic examination using a Leyca
DM 750 bright field microscope (Leyca
Microsystems).

Molecular characterization of Bacillus
thuringeinsis kurstaki:

The locally isolated B.
thuringiensis strains were grown for 24 h
on LB broth medium at 30°C as follows:
1) Pellets of 5 x 10° cells were grown in
suspension. This was done by spinning at
1200xg in a centrifuge tube. The
supernatant was discarded. Then the cells
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was washed once with PBS and
resuspended with 200 pl cold (4°C) PBS;
2) 25 ul of OB Protease (D3496) or
Proteinase K (D3495) was added at 20
mg/ml solution; it was vortexed to mix
well, and incubated at 65 °C for 5 min to
complete lysis; 3) 220 ul Buffer BL was
added and vortexed to mix well. It was
incubated at 70 °C for 10 min. 4) The
column was placed in a second 2 ml tube
and washed by pipetting 750 ul of wash
Buffer diluted with ethanol; it was
centrifuged at 8,000xg for 1 min, and
collection tube and flow-through liquid
were disposed; 5) A new collection tube
was used, the column was washed with a
second 750 ul of wash Buffer and
centrifuged as above. Discard flow
through; 6) the same collection tube was
used, centrifuged at highest speed
(10,000 x g) for 2 min, to dry the column.
7) The column was placed in a sterile 1.5
ml microfuge tube and 200 pl of
preheated (70°C) Elution Buffer was
added. Tubes were allowed to sit for 3
min, at room temperature. Incubating at
70°C rather than at room temperature
will give a modest increase in DNA vyield
per elution. Alternatively, the second
elution may be performed using the first
eluate. The expected yield from a 30 mg
sample is 8-35 pg genomic DNA,
depending on type of tissue.

Polymerase chain reaction (PCR)

PCR amplification of the Cryl gene
of the local B. thuringiensis strains was
conducted using according to the
procedure previously published by
Ahmed et al. (2015). All molecular
identification techniques were performed
at the Central Laboratory, Faculty of
Science, Ain Shams University.

Tested compounds

Two commercial bioinsecticides;
Protecto® WP 9.4% (32x10° IU/mg of
Bacillus thuringeinsis kurstaki) and Dipel
DF® WP 6.4% (32x10° IU/mg of
Bacillus thuringeinsis kurstaki), and the
local isolated B. thuringiensis kurstaki
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(BTK) were tested against 2" and 4"
instar larvae of S. littoralis. The tested
bioagents were obtained from Plant
Protection Research Institute
Biopesticide Unit Production and applied
at half recommended dose.

Biological tests

The half of the recommended
concentration of the product was
obtained according to the

recommendation of the Egyptian
Ministry of Agriculture. 0.125g of each
commercial product was dissolved in a
100ml of distilled water. The isolated B.
thurin%einsis was used at concentration
65x10° spores/ml. Newly ecdysed 2™ and
4™ instar S. littoralis larvae (12-24 h old)
were offered castor bean oil leaves
treated with Protecto and Dipel DF at
0.125 gm/100 ml distilled water, and
isolated B. thuringeinsis at concentration
65x10® spores/ml for 48h. After
treatment time, larvae were offered
untreated leaves. Treatment of larvae was
conducted by the leaf dipping technique
(Tabashnik et al., 1991). Two sets of five
replicates each contain 10 newly molted
2" and 4™ instar larvae for each
concentration of each tested product. The
same numbers of larvae were considered
as a control, these larvae were offered
castor oil leaves immersed in distilled
water. The following parameters were
recorded:
Larval instars duration, from the initial
treated instar up to pupation.
Percentage of pupation and mean pupal
duration.
Percentage adult emergence and mean
adult longevity.
Biochemical tests

Larvae at 6" instar larvae that
survived treatment with tested bioagents

at 4t instar larvae were selected. The
larvae of each instar were anaesthetized
and rinsed with 5 ml acetone to remove
surface residues, the larvae were weighed
then homogenized in phosphate buffer
(pH7) using a Teflon tissue homogenizer
surrounded by crushed ice. The
homogenates were centrifuged at 8000
rom for 20 min at 4° C and the
supernatant was used directly for the
determination of the following:

Enzymes assay

The following enzymes activity
was determined:

Non-specific a- and - esterase
activity was measured as described by
Van Asperen (1962) using a-naphthyl
acetate and  [B-naphthyl  acetate,
respectively, as substrates.

Acid and alkaline phosphatase
activity was measured from the larval
heamolymph as described by Laufer and
Schin (1971).

Statistical analysis:

Data were statistically analyzed by
ANOVA procedure (Snedecor and
Cochran, 1980) at P<0.05 using SPSS
statistics 17.0 release 17.0.0 software.
When the ANOVA statistics were
significant at (P < 0.01), means were
compared by the Duncan's multiple range
test using SPSS 17.0 software.

RESULTS AND DISCUSSION

Bacterial identification

Microscope examinations of the B.
thuringiensis strain indicated that the
bacteria were gram positive, rod-shape
cells containing only one endospore. The
polymerase chain reaction products for B.
thuringiensis subsp. Kurstaki were 521
bp for CrylA (Fig. 1).
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Fig. 1. Agrose gel eiecuupnuiesis vl FUK ampnned prouuct ul CiyitA gene from local isolate of B.
thuringeinsis kurstaki; Lane (1): DNA ladder (1000 bp), Lane (2): Amplified product of the

isolated B. thuringeinsis kurstaki at 521 bp.

Biological studies:
Larvae that treated as 2™ and 4"
instar larvae, and survived treatment with

half recommended concentrations of
Protecto® and Dipel DF®
(0.125¢/100ml), and isolated  B.

thuringeinsis (at concentration 65x10°
spores/ml) showed that the duration of
those instars and their subsequent instars
up to pupation was affected (Table 1).
Obtained results showed that the
mean larval durations of treated 2" and
4™ instar larvae with tested agents were
decreased compared to control. Results
also showed that there was a low
significant difference obtained in case of
Protecto® compared to control, while no

significant difference obtained when both
Dipel DF® and isolated BTK. Results
also revealed that the pupation
percentage of 2" and 4™ instar larvae
survived treatment with tested bioagents
decreased to approximately  half.
Obtained results showed that treatment
with tested bioagents shortened the mean
pupal duration of survived pupae that
treated as 2™ and 4™ instar larvae. Low
significant difference was obtained in
case of Protecto® and Dipel DF®. No
significant difference was observed in
case of treatment with BTK in survived
pupae that treated as 2" and 4™ instar
larvae.

Table 1: Effect of Protecto®, Dipel DF®, and isolated Bucillus thuringiensis kurstaki (BTK) on mean
larval duration, mean pupal duration, and pupation percentage of Spodoptera littoralis treated as

2" and 4" instar larvae

Treatment Larval duration (days) Pupation % Pupal duration(days)
Mean +S.E. Mean + S. E.
2nd 4th 2nd 4th 2nd 4th
Protecto® 13.6+0.24° 12.6+0.24° 65.9 49.8 11.3£1.5 9.3+1.30°
Dipel DF® 14.5+0.12° 12.01+1.70° 52.0 50.0 12.0+0.55° 11.2+0.37°
BTK 14.3+0.10° 12.11+0.43* | 49.33 48.65 12.9+0.67° 13.0+1.40°
Control 15.4+0.24° 10.4+0.24° 100 100 13.6+0.5° 14.0+1.70°

Means followed by the same letter in a column are not significantly different at the 5% level of
probability (Duncan’s Multiple Range Test).
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Data presented in Table (2) showed
the latent effect of tested bioinsecticides
on adult emergence rate and mean adult
longevity for adults treated as 2™ and 4"
larval instars. Results showed that
Treatment of 2" and 4" instar larvae
with tested bioagents reduced the adult
emergence rate. In addition, results
showed that the smallest adult emergence

percentage was observed when the BTK
isolate was applied.  Furthermore,
obtained data revealed shortening in
mean male adult longevity for all
treatments, although no significant
difference was detected. On the other
hand, the mean female adult longevity
was increased and no significant
difference was observed.

Table 2: Effect of Protecto®, Dipel DF®, and isolated Bucillus thuringiensis kurstaki (BTK) on adult
emergence percentage and mean adult longevity of Spodoptera littoralis treated as 2" and 4"

instar larvae

Treatment | % Adult emergence Adult longevity (days) Mean + S.E.
2nd 4th an 4th
? ) Q J
Protecto® | 94.40 94.20 15.3+0.57% | 11.30+0.10"° | 16.3+0.57% | 11.30+0.10°
Dipel DF® | 93.70 94.10 15.3+0.57% | 11.54+1.00"° | 14.3+0.57° | 11.54+1.00°
BTK 81.25 89.20 15.7¢1.15° | 12.87+0.87% | 14.7+1.15" | 12.87+0.87°
Control 100.0 100.0 14.6+0.58% | 13.60+1.15% | 14.9+0.58"° | 12.90+0.98°

Means followed by the same letter in a column are not significantly different at the 5% level of

probability (Duncan’s Multiple Range Test).

These  results agreed  with
previously published researches by
Dutton et al. (2003); Gamil (2004);
Abdel-Aziz (2007); and Abdel-Salam et
al. (2013) found that the development
time of larvae and pupae were extended
as well as adult emergence after
treatment with bacterial agents. Results
also agreed with Hegab and Zaki (2012)
who found the same effects when treated
both the pink bollworm, Pectinophora
gossypiella and the spiny bollworm,
Earias insulana larvae, with biocide Btk
(Dipel 2x). Abedi et al. (2014) reported
similar delay in mean larval duration,
mean pupal duration, and mean adult
longevity.

Biochemical studies:
Effect of tested bioinsecticides on a-
and B- esterases activity:

Data presented in Table (3) showed
the effect of treatment of 4™ instar larvae
with tested bioagents on the nonspecific
esterases (o- and B- esterases) in late 6"
instar larvae. Results showed that
treatment with Protecto® and Dipel DF®
decreased the  [-esterase  activity
compared to control. However, treatment
with BTK isolate increased the p-esterase
activity.

Results also showed that the o-
esterase activity was highly increased
due to treatment with all tested bioagents
compared to control. BTK treatment has
the highest enzyme activity.

Table 3: Effect of Protecto®, Dipel DF®, and isolated Bucillus thuringiensis kurstaki (BTK) on a-
esterase and B-esterase activity in the late 6" instar larvae of Spodoptera littoralis treated as 4"

instar larvae

Treatment [-esterase activity (ug pB- a-esterase activity (ug a-
naphthol/min./g.b.wt) (Mean +S.E.) naphthol/min./g.b.wt) (Mean £S.E.)
Protecto® 1188.00+7.81° 618.3315.49"
Dipel DF® 1096.66+10.52° 667.334.33°
BTK 1214.66+20.62° 684.33+8.09°
Control 1132.66+18.70° 424.33+8.69°

Means followed by the same letter in a column are not significantly different at the 5% level of

probability (Duncan’s Multiple Range Test).
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Effect of tested bioinsecticides on Acid
Phosphatase (ACP) and Alkaline
Phosphatase (ALP) activity:

Effect of treatment of the 4" larval
instar with tested bioagents on the
detoxification enzymes, Acid
phosphatase (ACP) and  Alkaline
phosphatase (ALP), in the late 6" instar
larvae of S. littoralis is shown in Table
(4). ACP activity decreased significantly
in all treated groups comparing to the
control. In addition, treatment with tested
bioagents decreased the ALP activity
compared to untreated larvae. Generally
speaking, increase of activity of
detoxification enzymes is the most
universal resistant mechanism in insects.
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As a result of infection with B.
thuringiensis kurstaki the epithelial cells
undergo an excessive oxidation due to
bacterial endotoxin, viral replication and
their combined action. This may be
caused a stress on the lysosome, leading
to their rupture, and finally the release of
the acid phosphatase enzyme. It has been
reported that substances and bioagents
can increase the number of lysosomes
inside the cell as defensive mechanism
against the attack of these substances
(Assar et al., 2010; Gaikwad et al., 2010;
and Mohamed and Mohamady, 2010).
The levels of acid phosphatase can be
used as a marker on the cell death
(Mohamed and Mohamady, 2010).

Table 4: Effect of Protecto®, Dipel DF®, and isolated Bucillus thuringiensis kurstaki (BTK) on Acid
Phosphatase (ACP) and Alkaline Phosphatase (ALP) activity in the late 6" instar larvae of S.

littoralis treated as 4" instar larvae

Treatment ACP activity (Ux10° ml/gm per body ALP activity (Ux10° ml/gm per body
weight) (Mean+ S.E.) weight) (Mean+ S.E.)
Protecto® 34.00 £0.76° 293.00 +3.60°
Dipel DF® 36.90 +0.66" 311.33 +3.48°
BTK 29.70 +0.62° 276.00 +7.37°
Control 42.26 +5.42° 512.66 +9.82°

Means followed by the same letter in a column are not significantly different at the 5% level of

probability (Duncan’s Multiple Range Test).

REFERENCES

Abdel-Aziz, M. M. M. (2007).
Controlling of the cotton leafworm,
Spodoptera littoralis (Boisd.), by
using environmentally safe
(nontraditional) methods. M. Sc.
Thesis, Inst. Environmental Studies
and Research, Ain Shams Univ.

Abdel-Salam, A. H.; Mabrouk, A. M.;
and Fayez, N. M. (2013). The
virulence of two bioinsecticides
(protecto and viruset) and their
efficacy on some biological aspects
of Spodoptera littoralis (Boisd.)
(Lepidoptera: Noctuidae). J. Plant
Prot. and Path., Mansoura Univ.,
4(3): 279-286.

Abdel-Hai, N. S. and EI-Sherif, S. A. N.
(2012). Field and seme-field
evaluation of biocides locally
formulated against the field cotton

leafworm  Spodoptera littoralis
(Boisd.). J. Plant Prot. and Path.,
Mansoura Univ., 3(6): 563-570.

Abdel-Salam, A. H.; Mabrouk, A. M.;
and Fayez, N. M. (2013). The
virulence of two bioinsecticides
(Protecto and Viruset) and their
efficacy on some biological aspects
of Spodoptera littoralis (Boisd.)
(Lepidoptera: Noctuidae). J. Plant
Prot. and Path., Mansoura Univ.,
4(3): 279-286.

Abedi, Z.; Saber, M.; Vojoudi, S
Mahdavi, V.; and Parsaeyan, E.
(2014). Acute, sublethal, and
combination effects of azadirachtin
and Bacillus thuringiensis on the

cotton  bollworm,  Helicoverpa
armigera. Journal of Insect Science
14:30. Available online:

http://www.insectscience.org/14.30




Estimation of the Efficiency of Bacterial Isolate Compared to Commercial Formulated Bioinsecticide$ 51

Ahmad, T. R. (1988). Field studies on
sex pheromone trapping of cotton
leafworm  Spodoptera littoralis
(Boisd.) (Lepidoptera: Noctuidae).
J.Appl. Entomol. 105: 212-215.

Ahmed, H. A,; Ali, S. G.; and Abdul-

Raouf, U. M. (2015). Isolation,
characterization and molecular
identification of Bacillus

thuringiensis Alex-13 isolated from
Egypt against Spodoptera littoralis.
International Journal of
Microbiology and Allied Sciences,
2(2): 34-44.

Ahmed, A. M. and El-Katatny, M. H.
(2007). Entomopathogenic fungi as
biopesticides against the Egyptian

cotton  leafworm,  Spodoptera
littoralis:  between  biocontrol-
promise and immune-limitation.

Journal of Egyptian society of
toxicology, 37: 39-51.

Alaa-Eddeen, M. S. (2008).
Characterization of an Egyptian
Spodoptera littoralis
nucleopolyhedrovirus and a
possible use of a highly conserved
region from polyhedron gene for
nucleopolyhedrovirus  detection.
Virology J. 5:13 1-11.

Ammons, D.; Rampersad, J.; and Khan,
A. (2002). Usefulness of staining
parasporal bodies when screening
for Bacillus thuringiensis. J.
Invertebr. Pathol.; 79(3): 203-206.

Assar, A. A.; Abo El-Mahasen, M. M.;
Khalil, M. E.; and Mahmoud, S. H.
(2010). Biochemical effects of
some insect growth regulators on
the house fly, Musca domestica
(Diptera:  Muscidae). Egyptian
academic Journal of biological
Science, 2(2): 33-44.

Asher, K. R. S. (1993). Nonconventional
insecticidal effects of pesticides
available from the Neem tree,
Azadirachta indica. Archives of
insect biochemistry and
physiology, 22(3-4): 433-449.

Belda, J.; Casado E.; Goémez, V.
Rodriguez, M. D.; and Séez E.
(1994). Plagas y enfermedades de
los cultivos horticolas intensivos.
Phytoma Espafia, 57: 9-40.

Carter, D. (1984). Pest Lepidoptera of
Europe with special reference to
the British Isles. Junk Publishers,
Dordrecht, the Netherlands.

Casida, J. E. and Quistad, G. B. (1988).
Golden age of insecticide research:
past, present, or future? Annu. Rev.
Entomol.; 43: 1-16.

Costa, L. G.; Giordano, G.; Guizzetti,

M.; and Vitalone, A. (2008).
Neurotoxicity of pesticides: a brief
review. Frontiers BioSci.; 13:
1240-1249.

Dominguez, F. (1993). Plagas vy
enfermedades de las plantas
cultivadas.  Ediciones  Mundi-

Prensa, Madrid, pp. 821.

Davies, T. G. E. and Field, L. M
Usherwood, P. N. R.; and
Williamson, M. S. (2007). DDT,

pyrethrins and insect sodium
channels. IUBMB Life, 59: 151-
162.

Dutton, A.; Klein, H.; Romeis, J. and
Bigler, F. (2003). Pre-mediated
effects of Bacillus thuringienisis
spray on the predator Chrysoperla
carnea in  maize. Biological
Control, 26(2): 209-215.

El-Sawaf, B. M. (1971). Effect of some
chemical insecticides on the
reproductive system and
reproduction in  the  cotton
leafworm  Spodoptera littoralis,
Boisd. (Prodenia litura). Ph. D.
Thesis. Fac. Sci. Ain Shams Univ.

EPPO. (2008). European and
Mediterranean  Plant  Protection
Organization. Spodoptera litura

Fabricious EPPO Bull. 9, 142-146.
Gaikwad, Y. B.; Gaikwad, S. M.; and
Bhawane, G. P. (2010). Effect of
induced oxidative stress and herbal
extracts on acid phosphatase
activity in  lysosomal and



152

microsomal fractions of midgut
tissue of the silkworm, Bombyx
mori. Journal of Insect Science.
10:113. Available online at:
insectscience.org/10.113.

Gamil, W. E. (2004). Production of some
bioformulations and study of their
efficiency on some physiological
traits in some insect species M. Sc.
Thesis, Fac. Agric., Ain Shams
Univ.

Gbémez, C. and Arroyo, M. (1994).
Principales Aoctuidos Actuales de
Interés Agricola (Edifur, S.A)).
Madrid, Spain, 145pp.

Hamouda, L. S. and Dahi, H. F. (2008).
Neurotoxic effect of spinetoram on

Spodoptera littoralis  (Boisd.)
larvae. Egypt. Acad. J. Biol. Sci.;
1(2): 27-36.

Hatem, A. E.; Abdel-Samad, S. S. M.;
Saleh, H. A.; Soliman, M. H. A;;
and Hussien, A. [I. (2009).
Toxicologyical and physiological
activity of plant extracts against
Spodoptera littoralis (Boisduval)
(Lepidoptera: Noctuidae) larvae.
Boletin de Sanidad Vegetal Plagas,
35:517-531.

Hegab, M. E. M. A. and Zaki, A. A. A.
(2012). Toxicological and
biological effects of bacteria,
Bacillus thuringiensis kurstaki on
Pectinophora gossypiella (Saund.),
and  entomopathogenic  fungi,
Beauveria bassiana on Earias
insulana (Boisd.). J. Plant Prot. and
Path., Mansoura Univ., 3 (3): 289-
297.

Hosny, M. M.; Topper, C. P.; Moawasd,
G. G.; and El-Saadany, G. B.
(1986). Economic damage
threshold of Spodoptera littoralis
(Boisd.) (Lepidoptera: Noctuidae)
on cotton in Egypt. Crop Protec.; 5:
100-104.

Laufer, H. and Schin, K. S. (1971).
Quantitative studies of hydrolytic
enzymes activity in the salivary
gland of Chironomus tentans

Sara M. I. Abd El-Kareem and Mohamed F. Abdel Aziz

(Diptera:  Chironomidae) during
metamorphosis. Can. Entomol.;
103: 454-457.

Mohamed, A. I. and Mohamady, A. H.
(2010). Biochemical and
toxicological studies on different
field strains of cowpea aphid, Aphis
craccivora (Koch). Egyp. Acad. J.
biolog. Sci.(A-Entomology) Vol.
2(2): 39-43.

Mosallanejad, H. and Smagghe, G.
(2009). Biochemical mechanisms
of methoxyfenozide resistance in
the cotton leafworm Spodoptera
littoralis. Pest Manage. Sci.; 65:
732-736.

Moussa, M. A.; Zaher, M. A.; and Kotby,
F. (1960). Abundance of the cotton
leaf worm, Prodenia litura (F), in
relation to host plantes. I. Host
plants and their effect on biology
(Lepidoptera: Agrotidae:
Zenobiinae). Bull. Entomol. Soc.
Egypt, 44: 241-245.

Relyea, R. A. (2009). A cocktail of
contaminants: how mixtures of
pesticides at low concentrations
affect aquatic communities.
Oecologia, 159: 363-376.

Schroer, S.; Sulistyanto, D.; and Ehlers,
R. (2005). Control of Plutella
xylostella using polymerformulated

Steinernema  carpocapsae and
Bacillus thuringiensis in cabbage
fields. J.  Appl. Entomol.

129(4):198-204.

Snedecor, G W and Cochran, W G.
(1980). Statistical methods. 7th
edition, lowa State University
Press, Ames, lowa.

Tabashnik, B.E.; Finson, N. and Johnson,
M.W. (1991). Managing resistance
to Bacillus thuringiensis: Lessons
from the diamondback moth
(Lepidoptera: Plutellidae). Journal
of economic entomology, 84(1):
49-55,

Thompson, G. D.; Hutchins, S. H.; and
Sparks, T. C. (1999). Development
of spinosad and attributes of a new



Estimation of the Efficiency of Bacterial Isolate Compared to Commercial Formulated Bioinsecticide$ 53

class of insect control products. Van Asperen, K. (1962). A study of

University of Minnesota. Available housefly esterase by means of

at:http://www.ipmworld.umn.edu/chapters sensitive colourimetric method. J.

/hutchins2.htm Insect Physiol.; 8: 401-416.
ARABIC SUMMERY

Ol (358393 Aadla A Ade ) Cun (e Ay jlail) il pally Lgis e g A1 g jaall Ly AS0Y) BeldS i
y

g

el ae ath seaa oy Sl e ) ) desa bl
CliLll 48 5 & ga agma - dadll (3558350 G ga ansd

leilalra 2ie cylall (35 53 92) AilaasS guall 5 Aam o gl Y g and ) AMad) A all by
a L Gl dglaall A el el s Saniaaty 58 Gebialll L S 4 el G puasiidll (any
A e BTK Aglaall &1 32l 5 <ol o0 Julall 5 555 ) (5 pmnioe (o ISV 4y o sall € 5l alasiiad
b paliad) il ¢ yelal 88y dlesall CagHhall s el (555 3350 8y aal Hl 5 Sy sandl e
205 (SN G pandl IS 8 Lgilalae i Al Bl (5 1aal) ead) dansia s (Aol jeal) ass gia (4e OIS
Cana gl g 5 mSIL 40 jlie LS N & g A Ay odedl) dasd (e SIS 8 Lalads) bl Camaa 5f LS
Al Jae SIS el Alebeall Ao Y1y ) sSHN e ALK S piall ae Jas e i 1..44\@1_;.\]\
ey Y (e ol e Gle il ) ool A jall Jae <l ally Alalaal) of il < jedal lia]



