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Abstract-The present study examines the efficacy of essential
oils of Eucalyptus camaldulensis and Artemisia herba alba. As
fumigant toxicity against larvae of third instar and adults of
Trogoderma granarium at 10, 20, 30, 40, 50, 60 pl/160cm?3 for
different exposure times 12, 24, 48h. The mortality rate for
third larvae during the exposure period was 12h, 76.1% and
68.3%, in the second period of 24h, the mortality rate was
14.99% and 16.6%, while third exposure time was 0.55% and
1.1% for essential oils of Eucalyptus and Artemisia
respectively. The percentage of Kkilling increase as the
concentration increased and decreased as the duration of
exposure increased. Duration of the first exposure increased
and the mortality rates were high compared with second and
third periods with highest concentration killing rate of 50, 60
ul/160cm? for essential oils of Eucalyptus. Adult of the insect
during the exposure period 12h mortality reached 91.1% and
86.1%, while the second period of exposure 24h, the mortality
rate was 6.6%, and third exposure time of 48h was the lowest
reaching 2.2% and 7.2% for Eucalyptus and Artemisia
respectively. Duration of the first exposure increased and the
mortality rates were high compared with second and third
periods with highest concentration mortality rate of 40, 50, 60
pl/160cm? for essential oils of Eucalyptus and Artemisia.
Generally, adult mortality rates were higher than larvae for the
same duration of exposure. This indicates the possibility of
using essential oil for both E. camaldulensis and A. herba alba
in the applied field for the management of the pest population
in the stores.
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. INTRODUCTION

Cereals and processed foods are attacked by many insect
species, causing both quantitative and qualitative losses, while
losses of stored grains are estimated at between 5-30% for total
global agricultural production (Shani 2000; Pugazhvendan
2009). The Trogodrma granarium (Everts) (Coleoptera:
Dermestideae) is one of the most important major pests in grain
stores, it affects the various stored foods, especially the starch

grain, the most dangerous insect species in the world (Low et
al. 2000; Burges 2008).

T. granarium is primary insect attacked grain directly T.
granarium is most important species because it is a serious
consumer of many stored foods. Its importance in reproductive
capacity and high nutritional efficiency is a serious problem in
grain stores, it is the most dominant insect pest in wheat and
barley stores in Iraq (Champi and Dyte 1977; Al-Saffar 1979).
The larval role is the most serious because it causes heavy
economic losses for grain and stored food commodities.
Leaving dust, skins and faces, which reduce the value of the
crop as well as injuring the workers in the stores with
inflammation of the mucous membranes. Seed germination as a
seed for agriculture is preferred because it prefers the embryo
of the grain to feed it (Aldryhim and Adam 1992; Muhammad
et al. 2007).

The widespread use of chemical pesticides and their
recurrence for long periods of time have led to the emergence
of resistance to the pesticide action as well as adverse effects
such as toxic waste on grain, pollution of the environment and
its impact on non- target organisms, not to mention high costs
(Porca et al. 3003). Including phosphine gas, despite its good
quality as an insecticide has been found to be resistant to many
insect pests of grain stores, including T. granarium. In line with
the decisions of the Montreal Protocol, it is necessary to move
away from the use of chemical evaporators, such as methyl
bromide which is contaminated with the environment
(Anonymous 1993; Rajendran and Sriranjini 2008).

Therefore, specialists in this field have restored to adopting
alternative methods that seek to minimize the use of chemical
pesticides and replace them with other methods that are highly
efficient, safer for the biological environment such as plants
and non-target organisms, with compatibility if needed for use
with chemical pesticides in integrated pest management
programs, which have a wide range of biological properties,
such as the attraction or expulsion of insects, anti-feeding, egg
laying and other vital effects of aromatic essential oil as special
defence agents as natural agents for pest management (Koul et
al. 2008).
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Il.  MATERIALS AND METHODS

A. Insect culture

A culture of T. granarium insects was reared in the lab in
800 ml glass jars covered with a piece of muslin and tightened
with rubber bands to prevent the escape of insects and placed
in an incubator in continuous darkness at 3242 C. and 65+5%
RH. Larvae were isolated using a sieve that allowed their
separation from wheat grains. Adult and third instars larvae
were used in the test.

B. Plant materials

The juvenile plant branches of Eucalyptus camaldulensis L.
and Artemisia herba alba Asso were harvested at the flowering
stage in April 2017, Baghdad-Iragq. Clean the leaves, free of
injuries or any other damage, clean well and placed in a light
layer at room temperature with ventilation for the purpose of
drying with continuous flipping to prevent rot for seven days,
collected dried plants in bags to keep them in conditions
without moisture to be crushed and used in experiments
(Supavarn et al. 1974).

C. Plant powders and extraction of essential oils.

After the samples were collected for the leaves of
Eucalyptus camaldulensis and Artemisia herba alba, the drying
process was then carried out to the powder. The oil samples
were obtained by steam distillation for 3h, using a device
called Clevenger (Clevenger 1928). Oil yields 2%, 0.95% w/w
respectively (Tayoub et al. 2012b). Essential oils were stored at
4°C until use.

D. Fumigation toxicity

The toxicity of E. camaldulensis and A. herba alba essential
oil on T. granarium adults and third instars larvae were tested
by filter paper dip method as described by (Negahban et al.
2007). AT laboratory conditions 32+2 C and 655 % RH
Whatman No.1 filter paper discs (2cm diameter) were
impregnated with different concentrations (10, 20, 30, 40, 50
and 60) pL/L of essential oils separately and were attached to
the under surface of the screw caps of glass vials (volume 160
ml) separately. The cap was screwed tightly on the vial after
the release of 10 adult (2 days-old), third instars larvae for
comparison a set of control, without essential oil, was
maintained. Each treatment and control was replicated three
times. Mortality was recorded after 12, 24 and 48 h from the
commencement of exposure. When no leg or antennal
movements were observed, insect were considered dead.
Percentage insect mortality was calculated using the Abbotts
correction formula (Abbott 1925).

E. Statistical analysis

Using the completely randomized design CRD, the
differences between the mean of the transactions were
compared to a value less significant difference of LSD in the
probability level P < 0.5 to calculate the variance of the factors
involved in the experiment, 2012 SAS program was used to
analyze the global experiment (SAS, 2012).

I1l.  RESULTS

The results in table 1, 2 show that the mortality rates for
third instar larvae and adult of T. granarium were subject to the
effect of the variables in this study as they were observed and
recorded mortality rates of some 100 %, depending on the type
of essential oil, concentration and duration exposure the results
showed in table (1) that there was difference in the treatment of
evaporation of the percentage obtained for killing the larvae,
and significant differences were recorded in the level of
probability 0.5, and showed the evaporation results of essential
oils of Eucalyptus and the effectiveness of high killing rates of
larvae in the first exposure time got superiority of the
concentrations 40, 50 and 60 pl/160cm?3 with the highest kill
rates of 93.33, 96.67 and 96.67 respectively for the oils of the
Eucalyptus plant, while the concentration exceeded 40
pl/160cma for the oil of Artemisia herba alba and for the same
period first mortality rates were 90 while lowest rates of killing
in the first concentration for essential oils, which did not differ
significantly from the first concentration of Eucalyptus
reaching 46.67 and 49 respectively.

In the second exposure period, the third concentration of
Eucalyptus oil showed superiority, with the killing values
reaching 36.67 at 50.6 pl/160cm?3 had the lowest mortality rates
of 3.33, while the mortality rate was low for the third exposure
for the oils of Eucalyptus and Artemisia herba alba because of
highest mortality in the first exposure time.

Table(2) shows high mortality rates of adult insect reached
100% in the treatment fumigation with the essential oils of
Eucalyptus plants and Artemisia herba alba at 40, 50 and 60
pl/160cm3 as well as concentration at 3060 ul/160cm3 for
Eucalyptus with no significant difference in first exposure
period, the lowest Kill rates at 10 pl/160cm? for Artemisia were
63.33 while the Eucalyptus at10 pl/160cm? during the second
exposure, the highest killing rate was 26.67 and lowest was 0
for both plants at 40,50 and 60 ul/160cm3. Achieved 10
pl/160cms3 in the third exposure period with the highest kill and
significant improvement except for 20 pl/160cm3 for
Artemisia. Moral superiority is observed for the duration of the
first exposure in achieving highest kill. And for the complete
killing of adults during three exposure period. Therefore, there
was no significant effect of concentration for total three
exposure period, although there was a significant difference
between the type of volatile oils and concentration used and the
exposure time when evaporation. More tightly sealed space is
reflected in the reduction of exposure time and concentration of
volatile oils used to increase efficiency.

IV. DISCUSSION

E.camaldulensis and A.herba alba essential oils showed
fumigant toxicity and repellent activity against T. granarium.
Many investigators have reported fumigant toxicity and
repellent activity of plant essential oils against stored product
pests.
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Nenaah and Ibrahim (2011) have reported the insecticidal
activity of Pimpinella anisum, Cinnamomum camphora
essential oils against T. granarium and T. castaneum.

Tayoub et al. (2012a) also reported essential oil vapours of
the Juniperus foetidissima show variable toxicity to larvae of
test insects, depending on concentration and exposure time.
Mortalities of T. granarium larvae after exposure to the vapour
of the essential oil at different concentrations and the highest
effect was observed after 48h-exposure at 65u1/160cm? air and
results in about 98% mortality.

TABLE I. FUMIGANT MORTALITY OF ESSENTIAL OILS OF
E.CAMALDULENSIS AND A.HERBA ALBA TO THE 3RD INSTAR LARVAE OF
KHAPRA BEETLE T. GRANARIUM

Essential oil Con. plL/160cm3 12h 24h 48h
10 50.0 | 233 | 3.33
20 63.3 | 16.6 | 0.00
E.camaldulensis 30 266 | 366 | 0.00
40 93.3 6.6 0.00
50 96.6 3.3 0.00
60 96.6 3.3 0.00
Mean effect 76.1 | 1499 | 0.55
10 46.6 | 13.3 | 0.00
20 60.0 | 13.33 | 0.00
Aherba alba 30 60.0 | 233 | 3.33
40 90.0 6.6 3.33
50 733 | 26.6 | 0.00
60 80.0 | 16.6 | 0.00
Mean effect 68.33 | 16.66 | 1.11
LSD 0.05 8.88 | 9.72 | 4.86
TABLE II. FUMIGANT MORTALITY OF ESSENTIAL OILS

E.CAMALDULENSIS AND A.HERBA ALBA TO ADULTS OF KHAPRA BEETLE T.

Our results are in agreement also with Tayoub et al.
(2012b) have reported the fumigants activity of essential oil
vapours distilled from Eucalyptus globulus and Origanus
syriacum were tested against larvae of T. granarium, the
vapour dose needed to achieve near 100% death following 48h
exposure time was 30 and 50ul/160cm3 air for Origanus
syriacum and Eucalyptus globulus respectively. It was
suggested that for fumigants, the active stage (adults and non-
diapausing larvae) of insects are more susceptible than the
sedentary stages (eggs and pupa) due to the difference in their
respiratory rate (Rajendran and Sriranjini, 2008).

Fumigation is done for mortality insects or to avoid further
damage in infected commodities, Kostyukovsky et al. (2002)
show that rapid of essential oils or its constituents against
insect pests is an indicative of neurotoxic actions. Therefore,
treatments the insects with natural compounds such as essential
oils or pure compounds may cause symptoms that indicate
neurotoxic activity including hyperactivity, seizures, and
tremors followed by knockdown (Ryan and Byrne, 1988).

Sendi and Ebadollahi (2014) have reported essential oils
effects on the insect nervous system, either by inhibition of
AChE or by antagonism of the octopamine receptors. As well
as for good results to our study, A.herba alba and
E.camaldulensis are medicinal plants used for different health
problems. It has no toxicity to human beings. So the essential
oils can be used as an eco-friendly alternate in stored product
pest control programmes (Nattuduria et al. 2014).
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