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INTRODUCTION

Trialeurodes vaporariorum (Westwood) is a polyphagous 
insect pest responsible for high economic damages 
in many crops. They damage by secreting honeydew, 
which leads to growth of  sooty mold fungi, and this 
affect the process of  the plant physiology.[1] Also, they 
transmit plant viruses.[2] The intensive usage of  chemi-
cal insecticides to control whitefly has also eliminated 
the natural enemies of  whitefly and has led to increase 
tolerance or the development of  insect resistance to 
pesticides.[3] However, the potential hazards for mam-
mals from synthetic insecticides has caused to a search 
for new classes of  insecticides with lower mammalian 
toxicity and a lower persistence in the environment in 
integrated management program.[4]
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ABSTRACT: Introduction: The greenhouse whitefly, Trialeurodes vaporariorum Westwood (Homoptera: Aleyrodidae), 
is an important cosmopolitan pest of many crops. Methods: The present study investigated the repellent and anti-
oviposition activities of plant products from Achillea millefolium and Thymus vulgaris against this pest in greenhouse 
conditions. Cucumber plants were sprayed with the chemicals at 40 µl/ml concentration and control plants were 
treated with distilled water. Also, the essential oil of A. millefolium at the same volume (5 ml) was sprayed on the 
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three and six days after infesting, the number of eggs and adults were recorded. Each experiment was repeated two 
times at the same greenhouse condition. Results: The results revealed that all plant products affected the oviposition 
and tropism behaviors of greenhouse whitefly. Amongst the different treatments, the highest anti-oviposition effect 
was calculated by aqueous extracts of T. vulgaris (62.87 %) six days after treated. Moreover, the aqueous extract of 
A. millefolium had the highest repellent effect (52.54 %) six days after treatment. Also, the compare repellent activity 
of the chemicals on greenhouse whitefly adults indicated the highest repellent effect was evaluated by the essential 
oil of A. millefolium (48.07%) nine days after treatment. Conclusion: These results showed that A. millefolium and 
T. vulgaris had relatively long lasting repellent and anti-oviposition activities on the adults of the greenhouse whitefly. 
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The application of  botanical products to control agri-
cultural pests can adversely affect the environment and 
requirements for safer means of  pest management have 
become critical. Also, these products are now emerg-
ing as one of  the prime means to protect crops and the 
environment from pesticide pollution.[5] The essential oils 
or other plant derived chemicals as potential sources of  
many common spices plants have also been evaluated for 
their repellent and insecticidal activities.[6] For example, 
Kordan et al[7] found the deterrent properties of  Achil-
lea millefolium L. against Sitophilus granaris L. and Tribolium 
castaneum Herbest. Ateyyat et al[8] studied the effect of  A. 
biebersteinii L. on adults of  sweet potato whitefly, Bemisia 
tabaci Genn. The medicinal plants, Artemisia annua L. and 
A. millefolium have been reported deterrence activities 
against Pieris rapae L.[9] 

Beside essential oils, repellent potential of  certain plant 
extracts such as thyme oil and some of  its effective sub-
stances are known from the work of  other authors. For 
example, Park et al[10] determined the repellent effective-
ness of  five monoterpenes (carvacrol, p-cymene, linalool, 
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α terpinene and thymol) derived from the essential oil of  
Thymus sp. against the mosquito Culex pipiens pallens. The 
essential oils obtained from T. vulgaris L., Satureja hortensis 
L. and T. satureioides Boiss. Plants were investigated for 
repellent and anti-oviposition effects of  the mosquito 
larvae C. quinquefasciatus Say.[11] In the another study, the 
activities of  the essential oil of  T. vulgaris and Mentha 
piperita were evaluated by fatalities percentage of  green-
house whitefly (T. vaporariorum).[12] Pavela and Herda[13]  
investigated the repellent and anti-oviposition activities 
of  pongam oil against the adults of  the common green-
house whitefly T. vaporariorum. 

This paper describes a greenhouse study to assess the 
potential of  essential oils and aqueous extracts for use 
as repellents. Repellent and anti-oviposition activities of  
essential oils and aqueous extracts from A. millefolium and 
T. vulgaris were assessed against the greenhouse whitefly 
(T. vaporariorum) adults. 

MATERIALS AND METHODS

Rearing of insect and host plant
Cultures of  greenhouse whiteflies T. vaporariorum were 
collected from tobacco, Nicotiana tabacum (L.) and tomato, 
Solanum lycopersicum (L.) in the greenhouse of  the faculty 
of  agriculture in Shahid Bahonar University of  Kerman, 
Kerman, Iran. They were reared on cucumber plants, cv. 
Negin in 80 × 60 × 60 cm fine cloth cages in greenhouse 
condition (6 × 4 m) located on the Agriculture Research 
and Natural Resource Center of  Kerman (ARNRCK), 
Kerman, Iran. Adults used in the experiments were col-
lected from this colony with a hand aspirator.

For use in bioassays, when the seedlings cucumber 
reached to 4–5 cm height with two leaves, they were 
transplanted into plastic pots (15 cm diameter and 16 cm 
height) and allowed to reach at least five fully expanded 
leaves (approximately 4–5 weeks old).

Preparation of plant products
The aromatic plants of  A. millefolium L. (leaves and 
flowers) and T. vulgaris L. (leaves) were derived from 
areas of  Kerman province, Iran [(Baft, Kerman, Iran: 
29°14′00.18″N 56°36′07.70″E, 2271 m (altitude)]. The 
essential oils of  the dry plant were extracted by steam 
or hydrodistillation using a Clevenger-apparatus. In each 
case, 100 g of  the plant material was boiled in 500 ml of  
distilled water for 4 hours. The aqueous extract (aqueous 
portion) was separated from the essential oil (oily phase). 
For the short time, all the chemicals were stored at 4 °C 
until required.[14–15] 

Procedure of the experiments
The repellence and anti-oviposition activities of  plant 
products were performed in greenhouse condition in 
Agriculture Research and Natural Resource Center of  
Kerman (ARNRCK), Kerman, Iran. Cucumber plants as 
host plant were sprayed with extracts at 40 µl/ml concen-
tration and control plants were treated with distilled water. 
Also, the essential oil of  A. millefolium at same volume  
(5 ml) (for avoid the phytotoxicity effect on the cucumber 
plant) were applied on Whatman of  filter paper (2 × 4 cm) 
attached to the petiole of  cucumber plants. 

The four treated plants and four control plants were placed 
randomly in a double row of  plants with 18 cm spacing 
between and within rows in each cabin of  the experiment 
in 80 × 60 × 60 cm fine cloth cages as block design experi-
ment. Three days after spraying with the plant products, 
approximately 250 whitefly adults were released into the 
cage. Three and six days after releasing greenhouse white-
fly, the number of  eggs and adults on detached cucumber 
leaves at similar areas were counted. Two cages as repli-
cates were used for each treatment. The percent effective-
ness of  repellency (ER) or anti-oviposition index for the 
plant products was calculated by the formula:

ER = [(C – T)/(C + T)] × 100[16]

Where ER = percent effectiveness of  repellency;  
C = number of  eggs or adults in control treatment;  
T= number of  eggs or adults in plant derived treatment.

Statistical analysis 
Statistical comparison among the ER and anti-oviposition 
index of  aromatic plants were conducted using a one-way 
analysis of  variance (ANOVA) followed by a Tukey’s Test 
(P < 0.05) (StatPlus version 4.9, 2007, Croydon, UK).

RESULTS 

Anti-oviposition effects
Results of  the anti-oviposition effectiveness of  A. mille-
folium and T. vulgaris are shown in Figure 1. All the aro-
matic plants selected showed anti-oviposition activity. 
Among different treatments, the highest anti-oviposition 
activity on greenhouse whitefly 6 days after treated was 
caused by aqueous extracts of  T. vulgaris [(62.87 % ± 4.81)  
(mean ± SE)] that was significantly different from the 
effect of  essential oil of  A. millefolium (P < 0.005). 

The Essential oil obtained from A. millefolium had the high-
est anti-oviposition effect on T. vaporariorum after 9 days 
(49.33 % ± 5.07) and the aqueous extracts of  A. millefolium 
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had the lowest (41.80 % ± 0.96). Among different plant 
products there were no significant differences in the anti-
oviposition index 9 days after treatment (P < 0.05).

Repellent activities
Repellent activities for all compounds, 6 and 9 days after 
treated, revealed in Figure 2. Six days after treated, the 
aqueous extracts of  A. millefolium indicated the highest 
repellence effect (52.54 % ±3.55), while essential oil 
of  A. millefolium had the lowest (32.47 % ± 6.16). The 
repellent effect caused by all plant products after 9 days 
ranged from 35.69% to 48.07% in aqueous extract of  
T. vulgaris and essential oil of  A. millefolium treatments, 
respectively. There were no significant differences among 
aqueous extract and essential oil of  A. millefolium as well 
as T. vulgaris treatments (P < 0.05). 

In addition, there were significant differences between 
6 and 9 days after treated in anti-oviposition activity 
obtained from aqueous extract of  A. millefolium and aque-
ous extract of  T. vulgaris (P < 0.05). Also, to compare 
repellence activity of  all aromatic plants selected between 
6 and 9 days after treated had no significant differences 
(P < 0.05). 

DISCUSSION 

The selected aromatic plants of  A. millefolium and  
T. vulgaris showed high repellence and anti-oviposition 
effectiveness on the adults of  greenhouse whiteflies. Nev-
ertheless, our research revealed that these plants in the 
spraying bioassay may successfully control this aggres-
sive pest because of  their high volatility, repellent efficacy 
and safety.[17] Different parts of  plants contain a complex 

Figure 1.  Anti-oviposition activity (mean ± SE) of  various 
plant essential oils and aqueous extracts against greenhouse 
whitefly Trialeurodes vaporariorum. [AM: Achillea millefolium, TV: 
Thymus vulgaris, AE (aqueous extracts), EO (essential oil). Bars 
with different small letters indicate significant differences 
days within the same plant derived chemical. Bars with differ-
ent upper case letters indicate significant differences between 
the plant derived chemical within the same time periods at  
(P ≤ 0.05) (one-way ANOVA)].

Figure 2.  Repellent activity (mean percentage ±SE) of  vari-
ous plant essential oils and aqueous extracts against green-
house whitefly Trialeurodes vaporariorum. [AM: Achillea millefolium, 
TV: Thymus vulgaris, AE (aqueous extracts), EO (essential oil). 
Bars with different small letters indicate significant differences 
days within the same plant derived chemical. Bars with differ-
ent upper case letters indicate significant differences between 
the plant derived chemical within the same time periods at  
(P ≤ 0.05) (one-way ANOVA)].
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of  chemicals with unique biological activity[18] which is 
thought to be due to toxins and secondary metabolites, 
which act as attractants or deterrents.[7] Positive results for 
deterrent activity of  these plants were obtained against 
various pests.[10,11,19] The results of  our study are mostly 
in the agreement with the results of  other investigators. 
Pavela[11] has demonstrated that concentrations of  0.01%  
and 0.005% T. vulgaris were most effective at repelling 
mosquito larvae C. quinquefasciatus with about 99.8 and 
62.3% repellence respectively. Moreover, the essential oils 
made of  S. hortensis, T. vulgaris and T. satureoides offer a 
high potential for the control of  C. quinquefasciatus as new 
safety larvicides in the environment. Hasheminia et al[9] 
proved that the deterrent effect of  Artemisia annua L. and  
A. millefolium L. on small cabbage Pieris rapae L. were 29.82%  
and 44.18%, respectively. In the another study, Kordan 
et al[7] assessed that A. millefolium can have a high deter-
rence effect in protecting stored products from S. granaris 
L. and T. castaneum Herbest. Al-Mazra’awi and Ateyyat[20] 
have reported that plant extracts of Urtica pilulifera L. and 
T. capitatus L. had repellent effecst against B. tabaci adults.

Some authors also studied the toxicity effect of  these 
plant derived chemicals on the pests. For example, the 
persistency of  larvicidal affects of  some essential oils 
under different conditions against Aedes aegypti larvae. 
Some oils (for example thyme oil (T. vulgaris)) stayed effec-
tive under certain conditions until the last test and their 
toxicity remained a long time after preparation.[21] The 
present study demonstrates a high potential for using the 
aromatic plants A. millefolium and T. vulgaris as repellent 
and anti ovipositional activity against greenhouse white-
fly. This may lead to new and more effective strategies to 
prevent and control this aggressive pest. The high activ-
ity of  these plants could be used as an active ingredient 
in the preparation of  natural insect repellents or as bio-
insecticides. Some of  the compounds tested could find 
a place in integrated pest management programs (IPM), 
especially where the emphasis is on environmental and 
food safety and on replacing the more dangerous and 
toxic insecticides.
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