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Table 1. Characterization of chemical constituents of Mentha piperita essential oil using GC/MS.

Components Retention Time (min) Area % (GC)
a-pinene 10.96 1.09
sabinene 12.30 0.66
B-pinene 12.60 2.10
limonene 14.43 26.90
1,8-cineole 14.61 1.00
3-octanol acetate 17.73 0.30
dihydro carveol 21.40 0.74
cis-dihydro carvone 21.60 3.76
trans-dihydro carvone 21.98 0.43
trans-carveol 22.41 0.47
cis-carveol 22.96 0.22
pulegone 23.50 1.65
carvone 23.77 57.13
trans-carvone oxide 25.16 0.34
menthyl acetate 26.95 0.29
iso-dihydro carveol acetate 28.41 0.61
B-bourbonene 30.1 0.53
E-caryophyllene 31.54 1.53
germacrene D 38.15 0.23

2k 179.74 nm

SEM MAG: 70.0 kx WD: 8.96 mm MIRA3 TESCAN
Det: SE SEM HV: 15.0 kV 500 nm
Date(m/dly): 11/07/22 SUT - FESEM

Width=57.43nm  PDI=57.43 nm/173.17 nm
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Fig. 1. Transmission Electron Micrographs (TEM) (A), Scanning Electron Microscopy (SEM) (B) image and size distribution of Mentha
piperita nanoformulation (C).
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Table 2. Susceptibility of adult stage of greenhouse whitefly to peppermint essential oil, Mentha piperita, and its nanoformulation 24 h
after treatment.

LGy (95% CL) LCs (95% CL) LCs(95% CL) SlopetSE x> pValue R 95% C.
(ppm) (ppm) (opm) @ 3) M L
P
M. piperia 214591 4536.11 18808.0 2.075£0.36 0.24 0.08 1.3 (0.14-
(1576.34-2675.12) (3546.10-622.14) (11635.0-47603.0) 4 1.31)
Nanoemolsio 1762.76 3375.41 11597 2.391+0.03 0.75 0.25
a (1317.20-2166.91) (2705.01-4269.74) (8075.82-19511.06)

*CL: confidence limits; RMP: relative median potency; *: at 5% significance level.
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Table 3. The sublethal effects of Mentha piperita essential oil and its nanoformulation on different biological periods and the
reproductive characteristics of greenhouse whitefly.

Control M. piperita Nanoemolsion
Egg, (days) 7.22£0.124° (60) 7.57£0.129* (57) 7.8820.1139° (52)
Nymph (days) 11.55£0.157 (56) 11.98+0.179% (55) 12.19£0.176* (52)
Pupa (days) 4.71+0.576™ (56) 4.55+0.096" (55) 4.79+0.114° (52)
Preadult (day) 22.88+0.22° (56) 24.11£0.218 ab (55) 24.87+0.241° (52)
Preadult survival rate (%) 0.933 * (56) 0.917° (49) 0.867¢ (43)

8.04+0.200* (28)
6.79+0.120° (28)

Adult longevity of female (days)
Adult longevity of male (days)

Total longevity (day) 29.82+0.49° (60)
*APRP (day) 0.93+0.05%(28)
*TPRP (day) 24.21+0.32° (28)

Reproductive days (day) 5.14+0.0228 (28)

Fecundity (eggs/?)

25.68+1.41%(28)

7.50+0.190° (23)
7.28+0.150% (28)
30.37+0.552* (60)
0.92+0.05 (26)
25.1540.29° (26)
4.62+0.150° (26)
22.73£1.05°(26)

7.08+0.180¢(21)
7.54+0.160° (26)
29.80+0.72° (60)
0.92+0.06" (24)
25.75+0.3% (24)
4.33+0.190°(24)
21.00+1.31¢(24)

Wd o L ST Ve e b il @aaiey bl g oy O o (0 1) byl oy Jld e BN (3 ja o Calises g >
The means followed by different letters in each raw are significantly different (paired bootstrap at 5% significance level by 100,000 bootstrap resampling). * APRP: adult pre
reproductive period; TPRP: total pre reproductive period.
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Fig. 2. Sublethal effects of Mentha piperita essential oil and its nanoformulation on the age-stage specific survival rate (Sy) of greenhouse

whitefly.
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Table 4. The sublethal effects of Mentha piperita essential oil and its nanoformulation on life table parameters of greenhouse whitefly.

Population parameters

Control

M. piperita

Nanoemolsion

Intrinsic rate of increase () (d ™')
Finite rate of increase (A) (d ')
Net reproductive rate (Ro )

Mean generation time (7) (d)
Gross reproductive rate (GRR)

0.094+0.006a
1.098+0.006a
11.983+1.778a
26.551+0.308b
14.480+2.001a

0.084£0.006a

1.087+0.006ab
9.850+1.525ab
27.344+0.29a

0.076£0.006ab
1.079£0.007b

8.400%1.423ab
27.877+0.315a

11.55£1.727b 10.60£1.728¢

Wd o L ST Ve e b il @aaiey ol g oy O o (5 1) bajlows oy Jld e G| (3 ja 3 Calises g >

The means followed by different letters in each raw are significantly different (paired bootstrap at 5% significance level by 100,000 bootstrap resampling).
Ro: net reproductive rate (offspring per female); GRR: gross reproductive rate (offspring per female); 7 intrinsic rate of increase (per day); A: finite rate of increase (per day); 7t

generation time (day).

Life expectancy (ex)

40 -

Control

40 EM of Mentha piperita
’ \'\.‘
.,
20 ERACR
-
L3
L J
Yess
10 ! I
T’
' T
]
1 Ty \l
0 — i g,y T%e,
0 10 20 30 40
40 _—
NEM of Mentha piperita

Age (day)

WS Sdsdn (e5) (slal o=y (S5 4 sl 2 ol g Y 50,9950 g (Jald li il (G018 5 31 =¥ S

Fig. 3. Sublethal effects of Mentha piperita essential oil and its nanoformulation on life expectency (ey) of greenhouse whitefly.
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Fig. 4. Sublethal effects of Mentha piperita essential oil and its nanoformulation on age-specific survival (4), female age-specific fecundity

(f), age-stage specific fertility (72.) and age- specific fecundity (/) of greenhouse whitefly.
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Fig.5. The sublethal effects of Mentha piperita essential oil and its nanoformulation of on the Age-stage specific reproductive value (2y) of
greenhouse whitefly.
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Abstract

The greenhouse whitefly, Trialeurodes vaporariorum Westwood, is one of the most destructive greenhouse pests in the world. In this
study, the lethal and sublethal effects of Mentha piperita L. essential oil and its nanoformulation were investigated on the 7. vaporariorum
by considering the biological and population growth parameters. Extraction of essential oil was done by steam distillation using clevenger,
and the chemical components of M. piperita were evaluated by gas chromatography-mass spectrometry. The results showed that
monoterpenoids including carvone (%57.13) and limonene (%26.90) were the main characterized components of pipermint essential oil.
The characterization of nanoformulation was done using dynamic light scattering (DLS), transmission electron microscopy (TEM), and
scanning electron microscopy (SEM). The results showed that the nanoemolsion was spherical in shape with the average sizes of 179.74
nm. The leaf dipping was used for the bioassays. The bioassay results showed that, the nanoformulation of eesential oil (LCso: 3375.411

ppm) was more toxic than the pipermint (LCso: 4536.118 ppm) on the 7. vaporariorum adults. The life table data were analyzed based
on the age-stage, two-sex life table theory. Also, the sublethal concentration (LCss) of pipermint nanoformulation affected life table
parameters of 7. vaporariorum by prolonging the developmental time of 7. vaporariorum, decreasing the female longevity and fecundity
compared with essential oil. Also, the population growth parameters such as intrinsic rate of increase and finite rate of increase treated by
nanoemolsion of essential oil (0.076£0.006 day ') and (1.079+0.007 day ') were lower than the essential oil (0.084+0.006 day ') and
(1.087+0.006 day ), significantly. The total results showed that pipermints nanoformulation has the most lethal and sublethal effects on
greenhouse whitefly compared with the pured form of essential oil which can be consider in integrated pest management program (IPM)

of this pest.
Keywords: Bioassay, toxicology, demography, botanical insecticides, formulation

Corresponding Author: Fariba Mehrkhou (Email: f.mehrkhou@urmia.ac.ir)

Citadion: Sharifiyan, M., Mehrkhou, F. & Negahban, M. (2024) Lethal and sublethal effects of Mentha piperita L. and its nanoeformulation
form on the biological and population growth parameters of T7ialeurodes vaporariorum (Westwood) under laboratory conditions. /. Entomol.
Soc. Iran, 44 (1), 25-41. https://doi.org.10.61186/jesi.44.1.3

Journal of Entomological Society of Iran 2024 + 44 (1)


https://orcid.org/0009-0002-6044-9881
https://orcid.org/0000-0023-4220-8396
https://orcid.org/0000-0002-6602-9936
https://orcid.org/0009-0002-6044-9881
https://orcid.org/0000-0023-4220-8396
mailto:m.negahban2009@gmail.com
https://orcid.org/0000-0002-6602-9936
mailto:f.mehrkhou@urmia.ac.ir
https://doi.org.10.61186/jesi.44.1.3

