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Phytochemical and Insecticidal Study of the Avishan-e-denaii
(Thymus daenensis Celak.) Essential Oil against the

Melon Aphid (Aphis gossypii Glover)

Mehran Zamani Verdi, Habib Abbasipour* and Samira Goudarzvande Chegini
Department of Plant Protection, Faculty of Agricultural Sciences, Shahed University, Tehran, Iran

Abstract: Aphis gossypii Glover (Hemiptera: Aphididae) is one of the most important pests of agriculture
worldwide. To control the pest population, research on the use of the environmental and plant-based compounds
has increased in recent decades. Essential oils due to volatility and very short-term persistence in the
environment, as biocompatible pesticides can be considered as one of the best alternatives to chemical pesticides
in aphid’s control. In the current study, phytochemical and insecticidal toxicity of the essential oil from Avishan-
e-denaii, Thymus daenensis Celak. was studied against the melon aphid, Aphis gossypii Glover. in the laboratory
conditions under 25±2°C, 60±5 % RH and 16L:8D photoperiods. The essential oil was obtained by hydrodistillation
method, using Clevenger-type apparatus. Mortality was evaluated at different concentrations that ranging
from 0.1 to 0.9 µL/L air, and with three replications at the interim of 24 hours. Also nymph production deterrent
effect of the oil at sublethal concentration was studied against parthenogenesis form of aphid. Results indicated
that essential oil of T. daenensis is toxic to the A. gossypii. The major components in the oil were 3-Methyl-4-
isopropylphenol (26.94 %), thymol (22.40 %), p-cymene (13.81 %), γ-terpinene (6.74 %), borneol (5.24 %) and
linalool (4.31 %). Probit analysis showed that the LC50 values for nymphs and adults of A. gossypii were 0.0087
and 0.0016 µl./L-1 air, respectively. Also, degree of nymph production deterrent effect was calculated for essential
oil of T. daenensis as 46.49 ± 4.71 %. The overall results showed that the Avishan-e-denaii essential oil has high
potential in controlling the melon aphid especially in protected cultivation.

Key words: Chemical composition, Thymus daenensis, fumigant toxicity, nymph production
deterrent, Aphis gossypii.

Introduction
The melon aphid, Aphis gossypii Glover is one

of the major pests of greenhouse cucumber pro-
duction in Iran. According to Hasanshahi et al.1

about 2.5 million tons of the different pesticides
are used for pest control on crops each year and
damage caused by pesticides reaches $100 bil-
lion annually in the worldwide 2. The frequent use
of chemical insecticides results in negative con-
sequences. The botanical pesticides could be con-
sider as alternative for control of pests in modern
ecological technologies. They do not carry the
threat for the environment and human health. The

spectrum of these products continuously expands
that requires recognition of the mechanism of their
action 3, 4. The plant extracts contain alkaloids,
esters, glycosides etc. and they have phytopesti-
cide properties 5. Some of plant substances are
used as antifeedants and repellents in pest con-
trol management 4.

Herbal essential oils have a wide range of eco-
logically safe ingredients because their active in-
gredients are rapidly degraded and can be used
as an alternative to traditional chemical pesticides
1,6. Also, Blair et al.7 found that, the smallest pests,
for instance, immature, soft-bodied or delicate
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arthropods, can be killed or weakened once the
lipophilic plant oils penetrate their waxy cuticle
and the aliphatic and aromatic components of the
oils begin to block specific neurotransmitters,
growth hormones or digestive enzymes. In previ-
ous studies, extensive researches has been done
on the biological activity of essential oils, and the
results indicate that these compounds have insec-
ticidal, fungal, antibacterial and antimicrobial prop-
erties 6, 8, 9, 10.

Many plants essential oils show a broad spec-
trum of activity against pest insects ranging from
insecticidal, antifeedant, repellent, oviposition de-
terrent, growth regulatory and anti-vector activi-
ties. Recent investigations indicate that some
chemical constituents of these oils interfere with
the octopaminergic nervous system in insects.
They cover the criteria for “reduced risk” pesti-
cides. These plant oils are well accepted in the
agricultural practice as “green pesticides” that
could be effective enough particularly for biologi-
cal foods production. Further, while resistance de-
velopment continues to be an issue for many syn-
thetic pesticides, it is likely that resistance will
develop more slowly to essential-oil-based pesti-
cides owing to the complex mixtures of constitu-
ents that characterize many of these oils 11.

The plant products possess a range of priorities
that make them preferable in modern biological
agriculture. It is studied the effect of different
essential oils and water extracts towards A.

gossypii 12, 13. Gorski and Tomczak 14 has exam-
ined the efficacy of natural essential oils, such as
basil, citronella, eucalyptus, juniper, and patchouli
in the control of foxglove aphid, Aulacorthum

solani Kalt. Insecticidal effects of 23 essential
oils against adults of turnip aphid, Lipaphis

pseudobrassicae Davis. have been studied by
Sampson et al.15. Hori and Komatsu 16 studied
repellency of rosemary oil against onion aphid,
Neotoxoptera formosana Takahashi.

In spite of considerable research efforts in many
laboratories around the world and the increase of
scientific articles regarding the pesticides proper-
ties of herbal essential oils and their compounds,
unfortunately, a few pests of agricultural prod-
ucts are controlled on the basis of essential oils.
Since application of plant essential oils in green-

houses and fields is not possible in pure form,
therefore, it is necessary to prepare commercial
formulations of these compounds 17. As part of
future strategies for aphid control, essential oils
with deterrence and/or insecticidal properties
should be studied. Therefore, the aim of the
present work was to study the fumigant toxicity
of the Avishan-e-denaii, Thymus daenensis

Celak. essential oils against nymphs so adults of
A. gossypii.

Materials and methods
Rearing of aphid

Cucumber plant (Cucumis sativus) for rearing
aphids and preparing leaf discs for testing was
planted in pots containing soil, peat moss and per-
lite (two thirds of soil and one third of peat moss
and perlite) in a research greenhouse of the
Khorramabad Technical and Professional Train-
ing Center, Iran was planted in pots containing
soil, petite mas and perlite (two thirds of soil and
one third of pit moss and perlite). The pots were
then transported under a Grid Scaffolding to pre-
vent the transmission of any infestation. The pots
were kept in greenhouse conditions at 25±5°C and
relative humidity of 50±20 %. Irrigation was car-
ried out every day, one month later, the plants were
used for the rearing of aphids and from leaves for
bioassay experiments.

To create an initial population of aphid, infested
cucumber leaves with the melon aphid were col-
lected from cucumber fields. The aphids were
transferred to the cucumber pots. The pots were
placed in a cage with net cover and kept in a green-
house at 25±5°C, 50± 5 % relative humidity, and
a light period of 16 L: 8D hours of photoperiods
until the colony reached an acceptable level. In
order to maintain the population of aphids and
having a high population, three healthy plants en-
tered the colony of the aphid in the cage every
three days. This method was continued until 6 to
7 generations of aphid.

Preparation of essential oil
Tested plant, the Avishan-e-denaii, Thymus

daenensis Celak. (Lamiaceae) was collected from
Shahrekord habitat, Chaharmahal and Bakhtiari
Province of Iran with Latitude N 32°21’06.1"
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during summer 2016. The collected plant mate-
rial was authenticated by a plant taxonomist (Dr.
A. Rezaei Nejad) of the Department of Horticul-
tural Sciences, Lorestan University of Iran. Plant
materials were dried in ambient temperature
(23±3oC) in laboratory for one week.

Extraction of essential oils was carried out by
hydro-distillation using Clevenger apparatus 9. For
extraction of essential oils, 100 g of ground leaves
with one liter of water was poured in the
Clevenger and extraction of essential oils was
done at three hours. Oil extraction was repeated
ten times for one week. Extracted oils were dried
over anhydrous sodium sulphate and in microtubes
of 2 ml which were covered with aluminum coat-
ing were kept in a conventional refrigerator in 4°C
and away from light until used in experiments.

Gas chromatography-Mass spectrometry
analysis

The oil was analyzed utilizing a GC model:
7890B- MS model: 5977A Agilent HP-5973 chro-
matograph (Agilent Technologies, www.agilent.
com). Gas chromatographic (GC) analysis was
carried out using a Shimadzu (www.shimadzu.
com) GC-9A with helium as a carrier gas, with a
linear velocity of 1.1 ml/s on HP-5 Agilent Col-
umn (30 m × 250 nm i.d, 0.25 µm film thickness).
Injection mode was split (100:1). The oven was
programmed to rise at 60oC (10 min) isotherm,
and then to 250oC at a rate of 5oC/min. Injector
and detector temperatures were 250 and 280oC,
respectively.

The GC mass analysis was performed on a
Varian 3400 equipped with an HP-5 column with
similar characteristics as the one employed in GC.
The transfer line temperature was 260oC. The
ionization energy was 70 eV with a scan time of
1 s and mass range of 50-500 amu.

Unknown essential oil was identified by com-
paring its GC retention time to that of known com-
pounds and by comparison of its mass spectra,
either with known compounds or published spec-
tra. Quantitative analysis is performed by normal-
izing the level of the spectrum (the concentration
of each component is equal to the peak level as-
sociated with that composition divided by the sum
of the levels corresponding to other compounds).

Fumigant toxicity bioassay
In the preliminary test, two or three primary con-

centrations were selected initially, these concen-
trations were selected as upper and lower con-
centrations, resulting in mortality between 5 and
95 %. Then, the main concentrations of essential
oil were tested with logarithmic intervals between
minimum and maximum concentrations. Finally,
the essential oil of the Avishan-e-denaii was five
concentrations including 0.1, 0.3, 0.5, 0.7 and 0.9
µL/L air and each concentration in three repli-
cates and mortality was evaluated at the interim
of 24 hours. In each container using 15 cm diam-
eter (Whatman No. 1 or equivalent) filter paper,
10 adult and nymph aphids were released on the
cucumber leaf with dimensions of 10 × 10 cm2.
The desired concentration of essential oil was re-
leased on the filter paper in the inner surface of
containers. After that, the treated insects were
placed in a growth chamber at 25±5°C, 50±5 %
relative humidity, and a light period of 16 L: 8D
hours of photoperiods. Insects those were not able
to move the legs and antenna were considered
dead. Control container had no essential oil. To
prevent the release of volatiles, around the cap
was covered with parafilm 1.

Nymph production deterrent
Nymph production deterrent effect of essential

oil of the Avishan-e-denaii, T. daenensis was cal-
culated according to sublethal LC50 concentration
calculated in previous experiments. For this ex-
periment, one 12 h old fundatrix adult aphid was
placed on cucumber leaf. The desired essential
oil was released on the filter paper in the inner
surface of containers. The number of nymphs
produced were recorded daily until 72 h. After
each daily counts, the nymphs were removed from
the test containers. The nymph production deter-
rent effect was calculated using the following for-
mula 18:

NNt= Number of nymph on the treatment
NNc= Number of nymph on the control

Statistical analysis
Polo-Pc software was used to calculate LC50

Nymph production deterrent = (1-NNt/NNc) × 100
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and LC90 concentration values. Statistical analy-
sis was performed in a completely randomized
design with SPSS 19 software 19. The experiments
were arranged in a completely randomized de-
sign and the data from nymph production deter-
rent were subjected to (PROC GLM) ANOVA
(p < 0.05) after checking for normality. The means
were separated using the Duncan Multiple Range
test at the 5 % level 1.

Results
Chemical compositions of essential oil

Chemical constituents of the Avishan-e-denaii,
T. daenensis from the results of the component
analyzes by gas chromatography-mass spectrom-
etry (GC-MS) are summarized in Table 1. In to-
tal, 48 compounds were identified by GC-MS, rep-

resenting 100 % of essential oil and 26 of them
which were important and representing 90.54 %
of composed ingredients are presented in Table
1. The major components include 3-methyl-4-
isopropylphenol (26.94 %), thymol (22.40 %), p-
cymene (13.81 %), γ-terpinene (6.74 %), borneol
(5.24 %) and linalool (4.31 %).

Fumigant toxicity assay
Fumigant toxicity of T. daenensis essential oil

noted on the nymphs and adults of A. gossypii

after 24 hours is shown in Table 2. LC50 and LC90
values of the essential oil against nymphs and
adults were 0.0087, 0.555 and 0.0016, 0.304 µl/l,
respectively. The results showed that by increas-
ing dose and time, the mortality rate of nymphs
(F= 8.16, df= 4, P<0.01) and adults (F= 4.11, df=

Table 1. Volatile compounds in steam-distilled oil of the leaf from the Avishan-e-denaii,
Thymus daenensis identified by gas chromatography–mass spectrometry

No. Compound RT Start time End time % Area
(min) (min)

1 α-Thujene bicyclo[3.1.0 4.627 4.588 4.690 0.23
2 α-Pinene 4.776 4.690 4.854 0.83
3 d-Camphene 5.072 5.010 5.127 0.86
4 β-Pinene 5.626 5.579 5.689 0.16
5 β-Myrcene 5.852 5.798 5.899 0.81
6 α-Terpinene 1,3-cyclohe 6.469 6.391 6.555 0.92
7 p-Cymene 6.750 6.555 6.773 13.81
8 Limonene 6.789 6.773 6.874 0.34
9 γ-Terpinene 7.514 7.350 7.600 6.74

10 cis-Sabinenene hydrate 7.655 7.600 7.740 0.34
11 α-Terpinolene cyclohexe 8.177 8.037 8.287 0.19
12 Linalool 8.489 8.357 8.583 4.31
13 Borneol 10.253 10.104 10.417 5.24
14 3-Cyclohexen-1-ol, 4-methyl-1-(1-methylethyl) 10.495 10.424 10.627 0.68
15 2,6-Octadienal, 3,7-dimethyl-, (Z)- 12.531 12.414 12.601 0.11
16 Phenol 5-methyl-2-(1-methylethyl)- 13.288 13.194 13.358 0.40
17 Thymol 13.662 13.358 13.686 22.40
18 Phenol, 2-methyl-5-(1-methylethyl)- 13.709 13.686 13.725 0.30
19 3-Methyl-4-isopropylphenol 14.037 13.725 14.107 26.94
20 2-isopropyl-5-methyl phenyl acetate 15.113 15.043 15.168 0.63
21 Carvacryl acetate 15.581 15.496 15.628 0.67
22 Caryophyllene 16.845 16.744 16.908 1.74
23 Cyclohexene, 1-methyl-4-(1-methylethyl) 18.921 18.843 18.983 0.15
24 1H-Cycloprop[e]azulene, decahydro- 20.629 20.505 20.668 0.20

1,1,4,7-tetramethyl
25 Caryophyllene oxide 20.778 20.668 20.902 1.54
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4, P<0.01) was significantly increased (Fig. 1).
The mortality rate of the nymphs and adults of A.

gossypii at the highest concentration (0.9 µl/l) of
the Avishan-e-denaii was 96.66 %. At the lowest
concentration (0.1 µl/l) of oil, the mortality of A.

gossypii was recorded as 80 % for nymphs and
86 % for adults, respectively.

Effect of essential oils on nymph production
deterrent

The effect of the Avishan-e-denaii essential oil
on nymph production and nymph production de-
terrent of the melon aphid is shown in Table 3.

The results of the analysis of variance showed
that there is a significant difference between
nymph production in 24, 48 and 72 hours (F= 13.61,
df= 2, P<0.01). Also, with increasing time after
treatment, the number of produced nymphs was
decreased. Mean comparison of produced nymphs
of aphid (Table 3) compared to the control showed
a significant difference.

Based on the analysis of variance (Table 3),
there was a significant difference between treat-
ments for the percentage of nymph production
deterrent, at 24, 48 and 72 hours, respectively (F=
14.36, df= 2, P<0.01). Also, with increasing time

Fig. 1. Percentage of mortality (±SE) of nymphal and adult stages of the melon aphid, Aphis

gossypii in different essential oil concentrations of the Avishan-e-denaii, Thymus daenensis. The
similar letters indicate no significant difference

Table 2. LC50 and LC90 values of essential oil of the Avishan-e-denaii, Thymus

daenensis against the adults and nymphs of the melon aphid, A. gossypii.

Growth LC50 (µµµµµl/l) LC90 (µµµµµl/l) Slope ± SE Intercept ± SE χχχχχ2 (df) Sig.
 stage

Nymph 0.0087 0.555 0.71±0.38 1.46±0.22 0.70 1.41 (3)
Adult 0.0016 0.304 0.57±0.41 1.57±0.24 0.79 1.04 (3)

PROBIT model: PROBIT (p) = Intercept + BX (Covariates X are transformed using the base 10 logarithm).
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Table 3. Mean (±SE) of nymph production and nymph production deterrent of the melon
aphid, Aphis gossypii caused by essential oil of the Avishan-e-denaii, Thymus daenensis

                            Essential oil
Time (h) Control Nymph production Nymph production deterrent

24 5.0±0.0 a 3.1±0.72 a 48.0±9.98 a
48 7.0±0.0 b 3.8±0.42 b 45.7±5.95 b
72 3.0±0.0 c 2.1±0.48 c 46.67±8.89 b

Total 5.0±0.32 3.0±0.34 46.79±4.71

* Comparison was performed at each column, the means with the same letters based on Duncan’s test did
not have a significant difference at 5 % level

after treatment, the percentage of deterrence was
also increased. Mean comparison of the nymph
production deterrent of the aphid (Table 3) com-
pared to the control showed a significant differ-
ence. The degree of nymph production deterrent
effect was calculated for the Avishan-e-denaii, T.

daenensis as 46.49 ± 4.71.

Discussion
According to GC/MS analysis, it was found that

most of the detected volatile compounds in plant
essential oil are monotropine which have insecti-
cidal, fumigant toxicity, repellency, and anti-feed-
ing properties for insects. In the research of
Akbarinia and Mirza 20, twenty four components
were identified. The main constituents of the
essential oil were thymol (74.61 %), p-cymene
(4.6 %), γ-terpinene (4.48 %) carvacrol methyl
ether (4.27 %), 1,8 cineol (1.64 %), borneol (1.61
%), and carvacrol (1.40 %). In our findings, while
confirming this research, more compounds were
identified in T. daenensis essential oil. In the stud-
ies of Moazeni et al. 21, the main components of
the essential oil were carvacrol (37.0 %), thymol
(12.8 %), β-caryophyllene (7.6 %), and germa-
nium (5.74 %). Also, the fumigant toxicity of T.

daenensis essential oil on the flour moth, Ephestia

kuehniella and the Indian meal moth, Plodia

interpunctella was confirmed and LC50 for these
two pests was calculated as 0.191 and 0.27 µl/l,
respectively.

In this study, the fumigant toxicity effect of
essential oils of the Avishan-e-denaii on the melon
aphid was different in relation to the life stage of
the insect, and with increasing concentrations,

mortality also increased. Previous experiments
conducted on nymph and adult stages of aphids
showed that adults are the most tolerant stage
against plant essential oils. Due to the application
of very low concentrations of the essential oil of
the above plant, the mortality rate was found to
be comparable to the concentrations used for the
adult stage. Many studies have been carried out
on the toxicity of essential oils of various plants
on aphids. In the study of Riazi et al. 22, the con-
centration of 50 % lethal concentration (LC50) of
the peppermint, Mentha spicata L. essential oil
on the 1st, 3rd nymphs and adult stages of the
melon aphid were 2.70, 3.41 and 5.24 µl/1 of air,
respectively. However, in the present study, the
essential oil of T. daenensis in much lower val-
ues and with the lethal concentration (LC50) on
the nymph and adult stages of the aphid were
0.0087 and 0.0016 µl/l, respectively. In a study by
Mahmoudi 23 on the melon aphid, A. gossypii, the
LC50 values of essential oil of parsley (Petro-

selinum crispum L.) and ajowan (Carum

copticum L.) (Apiaceae) on the adult insects of
aphid was calculated as 2.71 and 21.2 µl/l, res-
pectively.

In the study of Mousavi 24, the fumigant toxic-
ity of tarragon (Artemisia dracunculus L.) and
dill (Anethum graveolens L.) plants on the adult
insects of the melon aphid was investigated. Based
on the results, the calculated LC50 values after 24
hours of essential oil exposure was 18.63 and 28.84
µl/l, respectively. Razmjou et al. 25 studies on the
insecticidal activity of essential oil of two species
of eucalyptus (Eucalyptus microtheca Muell.)
and (E. spathulata Hook) on the cotton aphid, A.
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gossypii showed that the aphid had a high sus-
ceptibility to these essential oils, and the LC50
values were 366.12 and 15.952 µl/l, respectively.
The results related to the LC50 value of studied
essential oil showed that oil toxicity effect of this
essential oil on A. gossypii in low quantities. Jahan
et al. 26 were studied insecticidal effects of Arte-

misia dracunculus L. and Satureja isophylla

Rech against the cabbage aphid, Brevicoryne

brassicae were concluded that A. dracunculus

(LC50=6.25 µL/L air) possesses the highest lethal
activity whereas S. isophylla the lowest (LC50=
45.60 µL/L air). Insecticidal effect of essential
oils of Thymus carmanicus Jalas and Elettaria

cardamomum L. were tested against the 3rd

nymphal instars of B. brassicae by Jahan et al.
27 and it was found that the highest toxic effect
was recorded for E. cardamomum.

Also, fumigant toxicity of five essential oils on
B. brassicae was studied by Hasanshahi et al. 1,

28 and they found that the highest toxicity was
observed in Artemisia dracunculus L. essential
oil. In addition, LC50 value for A. dracunculus oil
was calculated equal to 6.25 µL/L air in the labo-
ratory conditions. Toxic activities of 10 essential
oils against Myzus persicae Sulzer was studied
by Hori 29 and it was found that spearmint, thyme,
pennyrol, mint and peppermint oils have high acti-

vity. In other study, effect of essential oils of Thy-

mus vulgaris, Veronica officinalis L. and
Agrimonia eupatoria L. on the cabbage aphid,
B. brassicae showed that essential oil of T. vul-

garis caused about 85 % mortality in aphid popu-
lation 30. Jaastad 31 showed that rapeseed oil sig-
nificantly reduced damage by the black cherry
aphid, Myzus cerasi (Fabricius). Furthermore,
essential oils of Eucalyptus globules against
Aphis gossypii had insecticidal property and its
LC50 value was obtained equal to 2000 PPM 32.
Digilio et al. 33 also showed that application dose
of various essential oils resulted in significant dif-
ferences in mortality rate for M. persicae and
Acyrthosiphon pisum Harris. Based on the re-
sults obtained from the current research, it can
be concluded that studied essential oil had the
good effect on the melon aphid, A. gossypii. The
Avishan-e-denaii is the most promising and could
be considered for practical applications for aphid
control. But before use, it is necessary to study
their toxicity in humans and their persistence in
the environment.

Acknowledgements
This work was supported by Faculty of Agri-

cultural Sciences, Shahed University, Tehran, Iran.

References
1. Hasanshahi, Gh., Abbasipour, H., Jahan, F., Askarianzadeh, A., Karimi, J. and Rastegar,

F. (2016). Fumigant Toxicity and Nymph Production Deterrence Effect of Three Essential Oils
against Two Aphid Species in the Laboratory Condition, J. Essent. Oil-Bearing Plants. 19(3): 706-
711. 

2. Mohan, M., Haider, S.Z., Andola, H.C. and Purohit, V.K. (2011). Essential Oils as Green
Pesticides: For Sustainable Agriculture. Res. J. Pharm. Biol. Chem. Sci. 95(1): 174-182.

3. Isman, M.B. (2000). Plant essential oils for pest and disease management. Crop Prot. 19: 603-
608.

4. Isman, M.B. (2006). Botanical insecticides, deterrents, and repellents in modern agriculture
and an increasingly regulated world. Annu. Rev. Entomol. 51: 45-66.

5. Mateeva, A. (2000). Alternative crop protection agents. Zemedelie plus. 11-12.
6. Lee, C., Sung, L. and Lee, H. (2006). Acaricidal activity of fennel seed oils and their main

component against Thyrophagus putrescentiae a stored food mite. J. Stored Pro. Res. 42: 8-14.
7. Blair, J., Nurhayat, Tabanca, N., Betul, D.K., Husnu, C., Ikhlas, A.K., James, M.S. and

David, E.W. (2005). Insecticidal activity of 23 essential oils and their major compounds against
adult Lipaphis pseudobrassicae (Davis) (Aphididae: Homoptera). Pest Manag. Sci. 61: 1122-
128.

8. Bouda, H., Taponjou, L.A., Fontem, D.A. and Gumedzoe, M.Y.D. (2001). Effect of essential

Mehran Zamani Verdi et al., / TEOP 22 (2) 2019  545 - 553 551



oils from leaves of Ageratum conyzoides, Lantana camara and Chromolaena odorata on the
mortality of Sitophilus zeamais (Col.: Curculionidae). J. Stored Prod. Res. 37: 103–109.

9. Jahan, F., Hasanshahi, Gh. and Abbasipour, H. (2012). Insecticidal effect of essential oils of
Artemisia dracunculus L. and Satureja isophylla Rech. on the cabbage aphid, Brevicoryne

brassicae L. 20th Iranian Plant Protection Congress, Shiraz University, Iran, pp.248.
10. Lashgari, A.A., Heydari, A. and Mashayekhi, A. (2012). Effect of Thymus vulgaris and

Satureja hortensis essential oils on Bemisia tabaci. 20th Iranian Plant Protection Congress,
Shiraz University, Iran, P349.

11. Koul, O., Walia, S. and Dhaliwal, G.S. (2008). Essential Oils as Green Pesticides: Potential
and Constraints. Biopestic. Int. 4(1): 63-84.

12. Zhou, T.M., Chen J.Q., Zhang, P.F. and Wang, Y.H. (2004). The influence of four kinds of
plant extracts on the feeding behaviors of Aphis gossypii. Acta Phytophyl. Sinica. 31(3): 252-
258.

13. Ebrahimi, M., Safaralizade, M.H. and Valizadegan, O. (2013). Contact toxicity of Azadir-

achta indica (Adr. Juss.), Eucalyptus camaldulensis (Dehn.) and Laurus nobilis (L.) essential
oils on mortality cotton aphids, Aphis gossypii Glover (Hem.: Aphididae). Arch. Phytopathol.
Plant Prot. 46: 2153-2162.

14. Gorski, R. and Tomczak, M. (2010). Usefulness of natural essential oils in the control of fox-
glove aphid (Aulacorthum solani Kalt) occurring on eggplant (Solanum melongena L). Ecol.
Chem. Eng. 17(3): 345-349.

15. Sampson, B.J., Tabanca, N., Kirimer, N., Demirci, B., Baser, K.H.C., Kahn, I.A., Spiers,
J.M. and Wedge, D.E. (2005). Insecticidal activity of 23 essential oils and their major compounds
against adult Lipaphis pseudobrassicae (Davis) (Aphididae: Homoptera). Pest Manag. Sci. 61:
1122-1128.

16. Hori, M. and Komatsu, H. (1997). Repellency of rosemary oil and its components against
onion aphid, Neotoxoptera formosana (Takahashi) (Homoptera: Aphididae). Appl. Entomol.
Zool. 32: 303-310.

17. Khater, H.F. (2012). Prospects of botanical biopesticides in insect pest management. Pharmaco-
logia. 3: 641-656.

18. Sahaf, B.Z. and Moharramipour, S. (2009). Comparative study on deterrence of Carum

copticum C. B. Clarke and Vitex pseudo-negundo (Hausskn.) Hand.-Mzt. essential oils on
feeding behavior of Tribolium castaneum (Herbst). Iran. J. Med. Aromat. Plants. 24(4): 385-
395.

19. SAS Institute (2007). SAS users guide: statistics. SAS Institute, Cary, NC.
20. Akbarinia, A. and Mirza, M. (2008). Identification of essential oil components of Thymus

daenesis Celak. in field condition in Qazvin. JQUMS. 12(3): 58-62.
21. Moazeni, N., Khajeali, J., Izadi, H. and Mahdian, K. (2014). Chemical composition and

bioactivity of Thymus daenensis Celak (Lamiaceae) essential oil against two lepidopteran stored-
product insects. J. Essent. Oil Res. 26(2): 118-124.

22. Riazi, M., Khajeh Ali, J., Pourjavad, N. and Bolandnazar. A. (2015). The toxic and repellent
effect of the formulation of the peppermint, (Mentha spicata L.) oil on the melon aphid, Aphis

gossypii in greenhouse conditions. J. Sci. Technol. Greenhouse Cult. 6(24): 169-179. (In Persian)
23. Mahmoudi, L. (2013). Study on the insecticidal effects of the Parsley (Petroselinum crispum

L.) and the Ajowan (Carum Copticum L.) on different biological stages of the greenhouse whitefly,
Trialeurodes vaporariorum (Westwood) and adult stage of the melon aphid, Aphis gossypii

(Glover) in greenhouse conditions. MSc thesis in Agricultural Entomology, Faculty of Agriculture,
Urmia University.

24. Mousavi, M. (2013). Study on the insecticidal effects of the Tarragon (Artemisia dracunculus

Mehran Zamani Verdi et al., / TEOP 22 (2) 2019  545 - 553 552



L.) and the Dille (Anethum graveolens L.) on different biological stages of the greenhouse
whitefly, Trialeurodes vaporariorum (Westwood) and adult stage of the melon aphid, Aphis

gossypii (Glover) in greenhouse conditions. MSc thesis in Agricultural Entomology, Faculty of
Agriculture, Urmia University.

25. Razmjou, J., Davari, M. and Ebadollahi, A. (2017). Insecticidal effects of essential oils from
Eucalyptus microtheca Muell. and E. spathulata Hook. along with pathogenic fungus Lecani-

cillium muscarium against cotton aphid. Plant Protect. 39(4): 37-50.
26. Jahan, F., Hasanshahi, Gh. and Abbasipour, H. (2012). Insecticidal effect of essential oils of

Artemisia dracunculus L. and Satureja isophylla Rech. on the cabbage aphid, Brevicoryne

brassicae L. 20th Iranian Plant Protection Congress, Shiraz University, Iran, P248.
27. Jahan, F., Hasanshahi, Gh. and Abbasipour, H. (2012). Comparison insecticidal effects of

Thymus carmanicus Jalas and Elettaria cardamomum L. on the 3rd nymphal instars of the
cabbage aphid, Brevicoryne brassicae L. in laboratory condition. National Conference of Environ-
ment and Plant Production, 1: 99-103.

28. Hasanshahi, Gh., Jahan, F. and Abbasipour, H. (2012). Insecticidal effect of five essential
oils on the cabbage aphid, Brevicoryne brassicae L. (Hom.: Aphididae). National Conference of
Environment and Plant Production, 1: 38-43.

29. Hori, M. (1999). Antifeeding, settling inhibitory and toxic activities of labiatae essential oils
against the green peach aphid, Myzus persicae (Sulzer) (Homoptera: Aphididae). Japan. Soc.
Appl. Entomol. Zool. 34: 113-118.

30. Gorur, G., Abdullah, M.I. and Iþýk, M. (2008). Insecticidal activity of the Thymus, Veronica

and Agrimonia’s essential oils against the cabbage aphid, Brevicoryne brassicae. Acta Phyto-
pathol. Hun. 43(1): 203-210.

31. Jaastad, G. (2007). Late dormant rapeseed oil treatment against black cherry aphid and cherry
fruit moth in sweet cherries. J. Appl. Entomol. 131(4): 284-288.

32. Mareggiani, G., Russo, S. and Rocca, M. (2008). Eucalyptus globulus (Mirtaceae) essential
oil: efficacy against Aphis gossipii (Hemiptera: Aphididae), an agricultural pest. Rev. Latino-
Am. Química. 36(1): 16-21.

33. Digilio, M.C., Mancini, E., Voto, E. and De Feo, V. (2008). Insecticide activity of Medi-
terranean essential oils. J. Plant Interac. 3(1): 17-23.

Mehran Zamani Verdi et al., / TEOP 22 (2) 2019  545 - 553 553


