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Abstract

To investigate the insecticidal activity of marjoram, caraway and worm wood oils against the adults of
Sitophilus oryzae (L.) (Curculionidae, Coleoptera) and the active and diapausing larvae of khapera beetle
Trogoderema granarium (Everts) laboratory bioassay tests were conducted, at four to five concentrations of
each plant oil, of 21days under 30 and 20 £1°C. The results indicated that the mortality of tested insects
increased with increasing the plant oil concentration, exposure period and temperature, where the complete
mortality of S. oryzae adults was obtained at 1.5 and 1% (v/w) of the three tested oils, after 21 days exposure
periods at 30°C. Data also revealed that at 20°C, the worm wood oil was the most toxic for the studied insects,
and it gave LCsgs of 2.41, 2.90 and 0.21% for active and diapausing larvae of T. granarium (after 14 days
exposure period) and for the adults of S. oryzae (after 3 days exposure period), respectively. Caraway oil was
the most toxic at 30°C against the active and diapausing larvae of T. granarium. The adults of S. oryzae were
more sensitive to investigated plant oils than active and diapausing larvae of T granarium. It can be concluded
that marjoram, caraway and worm wood oils have a toxic activity against the two stored-product insects, S.
oryzae and T. granarium.
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Introduction

Insect pests cause damage to stored grains and
processed products by reducing their dry weight and
nutritional value (Dubeyet al., 2008). Additionally,
insect infestation-induced changes in the storage
environment may cause warm moist “hotspots” that
provide suitable conditions for growth fungi that
cause further losses (Jacobson, 1982).

Although, methyl bromide and phosphine are
effective and available, there is a global concern
about their negative effects, such as ozone depletion,
environmental pollution, toxicity to non-target
organisms, pest resistance, and pesticide residues
(Hansen and Jensen, 2002; Benhalima et al., 2004;
Bughio and Wilkins, 2004). Thus, there is an urgent
need to develop safe alternatives for stored-grain pest
control.

One of possible alternatives to synthetic
pesticides is the screening of plants in search for
alternatives pest control agents such as extracts of
plant leaves, seeds, flowers, plant oils etc., in order to
overcome and reduce the danger of pollution
occurring from the wide use of pesticides in
controlling the pests. It is hoped that such agents
would be more degradable in nature and with less
adverse effects on mammals than the conventional
synthetic insecticides (EL-Lakwah et al., 1997).
Studies on plant extracts, dusts and plant oils as pest
control agents against stored product pests gave
promising results (Yadav, 1984; Jaibal et al., 1984;
Su, 1985 and 1989; Javier et al., 1986; Sighamony

et al., 1986; Darwish, 1992; EL-Lakwah et al.,,
1992, 1993, 1994, 1996, 1997 and 2002; Halawa,
1998; Boff et al., 2006).

Oils isolated from plants can play an important
role in stored grain protection and reduce the risks
associated with the use of synthetic insecticides
(Hernandez et al., 2015). Different concentrations
from eight plant oils, lemon grass, pinussylvestris,
parsley, fennel, geranium, peppermint, pittegra in
and sweet basil were used for protection of cowpea
and chickpea seeds from infestation by
Callosobruchus maculatus (Hassan et al., 2013).
The aim of this work was to evaluate the
effectiveness of plant oils of marjoram, caraway and
worm wood against the adults of S. oryzae and active
and diapausing larvae of T. granarium.

Materials and Methods

Insects

Two stored product insect species, namely the
rice weevil, Sitophilus oryzae (L.) (Curculionidae,
Coleoptera) and khapera beetle Trogoderema
granarium (Everts) were obtained from the
existing culture in the stored product pests
Laboratory at the Plant Protection Department,
Faculty of Agriculture, Benha University.

Rearing technique

The insects were reared in glass jars (approx.
500 ml) containing about 200 g of sterilized and
conditioned wheat grains. The glass jars were
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covered with muslin. Insect cultures were kept under
controlled conditions of 30£1°C and 65+5% R.H. at
the rearing room of the laboratory. Wheat grains
were treated by freezing at -18°C for 2 weeks before
application to eliminate any possible infestation by
any insect species. The moisture content of the grains
was around 14%. Around 300 adults o S. oryzae (1-2
weeks old) were introduced into the jars for laying
eggs and then kept at 30+1°C and 65+5% R.H. Three
days later, all insects were separated from the food,
and the jars were kept again at the controlled
conditions in the rearing room. This procedure was
repeated several times in order to obtain large
number of the adults needed to carry out the
experiments during this study. In case of T.
granarium about 200 adults 2-5 days old were added
to the wheat grains inside the jars for laying eggs
under controlled conditions. T. granarium active (3™
and 4™ larval instar) and diapausing larvae were
taken for the tests, the diapausing (quiescent) larvae
were collected from roll of paper, which had been
placed on the top of the culture media.

Batches of 30 active and diapausing larvae of T.
granarium and 30adults of S. oryzae were used in all
experiments.

Tested temperatures
All  experiments were conducted under two
temperatures 30 and 20 +1°C and 65 £5%.

Plant oils used

Majorana hortensis, Carumcarvi and Matricari
achamomillaoils were bought form Guvadant
Swaziland Company.

Majoran ahortensis (Marjoram)

The major components in the oils are ar-curcumene
(25%), p-caryophyllene (13%) and caryophyllene
epoxide (7%).

Carum carvi (Caraway)

The major components of caraway oil are carfoon
and liemonin.

Matricar a chamomilla (Worm wood)

The major component of worm wood oil is
camazolen.

Bioassay test

Twenty milliliters each oil were diluted with 50 ml
acetone to obtain 40% (v/v) stock concentration
which diluted to obtain 40, 35, 30, 25, 20, 15, 10, 5,
2.5 and 1.25% (v/v) concentrations. From each
concentration, 1 ml was taken and added to 10g
wheat grains to obtain 4, 3.5, 3, 2.5, 2, 1.5, 1, 0.5,
0.25 and 0.125% (v/w) concentrations (4, 3.5, 3,
2.5and 2% in case of diapausing larvae of T.
granarium, 3.5, 3, 2.5 and 2% in case of active larvae
of T. granariumand 1.5, 1, 0.5, 0.25 and 0.125% in
case of adults of S. oryzae). Thirty insects were
added to each treatment and incubated at 30
and20+1°C. Three replicates were used for each
treatment. For control only acetone was used for food

treatment. Insect mortality was calculated after 1, 2,
3, 5, 7, 1d4and 21 days from initial treatment to
calculate the lethal concentration and the lethal time
of the oils.

Data analysis

Data were analysed using probit analysis models
(Finney, 1971) using a computer program of Noack
and Reichmuth (1978).

Results and Discussion

Effect of the tested plant oils against the adult
mortality of Sitophilu soryzae and the larvae of
Khapera beetle Trogoderma granarium at 30 and
20 £1°C and 65+5% R.H.

1.1. S. oryzae adults

1.1.1. Marjoram oil

The data of the effect of marjoram oil on the adult
mortality of S. oryzae at 30 and 20+1°C were
presented in Fig (1-5). The results revealed that the
mortality increased by increasing the plant oil
concentration, period of exposure and temperature.
At marjoram oil concentration of 1.5% (v/w) the
adult mortality of S. oryzae, after 1 day exposure
period was 60.1 and 50.1 at 30 and 20°C,
respectively. While, the mortality increased after 21
days post treatment to 100 and 80.1% at 30 and
20°C, respectively. At concentration 1% (v/w) the
mortality was 53.3 and 45.5% after 1 day exposure
period and increased after 21 days post treatment to
100 and 75.5% at 30 and 20°C, respectively. At
concentration 0.5% (v/w) the mortality was 41.1 and
40.1% after 1 day exposure and increased after 21
days exposure period to 85.5 and 65.1% post
treatment at 30 and 20°C, respectively. At
concentration 0.25% (v/w) the mortality was 36.6
and 33.3% after 1 day exposure time and increased
after 21 days post treatment to 82.2 and 61.1% at 30
and 20°C, respectively. At concentration 0.125%
(v/w) the mortality was 28.8 and 20.1% after 1 day
exposure and increased after 21days of the treatment
to 67.7 and 58.5% at 30 and 20°C, respectively.
1.1.2. Caraway oil

The results of the effect of caraway oil on the adult
mortality of S. oryzae at 30 and 20+1°C were
presented in Fig (1-5). The data showed that the
mortality increased by increasing the plant oil
concentration, period of exposure and temperature.
At caraway oil concentration of 1.5% (v/w) the adult
mortality of S. oryzae, after 1 day exposure period
was 63.3 and 55.5 at 30 and 20°C, respectively.
While, the mortality increased after 21 days post
treatment to 100 and 855 % at 30 and 20°C,
respectively. At concentration 1% (v/w) the mortality
was 60.1and 50.1% after 1 day exposure period and
increased after 21 days post treatment to 100 and
85.5% at 30 and 20°C, respectively. At concentration
0.5% (v/w) the mortality was 45.5 and 42.2% after 1
day exposure and increased after 21 days exposure
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period to 90.1 and 75.5% post treatment at 30 and
20°C, respectively. At concentration 0.25% (v/w) the
mortality was 50.1 and 40.1% after 1 day exposure
time and increased after 21 days post treatment to
85.5 and 70.1% at 30 and 20°C, respectively. At
concentration 0.125% (v/w) the mortality was 41.1
and 33.3% after 1 day exposure and increased after
21days of the treatment to 75.5 and 68.1 % at 30 and
20°C, respectively.

1.1.3. Worm wood oil

The data of the effect of worm wood oil on the adult
mortality of S. oryzae at 30 and 20+1°C were
presented in Fig (1-5). The results indicated that the
mortality increased by increasing the plant oil
concentration, period of exposure and temperature.
At worm wood oil concentration of 1.5% (v/w) the
adult mortality of S. oryzae, after 1 day exposure
period was 655 and 60.1 at 30 and 20°C,
respectively. While, the mortality increased after 21
days post treatment to 100 and 90.1% at 30 and
20°C, respectively. At concentration 1% (v/w) the
mortality was 63.3 and 55.5% after 1 day exposure
period and increased after 21 days post treatment to
100 and 85.5% at 30 and 20°C, respectively. At
concentration 0.5% (v/w) the mortality was 64.6 and
43.3% after 1 day exposure and increased after 21
days exposure period to 91.1 and 77.1 % post
treatment at 30 and 20°C, respectively. At
concentration 0.25% (v/w) the mortality was 52.2
and 45.5% after 1 day exposure time and increased
after 21 days post treatment to 90.1 and 75.5 % at 30
and 20°C, respectively. At concentration 0.125%
(v/w) the mortality was 42.2 and 35.5% after 1 day
exposure and increased after 21days of the treatment
to 80.1 and 72.2% at 30 and 20°C, respectively.

1.2. T. granarium active larvae

1.2.1. Marjoram oil

The results of the effect of marjoram oil on the larvae
mortality of active larvae of T. granarium at 30 and
20+1°C were presented in Fig (6-9). The data
showed that the mortality increased by increasing the
plant oil concentration, period of exposure and
temperature. At marjoram oil concentration of 3.5%
(v/w) the active larvae mortality of T. granarium,
after 1 day exposure period was 15.7 and 7.7 at 30
and 20°C, respectively. Whereas, the mortality
increased after 21 days post treatment to 92.2 and
70.1% at 30 and 20°C, respectively. At concentration
3% (v/w) the mortality was 13.3 and 5.7 % after 1
day exposure period and increased after 21 days post
treatment to 91.1 and 65.5% at 30 and 20°C,
respectively. At concentration 2.5% (v/w) the
mortality was 6.5 and 2.3% after 1 day exposure and
increased after 21 days exposure period to 85.5 and
54.3% post treatment at 30 and 20°C, respectively.
At concentration 2 % (v/w) the mortality was 4.3 and
1.2 % after 1 day exposure time and increased after
21 days post treatment to 80.1 and 20 % at 30 and
20°C, respectively. At concentration 1.5% (v/w) the
mortality was 4.1 and 1.1% after 1 day exposure and

increased after 21days of the treatment to 70.1 and
18.2% at 30 and 20°C, respectively.

1.2.2. Caraway oil

The data of the effect of caraway oil on the larvae
mortality of active larvae of T. granarium at 30 and
20+1°C were presented in Fig (6-9). The results
indicated that the mortality increased by increasing
the plant oil concentration, period of exposure and
temperature. At caraway oil concentration of 3.5%
(v/w) the active larvae mortality of T. granarium,
after 1 day exposure period was 17.1 and 7.8 at 30
and 20°C, respectively. While, the mortality
increased after 21 days post treatment to 95.5 and
77.7% at 30 and 20°C, respectively. At concentration
3% (v/w) the mortality was 13.5 and 6.6 % after 1
day exposure period and increased after 21 days post
treatment to 93.3 and 66.6 % at 30 and 20°C,
respectively. At concentration 2.5% (v/w) the
mortality was 10.1 and 5.5% after 1 day exposure
and increased after 21 days exposure period to 86.5
and 60.1% post treatment at 30 and 20°C,
respectively. At concentration 2 % (v/iw) the
mortality was 6.1 and 4.1 % after 1 day exposure
time and increased after 21 days post treatment to
82.2 and 33.3% at 30 and 20°C, respectively. At
concentration 1.5% (v/w) the mortality was 5.5 and
3.5% after 1 day exposure and increased after 21days
of the treatment to 75.5 and 30.1% at 30 and 20°C,
respectively.

1.2.3. Worm wood oil

The results of the effect of worm wood oil on the
larvae mortality of active larvae of T. granarium at
30 and 20+1°C were presented in Fig (6-9). The data
showed that the mortality increased by increasing the
plant oil concentration, period of exposure and
temperature. At worm wood oil concentration of
3.5% (v/iw) the active larvae mortality of T.
granarium, after 1 day exposure period was 18.2 and
8.1 at 30 and 20°C, respectively. While, the mortality
increased after 21 days post treatment to 96.6 and
78.8% at 30 and 20°C, respectively. At concentration
3% (v/w) the mortality was 14.5 and 7.2% after 1
day exposure period and increased after 21 days post
treatment to 94.1 and 68.2% at 30 and 20°C,
respectively. At concentration 2.5% (v/w) the
mortality was 11.1 and 6.3% after 1 day exposure
and increased after 21 days exposure period to 90.1
and 62.2% post treatment at 30 and 20°C,
respectively. At concentration 2 % (v/w) the
mortality was 7.1 and 5.5 % after 1 day exposure
time and increased after 21 days post treatment to
85.5 and 45.5% at 30 and 20°C, respectively. At
concentration 1.5% (v/w) the mortality was 6.5 and
5.1% after 1 day exposure and increased after 21days
of the treatment to 80.1 and 40.1 % at 30 and 20°C,
respectively.

1.3. T. granarium diapausing larvae
1.3.1. Marjoram oil
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The data of the effect of marjoram oil on the larvae
mortality of diapausing larvae of T. granarium at 30
and 20+1°C were presented in Fig (10-14). The
results revealed that the mortality increased by
increasing the plant oil concentration, period of
exposure and temperature. At marjoram oil
concentration of 4% (v/w) the diapausing larvae
mortality of T. granarium, after 1 day exposure
period was 11.1 and 6.1 at 30 and 20°C, respectively.
While, the mortality increased after 21 days post
treatment to 72.2 and 69.6% at 30 and 20°C,
respectively. At concentration 3.5% (v/w) the
mortality was 10.1 and 5.7% after 1 day exposure
period and increased after 21 days post treatment to
70.1 and 66.6% at 30 and 20°C, respectively. At
concentration 3% (v/w) the mortality was 6.6 and
4.1% after 1 day exposure and increased after 21
days exposure period to 65.5 and 55.5% post
treatment at 30 and 20°C, respectively. At
concentration 2.5 % (v/w) the mortality was 5.1 and
3.2 % after 1 day exposure time and increased after
21 days post treatment to 50.1 and 45.5% at 30 and
20°C, respectively. At concentration 2 % (v/w) the
mortality was 4.2 and 2.1% after 1 day exposure and
increased after 21 days of the treatment to 45.5 and
18.1% at 30 and 20°C, respectively.

1.3.2. Caraway oil

The results of the effect of caraway oil on the larvae
mortality of diapausing larvae of T. granarium at 30
and 20+£1°C were presented in Fig (10-14). Data
showed that the mortality increased by increasing the
plant oil concentration, period of exposure and
temperature. At caraway oil concentration of 4%
(v/w) the diapausing larvae mortality of T.
granarium, after 1 day exposure period was 11.5 and
6.5 at 30 and 20°C, respectively. While, the mortality
increased after 21 days post treatment to 86.6 and
70.1% at 30 and 20°C, respectively. At concentration
3.5% (v/w) the mortality was 11.1 and 6.1% after 1
day exposure period and increased after 21 days post

treatment to 77.7 and 61.1% at 30 and 20°C,
respectively. At concentration 3 % (v/w) the
mortality was 10.5 and 5.5% after 1 day exposure
and increased after 21 days exposure period to 72.2
and 455% post treatment at 30 and 20°C,
respectively. At concentration 2.5 % (v/w) the
mortality was 7.5 and 4.5% after 1 day exposure time
and increased after 21 days post treatment to 62.2
and 40.1% at 30 and 20°C, respectively. At
concentration 2% (v/iw) the mortality was 6.1
and4.1% after 1 day exposure and increased after
21days of the treatment to 55.1and 33.3% at 30 and
20°C, respectively.

1.3.3. Worm wood oil

The data of the effect of worm wood oil on the larvae
mortality of diapausing larvae of T. granarium at 30
and 20+1°C were presented in Fig (10-14). The
results showed that the mortality increased by
increasing the plant oil concentration, period of
exposure and temperature. At worm wood oil
concentration of 4% (v/w) the diapausing larvae
mortality of T. granarium, after 1 day exposure
period was 14.1 and 7.1 at 30 and 20°C, respectively.
While after 21 days post treatment, the mortality
increased to 90.l1and 75.5% at 30 and 20°C,
respectively. At concentration 3.5% (v/w) the
mortality was 11.5 and 6.5% after 1 day exposure
period and increased after 21 days post treatment to
85.5 and 65.5% at 30 and 20°C, respectively. At
concentration 3% (v/w) the mortality was 11.1 and
6.1% after 1 day exposure and increased after 21
days exposure period to 80.1 and 60.1% post
treatment at 30 and 20°C, respectively. At
concentration 2.5% (v/w) the mortality was 10.5 and
5.5% after 1 day exposure time and increased after
21 days post treatment to 75.5 and 50.1% at 30 and
20°C, respectively. At concentration 2% (v/w) the
mortality was 8.2 and 5.1% after 1 day exposure and
increased after 21days of the treatment to 70.1 and
35.5% at 30 and 20°C, respectively.
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Fig. (1) Efficacy of tested plant oils (1.5%) against
S. oryzae adults at 30 and 20°C

Fig. (2) Efficacy of tested plant oils (1%) against S.
oryzae adults at 30 and 20°C
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Fig. (12) Efficacy of tested plant oils (3%) against
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2. Toxicity parameters of the studied plant oils
against the adults of Sitophilu s oryzae and the
larvae of Khapera beetle Trogoderma granarium
at two tested temperatures and 65+5% R.H.

2.1. Marjoram oil

Table (1) showed that the lethal concentrations
(LCsos) of marjoram oil were 0.26, 1.92 and 2.27% at
30°C for S. oryzae adults (after 3 days exposure
period) and active and diapausing larvae of T.
granarium (after 14 days exposure period),
respectively. While at 20°C, these values were 0.33,

3.2 and 3.02% for S. oryzae adults and active and
diapausing larvae of T. granarium, respectively.

2.2. Caraway oil

Table (2) revealed that the lethal concentrations
(LCsos) of marjoram oil were 0.25, 1.8 and 2.1 % at
30°C for S. oryzae adults (after 3 days exposure
period) and active and diapausing larvae of T.
granarium (after 14 days exposure period), whereas
at 20°C, they were 0.26, 2.8 and 2.9% for S. oryzae
adults and active and diapausing larvae of T.
granarium, respectively.

Table 1. Lethal concentration values and parameters of mortality regression line of marjoram oil on T.
granarium larvae and S. oryzae adults at two tested temperatures and 65+5% R.H.

Lethal concentrations (v/w %b)of

Temperature Insect Stage marjoram® oil and Their 95% Slope R*
(°C) Species g Confidence Limits +SD!?
LCso LCoeo
3.22 7.08
2
_ AL (296-370)  (5.40-1296)  >/*073 099
T.granarium 3.02
20 DL : 935 26+054  0.97
(2.60-3.40) (6.90-20.90) S '
0.33 1.20
S.oryzae Adult (0.19-0.48) (0.90-1.70) 1.9+0.18 0.91
1.92 3.87
2
_ AL (1.64-2.10) (3.50-4.50) 458075 095
T.granarium
30 DL? o2 4.50 424061 098
(1.20-4.50) (2.10-6.30) e '
0.26 1.50
S.oryzae Adult (0.22-0.31) (1.10-3.80) 1.9+0.17 0.90

1: Standard deviation 2: Active larva

3: Diapausing larva4: Correlation coefficient of

regression line5: Mortality was recorded after 14 days of treatment for active and diapausing larvae of T.

granarium and 3 days for S. oryzae adults

Table 2. Lethal concentrations values and parameters of mortality regression line of caraway oil on T.
granarium larvae and S. oryzae adults at two tested temperatures and 65+5% R.H.

Lethal concentrations(v/w%o)of

Temperature Insect Stage caraway®oil and Their 95% Slope R
(°C) Species g Confidence Limits +SD?
LCso LCoo
2.85 8.50
2
_ AL (2.55-3.31) (5.70-2860) 20070 0.99
T.granarium 202 250
3 . .
20 DL (2.70-3.19) (5.80-12.20) 3.220.55 0.99
0.26 1.40
S.oryzae Adult (0.20-0.30) (1.06-2.06) 1.7+£.0.17 0.90
1.80 3.48
2
_ AL (1.50-2.40) (3.15-4.17) 191018 0.9
T.granarium 210 512
3 : .
30 DL (1.80-2.20) (4.25-7.80) 28+0.70 0.9
0.25 1.2
S.oryzae Adult (0.22-0.31) (0.90-1.70) 1.9+0.18 0.91

1: Standard deviation
4: Correlation coefficient of regression line
larvae of T. granarium and 3 days for S. oryzae adults

2: Active larva
5: Mortality was recorded after 14 days of treatment for active and diapausing

3: Diapausing larva
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2.3. Worm wood oil

Table (3) exhibited that the lethal concentrations
(LCsos) of marjoram oil were 0.21, 1.5 and 2.1 % at
30°C for S. oryzae adults (after 3 days exposure
period) and active and diapausing larvae of T.
granarium (after 14 days exposure period),
respectively. At 20°C, LCsos were 0.23, 2.4 and 2.9
% for S. oryzae adults and active and diapausing
larvae of T. granarium, respectively.

The present results are in accordance with the results
of several authors, who concluded that mortality of

tested insects increased with increase in
concentration at maximum exposure period (El-
lakwah et al., 2002; Boffet al., 2006;Azab,
2015).The data indicated clearly that S. oryzae
adults were the most sensitive to the three tested oils,
whereas the diapausing larvae of T. granarium were
the least sensitive to the plant oils under study. These
findings agree with the results with other
investigations (Padin, 2000; Wawrzyniak and
Blazejewska 2002; Sahafet al., 2008)

Table 3. Lethal concentrations values and parameters of mortality regression line of worm wood oil on
T.granarium larvae and S. oryzae adults at two tested temperatures and 65+5% R.H.

Lethal concentrations(v/w %)of

Temperature Insect Stage wormwood?® oil and Their 95% Slope R*
°C Species g Confidence Limits +SD!?
p
LCso LCoo
2.41 9.40
2
_ AL (1.85-2.60) (5.04-22.15) ~ 26070 097
20 T.granarium 290 530
3 . .
DL (2.7-3.07) (4.70-6.40) 4.9+0.57 0.96
0.21 1.13
S. oryzae Adult (0.16-.25) (0.89-1.50) 1.8+0.18 0.97
2.18 5.12
2
_ AL (1.9-2.40) (4.30-6.83) 2.6+0.70 0.97
30 T. granarium 531 210
3 . .
DL (1.8-2.6) (0.04-221) 3.5+0.65 0.97
0.23 1.10
S. oryzae Adult (0.09-0.30) (0.90-5.00) 1.9+0.17 0.87

1: Standard deviation

2: Active larva

3: Diapausing larva

4: Correlation coefficient of regression line 5: Mortality was recorded after 14 days of treatment for active and
diapausing larvae of T. granarium and 3 days for S. oryza e adults

On the other hand, at 30°C the three investigated oils
had relatively equal toxicity to S. oryzae adults,
while at 20°Cthe worm wood oil was the most toxic
for all tested insects, however in case of active and
diapausing larvae of T. granarium, caraway oil was
the most toxic at 30°C.Where, the toxicity of plant
oils for stored-product insects was influenced by
their chemical composition (Lee et al., 2001).
Moreover, the diverse effects of the two tested
temperatures were observed on oil toxicity and the
insect species. On the contrary,Fang and
subramanyam (2003) evaluated the activity of
spinosad against R. dominicais not affected by wheat
temperature. Also, some authors reported that plant
oils possess similar type of activity against pests
(Maggi et al.,2005;Zamani et al.,2010). Plant oils
are generally broad spectrum due to the presence of
several active ingredients that may operate through
various modes of action (Chiassonet al., 2004).

Conclusion

Therefore the findings of present study suggested
that plant oils of marjoram, caraway and worm wood
may be potentially used as eco- friendly pest
controlagents against insect pests of stored products.
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