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 Flour beetles of the genus Tribolium are major and cosmopolitan pests of stored 
products. This study was conducted to estimate the repellency effect of essential 
oils and powders of Mentha longifolia, Thymus daenensis, Achillea wilhelmisii 
and Artemisa haussknechtii against adults of T. castaneum and T.confusum. 
Essential oils were prepared by hydro distillation methods using clevenger-type 
apparatus. Based on primary experiments, for each essential oil, three 
concentrations in 30 replications were used. Experiments were carried out at 
30±2°C and 60±5% relative humidity (RH) using flat olfactometer. Results 
showed that all the four plant essential oils tested were found to be repellent 
against T.castaneum and T. confusum. The essential oil of M. longifolia 
exhibited significantly stronger repellency effects; as at 0.9 µL oil concentration 
caused 86.7 and 80% repellency of T.castaneum and T.confusum, respectively. 
At the highest concentration (6 µL) repellency effect of essential oils extracted from 
T.daenensis, A. wilhelmisii and A.hausskenechtii were recorded 71.42, 79.31 and 
57.14% against T.castaneum and 78.57, 71.42 and 77.77% against T.confusum, 
respectively. At the highest dosage (1.3 g) repellency effects of M.longifolia powder 
against T. castaneum and T. confusum were 76.92 and 65.51%, respectively, while 
at this dose repellency effect by powder of T. daenensis, A. wilhelmisii and 
A.hausskenechtii against T. castaneum and T. confusum were recorded 52, 55.55 
and 43.83% and 60, 61.53 and 40.74%, respectively. 
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INTRODUCTION 

 
Stored product pests pose a serious threat to crops 

from harvest to consumption (Dunkel and Sears, 1998) 
and cause approximately 10-30% of crop losses (Ferry et 
al., 2004). Insect pests are the major problem in storage 
products throughout the world because they reduce the 
quantity and quality of stored products (Sinha and 
Watters, 1985; Madrid et al., 1990).  

In Iran annual post-harvest losses resulting from 
insect damage are estimated to be 10-25% of production 
and sometime in the rural regions this damage is up to 80 
percent (Modares Najafabadi, 2002). Flour beetles of the 
genus Tribolium are important pests of stored products 
such as flour, cereals, meal, beans, spices and even dried 
museum specimens (Weston and Rattlingourd, 2000). 
These pests possess a high reproductive rate and, 
therefore, effective protection of stored products against 
their infestation is necessary (Jovanovic et al., 2007 and 
Shukla, 2010). 

Chemical control using synthetic insecticides and 
fumigants is a common practice used to control pests of 
stored grains. However, due to development of insect 
strains resistant to pesticides (Zettler and Cuperus, 1990; 
White, 1995), toxic residues on stored grain for human 
consumption, acute and chronic toxicity for workers and 
adverse effects on the environment (e.g. ozone depletion 
caused by methyl bromide) alternative approaches in 
integrated pest management (IPM) have been considered 
(Shaaya et al, 1997). Accordingly, it is a priority to 
searching alternative insecticides, environmentally safe, 
biodegradable and specific against these pests 
(Vinayachandra and Chandrashekar, 2011). Recent studies 
indicate that plant metabolites may significantly affect 
plant resistance to parasites (Yaldirim et al., 2005; 
Kordali et al., 2006; Caglar et al., 2007). 

In recent years, agrochemical companies have 
focused on the study of natural products for the 
development of new pesticides (Addor, 1995).  Plant 
products have for many generations been used by small 
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scale farmers in parts of Africa and Asia to protect stored 
products from insect infestation (Hassanali et al., 1990; 
Poswal and Akpa, 1991; Parh et al., 1998). 

In this context, Fields et al. (2001), Mohans and 
Fields (2002) reported that Pisum sativum essential oil has 
a repellent action against the red flour beetle Tribolium 
castaneum (Herbst). Correspondingly, Tapondjou et al. 
(2005) and Zapata and Smagghe et al. (2010) indicated 
that plant essential oils were highly repellent to the rust-
red flour beetle T. castaneum and Pretheep Kumar et al. 
(2004) reported that P. sativum essential oil was repellent 
to Sitophilus oryzae, T. castaneum and Rhizoperta 
dominica. 

Licciardello et al. (2013) also indicated that essential 
oils of Citronella, Oregano and Rosemary were strongly 
repellent to the rust-red flour beetle T. castaneum. 
Gusmao et al. (2013) reported the essential oils of 
Eucalyptus species were repellent against storage pests 
and Caballero-Gallerdo et al. (2012) indicated that adult 
beetles of T. castaneum were repelled significantly by 
essential oils of Cymbopogon martini, C. flexoisus and 
Lippia origanoides.  

The aim of this paper was to evaluate the repellent 
effects of four plant essential oils including Mentha 
longifolia, Thymus daenensis, Achillea wilhelmisii and 
Artemisa haussknechtii against T. castaneum and T. 
confusum. 

 
MATERIALS AND METHODS 

 
Plant collection 

The fresh leaves and flowers of plants were collected 
from different parts of Lorestan at different times from 15 
April to 7 September 2011 from their natural habitats and 
were identified by taxonomic specialists. Collected 
samples were shadow dried under good ventilation and 
woody stems were separated. Dried leaves were kept in 
separate plastic bags inside a refrigerator until the time for 
oil extraction. Scientific name, family, English name, part 
used and traditional use for each plant material is given in 
Table 1. 
 
Culture of insects 

Parent stock of T. castaneum and T. confusum were 
obtained from laboratory cultures maintained in the 
entomological research laboratory at the department of 
plant protection, faculty of agriculture, Lorestan 
University, Iran. They were reared on a mixture of 
disinfested wheat flour and beer yeast at a ratio of 10:1 in 
the dark at 30±2°C and 65±5% RH. 
 
Essential oil extraction and Powders 

Dried leaves were first powdered to a fine grade by 
using a laboratory mill. The essential oils were obtained 
by hydrodistillation of 50 g of botanical powder and 600 
mL of distilled water using a Clevenger type apparatus for 
2 hour at 100°C. The obtained essential oils were dried 
over sodium sulfate (Merck) and were kept in separate 
glass vials (volume 2 mL) with aluminum caps inside a 
refrigerator to be used later. Plant powders were stored in 
the refrigerator for further testing.  

Repellency Bioassay  
Repellency effects of essential oils were carried out 

according to the experimental method described 
previously Mossadegh (1976) with minor modifications. 
Repellency effect of essential oils was measured using a 
flat olfactometer. This Olfactometer was made of plastic 
plates and consisting of three hole (2 cm diameter), one of 
for entrance of insect to chamber and two others hole for 
treatment (Essential oils) and control. These holes were 
connected to central tube.  During the experiment the air 
stream in the olfactometer was supplied by using an 
aquarium pump.  

 This experiment was carried out in three 
concentrations with 30 replicates incubated in the dark at 
30±2°C and 65±5% R.H. According to the trial 
experiment, 0.7, 0.8 and 0.9 µL of essential oil from M. 
longifolia and 4, 5 and 6 µL of essential oil from T. 
daenensis, A. hausskenekhti and A. wilhelmsii were 
applied to separate filter papers (Whatman No.1, diameter 
1 cm). The solutions of essential oils were prepared in 
acetone, and in all cases, a volume of 0.5 mL were used. 
The filter paper for control was treated with an equal 
volume of acetone. The treated and control disks paper 
were air-dried for 10 min to remove the solvent. The filter 
papers were placed on the treatment and control hole. 

Adult of T. castaneum and T. confusum were placed 
individually at the entrance of the central tube and 
allowed to choose between treatment and control. This 
experiment was repeated 30 times where each repeat 
consisted of one insect adult.  The number of insect in 
treated and control hole were counted after 15 min. No 
response replications were deleted and repeated again.  To 
precision of experiment and avoid of inherent tendency of 
insect to move right or left, in half of replications the hole 
of treatment and control were changed. 

To evaluate the repellency effects of herbal powders 
according to the trial experiment, 0.2, 0.5 and 1.3 g of 
plant powders were used inside the gauze pieces.  
Repellency effect of plant powders were conducted at the 
same method of essential oils. 

Non-parametric statistics were used for data analysis 
using SAS 9.1 programs. Percentage repellency was 
calculated using the following formula (Tapoundjou et al. 
2005): R%= ((C-T)/(C+T))*100  
Where R% is the percent repellency; C is the number of 
beetles in treatment; C is the number of beetles in control. 

 
RESULTS AND DISCUSSION 

 
The results of repellency effects of plant essential oils 

and botanical powders are presented in Table 2, 3, 4 and 
5. Results showed that all the five plant essential oils 
tested were found to be repellent against T. castaneum and 
T. confusum. The essential oil of M. longifolia exhibited 
significantly stronger repellency effects; as at 0.9 µL oil 
concentration reached 86.7 and 80% repellency of T. 
castaneum and T. confusum, respectively (Table 2 and 3). 

At the highest concentration (6µL) repellency effect 
of essential oils extracted from T. daenensis, A. 
wilhelmisii and A. hausskenechtii were recorded to be 
71.42, 79.31 and 57.14% against T. castaneum and 78.57, 
71.42 and 77.77% against T. confusum, respectively 
(Table 2 and 3). 
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Table 1: Plant name, date and localities of collection and traditional use of these plants 
Plant name Family English name Local collection Collecting date Part use Traditional use 
M.longifolia Lamiaceae Horse Mint Viesian 16 July Aerial part Stomach pain-relieving agent
T.daenensis Lamiaceae Thyme Gareen Mountain Alshtar 5 May Aerial part Clod 
A.wilhelmisii Asteraceae yarrow Nojian 28 May Leaf and flower Gastrointestinal disorders 
A.haussknechtii Asteraceae Mugwort East of Doroud 26 September Leaf and flower Repellent of Insect

 
Table 2: Mean repellency of essential oils from M.longifolia, T.daenensis, A. wilhelmisii and A. hausskenechtii against T. castaneum 
adults 

Essential oil Concentration (µL) X2 Number of insect P-value % Repellency 
M. longifolia 0.7 11.56 30 0.0007 40 
M. longifolia 0.8 13.37 30 0.0003 53.3 
M. longifolia 0.9 22.53 30 0.0001 86.7 
T. daenensis 4 6.34 30 0.0143 50 
T. daenensis 5 9.84 30 0.0017 61.53 
T. daenensis 6 14.23 30 0.0002 71.42 
A. wilhelmisii 4 6.24 30 0.0143 50 
A. wilhelmisii 5 14.28 30 0.0002 71.42 
A. wilhelmisii 6 18.24 30 <.0001 79.31 
A. hausskenechtii  4 1.96 30 0.1615 28 
A. hausskenechtii  5 8.33 30 0.0039 55.55 
A. hausskenechtii  6 9.14 30 0.0025 57.14

 
Table 3: Mean repellency of essential oils from M. longifolia, T. daenensis, A. wilhelmisii and A. hausskenechtii against T. confusum 
adults 
Essential oil Concentration (µL) X2 Number of insect P-value %Repellency 
M. longifolia 0.7 5.82 30 0.0158 44.82 
M. longifolia 0.8 12.44 30 0.0004 65.51 
M. longifolia 0.9 19.20 30 <.0001 80
T. daenensis 4 4.48 30 0.0343 40.74 
T. daenensis 5 9.14 30 0.0025 57.14 
T. daenensis 6 17.28 30 <.0001 78.57 
A. wilhelmisii 4 7.34 30 0.0067 56.52 
A. wilhelmisii 5 12.46 30 0.0004 69.23
A. wilhelmisii 6 14.28 30 0.0002 71.42 
A. hausskenechtii  4 3.24 30 0.0719 36 
A. hausskenechtii  5 6.25 30 0.0124 48.14 
A. hausskenechtii  6 16.33 30 <.0001 77.77 

 
Table 4: Mean repellency of powder of M.longifolia, T.daenensis, A. wilhelmisii and A. hausskenechtii against T.castaneum adults 
Essential oil Dosage (g) X2 Number of insect P-value % Repellency 
M. longifolia 0.2 3.24(1) 30 0.0719 36 
M. longifolia 0.5 4.84(1) 30 0.0278 44 
M. longifolia 1.3 15.38(1) 30 <.0001 76.92
T. daenensis 0.2 0.72(1) 30 0.3938 18.18
T. daenensis 0.5 2.66(1) 30 0.1025 33.33 
T. daenensis 1.3 6.76(1) 30 0.0093 52 
A. wilhelmisii 0.2 1.5(1) 30 0.2207 25 
A. wilhelmisii 0.5 4.48(1) 30 0.0343 40.74
A. wilhelmisii 1.3 8.33(1) 30 0.0039 55.55
A. hausskenechtii  0.2 0.16 (1) 30 0.6831 8.33 
A. hausskenechtii  0.5 1 (1) 30 0.3173 20 
A. hausskenechtii  1.3 5.82(1) 30 0.0158 44.83 

 
Table 5: Mean repellency of powder of M.longifolia, T.daenensis, A. wilhelmisii and A. hausskenechtii against T. confusum adults 
Essential oil Dosage (g) X2 Number of insect P-value % Repellency 
M. longifolia 0.2 1.28(1) 30 0.2568 21.42
M. longifolia 0.5 2.79(1) 30 0.0947 31.03 
M. longifolia 1.3 12.44(1) 30 0.0004 65.51 
T. daenensis 0.2 1.5(1) 30 0.2207 25 
T. daenensis 0.5 3.24(1) 30 0.0719 36
T. daenensis 1.3 9(1) 30 0.0027 60
A. wilhelmisii 0.2 5.26(1) 30 0.0218 47.82
A. wilhelmisii 0.5 9(1) 30 0.0027 60
A. wilhelmisii 1.3 9.84(1) 30 0.0017 61.53 
A. hausskenechtii  0.2 0.04 (1) 30 0.8273 4.76 
A. hausskenechtii  0.5 0.72 (1) 30 0.3938 18.18
A. hausskenechtii  1.3 4.48(1) 30 0.0343 40.74
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Many researchers pointed that some of plant essential 

oils show strong repellency effects against storage pests 
(Shakarami et al., 2003, Caballero-Gallardo, et al., 2012, 
Saeidi and Moharramipour, 2013, Bachrouch, et al., 2010, 
Gusmao et al., 2013, Zapata and Smagghe, 2010, Bhuwan 
and Tripathi, 2011, Akrami, 2008, Liu and Ho, 1999). 

Essential oils investigated in our study may be 
attributed to their having major monoterpenes 
components, because some major compounds of the test 
oils, such as carvacrol, camphor, 1,8-cineole, α-pinene, p-
cymene, piperitenone oxide, and terpineol possessed 
insecticidal and repellency effects against the test insects 
(Traboulsi et al. 2002; Miresmailli et al. 2006; Cetin et al. 
2007; Kordali et al. 2008; Magdy and Samir 2008). 

Various biological activities have been reported for 
some species of Mentha, such as antibacterial (Oyedeji 
and Afolayan 2006; Hajlaoui et al. 2008), antifungal 
(Bouchra et al. 2003), insecticidal properties (Akrami, 
2008, Lamiri et al. 2001; Pavela 2005; Saljoqi et al. 2006) 
and repellency effect against storage pest (Mahmoodvand, 
2012, Koc et al., 2012, Saeidi and Moharramipourm 
2013). 

 The oils of M. longifolia are known to contain 
numerous monoterpenoids with piperitone oxide, 
piperitone, piperitenone, pulegone, d-limonene, carvone, 
menthone, β- caryophyllene, 1,8-Cineole, and menthol as 
dominating compounds which have been well 
documented as active fumigants and repellents against 
storage pest (Hajlaoui, 2008). 

Saeidi and Moharramipour (2013) reported that 
repellency effect of essential oil of M. longifolia against 
the T.confusum adults was significantly higher than 
Artemisia khorassanica and Rosmaria officinalis. 

 Koc et al. (2012) also reported that among the plants 
essential oils tested, Mentha longifolia showed strong 
repellency activity against mosquito. 

Fumigant toxicity and repellency effect of Achillea 
wilhelmsii (Mahmoodvand, 2012, Calmasur et al., 2006) 
and other Achillea species (Calmasur et al., 2006, 
Jovanovic et al., 2007; Magdy and Samir 2008) have been 
demonstrated against stored product pests. 

Among the medicinal plants, Artemisia vulgaris L., 
Artemisia aucheri Boiss., Artemisia scoparia Waldst and 
Artemisia sieberi Besser have been reported to be 
repellent and toxic to Tribolium castaneum (Herbst) 
(Wang et al., 2006; Shakarami et al., 2003; Negahban et 
al., 2006 and 2007). 

All essential oils exhibited a dose-dependent repellent 
activity and results showed that repellency increased in 
both insects with increase in concentration of essential 
oils. The obtained results, in congruence with numerous 
reports, indicated that repellency effects increased with 
increase in concentration (Bhuwan and Tripathi, 2011, 
Akrami, 2008, Liu and Ho, 1999). 

Akrami (2008) reported that Mehtha longifolia 
essential oil in repellency test using olaftometer at 
concentration of 0.4 µL caused 93.3% repellent activity 
against T. castaneum  which indicated that it exhibited 
stronger repellency effect  in comparison with 
M.longifolia essential oil studied here (Table 2 and 3). 

According to the results reported by Akrami (2008), 
repellency effect of Thymus kotschyanu essential oil 

against T. castaneum adults at concentration of 0.4 µL 
was 83.3% which indicated its repellency effect would be 
stronger than T. daenensis that at concentration of 6 µL 
produced 71.52 and 78.41% repellent activity against T. 
castaneum (Table 2 and 3). 

In this context, Dezfuli (2009) reported that essential 
oil extracted from T. vulgaris oil has a repellent action 
against T. castaneum. Correspondingly, Negahban et al., 
(2007) indicated that A.siberi essential oil was highly 
repellent to T. castaneum and T. confusum  and Shakarami  
et al. (2004) reported that essential oil of A. aucheri was 
repellent to the rust red flour beetle (T. castaneum) and 
confused flour beetle (T. cofusum). 

The repellency effect of powder of M. longifolia, T. 
daenensis, A. wilhelmisii and A. hausskenechtii against T. 
castaneum and T. confusum at different dosage are 
summarized in Table 4 and 5. 

At the highest dosage (1.3 g) repellency effects of M. 
longifolia powder against T. castaneum and T. confusum 
were 76.92 and 65.51%, respectively, while at this dose 
repellency effect by powder of T. daenensis, A. 
wilhelmisii and A. hausskenechtii against T. castaneum 
and T. confusum were recorded 52, 55.55 and 43.83% and 
60, 61.53 and 40.74%, respectively (Table 4 and 5). 

Previous research indicated that some plant powders 
have strong effects on stored grain insects such as high 
toxicity, repellency and the inhibition of reproduction 
(Baba Tierto, 1994, Modares Najafabadi et al., 2002, 
Emeasor et al., 2005; Nadra, 2006). In addition to high 
toxicity to insects, many natural products are also 
repellent or attractive (Mohan and Fields, 2002). Peasant 
farmers and researchers often claim successful use of 
material of plant origin in insect pest control including 
spices and powders of plant parts (Akinneye et al., 2006). 
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