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Trialeurodes vaporariorum (Westwood) is a polyphagous species. This pest is now well-established
in the greenhouse ecosystem and is an economically important pest of horticultural and ornamental crops. The
fumigants toxicity of tarragon (Artemisia dracunculus L.) and dill (Anethum graveolens L.) essential oils on the
life stages of Trialeurodes vaporariorum were investigated under laboratory conditions. Plants essence samples
were obtained from the aerial parts of the plant by using Clevenger device. In this study, six concentrations (5
concentrations and one control) were used to evaluate LCy, level and five time periods were used for LT,. The
LC,, values for Artemisia dracunculus and Anethum graveolens at 24 h after treatment of the eggs, nymphs and
adults were 1.18, 0.45 and 0.69 u11" air and 12.99, 5.67 and 8.03 11" air, respectively. Also, the LT, value of
tarragon essential oil on the eggs, nymphs and adults were 15.02, 5.12 and 9.05 hours and for dill were 18.66,
5.51 and 10.14 hours, respectively.

Keywords: Dill, essential oil, fumigant toxicity, greenhouse whitefly, tarragon.

According to the temperature and humidity conditions of greenhouses, many pests
are active in there and greenhouse whitefly is one of these most important pests. This pol-
yphagous pest feeds on plant sap and excreting honeydew that prepares the conditions for
the growth of sooty mold and transmit more than 100 plant viruses (Rezaei et al., 2015).
Unfortunately, in order to reduce the damage caused by this pest in greenhouses, typi-
cally, chemical pesticides are used (van Lenteren, 2000). These compounds have adverse
consequences such as ozone depletion, environmental pollution, toxicity to non-target or-
ganisms, development of resistance and pesticide residue (Ogendo et al., 2003). These
problems have led researchers to seek alternative and environment-friendly methods to
control the pests (Tapondjou et al., 2005). Among these, the use of essential oils can be
mentioned. The active compounds derived from plant extracts and essential oils may have
fumigant effects on pests (Regnault-Roger et al., 2012).

These essential oils are extracted from aromatic plants because of their intense odor,
less toxic to mammals, no significant adverse impact on the environment and they’re pop-
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ular acceptation, are considered very useful compounds for pest control (Isman, 2000;
Trumble, 2002). At present, over 3000 essential oils have been identified, and 300 of the
essences and their compounds have commercial importance in the pharmaceutical, agro-
nomic, food, health, cosmetics and perfume industry (Bakkali et al., 2008).

Plant essential oils may have repellent (Ogendo et al., 2008), insecticidal (Pa-
pachristos and Stamopoulos, 2002), antifungal (Kotan et al., 2008), antibacterial (Mata-
syoh et al., 2007), antiviral (Schuhmacher et al., 2003), oviposition and feeding deterrence
and growth inhibition effects (Papachristos and Stamopoulos, 2002; Garcia et al., 2007).
So far, many studies have been performed on the insecticidal properties of plant essential
oils, for example, Aroiee et al. (2005) demonstrated the cytotoxic effect of rosemary (Ros-
marinus officinalis L.), fennel (Foeniculum vulgare M.) and caraway (Carum carvi L.)
essential oils on greenhouse whitefly.

Delkhoon et al. (2013) studied the insecticide properties of essential oils of lemon
peel (Citrus aurantifolia Hook) on greenhouse whitefly and concluded that this essence
has a good controlling effect on the pest. In another experiment, Nouri Ganbalani et al.
(2010) examined the effects of some plant essences including (Artemisia dracunculus) on
egg laying and feeding behavior of Colorado potato beetle (Leptinotarsa decemlineata
Say.) that exhibited tarragon essential oil had repellency against adult females.

Rafiei Karahroodi et al. (2009) studied repellency and fumigant toxicity of 18 spe-
cies of plant essential oils such as (Anethum graveolens) on Hindi moth (Plodia inter-
punctella Hiibner) and concluded that the essential oil of dill has significant fumigant
toxicity and very high repellency on this pest.

In this study, the insecticidal effects of plant essences of tarragon and dill were
tested on greenhouse whitefly in order to effectively control the pest as well as reducing
the amount of chemical insecticide being used.

Materials and Methods

Insects rearing

Greenhouse whiteflies were grown in the greenhouse and on tomato plants at
27+ 2 °C and 65 % 5% relative humidity (RH) and a photoperiod of 16:8 L: D. To synchro-
nize the developmental stages, 20-30 adult insects were transferred into small plastic cages
(8 cm diameter X 9 cm height) according to the method by Muiiiz and Nombela (2001).
The adults were transferred to cages for spawning. After 48 h insects were removed from
the plants by the aspirator. The infested plants were held in the same condition.

Extraction of essential oils

Dried parts of tarragon plants except wooden stem and dill seeds were grounded to
powder. In each essential oil extraction cycle, 50g of herbal powder was extracted with
600 ml of distilled water using a Clevenger apparatus and hydro-distillation for 3 hours.
Extracted oil was dried with anhydrous sodium sulfate and stored in sealed vials at 4 °C
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(Negahban et al., 2006). Compounds forming the oil were determined by gas chromatog-
raphy coupled with mass spectrometry.

Gas chromatography—mass spectrometry analysis

The constituents of two essential oils were analyzed by gas chromatography—mass
spectrometry (GC-MS) using a Shimadzu-9A gas chromatograph equipped with a flame
ionization detector (FID) and with PH-5 capillary column (30 mx 0.1 mm; 0.25 um film
thickness). The oven temperature was held at 60 °C for 3 min, programmed at 20 °C /min
to 240 °C and then held at this temperature for 8.5 min. The carrier gas was helium in a
flow rate of 1 ml/min. Mass spectra was taken at 70 eV. The injector temperature was
280 °C. Identification of the constituents of the oils was made by comparison of their
mass spectra and retention indices with those given in the literature and those authentic
samples (Adams, 1997).

Determining the 50% (LCs,) lethal concentration for the eggs and nymphs

The method of application to determine the toxicity of essential oils on the eggs and
nymphs was based on Kéita et al. (2001). In this method, without being separated from
the plant, leaves containing eggs and nymphs of the same age were placed in dishes which
were 305 ml with a groove at its edge and the edges were sealed with wax. Various (0.33,
0.66, 0.98, 1.31 and 1.64 u1 1" air for tarragon and 3.28, 6.56, 9.84, 13.11 and 16.39 ul11"
air for dill) concentrations of essential oils were applied to filter papers and each treatment
was replicated three times and each experiment contained 20 insects of the same age.
Plates were then sealed with parafilm to prevent any loss of essential oils. An estimate of
toxicity of the test oils to the eggs was based on the color change of the eggs. Trialeurodes
vaporariorum freshly laid eggs are yellowish but turn black after 1 or 2 days. After 24 h
exposure to essential oil, counting of the eggs was done when they were discolored and
those eggs which remained yellow were considered dead (Fahim et al., 2012). Nymphs
were also exposed to the essential oils for 24 h and afterward the dead and live nymphs
were counted. Nymphs that were dry, discolored or removed easily from leaves were con-
sidered dead (Gokge and Er, 2005). The control treatment consisted of a similar setup but
without essential oils.

Determining the 50% (LCy,) lethal concentration for adults

Various concentrations of each essential oil were applied to filter papers based on
Kéita et al. (2001) and each treatment was repeated three times. After drying, each treated
filter paper was placed into dishes of 305 ml. Each treatment contained 20 adults along
with a nutritional material (tomato leaf). Petioles of tomato leaf were wrapped with water
soaked cotton. Also, to prevent a direct contact between the insects and the tested oils, a
mesh was implanted within the cap and the container. The container was sealed with para-
film. Evaluation of mortality was made 24 h after exposure. Insects that did not show any
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movement with nearing the brush were considered as dead (Choi et al., 2003). Distilled
water was used as control treatment.

Determining the 50% (LT) lethal time

Due to tests of the lethal time of essential oils, the calculated LC, value for both of
the essential oils was evaluated on different stages of greenhouse whitefly life in 5 times
including 2, 7, 12, 18 and 24 hour to obtain the desired LT, Other tests were done like
determination of the lethal concentration of LCy),

Statistical analysis

To determine the LCs, after 24 hours of essential oil exposure, percentage mortality
was corrected by Abbott’s formula (Abbott, 1925) and to determine the LT, an essential
oil concentration at different times (2, 7, 12, 18 and 24 h) was used. Data were analyzed
by employing ANOVA and means were compared by Tukey’s test (p < 0.01) using SPSS
software (Ver. 20). The dendrogram similarity scales that are produced by the SPSS (V.
20) software range from zero (most similarity) to 25 (least similarity). Hierarchical cluster
analysis and component analysis were carried out according to Ward (1963). Cluster va-
lidity index called Silhouette index is applied to validate the result by MATLAB Software
(Rousseeuw, 1987).

Results

Lethal concentration (LCs;) values of tarragon and dill essential oils are shown in
Table 1. The lowest LC,, values were recorded against the nymphs, for tarragon essential
oil (0.45 pl 1" air) followed by dill (5.67 ul I'' air). Therefore, it can be concluded that
the nymphs of T. vaporariorum are more susceptible to the essential oils than adult and
egg life stages. Considering confidence limits (CL) overlapping, LCy, values were signif-
icantly different for three developmental stages for two essential oils. In fumigant appli-
cation essential oil derived from Ar. dracunculus was more toxic than An. graveolens es-
sential oil. ANOVA indicated that F values for both essential oils after 24 h exposure were
significantly different for three developmental stages of greenhouse whitefly, as respects
F values for Ar. dracunculus was 20.560 in eggs, 58.127 in nymphs and 34.114 in adults,
while for An. graveolens was 60.914 in eggs, 47.2 in nymphs and 22.12 in adults (df: 4,
10; p<0.01). A comparison of the mean effect size of the exposure time of both essential
oils on three developmental stages of whitefly is shown in Tables 2 and 3. Results showed
that mortality percentage of three developmental stages of 7. vaporariorum increased as
concentrations of the two essential oils increased. The essential oil extracted from Ar.
dracunculus showed high fumigant effect on nymphs of whitefly. The results of the ex-
periments in the lethal time (LTs) illustrated that tarragon essential oil has a significant
effect on T. vaporariorum. An estimation of the LT, value was done 24 h after exposure
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Table 1
Fumigant toxicity of Artemisia dracunculus and Anethum graveolens essential oils
on three developmental stages of Trialeurodes vaporariorum 24 h after treatment

Stages Ar. dracunculus An. graveolens
LCs, (95% CL) Slope+ SE ¥ (dD) LCs, (95% CL) Slope+ SE ¥ (df)
(ul I air) (ul 17" air)
Egg 1.18 3.77£0.46 6.66 12.99 3.94+0.51 5.86
(1.07-1.32) 3) (11.75-14.69) 3)
Nymph 0.45 3.74+0.42 7.16 5.67 3.18+0.36 10.91
(0.39-0.51) 3) (4.86-6.42) 3)
Adult 0.69 3.46+0.37 9.75 8.03 3.9410.40 4.04
(0.60-0.77) 3) (7.23-8.85) 3)
Table 2

Fumigant mortality percentages of Artemisia dracunculus essential oil against
three developmental stages of Trialeurodes vaporariorum

Concentration Mortality = SE (%)

(u1 1" air) Egg Nymph Adult

0.33 8.81+4.12¢ 28.67+3.08c 18.05+2.85¢
0.66 23.74+3.37bc 45.0+3.33bc 35.17+2.72bc
0.98 37.12+ 3.66ab 59.24+4.08b 47.91£3.35b
1.31 48.88+3.48ab 81.20+4.12a 59.05+ 2.84ab
1.64 60.96* 6.95a 89.431+0.001a 77.91+6.43a

Different letters correspond to significant differences (P < 0.05)

Table 3
Fumigant mortality percentages of Anethum graveolens essential oil against three developmental stages of
Trialeurodes vaporariorum

Concentration Mortality + SE (%)

(11" air) Egg Nymph Adult

3.28 8.81+4.12d 33.08+3.08d 15.19+7.68¢
6.56 16.60 £ 1.84cd 44.01+4.21cd 33.00+ 3.66bc
9.84 30.95+2.84bc 57.10+£4.72bc 50/85+ 3.40ab
13.11 45.96+0.96ab 70.11+ 1.45ab 63/93+4.27ab
16.39 56.84+ 1.81a 89.43+0.001a 77.52+£5.95

Different letters correspond to significant differences (P < 0.05)

of the greenhouse whitefly, the lowest LT, values were recorded against the nymphs, that
LTy, values for tarragon and dill essential oil were 5.12 and 5.51, respectively. In all the
three developmental stages, LT, values were not significantly different between the two
essential oil treatments (Table 4).

According to the analysis of essential oil by gas chromatography (GC/MS), tarra-
gon essential oil is composed of 19 compounds, the most abundant ones are: estragole
(71.53%), cis-beta ocimene (9.41%) and trans-beta ocimene (6.11%). The dill essen-
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tial oil is composed of 13 compounds, the most important ones are: carvone (52.2%),
limonene (17.1%), y-terpinene (8.5%) and trans-dihydrocarvone (8.4%) (Table 5).

Component analysis and hierarchical cluster analysis

To investigate the relationship between essential oils composition of the previously
reported samples and our studied oils, hierarchical cluster analysis (HCA) and component
analysis were carried out based on similar components of reported essential oil in the

Table 4
LTy, of Artemisia dracunculus and Anethum graveolens essential oils in LC,, concentration on three
developmental stages of Trialeurodes vaporariorum 24 h after treatment

Stages Ar. dracunculus An. graveolens
LT, (95% CL) Slope £ SE %2 (df) LT, (95% CL) Slope+ SE %2 (df)
(hours) (hours)
Egg 15.02 2.51+£0.32 3.32 18.66 3.10+£0.45 0.43
(12.93-17.79) 3) (16.37-22.11) 3)
Nymph 5.12 2.44+0.25 15.17 5.51 2.41+0.25 13.96
(1.07-9.56) 3) (1.44-10.01) 3)
Adult 9.05 2.37+0.26 7.69 10.14 2.37+0.27 6.73
(7.63-10.59) 3) (8.59-11.86) 3)
Table 5

Chemical composition of tarragon (Artemisia dracunculus) and dill (Anethum graveolens)
extracts by gas chromatography mass spectrometry (GC/MS)

Ar. dracunculus % in essence An. graveolens % in essence
methyl eugenol 1.79 cis dihydrocarvone 1.8
bornyl acetate 0.28 dill ether 0.8
allo ocimene 0.51 P-cymene 6.8
spathulenol 0.21 myrcene 0.3
[B-pinene 0.31 a-phellandrene 7.2
limonene 4.93 Y-terpinen 8.5
a-terpinolene 0.18 limonene 17.1
comphene 0.09 sabinene 0.1
a-pinene 1.61 [-pinene 0.2
cis- beta-ocimene 9.41 trans dihydrocarvone 8.4
sabinene 0.16 carvone 52.2
eugenol 0.21 dill apiol 2.7
germacrene-D 0.12 o -pinene 0.1
phytol 0.32
myrcene 0.29
trans-beta-ocimene 6.11
estragole 71.53
bicyclogermacrene 0.22
P-anisaldehyde 0.11
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Fig. 1. Dendrogram generated from cluster analysis of Artemisia dracunculus essential oils based on the
chemical compounds of the investigated sample (A) and those reported in the earlier articles. Two main
clusters were marked by the dotted line. Cluster I is divided into 2 subclusters; also subcluster 1.1 has
divided into subclusters, I.1.A and 1.1.B.
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articles. The dendrogram for the HCA results using Ward’s clustering algorithm for Ar.
dracunculus is shown in (Fig. 1). The Silhouette index showed that samples of Ar. dra-
cunculus could be clustered into two well-defined groups (Table 6). Cluster I is divided
into two sub-clusters (sub-cluster I 1-2). Sub-cluster 1.1 is further divided into sub-clus-
ter L1A and L1B. Sub-cluster I.1A of three samples (Kordali et al., 2008; Ayoughi et
al., 2009; Zorca et al., 2009) is characterized by (Z)-p-ocimene and (E)-B-ocimene as
the major compounds. Our studied essential oils with two other samples (Mezzoug et
al., 2007; Lopes-Lutz et al., 2008) formed the Sub-cluster I.1B. In For sub-cluster I.1B,
(E)-p-ocimene was the main compound. Sub-cluster I-2 represented by one sample had
(Z)-p-ocimene as the major constituent (Mohiuddin et al., 2014). Cluster II included three
samples, those with high sabinene levels (Zawislak and Dzida, 2012; Nurzynska-Wierdak
and Zawislak, 2014; Javzmaa et al., 2016).
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Fig. 2. Dendrogram obtained from cluster analysis of Anethum graveolens essential oils based on the
chemical compounds of the investigated sample (A) and those reported in the earlier articles. Two main
clusters were marked by the dotted line. Cluster I is divided into 2 subclusters; also Subcluster 1.2 has
divided into subclusters, I.2.A and 1.2.B.

Table 6
The result of average Silhouette index for the number of possible main clusters in Artemisia dracunculus

Cluster 2 3 4

Index 0.9224 0.5404 0.7871
Table 7

The result of average Silhouette index for the number of possible main clusters in Anethum graveolens
Cluster 2 3 4
Index 0.9224 0.8674 0.8924
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The dendrogram of An. graveolens essential oils is shown in (Fig. 2). The dendro-
gram based on the Silhouette index was divided into two groups (Table 7). The first group
(Cluster I), represented by two sub-cluster (sub-cluster I 1-2), that sub-cluster I-1 included
were two samples with high E-dihydrocarvone (Singh et al., 2005; Khaldi et al., 2015).
Sub-cluster I-2 was divided into two groups (Sub-cluster 1.2 A-B). That studied with three
samples formed the sub-cluster I.2-A that limonene and trans-dihydrocarvone were the
main components (Ayoughi et al., 2009; Radulescu et al., 2010; Peerakam et al., 2014).
In sub-cluster 1.2-B with one sample carvone and limonene (Ma et al., 2015). Cluster II
formed the individual group separating from the other samples that characterized by li-
monene (Saviuc et al., 2011).

Discussion

Due to increased pest resistance to chemical pesticides and reports on these pesti-
cide residues in products and environmental pollution, plant essential oils provide a low
risk option to control greenhouse whitefly (Quarles, 2005). Hence, in this study the insec-
ticidal properties of essential oils of (Ar. dracunculus) and (An. graveolens) on different
life stages of greenhouse whitefly were studied. The results of this study show that the
mentioned essences have a significant lethal effect on 7. vaporariorum and it was found
that mortality depended on exposure time and concentration of essential oil.

The fumigation activity was assessed through a method described by Choi et al.
(2003), Aslan et al. (2004), and Fahim et al. (2012). Choi et al. (2003) studied the fu-
migant effect of 53 plant extracts against different life stages (egg, nymph and adult)
of greenhouse whitefly, the results of the experiments showed that oregano (Origanum
vulgare), Eucalyptus (Eucalyptus globulus), clove (Syzygium aromaticum), cumin (Cumi-
num cyminum) and peppermint (Mentha spicata) essential oils were the most effective in
controlling adults, nymphs and eggs of this pest, respectively. In another experiment, Ar-
oiee et al. (2005) demonstrated the insecticidal activity of essential oils of thyme (Thymus
vulgaris L.) and spearmint (Mentha piperita L.) on greenhouse whitefly.

Choi et al. (2003) and Aroiee et al. (2005) reported similar evidence on insecticidal
activity of plant essential oils on greenhouse whitefly. Also, Fahim et al. (2012) evaluated
the sensitivity of egg, nymph and adult of greenhouse whitefly to two plant essential oils
of peppermint and cumin in laboratory conditions. The essential oil derived from pepper-
mint was more toxic than cumin essential oil in fumigant application and also, the first in-
star nymphs were more susceptible than adults and egg life stages to the essential oils. The
findings of this study are in correspondence with the results of other researchers about the
effect of essential oils on greenhouse whitefly populations.

Delkhoon et al. (2013) studied insecticidal properties of essential oil of lemon peel
(Citrus aurantifolia) on the egg and the first nymphal stage and adults egg-laying stages
of greenhouse whitefly under laboratory conditions, and because of having an acceptable
controlling effect, introduced the essence as an appropriate biological insecticide to con-
trol this pest. Therefore, this research finding corresponds to our results on pest control
with the essential oils.
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In addition to the insecticidal activity of some of the essential oils on greenhouse
whitefly, their repellent effects on the pest have also been demonstrated (Santiago et al.,
2009). Some examples have illustrated the potential of essential oils as the insecticide for
another species of whiteflies. For example, fumigant activity of essential oils of 3 plant
species including Satureja hortensis L., Ocimum basilicum L. and Thymus vulgaris L.
on adults and nymphs of Bemisia tabaci (Hom: Aleyrodidae) have been reported (Aslan
et al., 2004). Also controlling effect of essential oils extracted from aromatic plants such
as Satureja hortensis L., Origanum vulgar L. and Nepeta racemosa L. on B. tabaci are
marked (Calmagur et al., 2006). Furthermore, the significant reduction of hatching eggs,
nymphs and pupae survival and oviposition of B. tabaci because of the effect of essential
oils of Thymus vulgaris L., Pogostemon cablin B. and Corymbia citriodora H. (Yang et
al., 2010) confirmed.

The results of the present study are in agreement with the previous study based on
the controlling effect of plant essential oils on the family Aleyrodidae). The essential oils
of tarragon and dill had the highest effects on the nymphal stage and the lowest effect on
the eggs. These results are in accordance with findings of Yang et al. (2010) and Choi et
al. (2003). These researchers reported that in their experiments on greenhouse whitefly
and Bemisia tabaci, the sensitivity of the adults is lower compared to nymphal stages but
higher compared to eggs and pupae. The low toxicity of the essential oils on the eggs may
be due to the impenetrable chorionic layer of the egg. Plant essential oils of tarragon and
dill and also their mixture have been used frequently in tests to control various pests. For
example, Manzoomi et al. (2010), investigated fumigant toxicity of essences of 3 plants
such as tarragon on adult cowpea beetle (Callosobruchus maculatus) and found that they
have potent insecticidal activity on this storage pest.

Saadali et al. (2001) demonstrated, insecticidal properties of alkamids and cou-
marin extracted from the aerial parts of tarragon on two storage pest species Sitophilus
oryzae and Rhyzopertha dominica. The results of this study are compatible with the re-
sults of Manzoomi et al. (2010) and Saadali et al. (2001) based on the controlling effect of
tarragon essential oil and its components on different pests.

According to recent findings of various studies on the insecticidal activity of plant
essential oils of different Artemisia species against storage pests have been conducted.
For instance, toxicities and insecticidal activity of A. annua, A. aucheri, A. sieberi, A. sco-
paria, A. judaica, A. herba-alba, A. vulgaris and A. absinthium on storage pests have
been reported (Aggarwal et al., 2001; Shakarami et al., 2004; Negahban et al., 2006,
2007; Derwich et al., 2009; Abd-Elhady, 2012; Pugazhvendan et al., 2012; Sharifian et al.,
2012). The results of the present study have corresponded to the results of studies based
on the lethal effect of the essential oil of Artemisia genus on different pests.

(Ariana et al., 2002) reported the acaricidal effects of dill essential oil against var-
roa mite (Varroa destructor) in laboratory and concluded that the essences on bees in-
fected with these mites after a week, with a minimum loss in the honey bee, because of a
loss in varroa mites.

Also, Mikhaiel (2011) reported the lethal effect of dill plant essential oil on Ephes-
tia kuehniella and Tribolium castaneum larvae. The results of this study correspond to the
results of Aroiee et al. (2005) on controlling the target pests by dill plant essences. Trip-
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athi et al. (2001) have reported that the essence of another species of the dill plant genus
named Anethum sowa in 10 pl/ml volume concentrations inhibits oviposition in cowpea
beetle. The information obtained from this study is similar to that of other results about
pest controlling effect of essential oils of genus Anethum.

In conclusion and based on the results obtained from this study, it can be stated that
tarragon and dill essential oils possess potential to be extended as possible natural fumi-
gants for the control of greenhouse whitefly in comparison of synthetic fumigants (insec-
ticides) because of safety for the environment and human health and the use of essential
oils is recommended in integrated pest management, particularly for greenhouse pests.
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