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ABSTRACT

The toxicity of neem oil; jojoba oil; peppermint oil; garlic oil and ginger oil essential oil were evaluated against the
immature stages of the cotton leafworm, Spodoptera littoralis, field strain in comparison with conventional insecticide
cyhalothrin. The results showed that cyhalothrin was the most potent compound followed by neem oil, and jojoba oil and
the least three materials were peppermint oil; garlic oil, and ginger oil. Tested compounds, cyhalothrin at 15.0 ppm
achieved 31.9% mortality of treated egg masses, while neem oil; jojoba oil; peppermint oil; garlic oil and ginger oil at the
same concentration caused 89.0; 75.9; 59.6; 53.5, and 51.0% mortality, respectively. The toxicity of tested compounds
were evaluated against newly hatched larvae at 24, and 48 hrs, post treatment. The results showed that cyhalothrin; neem
oil and jojoba oil were the more potent than peppermint oil; garlic oil and ginger oil. Cyhalothrin and tested essential oils
gave not exhibited any toxic action against pupae of S. littoralis. The interactions of cyhalothrin with tested essential oils
in vivo on the inhibition of Na',K'-ATPase was investigated. Results proved that pretreated of neem oil, and jojoba oil
with cyhalothrin increased the percentage inhibition for Na',K"-ATPase to 91.4, and 88.3% respectively. Results proved
that the five essential oils mixed with pyrethroid insecticide, (cyhalothrin), caused more toxic effect than single treatment,
the present results proved that the five essential oils are potent for control of cotton leafworm, the neem oil, and jojoba oil,
resulted in more effect than peppermint oil; garlic oil, and ginger oil. Generally, essential oils enhance the toxicity of some
compounds against the eggs, and newly hatched larvae of this insect pest and conserve the role of beneficial insects and
reduce the cost of pest control. This results of the present study may add some more steps to put the essential oils as an

alternative to conventional insecticides, especially against this insect.
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INTRODUCTION

Massive applications of conventional pesticides
result in adverse effects on beneficial organisms,
leaves their residues in the food and result in
environmental pollution. There is need to search
about alternative control agents with safe to non
target organisms; environment components;
compatible with integrated pest management
practices; short half life time and biodegradable.
This has necessitated the use of target specific
compounds with low persistence and an increase in
emphasis on integrated pest management (Sharma
and Yadav 2001 and El-Zahi, 2013). Therefore,
naturally occurring insecticides have been used in
pest control, many of these compounds are
secondary plant substances, including alkaloids;
quinones and essential oils (Coats, 1994 and Appel
et al., 2001). The essential oils have received much
attention as resources of potentially useful bioactive
compounds, particular emphasis has been placed on
their antimicrobial; antifungal, and insecticidal
action (Gerasimos et al., 1997).

The Egyptian cotton leafworm, Spodoptera
littoralis is among the most serious defoliators
threaten the crops (Azab et al., 2001). Massive
applications of conventional pesticides to control
this pest has led to development of multiple
insecticide resistance (Saleem et al, 2008).

Therefore, the aim of this investigation is to
evaluate the toxicity of some essential oils as a
natural product alone and their pretreated with
cyhalothrin on egg stage and to evaluate their
toxicity to the newly hatched larvae as well as pupae
of Spodoptera littoralis, also, study the impact of
essential oils on Na',K'-ATPase activity.

MATERIALS AND METHODS
1. Test pest:

Field strain of cotton leafworm, Spodoptera
littoralis egg masses were collected from cotton
fields at Abeis area, Alex. Province, Egypt.
Experiments were carried out using egg masses (24
hrs-old), meonate larvae, were chosen for bioassays
and the 2™ larval instar were chosen for biochemical
assessments. Pupae (48 hrs-old) were also
investigated.

2. Chemicals and tested plant essential oils:

Jojoba oil 96% E.C. (Simmodsia chinensis), and
Peppermint oil (Mentha piperita, Fam.,: Labiattae),
were obtained from Egyptian natural Co., Egypt.
Neem oil (pure oil 10%) (Azadirachta indica, Fam.,:
Miliaceae), was obtained from Neemguard, Gharda
chemicals, Ahme, India. Garlic oil (4/lium sativum,
Fam.,: Liliaceae), and Ginger oil (Zingiber
officinale, Fam.,: Zingiberaceae), were obtained
from Department of Pharmacology, Faculty of
Pharmacy, Alex., University.
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Basic stock solution of each tested oil was
made in distilled water containing 0.5% Triton X-
100 as an emulsifier. Series of at least five
concentrations of each tested oil were prepared in
distilled water.

Cyhalothrin (pyrethroids) provided as technical
grade insecticides from U.S.A. Environmental
Protection Agency (EPA). Ouabain is a cardiac
glycoside which specifically inhibits the Na",K'-
ATPase (Mcllwain, 1963). A pure sample was
obtained from Sigma Chem., Co. ST. loius.

3. Toxicity bioassay:
3.1. The determination of the ovicidal activity:

Ovicidal activity of the cyhalothrin; neem oil;
jojoba oil; peppermint oil; garlic oil and ginger oil
against the field strain of S. Littoralis, egg masses
(0-24 hrs old) was investigated. The upper layers of
eggs with a fine hair brush, the lower layer in each
egg mass was counted by the binocular. The
counted egg samples rest were dipped (5 sec.) in
different concentrations of the tested compounds,
while untreated 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 and
65-70% RH and observed until hatching. The
number of unhatched eggs, dead neonates and alive
larvae were counted and the mortality percentages
were calculated.

3.2. Toxicity of the tested essential oils against
larvae:

Newly hatched larvae of S. Littoralis were
starved for 6 hrs before test. The selected larvae
were bioassayed against essential oils (neem oil;
jojoba oil; peppermint oil; garlic oil and ginger oil)
using three replicates for each concentration with
ten larvae in each replicate. Disk dipping technique
was used since it has been proved to be the most
common procedure for assessing toxicity to
essential oils (Tabashink and Chushing 1987). Each
castor leaf disc (2 cm?®) was dipped into the
suspension of tested essential oil 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, and 48 hrs and
then corrected according to Abbott s equation
(Abbott, 1925), and subjected to probit-analysis
using the computer program (Finney, 1971).
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3.3. Toxicity of the tested insecticide against
larvae:

Cyhalothrin was bioassayed against the newly
hatched larvae of S. littoralis. The castor leaves
were dipped in different concentrations of the tested
insecticide, cyhalothrin concentrations was prepared
in pure acetone. Treated and control leaves were air-
dried for 3 hrs and placed in clean glass container at
the laboratory conditions of 27+2 °C and 65-70 %
RH, ten larvae (field strain) were used for each test
with three replicates at least. Number of alive and
dead larvae per each replicate was counted 24, and
48 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 the of probit-analysis method of Finney
(1971).

4. Na',K'-ATPase preparation and activity
assay:

Head capsoul from Spodoptera littoralis fourth-
instar larvae dissected and homogenized in a
solution of 0.32 M sucrose, 1 mM EDTA and 40
mM tris-HCI buffer (pH 7.4). The homogenate was
filtered through two layers of cheese cloth.
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 20000 Xg for 30 min. The formed
pellets were then suspended in the buffer and stored
at (-20 °C) for use.

The 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 A 750
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 1 ml. 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-HCI buffer (pH 7.4) 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 1 mM ouabain, whereas the activity
of Na',K'-ATPase was calculated as the difference
between the total ATPase and Mg*'-ATPase
activities.



Alex. J. Agric. Res.

Vol. 59, No.2, pp.97-103, 2014

The protein content in prepared homogenates
of S. littoralis was assayed spectrophotometrically
by the method of Lowery et al., (1951) at A 750 nm
using Bovine Serum Albumin (BSA) as a standard
protein.

5. In vivo inhibition of Na',K'-ATPase activity:

The inhibition of Na" K'-ATPase activity was
determined in the 4™ instar larvae using the values
of each of the tested compounds. In the inhibition
studies, of Na',K'-ATPase activity 10 ul 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-Vi x 100
v
Where:
(V) is the specific activity without inhibitor.
(Vi) is the specific activity in presence of inhibitor
6. In vitro inhibition Na",K'-ATPase activity:

The inhibition of Na' K'-ATPase activity was
determined in the 4™ instar larvae using the values
of each of the tested compounds. The method of
Dixon and Weeb (1964) was adopted to draw the
Dixon-plots by ploting 1/V versus concentrations of
the inhibitor at two concentrations of the substrate.
ATP (the substrate of ATPase) concentrations were
3.0 and 5.0 mM.

Estimation of I5, value (the concentration of the
inhibitor which inhibits 50 % of the enzyme
activity) was carried out by per incubating the
enzyme with the inhibitor for 30 min using the
following concentrations 0.1; 1; 5; 10, and 50 uM.
K; (the inhibition constant) values for each inhibitor
were estimated from Dixon-plot.

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 S.
littoralis. The results showed that, cyhalothrin has
low ovicidal activity compared with tested
essenatial oils. A significant differences in
precentages 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
tested essential oils in comparison to cyhalothrin, in
general the susceptibility of eggs to the tested
essential oils indicated their ovicidal activity. These
results are in agreement with several investigators
such as McDonald, 1981; Korkor et al., 1995; Ngoh
et al., 1998; Isman, 2000; Choudhury, 2001; Ketta
et al., 2001; Momen et al., 2001, and Eman et al.,
2004.

Toxicity to newly hatched larvae:

The toxicity results of the tested compounds
expressed in terms of LCs, are given in table (2) for
the larvae of S. littoralis. LCsy values after 24 hrs
were 0.88; 0.96; 1.04; 1.47; 1.86, and 0.50 ppm for
neem oil; jojoba oil; peppermint oil; garlic oil;
ginger oil, and cyhalothrin against the field strain of
S. littoralis respectively, while LCs, values after 48
hrs were 0.44; 0.53; 0.79; 0.87; 0.99, and 0.31 ppm,
respectively.

The interactions of cyhalothrin with tested
essential oils against the field strain of S. littoralis
larvae were studied. Larvae were allowed to feed on
castor oil leaf disc treated with LCs, values of the
different essential oils. The LCs, values of
cyhalothrin pretreated with the LCsy values of each
of neem oil; jojoba oil; peppermint oil; garlic oil,
and ginger oil on field strain of S. littoralis larvae
are presented in table (3). The LCs, values of
cyhalothrin when pretreated with five essential oils
were lower than LCs, of tested insecticide alone.
The enhancement of toxicity was calculated as a
potentiation factor (P.f.). P.f. values for cyhalothrin
were 2.50; 1.78; 1.35; 1.25, and 1.11 respectively,
when pretreated with neem oil; jojoba oil;
peppermint oil; garlic oil, and ginger oil after 24 hrs
from treatment, while P.f. values were 3.61; 3.26;
2.07; 1.55, and 1.24 respectively, when pretreated
after 48 hrs from treatment. It is clear that the LCs,
values concentrations of essential oils enhanced the
toxicity of the tested insecticide to S. littoralis
larvae, and neem oil and jojoba oil were the most
potent followed by peppermint oil; garlic oil, and
ginger oil were the least activity against S. littoralis
larvae. The mixture with neem oil or jojoba oil was
the most toxic treatment than mixtures with
peppermint oil; garlic oil, and ginger oil.

In general, the susceptibility of S. littoralis
larvae to cyhalothrin increased when treated after
treatment with LCs, of essential oils, the tested
insecticide had the lowest effect when applied alone
but it was the more efficient when mixed with
essential oils. The tested insecticide+essenesial oils
caused more toxic effect than the effect of single
treatment with tested insecticide. It could be
concluded that tested essenesial oils enhanced the
toxicity effect of cyhalothrin. Based on P.f. values,
the field strain of S. littoralis larvae is more
susceptible to neem oil and jojoba oil in comparison
to the peppermint oil; garlic oil, and ginger oil.
Generally, efficacy of essential oils have a very
good additive toxicity for tested insecticide with the
field strain of S. littoralis. These results are in
agreement with those found by many authors such
as, Choudhury, 2001; Ketta et al., 2001; Momen et
al., 2001; Bhargava and Meena, 2002; Webb and
David, 2002; Mesbah et al., 2004; Tripathy and
Singh, 2005, and Moustafa et al., 2006.
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Table 1: Ovicidal activity of tested compounds against 48 hrs-old eggs of S. littoralis

Conc. Cyhalothrin Neem oil Jojoba oil Peppermint Garlic oil Ginger oil
(ppm) oil

H*% U*% H% U% H% U% H% U% H% U% H% U%
Control 98.5 1.8 92.6 7.4 88.8 11.2 86.7 13.3 85.5 14.5 84.7 153
0.5 95.1 4.9 66.4 33.6 756 244 805 19.5 82.0 18.0 83.5 16.5
78.8 21.2 41.2 588 554 446 708 29.2 75.7 24.5 77.4 22.6
5 74.3 25.7 333 66.7 422 57.8 635 36.5 69.5 30.5 73.6 26.4
10 70.2 29.8 28.1 719 372 628 482 51.8 55.6 44.4 60.6 39.4
15 68.1 31.9 11.0 89.0 241 759 404 59.6 46.5 53.5 49.0 51.0

*H%: Hatched eggs. *U%: Unhatched eggs.

Table 2: LCs, values of tested compounds against the newly hatched larvae of S. littoralis.

Compounds LCs (ppm)

24hr 48hr
Cyhalothrin 0.50 0.31
Neem oil 0.88 0.44
Jojoba oil 0.96 0.53
Peppermint oil 1.04 0.79
Garlic oil 1.47 0.87
Ginger oil 1.86 0.99

Table 3: Comparative toxicities of tested cyhalothrin alone or pretreated with tested essential oils on .

littoralis larvae.

LCs (ppm)

Compounds 24hr 48hr

LCs P.f.* LCs P.f.
Cyhalothrin 050 - 031 e
Neem oil+ Cyhalothrin 0.20 2.50 0.086 3.61
Jojoba oil+ Cyhalothrin 0.28 1.78 0.095 3.26
Peppermint oil+ Cyhalothrin 0.37 1.35 0.15 2.07
Garlic oil+ Cyhalothrin 0.40 1.25 0.20 1.55
Ginger oil+ Cyhalothrin 0.45 1.11 0.25 1.24

Potentiation factor (*P.f.) = LCs, of insecticide alone / LCs, of essential oil+insecticide.

The in vivo inhibition of Na",K'-ATPase activity:

The in vivo inhibitory effects of the LCs values
of tested compounds against to the S. littoralis 2™
instar field strain larval Na", K'-ATPase is shown in
table (4). The data declared that cyhalothrin; neem
oil and jojoba oil exhibited significant reduction in
Na',K'-ATPase activity, percentages of Na',K'-
ATPase inhibition were 82.5%; 63.1% and 54.2%
respectively.

Data in table (4) summarize the interaction of
neem oil, and jojoba oil on the inhibitory effect of
cyhalothrin on Na",K'-ATPase activity. The results
proved that the pretreatment of neem oil, and jojoba
oil induce increase the inhibition of enzyme activity.
Results indicated that essential oils may make
activation of Na",K'-ATPase activity and these may
be increased the cyhalothrin effects on Na',K'-
ATPase activity. It is clear that the cyhalothrin at
LCs, concentration acts as potential inhibitors for S.
littoralis larvae Na',K'-ATPase activity when
pretreated with essential oils. It was concluded that
the tested pyrethroid was potentially potent for
control of S. littoralis however, with natural
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compounds, such as essential oils currently in use.
This results are in agreement with some
investigators such as, Coats ef al., 1991; Ragnault-
Rogel and Hamraoui 1994; Weinzierl, 2000;
Soliman, 2006.
The in vitro inhibition of Na",K'-ATPase activity:
Table (5) show the in vitro interaction of
cyhalothrin and two essential oils on Na',K'-
ATPase activity of S. littoralis 2™ instar larvae. The
Is values for cyhalothrin was 0.51 puM. It was
shown that the efficacy of neem oil and jojoba oil
has a very good additive toxicity for cyhalothrin to
the field S. littoralis strain (table 2) because the
enhancement toxicity of neem oil and jojoba oil, we
studied the in vitro biochemical interaction of them
with the Na’ K'-ATPase activity and compare with
the cyhalothrin in vitro effects. The Is5, values for
neem oil and jojoba oil were 0.73 and 0.85 pM
respectively. It clear that cyhalothrin at Is
concentration acts as potential inhibitors for S.
littoralis larvae Na',K'-ATPase activity.
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Table 4: In vivo inhibition of S. littoralis 2™ instar larvae Na',K'-ATPase activity.

Compounds %]Inhibition
Cyhalothrin 82.5%
Neem oil 63.1%
Jojoba oil 54.2%
Neem oil+ Cyhalothrin 91.4%
Jojoba oil+ Cyhalothrin 88.3%

Table 5: In vitro inhibition of S. littoralis 2" instar larvae Na*,K'-ATPase activity.

Compounds Iso (uM) K; (uM)
Cyhalothrin 0.51 32
Neem oil 0.73 54
Jojoba oil 0.85 65

To characterize more details about the in vitro
inhibition of Na',K'-ATPase by the inhibitors, the
Iso and K| values of each inhibitor were estimated
from the graphical method of Dixon and Weeb,
(1964) (table 5). The compounds competitive
inhibition of Na",K'-ATPase activity and the K;
values were 32; 54, and 65 pM for cyhalothrin;
neem oil and jojoba oil respectively. These results
are in agreement with Desaiah ef al., 1975; Saleh et
al., 1984; Ragnault-Rogel and Hamraoui 1994;
Korkor et al., 1995; Weinzierl, 2000, and Imai et
al., 2001.

In conclusion, the present study proved the
essential oils are potentially potent for control of S.
Littoralis, the essential oils when pretreated with
pyrethroides will produce a promising trend so as
reduce the field dose of the conventional
insecticides (pyrethroides). In general, it may
suggest that essential oils alternatives to the
recommended pyrethroides currently in use S.
Littoralis could be successfully included in the
integrated pest management (IPM) programs,
further studied will be useful in this concern.
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