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Table 1. Mean percentage mortlity of C. hemipterus adults caused by different concentrations of M.
hortensis, S. mirzayanii, T. vulgaris, E. globulus, and D.anethifolia essential oils at different exopsure
times.

Time Concentration

Percentage mortality (+ SE)

(h)  (uL /L air)
M. hortensis S. mirzayanii T. vulgaris E. globulus D. anethifolia
24 13.33 0+£0 Ah 3.33+3.33 Ad 0+£0Af 0+0Ag 0+0 Ac
66.66 3.33+£3.33 Agh 23.33 +£18.55 Ad 6.66 + 3.33 Aef 6.66 + 6.66 Aefg 13.33£ 8.82 Abc
133.33 56.66 +3.33 Ae 33.33+£20.27 3.33£3.33 Bf 3.33+3.33 Bfg 33.33+14.52 ABbc
266.66 70 £5.77 Ade ABcd 13.33 + 6.66 Bef 10 + 5.77 Befg 90+ 5.77 Aa
666.66 100+ 0 Aa 83.33+£8.82 Aa 53.33+2333Bbc  53.33+8.82Bb 96.66 +3.33 Aa
90+ 10 ABa
48 13.33 0+0 Ah 10 £ 10 Aef 3.33+3.33 Afg 0+0 Ac
66.66 16.66 + 3.33 Afg 3.33+3.33 Ad 13.33 £ 8.82 Aef 23.33 £6.66 Ade 40+ 25.17 Ab
133.33 76.66 +12.01 Acd  33.33+20.27 Acd  6.66 & 3.33 Bef 13.33 + 3.33 Befg 76.66 + 14.52 Aa
266.66 90 £10 Aabc 66.66 £18.56 Aabc  33.33 £3.33 Bcde  33.33 £3.33 Bed 93.33+3.33 Aa
666.66 100+ 0 Aa 90 +£10 Aa 76.66 £14.52 Aab 80+ 10 Aa 100+ 0 Aa
90 +£10 Aa
72 13.33 3.33+£3.33Agh 16.66 = 16.66 6.66 + 3.33 Aefg 3.33+3.33 Ac
66.66 30+5.77 Af 3.33 £3.33Ad Adef 23.33 £6.66 Ade 40+ 25.17 Ab
133.33 83.33 £8.82 Abcd  40+15.27 Abed 13.33 + 8.82 Aef 20.33 £5.77 Bdef  83.33 £16.66 Aa
266.66 96.66 + 3.33 Aab 76.66 £14.52 Aab 6.66 + 3.33 Bef 43.33 £ 8.81 Bbc 96.66 +3.33 Aa
666.66 100+ 0 Aa 90+ 10 Aa 43.33 £8.82 Bed 80+ 10 Aa 100+ 0 Aa
90+ 10 Aa 86.66 + 6.66 Aa

“Means within a column followed by the same lower case letter or in a row by the same upper case letter
are not significantly different (LSD test, P > 0.0.5).
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Table 2. Mean percentage mortlity of C. hemipterus fourth instar larvae caused by different concentrations of
M. hortensis, S. mirzayanii, T. vulgaris, E. globulus, and D.anethifolia essential oils at different exposure times.

Time Concentration Percentage mortality (= SE)
(h) (pL /L air)
M. hortensis S. mirzayanii T. vulgaris E. globulus D. anethifolia
24 133.33 3.33+£3.33 Ae 6.66 £3.33 Ac 3.33+£3.33 Ad 0+0Ac 3.33+£3.33 Ad
266.66 6.66% 6.66 Ae 0+0Ac 40+ 25.16 Ac 0+0Ac 6.66 +3.33 Ad
666.66 10+ 0 Be 76.66 + 3.33 Aab 3.33+£3.33Bd 70 +£25.16 Aab 0+0Bd
48 133.33 40+20 Ad 63.33 +£23.33Ab 60 +20.82 Abc 36.66 +31.79 Abc 53.33 £16.66 Ac
266.66 73.33 £ 6.66 83.33+12.01 Aab  96.66 +3.33 Aa 50 +26.45 Aabc 90+ 10 Aa
666.66 Abc 100+ 0 Aa 100+ 0 Aa 100+ 0 Aa 80+ 0 Bab
96.66 + 3.33
Aab
72 83.33 +8.82 Aab 80+ 5.77 Aab 43.33 +28.48 Aabc 66.66 +3.33 Abc
133.33 833341201 Aab 100+ 0 Aa 70 +25.16 Aab 90+ 10 Aa
266.66 66.66 £ 6.66 100+ 0 Aa 100+ 0 Aa 100+ 0 Aa 80+ 0 Bab
666.66 Ac
80+ 0 Aabc
100+ 0 Aa

"Means within a column followed by the same lower case letter or in a row by the same upper case letter

are not significantly different (LSD test, P > 0.0.5).
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Table 3. Chemical compounds and their percentage in the essential oil of tested plants

Essential oil Retention time Retention index Compound Percentage
(min) compound
1.5 989.52 a-pinene 2.46
1.62 1058.73 limonene 0.29
1.63 1063.43 1,8-cineole 0.94
1.74 1113.27 linalool 86.44
M. hortensis 2.32 1436.12 geranyl acetate 1.17
2.39 1477.11 B-elimene 1.60
2.41 1488.60 e-caryophyllene 0.61
2.54 1561.04 8-cadinene 1.49
2.72 1693.50 1,1-di-epi-cubinol 0.39
2.75 1712.91 ten-cadinol 2.85
1.42 956.99 a-pinene 0.43
1.46 973.48 camphene 1.48
1.49 985.55 3-octanone 1.12
1.61 1054.01 limonene 1.53
S. mirzayanii 1.67 1081.93 8-terpinene 0.20
1.7 1095.52 terpinolene 0.21
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1.73 1108.87 linalool 47.80
1.9 1180.41 camphor 37.83
1.93 1216.43 terpinene-4-ol 4.09
1.95 1227.25 a-terpineol 1.21
2.4 1482.87 e-caryophyllene 0.40
1.42 965.99 a-pinene 5.05
1.5 989.52 B-pinene 1.46
1.52 1010.10 myrcene 0.86
1.58 1039.65 a-terpinene 0.72
1.6 1049.25 p-cymene 17.21
1.67 1081.93 8-terpinene 6.93
1.7 1095.92 terpinolene 0.53
T. vulgaris 1.73 1108.87 linalool 2.13
1.93 1216.43 terpinene-4-ol 0.67
1.95 1227.25 a-terpineol 0.62
2.02 1264.25 methyl ether carvacrol 0.90
2.11 1309.99 thymol 4.50
2.14 1324.80 carvacrol 50.51
2.4 1482.87 e-caryophyllene 3.15
2.43 1500 aromadendrene 0.79
2.52 1550.144 a-selinene 0.36
2.67 1660.67 spathulenol 0.46
2.68 1667.29 caryophyllene oxide 0.50
1.42 956.99 a-pinene 11.11
1.5 989.52 B-pinene 0.24
1.52 1010.10 myrcene 0.23
E. globulus 1.61 1054.01 p-cymene 491
1.63 1063.43 1,8-cineole 78.72
1.93 1216.43 terpinene-4-ol 0.79
1.95 1227.25 a-terpineol 0.57
2.44 1505.66 aromadendrene 1.11
1.42 956.99 a-pinene 3.09
1.5 989.52 B-pinene 0.63

1.62 1058.73 limonene 0.51
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1.76 1211.99 fenchone 0.29
1.88 1172.33 camphor 0.88
D. anethifolia 1.94 1221.85 decanal 0.48
2.07 1289.91 cis-chrysan thenyl acetate 72.28
2.12 1314.95 e-anethol 433
2.15 1329.69 trans pinocarvyl acetate 2.11
2.17 1339.41 carvacrol 2.52
2.24 1372.72 cis- pinocarvyl acetate 0.46
2.38 1471.33 aromadendrene 1.19
241 1488.60 a-humulene 0.37
2.7 1680.44 B-eudesmol 8.79
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Abstract

Fumigant toxicity of five medicinal plant essential oils including Majorana hortensis
Moench, Salvia mirzayanii Rech. var. Hormoz., Thymus vulgaris L. var. Hormoz.,
Eucalyptus globulus Labill., and Ducrosia anethifolia Boiss., were investigated against
fourth instar larvae and adults of Carpophilus hemipterus (Linnaeus). Mortality was
evaluated at five concentrations, 1, 5, 10, 20 and 50 uL/75 mL (13.33, 66.66, 133.33,
266.66 and 666.66 pL /L air, respectively) for adults and 3 concentrations, 10, 20 and 50
ulL/75 mL (133.33, 266.66 and 666.66 pL /L air, respectively) for larvae at 24, 48 and 72
hour exposure time with 3 replications and control. Results of factorial analysis showed
that the percentage of C. hemipterus mortality was significantly affected by essential oil,
concentration and time of essential oil exposure in either larval or adult stage treatments.
Analysis of concentration and essential oil interaction effects showed that S. mirzayanii
at three concentrations, 133.33, 266.66 and 666.66 pL /L air, T. vulgaris at two
concentrations, 266.66 and 666.66 pL /L air, E. globulus and M. hortensis at
concentration 666.66 pL /L air caused high mortality to C. hemipterus adults.
Furthermore, T. vulgaris at two concentrations, 266.66 and 666.66 uL /L air, E. globulus,
M. hortensis and S. mirzayanii at concentration 666.66 pL /L air caused the most
mortality at the larval stage. Essential oils chemical composition analysis showed 1,8-
cineole and o-Pinene in the E. globulus essential oil, B-Pinene and linalool in the M.
hortensis essential oil, linalool and camphor in the S. mirzayanii, carvacrol and p-cymene
in the 7. vulgaris essential oil, and cis- Chrysanthenyl acetate and B-eudesmol in the D.
anethifolia essential oil, were the main compounds. Based on the good fumigant toxicity
of the studied essential oils, they can be used as an alternative to chemical insecticides in
control programs of C. hemipterus.

Keywords: Storage pest, Fumigant toxicity, Plant essential oils, Bioassay



