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Original article (Orijinal aragtirma)

The effects of some essential oils on the life table parameters of green
peach aphid Myzus persicae (Sulzer, 1776) (Hemiptera: Aphididae)

Bazi bitkisel yaglarin seftali yesil yaprakbiti Myzus persicae (Sulzer, 1776) (Hemiptera:
Aphididae)'nin yagsam cizelgesi parameterleri Uzerindeki etkileri

Ali KAYAHAN!?
Abstract

In this study, essential oils (EOs) of Citrus limon (L.), Citrus sinensis (L.) (Sapindales: Rutaceae), Allium sativum
(L.) (Asparagales: Amaryllidaceae) and Brassica nigra (L.) (Brassicales: Brassicaceae) were evaluated for their
insecticidal effects on the green peach aphid Myzus persicae (Sulzer, 1776) (Hemiptera: Aphididae). The lethal and
sublethal effects of these EOs on M. persicae were studied under laboratory conditions. This study was conducted at
Yozgat Bozok University, Faculty of Agriculture, Department of Plant Protection in 2023. The experiments were evaluated
at different concentrations for 24 hours after treatment. The lethal concentrations (LCso, LCo0) of the EOs were calculated
based on the data obtained. The life table parameters of newly born aphids were studied at sublethal concentrations (LCao,
LCs0) of EOs, and these parameters were calculated using the Euler-Lotka equation. The results show that the mortality
rate increases with growing concentration of essential oils. The lethal concentration (LCso) of essential oils were calculated
to be 3.47, 4.37, 4.51, and 5.16 uL/L, respectively. The sublethal concentrations (LCao, LC30) of essential oils caused an
increase in adult longevity, a decrease in fecundity of surviving aphids and intrinsic rate of increase. From the data
obtained, the EOs of C. limon and C. sinensis were more effective than other EOs in the study. It was found that other
essential oils (A. sativum and B. nigra) may also be effective against M. persicae, even if their effect is low.

Keywords: Green peach aphid, intrinsic rate of increase, net reproduction rate, essential oils, lethal concentration
Oz

Bu calismada, Citrus limon (L.), Citrus sinensis (L.) (Sapindales: Rutaceae), Allium sativum (L.) (Asparagales:
Amaryllidaceae) ve Brassica nigra (L.) (Brassicales: Brassicaceae) bitkisel yagdlarinin, seftali yaprakbiti Myzus persicae
(Sulzer, 1776) (Hemiptera: Aphididae) Gizerindeki insektisidal etkileri degerlendirilmistir. Bu bitkisel yaglarin M. persicae
Uzerindeki 6ldurici ve 6ldirici olmayan etkileri laboratuvar kosullarinda incelenmistir. Bu calisma 2023 yilinda Yozgat
Bozok Universitesi, Ziraat Fakiiltesi Bitki Koruma Bélimiinde yiiriitiimiistir. Denemeler uygulamadan 24 saat sonra
farkh bitkisel yag konsantrasyonlari igin degerlendirilmistir. Elde edilen verilere gore bitkisel yaglarin letal dozlari (LCso,
LCo0) hesaplanmistir. Bitkisel yaglarin oldiriici olmayan dozlarinda (LCzo, LCa0) yasam cizelgesi parametreleri
belirlenmistir ve bu parametreler Euler-Lotka esitligine gére hesaplanmistir. Sonuglar bitkisel yag dozlarinin artmasiyla
Olim oranin arttigini géstermektedir. Bitkisel yagdlarin M. persicae lizerindeki LCso dozlari sirasiyla 3.47, 4.37, 4.51 ve
5.16 pL/L olarak hesaplanmistir. Bitkisel yaglarin 6ldiirtici olmayan dozlari ise (LCzo, LCao) ergin dmriinlin artmasina,
dogurganliginin azalmasina ve kalitsal dreme oraninin azalmasina neden olmustur. Elde edilen verilere gore C. limon,
C. sinensis bitkisel yaglarinin calismadaki diger bitkisel yaglardan daha etkili oldugu gérialmustur. Diger bitkisel yaglarin
da (A. sativum ve B. nigra) M. persicae’ye karsi disik de olsa etkili olabilecegdi belirlenmistir.

Anahtar sdzcukler: Seftali yesil yaprakbiti, kalitsal ireme yetenegi, net ireme glcu, bitkisel yaglar, letal doz
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Introduction

The Green peach aphid Myzus persicae (Sulzer, 1776) (Hemiptera: Aphididae) causes damage to
more than 400 plants. For this reason, it is one of the most harmful species (Blackman & Eastop, 2000).
This harmful insect can increase its population rapidly owing to its parthenogenetic reproduction and short
lifespan (Foster et al., 2000). Keeping the population of M. persicae under control is only possible with
chemical insecticides. Consequently, this harmful insect has gained resistance to different chemicals
(Elbert et al., 2008; Bass et al., 2014, Sial, 2019). The use of high amounts of insecticides on agricultural
pests creates negative effects on the environment and human health. As a result, the natural equilibrium is
disturbed and residue problems arise on the products (GrdiSa & Gr3i¢, 2013; Gill & Garg, 2014, Rother,
2018). In recent years, due to such problems of insecticides, it has been searched for compounds of plant
origin with little negative effect (Liao et al., 2017; Kunbhar et al., 2018). It is thought that insecticides
obtained from plants can be a good alternative to synthetic ones (Isman, 2000; Govindarajan et al., 2016;
Khan et al., 2017; Sammour et al., 2018). Volatile compounds in plants do not cause residue problems like
other chemicals and their half-lives are quite short in nature. For this reason, compounds derived from
plants are preferred in biological control studies (Arnason et al., 1989; Hedin et al., 1997; Regnault-Roger
et al., 2012). These compounds are non-lethal to predators, parasitoids and mammals (Scott et al., 2003).
In recent years, there have been many studies on the insecticidal activities of essential oils and their
components in plants (Isman & Miresmailli, 2011; Ntalli & Menkissoglu-Spiroudi, 2011; Regnault-Roger et
al., 2012; Miresmailli & Isman, 2014; Pavela & Benelli, 2016; Chaubey, 2019; Feng et al., 2020; Gaur &
Kumar, 2020; Sayed et al., 2021). According to studies conducted in recent years, plant species belonging
to 60 families with insecticidal effects can be used as biopesticides (Sukh & Opender, 2017; Isman, 2006).
Although there are exceptions such as nicotine, botanical pesticides have a low toxic effect on the
environment and essential oils degrade faster in nature than other synthetic chemicals (Moretti et al., 2002;
Regnault-Roger & Philogéne, 2008). Some researchers have conducted different studies to understand the
effect of sublethal concentrations of vegetable oil-based insecticides (Plata-Rueda et al., 2020; Pavela et
al., 2020, 2021; Yeguerman et al., 2020; Benelli et al., 2022). The use of essential oils in different
concentrations on insects has different effects. Essential oils and the components they contain have
different effects, as well as lethal effects, in the adult and pre-adult stages of insects (Alzogaray et al., 2011;
Alghamdi, 2018; Abdelaal et al., 2021; Sayed et al., 2022; Al-Harbi et al., 2021). Considering some studies,
it is reported that the egg laying rate decreases, adult emergence is suppressed and less damage occurs
to the crops (Keita et al., 2001; Rahman & Talukder, 2006). But some studies of citrus EOs have focused
on toxicity of aphids. Itis known that the extract prepared with lemon (Citrus limon) has an insecticidal effect
against the rose aphid (Macrosiphum roseiformis) (Gupta et al., 2017). In addition, C. aurantium, C. sinensis
and C. limon essential oils have been reported to show high toxicity against the woolly beech aphid,
Phyllaphis fagi (L., 1761) (Hemiptera: Aphididae) (Yazdgerdian et al., 2015). Similar situations apply to
vegetable oils obtained from Allium sativum and Brassica nigra. In other words, they have a toxic effect on
different insect species. Considering the studies, it is seen that A. sativum has a lethal effect on aphids
(Alghamdi, 2018), mosquitoes (Mahanta et al., 2020) and some stored pests (Omar & Zayed, 2021).

In this study, the lethal and sublethal effects of 4 different commercially available vegetable oils
[Citrus limon (L.), Citrus sinensis (L.) (Sapindales: Rutaceae), Allium sativum (L.) (Asparagales:
Amaryllidaceae), Brassica nigra (L.) (Brassicales: Brassicaceae)] on Myzus persicae were determined.

Materials and Methods

This study was conducted at Yozgat Bozok University, Faculty of Agriculture, Department of Plant
Protection in 2023.

Essential oils (EQOs)

The vegetable oils used in this study (Citrus limon, Citrus sinensis, Allium sativum, Brassica higra)
were commercially obtained from Botalife®.
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Production of pepper plant

The bell pepper plant (Capsicum annuum L. var. grossum) used in the experiments were grown in
200 mL plastic containers with a 1: 1 soil: peat mixture. The plants were grown in a climate-controlled room
at a temperature of 27+1°C, relative humidity of 65+5% and a long daylight photoperiod of 16: 8.

Culture of Myzus persicae

The last stage nymph M. persicae individuals were transferred to the pepper plants that reached the
height (15 cm) and the number of leaves (6 pieces) to be used in the experiments, and they were reproduced
in cages (50x50x50 cm) covered with tulle. The initial population of aphids infested to clean plants was
obtained from mass production in the laboratory. Aphids were collected on pepper plants in Serik in Antalya
and identified by Prof. Dr. ismail Karaca (Isparta University of Applied Sciences, Isparta Tiirkiye) in nature
were used for the experiments. Aged and decaying plants were replaced with clean plants at weekly
intervals to ensure the continuity of mass production. Aphid rearing was performed in climate-controlled
rooms at a temperature of 25+£1°C, 65+5% proportional humidity and 16: 8 (light: dark) light conditions.

Mixture of fumigant and contact toxicity of essential oils

In the first phase of the study, the lethal effect of different concentrations (0.5, 1, 2, 4, 6, 8, 10, 12 pL/L)
of plant oils (C. limon, C. sinensis, A. sativum, B. nigra) on M. persicae was determined. Petri dishes with
filter paper of 9 cm diameter were used for the experiments. The prepared concentrations were included
as 1 ml in each Petri dish in the filter paper. The nymphs (2nd and 3rd stages) were transferred to this
paper using a thin sable brush. Then, the individuals were put in contact with the concentration on the paper
(tarsal, ventral and labial contact), assuming that the plant oils were affected by the toxicity of the fumigant.
Then, leaves of bell pepper plants were added to the Petri dish to feed the aphids. After 24 hours, the live
and dead individuals were recorded and the effects of the oils were determined. Tween20 (2%) was used
to dissolve the oils in the experiments. For each concentration, 10 Petri dishes were used and for each
Petri dish, 10 aphids were used. Tween20 (2%) was used as a control. Experiments were conducted in air-
conditioned rooms at a temperature of 25+1°C, relative humidity of 65+5%, and a long daylight photoperiod
of 16: 8. To determine mortality rates over live and dead individuals, Abbott's formula was used and the
percentage of mortality rates was calculated (Abbott, 1925). Analysis of variance (ANOVA) was applied to
the results obtained. If the difference between the means was statistically significant, Tukey HSD post-hoc
test was used to compare group means (a<0.05). The lethal concentrations of the plant oils (LCso, LCuao,
LCso, and LCo0) were determined using the mortality rates obtained in this phase of the study. Probit
analysis was used to determine these concentrations.

Number of live individuals in the control-Number of live individuals in the application

Percent effect = ( )X 100

Number of live individuals in the control

Estimating life table parameters

The effects of LC30 and LCa4o concentrations of plant oils on M. persicae were determined. The prepared
concentrations were absorbed by the filter papers in the Petri dishes, and the one-day-old individuals
transferred to the petri dish using a sable brush. Damp cotton is left on the bottom of the filter paper to prevent
the leaves from fading. Bell pepper leaves were then laid out as food for the aphids. The daily development
of individuals was then monitored; newborns were recorded and removed from the Petri dishes. Counts
continued until the aphids died. This part of the experiments was performed with 50 replicates for each
concentration. To ensure air circulation in the Petri dish, the lids of the standard size Petri dishes were opened
and covered with tulle to prevent escape of the animals. Experiments were performed in air-conditioned
rooms at a temperature of 25+1°C, relative humidity of 65+5%, and a long daylight photoperiod of 16: 8.
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The data obtained from the experiments were recorded to determine the development of age-related
life tables for each temperature used. The parameters of the life tables of Myzus persicae were calculated
using RmStat-3 software (Ozgokce & Karaca, 2010) according to the Euler-Lotka equation (Birch, 1948),
and analyzed separately. In the study, resampling was performed using the bootstrap method and the data
obtained here were compared. Tukey multiple comparison test was used to compare the periods with Minitab
(Ver. 16) at the level of significant difference p<0.05. The following equations were used to calculate the
parameters:

Age-related survival rate (Ix), Fertility rate (mx) (Birch, 1948);
Reproductive value (V)

Z(erm'y.ly.my)
y=x
[/x =

(Imura ,1987);

ly.e”TmX
Net Reproduction Rate (Ro)
Ry = X L. my (Birch, 1948);
Intrinsic Rate of Increase (rm)
YelmO| m, =1 (Birch, 1948);
Mean Generation Time (To)
T, = n;nzio (Birch, 1948);
Gross Reproduction Rate (GRR)
GRR = Ym, (Birch, 1948);
Daily maximum reproductive value (A)
A=e™m (Birch, 1948);
Doubling time (T>2)
T, = 1:72 (Kairo & Murphy, 1995).

Results

Toxicity of essential oils on Myzus persicae

It was observed that the vegetable oils used in the study were effective on Myzus persicae. In
addition, especially as the concentration increased, the mortality rate increased (p<0.05). The mortality rate
at the highest concentration (12 pl/L) of C. limon was 94.73%; The mortality rate at the lowest concentration
(0.5 pl/L) of Brassica nigra was 16.67% (Figure 1).

Considering the lethal concentrations of vegetable oils on M. persicae, the lowest LCso (3.47 pl/L)
and LCgo (9.71 pl/L) values were observed in C. limon application, depending on mortality rates. LCso and
LCe values of vegetable oils are given in Table 1.

Table 1. Toxicity of different essential oils on Myzus persicae after 24 h

LCso (ul L-l) LCaso (UI L-l) LCso (HI L-l) LCgqo (ul L-l)

b 2 c
(95% Cl)* (95% C)* (95% Cl)* (95% Cl)* Slope £SE* X7 (df)

Essential oils N

Citrus limon 900 0.91(0.26-1.46) 2.23(1.70-2.71) 3.47 (3.00-3.92)  9.71(8.93-10.68)  1.234#0.119  33.56 (7)
Citrus sinensis 900  1.61 (0.97-2.17) 3.04 (2.51-3.53) 4.37 (3.89-4.86) 11.13 (10.24-12.25) 1.218+0.118 22.78 (7)
Allium sativum 900  1.66 (0.99-2.23)  3.13 (2.59-3.64) 4.51 (4.02-5.01) 11.49 (10.55-12.67) 1.179:0.121  24.11(7)
Brassica nigra 900 2.77 (2.20-3.29)  4.19 (3.69-4.67) 5.16 (5.04-6.02) 12.21 (11.28-13.38)  1.398:0.108  13.49 (7)

2 95% confidence intervals; ® Standart error; ¢ Chi-square value (x?) (Pearson) and degrees of freedom (df).
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100 4
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Figure 1. Mortality percentage of M. persicae exposed to different concentrations of different EOs (C. limon, C. sinensis, A. sativum
and B. nigra) for 24 h. Comparisons were made between the application doses of the EOs. Means above columns followed
by different letters were significantly different according to Tukey (Fcimon: 156.58; dfcimon: 8, 86; Pciimon: 0.001 / Fc sinensis:
125971 dfC.sinensis: 8: 86; PC.sinensis: 0001 / I:B.nigra: 8817, de.nigra: 81 86; PB.nigra: 0001 / FA.sativum: 8817; desativum: 8: 86, PA.sativum:
0.001, Error bars in the figure have shown standard error.).

Sublethal effects of vegetable oils on the life cycle parameters of Myzus persicae

Different lethal concentrations (LCso and LCa0) were calculated depending on the mortality rates at
the end of 24 hours in order to calculate the sublethal effects of EOs (Table 2).

Table 2. Life table parameters of Myzus persicae under influence of different concentrations of essential oils (Citrus limon, Citrus
sinensis, Allium sativum, Brassica nigra)

Citrus limon Citrus sinensis Allium sativum Brassica nigra
Parameters* Control**
LC3o LCao LC3o LCao LCso LCao LC3o LCao
'm 0.35+0.0041 e 0.27+0.0052 e 0.27+0.0049 e 0.29+0.0033 d 0.29+0.0034 d 0.30+0.0031 bc 0.30+0.0025 ¢ 0.31+0.0034 b 0.31+0.0037 b
Ro 55.95+1.2500 a 26.27+1.5400 e 25.89+1.4100 e 31.07+2.3300 d 30.68+1.9900 d 36.84+1.2100 bc 34.00+1.7600 ¢ 39.55+2.3200 b 38.37+1.5600 b
To 11.45+0.0176 h  11.93+0.0031 a 11.65+0.00284 f 11.83+0.00258 ¢ 11.62+0.002 g 11.87+0.0024 b 11.69+0.0023 e 11.89+0.0023 b  11.79+0.0024 d
GRR 62.27+0.0519 a 44.02+0.0188 f 38.59+0.0182 1 47.76+0.0561 d 40.89+0.0278 h  48.74+0.0458 ¢ 43.66+0.0357 ¢ 51.33+0.0457 b 45.97+0.0193 e
T, 1.973+0.0035 g 2.529+0.0020 b 2.545+0.0020 a 2.324+0.0011 d  2.353+0.001 c 2.281+0.0104 f 2.298+0.0011 f 2.242+0.0008 g  2.28+0.0009 f
A 1.421+0.0008 a 1.315+0.0003 g 1.313+0.0003 h 1.347+0.0002 e 1.343+0.0002 f 1.355+0.0002 ¢ 1.352+0.0002 ¢ 1.362+0.0002 b 1.356+0.0002 c
50 50 50 50 50 50 50 50 50

* ry: Intrinsic rate of increase; Ro: Net reproduction rate; To: Mean generation time; GRR: Gross reproduction rate; T,: Doubling time;
A: Finite rate of increase.

** Different letters for same parameters in the same row were significantly different according to Tukey (Mean+SE) (Fm: 8942.79; df !
8, 41; Pym: 0.001 / Fro: 34700.45; dfgo: 8, 41; Pro: 0.001 / Fro: 591.17; dfro: 8, 41; Pro: 0.001 / Forr: 32985.22; dfars: 8, 41; Pors:
0.001 / Frp: 9592.49; dfy,: 8, 41; Prp: 0.001/ Fy: 8794.18; dfy: 8, 41; P,: 0.001).

Calculated concentrations were applied to aphids and their effects were determined. Accordingly,
while intrinsic rate of increase (rm) and net reproduction rate (Ro) values show a decrease compared to the
control; mean generation time (To) was determined to be higher than the control (p<0.05). The rm (0.309
and 0.305 nymphs/female/day) and Ro (39.547 and 38.372 nymphs/female) values close to the control
application were calculated in two concentrations of B. nigra (p<0.05). The lowest rm (0.272
nymphs/female/day) and Ro (25.893 nymphs/female) values were observed in the LC4o concentration of C.
limon (p<0.05). When the gross reproduction rate GRR was calculated, it was determined that the lowest
value was at the LC4o0 concentration of C. limon, and the highest value was at the LC3zo concentration of B.
nigra after the control application (Table 2).

As a result of the application of LC40 and LCs0 concentrations of the EOs applied in the study on M.
persicae, decreases in survival rate (lx), fecundities (mx) and reproduction value (Vx) were observed
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compared to the control. According to the data obtained, it was determined that the lowest Ix, mx and Vx
values were in C. limon concentrations. It was observed that these values increased in other EOs
concentrations (Figure 2).
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Figure 2. Survival rate, fecundity and reproductive value of Myzus persicae under influence of different concentrations of essential oils
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Discussion

The data obtained from the experiments show that the EOs used (especially C. limon and C. sinensis)
are effective against Myzus persicae. It was noted that in recent years, more studies have been conducted
to investigate the effects of plant-based pesticides (from different vegetable families) on pests.
(Schoonhoven, 1982; Jacobson, 1989; Isman, 1995; Durmusoglu et al., 2011; Sayeda & El-Mogy, 2011;
Balci et al., 2020). Although the effects of biopesticides used in the control of agricultural pests are not fully
known, they are shown to have different effects on them. For this reason, the dose, concentration, and
application frequency of the bioinsecticides used are very important (Bakkali et al., 2008). In addition, the
effects of different plant oils on aphids or other pests have been studied in recent years, and they have
been found to be effective on pests, although they vary among species (Isik & Gorir, 2009; Goérski &
Tomczak, 2010; Yazdgerdian et al., 2015; Gorski et al., 2016; Albouchi et al., 2018; Benelli et al., 2018;
Czerniewicz et al., 2018; Behi et al., 2019; Ravan et al., 2019).

In some studies, extracts from the peels of citrus fruits such as C. sinensis and Citrus paradisi (L.)
(Sapindales: Rutaceae) were found to be quite effective against aphids. It was found that particularly high
concentrations of extracts increased the mortality rate (Igbal et al., 2011; Amiri et al., 2013). Kimbaris et al.
(2010) investigated the effect of C. sinensis EOs on various aphids (Aphis fabae Scopoli 1763,
Macrosiphoniella sanborni (Gillette, 1908), Acyrthosiphon pisum Harris 1776 and Myzus persicae
(Hemiptera: Aphididae)). In the data obtained, the LCso values were reported to be 1.17, 1.25, 1.92 and
1.43 uL/L, respectively. The results have shown that the plant oil extracted from C. sinensis is effective
against aphids. Gupta et al. (2017) observed that extracts obtained from the peel of Citrus limon were
effective on Macrosiphum roseiformis (L., 1758) (Hemiptera: Aphididae). According to the LCso values
obtained by them, the highest toxicity was calculated to be 6.68 mg/ml and it was found that it could be
effective against aphids. In addition, extracts from different parts of citrus plants Rhyzopertha dominica
(Fabricius, 1792) (Coleoptera: Bostrichidae), Sitophilus oryzae Schoenherr, 1838 (Coleoptera:
Curculionidae) (Tripathi et al., 2003), Callosobruchus maculates (Fabricius, 1775) (Coleoptera:
Chrysomelidae) (El-Sayed & Abdel-Razik, 1991), Tribolium castaneum (Herbst, 1797) (Coleoptera:
Tenebrionidae), Trogoderma granarium Everts, 1898 (Coleoptera: Dermestidae) (Zia et al., 2013), Zabrotes
subfasciatus Boheman, 1833 (Coleoptera: Chrysomelidae) (Zewde & Jembere 2010), Musca domestica
(L., 1758) (Diptera: Muscidae) (Palacios et al., 2009), Planococcus ficus Ben-Dov, 1994 (Hemiptera:
Pseudococcidae) (Karamaouna et al., 2013), Thaumetopoea wilkinsoni Tams, 1924 (Lepidoptera:
Notodontidae) (Cetin et al., 2006), Attagenus fasciatus (Thunberg, 1795) (Coleoptera: Dermestidae),
Lasioderma serricorne (Fabricius, 1792) (Coleoptera: Ptinidae) (Bakr et al., 2010), and mosquitoes (Akram
et al., 2010; Effiom et al., 2012) is supported by the literature. Choi et al. (2004) determined the toxicity of
53 vegetable oils to Tetranychus urticae C. L. Koch, 1836 (Acari: Tetranychidae). They reported that two
citrus oils (bergamot and sweet orange) killed the pest 87% and 61%, respectively. Campolo et al. (2020),
in their study on the effect of citrus oils, found that the formulation obtained from sweet orange had a toxic
effect on the eggs and larvae of Tuta absoluta Stainton, 1856 (Lepidoptera: Gelechiidae). Campolo et al.
(2017) found that the effect of formulations based on mandarin and lemon EO was lower than that of orange.
When the results obtained are evaluated and compared with the literature, it is seen that the oils obtained
from plants belonging to the Citrus genus have a toxic effect, especially on aphids. For this reason, it is
thought that these oils have potential in controlling these pests.

Alghamdi (2018) determined the effect of essential oil of four different plants [Moringa oleifera Lam.,
1785 (Brassicales: Moringaceae), Eruca sativa (L.), Raphanus sativus (L.) (Brassicales: Brassicaceae),
Allium sativum (L.) (Asparagales: Amaryllidaceae)) on rose aphid (Macrosiphum rosae (L., 1758)
(Hemiptera: Aphididae)] and field bean aphid (Aphis fabae). In this study, conducted with different
concentrations, it was found that the number of deaths increased with growing oil concentration. For both
aphids, the highest mortality rate was found in arugula oil and the lowest rate in moringa oil. Based on the
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results, it was concluded that the oils used in the study could be effective against aphids. In their study,
Mahanta et al. (2020) investigated the effects of different plant oils (A. sativum, Ocimum sanctum L.
(Lamiales: Lamiaceae) and Citrus grandis (Sapindales: Rutaceae)) on Culex quinquefasciatus Say, 1823
(Diptera: Culicidae). It was found that the vegetable oil extracted from A. sativum had higher toxic effect on
C. quinquefasciatus than the others and its LCso value was 18.23 pL/L. Omar & Zayed (2021) investigated
the effect of A. sativum vegetable oil on T. castaneum and R. dominica and reported that the EO had toxic
effect on the mentioned stored pests. The LCsp values calculated via mortality rates were reported to be
0.794 and 0.380 mg/ml, respectively. The A. sativum vegetable oil used in our study showed a toxic effect
on M. persicae, although not as strong as citrus. As per previous studies, it is considered to be particularly
effective in controlling aphids.

There are also different studies on A. sativum, one of the oils used in the study. Ali & Rodina (2002),
in a study, found that a mustard extract obtained with ethanol had high toxicity on the cotton aphid Aphis
gossypii Glover, 1877 (Hemiptera: Aphididae). At the same time, studies on the effect of the same plant on
different pests are also notable. The essential oil extracted from mustard (Brassica nigra (L.) (Brassicales:
Brassicaceae) showed very high toxicity to Bruchidius incarnatus (Boheman, 1833) (Coleoptera:
Chrysomelidae), one of the pests of stored products (Sabbour & El-Aziz, 2010). Callosobruchus chinensis
L., 1758 (Coleoptera: Chrysomelidae) was found to be removed from the environment by the powder
extracted from this plant (Li et al., 2008). Ali & Mohamed (2018) determined the effect of B. nigra seeds on
Spodoptera littoralis Boisduval, 1833 (Lepidoptera: Noctuidae). It was reported that the seeds have the
ability to prevent feeding on the harmful species. Koneckal et al. (2018) reported that the vegetable oil
extracted from Brassica alba (L.) (Brassicales: Brassicaceae) has toxic effects on several Lepidoptera pests
[Cydia pomonella L., 1758 (Lepidoptera: Tortricidae), Dendrolimus pini L., 1758 (Lepidoptera: Lasiocampidae),
and Spodoptera exigua (Hiubner, 1808) (Lepidoptera: Noctuidae)]. The lethal concentration (LCso) values
were calculated as 0.422, 11.74 and 11.66 mg/ml, respectively. From the results, the vegetable oil used
causes high mortality especially in C. pomonella and can be used as a biopesticide in similar lepidopterans.
In previous studies, EOs and various substances derived from plants of the genus Brassica were found to
be particularly effective against stored pests. In our study, B. nigra EO, which is used against green peach
aphid, was found to have some toxicity, especially at high concentrations, although less than other oils and
it is suggested that it may be effective against this type of pest.

Ali & Mohamed (2018) determined the effect of B. nigra seeds on Spodoptera littoralis Boisduval,
1833 (Lepidoptera: Noctuidae). It was reported that the seeds have the ability to prevent feeding on the
harmful species. Koneckal et al. (2018) reported that the vegetable oil extracted from Brassica alba (L.)
(Brassicales: Brassicaceae) has toxic effects on several Lepidoptera pests [Cydia pomonella L., 1758
(Lepidoptera: Tortricidae), Dendrolimus pini L., 1758 (Lepidoptera: Lasiocampidae), and Spodoptera
exigua (Hubner, 1808) (Lepidoptera: Noctuidae)]. The lethal concentration (LCso) values were calculated
as 0.422, 11.74 and 11.66 mg/ml, respectively. Based on the results, it is concluded that the vegetable oil
used causes high mortality especially in C. pomonella and can be used as a biopesticide in similar
lepidopterans. In previous studies, EOs and various substances derived from plants of the genus Brassica
were found to be particularly effective against stored pests. In our study, B. nigra EO, which is used against
green peach aphid, was found to have some toxicity, especially at high concentrations, although less than
other oils and it is suggested that it may be effective against this type of pest.

There are also studies on the effects of different vegetable oils on M. persicae, which is one of the
important plant pests and the subject of our study. Kimbaris et al. (2010) studied the effect of different plant
oils (Mentha piperita L., Mentha pulegium L. Ocimum basilicum L. (Lamiales: Lamiaceae)and C. sinensis)
on M. persicae and reported that the LCso values were 0.99, 1.12, 1.20 and 1.43 pL/L, respectively. It can
be said that the essential oils of the genus Mentha are more potent than those of C. sinensis. It was found
that the plant oils, Cymbopogon citratus (DC.) Stapf (Poales: Poaceae), Cymbopogon winterianus Jowitt
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ex Bor (Poales: Poaceae) and Eucalyptus citriodora K.D. Hill & L.A.S Johnson (Myrtales: Myrtaceae) used
in different studies with M. persicae had a toxic effect on the pest and their LCso values were 2.8, 3.6 and
4.0 mL/L, respectively (Costa et al., 2013; Pinheiro et al., 2013; Costa et al., 2015). Albouchi et al. (2018)
studied the effects of Melaleuca styphelioides Sm. (Myrtales: Myrtaceae) plant oil on various aphids [A.
gossypii, Aphis spiraecola Patch, 1914 (Hemiptera: Aphididae) and M. persicae] and found that it was toxic
to them. Based on the data obtained, they calculated LCso values of 3660.99, 619.09 and 756.65 pL/L,
respectively. Gouvea et al. (2019) determined the toxicity of aqueous and ethanolic extracts of Acmella
oleracea L. (Asterales: Asteraceae) on M. persicae and Lipaphis erysimi (Kaltenbach, 1843) (Hemiptera:
Aphididae). Accordingly, ethanol extract caused the death of both aphid species by 90% within 70 hours
and reduced their fecundity. Milayim et al. (2020) studied the fumigation effect of some plant oils [thyme,
Origanum onites L. (Lamiales: Lamiaceae), anise, Pimpinella anisum L. (Apiales: Apiaceae), fennel,
Foeniculum vulgare (Apiales: Apiaceae), and lavender, Lavandula angustifolia L. (Lamiales: Lamiaceae)]
against Aphis craccivora C.L. Koch, 1854 (Hemiptera: Aphididae) and M. persicae. The mortality rate for
A. craccivora was calculated to be 96.67% in thyme oil at a dose of 60 pl/l air, one of the EOs used. Fennel
and thyme essential oils are believed to have the potential to act as biofumigants against A. craccivora and
M. persicae. Nikolova et al. (2021) determined the effects of Origanum vulgare subsp. hirtum L. (Lamiales:
Lamiaceae) on M. persicae. In their studies conducted with different concentrations, it was found that the
mortality rate increased with increasing concentration and the highest mortality rate was 3 pL/mL. Jasman
& Slomy (2021) determined the effect of plant oils from Mentha longifolia L. (Lamiales: Lamiaceae) and
Anethum graveolens L. (Apiales: Apiaceae) on M. persicae. At the end of the study, it was found that M.
longifolia EO was more toxic than A. graveolens. Based on the data obtained, it was concluded that M.
longifolia can be used to control M. persicae.

Although vegetable oils, which have a short half-life in nature, have a high toxic effect on pests, their
effects on the environment are fully known. For this reason, it is beneficial to use it in low concentrations
as in our study and repeat it under field conditions. In addition, it was concluded that the vegetable oils may
be useful in controlling the population of M. persicae and similar pests. However, the content of the plant
oil used must be determined in order to determine from which active ingredient the resulting toxicity is
derived. For this reason, it is useful to determine the content of EOs in this study as well as in other studies.
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