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Table 1. Results of the chemical analysis of the Artemisia khorassanica essential oil by Gas
Chromatography - Mass Spectrometry

Components Retention Time  Percentage
(minute)
a-Pinene 5.339 4.95*
Camphene 5.625 5.15
3 —Pinene 6.140 1.29
3-Carene 6.798 9.31
Limonene 7.141 1.06
1,8-Cineole 7.227 11.58
Camphor 9.882 24.10
Borneol 10.397 8.57
Fenchyl alcohol 11.044 1.44
Caryophyllene 19.318 1.43
[3-Selinene 20.382 1.35
a-Cadinene 21.773 1.30
A-Cadinene 22.436 1.18
2-isopropyl-5-methyl-9-methylene-bicyclo[4.4.0]dec-1-ene 25.520 2.51
a-Bisabolol 26.613 10.62
Total 86.45

*Ingredients less than 1% are not listed.
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Table 2. Results of the chemical analysis of the Carum carvi essential oil by Gas Chromatography -
Mass Spectrometry

Components Retention Time  Percentage
(minute)
B-Pinene 6.203 9.42*
p-Cymene 7.090 9.23
2-Octen-4-ol 10.357 1.04
2-Methyl-3-phenylpropanal 12,921 45.96
3-Phenylacrylaldehyde 13.819 1.44
Phenylpropanol 14.706 5.22
2-Thiophenecarboxaldehyde 15.856 1.71
Carveol 17.933 1.73
2-Fluorobenzoic acid, 2-tetrahydrofurylmethyl ester 18.408 1.13
Cuminic Acid 20.348 4.83
Total 81.71

*Ingredients less than 1% are not listed.
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Table 3. Results of the chemical analysis of the Piper nigrum essential oil through Gas
Chromatography - Mass Spectrometry
Components Retention Time Percentage

(minute)
a-Pinene 5.356 1.53*
B-Pinene 6.163 2.75
3-Carene 6.781 1.14
0-Cymene 7.062 8.18
2-Methyl-3-phenylpropanal 12.789 4421
3,4-Dimethylthiophene 15.799 2.71
Cuminic Acid 20.073 5.25
Caryophyllene oxide 24.113 15.95
Total 81.72

*Ingredients less than 1% are not listed.
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Table 4. Fumigant toxicity of Artemisia khorassanica, Piper nigrum, and Carum carvi essential oils

on the adults of Phthorimaea operculella

XZ

Lethal Concentrations (ul/l air)

L _ LCo
Essential oil Slope £ SE Intercept (df = L Cso ol
3) (9% fiducial limits) (%% Tiducial
imits
.. . 11.52 7.88
ns
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Carum carvi 703+082 -516 107™ 21.93 21.20

(26.22 — 29.83) (19.14 — 22.84)

Lethal concentrations and 95% fiducial limits (FL) were estimated using logistic regression (SAS Institute 2002). The LC20

were selected for sub-lethal bio-assays. Ns: non-significant
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Table 5. The mean population growth parameters of Phthorimaea operculella treated with LCy of
Artemisia khorassanica, Piper nigrum, and Carum carvi essential oils

Treatments GRR Ro r A T
(offspring) (offspring) (dh) (dh (d)
Control 63.87 £ 8.32% 62.41+7.93* 0.15+0.005* 1.17 +0.006* 26.23 + 0.28?
A. khorassanica  49.50 £ 6.96° 4153 +5509 0.12+0.004¢ 1.13 +0.005% 30.38 +0.31°
C. carvi 57.54 + 8.03" 52.16 £6.91° 0.14 +£0.005° 1.15+0.006° 27.99 + 0.35¢
P. nigrum 58.42 +7.83" 54,52 +7.09° 0.13 +£0.004° 1.14 +0.005¢ 28.91 + 0.30°

Mean values in a column followed by different letters are significantly different (LSD test, P < 0.05)
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Table 6. Sublethal effects (LC2o) of Artemisia khorassanica, Piper nigrum, and Carum carvi essential
oils on the biological parameters of Phthorimaea operculella

Larval period Pupal period

Developmental time  Female

Fecundity Fertility

Treatments (egg to adult) longevity (eggs) (hatch rate)
(d) (d) ) (%)
Control 11.95+0.13* 6.38 £0.09° 22.60+0.182 11.03 £0.28% 124.10 +3.67% 90.75 * 0.962
A. khorassanica 15.06 +0.15° 6.73 = 0.10% 26.36 +0.18¢ 7.33+0.10° 82.36 £3.83° 73.64 +2.22°
C. carvi 13.36+£0.17° 6.35+0.132 24.05 + 0.27° 9.53+0.28" 105.03 +3.70° 84.80 + 1.47°
P. nigrum 13.81£0.01° 6.55 +0.09% 24,98 + 0.18° 9.00+0.29° 109.90 +4.29° 84.51 + 1.52°

Mean values in a column followed by different lowercase letters are significantly different (LSD test, P<0.05)
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Figure 1. Life expectancy (ex) of Phthorimaea operculella after exposure to LCyo of Artemisia
khorassanica, Carum carvi, Piper nigrum essential oils and Control
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Figure 2. Age-specific survival rate (lx) of Phthorimaea operculella after exposure to LCy of
Artemisia khorassanica, Carum carvi, Piper nigrum essential oils and Control
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Mean values in a figure followed by different letters are significantly different (LSD test, P<0.05).
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Figure 3. Total protein, lipid and glygogen of stage of pupa of Phthorimaea operculella under the
effect of Artemisia khorassanica, Carum carvi, and Piper nigrum essential oils and control
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Abstract

In the present study, lethal and sublethal effects of essential oils of Artemisia khorassanica Podi,
Carum carvi L. and Piper nigrum L. was assessed on number of parameters of Phthorimaea
operculella (Zeller). The lethal concentrations (LCso) of essential oils were determined on the adults.
Sublethal concentration (LCxo) of essentials decreased the amount of life expectancy (ex), and showed
different changes on the survival rate (l,) and reproductive value (vx) in comparison with the control.
A. khorassanica essential oil in comparison with two the other essential oils decreased the population
growth parameters such as gross reproduction rate (GRR), net reproduction rate (Ro), intrinsic rate of
increase (r), and finite rate of increase (1) and increased the mean generation time (T) significantly.
The essential oil of A. khorassanica had the most effective on biological parameters such as larval
duration, immature stages, female longevity, the fecundity and fertility. The essential oil of A.
khorassanica decreased the amounts of pupal protein (489.2 + 20.86 pg/pupa), lipid (812.40 + 48.70
ug/pupa) and glycogen (96.4 + 5.51 pg/pupa) of pupae compared with the control (606.8 + 28.38,
941.80 + 54.97 and 150.40 + 15.09 pg/pupa, respectively). Chemical composition analysis of the
essential oils showed that camphor and 1,8-cineol in A. khorassanica and 2-methyl-3-phenyle propane
in C. carvi and P. nigrum had the most amount. Considering the lethal and sublethal effects of
essential oils, performing additional research achieving their application in the management of pest is
recommended.
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