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MONITORING AND MOLECULAR DIAGNOSIS
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ABSTRACT

Interactive effects of chemical and biological control agents
against laboratory and field colonies of Spodoptera littoralis (Boisd.)
were tested under laboratory conditions. The field colony was more
susceptible to Bacillus thuringiensis than the laberatory colony,
contrary with the chemical pesticides when these compounds were
tested alone. Also, B. thuringiensis was less toxic than profenofos and
more toxic than metalaxyl-M + copper oxychloride, while metataxyl-
M + copper oxychloride was more toxic than atrazine. The
combinations between B. thuringiensis and chemical pesticides on the
mortality of . littoralis did not show a synergistic action between B.
thuringiensis and both profenofos and atrazine, in contrast, to
metalaxyl-M + copper oxychloride at the concentration of LCjs +.
LC,s. The effect of all combinations on the biochemical parameters

symarkedly show an antagonistic action, as well as the interaction
effects of combinations on the field colony did not differ than the
laboratory colony. Results of RAPD-PCR and SDS-PAGE clearly
differentiated between the isolates of B. thuringiensis as a result of
treatment with the tested chemical pesticides. So, these results
suggest that the tested chemical pesticides consider mutant and
therefore not compatible with B. thuringiensis. These data rmay
emphasize the impossibility of mixing chemical pesticides with
biopesticides.
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INTRODUCTION

Barjac and Sutherland (1990)
summarized the effect of biotic
and abiotic factors on the viability,
toxin stability and larvicidal
activity of biological control agent
(B. thuringiensis) against many
spesies of pests. One of the most
important environmental factors
affecting the larvicidal activity of
these bacteria is water pollution
rate (Des Rochers and Garcia,
1984; Hornby et al., 1984; Nicolas
et al., 1987 and Berber et al,
1967). Pathogenic strains of 5.
thuringiensis can lose their toxic
activities in habitats polluted with
organic materials, and also exhibit
lower persistence (Davidson et al.,
19¢4; Lacey and Undeen, 1986
and Correa and Yousten, 1995).

30 far, no studies on the effects
of chemical pesticides have been
carried out despite the existence of
several studies on different
chemical compounds on the
larvicidal activity and spore
viability of B. thuringiensis. The
present investigation will
undertaken to study the interactive
between the entomopathogenic
bacteria and certain chemical
pesticides (insecticides, fungicides
anc: herbicides) and the effects on
toxicity of  bacteria, using
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diagnostic techniques to detect the
difference which occur for bacteria
toxin.

MATERIALS AND
METHODS

The present work was carried
out at Laboratory of Pesticides
Biotechnology and Molecular
Toxicology, Division of Pesticides,
Department of Plant Protection,
Faculty of Agriculture, Zagazig
University.

Tested Pesticides

1. Bio-insecticide: Bacillus
thuringiensis Subsp. kurstaki
(DiPel 2X 6.4% WP) supplied
by May Trade Company.

2. Chemical insecticide:
profenofos (Selecron® 72 %
EC) supplied by Syngenta Agro
Egypt.

3. Chemical fungicide: metalaxyl-
M + copper oxychloride
(Ridomil Gold Plus® 42.5 %
WP) supplied by Syngenta Agro
Egypt.

4. Chemical herbicide: atrazine
(Atrazine® 80 % WP) supplied
by Fluence Agrichem. China.

Tested Insect

Laboratory and field colonies of
the Egyptian cotton leafworm,
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Spodoptera  littoralis  (Boisd.),
(Lepidoptera: Noctuidae) were
used in this study.

Laboratory colony

A laboratory colony of the
cotton leafworm S. littoralis was
kindly obtained from the division
of the Cotton Leafworm
Department, Plant  Protection
Research Institute, Dokki, Giza,
Egypt. The colony was maintained
on a modified version of an
artificial bean diet (Gelernter et al.,
1986) in the laboratory for more
than five years away from any
insecticide contamination. When
larvae reached the fourth instar,
they were transferred to fresh diet,
and 50-60 pupae were collected
from the diet containers and placed
in wide glass gars until emergence.
The emerged adults were provided
with blotting paper or branches of
tafla (Nerium oleander) for adult
ovipostion (El-Defrawi et al,
1964). Rearing was carried out
under constant conditions (26 + 2
°C and 65 = 3 % relative
humidity), with a photoperiod 14-
10 h (light — dark).

Field colony

The field colony was obtained
from cabbage field at Sharkia
Governorate. The egg masses were
collected and placed on the
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artificial bean diet, and the rearing
procedure was carried out as
described previously.

Bioassay of Singly Tested

Compounds

We choose the third larvyal
instar of S. littoralis as a mode| for
study monitoring and molecular
diagnosis of interactive effect: of
chemical and bio pesticides agzinst
insects.

Third instar larvae of laboratory
and field colonies of S. littoralis
were transferred to the surface of
treated artificial diet with serial
concentrations of the following
pesticides after air drying: B.
thuringiensis, profencofos,
metalaxyl-M + copper oxychloride
and atrazine. The diet was
prepared in the same way as that
used for rearing, but it had no
nepagin and formalin. The
concentrations of the pesticides
used were added to the diet
thoroughly mixed and left for air
drying. Ten larvae in four
replicates were allowed to feec. on
treated diet surface for 48 h and
subsequently  transferred to
untreated diet, control treatment
was done without active mateal.
The cups were kept under constant
conditions as mentioned before.

Mortality count was taken ater
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8, 16, 24, 32, 40 and 48 h after
trentnent to recorded LT,s and
LTso values. The percentage
mertality was recorded after 48 h
and corrected according to
(Abbott, 1925).  Regression
toxicity lines were established for
the pesticides and the slope, LCys
and LCsy values were determined
through probit analysis (Finney,
1972).

Bioassay of Mixtures
Bioassay clearance

Sublethal concentration of B.
thuringiensis at  LCis  was
combined with LCys of candidate
chzmical pesticides to find out the
joint action of chemical and .bio
pesticides. The percent mortality
increase/decrease over LCsy of
chemical pesticides and B.
thuringiensis was calculated. Also
synergistic, antagonistic or
additive interaction between B.
thuringiensis and  chemical
pesticides were checked according
to Benz equation (Benz, 1971).
Also, the joint action was
determined according to the
ecuation of the co-toxicity factor
given by (Mansour e/ al., 1966).
As well as mortality count was
taken after 8, 16, 24, 32, 40 and 48
h after treatment to record LTis
ard LTsp values.
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" Biochemical activities
Spectrophotometric

determination of protein and
certain enzymes activity using total
body homogenate of the 3™ instar
larvae of the field and the
laboratory colonies of S. littoralis
were carried out as follows:
alkaline phosphatase (Kind and
King, 1954), glutathione S-
transferase (GT) (Habig et al
1974) and acetylcholinesterase
(Ellman er al. 1961) and protein
content (Bradford, 1976).

The levels of enzymes
induction for different treatments
were subjected to analysis of
variance (ANOVA) using Co-Stat
software and means were separated
using least significant difference
(LSD) test (Gomez and Gomez,
1984).

Molecular diagnosis of B.
thuringiensis

B. thuringiensis was isolated
from both DiPel 2X formulation
and the dead larvae of laboratory
and field colonies of S. littoralis
that infected with chemical and
biological control agents alone and
their mixtures according to Ohba
and Aizawa (1978) and purified
according to Smirnoff (1962).



Zagazig J. Agric. Res., Vol. 38 No. (4) 2011

PCR-RAPD based
fingerprinting
DNA  extraction from B.

thuringiensis isolates according to
Ozer et al. (1990). PCR-RAPD
analysis was carried out using
decamer oligonucleotide primers,
which had minimum 60 % G+C
content and lacked internal repeats
{Operon Technologies, USA). Five
random decamer primers were
used for PCR amplifiction (Table
1). PCR was carried out according
to Pattanayak et al. (2001).

Electrophoretic  assay  of
protein  patterm of B.
thuringiensis

Culture conditions of B.

thuringiensis were carried out
according to Attathom et al
(1995). Mass separation of
parasporal  crystal was out
according to Yunovitz et al.
(1986). Solubilization of the
crystal protein was carried out
according to Faust and Bulla
(1982). Protein concentration of
the purified O6—endotoxin was
determined

spectrophotometerically according
to  Bradford (1976). The
polyacrylamide gel electrophoresis
(PAGE) was used to study the
protein pattern in the reisolates of
B. thuringiensis, SDS
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polyacrylamide gel was performed
at room temperature in vertical
apparatus as described by Laemmli
(1970).

We used gelanlyzer 2010 a
software for analyze gel of PCR-
RAPD and SDS-PAGE.

RESULTS AND
DISCUSSION

Bioassay of Singly
Compounds

The data presented in Table 2
represented LCys and LCsp values
for both bio and chemical
pesticides individually.

Tested

These results revealed that the
field colony of §. littoralis was
more susceptible to B.
thuringiensis than the laboratory
colony at both the LC;s and 1.Csp
levels contrary chemical
pesticides.

The L.C;s Values were 48.6, 7.9,
912 and 1350 ppm (the laboratory
colony), and 46.8, 17.9, 1118.7
and 1401.7 ppm (field colony) for
B.  thuringiensis,  profencfos,
metalaxyl-M + copper oxychloride
and atrazine, respectively. The
corresponding LCso Values vrere
199.36, 14, 1253 and 1818.4 ppm
(laboratory colony), and 120.4,
227, 1425 and 1849 ppm (field
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Table 1. Nucleotide sequence of raﬁd‘mﬁ primers used for RAPD
analysis of B. thuringiensis isolates

Sr. No. - Primer name Primer sequence
1 OPAO03 AGCTCAGCCA
2 OPAD8 GTCCACACGG
3 OPC06 GAACGGACTC
4 OPC20 ACTTCGCCAC
5 OPZ18 AGGGTCTGTG

Table 2. Concentration mortality responses of the third larval instar
of 8. littoralis of laboratory and field colonies to chemical

pesticides and B, thuringiensis

LC3s (ppm) LCso (ppm) Slope
Treatment
1ab. field lab, field lab, ~ field
B. thuringiensis 48.6 46.8 19936 1204 1.1 1.65
Profenofos 7.9 17.9 14 22.7 2.7 6.5
MetalaytMbcopper 912 1118.7 1253 1425 4.9 6.4
oxychloride
Atrazine 1350 14017 1818.4 1849 4 5.6
colony) for B. thuringiensis, less toxic than profenofos and

profenofos, metalaxyl-M + copper
oxychloride and atrazine,
respectively.

Taking into consideration the
relative potency at the LCjs and

LCso levels, data in Table 2
showed that B. thuringiensis was

more toxic than metalaxyl-M +
copper oxychloride. Also
metalaxyl-M + copper oxychloride
was more toxic than atrazine.

Although  metalaxyl-M  +
copper oxychloride and atrazine
caused lethal eftects within treated
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populations, but it cannot be
treated as an 1insecticide. LCsp
value proved to be more hundred
times higher than chemical
insecticide. If one would like to
obtain a significant lethal effect,
using lower doses, the exposure
time should be very long.

Time-mortality  test  were
conduct using LT;s and LTsq
values (Table 3). These results
revealed that the field colony was
faster susceptible to B.
thuringiensis than the laboratory
colony at both the LT»s and LTso
levels contrary chemical
pesticides.

Bioassay of Mixtures
Bioassay clearance

Mortality percentages against
the 3™ larval instar of S. littoralis
due to the combination of B.
thuringiensis and chemical
pesticides (profenofos, metalaxyl-
M + copper oxychloride and
atrazine) were presented in Tables
4 and 5. It was noticed that the
combination was faster in action,
because of it induced mortality
percentages between (30, 50 and
40 %), and (27.5, 47.5 and 37.5 %)
after 48 hours for the same
concentrations on laboratory and
field colonies, respectively.
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Lethal time of 50 % (ILTso)
recorded (63.27, 46.15 and 68.19)
hours in the laboratory colonyv and
(70.52, 55.31 and 83.59) hours in
the field colony, at the
concentration {(LCys + LCss) for all
combinations, - respectively.

(Tables 4 and 5).

The joint action of B
thuringiensis and both profenofos
and atrazine (i.e. obscrved
mortality) at LCys + LCys was less
effective than the expected
mortality, indicating an

antagonistic interaction, wherz the
decrease in mortality was 29.41
and 45.45 % (laboratory colony)
and 42.10 and 47.62 % (laboratory
colony) less than the expected
mortality at LCsp of both B.
thuringiensis and profenofos, 5.88
and 20 % (laboratory colony),
21.05 and 21.05 % (laboratory
colony) less than the expected
mortality at LCsp of both B.
thuringiensis alone and atrazine
atone, respectively. In contrast to
the joint action between B.
thuringiensis + (metalaxyl-M +
copper oxychloride) (i.e. obscrved
mortality) at LCys + LCys, It was
more effective than the expected
mortality, indicating a synergistic
interaction, where the increase in
mortality was (17.65 and 4.75 %)
and (0 and -5%) greater than the
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Table 3. Time-mortality test of bi(; and chemical pesticides (B.
thuringiensis, profenofos, metalaxy-M + copper
oxychloride and atrazine to the 3™ larval instar of 5.
littoralis of l1aboratory and field colonies

Treatment LT;s (hours) LTsp (hours)
pesticides  Concenfrations o fed  lab.  field
(ppm) \
. 64 414 324 743 63
S 128 33 252 607 484
al 192 295 22 508 392
£ 256 248 187 43 28
m 15 17 61 5364 773
g 20 123 188 34 605
‘g 25 _‘ 9.5 14 254 363
- 30 648 765 169 224
. 1000 355 480 177 6358
i3 1250 12.9 15 40.4 51
i 1500 73 12 274 405
g 1750 5.5 8.6 19 29.5
1750 12 18.9 58 70.7
é 2000 82 138 32 47.8
g 2250 68 108 227 37
2500 5.8 9 17.9 26

Control mortality was zero % throughout the period of experiment
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Table 4. Expected and observed percentage of mortality of the 3™
larval instar of the laboratory colony of §. littoralis treated
with B. thuringiensis, combined with profenofos, metalaxyl-
M + copper oxychloride and atrazine

Cumulative mean mortality% at the indicated days after treatment

Treatment
1 day 2 day
%a ImeTERSES OVEr
§ EE] £ 9 =
T S 53
k] sa 8h 16h 24 h 32h 40 h 48h E u at LTsg = 2
= ¢ e LG
LC2s 0 0 7.5 125 175 20 8445
LCsa 0 125 225 325 315 425 52.94
Lexse 0 10 15 20 25 30 81.84
resop 10 20 25 30 40 55 5282
M O 1 175 20 125 258 100.61
‘s 175 30 37.5 475 50 52.5 40.67
LezsA 10 13 17.5 225 25 275 246,87
Losoa 225 30 45 47.5 50 50 40.63
LCzs LCzsp i} 0 5 10 20 30 44 -31.82 -29.41 -45.45 63.27 o ke
LCas Lo2SM 20 30 375 45 47.5 50 40 25 1765 476 46,15  smeres
LC2s a1 20 30 35 375 40 42 476 sk 20 6819 e

Control mortafity was zero % throughout the period of experiment.

p= profenofos, M= metalaxyl-M + copper oxychloride, A= atrazine and CP= chemical pesticides

expected mortality of the 3™ larval
instar of laboratory and field
colonies of S littoralis,
respectively at LCsy of both B.
thuringiensis alone and metalaxyl-
M + copper oxychloride,
respectively.

Data in Tables 4 and 5 showed
that interaction effects in the field

colony did not differ than the
laboratory colony.

Biochemical activities

The results indicated that tae
field colony had higher total
protein, and enzymes activities
compared with the laboratory
colony (Table 6). These results
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Table 5. Expected and observed percentage of mortality of the 3
larval instar of the field colony of S. littoralis treated with B.
thuringiensis, combined with profenofos, metalaxyl-M +

copper oxychloride and atrazine

Cumulative mean mortality% at the indicated days after treatment

Treatment

1 day 2 day
i 24 P s
i S% §n b h 3 4w 4w — § . S &%
: W& g L LCs Mf::
1C25 0 0 5 1 20 225 73.38
s 0 15 225 30 40 415 49.87
wep 15 15 200 225 225 275 198.05
cap 125 275 35 40 45 525 45.67
w10 15 175 20 225 225 611.42
wae 175 25 35 425 415 50 47,39
e 0 125 15 207 -ms 25 105.88
wsaa 15 275 40 45 475 475 45.46
s see 025 10 20 25 25 88 wn &0 08 J05)
Ligs sy M5 25 30 40 45 475 383 2087 0 5 5531 e
Lips  wma 5 17.5 20 25 30 375 418  -10s2 2005 205 B 50 wenwr

Control mortality was zero % throughout the period of experiment,
P= profenofos, M'=metalaxy1~M + copper oxychloride, A= atrazine and CP= chemical pesticides

agree with the previous study of
Hendawy (1997). All combinations
were antagonist, because the effect
of mixed pesticides was less than
ths sum effect of B. thuringiensis
and chemical pesticides
respectively, where very highly
significant  difference  between
treatments on all parameters.

Molecular diagnosis of B.
thuringiensis
PCR-RAPD
fingerprinting
In all primers (A3, A8, C6, C20
and Z18) the results proved that,
ten bands appeared only in the

second lane, these bands were
considered as specific bands for

based
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Table 6. Total protein content, AchE, ALP, and GT activity in the 3™
larval instar of the field colony of $. littoralis treated with
bio and chemical pesticides alone and its mixtures at LC)s

Total protein AchE GT ALP
pg/mgbow. nmmol/min/mg protein nmumol/min/mg protein IU/min/mE Eroh:in_
Treatments  Lab. Field Lab. Field Lab. Field Lab.  Field
colony colony colony colony colony colony colony colony
Control 54.00 73.60 4429 6270 295.63 40230 609.00 787.13
r +£356 56 +1.64 217 172 +38 £1.53 202
B thuringiensis  73.20 89.07 3808 5540 26853 34567 565.17 721.00
(B9 £8.17 +48 163 102 +£786 =+233 +324 =1L39
Atrazine 4360 6480 2398 4079 42887 506.67 366.67 556.33
(A) +454 +38 £038 £103 =612 698 =504 1276
e 2400 3320 3042 4883 49123 66483 265.67 444.57
il £4.16 +28 £27 179 724 £2005 £517 153
Profenofos 3720 6080 12.88 2544 45093 52470 31723 50143
P +1.83 +£2.62 091 £079 671 1516 +948 =438
BitA 33.60 5400 1656  29.85 32278 42953 499.67 679.33
£1.83 £693 069 053 414 867 £762 2.7
Bt+M 18.00 2520 2064 3672 39887 49370 410.67 60840
+208 +367 £135 %095 1273 +751 +£887 1514
Bi+P 29.60 4040 961 2035 37803 44123 45150 64120
£382 288 078 11! 2783 £264 21026 %771
-Vatues are the mean £ 8D
the original strain of B. thurinigiensis. Six bands appeared
thurinigiensis  kurstaki. Twelve only in the sixth lane, these bands

bands appeared only in the fourth
lane, these bands were considered
as a response to effect of atrazine
on B. thurinigiensis. Seven bands
appeared only in the fifth lane,
these bands were considered as a
result to effect of metalaxyl-M +
copper  oxychloride on B.

were considered as a response to
effect of profenofos on B
thurinigiensis. Three  bands
appeared only in the fourth and
fifth lanes, these bands were
considered as a response to effect
of both atrazine and metalaxyl-M
+ copper oxychloride. There vvas
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two bands appeared only in the
fourth and fifth lanes, these bands
were considered as a response to
effect of both atrazine and
profenofos on B. thuringiensis.
There was one band appeared only
in the fifth and sixth lanes, this
bard was considered as a response
to effect of both metalaxyl-M +
copper oxychloride and profenofos
on B. thuringiensis. Ten bands
appeared only in the fourth, fifth
and sixth lanes, these bands were
considered as a response to effect
of atrazine, metalaxyl-M + copper
oxvchloride and profenofos on B.
thuringiensis. One band appeared
in all lanes, this band was
considered as specific bands for
the original strain of B.
thuringiensis kurstaki and
resistance to effect of atrazine,
metalaxyl-M + copper oxychloride
and profenofos (Figure 1).

Our study indicates that RAPD
provides a high degree of
discrimination between B.
thuringiensis  reisolates.  On
analysis of the dendrogram (Figure
2) it was observed that the B.
thuringiensis reisolates clustered
according toits treatment with
chemical pesticides. It was
observed that all the primers used
for RAPD analysis showed
amplification and generated RAPD
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fingerprint for B. thuringiensis

isolates (Figure 1). An average of
15 fragments was produced per
primer. The primer OPZ]18 was
found most discriminatory as it
produced the highest number of 20
fragments. Cluster analysis of the
dendrogram indicated that B.

thuringiensis kurstaki reisolated
from the dead larvae of S. littoralis
that treated with DiPel 2X (lane 3)
was the closest to reisolate that
reisolated from the commercial
product of DiPel 2X formulation
(lane 2) followed with lane 6 and
lanes (4 and 5). While the reisolate
that reisolated from the dead larvae
that treated with mixture of B.

thuringiensis + (metalaxyl-M +-
copper oxychloride) (lane 5) and
DiPel 2X was the closest to
reisolate that reisolated from the
dead larvae that treated with
mixture of atrazine + DiPel 2X
(lane 4).

Electrophoretic  assay  of
protein  pattern of B.
thuringiensis

Electrophoresis  patterns  for
reisolates of B. thuringiensis are
illustrated in Figure 3. The
reisolates that reisolated from
thelaboratory colony (lanes 3, 4, 5
and 6), the results showed that, a
total of 9 bands numbers (1, 2, 3,
5, 6,7, 8 9and 10) with motilities
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Figure 1. Representative RAPD profiles showing polymorphism among B.
thuringiensis isolates, electrophoresed on 1% agarose gel and
stained with ethidium bromide. The amplification of DNA was
carried out using (A) for primer OPA3, (B) for primer OPAS,
(C) for primer OPC6, (D) for primer OPC20 and (E) for primer
OPZ18. Lane 1 molecular weight marker (100 bp) ladder. Lane
2 B. thuringiensis was isolated from the commercial product
DiPel 2X, Lane 3 B. thuringiensis was isolated from the clead
larvae of the laboratory colony of S. littoralis that infected with
B. thuringiensis strain was obtained from the commercial
product DiPel 2X, Lanes 4, 5 and 6 B. thuringiensis was isolated
from the dead larvae of the laboratory colony of S. littoralis that
infected with mixtures of B, thuringiensis + atrazine, B.
thuringiensis + (metalaxyl-M + copper oxychloride) and B.
thuringiensis + profenofos, respectively
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Figure 2. Dendrogram based on the RAPD profiles of the 5 B.
thuringiensis reisolates generated by primer OPA3 using
the Dice Coefficient and UPGMA cluster analysis

(0.261, 0.306, 0.365, 0.514, 0.541,
0.608, 0.644, 0.716 and 0.788) and
MW (99, 81, 65, 45, 44, 41, 40, 38
ancl 37) respectively, appeared in
all lanes, these bands were
corsidered as specific bands for
the original strain of B
thurinigiensis kurstaki and
resistance to effect of atrazine,
metalaxyl-M + copper oxychloride
and profenofos. As well as there
was one band number (11) with
mcbility (0.869) and MW (36)
which appeared only in the fourth,
fifih and sixth lanes, this band was
considered as a response to effect
of both atrazine, metalaxyl-M +
copper oxychloride and profenofos
on B. thurinigiensis. Also one band
number (4) with mobility (0.446)
and MW (52) which absent only in
the fifth lane, this band was

considered as a result to effect of
metalaxyl-M + copper oxychloride
on B. thurinigiensis.

Considering the reisolates that-
isolated from the field colony
(lanes 7, 8, 9, and 10), a total of 9
bands numbers (1 and 9) with
mobilities (0.261 and 0.716) and
MW (99 and 38) respectively,
appeared in all lanes. These bands
were considered as specific bands
for the original strain of B.
thurinigiensis kurstaki and
resistance to effect of atrazine,
metalaxyl-M + copper oxychloride
and profenofos. As well as there
was also three bands number (3, 7
and 11) with motilities (0.365,
0.608 and 0.869) and MW (65, 41
and 36) respectively, which’
appeared only in the eighth, ninth
and tenth lanes, these bands were
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Figure 3. SDS-PAGE of reisolates of B. thuringiensis show
polymorphism among B. thuringiensis isolates. Lane 1
molecular weight marker (ladder). Lane 2 B.
thuringiensis was isolated from the commercial product -
DiPel 2X, Lanes 3, 4, 5 and 6 B. thuringiensis was
isolated from the dead larvae of the laboratory colony of

3 S. littoralis that infected with B. thuringiensis was
obtained from the commercial product DiPel 2X,
mixture of B. thuringiensis + atrazine, mixture of B.
thuringiensis + (metalaxyl-M + copper oxychloride) and
mixture of B. thuringiensis + profencfos, respectively.
Lanes 7, 8, 9 and 19 B. thuringiensis was isolated from
the dead larvae of the field colony of S. littoralis that
infected with B. thuringiensis was obtained from the
commercial product DiPel 2X, mixture of B,
thuringiensis + atrazine, mixture of B. thuringiensis +
(metalaxyl-M + copper oxychloride) and mixture of B.
thuringiensis + profenofos, respectively
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congsidered as a response to effect
of both atrazine, metalaxyl-M +
copper oxychloride and profenofos
on B. thurinigiensis. Also three
bands number (5, 6 and 10) with
motilities (0.514, 0.541 and 0.788)
‘and MW (45, 44 and 37) which
absent only in the eighth lane, this
band was considered as a result to
effe:t of metalaxyl-M + copper
oxychloride on B. thurinigiensis.
also there was one band number
(8) 'with mobility (0.644) and MW
(40), which appeared only in the
eighth and tenth lanes, this band
was considered as a response to
effect of both atrazine and
prolenofos on B. thurinigiensis.

Qur results of RAPD PCR and
SDS PAGE clearly differentiated
B. thuringiensis isolates based on
its treatment with chemical
pesticides. These results suggest
that the insecticide (profenofos),
the fungicide, (Ridomil Glod Plus)
and Herbicide (atrazine) are
mutant and not compatible with B.
thuringiensis.

A recent study related to the
effects of chemical compounds on
spoe viability, larvicidal activity
and toxin stability of B. sphaericus
2362 strain reported that the reason
for the loss of larvicidal activity is
the chemical degradation of toxin
proteins by the generation of free

Ramadan, ef al.

radicals and pH differences
(Berber, 1998).

It was reported that mosquito
pathogenic  colonies of B
thuringiensis could lose their toxic
activity in habitats polluted with
organic and chemical materials,
and also exhibit lower persistence,
whereas the insecticidal activity of
B. sphaericus was prolonged in
this kind of habitat (Silapanuntakul
et al., 1983; Davidson et al., 1984
and Correa and Yousten, 1995).
Nevertheless, there was no
significant  difference  between
spore germination and larvicidal
activity in either biological control
agent treated with pesticides. "
However, the insecticidal activity
of B. thuringiensis var. israelensis
and B. sphaericus 2362 spores was
quite tolerant to inactivation by the
applied pesticides (Berber, 2004).

There is still no general
mechanism to describe how the
accelerated degradation of
pesticides occurs. Some scientists
speculate that, as with microbial
resistance to antibiotics and heavy
metals, the genes for pesticide
breakdown may be carried on
plasmids that can be treated freely
among various microbes to speed -
adaptation to the pesticides
(Chapalamadugu and Chaudhry,
1991). It would be better to use
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genetically modified colonies that
contain  genes  resistant  to
pesticides in habitats polluted with
chemicals. Berber (2004) indicated
that chemical pesticides prevented
the effect of bioinsecticides, thus
causing unreliability in biological
control methods and resulting in
the 1oss of millions of dollars spent
on biclogical control.

Finally, we not recommend
mixing chemical pesticides with B.
thuringiensis.
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