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Ethanolic extract ofMentha pulegium was evaluated against the adults of important
arthropod pest species, the two-spotted spider mite, Tetranychus urticae. Potential
acaricidal impact of plant was determined by contact application. Phytotoxicity was
recorded after 24 h. The value of LC50 was 59,149 mg L71. Also, LT50 values were
27.42, 25.56 and 19.79 h for 35,000, 50,000 and 100,000 mg L71, respectively. Also,
results showed that this ethanolic extract had impact on repellency of T. urticae. All
of the tested concentrations were similar in the repellency test. On the other hand,
the used concentrations (1000, 4000, 6000 and 8000 mg L71) affected on the
oviposition of mite females. These extract doses significantly decreased the egg
laying on the treated surface. The current study indicated that this ethanolic extract
can be used as a safe acaricide on T. urticae.

Keywords: Mentha pulegium; ethanolic extract; Tetranychus urticae; repellency;
oviposition deterrence

Introduction

Resistance and toxicity problems of the synthetic insecticides have resulted in the
necessity of finding more effective and healthier alternatives. Hence, the alternative
method for replacing the using of synthetic insecticides is needed. Among existing
methods, plants have been suggested as alternative sources for insect control. The
plant compounds have preferences: (1) many of plant compounds are selective to
insect pests; (2) they do not have side effects on non-target organisms and the
environment or their effect is little and (3) application of them is easier and their cost
is less compared to synthetic insecticides (Regnault-Roger 1997; Schmutterer 1997;
Liang et al. 2003; Charleston et al. 2005). For centuries, the plant compounds have
been used to control of pests (Isman 2006). In the Roman Empire, the plant extracts
and powdered plant parts were used for their insecticidal activity. Also, in the Persian
king Xerxes, the control of head lice in children was done by flowers of pyrethrum
powder in 400 B.C. (Addor 1995). In recent years, using plant compounds (essential
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oils and extracts) is favourable against insects and mites (Duzgunes and Cobanoglu
1983; Zhang et al. 2004; Tapondjou et al. 2005; Calmasur et al. 2006; Abbasipour et al.
2010, 2011a, 2011b; Mahmoudvand, Abbasipour, Rastegar et al. 2011).

The Lamiaceae family is recognised for their vital oils, medicinal uses and
antimicrobial activity of different species (Skaltsa et al. 2003). An important genus of
Lamiaceae is Mentha. It consists of about 25–30 species and most of them are grown
in temperate regions of Australia, South Africa and the Eurasia region. Also, they
contain a range of components, including cinnamic acids (Ali and Nasir 1990;
Triantaphyllou et al. 2001). Mentha pulegium L. is native to temperate Asia,
Africa and Europe (Germplasm Resources Information Network 2010). In Iran,
M. pulegium L. is used as antispasmodic, antiseptical, insect repellent, carminative
and diaphoretic (Marderosian 2001).

The two-spotted spider mite, Tetranychus urticae Koch (Tetranychidae), attack
numerous crops and ornamental plants (Zhang 2003). It has been recorded on more
than 150 plant economic hosts (Jeppson et al. 1975). Up to now, resistance of spider
mites has reported to more than 80 acaricides. Also, resistance has been reported
from more than 60 countries (DARP 2004). Because of this problem, in recent years,
the researchers have been focused on the natural pesticides. The mentioned materials
have low toxicity on mammalian in comparing to chemical pesticides (Ahmed et al.
1984). In some cases, impact of plant extracts was studied on the acaries. For
instance, Mansour et al. (1987) investigated the impact of neem (Azadirachta indica)
seed kernel extracts on the predacious mite, Phytoseiulus persimilis, and the
phytophagous mite, Tetranychus cinnabarinus. Also in another study, Mansour et al.
(2004) studied the effect of 29 plant extracts on mortality, repellency and the number
of eggs laid by the females of carmine spider mite, T. cinnabarinus. Kim et al. (2005)
evaluated the effect of plant extracts of some plants on T. urticae, Myzus persicae
and Trialeurodes vaporariorum.

On the basis of best knowledge, there are not any reports on the efficacy of
M. pulegium on the mites. In this study, we researched the effects of ethanolic extract of
M. pulegium on the mortality and lethal time of mortality (LT50) of adults of T. urticae.
Also, impact of ethanolic concentrations ofM. pulegium on oviposition prevention and
repellency of this important arthropod pest is also reported in this paper.

Materials and methods

Rearing the mite colony

The original colony of T. urticae was supplied from the Acarology Laboratory in the
Agriculture Faculty of Tehran University, Karaj, Iran. It was reared as a test mite as
the following: lima bean (Phaseolus vulgaris) seeds were planted in plastic jars (15 cm
in diameter) at a rate of 4–5 seeds/jar and incubated under muslin cage to prevent
any infestation. Jars containing lima bean seedlings (15–20 cm long) were taken to
the laboratory; then, infested leaves of T. urticae were transferred to these plants and
left to reproduce under laboratory condition at 25 + 18C. This colony was supplied
with fresh lima bean plants from time to time according to necessity.

Extraction of plant material

Aerial parts of M. pulegium were collected from the garden of the Medicinal
Plants Research Center of Shahed University, Tehran, in July 2009. The plant
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samples were identified by a member of the Faculty of Agricultural Sciences,
Department of Botany, Shahed University according to the Index of Botanical
Plants of Iran. The stem and leaves of M. pulegium were selected for extraction.
The plant parts were dried under indoor conditions for 5 days and then, the
dried leaves were powdered with a grinder. Plant materials (100 g each) were
extracted with 400 mL of absolute ethanol (99% Merck) using a rotary
evaporator at 558C and 200 mm Hg. After filtering through a Buchner funnel,
the filtrates were concentrated to dryness by a rotary evaporator under low
pressure.

Contact toxicity of ethanolic extract

A leaf disc painting method was used for calculating the LC50 of the ethanolic extract
of M. pulegium. Tests were conducted in disposable plastic Petri dishes (3 cm in
diameter). Leaf discs (3 cm in diameter) were cut from the leaves of greenhouse-
grown plants using a cork borer. A 20-mL aliquot of each concentration (ethanolic
extract) was painted on the surface of the leaf disc with a micropipette. After drying
at room temperature, each disc was placed in the bottom of a Petri dish (3 cm in
diameter). After that, 10 adults of T. urticae were placed on each disc in the Petri
dishes. Control mites were held on leaf discs painted with the carrier solvent alone
(ethanol). The covered dishes were placed in a growth chamber at 25 + 18C and
70 + 5% relative humidity with a 16:8 h (light:dark) photoperiod. Mortality was
determined under a dissecting microscope 24 h after treatment. All treatments were
replicated four times.

To evaluate the lethal time of mortality (LT50), a similar method was used but the
recording time of mortalities was 3 h each. The mortality recording was continued
until 48 h from the beginning of assay in these tests. The mortality data to estimate
LC50 and LT50 values were analysed in probit analysis using proc probit in SAS
software (SAS-Institute 1997).

Repellency test of ethanolic extract

The repellency test of ethanolic extract of M. pulegium was made according to the
method described by Miresmailli et al. (2006). Leaf discs of lima bean of 3-cm
diameter were used to evaluate the repellency of the oils. Half of the disc was
immersed into an ethanolic solution of the extract in four concentrations (1000,
4000, 6000 and 8000 mg L71) for 5 s and after drying, the other half of the disc
was immersed in ethanol and water solution, which served as control. Ten male
and female of mites were placed on each disc (five mites on each half of leaf disc)
and each treatment was repeated four times. The evaluation was made after 24 h
where the numbers of mites present in each half of the leaf were counted. The
repellency percentage (%R) of the oils was calculated according to the following
equation:

%R ¼ C� T

N
� 100

where T is the mite number in the treatment, C is the number of mites in the control
and N is the number of used mites in the test.
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Oviposition deterrence of M. pulegium extract

For research on the effect of extract on the oviposition detergency, four
concentrations (1000, 4000, 6000 and 8000 mg L71) of ethanolic extract of
M. pulegium were prepared in a mix of water and ethanol. For each treatment, 20 mL
of various ethanol solutions were released on the surface of leaves (3 cm in
diameter). After evaporation of water and ethanol, two pairs (two males and two
females) of adults (3 days old) of T. urticae for each concentration and control were
selected and placed in a plastic vial (140 mL). For control, only ethanol and water
were used. For each concentration, four replications were performed. The number of
laid eggs was recorded after 24 h and oviposition deterrence was calculated with the
formula as follows (Pascual-Villalobos and Robledo 1998):

oviposition deterrence ¼ 1� NEt

NEc
� 100

where NEt is the number of eggs in treatment and NEc is the number of eggs in control.

Statistical analysis

The lethal concentrations (LC50 and LC90) and lethal time (LT50) values of mortality
were assessed by probit analysis using SAS software (SAS-Institute 1997). The data
from oviposition deterrence and repellency percentage were subjected to one-way
analysis of variance (p 5 0.05) after checking for normality. Means were compared
by Duncan’s new multiple range test, admitting significant differences at p 5 0.05.
The SAS software was used for all analyses (SAS-Institute 1997).

Results

Lethal concentration and lethal time of extract

The LC50 values of contact bioassay of ethanolic extract of M. pulegium on the adult
stage of the two-spotted spider mite after 24 h are indicated in Table 1. Values of
LC50 and LC90 on adults were 59,149 and 114,229 mg L71 through the contact test,
respectively. Also, Table 2 shows the lethal times of mortality (LT50 and LT90) of
M. pulegium extract on the adults of T. urticae. The lethal time values were 27.42,
25.56 and 19.79 h for 35,000, 50,000 and 100,000 mg L71, respectively.

Table 1. Contact toxicity of M. pulegium extract against the adults of T. urticae after 24 h.

n df LC50 (mg L71) LC90 (mg L71) Slope + SE w2

240 2 59,149 (46,999–72,481) 114,229 (95,426–146,915) 0.03 + 0.002 1.08

Table 2. Values of lethal times of mortality (LT50 and LT90) of M. pulegium extract on the
adults of T. urticae.

Concentration
(mg L71) df LT50 LT90 Slope + SE w2

35,000 12 27.42 (25.13–29.81) 49.14 (45.19–55.33) 0.05 + 0.005 14.4
50,000 12 25.56 (11.85–29.7) 49.14 (35.33–80.38) 0.03 + 0.004 98.10
100,000 12 19.79 (16.15–22.85) 51.45 (45.57–60.59) 0.04 + 0.004 10.41
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Repellency effect of extract on T. urticae

Although all of the used concentrations of M. pulegium affected on the tested mite in
the repellency test, there was no significant difference between applied concentrations
of extract (df ¼ 3, 11, F ¼ 2.15, p ¼ 0.17; Figure 1). The two highest concentrations
(6000 and 8000 mg L71) had 76% repellency effect on T. urticae.

Oviposition deterrence of ethanolic extract

Percentage of oviposition prevention of various concentrations of water and
ethanolic solution of extract of M. pulegium on the adults of T. urticae is shown in
Figure 2. There were significant differences among three concentrations of
M. pulegium extract (4000, 6000 and 8000 mg L71) and the lowest of them (1000
mg L71; df ¼ 3, 11, F ¼ 35.58, p ¼ 0.001; Figure 2).

Discussion

In this study, various properties of ethanolic extract of M. pulegium on acaricidal,
oviposition detergency and repellency of major cosmopolite pest, T. urticae, were
investigated. Plant compounds such as extracts were used as insecticide (Ofuya and
Okuku 1994; Kim et al. 2003), antifeedant (Ben Jannet et al. 2001; Han et al. 2006;
Abbasipour et al. 2011a), oviposition deterrence (Prajapati et al. 2005; Elango et al.

Figure 1. Repellency (%) effect of M. pulegium ethanolic extract on the adults of T. urticae.

Figure 2. Percentage (+SE) of oviposition deterrence ofM. pulegium extract on the adults of
T. urticae. Notes: Means marked with the different letters are significantly different (p 5 0.05;
Duncan; df ¼ 3, 11, F ¼ 2.15, p ¼ 0.17). Means marked with the different letters within the
same row are significantly different (p 5 0.05; Duncan; df ¼ 3, 11, F ¼ 35.58, p ¼ 0.001).
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2009; Abbasipour et al. 2010, 2011b), acaricidal (Rim and Jee 2006; Fernandes and
Freitas 2007), repellency (Venkatachalam and Jebanesan 2001; Conceição et al.
2010), fungicidal (Park et al. 2007; Tedeschi et al. 2011) and bactericidal (Al-Bakri
and Afifi 2007; Vegara et al. 2011). In this study, the extract of M. pulegium affected
on the mortality of the two-spotted spider mite after 24 h. In some previous studies,
the effect of essential oil and extract of species of Mentha genus on pests was
reported (Regnault-Roger and Hamraoui 1994; Pascual-Villalobos and Robledo
1998; Regnault-Roger et al. 2004; Mahmoudvand, Abbasipour, Basij et al. 2011;
Mahmoudvand, Abbasipour, Hosseinpour, et al. 2011).

The reports on efficacy of Mentha extract comparing those on Mentha essential
oil are limited; hence, some studies in both are referred. Mahmoudvand,
Abbasipour, Basij, et al. (2011) reported that M. pulegium oil had high toxicity on
the adults of the granary weevil, Sitophilus granarius (L.). Toxicity of ethanolic
extracts of M. pulegium on the third and fourth instar larvae of the house mosquito
Culex pipiens L. (Diptera: Culicidae) was carried out and the value of LC50 was 81
mg L71 (Cetin et al. 2006). This indicated that the susceptibility of C. pipiens was
much higher than that in the two-spotted spider mite adults exposed to M. pulegium
extract. Extract of different plant parts of Mentha arvensis affected on the mortality
of Anopheles stephensi Liston (Diptera: Culicidae). The LC50 value of extract assay
was 83.8 mg L71 (Kumar and Dutta 1987). Insecticidal activity of five Lamiaceae
species against larvae of Tribolium castaneum were tested and Mentha rotundifolia
caused to 74% mortality in larvae of T. castaneum (Clemente et al. 2003). Larson
and Berry (1984) examined the effect of Mentha piperita L. on fecundity and
development of T. urticae and reported that this plant decreased the fecundity of this
major pest. Shi et al. (2006) studied on efficacy of herbaceous plant, Kochia scoparia
(L.) Schrad (Macrophomina), on T. urticae, T. cinnabarinus (Boisduval) and
Tetranychus viennensis Zacher (Acari: Tetranychidae) and stated that this extract
had both contact and systemic toxicity to these mites. Sayeda Farghaly et al. (2009)
used Mentha microphylla Koch in formulation form against nymph of the whitefly,
Bemisia tabaci, and Aphis craccivora and reported that the effect of formulated
extract was better than the crude extract.

In this study, various concentrations of ethanolic extract of M. pulegium had
repellency impact on the adults of T. urticae. The repellency activity was high but all
concentrations were not significantly different. Similar to our results, Pascual-
Villalobos and Robledo (1998) studied the effect of extract of Mentha longifolia L.
against the larvae and pupae of the red flour beetle, T. castaneum (Herbst)
(Coleoptera: Tenebrionidae) and reported that this extract had repellency effect on
T. castaneum. Also, Saljoqi et al. (2006) reported mortality and repellency efficacy of
the ethanol leaf extracts of M. longifolia against the rice weevil, Sitophilus oryzae L.
(Coleoptera: Curculionidae). Ethanolic concentrations of M. pulegium decreased egg
laying on the treated surface in this study. In some cases, effect of plant extracts on
oviposition deterrence of pests was reported. Regnault-Roger and Hamraoui (2004)
demonstrated that extract ofMentha piperita L. caused to reduction in oviposition of
Acanthoscelides obtectus (Say) (Coleoptera: Bruchidae) and female life span (4%).
This plant decreased the fecundity of females, too. The results of Regnault-Roger
and Hamraoui (2004) accepted our results using near plant and different subjects.

In conclusion, this plant extract was used for the first time on a mite pest.
M. pulegium extract had toxicity on the two-spotted spider mite. Also, repellency
effect of this extract was observed in various concentrations. In addition, the efficacy
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of this extract was found in ethanolic concentrations. The results of this study
indicated that this extract can be effective as a safe compound for the management of
T. urticae.
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