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ABSTRACT

The toxicity of chlorpyrifos, spinosad, phenothrin and emamectin compounds were evaluated
against the immature stages of the cotton leafworm, Spodoptera littoralis (Boisd.) field strain. The
results showed that chlorpyrifos was the most potent tested compound followed by spinosad,
phenothrin and the least one was emamectin. Tested compounds, chlorpyrifos at 15.0 ppm achieved
48.0% mortality of treated egg masses, while spinosad, emamectin and phenothrin at the same
concentration caused 17.6, 14.4 and 30.4 % mortality, respectively. The toxicity of tested compounds
were evaluated against the newly hatched larvae at 24 , 48 and 72 hr.,, post treatment. The results
showed that spinosad and emamectin were the most potent than phenothrin and chlorpyrifos.
Spinosad, emamectin, chlorpyrifos and phenothrin indicated no toxic action against pupae of
S. littoralis. The interactions of phenothrin and chlorpyrifos with bioinsecticides in vivo on the
inhibition of AChE and Na’, K'-ATPase were investigated. Results proved that pretreated of spinosad
and emamectin with chlorpyrifos increased the percentage inhibition for AChE to 82.2 and 81.4%
respectively, while the percentage inhibition for Na', K'-ATPase by pretreated spinosad and
emamectin with phenothrin were 93.8 and 89.7% successively. Results proved that pretreated of
bioinsecticides with phenothrin caused more toxic effect than single treatment. The present results
proved that the two bioinsecticides are potentially potent for control of cotton leafworm. Generally,
bioinsecticides will produce a new trend to increase toxicity of the newly hatched larvae of this insect
pest and enhance the role of beneficial insects. The results of the present study may add some forward
steps to use bioinsecticides as an alternative to conventional insecticides especially against this insect.
So, the bioinsecticides can be involved in important steps necessary for successful IPM programs
applied against S. Jittoralis.
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INTRODUCTION used on various crops in Egypt (Abo-Elghar et
al, 2005). Nowadays, the scientists of pest
The Egyptian cotton leafworm, Spodoptera ~ control and environmental protection oriented
littoralis (Boisd.) is a common pest, found in  their activities to limit the environmental
different areas in the world. This caterpillar is  Pollution. If this trend continues, new
very polyphagous causing important economic f:ompgl{nds will be required to replace these
losses in both greenhouses and open fields on a  ipsecticides. Recently, number of new
broad range of ornamental, industrial and 1nsect101d§s_ classes hav.e been discovered and
vegetable crops in Egypt. This insect pest commercialized {Argentine ef al., 2002).
attacks all parts of plants of more than 70
cultivated crops. It has acquired resistance
towards most insecticides groups commonly

* Corresponding author: Tel. : +201223952717
E-mail address: Shaker nader@yahoo.com

Avermectins, a group of chemicals produced
by soil-inhibiting streptomycete bacteria have
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demonstrated high toxicities to a number of
insects. spinosyns are among the newest classes
of insecticides, represented by spinosad, it has
stomach activity against lepidopteran larvae
with long residual activity (Thompson et al
1999; Anonnomys, 2001). Spinosad has strong
insecticidal activity with low level of
mammalian toxicity and relatively little toxicity
to non-target insects (Sparks et al, 1998).
Spinosad is highly toxic to insect especially
Lepidoptera insect pests (Wang ef al., 2006).

The purpose of this investigation is to study
the ovicidal activity of two bioinsecticides,
spinosad and emamectin against the egg stage
and to evaluate their toxicity to the newly
hatched larvae as well as pupae of S. littoralis
(Thompson et al., 1999; El-Aw, 2006). Also, the
study was directed to throw the light on the
effect of these tested bioinsecticides as well as
other environmentally-friendly compounds for
their possible use inhibition of Na*, K'-ATPase
and AChE activity.

MATERIALS AND METHODS

Insect

Field strain of the cotton leafworm, S. littoralis
egg masses were collected from cotton fields at
Abeis arca, Alex. Province, Egypt. Experiments
were carried out using egg masses (24 hrs-old)
and newly hatched larvae, which were chosen
for bioassays as well the 2™ larval instar were
chosen for biochemical assessment. Pupae (48
hrs-old) were also investigated.

Insecticides and Chemicals

Dursban (chlorpyrifos 48% EC) was obtained
from Dow Chemical Co. Sumithrin (phenothrin)
provided as technical grade pyrethroids
insecticide from USA, Environmental Protection
Agency (EPA). Ouabain is a cardiac glycoside
which specifically inhibits the Na*, K'-ATPase.
A pure sample was obtained from Sigma Chem.
Co. ST. Loius.

Bionisecticides, emamectin 5% SG (emamectin
benzoate) which is like abamectin supplied by
Syngenta Co. Spinosad (Tracer 24% SC), it is a
metabolite of the actinomycete, saccharopolyspora
spinosa Martz & Yao, it is a naturally occurring
mixture of two active products (Spinsoyn A &

D). It is a trademark of Dow AgroSciences Co.,
(Dow England). Beauveria bassiana, Biosact
(WP) (32x10" cells/kg), was obtained from
Origanl Bio Technology Co.

Bioassay Tests
The determination of the ovicidal activity

Ovicidal activity of the phenothrin,
chlorpyrifos, spinosad, and emamectin against
the field strain of S. littoralis egg masses (0-24
hrs old) was investigated. They were removed
gently with a fine hair brush. The lower layer in
each egg mass was counted by the binocular.
The counted egg samples were dipped (5 sec.) in
different concentrations of the tested
compounds, while control was dipped in water
according to Dittrich (1967). Each treatment was
replicated three times. Treatment and control
were held in a clean plastic cup (9x4 cm) at 27 +
2 °C, 65-75% RH and observed until hatching.
The number of unhatched eggs, dead neonates
and alive larvae were counted and the mortality
percentages were calculated.

Toxicity of the tested bionisecticides
against larvae

Newly hatched larvae of S. littoralis were
starved for 6 hrs before exposure test. The
selected larvae were bioassayed against
bionisecticides (spinosad and emamectin} using
three replicates for each concentration with ten
larvae in each replicate. Disc dipping technique
was used since it has been proved to be the most
common procedure for assessing toxicity to
bionisecticide (Tabashink and Chushing, 1987).
Each castor leaf disc (2 cm?®) was dipped into the
suspension of tested formulation for 10 sec.
Tested concentrations were prepared in glass
distilled water (GDW) (Toni and Fred, 1996).
Discs were held vertically to allow excess
solution to drip off and placed on a rack to dry
for at last 2 hrs. Treated discs were offered to
starved larvae (one disc per cup) and left under
constant conditions (27 + 2 °C and 65-70% RH).
Thereafter, survivors were transferred with fresh
castor oil plant leaves to clean cups and kept
under the same conditions. Control larvae were
allowed to feed on castor oil leaf discs treated
with distilled water. Mortality percentage was
calculated for each concentration daily for 24,
48 and 72 hrs and comrected according to
Abbott’s equation (Abbott, 1925) and subjected
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to probit analysis using the computer program
(Finney, 1971).

Toxicity of the tested insecticides against
larvae

Phenothrin and cholorpyrifos were bioassayed
against the newly hatched larvae of S. littoralis.
The castor leaves were dipped in different
concentrations of the tested insecticides.
Phenothrin concentrations were prepared in pure
acetone while chlorpyrifos concentrations were
prepared in distilled water. Treated and control
leaves were air-dried for 3 hrs and pilaced in
clean glass container at the laboratory conditions
of 2742 °C and 65-70% RH. Ten larvae (field
strain) were used for ecach test with three
replicates at least. Number of alive and dead
larvae per replicate was counted 24, 48, and 72
hrs after treatment. Concentrations—mortality
percentages were calculated and corrected for
natural mortality according to Abbott’s equation
(Abbott, 1925). LCsy values were calculated by
using probit-analysis method of Finney (1971).

Toxicity of the tested compounds on pupae

Using the residual film method to determine
the L.Cso values of 48 hrs-old S. ittoralis, pupae
with  different concentrations of tested
compounds. The experiment was left for 24, 48
and 72 hrs in pre-treated petri-dishes.
Concentrations-mortality — percentages  were
calculated and corrected for natural mortality
according to Abbott’s equation (Abbott, 1925).
LCsp values were calculated by using probit-
analysis method of Finney (1971).

AChE Preparation and Activity Assay

AChE was prepared from Spodoptera
littoralis 2™ instar larvae and homogenized in
Tris-HC1 buffer (pH 7.4) at 30 larvae/30ml
buffer, with polytron mixer (at 50% power for
50 sec.), then subjected to low speed centrifuge
at 5000 rpm for 15 min at 4 °C. The resulting
supernatant was centrifuged at 15,000 rpm for
20 min at 4 °C. The supernatant was centrifuged
at 25,000 rpm for lhr at 4 °C. Pellets were
resuspended in 1ml of Tris-HCI buffer (pH 7.4)
and stored at -20 °C for using as enzyme source.

The AChE activity measurements were done
according to method reported by Ellman ef al.,
(1961). This method is based on the hydrolysis
of acetylthiocholine iodide (ATChI} as a
substrate by enzyme to produce thiocholine and
acetic acid. Thiocholine reacts with 5,5-dithio

bis-(2-nitrobenzoic acid), "DTNB" to produce
the yellow anion of 5-thio-2-nitrobenzoic acid.
The rate of colour production as a function of
enzyme activity is measured  spectro-
photometrically at A 412 nm. Enzyme specific
activity was computed as mg protein/hr.

Na®, K'-ATPase Preparation and Activity
Assay

Na', K'-ATPase was prepared from
Spodoptera littoralis 2™ instar larvae and
homogenized in a solution of 0.32 M sucrose,
ImM EDTA and 40 mM Tris-HCI buffer (pH
7.4). The homogenate was filtered through two
layers of cheesecloth. Mitochondrial ATPase
was prepared according to the method reported
by Koch et al. (1969), by differential
centrifugation of the homogenate at 8000 Xg for
10 min. The supernatant was then centrifuged at
20,000 Xg for 30 min. The formed pellets were
then suspended in the same buffer and stored at
-20°C for use.

ATPase activity was measured according to
the method reported by Koch et al. (1969) with
slight modification by Morshedy (1980) using
Tris-HCI buffer instead of imidazole buffer.
Absorbancy of inorganic phosphate (Pi) was
measured at A750 nm (Taussky and Shorr,
1953), This method was based on the
spectrophotometric  determination of  the
inorganic phosphate (Pi) liberated from the
hydrolysis reaction of the ATP, mediated by the
enzyme.

The ATPase activity was measured in total
volume of Iml. The mitochondrial preparation
was mixed with a reaction mixture (700 pl)
containing 100 mM Na"; 20 mM K'; 5 mM
Mg™* chlorides; 40 mM Tris-HCl buffer (pH
74) and 5 mM ATP. The volume was
completed to 850 pl with buffer. The mixture
was incubated for 15 min in a shaking water
bath at 37 °C. The reaction was stopped by
adding 150 pl trichloroacetic acid (TCA 30%).
Hydrolyzed Pi was determined according to the
method described by Taussky and Shorr (1953).
The activity of Mg’ -ATPase was measured
after the addition of 1mM QOuabain, whereas the
activity of Na', K'-ATPase was calculated as
the difference between the total ATPase and
Mg’ -ATPase activities.
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The protein content in prepared homogenates
of 8. littoralis was assayed spectrophotometrically
by the method of Lowery et af. (1951) at A750
nm using Bovine Serum Albumin (BSA) as a
standard protein.

In vivo Inhibition of AChE and Na®, K'-
ATPase Activity

The inhibition of AChE and Na', K'-ATPase
activity were determined in the 2" instar larvae
using the wvalues of each of the tested
compounds. In the inhibition studies of AChE
and Na', K'-ATPase activity 10 pl of the
enzyme preparation was incubated with the
inhibitor for 30 min, the enzyme-inhibitor
mixture was used to measure the remaining
activity. The percent inhibition was calculated
using the following formula:

% Inhibition = V-Vix 100

v
Where:

(V) is the specific activity without mhibitor.
(Vi) is the specific activity in presence inhibitor

RESULTS AND DISCUSSION

Ovicidal Activity Against Egg Masses

Plant leaves containing egg masses were
dipped in different concentrations of each tested
compound. Data in Table 1 show the ovicidal
activity of the tested compounds against 24 hrs-
old eggs of 8. litioralis. The results showed that,
spinosad and emamectin have low ovicidal
activity compared with chlorpyrifos and
phenothrin.

Percentages of unhatched eggs at 0.5 ppm
were 9.1, 64, 20.0 and 16.4 for spinosad,
emamectin, phenothrin and  chlorpyrifos,
respectively against eggs of S. fittoralis field
strain. Percentages of unhatched eggs at 1.0 ppm
were 9.3, 8.3, 22.3 and 39.7; whereas at 5.0 ppm
they were 119, 103, 257 and 431,
successively. On the other hand, mortality
percentages of unhatched eggs at 10.0 ppm were
16.9, 11.1, 28.8 and 47.2%, as well as at 15.0
ppm they were 17.6, 14.4, 30.4 and 48.0%
respectively. However, significant differences in
percentages of unhatched eggs were found

between all tested concentrations of the tested
compounds and control eggs. The present results
demonstrated that the S. littoralis eggs were
more susceptible to chlorpyrifos in comparison
to spinosad and emamectin. In general the
susceptibility of eggs to .the tested
bioinsecticides indicated low ovicidal activity.

These results are in agreement with some
investigators such as Ascher et al. (1987) who
recorded that the tested bioinsecticides have a
low ovicidal activity compared with methomyl
and chlorpyrifos. Bueno and Freitas (2004)
reported that abamectin has no effect on the
Chrysoperla externa egg viability. Also, these
results are in accordance with those obtained by
many investigators (Mitri and Kamel, 1970;
El-Gayar et al., 1979; El-Guindy et al., 1983;
Does et al., 1985; Bret et al., 1997; Cancla et
al., 2000; Raslan, 2002; Bueno and Freitas,
2004; Saleem et al., 2008a).

Toxicity on Newly Hatched Larvae

Table 2 shows that the LCs, values of tested
compounds were decreased. In general the two
bioinsecticides decreased I1.Csy wvalues by
increasing the post treatment periocd. The
toxicity results of the tested compounds in terms
of LCs are given in Table 2 for the larvae of S.
littoralis. LCsy values after 24 hrs were 1.89,
3.66, 075 and 0.86 ppm for spinosad,
emamectin, phenothrin and chlopyrifos against
the field strain of S, littoralis, respectively.
While LCsp values after 48 hrs were 0.25, 0.40,
(.079 and 0.094 ppm, successively. LCs, values
after 72 hrs were 0.041, 0.053, 0.061 and 0.085
ppm, respectively.

The interactions of phenothrin and
chlorpyrifos with two bioinescticides against
filed strain of S. littoralis larvae were studied.
Larvae were allowed to feed on castor oil leaf
discs treated with LC; of the different
bioinsecticides. The LCso values of phenothrin
and chlompyifos pretreated with the LCso values
of spinosad and emamectin on filed strain of S.
littoralis larvae are presented in Table 3. The
LCs, values of tested insecticides when
pretreated with two bioinsecticides were lower
than LCs, of tested insecticides alone. The
enhancement of toxicity was calculated as a
potentiation factor (P.f). P.f values for
phenothrin and chlorpyrifos were 2.34 and 1.13
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Table 1. Ovicidal activity of tested insecticides against 48 hrs-old eggs of the cotton leafworm, S.

litoralis
Conc. (ppm) Spinosad Emamectin Phenothrin Chlorpyrifos
H*% UH*% H% UH% H% UH% H% UH%
Control 91.8 82 93.8 6.2 94.7 5.30 86.6 13.4
0.5 90.9 9.1 93.6 6.4 30.0 20.0 83.6 16.4
1 90.7 93 91.7 8.3 71.7 223 60.3 39.7
5 88.1 11.9 89.7 10.3 74.3 257 569 431
10 83.1 169 88.9 11.1 71.2 28.8 52.8 472
15 82.4 17.6 85.6 144 69.6 304 52.0 48.0

*H; Hatched eggs * UH; Unhatched eggs

Table 2. Toxicity of tested compounds against the newly hatched larvae of 8. lirtoralis

Compounds LCs) (ppm)

24 hrs 48 hrs 72 hrs
Spinosad 1.89 0.25 0.041
Emamectin 3.66 0.40 0.053
Phenothrin 0.75 0.079 0.061
Chlorpyrifos 0.86 0.094 0.085

Table 3. Comparative toxicities of tested insecticides alone or pretreated with two bioinsecticides

on S. lirtoralis larvae

LCs (ppm)

Compounds 24 hrs 48 hrs

LCsp P.f. LCs P.f.
Chlorpyrifos 0.86 0.094
Spinosad+chlorpyrifos 0.76 1.13 0.077 1.22
Emamectint+chlorpyrifos 0.79 1.09 0.080 1.18
Phenothrin 0.75 0.079
Spinosad+ phenothrin 032 2.34 0.024 3.29
Emamectin+phenothrin 0.44 1.71 0.033 2.39

*Potentiation factor (P.f) = LCsq of insecticide alone / LCsy0f bioinsecticide + insecticide.

respectively; when pretreated with spinosad
after 24 hrs from treatment, while the P.f. values
were 3.29 and 122, respectively when
pretreated with spinosad after 48 hrs from
treatment. Also, when pretreated with
emamectin the P.f. values were 1.71 and 1.09
for phenothrin and chlorpyrifos respectively
after 24 hrs, while the P.f. values were 2.39 and
1.18, respectively after 48 hrs from treatment. It
is clear that the L.Cs; values concentrations of
bioinsecticides enhanced the toxicity of the
tested insecticides on S. littoralis larvae. The
mixture with spinosad were the most toxic
treatments than mixtures with emamectin.

These results are in agreement with those
found by many authors (Ascher et al., 1987;
Canela er al.,, 2000; Thompson et al, 2000;
Bueno and Freitas 2004; Pineda et al., 2004;
Pineda et al., 2007; Saleem et al., 2008b).

In general, the susceptibility of S. littoralis
larvae to tested insecticides increased when
treated after bioinsecticides, the observation that
tested insecticides had the lowest effect when
applied alone but it was the best when mixed
with bioinsecticides,

The tested insecticides+bioinsecticides caused
more toxic than the effect of single treatment
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with tested insecticides. It could be concluded
that tested insecticides enhanced the toxicity
effect of bioinsecticides. Based on P.f. values,
the field strain of §. fittoralis larvae is more
susceptible to spinosad in comparison to the
emamectin. Generally, efficacy of bioinsecticides
have a very good additive toxicity for tested
insecticides with the field strain of S. littorallis.

When certain pairs of drugs or insecticides
are administered together, the effects may be
greater or less than might be expected from the
sum of activities of the components when
administered separately (Liburd ef al., 2000;
El-Mandarawy ef al., 2004). Generally, it could
be concluded that the use of tested insecticides
and their mixtures with biological insecticides

Ismail and Shaker

(spinosad and emamectin) instead of
conventional hazardous insecticides and these
may reduce the environmental pollution and
hazard management programs especially when
mixed with bioinsecticides, Using
bioinsecticides  pretreatment with  tested
insecticides is looking forward in an intergrated
pest management to overcome pest problems.

Toxicity on Pupae

The toxic action of tested compounds against
pupae of S. littoralis was also investigated. Data
in Tables 4 and 5 show treatment of 48 hrs-old
pupae of S, littoralis with different concentrations
of tested compounds. The results demonstrated
that no significant differences in the percentages

Table 4. Pupicidal activity of the two bioinsecticides to 48 hrs-old pupae of the cotton leafworm,

S. littorali's

% Accumulative mortality of pupae

Time posttreatment Control Concentrations (ppm)
(hrs) 0.5 1.0 5.0 10.0 15.0
S  E* S E S E S E S E S E
24 00 00 00 00 00 00 00 00 00O 00 00 00
48 00 00 00 00 00 0O 11 10 22 22 32 23
72 00 00 00 00 33 22 43 24 49 28 50 35
% Died pupae 00 00 00 00 38 22 54 34 71 50 82 58
% Emerged adults 100 100 100 100 962 978 953 966 939 95.0 90.8 92.2
% Nonemerged adults 00 00 00 00 38 22 54 34 71 50 82 58

* S; spinosad and * E; emamectin*

Table 5. Pupicidal activity of the two insecticides to 48 hrs-old pupae of the cotton leafworm, S.

littoralis

% Accumulative mortality of pupae

Time posttreatment Control Concentrations (ppm)
(hrs) 0.5 1.0 5.0 10.0 15.0
C* Ph* C Ph C Ph C Ph C Ph C Ph
24 00 00 00 00 00 0O 00 00 00 060 00 00
48 00 00 00 00 0O 00 10 10 22 1.1 1.1 23
72 00 00 14 10 20 24 26 20 49 25 30 35
% Died pupae 00 00 14 10 20 24 36 30 71 36 41 58
% Emerged adults 100 100 98.0 99.0 98.4 98.6 97.0 966 96.6 954 959 942
% Nonemergedadults 00 00 00 1.0 33 24 36 30 7.1 36 41 58

*C; chlorpyrifos and *Ph; phenothrin
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of pupal mortality or deformed adults (2.2-8.2%)
compared with untreated pupae for spinosad and
emamectin, respectively. The percentages of
pupal mortality or deformed adults about (1.0-
7.1%) compared with untreated pupae for
chlopyrifos and phenothrin, respectively. It was
observed from the present results that the two
tested bioinsecticides and two tested insecticides
had the lowest effect on pupae of S. littoralis.

These results are in agreement with many
investigators (Thompson et al., 1999; Argentine
ef al., 2002; Vergoulas and Jousseaume, 2002;
El-Aw, 2006; Pineda et al., 2004).

The in Vive Inhibition of AChE and Na’,
K'-ATPase Activity

The in vivo inhibitory effects of the LCs
values of tested compounds against the
S. littoralis 2™ instar field strain larvale AChE
and Na', K'-ATPase are shown in Table 6. The
data declared that phenothrin, spinosad and
emamectin exhibited the highest percentages of
reduction of Na’, K'-ATPase activity as values
were 83.7, 60.6 and 54.7%, respectively; while
the values of 27.4% for chlompyrifos proving
that it was not active as inhibitor on Na*, K'-
ATPase activity. Chlorpyrifos was used as a
specifically inhibits the AChE. The data
declared that chlorpyrifos exhibited the highest
percentage of reduction of AChE activity as the
value was 80.9%; while values were 28.1, 26.2
and 21.4% for phenothrin, spinosad and
emamectin, respectively. It was clear that the
phenothrin and the two bioinsecticides tested
were not active as inhibitor on AChE activity.

Data in Table 6 summarize the interaction of
spinosad and emamectin on the inhibitory effect
of phenothrin and chlorpyrifos on AChE and
Na', K*-ATPase activity. The results proved that
the pretreatment of spinosad and emamectin
with phenothrin and chlorpyrifos induce
increase the inhibition of enzyme activity. The
inhibition of AChE activity by chlorpyrifos was
80.9%, while it increased to be 82.2 and 81.4%
for spinosad and Emamectin, respectively when
the two Dbioinsecticides pretreated with
chlorpyifos. Morover, the inhibition of Na’, K-
ATPase activity increased to be 93.8 and 89.7%
for spinosad and emamectin, respectively when
two bioinsecticides pretreated with phenothrin.

These results are in agreement with many
investigators {Smagghe and Degheele, 1997;
Salahgado, 1998; El-Aw, 2006; Saleem et al.,
2008a).

Results indicated that bioinsecticides may
make activation of Na', K'-ATPase activity and
these may be increased the phenothrin effects
on Na’, K'-ATPase activity. It is quite clear that
the Pyrethroids at LCsp concentration acts as
potential inhibitors for 8. littoralis larvae Na’,
K'-ATPase activity when pretreated with
bioinsecticides. It was concluded from the
present results that the tested pyrethroids were
potentially potent for control of S. littoralis
however, with new compounds, such as
bioinsecticides currently in use, S. littoralis
could be successfully included in the
management programs.

Table 6. In vive inhibition of S. littoralis 2™ instar larvae AChE and Na*, K'-ATPase activity by

some compounds (LCs)

Compounds (%) inhibition
AChE Na‘K'-ATPase

Spinosad 26.2% 60.6%
Emamectin 21.4% 54.7%
Chlorpyrifos 80.9% 27.4%
Phenothrin 28.1% 83.7%
Spinosad+chlorpyrifos 82.2% 23.1%
Spinesad+ phenothrin 26.3% 93.8%
Emamectin+ chlorpyrifos 81.4% 20.4%
Emamectin+ phenothrin 22.6% 89.7%
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