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Table 1. Chemical composition of Thymus daenensis essential oil

Compounds RTY (min)  Value (%) RIS KU
a-Thujene 5.39 0.67 923 924
a-Pinene 5.56 0.64 930 932
Camphene 5.91 0.42 945 946
B-Pinene 6.86 0.87 985 974
a- Phellandrene 7.26 0.17 1002 1002
a-Terpinene 7.59 1.06 1014 1017
p-Cymene 7.83 3.21 1024 1024
Limonene 7.93 0.27 1027 1029
1,8-Cineole 8.01 1.01 1030 1031
y-Tepinene 8.82 4.46 1061 1059
Terpinolene 9.09 0.16 1081 1084
1.2-Carene 9.67 0.12 1094 -
Linalool 10.04 0.49 1107 1096
Borneol 12.21 0.67 1176 1169
Terpinen-4-ol 12.55 0.36 1186 1177
Acetamide 13.34 0.13 1209 -
Methyl thymol 14.65 0.13 1240 1235
Thymol 16.86 56.61 1293 1290
Carvacrol 16.90 17.02 1295 1299
B-Caryophyllene 20.40 4.77 1420 1419
B-Bisabolene 21.38 0.98 1454 1451
Ledene 22.64 0.22 1499 1490
a-Calacorene 24.03 2.66 1540 1545
Nivalenol 25.10 0.20 1570 -
Caryophyllene oxide 25.25 0.44 1575 1582
6-(3,3-Diethoxypropyl)-2(1H)-pyridinone 33.70 0.14 1780 -

TRT denotes the retention time for each compound.
$RI denotes the retention index for each compound.

I Kovats retention index.
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Figure 1. Transmission electron microscopy image of nanocapsulated essential oil of Thymus
daenensis
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Figure 2. Size distribution of nanocapsule particles of Thymus daenensis essential oil
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Table 2. Contact toxicity of Thymus daenensis pure essential oil and its nanocapsule against
Brevicoryne brassicae adults

Concentration (95% CI ) (ul/l)

Formulation LCys LCso Slope + SE  zvalue® P -value
Pure EOf 382.72a 702.57 a 1.81+0.15 12.15 <0.001
(323.55 - 452.70) (610.57 - 807.88)

Nanocapsulated EOf 93.82b 208.28 b 1.38+0.11 12.35 <0.001

(75.55 - 116.52) (174.4 - 248.66)

T Pure essential oil; Nanocapsulated essential oil.
§ The standard normal deviate.
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Table 3. Comparison of the biological characteristics (means + SE) of Brevicoryne brassicae treated
with sublethal dose of Thymus daenensis pure essential oil and its nanocapsule with controls

Life-history parameter Treatments

Developmental time (day)  Pure EOf Control (1) 8 Nanocapsulated EOf  Control (2) ¢
Nymph 1 2.01+0.05 a 1.82+0.04 b 2.01+001a 2.04+0.03 a
Nymph 2 2.09+0.04 a 1.92+0.04 b 1.94+0.05b 1.97+0.03 b
Nymph 3 2.08+0.06 a 1.99+0.04 ab 2.05+0.07 ab 1.94+0.04 b
Nymph 4 1.89+0.06 a 1.93+0.03 a 2.02+0.05a 1.93+0.03 a
Pre-adult 8.04+0.10 a 7.65+0.08 b 8.02+0.08a 7.87+0.06 a
Adult longevity (day) 7.24+018 b 9.31+0.20 a 5.39+0.23¢ 952+0.25 a
Fecundity (female/female) 12.95+0.59 b 27.18+0.74 a 7.94+042c 25.89+0.86 a

TPure essential oil; Nanocapsulated essential oil.

§ Control 1 (distilled water plus Tween) and Control 2 (distilled water) related to pure and nanocapsulated

formulation of Thymus daenensis essential oil, respectively.

Means with similar letters are no significantly different (Paired bootstrap test: P > 0.05).
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Figure 3. Age-specific survival rate (ly) of Brevicoryne brassicae treated with sublethal concentrations
the pure and nanocapsulated formulations of Thymus daenensis oil. Control 1 (distilled water plus
Tween) and control 2 (distilled water) related to pure and nanocapsulated formulations, respectively.
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Figure 4. Age-specific fecundity (mx) of Brevicoryne brassicae treated with sublethal concentrations
the pure and nanocapsulated formulations of Thymus daenensis oil. Control 1 (distilled water plus
Tween) and control 2 (distilled water) related to pure and nanocapsulated formulations, respectively.
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Figure 5. Age-specific life expectancy (ex) of Brevicoryne brassicae treated with sublethal
concentrations the pure and nanocapsulated formulations of Thymus daenensis oil. Control 1 (distilled
water plus Tween) and control 2 (distilled water) related to pure and nanocapsulated formulations,
respectively.
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Table 4. Comparison of the population growth parameters (means = SE) of Brevicoryne brassicae
treated with sublethal dose of Thymus daenensis pure essential oil and its nanocapsule with controls

Parameters

Pure EOf

Intrinsic rate of increase (r)
Finite rate of increase (1)

Net reproductive rate (Ro)
Gross reproductive rate (GRR)
Mean generation time (T)
Doubling time (DT)
Oviposition period (day)

0.21 +0.0069 b
1.24 £ 0.0086 b
984071 b
14.08+0.65 b
10.77+£0.14 b
327011 b
547+0.18 b

Treatments

Control (1) 8 Nanocapsulated EOY Control (2)
0.29 £ 0.0040 a 0.16 + 0.0087 ¢ 0.29 £ 0.0037 a
1.34 £0.0054 a 1.17+£0.0102 ¢ 1.33£0.0048 a
25.82+092 a 5.24+047 ¢ 24.60+£0.99 a
30.04+0.71a 9.94+084 ¢ 30.55+0.84 a
11.14+0.10a 10.32+0.11¢c 11.25+0.09 a
2.38+0.03 c 432+024 a 244+£0.03 ¢
8.32+0.19 a 414+0.19 c 8.49+0.25 a

TPure essential oil; Nanocapsulated essential oil.

§ Control 1 (distilled water plus Tween) and Control 2 (distilled water) related to pure and nanocapsulated
formulation of Thymus daenensis essential oil, respectively.
Means with similar letters are no significantly different (Paired bootstrap test: P> 0.05).
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Abstract

Plant essential oils are secoundary metabolites that protect the plants against wide range of
arthropods and plant pathogens. Encapsulation of essential oils can improve their stability and efficacy
for pest control. In this study, the essential oil of Thymus daenensis Celak. (Lamiales: Lamiaceae) was
extracted using hydro-distillation, and urea-formaldehyde nanocapsule of the essential oil was then
prepared using in situ polymerization technique. In addition, the effects of sublethal concentrations
(LC2) of pure and nanocapsulated formulations of T. daenensis essential oil on the life-table
parameters of Brevicoryne brassicae L. (Hem.: Aphididae) were examined using leaf-dipping method
under laboratory conditions. According to the obtained results, the intrinsic rate of increase (r) was
0.16, 0.21, 0.29 and 0.29 day™ for nanocapsulated formulation, pure formulation, 1%t control (distilled
water + Tween 80 (0.5%)) and 2™ control (distilled water), respectively. The finite rate of increase (1)
was also significantly lower for aphids treated by nanocapsulated formulation (1.17 day™) than aphids
in pure formulation treatment (1.24 day?), and 1% (1.34 day™) and 2" (1.33 day™) control groups.
Furthermore, the net reproductive rate (Rg) was 5.24 and 9.84 nymphs for nanocapsulated and pure
formulations, respectively, which were significantly lower than that for controls. The greatest and
lowest mean generation time (T) were observed for the 2" control (11.25 days) and nanocapsulated
formulation (10.32 days), respectively. According to findings of this study, the nanocapsulated
formulation of T. daenensis essential oil is recommended for use in the integrated pest management of
B. brassicae.

Key words: Nanoparticle, polymerization, sublethal effects, botanical insecticide, intrinsic rate of
increase
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