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ABSTRACT

The two-spotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae) is one of the most important
agricultural pests of the world. It causes direct and indirect damage on plants which decreases in photosynthesis and
crop yield. The effect of sublethal concentrations of Artemisia annua L. (Asteraceae) and Rosmarinus officinalis L.
(Lamiaceae) essential oils were assessed on development and reproduction para-meters of two-spotted spider mite 7.
urticae. Lethal and sublethal concentrations were estimated by fumigant bioassay of essential oils on the adults of 7.
urticae. The raw life history data of all individuals were analyzed according to the age-stage, two-sex life table
theory. LCsp and LCsg of A. annua (2.908 and 4.14 pl/80 ml air) and R. officinalis (1.339 and 2.006 pl/80 ml air)
showed that rosemary essential oil has higher fumigant toxicity against 7. urticae. Sublethal concentration of the two
plant oils led to significant decrease in fecundity, generation time and adult longevity compare to the control. In
addition, plant oils decreased the net reproductive rate (Ro), intrinsic rate of increase (r), finite rate of increase (L),
and significantly increased doubling time (DT) of 7. urticae in compare with control. Obtained results indicated that,
sublethal concentra-tions of 4. annua and R. officinalis oils could influence on biological indices of 7. urticae.
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INTRODUCTION

The two-spotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae), is a cosmopolitan
highly polyphagous pest that injures directly and indirectly by decreasing plant photosynthesis and
transpiration. (Brandenburg and Kennedy 1987). This pest belongs to the list of serious pests of
agricultural crops and ornamentals around the world (Laborda ef al. 2013). More than 150 of these
crops are economically important have been reported as this mite's host (Jeppson et al. 1975; Zhang
et al. 2003; Motazedian et al. 2011).

Chemical control has been the main control method against 7. urticae. Because of long-term
use of chemical pesticides against this pest, short life cycle and plentiful progeny, two-spotted
spider mite is able to develop resistance to these compounds rapidly (Knowles 1997; van Leeuwen
et al. 2009; Bugeme et al. 2015). Until 2004, spider mites have evolved resistance up to 80
acaricides (DARP 2004) and this leads to using more acaricides frequently to control this pest by
some farmers. In addition, the environmental problems caused by overuse of pesticides have been
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the matter of concern for researches in recent years which promote use of other compounds and
strategies. Therefore, alternative methods for control of 7. urticae like using natural plant-based
products have been proposed. Most of these products are environmentally non-persistent and non-
toxic to humans (with some exceptions) (Cockayne and Gawkrodger 1997; Hjorther et al. 1997),
fish (with some exceptions) and wildlife (Wager-Page and Mason 1997; Kumar et al. 2000).
Essential oils, particularly, have been demonstrated to have a broad array of bioactivities in
arthropods, such as toxicity, oviposition deterrence, antifeedant property as well as both general
attraction and repellence (Isman 2006; da Camara et al. 2015).

Many essential oil compounds were documented to exhibit acute toxic effects against
agricultural pests (Hummelbrunner and Isman 2001; Khan et al. 2007; Zibaee et al. 2010; Tak et al.
2015; de Lira et al. 2015). Acaricidal activities of different essential oils have been studied against
T. urticae (Lee et al. 1997; Chiasson et al. 2001; Martinez-Villar et al. 2005; Miresmailli and Isman
2006; Roh et al. 2011). Choi et al. (2004) has evaluated 53 plant essential oils against 7. urticae and
Phytoseiulus persimilis (Acari: Phytoseiidae). Also, the effect of some plant extracts from
Asteraceae, including Achillea millefolium, Taraxacum officinale, Matricaria chamomilla and
Salvia officinalis was examined on biology of 7. urticae (Tomczyk 1995; Kawka and Tomczyk
2002).

Rosmarinus officinalis L. and Artemisia annua L., are mediterranean woody perennial herbs
which are an aromatic and a medicinal plant, respectively (Laborda et al. 2013; Bilia et al. 2014).
Rosmarinus officinalis essential oil has been formerly investigated for its insecticidal and acaricidial
efficacy against a wide range of pests (Lee ef al. 2001; Miresmailli et al. 2006; Laborda et al. 2013;
Kiran and Prakash 2015). Also, it has been suggested that 4. annua essential oil has high potential
as stored product protectant against insect attack. So that, this oil causes repellency, ovicidal,
larvicidal affects in Callosobruchus maculatus L. and Tribolium castaneum Herbst (Tripathi et al.
2000).

In this study effects of R. officinalis and A. annua essential oils were investigated against 7.
urticae and the sublethal effect of these natural pesticides has been studied on biological
characteristics, including mean developmental time, fecundity, survival and adult emergence.

MATERIALS AND METHODS

Essential oils extraction and mite rearing

Artemisia annua and R. officinalis at their flowering stage were collected from Karaj, Alborz
Province, Iran; then essential oils were extracted (Motazedian et al. 2012). Briefly, aerial parts of
plants were shade dried and then ground using a grinder of 2 mm diameter mesh. Plant materials
were subjected to water distillation for three hours using a Clevenger apparatus. Then, the oil was
decanted from the water layer, dried through Na2SOs application, and stored in sealed vials at 4 °C
prior starting expriment.

The initial 7. urticae population was collected from a glasshouse in Karaj, Iran. This population
was reared on bean leaves under laboratory conditions at 25 + 2 °C, 70 + 5% RH and photoperiod
of 16L:8D h.

Bioassay

Fumigant toxicity of plant essential oils was investigated in glass Petri dishes (90 x 20 mm)
which were used as an experimental unit. Twenty same aged adults (from both sexes, 1-24 h) from
the stock colony were transferred on an excised bean leaf (ca 2 cm diameter) which placed on its
dorsal side above the 4-ply wet filter paper (saturated with distilled water) in a Petri dish using a
soft paint brush. Five concentrations of each essential oil (2, 2.82, 4, 5.65 and 8 ul/80 ml air for 4.
annua and 1, 1.4, 2, 2.8 and 4 pl/80 ml air for R. officinalis) were used in bioassays. Mites were
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allowed to settle for half an hour before being exposed to the essential oils (Soylu et al. 2006). To
prevent the direct contact between mites and plant oils, the desired oil quantities were applied on a
filter paper (5 x 2 cm) which was fixed on the inner surface of the Petri dishes cap. Then, Petri
dishes were sealed with parafilm after pouring the certain amounts of oils on them preventing any
essential oils loss. Each concentration (treatment) was replicated three times with 20 adult mites in
each replication. The same procedures were used for control but without essential oils. Mortality
was recorded 24 h post treatment. Mites incapable of moving after a slight touch with a fine brush
were considered as dead.

Life history and survival rate

In order to study the effect of essential oils on the mite life history and survival rate, the adult
mites were treated with LCso of 4. annua and R. officinalis essential oils (2.908 and 1.339 ul/80 ml
air, as a sublethal dose). After that, the treated adult mites were transfered on leaves for oviposition.
After 12 h, females were removed. In each treatment, 100 eggs were monitored daily until hatching.
Then hatched larvae were placed individually on bean leaves and developmental time was recorded
daily. In addition, survivorships of different stages were recorded daily until death of all adults.

Data analysis

The raw life history data of all individuals were analyzed according to the age-stage, two-sex
life table theory (Chi and Liu 1985; Chi 1988, 2005). The means and standard errors of the
population parameters were estimated using the bootstrap (1000) method (Huang and Chi 2013).
The age-stage specific survival rate (Sy) (where x is the age and j is the stage), age-stage specific
fecundity (fy), age-specific survivorship (/x), age-specific fecundity (mx), and (r), intrinsic rate of
increase; (4), finite rate of increase; (R)o, net reproduction rate; and 7, (the mean generation time)
were calculated accordingly.

Intrinsic rate of increase was estimated using the iterative bisection method from the Euler-
Lotka equation (Goodman 1982):

Z e D m =1

x=0

with age started from zero. The mean generation time is defined as the length of time that a
population needs to increase to Ro-fold of its original size (i.e. €7 = Ry or AT = Ry) at the stable age-
stage distribution and is calculated as 7= (/n Ro) / r. The age-stage life expectancy (ex) is calculated
according to Chi and Su (2006). Paired bootstrap method was used to compare the difference
among treatments (Using TWOSEX MSChart).

Also, LCso and LC30 of toxicity bioassay were determined with Polo-Plus software (version 2).

RESULTS

Probit analysis results indicated that R. officinalis essential oil was more toxic than A. annua oil
against two-spotted spider mite adults (Table 1).

Table 1. Fumigant toxicity of the two essential oils on Tetranychus urticae.

Plant LCs" LCso Slop £ SE x> (df)
Artemisia annua 2.908 (2.173-3.489)1 4.14 (3.445-4.923) 3419+0.61 2.462 (13)
Rosmarinus officinalis 1.339 (0.937-1.647) 2.006 (1.628-2.434)  2.99 +0.578 3.476 (13)

" 1l/80 ml air
T Confidence limit of 95%
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Obtained results showed that there was no significant difference between the egg (F2.257 =
0.996; P = 0.371), larva (F2.244 = 0.127; P = 0.881), protonymph (F2.226 = 0.121; P = 0.886) and
deutonymph (F2223=0.6; P = 0.55) developmental stages of the mites treated with two essential oils
in compare with Control. In contrast, essential oil treatments reduced the longevity of adult male
(F260 = 9.7; P < 0.0001) and female (F2,163 = 48.7; P < 0.0001) in compare with Control,
significantly. Also, the adult preoviposition period (APOP) and total preoviposition period (TPOP)
of mites were significantly reduced after treating with essential oils in compare with Control.
Minimum APOP (1.13 £ 0.05 days) and TPOP (10.7 = 0.08 days) were recorded in R. officinalis
treatment. Both A. annua and R. officinalis reduced the mite fecundity (F2,163 = 43.03; P < 0.001)
compared with Control, significantly. While, no significant differ-ence was observed between
durations of developmental stages of mites treated with the different oils (Table 2).

Table 2. Life history statistics (mean + SE) (N) of Tetranychus urticae exposed to sublethal doses of essential oil of
Artemisia annua and Rosmarinus officinalis in compare with Control.

Treatments A. annua R. officinalis Control
Parameters Mean + SE N Mean + SE N Mean + SE N
Developmental stages

Egg 4.53 £ 0.056** 80 44+0.05° 85 441+£0.05* 92
Larva 1.55+0.058* 75 1.51 £0.056* 81 1.53+£0.05* &9
Protonymph 1.77+£0.05* 71 1.77£0.047* 80 1.8 £0.043* 86
Deutonymph 1.81+£0.0472% 70 1.85+0.0412 78 1.78+0.04° 86
Female longevity 15.95+0.33% 44 16.53+0.22% 53 20.33£0.23 67
Male longevity 12.65+0.24% 26 12.64+0.29% 25 14.11+£ 0.35 19
APOP (d) 1.23+£0.06° 44 1.13+£0.05°¢ 31 1.56 £0.06* 67
TPOP (d) 10.93+0.11" 44 10.7+£0.08° 31 11.06 £0.08 67
Fecundity' 34.64+3.01° 44 39.57+2.05° 31 71.12+1.51 67

* Means within a row sharing the same letter are not significantly different. The SEs were estimated using 10,000
bootstraps and compared using paired bootstrap test based on CI of differences.
T Egg/female

Population growth parameters

Effects of the two plant oils on biological parameters of 7. urticae were compared with control
(Table 3). Artemisia annua and R. officinalis oils had reduced Ro of the mite (15.24 + 2.15 and
20.97 + 2.25, respectively) in comparison with control (47.65 + 3.47), significantly. Also, 7. urticae
had significantly lower Ro on A. annua than other treatment. In both essential oils treatment » value
was reduced (0.1970 + 0.010 and 0.2217 + 0.008 day™! for 4. annua and R. officinalis, respectively)
in compare with Control (0.2575 + 0.005 day™"). Both 4. annua and R. officinalis oils reduced the
mite's finite rates of population increase (1.2178+0.012 and 1.2488+0.01 day™' respectively), in
compare with control, significantly (Table 3). Also, fecundity (F) and mean generation time (7)
were affected by essential oils application, significantly (Table 3).

Table 3. Mean + SE of population parameters of Tetranychus urticae exposed to sublethal doses of essential oil of
Artemisia annua and Rosmarinus officinalis.

Parameters A. annua R. officinalis Control

r 0.1970+0.010 ®* 0.2217+0.008 ® 0.2575+0.005 @
yl 1.2178+0.012° 1.2488+0.01 ° 1.2937+0.006 #
F 34.64+3.01° 39.57+£2.05° 71.12+1.51°
Ry 15.24+2.15°¢ 20.97+£2.25° 47.65+3.47°
T 13.82+0.12° 13.7£0.79 ® 15+0.08 *

* Means within a row sharing the same letter are not significantly different. The SEs were estimated by using 10,000
bootstraps and compared by using paired bootstrap test based on CI of differences.
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Effect of two essential oils on age-stage two sex survival rate (sx) of adult and pre-adult stages
are clearly shown on Fig. 1. Age-specific survivorship (/x), age-specific fecundity (mx), and age
specific maternity (Lmx) of T. urticae exposed to the essential oils in compare with control are
shown in Fig. 2.

As Fig. 2 shows, duration of the period in which a female is able to egg laying is decreased
after the use of essential oils. Age-stage specific life expectancy (ey) of T. urticae exposed to plant
oils in compare with control is shown in Fig. 3.

As Fig. 3 clarified, decrease in T. urticae life expectancy is an effect of essential oils treatment.
Reduction in age-stage specific reproductive value (vy) of 7. urticae exposed to the essential oils
showed the reducing potential of this pesticide on two-spotted spider mite reproduction capability
(Fig. 4). Duration and amount of reproduction were reduced obviously in 7. urticae females after
the use of two essential oils.

DISCUSSION

Applying the chemical insecticides is not only detrimental to environment but its long time
application history also leads to development of resistance among insects (Martinez-Villar et al.
2005; Laborda et al. 2013). Essential oils and their constituents demonstrate fumigant and contact
toxicities towards insects which besides having direct impact of mortality, also have several
secondary impacts, such as oviposition, repellency and antifeedancy (Motazedian et al. 2011;
Gholamzadeh Chitgar et al. 2013). Najafabadi et al. (2012) demonstrated the effect of three
essential oils on 7. urticae. The LCso values of Lavender, Thyme and Eucalyptus for adult mites
were evaluated as 0.65, 1.84 and 2.18 ul/100 ml air, respectively. In this study, the LCso value for
R. officinalis and A. annua were 2.006 and 4.14 ul/80 ml air that shows the lower fumigant toxicity
of our plant oils in compare with Lavender, Thyme and Eucalyptus oils against the two spotted
spider mite. However, the innate resistance of mite against tested oils is different in various
populations that must be considered. Many researches showed that plant essential oils reduced the
reproduction capacity of 7. urticae (E1-Gengaihi et al. 1996; Gholamzadeh-Chitgar et al. 2013).

In the present study, R. officinalis and A. annua showed significant reduction in fecundity,
developmental times and adult longevity that may led to lower damage level to plant, due to shorter
feeding time of the pest, and possible disorder in reproductive organs in adult stage. Refaat et al.
(2002) revealed the effect of two essential oils, Ocimum basilicum (Lamiaceae) and Lavandula
officinalis (Lamiaceae) on 7. urticae that both essential oils decreased total number of eggs laid by
this mite. Similar study by Miresmailli and Isman (2006) showed that rosemary oil repels spider
mites and can influence its oviposition behavior. Index r has also been recommended together with
toxicity assessment to provide more accurate estimate of population-level effect of toxic compounds
(Forbes and Calow 1999). Most toxic compounds have an ability to decrease the intrinsic rate of
increase (r) for some pests (EI-Gengaihi et al. 1996; Gholamzadeh-Chitgar et al. 2013). In our
study, » reduced significantly at 2.908 and 1.339 pl/80 ml air of A. annua and R. officinalis essential
oils, respectively.

Pietrosiuk et al. (2003) showed the decrease in female fecundity and a shortened longevity of
T. urticae exposed to pyrrolizidine alkaloids, which extracted from Lithospermum canescens
(Borraginaceae). In this research two essential oils showed significant reduction on life-table
parameters like », Ro, T and A. The essential oils caused a reduction in longevity, survival and
fecundity of 7. urticae and thereby causes a reduction in ». Similar to our results, Martinez-Villar et
al. (2005) showed that the azadirachtin decreased life table parameter like Ro, 4 and T of the two-
spotted spider mite. Also, Pietrosiuk et al. (2003) founded that pyrrolizidine alkaloids caused a
reduction in 7 value of treated 7. urticae female. Our results showed that both essential oils had a
significant effect on the pest fertility. Such effects may relate to induce deformations of ovaries and
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44 ESMAEILY ET AL. 2017

testes (Desneux et al. 2007). However, very few studies have documented potential mechanisms of
inhibition of reproduction by essential oil on agricultural pests.
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Figure 1. Age-stage two sex survival rate (sy) of Tetranychus urticae exposed to sublethal doses of Artemisia annua
and Rosmarinus officinalis oils.
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Figure 2. Age-specific survivorship (/:), age-specific fecundity (my), and age specific maternity (/ym,) of Tetranychus

urticae exposed to sublethal doses of Artemisia annua and Rosmarinus officinalis oils.
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Figure 3. Age-stage specific life expectancy (ey) of Tetranychus urticae exposed to sublethal doses of Artemisia annua
and Rosmarinus officinalis oils.
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Figure 4. Age-stage specific reproductive value (vy) of Tetranychus urticae exposed to sub lethal doses of Artemisia
annua and Rosmarinus officinalis oils.
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Considering the time consuming nature of demographic studies and validity of the laboratory
results of IOBC method for determining the effects of the essential oils on 7. urticae (Oomen et al.
1991), the IOBC method could be preferable when limited time is available. However, we prefer to
rely on life table study, because it integrates potentially complex interactions among life history
indices and provides a more relevant measure of ecological impact of the oils on this pest (Forbes
and Calow 1999).

In conclusion, our finding shows that R. officinalis and A. annua reduces longevity and
fecundity of 7. urticae adults. However, to predict the fate of a treated population over several
generations, it is required to consider other important aspects, especially development of resistance
to these natural products. Obviously, a reiterated use of the same compound increase the possibility
of resistance development in 7. urticae. Also, semi-field and field studies aiming to evaluate the
efficacy of the A. annua and R. officinalis essential oils are needed in order to obtain more
applicable results under field conditions.
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