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Table 1. Characteristics of collected plants for essential oil extraction
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Scientific name Family English name Wild/Cultivated  Collection place
Mentha piperita L. Lamiaceae Peppermint Cultivated Dezful
Teucrium polium Boiss. Lamiaceae Poleigamander Wwild llam
Rosmarinus officinalis L. Lamiaceae Rosemary Cultivated Ahvaz
Nepeta cataria L. Lamiaceae Catmint Cultivated Ahvaz
Mentha longifolia L. Lamiaceae Wild mint Cultivated Ahvaz
Ocimum basilicum L. Lamiaceae Sweet basil wild llam
Mentha spicata L. Lamiaceae Spearmint Cultivated Ahvaz
Dracocephalum moldavica L. Lamiaceae Moldavian balm Cultivated Dezful
Satureja khuzistanica Jamzad. Lamiaceae Marzeh khuzestani Cultivated Ahvaz
Origanum vulgare L. Lamiaceae Oregano Wild llam
Myrtus communis L. Myrtaceae Myrtle Wild llam
Eucalyptus camaldulensis Dehnh.  Myrtaceae River redgum Cultivated Fars
Callistemon viminalis Gaertn. Myrtaceae ~ Weeping bottle-brush Cultivated Dezful
Prangos ferulacea L. Apiaceae Ribbed Cachrys Cultivated Ahvaz
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Table 2. LCs, values for the fourteen essential oils against first instar nymphs of Phenacoccus

solenopsis
Essential oils n LCs X? Slope + SE 95% confidence interval
(ppm)  (df=3)

Mentha piperita 120 129.74 1.38 2.55+0.77 89.99-155.01
Teucrium polium 120 363.75 2.11 8.62+2.25 315.74-385.74
Rosmarinus officinalis 120 282.10 1.84 3.87+1.19 213.07-320.96
Nepeta cataria 120 193.05 2.24 2.99+0.69 158.90-225.06
Mentha longifolia 120 113.49 0.71 3.19+0.85 80.48-134.92
Ocimum basilicum 120 357.84 1.87 8.40+2.26 304.93-380.69
Mentha spicata 120 163.04 1.20 2.76+0.69 121.16-194.08
Dracocephalum moldavica 120 308.39 1.57 4.78+1.20 254.88-349.24
Satureja khuzistanica 120 205.25 2.35 2.84+0.66 151.64-242.18
Origanum vulgare 120 292.93 1.08 3.89+1.18 230.00-339.98
Myrtus communis 120 211.07 1.11 2.66+0.64 154.59-261.47
Eucalyptus camaldulensis 120 215.03 2.26 2.59+0.64 156.04-266.23
Callistemon viminalis 120 371.90 2.53 7.65+2.16 331.63-395.94
Prangos ferulacea 120 205.74 2.20 2.85:+0.66 151.26-242.36

n: Number of insects tested
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Table 3. The comparison of LCsy ratios for toxicity of the fourteen essential oils on the first instar
nymphs of Phenacoccus solenopsis at different concentrations

Essential oils LCs, Ratio 95% confidence interval
(RMP)?

M. piperita: M. longifolia 1.16 0.79-1.70
N. cataria: M. spicata 1.19 0.87-1.64
O. vulgare: R. officinalis 1.02 0.79-1.33
D. moldavica: R. officinalis 1.08 0.86-1.37
D. moldavica: O. vulgare 1.06 0.85-1.33
E. camaldulensis: S. khuzistanica 1.04 0.75-1.44
P. ferulacea: S. khuzistanica 1.00 0.73-1.33
M. communis: S. khuzistanica 1.03 0.75-1.42
E. camaldulensis: P. ferulacea 1.05 0.76-1.45
E. camaldulensis: M. communis 1.01 0.73-1.41
M. communis: P. ferulacea 1.03 0.63-1.71
T. polium: O. basilicum 1.02 0.89-1.17
C. viminalis: O. basilicum 1.05 0.92-1.20
C. viminalis: T. polium 1.03 0.90-1.16

1-RMP= Relative Median Potency
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Table 4. LCs, values for the fourteen essential oils on the adults of Phenacoccus solenopsis

Essential oils n LCso X2 Slope + SE 95% confidence interval
(ppm) (df=3)

Mentha piperita 120 400.58 1.61 8.83+2.15 375.86-422.06
Teucrium polium 120 552.90 2.01 7.72+1.83 505.31-596.06
Rosmarinus officinalis 120 621.38 2.06 13.80+3.60 586.59-642.98
Nepeta cataria 120 461.82 2.32 6.68+1.58 417.28-505.02
Mentha longifolia 120 370.12 1.04 8.64+2.23 326.38-392.28
Ocimum basilicum 120 541.44 1.93 6.74+1.79 486.48-579.73
Mentha spicata 120 480.39 3.68 7.10+£1.59 449.11-526.06
Dracocephalum moldavica 120 631.41 2.25 15.72+3.67 601.89-650.27
Satureja khuzistanica 120 430.81 1.78 3.32+0.89 364.96-495.76
Origanum vulgare 120 633.75 3.07 13.92+3.61 600.16-666.41
Myrtus communis 120 459.37 2.55 3.81+0.90 403.89-522.62
Eucalyptus camaldulensis 120 481.57 1.55 3.39+0.89 408.11-563.65
Callistemon viminalis 120 556.23 2.89 8.20+1.84 512.11-590.11
Prangos ferulacea 120 413.87 1.72 3.61+0.90 351.45-468.49

n: Number of insects tested
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Table 5. The comparison of LCx, ratios for toxicity of the fourteen essential oils on the adults of
Phenacoccus solenopsis at different concentrations

Essential oils LCs Ratio 95% confidence interval
(RMP)*

M. piperita: M. longifolia 1.08 0.97-1.20
M. spicata: N. cataria 0.98 0.87-1.10
0. vulgare: R. officinalis 1.02 0.97-1.08
D. moldavica: R. officinalis 1.02 0.96-1.07
D. moldavica: O. vulgare 1.01 0.96-1.05
E. camaldulensis: S. khuzistanica 1.11 0.88-1.41
S. khuzistanica: P. ferulacea 1.05 0.58-1.89
M. communis: S. khuzistanica 1.06 0.85-1.33
E. camaldulensis: P. ferulacea 1.17 0.65-2.10
E. camaldulensis: M. communis 1.04 0.84-1.30
M. communis: P. ferulacea 1.12 0.62-2.00
T. polium: O. basilicum 1.02 0.92-1.15
C. viminalis: O. basilicum 1.03 0.93-1.15
C. viminalis: T. polium 1.01 0.91-1.11

1- RMP= Relative Median Potency
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Phenacoccus solenopsis

Table 6. The repellency percentage (meantSE) for fourteen essential oils on adults of Phenacoccus

solenopsis
Essential oils Concentration (ppm)
LCso LCuo

Mentha piperita 66.66+5.77% 68.33+5.77"
Teucrium polium 53.33+5.77" 63.33+5.77"

Rosmarinus officinalis 63.33+11.54% 70.00.0°
Nepeta cataria 63.33+5.77% 76.66+5.77"
Mentha longifolia 83.33+5.77% 93.33+5.77%
Ocimum basilicum 66.66+5.77% 76.66+5.77°
Mentha spicata 56.66+5.77" 66.66+5.77"
Dracocephalum moldavica 70.0+10.0% 66.66+5.77"

Satureja khuzistanica 60.0+10.0° 70.0+0.0°
Origanum vulgare 63.33+5.77% 73.33+5.77"

Myrtus communis 70.0+10.0® 70.0+0.0°
Eucalyptus camaldulensis 66.66+5.77% 73.33+5.77"
Callistemon viminalis 60.0+0.0" 63.3345.77°
Prangos ferulacea 60.0+0.0° 66.66+5.77"

Means within a column followed by the same letter are not significantly different (P>0.05, Tukey's test )
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Table 7. PTs, values of the fourteen essential oils against first instar nymphs of Phenacoccus

solenopsis at LCyq

Essential oils n PTs, (day) X? Slope + SE  95% confidence interval
Mentha piperita 210 7.22 14.06 -2.866+0.397 6.112-8.305
Teucrium polium 210 5.48 08.81 -2.595+0.389 4.313-6.494
Rosmarinus officinalis 180 6.07 11.20 -2.853+0.438 4.990-7.070
Nepeta cataria 180 7.20 11.03 -4.050+0.505 6.363-8.057
Mentha longifolia 240 9.97 22.09 -2.860+0.374 8.709-11.421
Ocimum basilicum 210 6.98 16.10 -2.591+0.382 5.794-8.141
Mentha spicata 240 7.91 04.77 -2.672+0.357 6.679-9.132
Dracocephalum moldavica 210 6.03 10.14 -3.060+0.405 5.028-6.943
Satureja khuzistanica 210 6.03 09.72 -2.81340.395 4.942-7.011
Origanum vulgare 240 6.74 15.37 -2.765+0.357 5.629-7.779
Myrtus communis 240 6.66 09.66 -2.877+0.369 5.571-7.673
Eucalyptus camaldulensis 210 5.53 09.59 -2.928+0.374 4.498-6.445
Callistemon viminalis 180 6.63 17.69 -3.151+0.449 5.635-7.614
Prangos ferulacea 180 5.22 11.88 -2.464+0.384 4.005-6.253

n: Number of insects tested

Phenacoccus 4sy 3a8Ta,T eind ol (595 BT yuilul 03)lgx p190 (Sl ol dmibmo PTyp ol -A Jous
LCg 4 solenopsis
Table 8. PTs values for toxicity of the fourteen essential oils on the adults of Phenacoccus solenopsis

at LCq
Essential oils n PTs(day) X? Slope £ SE  95% confidence interval
Mentha piperita 210 14.99 07.45 -2.1134+0.413 12.214-21.296
Teucrium polium 300 11.72 26.13 -2.680+0.321 10.292-13.345
Rosmarinus officinalis 300 10.71 30.35 -3.540+0.329 9.543-11.954
Nepeta cataria 330 13.77 29.32 -2.933+0.325 12.297-15.496
Mentha longifolia 360 17.74 39.24 -2.871+0.332 15.865-20.220
Ocimum basilicum 210 12.76 03.81 -2.203+0.403 10.659-16.627
Mentha spicata 330 12.79 26.07 -1.978+0.404 11.437-14.284
Dracocephalum moldavica 240 13.58 10.63 -2.173+0.364 11.447-17.181
Satureja khuzistanica 210 12.07 10.62 -3.277+0.427 10.734-13.759
Origanum vulgare 270 11.34 13.84 -2.313+0.328 9.733-13.314
Myrtus communis 240 12.59 05.71 -1.987+0.349 10.492-15.986
Eucalyptus camaldulensis 300 11.34 13.84 -3.132+0.328 9.733-13.314
Callistemon viminalis 270 13.27 06.37 -2.180+0.336 11.337-16.053
Prangos ferulacea 210 14.98 05.05 -3.220+0.340 12.067-21.948

n:Number of insects tested
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Figure 1. Durability for contact toxicity of fourteen essential oils on the first instar nymphs of
Phenacoccus solenopsis at LC+,
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Figure 2. Durability for contact toxicity of fourteen essential oils on the adults of Phenacoccus
solenopsis at LCg
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Abstract
Background and Objectives
Phenacoccus solenopsis (Tinsley) (Hemiptera: Pseudococcidae) is an invasive polyphagous
and rapid spread pest attacking cotton, vegetables, ornamentals and other plants. Plant
essential oils may be a secure alternative approach than synthetic pesticides for P. solenopsis
control because of their effectiveness and versatility. This study was directed to assess the
biological effects of essential oils of 14 plants species including peppermint, poleigamander,
rosemary, catmint, wild mint, sweet basil, spearmint, moldavian balm, marzeh khuzestani,
oregano, myrtle, river redgum, weeping bottle-brush and ribbed cachrys against P.
solenopsis under laboratory conditions.
Materials and Methods
Plants were collected from different areas. Their essential oils were extracted via steam
distillation using a Clevenger apparatus. P. solenopsis adult females were fed on potato
Solanum tuberosum (L.) buds. The toxicity of essential oils for first instar nymphs and adults
of P. solenopsis were assayed by the leaf-dip method. Bioassay tests were conducted under
laboratory conditions in petri dishes. Leaves of Chinese hibiscus of approximately the same
size were dipped in desired concentrations for 15s and air-dried for 30 min. Control leaves
were dipped only in Methanol (70%). Control and treated leaves were placed on a layer of
agar in the petri dishes, then ten P. solenopsis first instar nymphs and ten adults were
released at the center of leaf discs in the petri dishes. For each treatment, we applied four
different concentrations in three replicates. After 48 h, mortality percentages of nymphs and
adults were recorded. Repellency experiments were carried out with two treatments; the leaf
discs were cut to two equal parts. Half of the leaf was dipped in desired concentrations and
the other half was dipped only in Methanol. The dried treated leaf discs were laid on a layer
of agar in the center of petri dishes and twenty adults were released in the petri dishes. Each
treatment was repeated three times. Mortality was evaluated after 24 h. For persistency
experiments, leaf discs of Chinese hibiscus of approximately the same size were dipped in
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desired concentrations and after drying the treated leaf discs were placed on a layer of agar
in the petri dishes. Three days later, ten P. solenopsis first instar nymphs and ten adults were
released at the center of leaf discs in the petri dishes. Mortality was evaluated after 24 h. The
same experiment continued for 5, 7 and 9 days later.

Results

The most efficacious essential oils against first instar nymphs came from Mentha longifolia,
Mentha piperita, Mentha spicata, and Nepeta cataria, with LCsos of 113.49, 129.74, 163.04
and 193.05 ppm, respectively. Essential oils from Mentha longifolia, Mentha piperita,
Prangos ferulacea, and Satureja khuzistanica, with LCses of 370.12, 400.58, 413.87 and
430.81 ppm, respectively, were the most efficacious against adult mealybugs. The essential oil
of M. longifolia showed the highest persistence and repellency on P. solenopsis.

Discussion

The results clearly indicated that essential oils possessed many useful properties to control
insect pests. Also, the essential oil of Mentha longifolia might be used as either a safe
compound or a model in construction of new synthetic compounds against P. solenopsis.
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