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Lethal effects of formulated essential oils on Phenacoccus solenopsis (Hem.: Pseudococcidae),
under the laboratory and fields conditions
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Abstract

In this research after formulating essential oils of Mentha longifolia, Mentha piperita and Oliveria decumbens, quality of
the prepared formulations was studied according to the FAO standards. Then insecticidal efficacy of these compounds
was investigated in comparison with Dayabon (Dayabon®) and acetamiprid (Mospilan®) against first instar nymphs and
adults of Phenacoccus solenopsis in lab and field conditions. The LCsp values of formulated essential oils of M. longifolia,
M. piperita, O. decumbens, Dayabon, Dayabon+ sesame oil and acetamiprid on the adults and the nymphs of P. solenopsis
were 164.55, 171.41, 195.92, 6177.85, 3316.58, 69.28 and 49.77, 55.13, 65.32, 4256.10, 2159.89 and 16.45 mg/l, 48h
after treatment respectively. Field experiments were also conducted with four replications in a randomized complete block
design. The numbers of P. solenopsis (nymph and adult) on branch samples were counted before treatment and 1, 3, 7
and 14 days after treatment. The field bioassay results showed that formulated essential oils had acceptable effects on
developmental stages of P. solenopsis. Acetamiprid toxicity was higher than the other treatments but gradually reduced.
The total results revealed that formulated essential oils were known as promising compounds in integrated management
of this pest.

Keywords: Acetamiprid, Cotton mealybug, Dayabon, Essential oils, Formulation.
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Table 1. Pesticides used in this research.
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Common name Trade name

Chemical group

Formulation RFC* Company and

(ppm) Country
Dayabon Dayabon® Biorational insecticide SL 10% 5000 Nano Fanavaran Daya
Acetamiprid Mospilan® Neonicotinoid SP 20% 250 Aria Shimi

*Recommended field concentration.
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Table 2. Characteristics of collected plants for essential oil extraction.

Scientific name Family Plant organs used Origin
Mentha longifolia L. Lamiaceae Leaves Cultivated (Ahvaz)
Mentha piperita L. Lamiaceae Leaves Cultivated (Dezful)
Oliveria decumbens Vent. Umbelliferae Flowers and seeds Cultivated (Dezful)
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Table 3. Characteristic of materials used in the preparation of the formulations.

(%) Compounds

Sesame o0il  Essential oil Binding Emulsifier Methanol
agent 70% Formulations Essential oil
1.5 5 3 5.5 85 P1 Mentha longifolia
2 5 5.5 4.5 83 P2
3 10 4 4 79 P3 Mentha piperita
1 10 6 6 77 P4
3 10 4.5 4.5 78 P5 Oliveria decumbens
2.5 10 55 5 77 P6
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Formulations Time
P6 P5 P4 P2 P1
6.7+0.1 6.5+0.2 6.5+0.2 6.6+0.1 6.5+0.1 6.4+0.1 Preparation time
6.7+ 0.1 6.7+0.1 6.5+02 6.5+0.3 64+02 6.8+0.1 48h later
6.6+0.2 6.6+0.2 6.4+0.1 6.4+02 64+03 6.5+0.1 1-Week later
64+03 6.7+0.1 6.4+0.1 6.6+0.1 6.5+03 6.5+03 1- Month later
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Table 5. Results of physicochemical experiments of formulations.

Formulations”
Experiments
Po P5 P4 P3 P2 P1
+ + + + + + Creaming and Coalescence
+ + + + + + Centrifugal
+ + - + + + Temperature Changes

* Signs are expressed as results of stability experiment, (-) Stability formulation, (+) Instability of formulation.
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Table 6. Probit analysis of bioassay data on Phenacoccus solenopsis first instar nymph.

Treatment LCso (ppm) LCoo (ppm) Slope (SE) 2 (df) “Toxicity  “Relative
(Confidence limits) (Confidence limits) index potency
Tl 49.77 137.81 2.89 +0.80 3.14(3) 33.05 85.51
(24.35-63.55) (110.38-255.96)
T2 55.13 158.68 2.79+£0.76 2.57(3) 29.83 77.20
(30.09-68.80) (123.18-331.14)
T3 65.32 246.93 2.21+£0.70 2.25(3) 25.18 65.15
(34.06-81.56) (162.89-1321.70)
T4 2159.86 3377.60 6.60+1.18 2.14(3) 0.76 1.97
(1988.91-2326.67) (2977.94-4311.01)
TS 4256.10 6566.26 6.84 +£1.05 3.09(3) 0.38 1
(3941.08-4535.42) (5857.40-7973.02)
T6 16.45 91.51 1.72 £ 0.30 2.64(3) 100 258.72

(12.33-22.44)

(54.31-250.78)

*Toxicity index and relative potency based on LCso

Phenacoccus solenopsis 3415, S Wb ol 3l g5, (P ) osls Cangp 4525 mlis Y Jeus

Table 7. Probit analysis of bioassay data on Phenacoccus solenopsis adults.

LCso (ppm) LCoo (ppm) Slope (+SE) .2 (df) “Toxicity “Relative
Treatment (Confidence limits) (Confidence limits) index potency
T1 164.55 275.33 5.73+1.51 3.33(3) 42.10 37.54
(131.15-180.93) (240.88-402.11)
T2 171.41 351.68 442+143 1.91(3) 40.41 36.04
(115.44-192.02) (275.19-1208.46)
T3 195.92 362.55 479+ 1.42 2.76(3) 35.36 31.53
(171.17-217.59) (288.53-826.12)
T4 3316.58 4648.97 8.73+1.58 3.07(3) 2.08 1.86
(3134.33-3526.84) (4187.82-5718.20)
T5 6177.85 9683.0 6.56 £ 1.40 3.02(3) 1.12 1
(5661.34-6647.98) (8440.7-13277.1)
T6 69.28 171.05 1.75+£0.30 2.99(3) 100 89.17

(51.80-92.76)

(127.40-240.69)

*Toxicity index and relative potency based on LCsy
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Table 8. Mean efficiency (+ SE) of different treatments at 1, 3, 7 & 14 days after spraying against first instar nymphs of
Phenacoccus solenopsis in field experiment.

Treatment Concentration 1 Days after 3 Days after 7 Days after 14 Days after
treatment treatment treatment treatment
Tl 250 93.21 £0.65* 89.66 + 1.05° 91.27 £ 0.64? 92.56 £ 1.242
T2 250 91.59 + 1.45° 88.69+0.64°  90.62 +1.62% 91.92 £ 1.62?
T3 250 91.92 +1.23° 84.41 £0.14° 87.67 £ 1.74° 90.30 £ 1.29?
T4 4000 92.89 +£0.75* 88.37+0.70°  89.98 + 1.23% 90.95+2.112
T5 5000 90.62 £ 1.62? 86.00 + 2.68° 85.78 +£3.33 83.79 + 1.58
T6 250 94.50 +1.23 81.51+2.56° 83.44 +2.81° 80.29 + 3.05°

*Means with different letter in each column are significantly different at 5% level (Duncan test).
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Table 9. Mean efficiency (£SE) of different treatments at 1, 3, 7 & 14 days after spraying against adults of Phenacoccus

solenopsis in field experiment.

Treatment Concentration 1 Days after 3 Days after 7 Days after 14 Days after
treatment treatment treatment treatment
Tl 250 92.56 = 0.65* 89.33 +1.23° 88.37 + 1.48° 91.92 +1.23*
T2 250 91.59 +£0.74* 86.75 + 2.66" 90.30 + 0.74% 84.74 +£2.22°¢
T3 250 91.92+1.23° 81.58 £2.2° 82.55+1.29° 89.66 + 1.05°
T4 4000 90.95 +2.79* 80.94 + 1.23¢ 88.69 + 2.66% 85.39 +£2.90b
T5 5000 89.98 +1.23* 85.96+£2.1° 85.06 +2.5° 82.23 +1.62°
T6 250 93.21 + 0.65* 79.64 + 1.24° 79.00 £ 1.94° 76.74 £ 1.82°
"Means with different letter in each column are significantly different at 5% level (Duncan test).
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Figure 1. Mean first instar nymphs of Phenacoccus solenopsis (per branch) at different time of sampling (different letters showed significant differences at P<0.05).
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Figure 2. Mean adults of Phenacoccus solenopsis (per branch) at different time of sampling (different letters showed significant differences at P<0.05).
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