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Table 1. Results of the chemical analysis of the mint (Mentha spicata) essential oil by Gas
Chromatography-Mass Spectrometry

Components Retention time Percentage
(minute)
-Myrcene 6.323 1.11
di-Limonene 7.164 26.81
1,8-Cineole 7.193 2.07
(+)-Carvotanacetone 12.138 57.47
Germacrene-D 21.097 1.37
Total 88.83

=Ingredients less than 1% are not listed.

I Bootstrap
2-Carvacrol

3 Thymol

4 Estragol

5 Linalool

6 Carvotanacetone
7-Limonene
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Table 2. Results of the chemical analysis of the basil (Ocimum basilicum) essential oil by Gas
Chromatography-Mass Spectrometry

Components Retention time Percentage
(minute)
1,8-Cineole 7.113 1.61
1,3,6-Octatriene 7.410 1.60
Linalool 8.538 3.38
Estragole 11.428 62.27
Methylisoeugenol 18.723 1.40
Caryophyllene 19.175 1.43
a-Bergamotene 19.724 3.09
[-Farnesene 20.371 1.28
Germacrene-D 21.097 1.88
Bicyclogermacrene 21.544 1.19
a-Amorphene 21.047 1.31
§-Cadinene 25.400 2.80
Total 83.24

= Ingredients less than 1% are not listed.

g b SIS 5l S 58 Sleslizal L (Origanum vulgare) i ss; s ol Lwlul olass 4 20 e CRATRS

T

Table 3. Results of the chemical analysis of the marjoram (Origanum vulgare) essential oil by Gas
Chromatography - Mass Spectrometry

Components Retention Time Percentage
(minute)
p-Cymene 6.999 6.50
Y-Terpinene 7.657 4.49
Borneol 10.214 1.64
Carvacrol methyl ether 12.652 14.76
Cinnamaldehyde, (E) 13.722 2.83
Thymol 14.569 15.33
Carvacrol 15.067 16.02
Caryophyllene 19.163 1.11
(- bisabolene 21.887 1.04
5-Cadinene 22.299 1.45
Bisabolene (a-cis) 22.894 10.21
Total 75.38

* Ingredients less than 1% are not listed
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Table 4. Fumigant toxicity of marjoram (Origanum vulgare), basil (Ocimum basilicum), and mint
(Mentha spicata) essential oils on the egg of Phthorimaea operculella
Lethal Concentrations (ul/1 air)

2
Plants Slope£SE n (df ):( 18) LCso LCso LCoo
(95% CL) (95% CL) (95% CL)
O.vulgare  0.544+0.027 480 11.73 2.63 (2.32+2.88) 3.59 (3.35£3.86)  5.95 (5.4316.71)
O. basilicum 0.396+0.042 480 20.40 1.20 (0.69+1.58) 2.53(2.21+2.82)  5.76 (5.17+6.62)
M. spicata  0.974+0.44 480 17.45 1.81 (1.57+2.05) 2.37(2.21+251)  3.72 (3.51+4.02)

¥2: Chi-square value

CL: Confident limit
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Table 5. Sublethal effects (LCso) of essential oils of marjoram (Origanum vulgare), basil (Ocimum
basilicum), and mint (Mentha spicata) on the egg of Phthorimaea operculella

Treatment GRR Ro r A T
(offspring) (offspring) (day™) (day™) (days)
Control 73.81+9.53 a 70.13+9.30 a 0.19+0.006 a  1.21+0.007a  21.89+0.12c
O. vulgare 23.19+4.15b 16.17+3.13 b 0.11+0.008 b  1.12+0.009b  23.23+0.23a
O. basilicum 20.21+3.13b 15.10+2.60 b 0.12+0.008b  1.13+0.009b  21.34+0.14c
M. spicata 16.08+2.59 ¢ 10.97+93.1 ¢ 0.10+0.29b  1.11+0.009b  22.93+0.19b

Mean values in each column followed by different letters are significantly different (P< 0.05; paired bootstrap test).
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Table 6. The mean (£SE) duration (days) of different life stages and fecundity Phthorimaea operculella
reared on eggs treated with LCso of marjoram (Origanum vulgare), basil (Ocimum basilicum), and mint

(Mentha spicata) essential oils

Treatment Control 0. vulgare 0. basilicum M. spicata

Egg (days) 4.16+0.04 ¢ 4.83+0.09 a 4.22+0.06 ¢ 4.48+0.07 b
Larval (days) 10.54+0.08 b 11.11+0.10 a 10.33£0.08 ¢ 10.38+0.11 ¢
Pupal (days) 4.751£0.07 c 8.08+0.10 a 4.26+0.07 d 5.42+0.07 b
Pre-adult (days) 19.45+0.08 ¢ 21.25+0.19 a 19.95+0.13 ¢ 20.32+0.12 b
Pre-adult survival 0.95+0.02 a 0.76+0.05 b 0.75+0.05 b 0.74+0.08 b
APOP (days) 0.10+0.01 ¢ 0.26+0.08 a 0.19+0.09 b 0.30+0.10 a
TPOP (days) 19.60+0.10 ¢ 20.27+0.14 b 22.19+0.19 a 20.96+0.25 b
Oviposition period (days) 4.76+0.17 a 1.23+0.14 b 1.31+0.15 b 1.50+0.30 b
Fecundity (no. eggs laid) 140.26+4.43 a 37.40+£4.78 b 36.21+2.95 b 25.36+2.47 b
Female adult (days) 8.59+0.10 a 4.00+0.10 c 4.59+0.11 b 4.19+0.11c
Male adult (days) 8.37+0.12 a 4.04+0.13 c 4.40+0.13 b 4.68+0.18 b

Mean values in each row followed by different letters are significantly different (P< 0.05; paired bootstrap test).
APOP: Adult pre-ovipositional period; TPOP: Total pre-ovipositional period.
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Table 8. Sublethal effects of marjoram (Origanum vulgare), basil (Ocimum basilicum), and mint
(Mentha spicata) essential oils on the mean parasitism rate of Trichogramma brassicae

Treatment LCao % Mean dead eggs % Mean hatched eggs % Mean parasitism
(/1 air) + SE + SE + SE
Control 6.37+0.15 12.15+0.11 81.11+4.01 a
O. vulgare 2.63(2.32+2.88) 26.66+0.25 12.21+0.18 61.11+2.93 b
O. basilicum  1.20(0.69+1.58) 21.11+0.18 13.14+0.19 64.44+2.93 b
M. spicata 1.81(1.57+2.05) 28.00+0.60 12.22+0.09 59.98+1.92 b

Mean values in each column followed by different letters are significantly different (P< 0.05: LSD)
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Abstract

In the present study, the lethal and sublethal effects of essential oils of marjoram, basil, and mint
were evaluated on P. operculella. Also, the parasitism percentage of T. brassicae was assessed on the
eggs of P. operculella treated with sublethal concentration (LCso) of these essential oils under laboratory
conditions. The gas chromatography-mass spectroscopy analysis indicated that carvacrol (26.02%),
estragole (62.27%), and carvotanacetone (57.47%) were the major constituents of the studied essential
oils, respectively. Based on the LCs values of marjoram, basil, and mint essential oils (3.59, 2.53, and
2.37 pl/liter air, respectively), the mint essential oil had the highest fumigant toxicity on the eggs of P.
operculella compared to other essential oils. The LCs values of essential oils (2.61, 1.20, and 1.81
pl/liter air, respectively) were used to evaluate the sublethal effects. The sublethal concentrations of
essential oils significantly affected the parameters of P. operculella. The shortest and longest total pre-
oviposition period (TPOP) were observed on control (19.60 days) and O. basilicum essential oil (22.19
days). The values estimated for intrinsic rate of increase (r) in the control and marjoram, basil, and mint
essential oils were 0.19, 0.11, 0.12, 0.10 day, respectively. Also, the parasitism rate of T. brassicae was
recorded on control (81.11%) followed by basil essential oil (64.44%). These results suggested
simultaneous usage of essential oils and parasitic wasps as a reliable option for sustainable management
of potato tuber worm in the storage facilities.

Key words: Plant essential oils, egg parasitoid, fumigant toxicity, potato tuber worm, sublethal effects
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