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A trial was conducted to assess the fumigant toxicity of the essential oils from Rosmarinus officinalis
L., Salvia officinalis L., Lavandula angustifolia Mill. and Mentha balsamea Willd. against the adults of
Sitophilus granarius (L.). The relationships between the time after treatment (1, 2, and 3 days),
temperature (20, 25, 30, 35, and 40°C), concentrati on of essential oils (2.4 and 7.4 ml/L air) and mortality
were investigated. In the experiment, the efficacy of the essential oils at 40°C was 95%, whereas thei r
efficacy was considerably lower at lower temperatures (from 12 to 36%). Throughout the experiment,
the essential oil of rosemary proved to be the most effective fumigant, causing more than 60% mortality
of the granary weevil adults. When applying the essential oil of rosemary, more than 50% mortality in
the adults of granary weevil was attained at 35°C ( 89%) and 40°C (99%). A satisfactory efficacy of the
other essential oils, common lavender (90%), peppermint (97%) and common sage (94%), was attained
only at the highest temperature. The activities of the essential oils were better at higher concentrations
(36%) than at lower concentrations (32%). When assessing the effect of the concentration on the adult
mortality, we achieved more than 50% efficacy only with rosemary (2.4 ml/L of air, 58%; 7.4 ml/L of air,
63%). The data for the other essential oils ranged between 19% (peppermint, 2.4 ml/L of air) and 34%
(common sage, 7.4 ml/L of air). The calculated values for the LC50 and LC90 showed that only rosemary
produced satisfactory fumigant activity on the adult granary weevils, especially in relation to the
temperature. However, the positive efficacy identified in our laboratory experiments needs to be
validated under conditions similar to those of the applied conditions, that is, warehouses.
Key words: Essential oils, granary weevil, stored-grain pest, fumigant toxicity.

INTRODUCTION
Stored-grain insect pests result in economic losses by
infesting stored agricultural products. According to an
estimate, the overall damage caused by stored-grain
insect pests accounts for 10 to 40% of the annual
worldwide loss (Matthews, 1993), ranging between 1.25
and 2.5 billion US dollars (Schöller et al., 2006).
Sitophilus granarius (L.) (Coleoptera: Curculionidae), the
granary weevil, is a major stored-product pest in regions
of moderate climate. Both the larval stages, which
develop inside the kernels of many grains (Schwartz and
Burkholder, 1991), and the adult weevils, can cause
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tremendous losses (Weidner, 1983). Furthermore, insect
infestations in stored grain lead to the production of heat
and moisture, thus promoting fungal growth (Howe,
1951).
The control of stored-product insect populations is
primarily dependent upon the continued applications of
liquid and gaseous insecticides (White and Leesch, 1995;
Ngamo et al., 2007b). Although, effective, their repeated
use for several decades has disrupted the biological
control systems by natural enemies and has led to
outbreaks of insect pests, the widespread development of
resistance, undesirable effects on non-target organisms,
and environmental and human health concerns (Champ
and Dyte, 1976; White and Leesch, 1995). These
problems have highlighted the need for the development
of new types of selective insect-control alternatives with
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fumigant action. In this regard, many plant products have
been evaluated for their insecticidal properties against
different stored-grain pests (Kim et al., 2003; Cosimi et
al., 2009). A number of plants produce essential oils that
have been evaluated for insecticidal properties against
various insect pests (Shaaya et al., 1991; Kim et al.,
2003; Ngamo et al., 2007a; Cosimi et al., 2009). Much
effort has, therefore, been focused on plant-derived
materials for potentially useful products as commercial
insect-control agents. However, despite their excellent
pharmacological activities, scarce research has been
conducted to assess the management of stored-product
insects using aromatic medicinal plants (Kim et al., 2003).
The goal of this study was to assess the effect of
applying pure essential oils from Rosmarinus officinalis
L., Salvia officinalis L., Lavandula angustifolia Mill. and
Mentha balsamea Willd. at high doses as fumigants for
the short-term exposure of granary weevil adults.

MATERIALS AND METHODS
Insect rearing and essential oils
Granary weevil adults cultured at the University of Ljubljana,
Slovenia, were used in this study. The rearing vessels were stored
in darkness at room temperature (22°C). The adults used in the
experiment were the offspring of parent couples. Additional
information regarding the method of rearing and the selection of the
beetles was reported by Trdan et al. (2006).
The essential oils of common lavender, peppermint, rosemary
and common sage were purchased from FAVN Ltd. (Ljubljana,
Slovenia) in 10 ml bottles. The essential oils are 100% natural
essences of medicinal plants. The oils were stored in Eppendorf
tubes at 5°C until use.

Fumigation of adult beetles with pure essential oils
A total of 10 adults were placed in glass Petri dishes (diameter of 9
cm), and 50 g of wheat grain were placed in the dishes. Aliquots of
250 and 750 µl of each essential oil (R. officinalis, S. officinalis, L.
angustifolia and M. balsamea) were tested. The essential oils were
placed in Eppendorf tubes (1.5 ml) with perforated lids, and the
tubes were placed in the Petri dishes. The Petri dishes were then
closed and sealed with Parafilm to prevent the beetles from
escaping. The Petri dishes were placed in a rearing chamber (RK900 CH, Kambič Laboratory Equipment, Semič, Slovenia) having a
volume of 0.868 m3 (width × height × depth = 1000 × 1400 × 620
mm). The treatments were tested in the dark at temperatures of 20,
25, 30, 35, and 40°C at relative humidities of 55 a nd 75%. The
control treatments did not include essential oils. The number of
dead S. granarius adults was determined at 24, 48 and 72 h after
the initiation of the treatment. The test insects were considered
dead if their appendages did not move when prodded with a fine
brush. All of the treatments were replicated three times.

Statistical analysis
A multifactor analysis of variance (ANOVA) was performed to
determine the differences in the mortality rates (%) between the S.
granarius adults reared in the 80 different treatments (four essential
oils, each with two different concentrations at five different

temperatures and two different relative humidities). Before the
analysis, the mean mortality was tested for the homogeneity of the
treatment variances. The mortality rate data were corrected for
control mortality using Abbott’s formula (Abbott, 1925); the arcsine
square-root was transformed before this analysis. Duncan's multiple
range test (P ≤ 0.05) was used to separate the mean differences
among the parameters in all of the treatments. The LC50 and LC90
values (the volume of essential oil/liter of air causing 50 and 90%
mortality of the S. granarius adults) were determined, and the
efficacies of the tested essential oils were estimated on this basis.
All of the statistical analyses were performed using Statgraphics
Plus for Windows 4.0 (Manugistics, Rockville, MD, USA), and the
figures were generated using MS Office Excel 2003. The data are
presented as the untransformed means ± standard error (SE).

RESULTS
The data for the analysis of the pooled results are
presented in Table 1. At 20°C (55% relative humidit y
(RH)), the natural (control) mortality of the granary adult
weevils was 2.66 ± 1.18% (24 h), 2.66 ± 1.18% (48 h)
and 2.66 ± 1.18% (72 h). The comparable values at 20°C
(75% RH) were 0.67 ± 0.67% (24 h), 0.67 ± 0.67% (48 h)
and 0.67 ± 0.67% (72 h). At 25°C (55% RH), the natu ral
mortality of the rice adult weevils was 0.0 ± 0.0% (24 h),
1.33 ± 0.90% (48 h) and 2.00 ± 1.07% (72 h); the
comparable values at 25°C (75% RH) were 0.0 ± 0.0%
(24 h), 2.66 ± 1.57% (48 h) and 4.00 ± 1.90% (72 h). At
30°C (55% RH), the natural mortality of the rice ad ult
weevils was 0.67 ± 0.67% (24 h), 0.67 ± 0.67% (48 h),
1.33 ± 0.90% (72 h), and the comparable values at 30°C
(75% RH) were 0.0 ± 0.0% (24 h), 0.0 ± 0.0% (48 h) and
0.0 ± 0.0% (72 h). At 35°C (55 % RH), the natural
mortality of the rice weevil adults were 0.0 ± 0.0% (24 h),
0.0 ± 0.0% (48 h) and 6.00 ± 1.90% (72 h), with the
comparable values at 35°C (75% RH) being 0.0 ± 0.0%
(24 h), 2.00 ± 1.44% (48 h) and 7.33 ± 2.66% (72 h). At
40°C (55% RH), the natural mortality of the rice ad ult
weevils was 19.33 ± 4.53% (24 h), 65.33 ± 5.15% (48 h)
and 69.23 ± 6.10% (72 h). The comparable values
at40°C (75% RH) were 18.58 ± 4.48% (24 h), 67.12 ±
5.44% (48 h) and 74.23 ± 4.66% (72 h). For all of the
essential oil treatments, the mortality was greater than in
the control, thus, all the treatment values could be
corrected for the natural mortality.
After 24 h of treatment, the highest mortality (45%) of
the granary adult weevils was recorded in the treatment
with rosemary oil. The concentration of the rosemary oil
did not have a statistically significant influence on the
mortality of the S. granarius adults after 24 h (Tables 2, 3
and 4); similar findings were observed also after 48 and
72 h (Tables 2, 3 and 4). The lowest efficacy level of the
essential oil on the mortality of the granary adult weevils
after 24 h was observed in treatment with common
lavender (15%), whereas the efficacy of peppermint
(19%) and common sage (22%) were higher. A
satisfactory efficacy for the common lavender,
peppermint and common sage essential oils was reached
at 40°C (Tables 2, 3 and 4). However, the influence of the
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Table 1. ANOVA results for corrected mortality of the granary weevil adults.

Source
Substance
Concentration
Temperature
Relative humidity
Time after treatment
Replication in time
Replication in space
Substance × concentration
Substance × temperature
Substance × relative humidity
Substance × time after treatment
Concentration × temperature
Concentration × relative humidity
Concentration × time after treatment
Temperature × relative humidity
Temperature × time after treatment
Relative humidity × time after treatment
Substance × concentration × temperature
Substance × concentration × relative humidity
Substance × concentration × time after treatment
Substance × temperature × relative humidity
Substance × temperature × time after treatment
Substance × relative humidity × time after treatment
Concentration × temperature × relative humidity
Concentration × temperature × time after treatment
Concentration × relative humidity × time after treatment
Temperature × relative humidity × time after treatment

F
1025.15
61.05
3234.47
23.32
286.44
0.58
0.14
0.83
102.27
16.46
24.27
2.02
17.04
1.48
90.28
5.20
2.62
3.63
1.66
0.39
38.80
9.68
1.39
3.16
2.95
0.20
3.78

Adults
df
3
1
4
1
2
4
2
3
12
3
6
4
1
2
4
8
2
12
3
6
12
24
6
4
8
2
8

P
<0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*
0.6754
0.8923
0.4752
<0.0001*
<0.0001*
<0.0001*
0.0891
<0.0001*
0.2276
<0.0001*
<0.0001*
0.0726
<0.0001*
0.1745
0.8854
<0.0001*
<0.0001*
0.2166
0.0134*
0.0027
0.8218
0.0002*

*Source of variation, significant at α = 0.05.

concentration of the essential oils (common lavender,
peppermint and common sage) on the mortality of the
granary weevil adults was not statistically significant (P =
0.0923).
The LC50 and LC90 values for each of the four essential
oils studied were determined at each temperature
(Tables 4 and 5). The results show that the essential oil
of rosemary has the lowest LC90 value at 30, 35 and 40°C
(from 3.9 to 5.7 ml/L of air) in the experiment (Table 5);
we attained similar results for the LC50 value at 30 and
40°C (Table 4). The highest LC 50 (between 2.5 and 18.6
ml/L of air) and LC90 (between 4.6 and 25.4 ml/L of air)
values were found with the essential oil of common
lavender (Tables 4 and 5), whereas the lowest LC50 and
LC90 values were obtained at 40°C and the highest at
30°C (Tables 4 and 5).
DISCUSSION
A large number of essential oils extracted from various
spice and herb plants were screened for their activity

against several stored-product insect pests (Shaaya et
al., 1991, 1997; Tunç et al., 2000; Kim et al., 2003;
Cosimi et al., 2009; Pérez et al., 2010). The essential oils
investigated in this study are used as pharmaceuticals
and in food flavoring and are, therefore, considered to be
less harmful to humans than most conventional
insecticides. Furthermore, studies have shown that these
products are readily biodegradable (Baysal, 1997) and
less detrimental to non-target organisms than insecticides
(Yeğen et al., 1998). The insecticidal constituents of
many plant extracts and essential oils are mainly
monoterpenoids (Coats et al., 1991; Konstantopoulou et
al., 1992; Ahn et al., 1998; Cosimi et al., 2009), which,
due to their high volatility, have fumigant action that might
be of importance for the control of stored-product insects.
In a related study, Papachristos and Stamopoulos
(2002) reported that high doses for a relatively short
duration are much more effective than low doses for long
periods for efficacy against immature stages of
Acanthoscelides obtectus (Say). El-Nahal et al. (1989)
stated that the period of exposure appears
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Table 2. Mean adult mortality (± SE) of Sitophilus granarius after being treated with two different doses of four substances and kept at 20, 25, 30, 35, and 40°C. The mortality data, corrected for
the control mortality, are shown for 24, 48, and 72 h after treatment and 55% relative humidity.

Temperature (ºC)

20

25
7.4
21.3 ± 5.8bB
46.1 ± 8.0cB
66.0 ± 6.7dA

30
Concentration (ml/L of air)
2.4
7.4
cC
51.0 ± 9.5
43.7 ± 9.5cC
dC
69.1 ± 7.8
77.2 ± 7.7cC
dC
83.1 ± 5.7
88.5 ± 4.8dB

2.4
62.7 ± 9.2cC
90.0 ± 3.8cD
94.3 ± 2.5dD

7.4
80.7 ± 7.9cD
95.3 ± 2.6cD
100.0 ± 0.0cC

2.4
90.1 ± 4.6dD
100.0 ± 0.0bE
100.0 ± 0.0aE

7.4
100.0 ± 0.0cE
100.0 ± 0.0aE
100.0 ± 0.0aC

0.0 ± 0.0aA
0.0 ± 0.0aA
1.6 ± 0.9bA

0.7 ± 0.7aA
1.8 ± 0.9bA
1.8 ± 0.9bA

0.0 ± 0.0aA
0.0 ± 0.0aA
0.6 ± 0.6aA

0.6 ± 0.6aA
1.1 ± 0.9aA
2.9 ± 1.0aA

2.0 ± 1.5aB
4.0 ± 2.7aB
23.4 ± 7.1bB

2.7 ± 1.5aA
21.3 ± 5.2aC
34.2 ± 8.6aC

54.4 ± 11.0aC
90.4 ± 5.4aC
100.0 ± 0.0aC

87.6 ± 6.4bB
100.0 ± 0.0aD
100.0 ± 0.0aD

0.0 ± 0.0aA
0.6 ± 0.6aAB
0.6 ± 0.6aA

0.0 ± 0.0aA
0.0 ± 0.0aA
0.7 ± 0.7aA

0.0 ± 0.0aA
0.0 ± 0.0aA
0.8 ± 0.8aA

3.2 ± 2.1bB
3.2 ± 1.5bB
6.8 ± 2.4bB

1.9 ± 1.4aB
1.9 ± 1.4aB
9.0 ± 5.0bB

3.3 ± 1.6aB
3.3 ± 1.3aB
4.4 ± 1.5aB

2.0 ± 1.1aB
18.0 ± 7.1aC
37.5 ± 9.2aC

83.5 ± 5.8cdC
100.0 ± 0.0bC
100.0 ± 0.0aC

94.2 ± 5.8bcC
100.0 ± 0.0aD
100.0 ± 0.0aD

0.5 ± 0.5aA
0.5 ± 0.5aA
9.0 ± 3.6bA

0.0 ± 0.0aA
1.9 ± 1.4bA
5.0 ± 1.4cA

0.0 ± 0.0aA
3.6 ± 1.5bB
14.7 ± 4.0cA

1.9 ± 1.0bB
13.8 ± 5.0cB
25.3 ± 7.6cB

15.7 ± 5.6bB
39.0 ± 8.9bC
48.8 ± 9.4cB

38.0 ± 10.7bC
44.7 ± 9.7bC
58.9 ± 10.4cC

56.7 ± 11.7bC
67.3 ± 12.4bD
66.7 ± 12.6bB

74.4 ± 8.0bcD
98.1 ± 1.9bD
100.0 ± 0.0aD

68.6 ± 7.5aC
100.0 ± 0.0aE
100.0 ± 0.0aC

Time
(h)
24
48
72

2.4
2.6 ± 2.6aA
6.8 ± 4.6bA
19.7 ± 3.9cA

7.4
1.0 ± 0.7bA
22.5 ± 6.8cA
55.7 ± 6.3cA

2.4
10.7 ± 6.6bB
32.0 ± 7.6cB
55.1 ± 7.3dB

Common
lavender

24
48
72

0.5 ± 0.5aAB
1.0 ± 0.7aB
1.0 ± 0.7aA

1.5 ± 0.8bA
6.6 ± 3.1bB
10.9 ± 3.9bB

Peppermint

24
48
72

0.0 ± 0.0aA
1.7 ± 1.3abB
4.6 ± 2.6bB

Common sage

24
48
72

1.2 ± 1.2aAB
3.1 ± 2.6abA
5.9 ± 3.9bA

Substance

Rosemary

35

40

Table 3. Mean adult mortality (± SE) of Sitophilus granarius after being treated with two different doses of four substances and kept at 20, 25, 30, 35, and 40°C. The mortality data, corrected
for the control mortality, are shown for 24, 48, and 72 h after treatment and 75% relative humidity.

Temperature (°C)
Time
Substance
(h)
24
Rosemary
48
72

20

25

2.4
17.7 ± 6.9cB
36.7 ± 6.0cB
65.6 ± 8.9cB

7.4
33.5 ± 7.0bC
43.5 ± 7.6cB
74.5 ± 7.4cB

2.4
18.7 ± 4.4cB
33.5 ± 6.4cB
65.3 ± 6.8cB

7.4
7.3 ± 2.3bB
29.1 ± 3.9cA
64.9 ± 7.2cB

30
Concentration (ml/L of air)
2.4
7.4
1.3 ± 0.9bA
3.3 ± 1.6cA
17.3 ± 4.4cA
22.7 ± 6.4cA
33.3 ± 4.8cA
39.3 ± 6.7dA

35

40

2.4
84.0 ± 6.82bC
98.6 ± 1.4bC
99.2 ± 0.8cC

7.4
74.0 ± 8.8bD
93.9 ± 3.4cC
95.0 ± 3.1cC

2.4
99.1 ± 0.9cD
100.0 ± 0.0aC
100.0 ± 0.0aC

7.4
99.0 ± 1.0bE
100.0 ± 0.0aD
100.0 ± 0.0aD

Common
lavender

24
48
72

0.0 ± 0.0aA
0.0 ± 0.0aA
1.5 ± 1.0aB

2.2 ± 1.6aB
1.5 ± 1.5aAB
14.1 ± 6.8aB

0.0 ± 0.0aA
1.7 ± 1.3aB
1.5 ± 1.2aB

1.3 ± 0.9aB
1.5 ± 0.8aAB
2.8 ± 1.2aA

0.0 ± 0.0aA
0.0 ± 0.0aA
0.0 ± 0.0aA

0.6 ± 0.6abAB
0.6 ± 0.6aA
2.7 ± 1.2bA

0.6 ± 0.6aA
4.1 ± 1.7aB
3.3 ± 1.8aB

0.0 ± 0.0aA
3.4 ± 1.4aB
5.5 ± 1.9aA

73.7 ± 7.9aB
100.0 ± 0.0aC
100.0 ± 0.0aC

80.8 ± 7.3aC
100.0 ± 0.0aC
100.0 ± 0.0aC

Peppermint

24
48

3.0 ± 2.3bB
3.7 ± 2.3bBC

3.0 ± 1.7aBC
3.0 ± 1.7aB

0.6 ± 0.6abAB
1.5 ± 0.8aB

4.0 ± 1.6bC
6.2 ± 2.0bB

0.0 ± 0.0aA
0.0 ± 0.0aA

0.0 ± 0.0aA
0.0 ± 0.0aA

2.7 ± 1.5aB
7.9 ± 2.7aC

0.7 ± 0.7aAB
16.9 ± 4.1bC

91.9 ± 6.3bcC
100.0 ± 0.0aD

100.0 ± 0.0aD
100.0 ± 0.0aD
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Table 3. contd.

Common sage

72

20.7 ± 8.8bBC

22.3 ± 6.9abC

8.8 ± 4.8bB

11.1 ± 2.9bB

0.0 ± 0.0aA

0.0 ± 0.0aA

25.7 ± 6.7bC

33.5 ± 6.6bC

100.0 ± 0.0aD

100.0 ± 0.0aD

24
48
72

0.0 ± 0.0aA
10.9 ± 5.6bB
15.8 ± 5.4bA

1.5 ± 1.0aA
14.3 ± 4.5bB
29.2 ± 8.2bB

1.3 ± 0.9bB
5.4 ± 1.6bB
13.2 ± 3.8bA

5.3 ± 2.4bB
3.5 ± 1.0bA
12.6 ± 2.7bA

0.0 ± 0.0aA
2.0 ± 1.1bA
8.7 ± 2.2bA

1.3 ± 0.9bcA
3.3 ± 1.6bA
11.3 ± 2.4cA

2.7 ± 1.5aB
7.9 ± 2.7aB
25.7 ± 6.7b

0.7 ± 0.7aA
16.9 ± 4.1bB
33.5 ± 6.6bB

91.9 ± 2.9bC
100.0 ± 0.0aC
100.0 ± 0.0aB

98.0 ± 2.0bC
100.0 ± 0.0aC
100.0 ± 0.0aC

Table 4. The calculated volume of substance needed to kill 50% (LC50) of the granary weevil adults, 72 h after treatment, at 20, 25, 30, 35, and 40°C at 55 and 75% relati ve humidity.
Temperature (°C)
Substance
Rosemary
Common lavender
Peppermint
Common sage
z

20
55
5.7z (4.9 - 6.5)y
8.9 (5.5 - 12.3)
1.0 (0.0 - 7.0)
5.7 (2.7 - 8.7)

25
75
4.7 (3.5 - 5.8)
6.6 (4.5 - 8.8)
5.1 (3.6 - 6.3)
5.5 (4.2 - 6.9)

55
4.7 (3.7 - 5.7)
4.9 (0.0 - 19.0)
10.0 (0.0 - 22.2)
8.1 (5.2 - 11.1)

75
4.9 (3.8 - 6.0)
8.4 (0.0 - 18.5)
5.4 (2.7 - 8.1)
4.7 (1.8 - 7.7)

30
Relative humidity (%)
55
75
4.3 (2.4 - 6.3)
5.1 (4.0 - 6.2)
16.1 (3.8 - 28.3)
18.6 (6.1 - 31.2)
5.4 (2.5 - 8.2)
5.2 (4.3 - 6.2)
6.7(2.2 - 11.2)

35
55
0 (0.0 - 4.4)
5.2 (4.0 - 6.4)
6.3 (5.1 - 7.4)
4.8 (3.8 - 5.8)

40
75
8.0 (3.01 - 13.1)
7.4 (1.3 - 13.7)
5.2 (4.0 - 6.4)
5.2 (4.0 - 6.4)

55
1.7* (0.0 - 4.8)
2.5** (0.0 - 5.4)
3.8* (2.0 - 5.7)
0.6** (0.0 - 9.5)

75
4.9* (0.0 - 17.2)
4.6* (0.07 - 0.61)
0.34* (0.7 - 6.0)
1.4* (0.0 - 5.7)

LC50 expressed as the volume of substance (ml) per liter of air. yConfidence limits (95 %), CL, are given in parentheses. *100% mortality at 24 h after treatment. **100% mortality at 48 h after treatment.

Table 5. The calculated volume of substance needed to kill 90% (LC90) of the granary weevil adults, 72 h after treatment, at 20, 25, 30, 35, and 40°C at 55 and 75% relati ve humidity.
Temperature
Substance
Rosemary
Common lavender
Peppermint
Common sage
z

20
55
8.1z (6.7 - 9.7)y
12.5 (6.2 - 18.8)
0 (0.0 - 8.7)
6.5 (0.9 - 12.1)

25
75
5.1 (0.41 - 0.64)
8.3 (4.4 - 12.3)
5.1 (2.6 - 7.5)
6.3 (3.9 - 8.9)

55
5.4 (4.0 - 6.9)
4.9 (0.0 - 30.1)
14.2 (0.0 - 36.1)
14.2 (5.5 - 17.1)

75
4.8 (3.5 - 6.2)
11.5 (0.0 - 29.8)
6.0 (0.1 - 11.1)
4.5 (0.0 - 10.5)

30
Relative humidity (%)
55
75
5.0 (4.0 - 6.0)
5.7 (3.2 - 8.1)
25.4 (2.9 - 47.7)
30.0 (7.2 - 52.7)
5.9 (0.6 - 11.2)
6.2 (4.6 - 7.8)
8.4 (0.0 - 17.3)

35
55
3.9 (2.7 - 5.2)
5.8 (3.6 - 7.9)
8.0 (6.0 - 10.0)
5.0 (3.9 - 6.1)

40
75
5.4 (4.1 - 9.6)
9.7 (0.0 - 21.3)
5.8 (3.3 - 8.2)
5.8 (3.3 - 8.2)

55
4.5* (3.6 - 5.5)
4.6** (3.6 - 5.6)
4.9* (4.0 - 5.9)
4.1** (2.3 - 6.0)

75
4.9* (2.5 - 7.4)
5.0* (4.0 - 6.1)
4.7* (3.7 - 5.7)
4.5* (3.5 - 5.5)

LC90 expressed as the volume of substance (ml) per liter of air. yConfidence limits (95%), CL, are given in parentheses. *100% mortality at 24 h after treatment. **100% mortality at 48 h after treatment.

to be more important than the dosage in affecting
the efficacy of essential oil against the adults of
five stored-product insect species. If the costeffective commercial problems can be solved, the
essential oils obtained from different plants can be
effectively used as part of integrated pest

management strategies (Rozman et al., 2007).
The present work revealed the effect of ambient
temperature during fumigation. High temperatures
enhance efficacy more than intermediate and
lower ones, contradicting the results of
Papachristos and Stamopoulos (2002) who

reported that essential oil vapors were more
effective at 10 and 18°C than at 4, 26, 32 and
36°C against Acanthoscelides obtectus. In our
experiment, the efficacy of the essential oils at
40°C was 95%, whereas their efficacy was
considerably lower at reduced temperatures (from
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12 to 36%). A number of factors may determine the
relationship between temperature and the effectiveness
of essential oils (Papachristos and Stamopoulos, 2002).
Factors, such as the rate of vapor release, level of
sorption, rate of insect development, efficacy of
detoxification systems or uptake of the vapor by the
insect, may have an important role in this relationship.
Overall, the essential oil of rosemary proved to be most
effective fumigant in our experiment, causing more than
60% of the granary adult weevil mortality. More than 50%
mortality for the granary adult weevil was attained when
the essential oil of rosemary was used at 35°C (89% ) and
40°C (99%). Klingauf et al. (1983) studied the fumi gant
toxicity of 16 essential oils against A. obtectus and found
that rosemary and caraway oils were the most effective,
with 100% mortality being achieved after 3 h at 31.4 µl/L
air. Moreover, it is well known that rosemary oil has
ovicidal activity against other insects, such as Tribolium
confusum du Val and Ephestia keuhniella Zeller (Tunç et
al., 2000), repellent activity against Myzus persicae
(Sulzer) (Hori, 1998) and fumigant activity against the
adults of Oryzaephilus surinamensis (L.) and
Rhyzopertha dominica (F.) (Shaaya et al., 1997). In our
experiment, satisfactory efficacies were obtained with
common lavender (90%), peppermint (97%) and common
sage (94%) only at the highest temperature at which the
control mortality was also relatively higher (69%).
Conversely, the control treatment at 35°C resulted in only
2% mortality. Tapondjou et al. (2002) reported that the
toxicity of an essential oil depends on the biological
activity of the components in the species and on the
treated insects. Our results were in agreement with
various reports that plant extracts may potentially be
used to protect stored product against insect pests (Tunç
et al., 2000; Kim et al., 2003; Cosimi et al., 2009).
The efficacy of the essential oil activity was better at
higher concentrations (36%) than at lower concentrations
(32%). Papachristos and Stamopoulos (2002) reported
that high doses for a relatively short period are much
more effective than low doses for long periods in the case
of Acanthoscelides obtectus. We determined that the
effect of the concentration on adult mortality of more than
50% was noted only for rosemary (2.4 ml/L of air, 58%;
7.4 ml/L of air, 63%), whereas the mortality rates for the
other essential oils were between 19% (peppermint, 2.4
ml/L of air) and 34% (common sage, 7.4 ml/L of air). The
calculated values for the LC50 and LC90 showed that the
rosemary essential oil generated satisfactory results in
the fumigation control of granary weevil adults, especially
in relation to temperature. However, because of the use
of relatively high doses of the essential oils in our
experiment, we question the feasibility of this treatment
from an economical point of view. Related research
(Shaaya et al., 1997; Tunç et al., 2000; Pérez et al.,
2010) showed that the effect of essential oils was
satisfactory also at lower doses, which could lead to the
application of essential oils to stored grain seeds as an

inexpensive and effective technique that could easily be
adopted by farmers.
The use of essential oils as alternatives to control
coleopteran insects in stored grains is a sustainable
alternative, because the oils are derived from natural
resources. Such oils could function as a contact toxin,
fumigant, repellent, antifeedant, and oviposition inhibitor
(Stefanazzi et al., 2006). Some research has demonstrated that essential oils have neurotoxic, cytotoxic,
phototoxic and mutagenic activities in different organisms
(Isman, 2000, Bakkali et al., 2008); furthermore, essential
oils act at multiple levels in insects, thus, the possibility of
generating resistance is improbable (Pérez et al., 2010).
For these reasons, it is concluded that essential oils
should be considered as a natural alternative for the
control of stored-grain insects. However, the positive
efficacy identified in our laboratory experiments needs to
be validated in conditions similar to those of warehouses.
Moreover, cropping autochthonous plant species could
have a positive economic impact in some marginal
Mediterranean areas.
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