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ABSTRACT

Numerous  plant essential oils  and their cons tituents  are being cons idere d as  alternative fumigants  to
conventional pes ticides . Most of these oils  contain complex mixtures  of terpenoid compounds  and are volatile.
Therefore, they can act like fumigants  offering the prospect for use in s tored-product protection. The objectives

of our s tudy were to determine the repellency and insecticidal e ffe c t iv e n e s s  of the essential oil res idues  of a
medicinal plant Prangos acaulis (Dc.) Bornm agains t Tribolium castaneum (Herbs t), Sitophilus oryzae (L.) and
Callosobruchus maculatus (F.). The experiments  were conducted at 27 ± 1°C, 65 ± 5 % R.H. and in dark
condition. Dry aerial part s  o f the plant were subjected to hydrodis tillation us ing modified Clevenger-type
a p p a ra tus  to extract the essential oil. The repellency of the oil was  inves tigated at different concentrations  o f
0.5, 1.0, 1.5 and 2.0 µl/ ml acetone. All of the concentrations  tes ted evoked a repellency of 41.2-83.6% depends

on concentration and insect species . The repellency at 2.0 µl/ ml a c e t o ne was  63.6, 83.6 and 71.6% agains t T.
castaneum, S. oryzae and C. maculatus respectively. The s tability  o f t h e  e ssential oil was  cons is tent agains t
three insect species  tes ted in the laboratory. However, the oil was  more effective agains t S . o ry zae and C.
maculatus. The half life of the oil at 370.4 µl/l air was  7.3, 14.3 an d  12.6 d a ys  agains t T. castaneum, S. oryzae
and C. maculatus respectively. The repellency of the essential oil from P. acaulis agains t three s tored-product
insects  and its  pers is tence make it a promis ing insecticide for s tored- product protection.
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Introduction

Several methods  have been developed as  a part of inte grated pes t management s trategy for controlling of
s tored-product insects . Recently, as  an alternative pes t control technology, essential oil and their cons tituents
attracted attention because of their low toxicity t o  wa rm-blooded mammals  and their high volatility (Shaaya
et al., 1997; Li and Zou, 2001). Negahban et al.  (2006) were reported that essential oil of Aremisia scoparia
W alds t et Kit had repellency on Callosobruchus maculatus (F.), Sitophilus oryzae (L.) and Tribolium castaneum

(Hebs t). Thripathi et al., (2000) and Owusu (2001) have been s tudied the repellency e ffe c t  o f essential oils
on s tored-product insect. In this  research we inves tigated the repellent activity and pers is tence o f  P rangos
acaulis on T. castaneum, S. oryzae and C. maculatus.

Material and Methods

Tribolium castaneum, was  re a re d  o n wheat flour mixed with yeast (10:1 w/w), followed by S. oryzae and

C. maculatus on rice and mung bean (Vigna radiata  L.) seeds  respectively. Adult insect s  (1-7 days  old) were



203Am.-Eurasian J. Sustain. Agric., 3(2): 202-204, 2009

used to inves t ig a t e  re p e lle n c y and half life (pers is tence) of the oil. The cultures  were maintained in the dark

in growth chamber set at 27±1°C, 65 ± 5 % R.H. T h e  fre s h  le a ves  and s tems  of P. acaulis were collected
from 2200 m highland of Zagros  Mountains  in Lores tan pro v in c e , Iran. Essential oil was  extracted from the

plant samples  us ing a Clevenger-type apparatus . The dry plant material including 50 g of leaves  and s tems  and
600 ml dis tilled water was  hydrodis tilled and the resulting oil was  collec ted 3 h after dis tillation. Anhydrous

sodium sulphate was  used to remove water after extraction. Extracted oil was  s tored in a refrig erator at 4 C.0

Repellency bioassay

The experiment was  conducted as  described by Negahban et al. (2006). Bio a s s a y sys tem were cons is t of
two clear plas tic chambers  (65 ml volume) joined to either s ide of c e n t ra l main chamber with the same s ize

by a small tubing (5 mm diameter and 2 cm length). Tes t solutions  were prepared b y dissolving 0.5, 1.0, 1.5
and 2.0 µl oil of P. acaulis in 1 ml acetone. In the control food was  treated with ace t o n e  o n ly . Each solution

wa s  a p p lied on 40 seeds  of wheat, rice or mung bean. Both treated and control were air dried under a fan fo r
20 min to evaporate the solvent. Five replications  were used for each solution. Fifty s tarved adult insects  (1-7

day old) for 24 h were introduced  in t o the central chamber. After 2 h, number of insects  at each treated or
control was  counted and the repellency was  computed u s in g  t h e  fo rmula of Liu et al. (2006) as  follows: R =

(C – E) / T ´ 100 , where C  is  the number of insects  in t h e  c o n t ro l,  E  is  t h e number of insects  in oil treated
chamber and T is  the number of total insects  released in the central chamber. Differences  amongs t means  were
es tablished by us ing Tukey tes t at 5% probability level. Arcs ine square-root transformat ion was  performed on

percentage repellency, but non-transformed data are presented in table.

Mortality half-life determination

The half-life mortality (pers is tence) of essential oil on adults  of T. castaneum, S. oryzae and C. maculatus
was  determined at 370.4 µl/l air oil concentration. A filter paper (2 cm diameter) was  impregnated with oil

and attached under the surface of the screw cap of a glass  vial (volume 27 ml) t o  re le a s e the fumigant. Three
days  later, 10 insects  o f e a c h  s p e c ie s  were introduced in each vial and then number of dead insects  was

counted 24 h after commencement of th e exposure. This  procedure was  conducted at 2 days  interval with 5
replic a t io n s  in  order to determine the potential oil toxicity level to reach from oil age s tatus  to zero insect

mortality. The half-life mortality da t a  fo r each experiment were analyzed by Finney's  method (Finney, 1971).

Results  and Discuss ion

The repellency was  increased with the g iv e n  c oncentrations  in all the cases . Analys is  of the data has
shown that the essential oil of P. acaulis s trongly repelled adult insects  and was  s ignificantly differed between

insect species . Generally, the repellent activity was  more marked on  S . o ry zae (69.3%) followed by C.
macula t u s  (52.1%), and T. castaneum (52.1%) (Table 1). The repellency of oil tes ted at the highes t

conce n t ra t io n  (2 µl/ml acetone) was  83.6, 71.6 and 63.6% on  S. oryzae, C. maculatus and T. castaneum
respectively. However, reverse observations  has  been made by several other s tudies  concernin g  t he s trong

repellent effects  on T. castaneum rather than S. oryzae and C. maculatus  (Ne gahban et al., 2006; Sahaf, 2006;
Shakarami et al., 2003). Therefore, further s tudies  are necessary t o  e lucidate mode of action of these essential

oils .

Table1: Percentage repellency of Prangos acaulis essential o i l against Tribolium castaneum, Sitophilus oryzae and Callosobruchus

maculatus at different concentration. 

Concentration (µl/ml acetone) T.  castaneum S.  oryzae C. maculatus Mean

0.5 41.20±2.06  (C) 58.00±1.02  (A) 50.80±1.02  (C) 50.00 ± 1.98d d c c

1.0 48.80±1.02  (B) 65.20±0.80  (A) 60.80±1.85  (B) 85.27 ± 1.98c c bc b

1.5 54.80±1.02  (B) 70.40±1.17  (A) 66.40±2.48  (B) 63.87 ± 1.99b b ab b

2.0 63.60±1.17  (C) 83.60±1.47  (A) 71.60±1.17  (C) 72.93 ± 2.30a a a a

Mean 52.10 ± 1.99 (C) 69.30 ± 2.20 (A) 52.10 ± 1.99 (C)

Means followed by the same letter in a column (small letters) and in a row (capital letters) are not significantly different using T ukey

test at p = 0.05.

The potential toxicit y  o r p e rs is tence of the oil was  declined with essential oil age and reached zero

mortality in S. oryzae, C. maculatus and T. ca s t a n e u m after 33, 27 and 21 days  respectively (Fig. 1). The half-

50life mortality of the oil (LT ) on S. oryzae, C. maculatus and T. castaneum were es tima t e d  t o  be 14.3, 12.6

and 7.3 days  respectively (Table 2). These results  showed the pers is tence of the oil t o  be longer on S. oryzae
and C. maculatus than on T. castaneum. However, Negahban et al., (2006) found that A. scoparia  essential

oil is  more pers is tent on C. maculatus. 
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Fig. 1: Mortality of adult insects , Tribolium castaneum, Sitophilus oryzae and Callosobruchus maculatus over

time spent from oil age exposed to Prangos acaulis essential oil at 370.4 µl/l air.

Table 2: H al f life of Prangos acaulis esential oil on T ribolium castaneum, Sitophilus oryzae and Callosobruchus maculatus at  3 7 0 . 4  µ l / l

air

50 95  Insect species X  (df) P-value Slope ±  SE Intercept ±  SE LT  (days) LT (days)2  1  1

T. castaneum 8.15 (5) 0.148 -3.37 ± 0.32 2.91 ± 0.32 7.29 2.37

(6.41-8.14) (1.69-3.01)

S.  oryzae 7.57 (9) 0.577 -4.35 ± 0.33 5.03 ± 0.41 14.29 5.99

(13.23-15.33) (4.92-6.95)

C.  maculatus 7.74 (7) 0.355 -4.80 ± 0.40 5.28 ± 0.47 12.59 5.72

(11.64-13.51) (4.69-6.62)  1

95% lower and upper fiducial limits are shown in parenthesis

Conclusion

The essential oil extrac t e d  from dry leaves  and flowers  of P. acaulis exhibited good repellent activity and

posses  fumigant toxicity agains t s tored-product insects  S. oryzae, C. maculatus and T. castaneum at the given
concentrations . Although both long res idua l a n d  re p ellent effects  of P. acaulis oil may account for a s tored-

product pes t protectant. However, further s tudies  are necessary to elucidate the feas ibility of the P. acaulis as

an insect control agent.
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