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ABSTRACT

The acaricidal activity of certain natural plant
extracts and some of their main terpenoids was evaluated
against the female adults of the two-spotted spider mite,
Tetranychus urticae (Koch) under laboratory conditions
using the dlide dip and surface residue techniques. The
relationship between chemical structure of terpenes and
acaricidal efficacy was evaluated. Theresultsrevealed that
peppermint, thyme, caraway and clove extracts were the
most effective against the spider mite, followed by
chenopodium and visnaga extracts and then eucalyptus
and sweet basil which showed relatively the least miticidal
activity. Of the terpencids tested, the monoterpene
hydrocarbons limonene and ocimene were completely
ineffective on the mite at all concentrations tested,
whereas, the oxygenated terpene alcohols menthol and
linalool exhibited promising acaricidal activity. The
phenolic compound thymol was the most active among
tested terpenoids followed by carvone, a monocyclic
ketone and the main constituent of caraway oil and proved
to be biologically more active against mites than camphor
(the  bicyclic monoterpene  ketone).Visnagin, a
furanochromone with one methoxy group, was
significantly more toxic against adult spider mite than
khellin which has two methoxy groups. The results
obtained suggest that certain terpenoids of plant origin can
be used as potential parent structures for new acaricides
and as alternative and safe acaricidal agents.
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INTRODUCTION

Tetranychid mite, Tetranychus urticae Koch. is a
major pest to the economic field crops, vegetables,
fruits and ornamental plants causing severe damage to
vegetative growth, seeds and crop quality (El-Sebae et
al., 1978; Ismail and Hoda, 1985; Osman et al., 1985;
Eldoksch et al., 1991a; Hosny et al., 2003 and
Miresmailli et al., 2006). Spider mite control, generally,
depends on the use of synthetic acaricides that led to
increasing environmental problems including mite
resistance, persistent residues, hazardous effects on
non-target organisms and human health hazards.
Therefore, it is necessary to find out more selective and
safe materials to be used for mite control. Methods of
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pesticide screening rely on random testing of numerous
chemical analogues against various pests to identify
new leading molecules for fungicide, acaricide or
insecticide synthesis. An emerging alternative to
random chemical synthesisis the study and exploitation
of naturally occurring products with pesticidal activities
to identify such leading molecules (Pillmoor et al., 1993
and Brent, 1996). Research on natural products and
essential oils derived from plants has led to exploring
many of biologically active chemicals useful in plant
protection mainly against insect pests, weeds and plant
pathogenic fungi and bacteria (Saleh et al., 1984;
Bowers, 1985; Duke, 1986; El-Sebae, 1987; Bentley et
al., 1988; Eldoksch et al., 1996; Eldoksch et al., 1997;
Eldoksch et al., 2001 and Eldoksch and El-Sebae,
2005). The present study was conducted to investigate
the acaricidal activity of certain plant extracts and oils
and some of their mgjor components against the two-
spotted spider mite, Tetranychus urticae (Koch) under
laboratory  conditions which could enable a
determination of the necessary structures for their
acaricidal action and to predict the possible structure-
activity relationships.

MATERIALSAND METHODS

Tested plant extracts and terpenoids

Eight plant extracts and ten of their major
components were tested for acaricidal activity studies.
The tested plants were: caraway, Carum carvi L.
(fruits); peppermint, Mentha piperita L. (leaves);
thyme, Thymus wulgaris L. (leaves); blue gum,
Eucalyptus globulus (leaves); visnaga, Ammi visnaga
(fruits); sweet basil, Ocimum basilicum (leaves);
chenopodium, C. ambrosiodes (leaves) and clove,
Eugenia caryophyllus (buds). The terpenocids tested
(Fig. 1) were simple hydrocarbons (limonene, ocimene),
acohals (linalool, menthol), phenols (thymol, eugenal),
ketones (carvone, camphor), furanochromones (khellin,
visnagin). Khellin and visnagin were provided by
Memphis Pharmacutical Company; menthol, thymole
and camphor were purchased from Algomhoria
Company for Drugs & Medicina Survices. Carvone
was provided by Polak and Schwarz’s Essence-
Fabrieken, Zaandam, Holland. The rest of
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monoterpenes were provided by Fluka. Vertimec 1.8%
(E.C.) with active ingredient, abamectin is a
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Figure 1. Chemical structures of tested furanochromones and monoter penes

naturally derived product was provided by the Central
Agricultural Pesticide Laboratory (CAPL) and used as a
reference for comparison.

Preparation of extracts

The extraction of plant materials was carried out
according to Meisner et al.(1981). Samples of about
150-200 g each of dried plant material were ground into
fine powder and extracted by soaking for five days in
80% ethanol (2x1.5 L). The combined ethanol extract
was filtered and concentrated under reduced pressure at
45-50°C and then it was partitioned with petroleum
ether (3x300 ml). The petroleum ether extract was
concentrated and evaporated to dryness to obtain the
oily crude extracts.

Bioassay techniques
1. Slidedip technique

The dlide dip method described by Dittrich (1962)
was used to evaluate the acaricidal activity of plant
extracts and terpenoids. The prepared dlides containing
adult females of the two-spotted spider mites T. urticae
(20 mites/slide) were dipped in the tested solution for
five seconds. Three replicates were made for each
concentration. Mortality counts were recorded 48 hrs
after treatment. The tested mites were obtained from
mite culture reared on lima bean plants.

2. Surfaceresidue technique
A filter paper contact bioassay was used to evaluate
the toxicity of plant extracts and terpenoidsto T. urticae

(Stendel and Fuchs, 1984). 0.5 ml of acetone containing
the tested concentration was applied to afilter paper

(5.25 cm in diameter) placed at the bottom of a Petri
dish (6 cm in diameter). After the solvent was
evaporated, ten adult females of T. urticae were
introduced in each Petri dish. The control Petri dish
with filter paper received 0.5 ml acetone and 10 adult
female mites. Mortality counts were recorded 48 hrs
after treatment. The treated mites were kept under
constant conditions, at 27°C and 60-70% relative
humidity. Mites were counted as dead if no irritability
was observed after stroking them with a fine hair brush
using a stereoscopic microscope. The LCsy values
(lethal concentrations that cause 50% mortality of the
treated population), their confidence limits and slope
values for the different plant extracts and terpenoids
were calculated using Litchfield and Wilcoxon (1949)
method and Finney (1971).

RESULTSAND DISCUSSIONS

Acaricidal efficacy of plant extracts

The acaricidal activity of eight plant extracts was
evauated against adult females of the two spotted
spider mite T. urticae and presented in Table (1) in
terms of LCsgs, their confidence limits and slope values.
The datain Table (1) indicate that by using the side dip
technique, the clove and thyme extracts were the most
toxic against the spider mite with L Csgs of 470 and 556
ppm, respectively, followed by peppermint extract (725
ppm), caraway (800 ppm), and chenopodium (930
ppm). Sweet basil, visnaga and eucalyptus (blue gum)
extracts came next in their acaricidal activity with
LCss of 1175, 3150 and 4600 ppm, respectively. The
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standard acaricide vertimec exhibited high acaricidal
activity to the two-spotted spider mite with LCsq value
of 145 ppm.
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Table 1. Toxicity of crude plant extracts against adult females of the two-spotted spider
mite, Tetranychus urticae (Koch) using the slide dip technique

Plant extracts (:;?:) Confidencelimitsfor LCs,  Slopevalue Toxicity index
Clove 470 (427.3 - 517.0) 214 30.8
Peppermint 725 (659.1 - 797.5) 1.88 20.0
Caraway 800 (727.2 - 880.0) 2.13 18.1
Thyme 556 (505.4 - 611.6) 2.84 26.1
Chenopodium 930 (845.4 - 1023.0) 2.06 15.6
Sweet basil 1175 (1068.2 - 1292.5) 1.85 12.3
Eucalyptus (blue gum) 4600 (4181.8 - 5060.0) 177 31
Visnaga 3150 (2889.9 - 3433.5) 2.35 4.6
Vertimec (acaricide) 145 (131.6-159.5) 2.86 100

The promising acaricidal activity that was exhibited
by some plant extracts against adult mites in the present
work may be due to such active compounds present in
the crude extracts of the selected medicina plants
(Bouwmeester et al., 1998 and Eldoksch and El-Sebae,
2005).

Acaricidal efficacy of terpenoids

Results in Table (2) indicated that the monoterpene
hydrocarbons, either cyclic (i.e., limonene) or alicyclic
(i.e,, ocimene) (Fig. 1) did not show any acaricida
activity up to 10000 ppm using the two different
bioassay methods applied (Tables 2 and 3). In contrast,
the terpene alcohols, menthol and linalool exhibited
promising acaricidal activity with LCsy values of 640
and 920 ppm, respectively in case of dlide dip technique
and 580 and 2150 ppm in case of surface residue
technique. Therefore, the oxygenated functional groups
can potentiate the acaricidal efficacy among these
compounds. Thymol, the main compound of thyme,
gave high acaricidal activity in each of dide dip and
surface residue techniques with LCsy values of 465 and
413 ppm, respectively. Also, eugenol, the main
compound of clove showed promising acaricidal
activity with LCsy values of 580 and 865 ppm,
respectively. This potent acaricidal efficacy of thymol
and eugenol may be due to a phenolic function which
can enhance the miticidal characteristics of terpenes.
Carvone, a monocyclic ketone and the main component
of caraway oil (Bouwmeester et al., 1998), reveaed
also potent acaricidal activity in both dlide dip and
surface residue techniques with LCsy values of 575 and
525 ppm, respectively. On the other hand, the acaricidal
activity of camphor, a bicyclic monoterpene ketone and

the main component of blue gum, E. glubulus, showed
moderate

acaricidal activity with LCs values of 4250 and 3830
ppm in both dlide dip and surface residue assays,
respectively. It is of interest to mention that the
monoterpene, carvone which exhibited potent acaricidal
efficacy in the present work has previously been
reported by severa investigators to have diverse
biological activity against certain human pathogenic
bacteria and fungi (Sivropoulou et al., 1995 and Naigre
et al., 1996), against phytopathogenic fungi and bacteria
(Eldoksch and Abdel-Moity, 1997; Hassanein and
Eldoksch, 1997; Eldoksch and Hassanein, 2007) and
also against agricultural insects (Meisner et al., 1982;
Eldoksch et al., 1991b and Hamaad et al., 2008)).

The data also showed that khellin and visnagin, the
main compounds of visnaga extract, showed acaricidal
activity with some differences in their efficacy against
the tested mite (Tables 2 and 3). The results indicated
that a furanocromone visnagin which has one methoxy
group (Figurel) exhibited reasonable acaricidal activity
after 48 h of treatment in both the dlide dip and surface
residue techniques with LCsy values of 748 and 540
ppm, respectively. Khellin, which is structurally closeto
visnagin but has two methoxy groups, showed moderate
acaricidal activity in both bioassay methods giving LCsy
values of 4070 and 3570 ppm, respectively. These
results revealed that visnagin, with one methoxy group,
is more toxic against mites than khellin, which has two
methoxy groups in its chemical structure. The results
obtained suggest that chemical structures of
monoterpenes and  furanochromones with high
bioactivity against mites can be used as potentia parent
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structures for new acaricides as safe and alternative
acaricidal agents through the integrated pest
management programmes.
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Table 2. Toxicity of monoter penes and furanochromones against adult females of the two-
spotted spider mite, Tetranychus urticae (Koch) using the slide dip technique

Compounds (Iﬁpc):rﬁ) Confidence limitsfor LCx Slopevalue Toxicity index
Monoter penes:
Menthol 640 (581.8 - 704.0) 211 22.6
Linalool 920 (836.4 - 1012.0) 2.85 15.8
Thymol 465 (430.5-502.2) 2.35 31.2
Eugenal 580 (537.0- 626.4) 1.82 25.0
Carvone 575 (522.7 - 632.5) 3.78 25.2
Camphor 4250 (3863.6 - 4675.0) 2.08 34
Limonene NT - - -
Ocimene NT - - -
Furanochromones:
Khellin 4070 (3666.6 - 4517.7) 2.62 31
Visnagin 748 (686.2 - 815.3) 3.27 194
Acaricide:
Vertimec 145 (131.6 - 159.5) 2.86 100

NT = Non-toxic up to 10000 ppm (1%).

Table 3. Toxicity of monoter penes and furanochromones against adult females of the two-
gpotted spider mite, Tetranychus urticae (K och) using surface residue technique

Compounds (IF_)F?T;O) Confidence limitsfor L Csg Slopevalue Toxicity index
M onoter penes:
Menthol 580 (531.0- 626.4) 243 20.7
Linalool 2150 (1954.5 - 2365.0) 248 5.6
Thymol 413 (382.4 - 446.0) 293 29.0
Eugenol 865 (720.8 - 1038.0) 2.10 139
Carvone 525 (486.1 - 567.0) 2.60 22.8
Camphor 3830 (3579.6 - 4098.1) 192 31
Limonene NT - - -
Ocimene NT - - -
Furanochromones:
Khellin 3570 (3367.9-3784.2) 1.95 34
Visnagin 540 (509.4 - 572.4) 2.81 222
Acaricide:
Vertimec 120 (104.3 - 138.0) 2.68 100

NT = Non-toxic up to 10000 ppm (1%).

In conclusion, it can be stated that the terpene
alcohol (menthol), the phenol compounds (thymol,
eugenol), the monocyclic monoterpene ketone (carvone)
and a furanochromone (visnagin) exhibited promising
acaricidal efficacy against the two-spotted spider mite,
T. urticae. The identification of novel active natura
compounds against mites with potential new mode of
action could increase the number of agrochemical
agents and, subsequently, reduce the frequency of mite
resistance phenomena to acaricides and providing
alternative green pesticides of environmental safety.
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