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Table 1. Formulas related to reproductive parameters

Parameter Formula Identification
Ro (NRR) T Ix mx Average females produced in each age group of females during their lifetime
VB e Maximum rate of increase by a growing population, under specified environmental
'm 1= Zx =q® rxlxmx N
conditions
A A=¢' Finite population growth rate
T T=(In Ro/r) Average duration of a generation
DT DT=(In 2/r) Doubling time
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Tabel 2. Achillea millefolium essential oil compounds

Number Compound Retention Index Percentage

1 a-thujene 930 0.1

2 a-pinene 939 33

3 sabinene 975 5.7

4 p-cymene 1026 13

5 1,8-cineole 1031 104

6 y-terpinene 1060 0.2

7 artemisia ketone 1062 0.3

8 chrysanthenone 1128 29

9 trans-pinocarveol 1139 21

10 camphor 1146 19.1

11 terpinen-4-ol 1177 9.3

12 lavandulyl acetate 1290 27.9

13 trans pinocarvyl acetate 1298 0.4

14 linalool isobutyrate 1375 2.3

15 E-caryophyllene 1420 0.2

16 a-humulene 1455 0.1

17 cubebol 1514 0.2

18 caryophyllene oxide 1583 5.9

19 cubenol 1648 0.2

20 valerianol 1658 0.1

21 chamazulene 1732 4.8

Total identified constituents (%) 98.6
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Tabel 3. Mentha pulegium essential oil compounds

Number Compound Retention Index Percentage
1 limonene 1033 1.2
2 sabinene 984 0.1
3 a-terpineol 1175 7.6
4 pulegone 1220 3.1
5 piperitenone 1223 18.8
6 neomenthol 1159 2.6
7 piperitone 1237 14.2
8 E-caryophyllene 1415 0.2
9 isomenthone 1192 15
10 menthofuran 1155 1.2
11 menthol 1171 2.4
12 geranyl acetate 1352 0.8
13 piperitone oxide 1230 4.2
14 menthone 1142 3.1
15 1,8-cineole 1034 0.1
16 pulegone 1231 36.2
17 eucalyptol 1044 2.1
18 a-terpinene 1058 0.1

Total identified constituents (%) 99.5
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Table 4. LC values of Mentha pulegium and Achillea millefolium essential oils on Aphis gossypii adults after 24 h

L.Co0 (95% Confidence limits)

LCs0 (95% Confidence limits)

L.C30 (95% Confidence limits)

Treatment Intercept = SE
(™ (urh (™
A. millefolium 67.29 34.90 26.68
4.49+0.48
essential oil (58.80-81.83) (32.07-37.91) (23.69-29.23)
M. pulegium 41.53 23.34 18.43
o 5.12+0.52
essential oil (36.95-48.93) (21.64-25.16) (16.67-19.98)

s sas (Fs, 12=58.62, P=0.001) (A. millefolium)
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Table 5. Means comparison of mortality percentage in Aphis gossypii adults treated with Achillea millefolium

essential oil
Confﬁ:‘fﬂ‘;‘t'o” 65.41 48.49 35.93 26.66 19.67 Control
Mean mortality <SE ~ 80.0944.09°  7166+4.40®  51.66+4.40%  20:2.88%¢  1166+1.66%  1.67+1.66°

Columns with the same letters are not significantly different at 5% probability level (Tukey test).
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Table 6. Means comparison of mortality percentage in Aphis gossypii adults treated with
Mentha pulegium essential oil

Concentration

e 4321 32.03

22.74 17.61 13.11

Control

Mean mortality £SE 93.33+4.402 73.33+4.400

50+2.88

28.33+4.40 10+2.88¢ 3.36+1.66°

Columns with the same letters are not significantly different at 5% probability level (Tukey test).
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Table 7. LTso values of Mentha pulegium and Achillea millefolium essential oils on adults of Aphis gossypii

Treatment Intercept + SE a LTfr’O (h)_ )
(95% Confidence I|m|ts)
. . 12.30
M. pulegium essential oil 2.84+.030 2.268 (10.75-14.11)
A. millefolium essential oil 2.75+0.29 5.712 12.02

(10.48-13.85)
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Figure 1. Age-specific survival rate of Aphis gossypiitreated with
Achillea millefolium and Mentha pulegium essential oils
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Figure 2. Age-specific fecundity of Aphis gossypii treated with
Achillea millefolium and Mentha pulegium essential oils
ol G sid 5le (Aphis gossypil) sle and Comer ad @bl (Sl aulis —A J s>
(Mentha pulegium) & 5 5 (Achillea millefolium) ¢ 53k
Table 8. Means comparison of life table parameters in Aphis gossypii treated with
Achillea millefolium and Mentha pulegium essential oils
Doubling Generation Finite rate of Net reproductive Intrinsic rate of
Treatment time time population rate(Ro)(Offspring) increase(r)(day™)
(day) (day) increase())(day™) b pring y
M. pulegium 5, 39,0.03a 7.74+.0.30a 1.33%0.01a 9.38+1.37a 0.2890.020a
essential oil
A millefolium 5 £1,.6.04a 9.99+0.40b 1.31+0.01a 15.64+1.38b 0.275£0.030a
essential oil
Control 2.00£0.06b 10.36+0.30c 1.43+0.01b 35.76+1.82c 0.3420.020b

Columns with the same letters are not significantly different at 5% probability level (Tukey test).
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Abstract

Aphis gossypii Glover. is one of the most important pests of Cucurbitaceae family.
Nowadays, control of the pest population using the environmentally compatible compounds has
been increased. In this study, fumigant toxicity of different concentrations and time intervals of
Achillea millefolium L. and Mentha pulegium L. essential oils (EO) was studied in a completely
randomized design on adults of mentioned pest. Also, sublethal effects of EOs were evaluated
on life table parameters of adult aphids. The results showed that these plants EOs caused
significant mortality of adult insects. LCso of A. millefolium and M. pulegium EOs on
A. gossypii were 34.90 and 23.34 pl.I* of air, respectively. LTso of EOs were obtained 12.30 h
in 34.90 pl.I? of air concentration of A. millefolium EO and 12.02 h in 23.34 plLI? of air
concentration of M. pulegium EO. Intrinsic rate of population increase (rn) as the most
important life table parameter of the pest was obtained 0.28 (female/female/day: the number of
female individuals produced per female each day) in the M. pulegium EO treatment and 0.27
(female/female/day) in the A. millefolium EO one, which had a significant decrease compared to
control (0.34). The study results of sublethal effects of these two essential oils on population
growth parameters indicated that age-specific survival rate of the aphid was lower in the
treatments compared to control. Life expectancy (ex) was the lowest in the M. pulegium
treatment (10.97 days) and highest in control (20.73 days). Net reproductive rate was calculated
15.64, 9.38, and 35.76 (female/female/generation) for A. millefolium, M. pulegium, and control,
respectively. Our results revealed that the plant EOs studied could be suggested to be used in the
integrated A. gossypii management programs in greenhouses due to the high potential in
fumigant toxicity and population decrease of this pest.

Keywords: Essential oil, fumigant toxicity, Aphis gossypii Glover., life table parameters,
sublethal effects.
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