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ABSTRACT

Insecticidal effect of five plant essential oils namely: garlic, neem,
ginger, peppermint and jojoba were determined against Bemisia tabaci
female and male adults. The results showed that jojoba oil was the most
potent against both sexes of the subject whitefly followed by peppermint
and neem oil. On the contrary, ginger oil showed to have less toxic effect
followed by garlic oil. Generally, all tested oils exhibited a superior toxic
effect on males rather than females of B. tabaci. In addition, effects of LCsg
of the tested oils on the in vitro inhibition of ATPase, chitinase and AChE
were determined in comparison with three specific inhibitors pesticides
{cyhalothrin, diuron and malathion). All essential oils showed very weak
inhibitory effect (less than 50%) on the three tested enzymes. Effect of
mixing plant essential oils with specific inhibitors on the in virro inhibition
of ATPase, chitinase and AChE was also investigated. Results proved that
mixing of jojoba oil with cyhalothrin induced non-significant differences in
the percentages of inhibition against ATPase. While, mixing of garlic oil
with diuron and mixing of peppermint oil with malathion significantly
increased the percentages of inhibition against chitinase and AChE,
respectively. The results emphasized that 5o and Ki values decreased when
oils mixed with pesticides. The highest reduction percentage of Is; was
recorded for the mixture of peppermint oil with malathion, as the reduction
were 38.00 and 37.14% for females and males followed by the mixture of
garlic oil with diuron which caused 31.48 and 35.14% for females and
males, respectively. While, the mixture of jojoba oil with cyhalothrin caused
12.50 and 6.25% reduction in Iso value for females and males, respectively.
The same trend was also shown for Ki values. The present study sugpest
that the toxicity of the tested oils make them potential materials for use in a
comprehensive integrated pest management program for the subject pest.
In addition, results declared that the inhibitory effect of organophosphorus
insecticide, malathion on AChE and phenylurea herbicide, diuron on
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chitinase can be enhanced by mixing with peppermint and garlic oil,
respectively. '

INTRODUCTION

The whitefly, Bemisia tabaci Genn. causes great concern among
agricultural producers throughout the world. This pest damages plants in
several ways including direct damage from feeding individuals, production
of massive quantities of honeydew upon which sootymold fungus can grow
and transmission of geminiviruses (Costa ef al., 1991; Brown, 1992; Costa
et al., 1993). The combionation of these effects has promoted this species to
one of the most damaging pests in agricultural production.

B. tabaci is notable for its ability to develop resistance to chemical
pesticides quickly (Costa and Brown, 1991; Cahill et al., 1995, 1996).
Therefore, it is extremely urgent and important that alternative centrol
methods should be developed and unconventional materials, should be
investigated. In recent years, there has been increased interest in natural
plant-derived oils as altemative pesticides to conventional and broad-
spectrum toxicants. The relative law cost of these oils compared to most
insecticides and the low énvironment hazard make them attractive
candidates for use in pest control strategy. Generally, previous studies about
the effects of plant derived oils were focused ¢n the repellency effect,
feeding or oviposition deterrence, toxicity, sterility, and growth regulatory-
activity (Shmutterer, 1990, 1997; Butler et al, 1993; Flint er al 1995,
Thibout and Auger, 1997; Hiiesaar ef al., 2000; Tripathi et al. 2000; Choi et
al., 2003).

The aim of the present research was to decrease the applied
pesticides concentrations in order to reduce the cost of chemical control
strategy and minimize hazards of human, animals and natural enemies of
pests as well as reduce the environmental pollution. To achieve this aim, the
present study was conducted to evaluate the potency of five plant essential
oils namely: garlic, neem, ginger, peppermint and jojoba, on both sexes of
B. tabaci adults. Besides, this study attempted to investigate the effect of
LCso values of the tested plant oils on the activity of three important
biological targets; ATPase, chitinase and acetylcholinesterase in comparison
with the effect of three specific inhibitor pesticides. In addition, it was
thought profitable to investigate the combined effects of mixture between
plant oils and the chosen pesticides on the in vitre inhibition of the tested
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three enzymes in order to check whether these oils enhance the inhibitory
effect of the pesticides.

MATERIALS AND METHODS

I- The whitefly, Bemisia tabaci Genn. laboratory strain;

The subject insect has been taken from a susceptible laboratory culture
of the cotton whitefly B. rabaci Gennadius, which has been reared on
tomato plants since 1999 in greenhouses at 25+7 °C, 65+5 RH and under
natural light conditions in Economic Entomology Department, Faculty of
Agriculture, Alexandria University.

2- A) ATPase preparation and activity assay:

ATPase was isolated from B, rabaci adults according to the method of
Koch (1969). The obtained inorganic phosphate (Pi) was measured
spectrophotometrically according to the method of Taussky and Shorr
(1953) method. Absorbance was measured at 750nm. The specific activity
of ATPase was measured as pmole Pi /mg protein per min.

2-B) Chitinase preparation and activity assay:
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et al. (1978). Chitinase activity was determined by the method of Reissig et
al. (1955) which modified by Andrew et al(1982). The optical densities
were measured spectrophotometrically at 416nm.

2-C) AChE preparation and activity assay:

Separation and activity assay of AChE from B. tabaci adults was
performed according to the method of Ellman et al. (1961). The rate of color
production as function of enzyme activity is measured spec-
trophotometrically at 412nm. Specific activity was calculated as mg protein
/ hour. Protein content in prepared homogenates of ‘B. tabaci adults was
assayed spectrophotometrically by the method of Lowery et al. (1951) at
750nm using bovine serum albumin as a standard.

3- Optimal conditions of the tested enzymes:

According to the study of EL-Meniawi and Ismail, (2006) on the same
B. tabaci strain; the activity of chitinase and AChE was determined at the
optimal conditions of 37°C, 120 min, 1jg protein concentration and pH 4.5,
while these parameters for AChE were at 35°C, 20 mm. 2.2ug protein
concentration and pH 8.0.
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To determine the optimal conditions of ATPase activity, effect of
temperature on ATPase activity was carried out from 25 to 45°C, the
enzymatic reaction was carried out from 5 to 25 min, the effect of protein
concentration was measured from 0.55 to 1.6 mg/ reaction. Effect of tris-
HCI buffer pH was also tested in a range from pH 6.5 to 8.5. Effect of
substrate concentration (ATP) on ATPase activity was investigated from 3
to 7 pM. Besides ATPase Kinetic parameters (Km, Vpax) were estimated
from the Lineweaver-Burk regression lines (Lineweaver and Burk, 1934}

4) Tested plant essential oils:

The insecticidal activities of five plant essential oils were determined -
against B. tabaci male and female adults. The evaluated plant essential oils
included:

a- Garlic oil (Allium sativum, Fam.: Liliaceae), supplied by the
Department of Pharmacology, Faculty of Pharmacy, Alex,,
University.

b- Neem oil (pure oil 10%0) (Azadirachta indica, Fam.: Miliaceae),
Neemguardo,Gharda chemicals, Ahme, India.

c- Ginger oil (Zingiber officinale, Fam.. Zingiberaceae). This oil was
supplied by the Department of Pharmacology, Faculty of Pharmacy,

Alex., University.

d- Peppermint oil (Mentha piperita, Fam.; Labiatae), Egyptian natural
Co., Egypt.

e- Jojoba oil 96% E.C. (Simmodsia chinensis), Egyptian natural Co.,
Egypt.

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 oils were prepared in distilled water.

5) Bioassay tests:

Leavs of uninfested tomato seedlings, 15-20 cm height, were dipped
for 1min in each concentration of the tested oils. Control plants were dipped
in distilled water containing 0.5% triton X-100. Treated and control plants
were air-dried for 3hrs. Twenty newly emerged adults of each segregated
sex were introduced onto treated and control plants covered with glass cages
with mustin in the upper opened and then kept at 25+2°C, All treatments and
controls were replicated three times. Number of alive and dead adults per
replicate was counted 24 and 72 hr. after treatment. Concentration-mortality
regressions were statistically analyzed with SPSS computer program for
Probit analysis of Finney (1971).
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6) In vitro inhibition and kinetics of ATPase, chitinase and AChE:

The inhibition of ATPase, chitinase and AChE were determined in
both male and female adults using the LCs, value of each of the tested plant
essential oils. To check whether these tested oils could enhance the
inhibitory effect of the specific inhibitor pesticides, the oil which produce
higher inhibition of the enzymatic activity was mixed with specific
inhibitors for each three tested enzymes. The pesticides which chosen as
specific inhibitors weére:- cyhalothrin {{S)-o-cyano-3-phenoxybenzyl) as a
specific  inhibitor for ATPase; diuron (3-(3,4-Dichlorophenyl)-1,1-
dimethylurea) as a specific inhibitor for chitinase and malathion (Diethy)
(dimethoxyphosphinothioylthio) succinate) as a specific inhibitor for AChE.
Kinetic parameters (Isy & Ki) were determined at the optimal conditions of
each enzyme. The method of Dixon and Webb (1964) was adopted to draw
the Dixon-plots by plotting 1/V versus concentrations of the inhibitor at two
concentrations of the substrate. Chitin (the substrate of chitinase)
concentrations were 200, 500 upg, the substrate of ATPase (ATP)
concentrations were 3.0 and 5.0 mM. While acetylthiocholine jodide
(substrate of AChE) was used at concentrations of 107 and 10™M.
Estimation of Is value was carried out by pre mncubating the enzyme with
the inhibitor for 30 min at the optimum conditions of ATPase, chitinase and
AChE. '

Data were statistically analysed by "F" test. Ali probable comparison
combinations were achieved by Duncan's new multiple range test Snedicor
and Cochran (1976) at 0.01probability level.

RESULTS AND DISCUSSION

1-Optimal conditions for ATPase activity assay: _

The optimal conditions for measuring total ATPase activity in whole
body homogenates of B. tabaci adults are summarized in Fig.1. The optimal
temperature and pH at which maximum enzymatic velocity occurs was at
37°C and pH7.4. The obtained results emphasize that ATPase activity was
increasing with the increase of substrate concentration with a linear
proportional way fitting with 7* order reaction kinetic model (Fig. 1, D).
The same trend was also observed for the optimal incubation time as it was
at 15 min. It is also clear from Fig. (1, E) that the initial hydrolysis velocity
is directly proportional to the enzyme concentration.  The protein
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concentrations maintain linear up to 1 mg protein enzyme in the incubation
reaction mixture. '

 The affinity of ATPase in whole body homogenate to the substrate
(ATP) and the maximum enzymatic velocity were determined by the
Lineweaver-Burk plots illustrated in Fig. 1, F.

The results revealed that Km value of ATPase from B. tabaci
females increased tol.5 folds than that of males. This may reflect a relative
lower affinity of ATPase from females to the substrate and in return lower
activity than those of ATPase from males. In other words, the observed
reduction in Km value of ATPase from males indicated that the enzyme
acquired more affinity to ATP. The same trend was also found in Ve
values as Vpax of ATPase from females exceeded 1.7 folds that of males.

2-Insecticidal effect of the tested plant essential oils:

Toxic effect of the five tested plant essential oils against B. tabaci
male and female adults was evaluated. On the light of LCso values (Table 1),
it is obviously noticed that jojoba oil was the most potent against both sexes
of the subject whitefly followed by peppermint and then by neem oil. On the
contrary, ginger oil showed to has less toxic effect against B. tabaci adults
followed by garlic oil. Generally, all tested oils exhibited a superior toxic
effect on males rather than females. This may due to the differences in fat
bodies and protein contents between females and males.

The present results are in agreement with Farrag and Zakzouk (1998)
who reported highly toxic effect of jojoba oil on B. fabaci immature and
adult stages. Also, EL-Bessomy (2003) found that jojoba oil at rate of
1L/100L water could be used instead of imidachloprid against the immature
stages of B. tabaci on tomato plants. Monoterpenoids such as menthone in
mint oil induce a variety of responses by insects. For example, several -
monoterpenoids are repellents for Periplaneta amecricana and Blatta
germanica (Appel et al.2001, 2004), affect growth and development (Karr
and Coats, 1992) and acutely toxic to insects (Coats ef al. 1991, Rice and
Coats 1994; Appel et al. 2001). Prabhaker et al. (1989) recorded that neem
was generally the least toxic when compared with conventional insecticides
to all stages of B tabaci. However, more effectiveness of Azadirachia
indica have been recorded against aphid species (Pavela et al 2002,
Baspinar et al. 2002). The present results agreed with those of Liu
and Stansl~y (1995) and Flint et al. (1995), which proved that the silver leaf
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Fig. 1: Optimal conditions for 8. tabaci ATPase activity assay as a function of incubation
temperature (A), buffer pH (B), incubation time (C), ATP concs in pM (D), protein concs
(E) and Lineweaver-Burk plots of ATPase activity from B. tabaci male and female adults
(F). Each point represents of at least three determinations.

87




El-Meniawi, F. A. & Ismui, SM

“syuTy 99USPYUOD) I TD »

070 | Z61'0FSitE) 891 111 6tl 7807 Ch10¥8LeL 891 Iit | 6tl % .,wnowoﬁ
1,20 | 881°0F69T°1 ¢81 vZl £el Y44 STIOF0ER T ¢81 14! 131 &
oc60 | 881°0F019°1 | 8Lt S01 LET 7i8vl | coVOFIPET 8Lt 0% LET b snueddad
719y | LSVOFBILL %34 601 §9¢ 88761 881°0F1ZTT 134 601 £9C &
L98°T | 691°0FLOV | otL .omq s mﬁ...,m eF 1 OFEST T 0Tl 9ty LS 2 580
065°C | TLIOFSBS'T 518 66¥ 9y9 OLLZ LI OFRSL] ci8 66 o9 5
1950 | TSIOFLRLL 90£ $TL §97 Ll : ¢g1'0¥820C 90t €L £9¢ g WiseN
7651 Ly OF8LS T £9¢ 79T 1% L19'L LLVOFLOL'T £9¢ 9L 11¢ 5
198'8 | 0Z1OFSLTT 999 wr oly Eré €110F10T1 945 el olv % o120
w1l | €61°0F900°C 856 162 LES 69911 c1roFzel’l 856 162 LES & -
Mo | As* adojs et .JMHMo A HM,_& Ju0 q's+edols =0 ..‘III,li_.M;MMm A HM;& (1o paIsaL
usunean oye Y7L jusuneal) OYe 1P
“juaunean aye
14 7L pue T e sinpe e pue s[ewsj 100GV} g jsurefe sj10 [ENU55 JUIOS JO sigpwered AX0L (1) 21qeL

88



J.Pest Cont, & Environ. Sci. 14(1): 81-99 (2006)

whitefly B. argentifolii was not susceptible to the toxic properties of some
garlic oils in adult and immature stages. Volatile compounds of garlic oil are
thought to cause insect mortality but the exact modes of actions are unclear
{Olkowski ef al., 1991),

3- In vitro inhibition of B. tabaci aATPase, chitinase and AChE:

Effects of the obtained 1.Csq values of each of the five tested plant oils
on the In vitro inhibition of the three tested enzymes from ecach sex of
B. tabaci were investigated. The obtained data (Fig. 2) declared that jojoba
oil exhibited the highest percentages of reduction on ATPase activity as
these values were 46.7 and 39.0 % for male and females, respectively. On
the other hand in case of chitinase, the most obvious reduction in its activity
was recorded for garlic oil. The percentages of chitinase inhibition were
46.5 and 40.7% for males and females, respectively. In addition, peppermint
caused the highest percentage of AChE inhibition as these values were 45
and 40.4% for male and females, respectively.

When comparing the reduction of enzymatic activity due to the tested
oils with the inhibitory activity of the specific inhibitor pesticides (Fig. 2), it
is obviously observed that plant essential oils had a very weak inhibitory
effect on the three tested enzymes, as percentage of inhibition always
decreased than 50%.

Present findings suggest that tested plant oils may prevent the binding
of substrate with the active site of the enzyme or change the reaction media
‘between the substrate and the enzyme. Such latter suggestions needs further
investigations. '

To check the combined effects of both plant essential oils and chosen
pesticides on the enzymatic activity inhibition, the LCsp of the oil, which
produce higher reduction in the enzymatic activity, was mixed with the
pesticides. Data represented in Fig. 3 summarize the inhibition percentages
in ATPase, chitinase and AChE due to the combinations between oils and
specific inhibitor pesticides. To declare these combined effects, Fig. (3) also
demonstrates the percentages of enzymatic activity due to the in virro
treatment with oil or pesticides alone.

Generally, it is noticed that tested oils enhanced the inhibitory effect of

the three pesticides. Concerning the ATPase, the results proved that mixing
of jojoba oil with cyhalothrin insignificantly induce increase in the
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inhibition percentages (Fig 3). The percentages of ATPase inhibition by
cyhalothrin alone were 83.4 and 87.7% for B. tabaci females and males,
respectively. While these percentages increased to be 86.2 and 89.4% when
the LCs of jojoba oil mixed with cyhalothrin.

On the other hand, mixing of garlic oil with diuron and peppermint
with malathion significantly increased the percentages of chitinase and
AChE, respectively.

The present findings suggest that increase sensitivity of the tested
enzymes to inhibition by mixture with plant essential oils might be
associated with decrease catalytic activity to substrate. Unfortunately, no
available references in the literature about the enhancing effect of plant
derived oils on the inhibition potency of pesticides. However, particular
consideration should be paid to the results of Coats er al. (1991}, which
reported that monoterpenoids such as menthone in mint oil are considered
neurotoxic because of their speed of action and their effects on
neurotransmitters.

4- Effect of mixing plant essential oils with pesticides on the inhibition
kinetic parameters:

Table (2) summarizes the inhibition kinetic parameters (Iso and Ki) of
each pesticide alone and the mixture between plant oil and pesticide against
the three tested enzymes that isolated from B. tabaci male and female
adults. The percentages of reduction in 15y and Ki values due to mixing oil
with pesticide were calculated.

Gienerally, it was noticed that mixing of plant-oil with the pesticide
clearly decreases values of iso and Ki. The lowest recorded 1sp values of the
mixture between oil and pesticide reflect that the plant-oil may activate the
pesticide to inhibit the enzyme. In other words, adding the plant-oil to the
pesticide increased its inhibition potency. In case of in vitro inhibition of
ATPase, the results proved that mixing jojoba oil with cyhalothrin decrease
isq value to 12.5 and 6.25% in both female and male adults, respectively.
While. the mixture of garlic oil with diuron resulted in.a 31.48 and 35.14%
reduction in the inhibitory effect of diuron against female and male adults,
respectively. Likewise, mixing peppermint oil with malathion caused 380
and 37.14% reduction in the inhibition of AChE from females and males,
respectively.
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Fig. 2: In vitro inhibition of the three tested enzymes by the LCs, value of each tested plant essential oils in comparison with pesticides chosen as specific
inhibitors {cyhalothrin, diuron and malathion are inhibitors for ATPase, chitinase and AChE, respectively). (cyhalothrin concentration were 0155,
0.088uM; diuron cancentrations were 0.989, 0.368uM; malathion concentrations were 0.444, 1.88uM for females and males, respectively).
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The present study suggest that the toxicity of the tested plant essential
oils make them potential materials for use in a comprehensive integrated
pest management program for the subject pest. In addition, results declared
that the inhibitory effect of organophosphorous insecticide, malathion on
AChE and phenylurea herbicide, diuron on chitinase can be enhanced by

mixing with peppermint and garlic oil, respectively.
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