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Abstract: Stored commodities and their products are subjected to severe infestation due to the deleterious effect of 

insect pests. This study was designed to evaluate the effectiveness of six essential oils derived from indigenous 

medicinal plants (i.e., Melia azadirach, Achyranthus aspera, Sasurrea costus, Ferula narthex, Viola odorata and 

Linium usitatissium) as repellent, contact insecticidal and growth regulators against Tribolium castaneum, a 

serious pest of stored cereals. The results revealed that highest repellency 91.67% was observed in case of M. 

azadirach followed by A. aspera (85.00%) at 15% concentration. Minimum value of repellency was 35.00% and 

that was caused by V. odorata. Mortality was highest (9.30%) in M. azadirach treatment application, while 

minimum (0.78%) in case of A. aspera and that was at par with L. usitatissium (0.78%). Percent pupation was 

maximum in case of V. odorata and L. usitatissium and was minimum where M. azadirach treatment was done. The 

highest pupation inhibition was caused by M. azadirach oil application. The data showed that adult emergence was 

highest (98.34%) in L. usitatissium treatment application and was minimum (36.65%) in M. azadirach, followed by 

F. narthex (46.38%).   
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1. Introduction 

Insect pests are serious threat to agriculture stored products and their heavy attack results in 10 to 40 % loss 

annually throughout the world (Rajashekar et al., 2010). In Pakistan, it has been estimated that 5-7% loss of 

food grain occurs due to the infestation caused by storage insect pests (Jilani and Ahmad 1982). They make 

the grains unpalatable and unmarketable due to depletion of specific nutrients (Jood and Kapoor 1994). 
Tribolium castaneum is very common and most destructive pest of stored products throughout the world and is 

generally found in granaries, mills, warehouses and stored grains. The presence of this pest in stored products 

results in contamination, economic damage and also decreases its nutritive value (Pugazhvendon et al., 2009). 

The red flour beetle not only affects the quality and quantity of grains but it also attacks the germ part of grains 

(Garcia et al., 2005). 

Due to the serious problems of genetic resistance by insect species, pest resurgence (Sousa et al., 2009), 

residual toxicity, photo toxicity, vertebrate toxicity (Rajendran and Sriranjini, 2008) and with the increasing 

cost of synthetic products and the current lack of effective pesticides for stored product protection, evaluation of 

local plants as sources of protectants is very desirable to help farmers use locally available and environmentally 

friendly products to limit post-harvest losses of their produce (Isman, 2006).  
Plant origin products are receiving greater attention as prophylactic measures in various fields 

(Saraphanchotiwitthayaa and Sripalakitb, 2015) including effectiveness against stored product pests (Lehr, 

2010), mainly because of their safety to non-target organisms (Isman, 2006). Essential oils of aromatic plant 
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that have insecticidal properties could be considered as alternative insecticides (Talukder, 2006). There are 

many reviews dealing with the use of plant products in general, against insect pests of stored products (Theou et 

al., 2013; Zapata and Smagghe, 2010; Amin et al., 2012). These pant derived compounds may act as 

repellents (Caballero-Gallardo et al., 2011), contact insecticides (Ko et al., 2009b), antifeedants 

(Ebadollahi, 2011), fumigants (Liska 2010) and may affect some biological parameters such as life span, 

growth rate and reproduction (Pandey, 2006). Neem tree is one of the most promising botanical insecticides at 

present. Recently, concentrations as low as 0.01% protein-rich pea flour (P. sativum) have been shown to cause 

adult mortality and reduce reproduction in several stored-product insect pests (Fields et al., 2001). 

In the light of above said information, present study has been planned to assess the repellent, toxicant and 

growth regulatory effect of essential oils of six medicinal plants against T. castaneum.  

2. Materials And Methods 

Collection and Rearing of Insects  

      Infested grain samples from different locations of Punjab, Pakistan (Longitude 73°74 East; Latitude 30°31.5 

North; Altitude: 184 m), (Longitude, 73-06; Latitude, 30-40 north; Altitude 150 m) and (Longitude, 72°08' to 

72°48; Latitude, 30°33' to 31°2 north; Altitude, 162 m) were collected and brought to laboratory. Test insect 

populations of T. castaneum were sorted out from the collected samples. 

Collected insects were kept in the jars of 9.5cm diameter and covered with the muslin cloths. Rearing of the 

insects was performed in the laboratory for three months to achieve the uniform populations. Insects were 

regularly checked for their growth and sieved and transferred to jars (J) half filled with fresh wheat flour and 

yeast (95: 5 by weight). Temperature at 30 ± 2 ºC and relative humidity at 65 ± 5% was maintained for insect 

maximum growth by using incubator (Model MIR-254, SANYO). Test insects of equal size and age (one week 

old) from the jars (J) were used for subsequent experiments. 

Preparation of Plant Essential Oils 

     Plant parts (leaves) of six locally grown medicinal plants i.e. Melia azadirach, Achyranthus aspera, Sasurrea 

costus, Ferula narthex, Viola odorata and Linium usitatissium were collected from different locations of 

Faisalabad, Punjab, Pakistan. These fresh plant parts were brought to laboratory of Grain Research, Training and 

Storage Management Cell, Department of Agri. Entomology, University of Agriculture Faisalabad (Longitude 

73°74 East; Latitude 30°31.5 North; Altitude: 184 m) and dried in shade at room temperature. Dried plant parts 

were grinded to powder using stone electric grinder (Machine No. 20069, Pascall Engineering Co. Ltd.). 

Grinded material was then sieved through 40 mesh sieve to obtain fine powder. 

Extraction 

     Soxhelt extraction apparatus (Model WHM12295, DAIHAN Scientific Co., Ltd.) was used to prepare 

essential oils. Soxhelt thimble was filled with 50 g of fine botanical powder and placed in flask. Acetone was 

used as solvent in bottom flask. This process of extraction oil from all plant powders was repeated to achieve 

enough quantity of essential oil based on the nature of plant material. Extracted essential oil was purified by 

evaporating solvent by using electric rotary evaporator. These pure extracted essential oils were preserved in 

glass vials at 4 ºC to prepare the concentrations of 5, 10 and 15 % by mixing acetone as solvent. These 

concentrations were used for subsequent experiments. 

Repellency tests on filter paper 

     Area Preference Method was followed for the evaluation of repellant activities of the essential oils 

(Tapondjou et al., 2005; Olivero et al., 2009; Olivero-Verbel et al., 2010; Caballero et al., 2011). Filter papers of 

9 cm (Whatman No.1) were used as test area after cutting into two equal halves. One half of the filter paper was 

treated as uniform as possible with 0.5ml of each concentration (5, 10 and 15%) of essential oil and second half 

was treated with acetone alone (0.5ml) as control. The filter papers were allowed to air dry for 10 minutes to 

evaporate the solvent. Both the half filter papers of acetone and essential oil were rejoined to make a full disc 

using adhesive tape. These treated and re-attached halves were placed in 9 cm glass petri dish. Twenty test insect 

from mixed-sex population of T.castaneum (adult) were released at the center of each filter paper disc and 

covered the petri dishes with lid to overcome the escape of insect. Then petri dishes were kept in incubator at 30 

± 2 °C and at 65 ± 5 % relative humidity. Three replications were performed for each concentration of essential 
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oils. The numbers of test insects present on the untreated and treated portions of the filter paper disc halves were 

recorded after 24 hours of exposure. 

Bioassay for Mortality 

    The contact bioassay of essential oils was evaluated by using Filter paper method (Tapondjou et al., 2005). 

Aliquots of the solutions of the essential oil were applied on the Whatman No 1 Filter papers. 5, 10 and 15 % of 

concentrations of essential oil were used. Control was treated with acetone alone. Treated filter papers were be 

kept in air and allowed to evaporate the solvent (acetone) for 10 min. Treated filter papers were placed in glass 

Petri dishes and 20 test insects were released in each Petri dish. These Petri dishes were closed with glass lid and 

sealed with plastic tape to prevent the insects from escape. The Petri dishes were kept in incubator (Model MIR-

254, SANYO) at 25 ± 2 °C and 65 ± 5 % relative humidity. Number of dead insects was recorded after 3 days of 

treatment. 

Bioassay for Growth Inhibitory Effects of essential Oils 

     Wheat grains for T. granarium were treated with 2 ml of different concentrations (5, 10 and 15 %) of each 

essential oil. Acetone alone was used as control. Treated samples were allowed to evaporate solvent for 10 min 

by keeping them in dry air. Twenty (20) adults of the test insect were released in each jar on treated and 

untreated diet and allowed to lay eggs for 7 days. Jars were kept in incubator (Model MIR-254, SANYO) at 25 ± 

2 °C and 65 ± 5 % relative humidity. After 7 days, adults were removed from treatment jars. Data for larval 

duration, % pupation, and adult emergence in F1 was recorded after every two day interval. Experiment was 

carried out with three replications.  

Statistical analysis: 

     The collected data were subjected to the Analysis of Variance (ANOVA) using Statistica software (Stat Soft, 

8.0). Significant differences among the treatments were determined by Tukey’s HSD tests (p ≤ 0.05). 

3. Results 

Repellency  

     The repellency result showed that all plants are very effective against T. castaneum. The % repellency 

increases with increase in the concentrations of the essential oil of plants. The maximum repellency was 

observed at 15% concentration. Melia azadirach was proved to be very effective against among all the test 

plants as shown in table 1. Adults of T. casteneum showed maximum repellency (91.67%) against M. azadirach 

at 15% concentration of essential oil. Achyranthus aspera was the second most effective plant in term of 

repellency behavior by showing 85.00 % value of mean repellency. Essential oils of other test plants such as 

Sasurrea costus, Ferula narthex, Viola odorata has also shown repellent effect but it is less as compared to the 

M. azadirach and A. aspera. From the result it was concluded that T. castaneum was more susceptible to 

essential oil of M. azadirach. Essential oil of L. usitatissium proves to be least effective against target insect. 

The order of effectiveness of essential oils of plants on the basis of repellent effect was M. azadirach ˃ A. 

aspera ˃ S. costus ˃ F. narthex˃ V. odorata˃ L. usitatissium. 

 
TABLE I Mean comparison of the data regarding repellency of Tribolium castaneum at different concentrations of six plant 

essential oils 

Concentrations 

(%) 

Repellency (%) 

M. 

azadirach 

F. narthex S. costus A. aspera V. odorata L. 

usitatissium 

15 91.67±1.67 a 66.66±1.66 a 78.57±1.43 a 85.00±1.68 a 53.33±1.46 a 73.33±1.95 a 

10 82.33±1.45 

b 

57.66±1.45 a 66.33±1.85 a 75.66±1.20 

b 

43.00±1.35 

ab 

61.66±0.87 ab 

5 74.33±0.73 c 48.33±0.89 

b 

56.46±0.81b 66.66±1.54 c 35.00±1.42 

b 

52.33±1.20 b 
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Mortality 

    The mortality results revealed that some plants have insecticidal properties (Table 2). Maximum mortality was 

caused by M. azadirach followed by F. narthex. The maximum mean mortality shown by M. azadirach at 15% 

concentration of essential oil was 9.30%. Maximum mortality of target insect was observed at 15% 

concentration of essential oil. The result reveals that mortality increases with increase in the concentration of 

essential oil. The F. narthex has also shown insecticidal properties but it was less effective than M. azadirach. 

Four plants M. azadirach, F. narthex, S. costus, A. aspera has shown insecticidal properties against the target 

insects. 
 

TABLE II Mean comparison of the data regarding percent mortality of Tribolium castaneum at various concentrations of 

essential oils of six medicinal plants 

Concentrations 

(%) 

Mortality (%) 

M. azadirach F. narthex S. costus A. aspera V. odorata L. usitatissium 

15 9.30±1.20 a 8.21±1.13  a 7.84.1.14 a 4.87±0.80 a 4.12±0.78 a 2.64±0.81 a 

10 6.35±1.24 ab 4.87 ±1.32 b 4.12±0.42 a 2.64±0.69 b 1.89±0.57 b 1.89±0.56 a 

5 3.38±0.87 c 2.64±0.87 b 1.52±0.58 b 0.78±0.57 b 1.15±0.58 b 0.78±0.57 a 

Growth regulatory  

     Studies on the % pupation, % adult emergence for T. castaneum was done. The results show that all plants 

are effective in inhibiting the percent pupation and adult emergence in T. castaneum (Table 3).  Melia azadirach 

was again most effective among all tested plants. The treatment in which maximum concentration of essential 

oil of M. azadirach was used against T. castaneum has shown considerable reduction in % pupation and % 

larval emergence. The % pupation from grubs of Tribolium castaneum due to application of essential oil of M. 

azadirach was 52.50% at 15% concentration while it was 81.26% at 5% concentration of essential oil. From 

results it was revealed that % pupation considerably decrease with increase in the concentration of the essential 

oil of M. azadirach. 
 

TABLE III  Mean comparison of the data regarding pupation (%) of Tribolium castaneum at different concentrations of six 

plant essential oils 

Concentrations 

(%) 

Pupation (%) 

M. azadirach F. narthex S. costus A. aspera V. odorata L. usitatissium 

15 52.50 ±1.43 a 61.64 ±1.68 a 75.05 ±0.67  a 68.34 ±1.78 a 76.34 ±1.65 a 81.53 ±1.06  a 

10 66.63±1.65 b 75.00 ± 0.83 b 80.12 ± 0.83 b 76.35 ± 1.46 b 81.56 ± 1.38 a 90.04 ± 0.94 b 

5 81.26±1.52 c 83.54 ± 1.56 c 86.76 ± 1.27 c 86.56 ± 1.60 c 93.47 ± 1.24 b 94.62 ± 0.86 c 

Control 
93.35±1.64 d 93.24 ± 1.38 d 95.14 ± 0.98 d 95.86 ± 0.72 d 100.00 ± 0.08 d 100.00 ± 0.00 d 

    Essential oil of seeds of F. narthex was also quite effective in retarding growth of grubs of T. castaneum 

as %pupation and % adult emergence in grubs of T. castaneum  has considerably reduce due to the application 

of the maximum concentration of essential oil of F. narthex (Table 4). The other four tested plants viz A. 

aspera, S. costus, V. odorata, L. usitatissium has shown good results in reducing % pupation and % adult 

emergence which were significantly differed from control treatments.  
 

TABLE IV Mean comparison of the data regarding percent adult emergence of Tribolium castaneum at various 

concentrations of six plant essential oils 
Concentrations (%) Adult Emergence (%) 

M. azadirach F. narthex S. costus A. aspera V. odorata L. usitatissium 

15 
36.65 ±1.34 a 46.38±1.83 a 71.67±1.53 a 58.65±1.16 a 71.24±1.12 a 83.62±1.42 a 

10 
53.27 ±1.08 b 63.48 1.02 b 81.56 ±1.34 b 73.62±1.76 b 83.67±1.36 b 88.54±1.06  ab 

5 65.12±1.06 c 71.76 ±1.24 c 88.74±0.86 c 82.13±0.56 c 88.46±0.76 c 93.28±0.87 bc 

Control 90.32±0.84 d 90.26±0.82 d 95.13± 0.76 d 95.31±0.74 d 95.08±0.84 d 98.34±0.54 c 
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4. Discussion 

     The essential oils and their constituents have proved the potential to replace conventional insecticides and 

have shown to be promised as natural insect pest control agents (Dorman and Deans, 2000; Bakkali et al., 2008; 

Saleem et al., 2014).  Some of these compounds show acute toxicity against insects while others may have 

phago deterrent, repellent, fumigant, growth and reproduction or development inhibition or may interact with 

biochemical and physiological insect processes (Lehr, 2010). Current study was also designed to evaluate 

properties of some indigenous medicinal plant essential oils as agriculture stored grain protectant.  

      From the above results it was concluded that all the six plants M. azadirach, F. narthex, A. aspera, S. costus, 

V. odorata and L. usitatissium, had significant adverse effect on T. castaneum. In context of repellency M. 

azadirach was found most effective repellent with 91.67% followed by A. aspera (85.0%), S. costus (78.57%), 

L. usitatissium(73.33%), F. narthex (66.66%) and V. odorata(53.33%) on 15% of concentration. These results 

are in line with earlier report (Saljoqi et al., 2006) in which M. azadirach exhibited maximum repellency of 72% 

on 10 % of concentration after 24hr against Sitophilus oryzae. Current study resulted in little higher repellency 

of M. azadirach at10% concentration (82.33%) which may be because of different insect tested. All tested 

essential oils significantly killed the tested insects but M. azadirach was found the most effective contact 

insecticide. These results also stand in accordance with some previous reports (Said and Assad, 2004; Manzoor 

et al., 2011). 

      Tested essential oils also reduced insect pupation significantly. Pupation was reduced to 52.5% with the 

application of 15% concentration of M. azadirach. L. usitatissium was observed as least effective pupation 

inhibitor essential oil among tested essential in which even with the application of 15% concentration 81.53% 

insects were pupated. Findings of this research are in accordance with earlier documentation (Anita et al., 2012) 

which reported considerable decreased larval emergence in T. castaneum when treated with some plant essential 

oils. Similar results were documented in another study Jbilou et al. (2006) evaluated essential oils of A. iva, R. 

vaphanistrum, Ari baetica and P. harmala against different developmental stages of T. castaneum and observed 

that adult emergence reduced by all essential oils tested i.e., percentage emergence inhibition of A. iva, Ari 

baetica and R. vaphanistrum was 98.56, 98.58 and 98.66 respectively. 

      Results of current study showed that all essential oils used remarkably repel, kill and reduced growth T. 

castanium. This make them useful stored product insect pest protectant however many factors influence their 

efficiency i.e. concentration. This factor has also been investigated in some earlier studies (Ogendo et al., 2008; 

Sattar et al., 2010; Mishra and Tripathi, 2011). Treatments with low concentrations resulted in less efficacy in all 

experiments which was found to be increased with increase in concentration to 15%. Similar trend was observed 

by some earlier scientific studies Pugazhvendan et al. (2012) reported more repellency on 5 % concentration 

than 2.5 %. Indirect relationship of concentration and pupal emergence was also confirmed by former study 

Haghighian et al. (2008) evaluated growth regulatory effects of Artemisia annua against T. confusum and adult 

emergence was reduced from 92.5 to 33.75 with increase in concentration from 200µl/l to 1600 µl/l. 
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