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ABSTRACT

In an experiment essential o il extracted from species  of the family Myrtacae found in Kashan (center
regions  of Iran) showed to have potent fu mig a nt toxicity agains t three major s tored-product insects :
Callosobruchus  ma culatus  (Fab.), Sitophilus  oryzae (L.), and Tribolium cas taneum (Herbs t). The essential oil
was  extracted from Eucalyptus  le u c o xy lo n . The mortality of 1-7 days  old adults  of the insect pes ts  increased
with concentration from 37 to 926 ìl/l air and with exposure time  fro m 3 t o  24 h. The LC50 values  to the
selected essential oil were 2.76ìl/l air, 8.48 ìl/l air a n d  13.51ìl/l air for C. maculatus , S. oryzae and T.
cas taneum respectively. Fumigant effects  of this  essentia l o il were cons idered to warrant further research into
their potential for commercial use.
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Introduction

Recently, there has  been a growing interes t in research concerning the poss ible use o f p la n t  e xt ra cts  as
alternatives  to synthetic insecticides . Different types  o f a ro matic plant preparations  such as  powders , solvent
extracts , essential oils  and whole plants  are being inves tigated fo r t h e ir insecticidal activity including their
action as  fumigants , repellents , anti-feedents  and insect growth regulators  (Prakash and Rao, 1997; Isman, 2000;
W eaver and Subramanyam, 2000). Es s ential oils  are among the bes t known substances  tes ted agains t insects .
W eaver and Subramanyam (2000) sugges ted that fumigant activity in botanicals  could have a greater potential
use than grain protectants  in fu t u re  b a s e d  on their efficacy, economic value and use in large scale s torages .
More recent research showed that essential oils  and their cons tituents  may have  p o t e n tial as  alternative
compounds  to currently used fumigants  (Tunc et al., 2000; Lee et al., 2001 a,b). Major cons tituents  from
aromatic plants , mainly monoterpenes , are of special interest to indus trial markets  be c a u s e  o f o t her potent
biological activities  in addition to their toxicity to insects  (Ku b o  e t  a l . , 1994; Isman, 2000; W einzierl, 2000;
Shakarami et al . ,  2004 a,b, c; Moharramipour and Negahban, 2005, 2004; Negahban et al., 2004). Lee et al.,
(2004) reported toxicity of 42 essential oils  extract e d  fro m M yrtaceae was  tes ted agains t S. oryzae, T.
castaneum. Negahban et al.,  (2006 a , b) also reported toxicities  of essential oils  as  fumigants  from various
Iranian medicinal and spice plant s , and the primary mode of action of their toxicity agains t C. maculates, S.
oryzae, and T. castaneum. In this  s tudy, toxicity of essential oil extracted from Iranian Myrtaceae species
(Eucalyptus leu coxylon) was  tes ted agains t three major s tored insects : C. maculates, S. oryzae, and T.
castaneum.

Materials  and Methods

Plant materials

Aerial parts  of Eucalyptus leucoxylon  (Myrtaceae) were collected at full flowering s tage from Ka s h a n , in
June, 2008. The plant material was  dried naturally on laboratory benches  at room temperature  (23-24ºC) for
5 days  until crisp. The dried material was  s tored at –24ºC until need ed and then hydrodis tilled to extract its
essential oil.
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Extraction of essential oils

Essential oil was  extracted from the plant sample us ing a clevenger-type apparatus  where the plant material
is  subjected to hydrodis tillation. Conditions  of extraction we re : 50 g of air-dried sample; 1:10 plant material

/ water volume ratio, 4 h dis tillation. Anhydrous  sodium sulphate was  used to remo v e  wa t e r a ft er extraction.

Extracted oil was  s tored in a refrigerator at 4ºC. 

Insects 

Callosobruchus maculatus, S. oryzae and T. castaneum were reared on bean grains , whole rice and wheat

flour mixed with yeast (10:1, w/w), respectively. Adult ins e c ts , 1-7 days  old, were used for fumigant toxicity
t e s ts . The cultures  were maintained in the dark in growth chamber sets  at 27 ± 1ºC and 65 ± 5%  r. h . A ll

experiments  were carried out under the same environmental conditions .

Fumigant toxicity

To determine the fumigant toxicity of the Eucalyptus leucoxylon  oil,  filt e r papers  (2 cm diameter) was
impregnated with oil at a dose calculated (37 to 926 ìl/ l air) to give the fumigant. Then the filter paper was

attached to the under surface of the screw cap of a glass  vial volume 27 ml (Ne g a h b a n et al., 2006 a, b). The

cap was  screwed tightly on the vial containing ten adults  (1-7 days  old) of each specie s  o f in s ect separately.
Each co n c e n t ra t ion and control was  replicated five times . Mortality was  determined after 3, 6, 9, 12 and 24

h from commencement of exposure. W hen no s ign o f le g  or antennal movements  were observed, insects  were
cons idered as  dead. Insect mortality Percentage was  calculated us ing the Abbott correction formula for natural

mortality in untreated controls  (Abbott, 1925).

50Estimate LC  values

Another experiment was  des igned to assess  50% lethal doses . A serie s  of dilutions  was  prepared to
evalu a t e  mortality of insects  after an initial dose setting experiment. Ten adult insects  were put into 280 ml

glass  bottles  with screw lid s , which were dosed as  described in the firs t experiment above. Concentrations  of

the oil tes ted on C. maculate, S. oryzae and T. castaneum. Control insects  were kept under the same conditions
without any essential oil. Each dose was  replicated five times . The number of dead and live insects  in each

bottle was  counted 24 h after initial exposure to the essential o il. T h e  mo rt a lity was  determined as  described
in previous  experiment. The treatment bottles  were monitored for at leas t 48 h a ft e r recording the data and no

50affected insects  recovered. Probit analys is  (Finney, 1971) was  used to es timate LC  values . 

Results  and Discuss ions

Experiments  were conducted to determine that the insecticidal activity of E. leucoxylon  oil agains t C.
ma c u l atus, S. oryzae and T. castaneum adults  was  attributable to fumigant action. In all cases , a s trong

differe n c e  in  mo rtality percentage of the insects  was  observed as  oil concentration and exposure time was

in c re a s e d . Fro m the graph in Fig 1 the oil was  relatively more toxic agains t C. maculatus than S. oryzae an d
T. castaneum. T h e  p la n t  e s s ential oil, resulted in 100% mortality at 370 ìl/l air and exposure time of 24 h.

High insecticidal activity ($90% mortality) was  observed at concentrations  185-926 ìl/l air, 12 h after

treatment. In addition 60% mortality was  observed agains t C. maculatus at 37 ìl/l air after 6 h of treatment.
The essential oil had fumigant toxicity adequate to kill 50% of insects  at c o n c e n t ra t ions  between 2.76 and

50 13.59 ìl/l air. In Table 1 shows the LC values  of the essential o il of E. leucoxylon for C. maculatus, were
found to be 2.76 ìl/l, for S. oryzae at 8.48ìl/l air and T. castaneum, at 13.51 ìl/l air. 

Discussions

In this  s tudy, the essential oil was  tes ted by fumigant toxic it y  a g a in s t  a dults  of C. maculates, S. oryzae

and T. castaneum. The insecticidal activity varied with plant derived material, insect species  and exposure time.
The results  showed high mortality percentage in C. maculatus compared to S. oryzae and T. castaneum. These

re s ults  confirm the Papachris tes  and Stamopoulos  (2002) who have reported the higher susceptibility of the
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Fig. 1: Mortality Percentage of Callosobruchus maculatus, Sitophilus oryzae and Tribolium castaneum exposed

to various  periods  of time to essential oil from Eucalyptus leucoxylon  impregnated on filter paper discs

and held at 27 C and 65% r.h.0

50Table 1: LC s of Eucalyptus leucoxylon oil against Callosobruchus maculatus, Sitophilus oryzae and T ribolium castaneum

50Essential oil Insect LC Slope±SE Degree of freedom Chi square (x )1, 2 2

C. maculatus 2.76 2.28±0.34 6 3.68

(2.29-3.18)

S. oryzae 8.48 7.59±1.29 4 0.26

Eucalyptus leucoxylon (8.02-8.88)

7.59±1.29 8.48

T. castaneum 13.15 7.86±1.03 5 4.44

(12.83-14.09)

50 95Units LC  and LC = ìl/l air, applied for 24 h at 27°C1

95% lower and upper fiducial limits are shown in parenthesis2

C. maculatus than T. castaneum. Moreover, our results  indicated that higher concen t rations  of the oil for a

50relatively short period of time are much more effective than lower concentratio n s  fo r a  lo n g period. The LC

v a lu e s  o f t h e essential oils  from 42 species  of Myrtaceae agains t S. oryzae have been reported to be 19 ì l/ l

air to more than 100 ìl/l air according to plant species  (Lee et al., 2004). The Eucalyptus oil in th e  c u rrent
s tudy may be accounted more toxic than those o f o t h e r M y rt aceae family reported by Lee et al., (2004). The
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chemical cons tituent s  o f E. leucoxylon  oil, which was  extracted with the same conditions , have been reported

by Sefidkon et al (2005). 1,8-cineole (85.5% ) wa s  reported to be the major cons tituents  in E. leucoxylon

(Sefidkon et al., 2005). The monotepene 1, 8-cineole mig h t  be a broad insecticidal activity agains t s tored
insects , s ince in a more detailed s tudy Obengo-Oferi et al., (1997) d e mons trated potent toxic effect of 1, 8-

cineole agains t some s tored product insects . Therefore, higher toxicity of t h e  E ucalyptus oil as  part, could be

attributed  to higher concentrations  of the 1, 8-cineole. The  selected essential oil and  it s  ma jo r c o ns tituents
(1, 8-cineole), h o we v e r, were shown to warrant further research, including an unders tanding of sorption,

adsorptions  and res idues  on target grain and the influence of any res idues  on product acceptability, worker
safety and mammalian consumption.
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