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Introduction: Among the pests of stored crops, the Mediterranean
flour moth, Ephestia kuehniella Zeller (Lep.: Pyralidae) is an
important pest worldwide. Larvae of this insect are a serious pest of
cereals and especially grain flour products. They are often found in
food storage areas feeding on flour, grains, and dry storage products.
They can cause significant problems with their silk threads in
warehouses. Their close relationship with human food makes them
the main target for control methods other than chemical pesticides.
Protection of agricultural storage products against insect pests is of
great importance to ensure a continuous and safe supply around the
world. Conventional treatments have been used for this purpose, but
nowadays, other ecological methods based on the use of natural plant
compounds are needed for an integrated approach to pest
management. Biopesticides are an important group of naturally
occurring crop protectants that are usually safer to humans and the
environment than conventional pesticides, and with minimal residual
effects. Biopesticides may include plant-derived pesticides, like
essential oils. Plant extracts and essential oils have long been a
subject of research in an effort to develop alternatives to the
conventional insecticides. The galbanum, Ferula gummosa Boiss is
a perennial plant, wild and indigenous to the humid and semi-arid
mountainous areas of Iran and several countries of the Mediterranean
basin. The gum obtained from the plant is one of the by-products of
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pasture and is considered as one of the most important medicinal-industrial plants for export in
the country. Various researches have been done on the different properties of F. gummosa
essential oil and its effect on insects and mites. B-pinene (87.3%) was by far the predominant
specific component of F. gummosa essential oil. This active substance is one of the most toxic
chemical compounds identified in plant essential oils and its biological activities have been
proven by various researchers. Based on the available information, there is no published report
on the activity of F. gummosa essential oil on egg laying and hatching rate of flour moth eggs
and its larval parasitoid. Therefore, the aim of this study was to investigate the effect of
galbanum essential oil on egg laying and hatching rate of flour moth E. kuehniella and its larval
parasitoid, Habrobracon hebetor.

Materials and Methods: In this research we assess the effects of the galbanum, F. gummosa
essential oil against oviposition deterrence and eclosion rate of E. kuehniella and its parasitoid,
H. hebetor. For this purpose, essential oil was obtained from resins of F. gummosa, and
subjected to hydro distillation using a modified Clevenger-type apparatus. The test was assessed
at 27+1°C and 60+£5% RH, in dark conditions. In investigating the oviposition properties of
Barijah essential oil, based on Shakrami's (2012) method, 20 pairs of one-day-old male and
female flour moths were released in mating containers. And after spawning, 10 one-day-old
eggs were placed in glass containers with a volume of 40 ml and treated with different
concentrations. In investigating the effect of essential oil on the oviposition of the parasitoid
wasp, H. hebetor, two experiments were conducted. In an experiment, a pair of one-day-old
male and female parasitoid wasps of H. hebetor were treated with sublethal concentrations of
essential oil in 40 ml jars containing 10 third-instar larvae of the flour moth. After 24 hours, the
number of eggs laid by parasitoid on the treated larvae was counted and the percentage of
deterrence of oviposition was calculated. In the second experiment, 40 ml glass containers were
impregnated with different concentrations of essential oil. Then, using a soft brush, a pair of
one-day-old male and female parasitoid wasps were added to the treated jars. After 24, the wasps
were placed in containers without essential oil and 10 larvae of the third instar larvae of E.
kuehniella were given to each pair of treated wasps. The number of eggs laid on treated larvae
by parasitoid was counted after 24 hours.

Results and Discussion: In both insects, considerable differences in oviposition detternce and
eclosion rate were noted with different concentrations. The results showed that with the increase
in the concentration of essential oil, the oviposition deterrence of adult female insects of E.
kuehniella and its parasitoid, H. hebetor, first was increased and then decreased. A decrease in
eclosion rate of the moth and its parasitoid was observed as concentrations of the oil were
increased. Data probit analysis showed that LCso of the one and two days E. kuehniella eggs
and H. hebetor eggs that were laid on treated larvae of E. kuehniella were 257.613, 176.172 and
3.787 uL/L air, respectively. Results demonstrated that eggs of H. hebetor are so susceptible to
this essential oil.

Conclusion: The present study demonstrated that the essential oil of the galbanum has effect
on E. kuehniella and its parasitoid. Therefore, after supplementary experiments and due to its
high oil yield, the possibility of the application of this essential oil as a potential grain protectant
can be provided against E. kuehniella.
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Table 1- LCso values calculated in the study of fumigant toxicity of the galbanum, F. gummosa essential oil
application on the flour moth, E. kuehniella eggs.

LCso" 2
Egg age N (UL/L air) Slope£SE Intercept+SE X df P-Value
257.61
One-day-old 450 (207.30-316.42) -1.46%0.19 3.5340.47 3.57 7 0.735
176.17

95% confidence limits are given in parentheses
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Fig. 3- Oviposition deterrence percentage of parasitoid wasp, H. bhebetor on the E. kuehniellalarvae treated with
different concentrations of ¥. gummosa essential oil.
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Table 2- Comparison of the oviposition detterence of parasitoid wasp, H. hebetor treated with different
concentrations of F. gummosa essential oil on the E. kuehniellalarvae.

Concentrations (puL/L air) Oviposition detterence (Mean=SE)
1.3 76.63£2.33 a
2.5 55.144£3.25b
3.6 47.66+2.18 be
4.4 35.5142.33 cd
6.2 24.30+2.86 d
7.5 10.284+2.59 ¢

Similar letters show non significant differenc.
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Fig. 4- Eclosion percentage of parasitoid wasp, H. hebetor eggs oviposited on the treated larvae of E. kuehniella
with of the galbanum, F. gummosa essential oil.
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Table 3- LCso value calculated in the study of fumigant toxicity of the galbanum, F. gummosa essential oil on H.
hebetor eggs oviposited on the treated larvae of E. kuehniella.

N (ubCLsoair) Slope+SE Intercept+=SE v df P-Value
3.79
500 (3.03-4.52) -1.9240.39 1112026  0.07 4 0.797

95% confidence limits are given in parentheses #
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Fig. 5- Eclosion rate of parasitoid wasp, H. hebetor eggs treated with of the galbanum, F. gummosa essential oil
on the flour moth, E. kuehniella.
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Table 4- LCso value calculated in the study of fumigant toxicity of the galbanum, F. gummosa essential oil on H.
hebetor eggs treated with essential oil.

LCso" R
N (uL/L air) Slope+SE Intercept+SE X df P-Value
2.89
700 (2.65-3.13) -3.512031 1624017 502 6 0.171

95% confidence limits are given in parentheses #
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