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ABSTRACT

The Mediterranean fruit fly, medfly, Ceratitis capitata (Wiedemann)
(Diptera: Tephritidae) is a serious pest of many fruits and vegetables.
This study was conducted to determine the antifeeding and insecticidal
activities of some essential oils extracted from Pelargonium graveolens
(Geraniaceae), geranium, and Lavandula intermedia Mill. (Lamiaceae),
lavender, Nigella sativa L. (Ranunculaceae) black cumin, and Laurus
nobilis L. (Lauraceae), laurel, against second instars of the Medfly on an
artificial diet. The essential oils were obtained by Clevenger-type water
distillation and a laboratory-reared medfly colony was used in the study.
The doses of each tested essential oil were determined by multiplying
their specific gravities by applying amounts into the diet and then
distributing oil over the diet in a Petri dish having 20 larvae. All
experiments were performed under laboratory conditions of 23+1°C, 50%
RH, and 16: 8 (L:D) photoperiods. Probit MsChart was used to estimate
the LCs0 and LCoo values of the tested essential oils. GGE Biplot analyses
were created with the larval mortality based on the different essential oil
doses. As a result, the highest larval mortality was determined with the
addition of laurel and black cumin oils into the diet. The highest mortality
was detected in black cumin oil at the lowest concentrations. Based on
GGE Biplot analyses, the essential oil of black cumin had larvicidal
properties. The results provided fundamental information about the
insecticidal and antifeeding properties of the medfly in the laboratory.
Further studies are needed to integrate sustainable management
programs with natural insecticides against the medfly larvae.

Entomology
Research Article

Article History

Received 121.09.2023
Accepted 115.01.2024
Keywords

Ceratitis capitata
Insecticidal activity
Essential oil

Black cumin
Laurel

Baz Ugucu Yaglarin Kimyasal Yapisi ve Laboratuvar Kogullarinda Ceratitis capitata ‘nin (Wiedemann)

(Diptera: Tephritidae) Larva Canlih Uzerindeki Insektisidal Etkisi

OZET

Akdeniz meyve sinegi, Ceratitis capitata (Wiedemann) (Diptera:
Tephritidae) bircok meyve ve sebzenin ciddi bir zararhsidir. Bu calisma,
Pelargonium graveolens (Geraniaceae), 1tir, Lavandula intermedia Mill.
(Lamiaceae), lavanta, Nigella sativa L. (Ranunculaceae) ¢orek otu ve
Laurus nobilis L. (Lauraceae), defneden izole edilen bazi ucucu yaglarin
yapay besiyeri lzerinde yetistirilen Akdeniz meyve sineginin ikinci
donem larvalarina karsi beslenmeyi 6nleyici ve insektisidal aktivitelerini
belirlemek amaciyla yapilmigtir. Ugucu yaglar Clevenger tipi su
distilasyon yoluyla elde edildi ve bu ¢alismada laboratuvarda yetistirilen
Akdeniz meyve sinegi kolonisi kullanildi. Test edilen her bir ugucu yagin
dozu, o6zgil agirliklarinin diyete uygulanan miktar: ile garpilarak
belirlendi ve 20 larva igeren Petri kabindaki diyet tizerine dagitildi. Tim
deneyler 23+1°C, %50 bagil nem ve 16:8 (L:D) fotoperiyotlu laboratuvar
kogullarinda gergeklestirildi. Test edilen ugucu yaglarin LCso ve LCoo
degerlerini tahmin etmek i¢in Probit MsChart kullanildi. GGE Biplot
analizleri, farklh ugucu yag dozlarina dayali olarak larva olimleri ile
olusturuldu. Sonug olarak, en yliksek larva 6limleri, yapay besiyerine
defne ve ¢orek otu yag ilave edilen grupta belirlendi. En yiiksek 6lim,
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en dusiik konsantrasyonlarda ¢érek otu yaginda tespit edildi. GGE Biplot
analizlerine gore, ¢érek otu ugucu yaginin larvalarda oldirict 6zellikleri

bulunmaktadir. Calisma sonuclari  Akdeniz

meyve

sineginin

laboratuvardaki bocek oldirici ve beslenmeyi onleyici 6zellikleri
hakkinda temel bilgiler sagladi. Akdeniz meyve sinegi larvalarina kars:
stirdiirilebilir yonetim programlarini dogal insektisitlerle entegre etmek

i¢in daha fazla calismaya ihtiya¢ bulunmaktadir.
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(4), 856-867. DOI: 10.18016/ksutarimdoga.vi.1364180.
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Ceratitis capitata ‘min (Wiedemann) (Diptera: Tephritidae) Larva Canlihg1 Uzerindeki Insekitisidal Etkisi.
KSU J. Agric Nat 27(4), 856-867. DOI: 10.18016/ksutarimdoga.vi.1364180.
INTRODUCTION MATERIALS and METHOD
The Mediterranean fruit fly, Ceratitis capitata Medfly Colony

Wiedemann (Diptera: Tephritidae) is an important
pest. It is usually known as a medfly damaging more
than 350 different host plants including fruits,
subtropical fruits, vegetables, ornamental plants, and
nuts (Weems,1981; Mau & Kessing, 2007; Genc &
Yiicel, 2017). It evolved in sub-Saharan Africa and is
now well-established worldwide (Gasperi et al., 1991;
Liquido et al., 1991; Malacrida et al., 1992).

Medfly is well well-recognized pest in Turkey and
mainly attacks Citrus however, in 2016 it became
established in Canakkale (Genc & Yiicel, 2017).
Several studies have been conducted on biology and
laboratory rearing (Carey et al., 2008; Genc¢ & Yiicel,
2017), biological control (Cunningham, 1989; Goézel &
Geng, 2021), mass rearing and survival
(Economopoulos & Bruzzone, 1989; Fletcher, 1989),
host preferences (Aluja & Mangan, 2008) and toxic
effects of essential oils (Bazzoni et al., 1997).

Essential oils are secondary metabolic products of
plants, having strong aromatic components that affect
aroma and taste (Koul et al., 2008). Moreover, they
have some toxic activities through direct contact,
ingestion, and inhalation (Lee et al., 2003; 2004; Yiking
& Tunaz, 2023). There have been some studies
examining the insecticidal activity of essential oils on
the Ceratitis capitata (Moretti et al., 1998; Miguel et
al., 2010; Lopez et al., 2011; Benelli et al., 2012; Luu-
Dam et al., 2021; Ouarhach et al., 2022). However, no
such study has been found in Turkey on local medfly
populations which were previously collected from
infested fruits and then adapted and reared in the
laboratory.

The present study aimed to determine the insecticidal
activities of the essential oils extracted from
Pelargonium  graveolens, Lavandula officinalis,
Nigella sativa, and Laurus nobilis against medfly
larvae collected previously in Canakkale province. The
toxicity was tested for different doses. The chemical
composition of the tested plants was characterized to
determine putative responsible compounds caused
larval mortality in the laboratory conditions.
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The medfly larvae were reared on a cellulose-based
artificial diet, previously used to rear olive fruit fly
larvae (Genc, 2008; Genc & Yiicel, 2017). Wild medfly
colonies were maintained in the laboratory (Genc,
2008) on different fruit hosts collected in Canakkale
province (Genc & Yiicel, 2017) and held under
laboratory rearing conditions continuously since 2017.
The laboratory-adapted medfly colony was used in this
study. For bioassay studies, eggs were collected from
oviposition domes and incubated for 3 days in an
environmental chamber at 23+1°C, 50% RH, and 16: 8
(L:D) photoperiods. The first instars were transferred
to the artificial diet and reared for 72 hours. The 2nd
instars were used for the bioassays.

Plant Materials

The leaves of a laurel tree in the landscaping area of
Canakkale Onsekiz Mart University Faculty of
Agriculture were used to extract essential oil. The
leaves were picked before midday in the first week of
February 2021. The collected fresh leaves were
immediately ground with a plant grinder without
drying. Shade-dried flowers of Lavandula x intermedia
Emeric ex Loisel hybrid Super (Lamiales: Lamiaceae)
and Pelargonium graveolens 'Bourbon (Geraniales:
Geraniaceae)' variety grown in Balikesir conditions in
2021 were used to obtain essential oils in lavender and
geranium, respectively. The essential oil in black
cumin was obtained from the seeds of the Cameli
(Ranunculales: Ranunculaceae) variety of Nigella
sativa L. grown in Balikesir in 2021.

Isolation of Essential oils and Gas Chromatography
(GS) Analyses

The plant parts were extracted with S-H Clevenger
equipment (Figure 1) using 300 g of weighed materials
ground in a mill. The materials were divided into three
parts then transferred into ballons with a volume of
2000 ml each, filled with samples, and added 1200 ml
of distilled water then placed in Clevenger apparatus.
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It was boiled for 3 hours (Figure 1A). The accumulated
essential oil was separated with distilled water (Figure
1B). The extractions were performed over 8 hours until

all essential oils were obtained then transferred to a
Falcon tube, and stored at 4 °C in dark conditions until
used (Figure 1C).

Figure 1. S-H Clevenger equipment (A) collection of black cumin oil (B) and black cumin oil transferred into the

falcon tube (C)

Sekil 1. S-H Clevenger ekipmani (A), ¢orek otu yaginin toplanmasi (B) ve ¢orek otu yaginin falcon tiipe transfer

edilmesi (C)

The chemical composition of the essential oils was
identified with gas chromatography and mass
spectrometry analysis (GC-MS) Shimadzu GC-MS
QP2020 NX system with an inner Restek Rxi-MS
column (30 m x 0.25 mm x 0.25 pm). Helium was used
as a carrier gas. At the beginning temperature of the
column was 40 °C held for 3 min. The column was
heated to 240 °C at a rate of 5 °C/min and waited for
10 min. Then heated to 275 °C at a rate of 4°C/min and
waited for 10 min. The injector temperature was
250°C. The results were calculated as the percentage
of the area, taken up by each compound, and
represented as the average in each plant extract. The
components were characterized by the comparison of
their retention index (RI) with those of pure
commercial standards and by comparing mass spectra
using electronic libraries (FFNSC 3, W9N11, NIST11)
(Akcura, 2023).

Experimental Conditions

The 2rd instar medfly larvae were used to test the
effects of the essential oils (Genc & Yiicel, 2017). Four
grams of the cellulose-based artificial diet (Genc, 2008)
were placed into Petri dishes (6 cm in diameter) then
different doses of essential oils (w/v) were added with
the help of a micropipette (Figure 2A and 2B) and
mixed thoroughly. Tested essential oil doses were
obtained by multiplying the specific gravity (weight) of
each essential oil. They were determined as 0.887 g/ml
for geranium oil, 0.894 g/ml for lavender oil, 0.919 g/ml
for black cumin oil, and 0.960 g/ml for laurel oil

858

(Anonymous, 2023a; Anonymous, 2023b). Tested
essential oil amounts were 1 ml, 0.75 ml, 0.50 ml, 0.25
ml, 0.125 ml, 0.0625 ml and 0.0312 ml. Three dishes of
each tested oil dose were used and considered as 3
replications. Twenty 2 instars were used for each
Petri dish/replicate. The Petri dish having larvae was
placed in a larger plastic container (8 cm in diameter,
0.33 ml volume) which was used for monitoring larval
movement. The lid was secured. Distilled water was
used as a control. Larval survival was observed for 24
hours under an Olympus SZX9 stereo-zoom
microscope. Monitoring continued until death.
Mortality was confirmed by examining any movement
in reaction to touch with soft forceps. Mortality data
were corrected based on control treatment. Probit
analysis was performed to estimate L.Cs0 and LCoo and
slopes.

Statistical Analyses

The data were analyzed with SAS software (Version
9.1.3; SAS Institute, 1990). The data for larval
mortality were corrected using Abbott’s formula
(Abbott, 1925) and probit analyses with Probit
MSChart (Chi, 2020). The means were compared with
the LSD test (SAS Institute, 2000). Furthermore, the
insecticidal activity of tested essential oils on the 2nd
instar medfly was evaluated using two-way data
analysis by GGE Biplot Sofware Version 8 (Yan, 2000).
The tested essential oils were accepted as genotypes
and different treatments were examined as the
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environment (Kang & Gauch, 1996; Yan et al., 2000).
When larval mortality was considered as environment,
GGE Biplot analysis was created to evaluate the
highest larval mortality based on the highest
insecticidal activities of the essential oils. Kaplan
Meier analysis was used to reveal the differences in
larval survival period between the essential oils. A life

distribution test was conducted to determine the
relationship between the survival of medfly larvae
with the time (hours). In addition, the Log-Rank test
was applied to evaluate the significance of the
differences between essential oils. Statistical analyses
were conducted with the SAS JMP (version 16.1; SAS
Institute, Cary, NC) statistical program.

Figure 2. Applying essential oils by micropipette to the artificial diet. A) Black cumin oil, and B) Lavender oil
Sekil 2. Esansiyel yaglarin mikropipet ile yapay diyvete uygulanmasi. A) Corek otu yag: ve B) Lavanta yagi

RESULTS and DISCUSSION
Chemical Characterization of the Tested Plant
Extracts

The components and chemical analyses of essential oils
are indicated in Table 1. The main constituents (more
than 1% of the total area) of the extract of geranium
were citronellol, neryl formate, iso-Menthone, linalool,
cis-rose oxide, geranyl formate, citronellyl butanoate,
geranyl butanoate, 2-phenylethyl tiglate, and geraniol.
The lavender extract was characterized by B-myrcene,
1,8-cineole, cis-ocimene, a-terpineol, camphor, borneol,
Lavandula, linalyl acetate, linalyl propionate, neryl
acetate, geranyl formate, linalyl propionate, neryl
acetate, geranyl acetate, caryophyllene, B-farnesene,
caryophyllene oxide, hexyl 2-methylbutanoate and a-
bisabolol. The extract of black cumin consisted of a-
pinene, sabinene, B-pinene, p-cymene, limonene, y -
terpinene, a-thujene, thymoquinone, and longifolene.
The major components of the laurel were sabinene,
myrcene, eucalyptol, y -terpinene, a-terpineol, 3-allyl-
6-methoxyphenol, a-terpinylacetate, B-element,
benzene, 1,2-dimethoxy-4-(2-propenyl), t-muurolol, 8-
eudesmol and squalene. Based on GC-MS analyses, the
most abundant components of essential oil were
citronellol (42.53+4.47) in P. graveolens (geranium),
linalyl propionate (26.09+4.44) in L. intermedia
(lavender), p-Cymene (52.13+0.879) in V. sativa (black
cumin), and eucalyptol (36.44+4.97) in L. nobilis
(laurel).
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Insecticidal activities of essential oils

The insecticidal activities of four essential oils on the
2nd ingtars of medfly were investigated. Mortalities of
the medfly larvae are shown in Table 2. The highest
insecticidal effects were reported after 24 h exposure
to 0.120 g/ml of laurel oil and 0.115 g/ml of black cumin
oil having 100% and 90% mortality respectively
(Figure 3, Table 2). Overall, the mortalities were
caused by black cumin oils at 78.30% (15.66+0.57
larvae) and 25% (5+1.00 larvae) at 0.057 g/ml and
0.029 g/ml doses on diet respectively. Because of the
limited amounts of geranium and lavender oils, four
doses were tested and the mortalities were caused by
100% at 0.887 g/ml geranium oil and 0.894 g/ml
lavender oil. The larval mortality was not observed in
the control trial.

The medfly larvae were shown in Figure 3 after being
exposed to essential oils at the highest dose. They were
immobile and brown (Figure 3A). There were no signs
of larval movement in response to touching by soft
forceps (Figure 3B) so mortality was verified as 100%.

The estimated lethal concentration (LCso and LCgo)
values obtained for essential oils were reported in
Table 3. As calculated by probit analysis, LCso values
were 0.313, 0.105, 0.038, and 0.070 g/ml for geranium,
lavender, black cumin, and laurel oils, respectively.
The highest insecticidal toxicity was observed for black
cumin oil (Table 3). LCo values revealed that medfly
larvae were more susceptible to black cumin and laurel



KSU Tarim ve Doga Derg 27 (4), 856-867, 2024 Arastirma Makalesi
KSU J. Agric Nat 27 (4), 856-867, 2024 Research Article

oils (0.144 and 0.172 g/ml, respectively) than geranium (Table 3).
and lavender oils (0.635 and 0.511 g/ml, respectively)

Table 1. Chemical compositions of Pelargonium graveolens, Lavandula intermedia, Nigella sativa, and Laurus
nobilis oils and their relative proportions (% Area)

Cizelge 1. Pelargonium graveolens, Lavandula intermedia, Nigella sativa ve Laurus nobilis yaglarinin kimyasal
bilesimleri ve bunlara iliskin oranlari (% Alan)

Content (Mean+SE)b

No Compound RI= P graveolens L. intermedia N. sativa L. nobilis
(Geranium) (Lavander) (Black cumin) (Laurel)
1 Butanoic acid 761 - - - 0.02+0.00
2 Isopropyl Isobutyrate 788 - - - 0.03+0.00
3 1sopropyl 2-methyl 878 - - - 0.06+0.01
butyrate
4 a-Pinene 936 0.34+0.12 0.05+0.01 3.22+0.116 -
5 Camphene 944 0.07+0.01 - 0.10+0.01
6 Methyl heptenone 961 0.08+0.04 - - -
7 Sabinene 967 0.02+0.00 1.42+0.077 10.36+1.41
8 B-Pinene 974 - 0.06+0.01 3.12+0.074 -
9 Myrcene 986 - - - 1.66+0.23
10  B-Myrcene 988 0.13+0.04 1.19+0.20 0.14+0.029 -
11  a-Phellandrene 1000 - - 0.65+0.09
12 6-2-Carene 1002 - 0.04+0.01 - -
13  a-Terpinene 1012 - - 0.71+0.119 0.52+0.07
14  o-Cymene 1020 - - - 0.22+0.03
15 p-Cymene 1020 0.05+0.02 - 52.13+0.879 -
16  Eucalyptol 1024 - - 0.05+0.046 36.44+4.97
17  a-Limonene 1024 - 0.63+0.11 - -
18 Limonene 1024 0.11+0.03 - 2.10+0.047
19 1,8-Cineole 1026 - 3.63+0.62 - -
20  (E)- B-Ocimene 1030 - - 0.07+0.01
21 (Z)-B-Ocimene 1032 0.06+0.02 - -
22 cis-Ocimene 1032 - 1.08+0.18
23  Phenyl acetaldehyde 1051 0.08+0.04 - - -
24 vy -Terpinene 1052 - 0.05+0.01 2.49+0.777 1.02+0.14
25  trans Sabinene hydrate 1052 - 0.03+0.01 - 0.81+0.11
26  cis- Linalool oxide 1067 0.10+0.04 - - -
27  a-Terpinolene 1084 - - - 0.34+0.05
28  trans-Linalool oxide 1084 0.17+0.08 - - -
29  Linalool 1088 3.30+1.40 - 0.96+0.054
30 cis- Rose oxide 1106 1.45+1.10 - -
31 trans-Rose oxide 1122 0.63+0.50 - - -
32  a-Terpineol 1128 0.31+0.14 4.89+0.83 - 2.81+0.38
33  Camphor 1141 - 4.48+0.76 - -
34  neo-Isopulegol 1144 0.07+0.02 -
35  Menthone 1148 0.26+0.08
36  iso-Menthone 1149 6.50+1.53 -
37  Borneol 1165 - 6.48+1.10
38 Lavandula 1167 - 1.15+0.20
39  Unidentified 0.07+0.05 - -
40  Terpinen-4-ol 1174 - - 0.93+0.062
41  1so-Menthol 1184 0.20+0.08 - - -
42  3-Allyl-6- 1187 - - - 5.07+0.69
methoxyphenyl
43  B-Cyclocitral 1217 - - 0.20+0.061
44  Citronellol 1223 42.53+4.47 - -
45  Nerol 1225 - - 0.44+0.06
46  Linalyl Acetate 1231 - 19.46+3.31 -
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47  Carvone 1239 - 0.31+0.05 -
48  Geraniol 1247 8.15+3.02 0.11+0.02 - 0.22+0.03
49  a-Thujene 1248 - - 16.49+0.623 0.17+0.02
50 Thymoquinone 1248 - - 8.07+0.760 -
51  1-Phellandrene 1250 - 0.12+0.02 - -
52  Bornyl acetate 1257 - - 0.11+0.013 0.19+£0.03
53  a-Terpinylacetate 1262 - - 16.69+2.28
54  Geranial 1264 0.40+0.18 -
55  Neryl formate 1271 10.25+1.43 -
56  Thymol 1289 - 0.72+0.159
57  Geranyl formate 1298 1.59+0.89 - -
58  Benzaldehyde 1313 - 0.42+0.07
59  Z-Citral 1316 0.23+0.09 -
60  Linalyl propionate 1334 - 26.09+4.44
61  a-Cubebene 1345 0.08+0.04 0.12+0.02
62  Citronellyl acetate 1350 0.45+0.13 - -
63  a-Longipinene 1350 - - 0.17+0.014 -
64  Neryl acetate 1356 - 1.73+0.29 - 0.24+0.03
65  a-terpinyl acetate 1360 - 0.05+0.01 -
66  a-Copaene 1371 0.23+0.06 - 0.08+0.01
67  Geranyl acetate 1376 0.50+0.15 3.24+0.55 0.09+0.01
68  (E) -Cinnamyl acetate 1385 - - - 0.08+0.01
69 B-Elemene 1386 0.05+0.02 0.09+0.145 1.44+0.20
70  B-Bourbonene 1387 0.09+0.14 - - -
71  T-epi-Sesquithujene 1390 - 0.30+0.05 -
72 Benzene, 1,2- 1391 - - 1.50+0.18
dimethoxy-4-(2-
propenyl)
73  trans-Isoeugenol 1403 - - 0.08+0.01
74  Caryophyllene 1405 - 2.565+0.43 - 0.58+0.08
75  Longifolene 1407 - 1.03+0.106 -
76  trans-Caryophyllene 1408 0.97+0.19 - -
77  a-Gurjunene 1406 0.15+0.04 0.03+0.01 0.29+0.04
78  trans-a-Bergamotene 1408 - 0.45+0.06
79  B-Cedrene 1409 - 0.14+0.02 -
80 a-Cedrene 1410 0.14+0.04
81 a-Bergamotene 1411 - 0.23+£0.04 -
82  a-Guaiene 1434 - 0.12+0.02
83  Allo-aromadendrene 1436 - - 0.11+0.02
84  B-Farnesene 1440 - 1.95+0.33 -
85  Citronellyl propionate 1444 0.63+0.17 - -
86  a-Humulene 1449 0.31+0.06 0.14+0.02
87  Alloaromadendrene 1458 0.21+0.08 -
88  a-Muurolene 1475 - 0.17+0.02
89  Geranyl propanoate 1476 0.75+0.16 - -
90  Germacrene-D 1481 0.64+0.19 0.98+0.17 0.15+0.02
91  Bicyclogermacrene 1497 - - 0.79+0.11
92  a-Muurolene 1500 0.13+0.04 -
93 y-Cadinene 1510 0.14+0.15 0.28+0.04
94  endo-1-Bourbonanol 1515 - 0.43+0.06
95 6-Cadinene 1519 0.50+0.12 - 0.78+0.11
96  B-Sesquiphellandrene 1520 - 0.09+0.02 -
97  Citronellyl butanoate 1530 1.21+0.35 -
98  1.10-di-epi-Cubenol 1533 - 0.04+0.01 -
99  a-Elemol 1545 - - 0.22+0.03
100  Geranyl butanoate 1562 1.25+0.48 -
101  Spathulenol 1577 0.35+0.23 - -
102 Caryophyllene oxide 1579 - 1.2240.21 0.28+0.04
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103  2-Phenylethyl Tiglate 1584 1.92+0.43 - -
104  Viridiflorol 1589 0.91+0.37 0.04+0.01 0.63+0.05
105 Guaiol 1597 - 0.45+0.06
106 Hexyl 2- 1601 - 1.01+0.17 -

methylbutanoate

107 Ledol 1602 0.14+0.04
108 Humulene Oxide 1608 0.19+0.10
109 Cubenol 1618 0.24+0.12
110  Citronellyl valerate 1624 0.16+0.08 -
111  8-epi-y-eudesmol 1627 0.19+0.03
112  a-Cadinol 1635 0.32+0.20 - 0.61+0.08
113 a-Muurolol 1640 - 0.42+0.07 -
114  t-Muurolol 1641 - - 1.294+0.18
115 Agarospirol 1643 - 0.08+0.01
116 B-Eudesmol 1646 - - 1.09+0.15
117 Geranyl hexanoate 1650 - 0.07+0.01 -
118 a-Bisabolol oxide 1656 - 0.22+0.04
119 E-Citronellyl tiglate 1666 0.563+0.16 -
120 a-Bisabolol 1685 - 4.29+0.73 -
121  6-epi-Shyobunol 1685 - - 0.63+0.09
122  Junpier camphor 1686 - - 0.35+0.05
123 Farnesene 1688 - 0.03+£0.01 -
124  Geranyl tiglate 1696 1.44+0.60 -
125 Neryl butyrate 1783 0.15+0.08
126  Geranyl hexanoate 1795 0.20+0.17 -
127  Octadecane 1800 - 0.03+0.01
128 y-Cadinene 1803 - 0.24+0.04 -
129 Squalene 2764 - - - 2.73+0.37
130  Unidentified - 5.85+0.530 -

2 Retention index on a Restek Rxi-MS column relative to a homologous series of n- n-alkanes,

b Mean + SE, -, undetected

Table 2. Mortality rates (%) of medfly larvae exposed to essential oils at various doses in 24 h (N=20, Mean+SE)*
Cizelge 2. 24 saatte cesitli dozlarda ugucu yaglara maruz kalan Akdeniz meyve sinegi larvalarinin mortalite

oranlari (%) (N=20, Ortalama+SF)

Essential Oils

Mortality (%)

Amount of used oil (ml) 1 0.75 0.50 0.25 0.125 0.0625 0.0312
Geranium oil (g/ml) 0.887 0.665 0.443 0.222
% 100 81.65 88.33 21.65 * * *
Lavender oil (g/ml) 0.894 0.67 0.447 0.223
% 100 91.65 85 83.3 * * *
Black cumin oil (g/ml)  0.919 0.689 0.459 0.23 0.115 0.057 0.029
% 100 100 100 98.3 90 78.3 25
Laurel oil (g/m)) 0.96 0.72 0.48 0.24 0.12 0.06 0.03
% 100 100 100 100 100 35 3.3
Control (g/ml) 1 0.75 0.50 0.25 0.125 0.0625 0.0312
% 0 0 0 0 0 0 0

*Means followed by different letters within a column are statistically different (P<0.05) from each other

GGE Biplot analysis was performed to determine the
highest insecticidal activity of the essential oils. The
graphs showed that black cumin and laurel oils were
the most suitable or the highest insecticidal activities
(Figure 4). When they were compared to each other at
the lowest application dose, black cumin oil resulted in
higher larval mortality than laurel oil. Therefore,
black cumin oil has the highest insecticidal activity
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among the four tested essential oils (Figure 4).

Kaplan-Meier statistical analysis showed significant
differences in the duration of larval survival at doses
of 0.887 g/ml of geranium oil, 0.894 g/ml of lavender oil,
0.919 g/ml of black cumin oil, and 0.960 g/ml of laurel
oil (Log-Rank test, Chi-square=124.1443; df=3;
P<0.001). The average length of survival duration was
20.70+2.85 hours, 21.90+4.27 hours, 3.00+0.01 hours,
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and 3.00+0.01 hours for geranium, lavender, black cumin, and laurel oils respectively (Figure 5).

Figure 3. A view of medfly larvae after application of essential oil (A) and a close-up view of dead medfly larvae
(B). Red circles indicate medfly larvae
Sekil 3. Esansiyel yagin (A) uygulanmasindan sonra Akdeniz meyve sinegi larvalarinin goriiniimii ve 6lii Akdeniz

meyve sinegi larvalarinin (B) yakindan goriiniimii. Kirmizi daireler Akdeniz meyve sinegi larvalarini
gosterir

Table 3. Toxicity of the essential oils against to 2rd instars of medfly
Cizelge 3. Esansiyel yaglarin Akdeniz meyve sineginin 2.dénem larvalarina karsi toksisitesi

Essential Oils Slope Mean+SE)  LCso  LCo  Log (LCs0)  Fiducial Limits  Chi square (x2)
(g/ml)  (g/ml) (%95)

Geranium oil 0.232+0.482 0.313 0.635 -0.504 0.089-0.753 15.002

Lavender oil 0.224+0.473 0.105 0.511 -0.978 0.080-0.487 1.821

Black cumin oil 0.066+0.257 0.038 0.144 -1.419 0.017-0.080 29.73

Laurel oil 0.107+0.327 0.070 0.172 -1.151 0.015-0.304 267.41

[PGT = 76.6%, PC2 %16 2%, Sum = S2.5% R
Transtorm = 0, Scaling = 1, Centering £ 2, =1 T e

NOTD

PC1

Figure 4. The effects of four essential oils on the larval mortality of medfly based on GGE biplot
Sekil 4. GGE biplot'a dayali olarak dort ugucu yagin Akdeniz meyve sineginin larval mortalitesi tlizerindeki etkileri
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At the dose of 0.665 g/ml of geranium, 0.670 g/ml of
lavender, 0.689 g/ml of black cumin, and 0.720 g/ml of
laurel oils, there was a significant difference between
the survival durations (Log-Rank test, Chi-
square=179.6337; df=3; P<0.001). The average length
of survival duration was 57.45+6.53 hours, 45.66+7.27
hours, 3.00+0.01 hours, and 3.00£0.01 hours for
geranium, lavender, black cumin, and laurel oils
respectively (Figure 5).

At the dose of 0.443 g/ml of geranium, 0.447 g/ml of
lavender, 0.459 g/ml of black cumin, and 0.480 g/ml of
laurel oils, the differences between the survival
durations were significant (Log-Rank test, Chi-
square=240.3168; df=3; P<0.001). The average length
of survival duration was 34.10+2.94 hours,
109.66+12.10 hours, 3.00£0.01 hours, and 3.95+0.28
hours for geranium, lavender, black cumin, and laurel
oils respectively (Figure 5).

At the dose of 0.222 g/ml of geranium, 0.223 g/ml of
lavender, 0.230 g/ml of black cumin, and 0.240 g/ml of
laurel oils, the differences between the survival
durations were significant (Log-Rank test, Chi-
square=256.0147; df=3; P<0.001). The average length
of survival duration was 424.70+19.28 hours,
136.84+13.53 hours, 17.65+4.05 hours, and 6.20+0.66
hours for geranium, lavender, black cumin, and laurel

oils respectively (Figure 5).

In the tested doses of essential oils described above,
black cumin and laurel oils had higher insecticidal
activity and/or mortality in a shorter time than
geranium and lavender oils.

At the dose of 0.115 g/ml of black cumin and 0.120 g/ml
of laurel oils, the differences between the survival
durations were not significant (Log-Rank test, Chi-
square=0.04792; df=1; P>0.05). The average length of
survival duration was 67.65£16.05 hours and
30.10+2.72 hours for black cumin and laurel oils
respectively (Figure 5).

At the dose of 0.057 g/ml of black cumin and 0.060 g/ml
of laurel oils, the differences between the survival
durations were significant (Log-Rank test, Chi-
square=9.119407; df=1; P<0.05). The average length of
survival duration was 251.73+27.10 hours and
365.30+£30.76 hours for black cumin and laurel oils
respectively (Figure 5).

At the dose of 0.029 g/ml of black cumin and 0.030 g/ml
of laurel oils, the differences between the survival
durations were not significant (Log-Rank test, Chi-
square=3.334939; df=1; P>0.05). The average lengths
of survival duration were 296.49+21.06 hours and
23.65+0.49 hours for black cumin and laurel oils
respectively (Figure 5).

Cersming- 1272 g'ml
Laversies® L 221 gln)
Black verat’ 0230 g'ml
Lanarndt (0240 grozt

or=Black cummin

Figure 5 Kaplan-Meier survival curves of medfly larvae on tested essential oils
Sekil 5. Test edilen ugucu yaglar tizerinde Akdeniz meyve sinegi larvalarinin Kaplan-Meier canlilik egrileri

The toxic effects of essential oils are likely due to the
presence of several toxic constituents. There are
several studies on plant essential oils and their
components tested against different pest insects

(Tayoub et al., 2012; Adil et al., 2015). Papachristos &
Stamopoulos (2002) investigated that laurel oil has a
repellent effect against, Acanthoscelides obtectus
(Coleoptera: Chrysomelidae) by reducing fertility and
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egg hatching and increasing larval mortality. Bouzi et
al. (2020) reported the chemical composition and
bioactivity of laurel oil against the larvae of Culiseta
longiareolata (Macquart) (Diptera: Culicidae). They
stated that the lethal effect of laurel oil decreased after
the first exposure, but its larvicidal activity continued.

In our study, black cumin and laurel oils had the
highest insecticidal activity at the lowest applied dose.
The toxicities of the components were different and
may depend on the stage evaluated. Additionally, we
dispensed the compounds in the larval diet so some
compounds possibly interacted with the artificial diet.
We did not explore if the extracts were toxic to other
biological stages or the chemical resistance
mechanisms. It has also been stated that plant
essential oils affect egg hatching rate and the sex ratio.
Aissaoui et al. (2022) studied the insecticidal activities
of laurel oil against the 3 and 4th instars of Culex
pipiens (Diptera: Culicidae). The toxicity of laurel oil
was tested at different concentrations ranging from 5
to 35 pl/l. The result of the study showed laurel oil
could be used as a biopesticide for vector insects.
Saleem et al. (2014) conducted studies to determine the
insecticidal activity of Datura  stramonium,
Fucalyptus camaldulensis, Moringa oleifera, and
Nigella sativa essential oils against 7ribolium
castaneum (Herbst.) (Coleoptera: Tenebrionidae),
Trogoderma granarium Everts (Coleoptera:
Dermestidae) and Cryptolestes ferrugineus
(Coleoptera: Laemophloeidae). Among investigated
essential oils, the highest (20.06%) fumigant effect
against Tribolium castaneum was black cumin oil
(Nigella sativa). Adil et al. (2015) reported the
insecticidal activities of black cumin (Nigella sativa) oil
on Tuta absoluta (Lepidoptera: Gelechiidae). After
being exposed to black cumin oil for 4 hours, 100%
larval mortality was recorded at the dose of
0.203pl/cm?. Raj et al. (2015) conducted a study on the
larvicidal activity of black cumin oil against Aedes
aegypti, Anopheles  stephensi, and Culex
quinquefasciatus (Diptera: Culicidae). As a result,
black cumin oil showed a high larvicidal activity in 24
hours and was reported as a natural larvicidal agents.
In conclusion, the insecticidal activity of the essential
oils against medfly larvae seems to be worth more
research for its use as a biopesticide in the control of
this pest. The insecticidal activity is caused by one or
more of the components of the essential oil
hydrodistilled from the tested plants. It could be due
to certain major or minor constituents or a synergistic
effect of several components (Adil et al., 2015). The
studies showed that especially monoterpenoids
affected insect mortality by inhibiting the acetyl-
cholinesterase enzyme activity (Houghton et al., 2006).
The essential oils of Pelargonium graveolens,
Lavandula officinalis, Nigella sativa, and Laurus
nobilis showed insecticidal activity against the medfly
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larvae. The potential use of essential oils could be
considered as an alternative control approach for the
medfly larvae with further studies. The development
of a device that enables the mixing of essential oils in
a food bait or a spray could provide a new approach to
medfly management. More studies are needed to
explain the role of essential oils on the larval mortality
of medflies.

CONCLUSION

In the study, different concentrations of essential oils
from Pelargonium graveolens, Lavandula intermedia,
Nigella sativa, and Laurus nobilis were applied
against 2nd instars of the medfly on an artificial diet.
Out of the tested essential oils, the laurel and black
cumin oils were more effective against medfly larvae,
and the highest mortality rate was observed in
addition to black cumin oil at the lowest concentration.
As a result, laurel and black cumin oils may have a
potential use for medfly management. Further studies
are needed to determine the effectiveness of essential
oils under field conditions.

ACKNOWLEDGEMENT

The authors thank Emeritus Prof. Dr. James L. Nation
for useful suggestions.

Researchers' Contribution Rate Statement Summary

The authors declare that they have contributed equally
to the article.

Conflict of Interest Statement

The article's authors declare that they do not have any
conflict of interest.

REFERENCES

Abbott, W. (1925). A method for computing the
effectiveness of an insecticide. Journal of Economic
FEntomology, 18, 265—-267.

Adil, B., Tarik, A., Kribii, A., & Ounine, K. (2015). The
Study Of The Insecticidal Effect Of Nigella sativa
Essential Oil Against 7uta absoluta Larvae.
International Journal of Scientific&Technology
Research, 4(10), 88-90.

Aissaoui, L., Bouaziz, A., Boudjelida, H., & Nazl, A.
(2022). Phytochemical screening and biological
effects of Laurus nobilis (Lauraceae) essential oil
against mosquito larvae, Culex pipiens (Linnaeus,
1758) (Diptera: Culicidae) species. Applied Ecology
and Environmental Research, 21(1), 287-300.

Akcura, S. (2023). Biplot analysis of monthly
variations 1in essential oil concentration and
chemical composition of Pittosporum tobira leaves
in  Mediterranean  conditions. Biochemical
Systematics and Ecology, 110, 1-7 (Article, 104712).



KSU Tarim ve Doga Derg 27 (4), 856-867, 2024
KSU J. Agric Nat 27 (4), 856-867, 2024

Arastirma Makalesi
Research Article

Aluja, M., & Mangan, R. L. (2008). Fruit fly (Diptera:
Tephritidae) host status determination: critical
conceptual, methodological, and regulatory
considerations. Annual Review of Entomology, 55,
473-502.

Anonymus. (2023a). Chemical Book. Retrieved from
https://www.chemicalbook.com/ProductCatalog_E
N/1524.htm (Access date: 06.01.2024).

Anonymus. (2023b). NHR Organic Oils. Retrieved from
https://www.nhrorganicoils.com/certs.php?1d=1222
9&type=CofA (Access date: 06.01.2024).

Bazzoni, E., Passino, G. S., Moretti, M. D. L., & Prota,
R. (1997). Toxicity of anethole and its effects on egg
production of Ceratitis capitata Wied. (Diptera,
Tephritidae). Ann Appl Biol, 131, 369-374.

Bouzidi, O., Tine, S., Hamaidia, K., Djebbar, F. T., &
Soltani, N. (2020). Chemical Composition and
Bioefficacy of Essential Oil from Bay Laurel Shrub
(Laurales: Lauraceae) against Culiseta
longiareolata (Macquart) (Diptera: Culicidae)
Larvae. Journal of Entomological Science, 55(2),
262-272.

Benelli, G., Flamini, G., Canale, A., Cioni, P. L., &
Conti, B. (2012). Toxicity of some essential oil
formulations against the Mediterranean fruit fly
Ceratitis capitata (Wiedemann) (Diptera
Tephritidae). Crop Protection, 42, 223-229.

Carey, J. R., Papadopoulos, N. T., Muller, H. G.,
Katsoyannos, B. 1., Kouloussis, N. A., Wang, J. L.,
K. Wachter., Yu, W., Liedo, P. (2008). Age structure
changes and extraordinary lifespan in wild medfly
populations. Aging Cell, A3), 426-4317.

Chi, H. (2020). Probit-MSChart: a computer program
for probit analysis.

Cunningham, R. T. (1989). Parapheromones. In: A. S.
Robinson & G. Hooper (Eds.), Fruit Flies, Their
Biology, Natural Enemies and Control (pp. 221—
230). Elsevier, Amsterdam.

Economopoulos, A. P., & Bruzzone, N. D. (1989). Mass
Rearing of the Mediterranean Fruit Fly (Diptera:
Tephritidae): Continuous Light in the Adult Stage.
Journal of Econ Entomol, 8X5), 1482—1489.

Fletcher, B. S. (1989). Movements of tephritid fruit
flies. In A. S. Robinson & G. H. Hooper (Eds.), Fruit
Flies: Their Biology, Natural Enemies and Control,
Vol. 3B (pp. 209-219). Elsevier Science Publ,
Amsterdam, Netherlands.

Gasperi, G., Guglielmino, C. R., Malacrida, A., &
Milani, R. (1991). Genetic variability and gene flow
in geographical populations of Ceratitis capitata
(Wied.) (medfly). Heredity, 67, 347—356.

Genc, H., & Nation, J. L. (2008). Maintaining of
Bactrocera oleae (Gmelin.) (Diptera: Tephritidae)
colony on its natural host in the laboratory. J. Pest
Sei, 81(3), 167-174.

Geng, H., & Yiicel, S. (2017). Determination of Host
Preferences of Medfly, Ceratitis capitata

866

(Wiedemann) (Diptera: Tephritidae), in the
Laboratory. Tiirk Tarim ve Doga Bilimleri Dergisi,
4(3), 292-301.

Gozel, C., & Genc, H. (2021). Implementing local
entomopathogenic nematodes to control
Mediterranean fruit fly Ceratitis capitata
(Wiedemann, 1824) (Diptera: Tephritidae). 77irk.
Entomol. Derg., 45(3), 389-396.

Houghton, P.J., Ren, Y., & Howes, M. J. (2006). Acetyl-
cholinesterase inhibitors from plants and fungi.
Nat Prod Rep, 25(2), 181-199.

Kang, M. S., & Gauch, H. G. (1996). AMMI analysis of
yield trials. In M. S. Kang & H. G. Gauch (Eds.),
Genotype-by-environment interaction (pp. 1-40).
CRC Press, Boca Raton, FL.

Koul, O., Walia, S., & Dhaiwal, G. S. (2008). Essential
oils as green pesticides: potential and constraints.
Biopestic Int, 41), 63-84.

Lee, S., Peterson, C. J., & Coats, J. R. (2003).
Fumigation toxicity of monoterpenoids to several
stored product insects. Journal of Stored Products
Research, 39, 77-85.

Lee, B. H., Annis, P. C., Tumaalii, F., & Choi, W. S.
(2004). Fumigant toxicity of essential oils from the
Myrtaceae family and 1,8-cineole against 3 major
stored-grain insects. Journal of Stored Products
Research, 40, 553—564.

Liquido, N.J., Shinoda L.A. & Cunningham, R.T.
(1991). Host plants of the Mediterranean fruit fly
(Diptera: Tephritidae). An annotated world list.
Ann. Entomol. Soc. Am., 77, 1-57.

Lopez, SB., Lopez, M.L., Aragon, L.M., Tereschuk,
M.L., Slanis, A.C., Feresin, G.E., Zygadlo, J.A.,
Tapia, A.A. (2011). Composition and Anti-insect
Activity of Essential Oils from 7Tagetes L. Species
(Asteraceae, Helenieae) on Ceratitis capitata
Wiedemann and 7riatoma infestans Klug. J. Agric.
Food Chem., 59, 5286-5292.

Luu-Dam, N.A.; Tabanca, N.; Estep, A.S.; Nguyen,
D.H.; Kendra, P.E. (2021). Insecticidal and
Attractant Activities of Magnolia citrata Leaf
Essential Oil against Two Major Pests from
Diptera: Aedes aegypti (Culicidae) and Ceratitis
capitata (Tephritidae). Molecules, 26, 2311.

Malacrida, A.R., Guglielmino, C.R., Gasperi, G.,
Baruffi, L., Milani, R. (1992). Spatial and temporal
differentiation in colonizing populations of
Ceratitis capitata. Heredity, 69, 101-111.

Mau, R.F.L. & Kessing, J.L.M. (2007). Ceratitis
capitata (Wied.) http:/www.extento.hawaii.edu/
Kbase/crop/type/cera titi.htm, (Accessed: 20.12.
2015).

Miguel, M.G., Almeida, M.L., Gong¢alves, M.A.,
Figueiredo, A.C., Barroso, J.G., Pedro, L.M. (2010).
Toxic Effects of Three Essential Oils on Ceratitis



KSU Tarim ve Doga Derg 27 (4), 856-867, 2024
KSU J. Agric Nat 27 (4), 856-867, 2024

Arastirma Makalesi
Research Article

Capitata. Journal of Essential Oil Bearing Plants,
13(2), 191-199.

Moretti, M.D.L., Bazzoni, E., Passino, G.S. & Prota, R.
(1998). Antifeedant effects of some essential oils on
Ceratitis capitata Wied. (Diptera, Tephritidae). /.
FEssent. Oil Research, 10, 405-412.

Ouarhach, A., Said, L.A., Aboussaid, H., Ghalbane, 1.,
Messoussi, S.E., Romane, A. (2022). Evaluation of
the insecticidal activity of Lavandula coronopifolia
essential oil against the Mediterranean fruit fly
Ceratitis  capitata ~ Wiedemann  (Diptera:
Tephritidae). South African Journal of Botany, 149,
748-753.

Papachristos D. & Stamopoulos D. (2002). Repellent,
toxic, and reproduction inhibitory effects of
essential oil vapors on Acanthoscelides obtectus
(Say) (Coleoptera: Bruchidae). J Stored Prod Res,
38, 117-128.

Raj, G.A., Chandrasekaran, M., Krishnamoorthy, S.,
Jayaraman, M. & Venkatesalu, V. (2015).
Phytochemical profile and larvicidal properties of
seed essential oil from Nigella sativa L.
(Ranunculaceae), against Aedes aegypti, Anopheles
stephensi, and Culex quinquefasciatus (Diptera:
Culicidae). Parasitology Research, 114, 3385—-3391.

Saleem, S., Hasan, M., Sagheer, M. & Sahi, S.T. (2014).
Insecticidal Activity of Essential Oils of Four

867

Medicinal Plants Against Different Stored Grain
Insect Pests. Pakistan J. Zool., 46(5), 1407-1414.
Tayoub, G., Odeh, A. & Ghanem, I. (2012). Chemical
composition and fumigation toxicity of Laurus
nobilis L. and Salvia Officinalis L. essential oils on
larvae of Khapra beetle (7rogoderme granarium

Everts). Herla polonica Vo:58 (2), 26-38.

Weems, H.V. (1981) Mediterranean Fruit Fly,
Ceratitis  capitata (Wiedemann) (Diptera:
Tephritidae). Plant Industry, Entomology Circular,
Florida Department of Agriculture, 230, pp. 8.

Weems, H.V. (1981) Mediterranean Fruit Fly,
Ceratitis  capitata ~ (Wiedemann)  (Diptera:
Tephritidae). Plant Industry, Entomology Circular,
Florida Department of Agriculture. 230, pp. 8.

Yan, W., Hunt, L A., Sheng, Q. & Szlavnins., Z. (2000).
Cultivar evaluation and mega-environment
investigation based on the GGE biplot. Crop
Science. 40, 597-605.

Yiking, M. & Tunaz, H. (2023). Baz: Bitkisel Kékenli
Ugucu Yaglarin Amerikan Hamambocegi
(Periplaneta americana L.) Erginlerine Kars1 Olim
Etkisi. Kahramanmaras Siit¢ii Imam Universitesi
Tarim ve Doga Dergisi, 26 (3), 579 — 5817.
https://10.18016/ksutarimdoga.vi.1168874


https://dergipark.org.tr/tr/pub/ksutarimdoga/issue/76348/1168874
https://dergipark.org.tr/tr/pub/ksutarimdoga/issue/76348/1168874
https://dergipark.org.tr/tr/pub/ksutarimdoga/issue/76348/1168874
https://dergipark.org.tr/tr/pub/ksutarimdoga/issue/76348/1168874
https://dergipark.org.tr/tr/pub/ksutarimdoga
https://dergipark.org.tr/tr/pub/ksutarimdoga
https://doi.org/10.18016/ksutarimdoga.vi.1168874

