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Chemical components and insecticidal effects of essential oils from
three lavender cultivars against adult Sitophilus granarius (L., 1758)

(Coleoptera: Curculionidae)!
Farkl lavanta gesitlerinin kimyasal bilesenleri ve Sitophilus granarius (L., 1758)
(Coleoptera: Curculionidae) erginlerine karsi insektisidal etkisi

Mustafa ALKANZ Merve GUZEL3 Hiseyin AKSIT#
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Abstract

The study was conducted to determine the insecticidal and behavioral effect of essential oils (EOs) extracted
from three lavender cultivars, Hemus, Raya and Y ubileina, against adult stage of Sitophilus granarius (L., 1758) (Coleoptera:
Curculionidae) under laboratory conditions. The contact, fumigant and repellent effects of plant EOs were investigated
and possible germination inhibitory effects of the EOs on wheat germination were evaluated. EOs were extracted from
the plant samples using a Neo-Clevenger type apparatus where the plant material is subjected to hydro distillation. The
chemical constituents of EOs were detected by gas chromatography-mass spectrometry. The experiments were
conducted under laboratory conditions in 2019 and 2020. As a result of the study, it was determined that the fumigant
activity changed according to the cultivars. While the LCgo value in the fumigant activity of the EOs of the Hemus was
determined as 0.157 pl/ml air, this value was recorded as 0.139 pl/ml air and 0.118 pl/ml air in Raya and Yubileina,
respectively. Six h after treatment, the highest repellent activity was 86% at 0.05 pl/cm? with Yubileina. Main EOs
components of each cultivar were: Yubileina, linalool (36.0%), linalyl acetate (24.2%) and lavandulyl acetate (5.86%);
Hemus, linalool (28.5%), linalyl acetate (23.1%) and lavandulyl acetate (6.59%); and Raya, linalool (42.5%), linalyl
acetate (30.0%) and a-terpineol (5.45%). There was no negative effect on the germination of wheat with any of essential
oils. These results show that lavender EOs could be useful for the control of S. granarius.

Keywords: Biplot analyses, fumigant activity, GC-MS, granary weevil, Lavandula angustifolia, repellent activity
Oz

Bu ¢alisma, ticari amagli Uretimi yapilan ¢ farkl lavanta ¢esidi Hemus, Raya ve Yubileina'dan izole edilen ugucu
yadlarin Sitophilus granarius (L., 1758) (Coleoptera: Curculionidae)'un ergin dénemlerine karsi insektisidal ve davranigsal
etkisini laboratuvar kosullarinda belirlemek amaciyla yapilmistir. Bitki ugucu yaglarinin kontakt, fumigant ve repellent
etkileri arastiriimis ve bu yaglarin bugdayin ¢imlenme guicli Uzerine olasi etkileri degerlendirilmistir. Ugucu yaglar, bitki
materyallerinden Neo-Clevenger tipi aparat kullanilarak hidrodistilasyon yoéntemine gore elde edilmistir. Ugucu yaglarin
kimyasal bilesenleri gaz kromatografisi-kitle spektrometrisi ile tespit edilmistir. Denemeler 2019 ve 2020 yillarinda
laboratuvar kosullarinda yuritilmistir. Calisma sonucunda bitki gesitlerine gore fumigant aktivitesinin degistigi tespit
edilmistir. Hemus ugucu yaginin fumigant aktivitesindeki LCgo de@eri 0.157 pl/ml hava olarak belirlenirken, bu deger Raya
ve Yubileina'da sirasiyla 0.139 pl/ml hava ve 0.118 pl/ml hava olarak belilenmistir. Uygulamadan alti saat sonra en yiksek
repellent etki, Yubileina'nin 0.05 pl/cm? uygulama dozunda %86 repellent etki ile gézlenmistir. Yubileina'nin ana ugucu
yag bilesenleri, linalool (%36.0), linalil asetat (%24.2) ve lavandulil asetat (%5.86) olarak belirlenirken Hemus'un temel
bilesenleri linalool (%28.5), linalil asetat (%23.1) ve lavandulil asetat (%6.59), Raya'nin ana bilesenleri ise linalool
(%42.5), linalil asetat (%30.0) ve a-terpineol (%5.45) olarak belirlenmistir. Her Gi¢c ugucu yag i¢in de bugdayin ¢imlenme
glicu tizerinde olumsuz bir etki belilenmemistir. Bu sonuglar, lavanta ugucu yaglarinin S. granarius'un miicadelesinde
o6nemli bir potansiyele sahip olabilecegini géstermektedir.

Anahtar sézcukler: Biplot analizi, fumigant aktivite, GC-MS, bugdday biti, Lavandula angustifolia, repellent aktivite
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Chemical components and insecticidal effects of essential oils from three lavender cultivars against adult Sitophilus granarius (L., 1758)
(Coleoptera: Curculionidae)

Introduction

The world population is increasing rapidly and as a result the growing demand for safe food demand
is a major problem for agricultural systems with limited resources. Therefore, the current global agricultural
production has to be protected from biotic and abiotic factors from harvest to the table. The largest insect
order, Coleoptera, includes the major and significant stored product pests. These pests can live under in a
wide range of environment conditions. The feeding behavior and levels of storage pests vary, so some are
considered primary pests whereas others are classified as secondary pests. Sitophilus granarius (L., 1758)
(Coleoptera: Curculionidae) is considered one of the primary pests. Qualitative and quantitative losses
occur in the stored products because of the detrimental effects of this pest. Various cultural, physical and
chemical control methods are used to protect the stored products. Stored product pests are potentially
present in all warehouses and cause 10-30% damage to annual global cereal production (Singh et al.,
2009). The most widely used approach to control stored product pests globally is pesticides and in particular
fumigation (Mutungi et al., 2014). However, both the direct consumption of stored products and the increase
in concerns about pesticide use in recent years have led to the development of more environmentally-
friendly approaches.

Lavender spp. which is a member of the Lamiaceae are known to have a Mediterranean origin
(Aslancan & Saribas, 2011). The lavender is a semi-bushy, perennial herb that can grow up to 1 m. There
are more than 30 species of lavender, but only a few are used commercially for essential oil (EOs). The
essential oil obtained from the flowers and flower stalks is one of the 15 most traded EOs in the world
(Aslancan & Saribas, 2011). The essential oil of the lavender is extracted using water vapor distillation
apparatus. Lavender essential oil is still in high demand around the world. In near future, over 200,000 ha
are expected to be planted with lavender in Europe and the quality of the essential oil produced is crucial
for medical, pharmaceutical and aromatherapy applications (Hassiotis et al., 2010).

Plants consist of very different chemical components that cause insecticidal effects. These
secondary metabolites are complex mixtures and can be classified as alkaloids, glycosides, phenols,
terpenoids, tannins and saponins (Shanker & Solanki, 2000). Lis-Balchin & Hart (1999) found that lavender
oil from Lavandula angustifolia Mill. (Lamiaceae) flowers contains linalyl acetate, linalool, lavandulol, 1,8-
cineole, lavandulyl acetate, camphor and borneol. The antimicrobial activity of EOs, along with their
sweetener/aromatic properties, has been widely used in the pharmaceutical, cosmetic and food industries
(Prashar et al., 2004). Lavender essential oil is used in the culinary industry to flavor drinks, ice cream,
confectionery, baked goods and chewing gum (Kim & Lee, 2002). Recently, aromatherapy has become
increasingly popular and lavender has been used as a sedative (Lis-Balchin & Hart, 1999). Lavender
species is also used as pain relievers, antifungal and antibacterial agents in the treatment of burns and
insect bites (Cavanagh & Wilkinson, 2002).

Many studies have been conducted in terms of insecticidal and some other biological activities of
lavender species. Different activities of Lavandula spp. such as antioxidant (Yakoubi et al., 2021), cytotoxic
(Siddiqui et al., 2020), antimicrobial (Leong et al., 2021), anti-acetylcholinesterase (Vairinhos & Miguel,
2020), antibacterial (Sayout et al., 2020), repellent (Huang et al., 2020), antifungal (Domingues et al., 2021),
allelopathic (Nazemi et al., 2016) have been recorded recently.

In this study, the insecticidal and behavioral effects of EOs of lavender cvs Hemus, Raya and
Yubileina were evaluated under laboratory conditions against S. granarius and also possible germination
inhibitory effects of the EOs on wheat germination. In addition, essential oil components were determined
by GC-MS.
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Material and Methods
Plant material and essential oil extraction

Plant materials, L. angustifolia (cvs Hemus, Raya and Yubileina) cultivars were provided from the
cultivation areas of Trakya Agricultural Research Institute (Edirne, Turkey). The four-year-old plants were
harvested for each cultivar at the flowering time in cloudless sunny weather at midday in June 2019. EOs
were extracted from 100 g dry flower samples of each cultivars using Neo-Clevenger apparatus by
hydrodistillation for 4 h. Oils were kept in amber vials at -20°C until identified.

Gas chromatography-mass spectrometry analysis

Gas chromatography-mass spectrometry (GC-MS) analyses were performed using a Thermo Scientific
Trace 1310 GC-MS system, equipped with HP-5MS capillary column (30 m x 0.25 mm and 0.25 m ID). 20 mg
of EOs were solved in 1 ml of acetone and directly injected to GC-MS in 1 pl volumes. Helium (constant
flow, 1.2 ml/min) was used as a carrier gas in split mode by 50:1. The injection site and mass transfer line
temperature were set at 280°C. The column oven temperature was programmed accordingly: the initial
column oven temperature was 60°C, held for 3 min then ramped to 200°C at a rate of 3°C/min and then
immediately ramped to 240°C at a rate of 5°C/min and held for 5 min. The mass spectrometer conditions
were: the ion source temperature was 280°C and the ionization energy was 70 eV in EI mode. The retention
indexes were calculated for all the components using the Van den Dool & Kratz equation (Dool & Kratz,
1963) based on homolog n-alkane series retention times. Wiley and NIST2004 MS libraries were used to
confirm the identities of the compounds. The relative peak area percentages of each compound were
calculated based on the MS chromatograms. Relative peak area percentages were calculated by multiplying
the division of the relevant peak area by the total peak area by 100.

Insect collection and rearing

The population of S. granarius population in the Plant Protection Central Research Institute (Ankara,
Turkey) stock culture was used in the study. Soft wheat kernels which were stored in a freezer at -18°C for
72 h to eliminate the risk of possible contamination were used for rearing S. granarius. Mixed-sex adults
were placed in 1 L glass jars and the monitoring of emerged adults was recorded daily. The adults that
emerged between 7 and 28 days after first emergence were used in the study.

Fumigant toxicity bioassays

Glass tubes (10 ml) with airtight caps were used in the single concentration for fumigant activity
assays. Discs of 10 mm in diameter were cut from Whatman No. 1 filter paper and attached to the glass
tube caps with needle. EOs were diluted using acetone 0.1 (v/v) and 10 pl applied to each filter disc with a
micropipette. The same amount of acetone was applied to the filter paper in the control groups. The tubes
were placed in a fume hood for 5 min to evaporate the acetone, the tubes were closed using a motor
creeper with a silicone septic cap afterwards. The tubes were placed in an incubator at 25+2°C and dead
insects were recorded after 24 h (Polatoglu et al., 2013). The insects were considered dead when they did
not move when probing with a sable brush. The experiment was set up with a completely randomized
design with 18 replicates and five adult insects were used in each replicate. Since 70-100% mortality was
detected in the applications of Hemus, Raya and Yubileina EOs, all three EOs were included in the dose-
response assays. In order to calculate the LCso and LCoo values, bioassays were set up at doses ranging
from 0.05 to 0.15 (v/v).

Contact activity bioassays

EOs which were diluted with acetone at a concentration of 0.15 (v/v) applied to the second segment
of the dorsal surface of thorax of the insects (1 pl/insect) with a micro applicator (Hamilton Company, PB-
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600, Reno, NV, USA) in single-dose contact activity assays. In the control group, the insects were treated
with the same amount of acetone. Adult individuals were placed into Petri dishes (6 cm diameter) containing
food and were maintained in the dark at 25+2°C and 65% RH in the incubator. After 24 and 48 h, the dead
adults were counted. The insects were considered dead when they did not move when probing with a sable
brush (Hossain et al., 2019). The experiment was conducted according to completely randomized design
with 10 replicates. In each replicate, 20 mixed sexed adult insects were used and the whole experiment
was repeated two times.

Repellent activity assays

The method developed by McDonald et al. (1970) was used in order to evaluate the repellent effect
of lavender cultivars EOs. For this purpose, 9 cm discs were cut from Whatman No. 1 filter paper. Acetone
was applied to half of the filter paper as a control and EOs at 0.05 and 0.25 pl/cm? concentrations were
separately applied to the other half. The filter papers, which were kept under a fume hood for 5 min to
evaporate the acetone, were then fixed to the bottom of Petri dishes and 20 adult individuals were placed
in the middle of the filter. The plates were covered with Parafilm to prevent evaporation and were kept at
25+2°C and 65% RH in the incubator. The area where the insects were present was recorded after 2, 4
and 6 h. The experiment was conducted according to completely randomized design with three replications.
In each replicate 20 mixed sexed adult insects were used and the whole experiment was repeated two
times. The following formula (McDonald et al., 1970) was used to compute the percent repellent efficacy:

Repellent activity (%) = (Nc — Nt) / (Nc + Nt) x 100
where, Nc is the number of insects in control and Nt is number of insects in respective EOs treatment.

After the calculation of percentage repellent effectivity, it was scored on 5-point scale used by Juliana
& Su (1983): 0, 0.1% repellent activity; 1, 0.1-20.0%; 2, 20.1-40.0%; 3, 40.1-60.0%; 4, 60.1-80.0%; and 5,
80.1-100%.

Grain germination assays

Wheat seeds [Triticum aestivum L. cv. Eser (Poaceae)] have >95% germination rate obtained from
the Field Crops Central Research Institute (Ankara, Turkey) were used in the study. Wheat seeds were
surface-sterilized by NaOCI (5%) and ethanol (96%) for 5 and 30 min respectively and rinsed with distilled
water. EOs concentrations tested in wheat germination were determined according to LCso values obtained
as a result of fumigant activity tests. Accordingly, 0.4l, 0.8, 1.6l and 3.2 pl/ml doses for Hemus EOs, 0.35,
0.7, 1.4 and, 2.8 ul/ml doses for Raya EOs, and 0.3, 0.6, 1.2 and, 2.4 pl/ml doses for Yubileina EOs were
used. Twenty seeds were treated with EOs concentrations in closed 10 ml airtight glass bottles and the lids
open after 2 days were kept under a fume hood for 1 day. Seeds placed in Petri dishes containing filter
paper moistened with purified water were incubated at 15-20°C at room temperature. After 7 days, the
number of germinated seeds was determined. Seeds were considered as germinated when the shoot and
root development reached the half-size and the same size of the seed, respectively. The experiment was
laid out in a completely randomized design with five replicates, and repeated two times.

Statistical analysis

The mortality data recorded in single-dose assays were converted to percent mortality and then
transformed by arcsine transformation technique. One-way analysis of variance was used to test the
significance and treatment means were separated by Tukey’s multiple comparison test. The statistical
analyses were performed using the MINITAB 18 computer program (Minitab Inc., PA, USA). The data from
dose-response tests were analyzed using the Polo-PC probit package program and the LCso and LCgo
values, as well as confidence intervals, were calculated. The GenStat computer program (VSN
International, Hemel Hempstead, UK) was used to perform principal component analysis.
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Results

GC-MS analysis revealed 25, 20 and 24 compounds in Yubileina, Raya and Hemus EOs,
respectively, and these represented 97.8, 97.1 and 97.2% of total EOs, respectively (Table 1).

Table 1. Essential oil components extracted from three lavender cultivars

R R mue FSemols e erme AL
498 956 954 camphene - 0.3 0.3 Asuming et al., 2005 Mse, RIf
5.46 980 981 1-octen-3-ol 0.4 0.4 1.9 Oliveira et al., 2006 MS, RI
5.62 987 988 3-octanone 3.4 2.1 - Zhao et al., 2006 MS, RI
5.72 992 986 a-myrcene 1.0 1.2 11 Shang et al., 2002 MS, RI
5.80 996 994  3-Octanol 0.4 - 0.4 Juliani et al., 2004 MS, RI
6.60 1034 1032 limonen 0.6 - 0.8 Mevy et al., 2006 MS, RI
6.68 1037 1038 1,8-Cineole 1.4 1.1 0.5 Jalali-Heravi et al., 2006 MS, RI
6.75 1040 1040 cis-ocimene 1.6 14 21 Oliveira et al., 2006 MS, RI
7.00 1051 1050 pB-ocimene 1.1 1.4 1.4 Karioti et al., 2003 MS, RI
7.64 1077 1078 linalool oxide 0.7 - 1.8 Liu et al., 2006 MS, RI
8.02 1092 1092 terpinolene 0.7 0.7 1.6 Novak et al., 2001 MS, RI
8.33 1105 1103 linalool 36.0 425 28.5 Bouzouita et al., 2003 MS, RI
8.54 1114 1112 1-octen-3-yl acetate 2.0 2.1 2.1 Benzo et al., 2007 MS, RI
9.48 1152 1153 camphor 0.4 - 0.6 Radulescu et al., 2004 MS, RI

10.01 1172 1171 borneol 2.4 - 2.7 Zeng et al., 2007 MS, RI

10.32 1183 1182 4-terpineol - - 7.7 Avato et al., 2004 MS, RI

10.54 1191 1192 cryptone 0.7 1.0 0.3 Lazarevi¢ et al., 2010 MS, RI

10.65 1195 1196 a-terpineol 5.4 55 6,0 Nickavar et al., 2002 MS, RI

11.58 1230 1229 nerol 11 0.6 1.3 Mevy et al., 2006 MS, RI

12.32 1255 1257 linalyl acetate 24.2 30,0 23.1 Quijano et al., 2007 MS, RI

13.19 1291 1293 lavandulyl acetate 5.9 3.3 6.6 Saroglou et al., 2006 MS, RI

15.07 1368 1364 neryl acetate 1.7 - 1.7 Saroglou et al., 2006 MS, RI

15,56 1379 1380 geranyl acetate 2.8 1.7 2.4 Bonaiti et al., 2005 MS, RI

16.59 1415 1419 caryophyllene 11 11 11 Benkaci-Ali et al., 2007 MS, RI

17.38 1461 1459 B-farnesene 1.2 0.6 - Kundakovic et al., 2007 MS, RI

18.08 1478 1477 germacrene-D 0.4 0.4 - Kundakovic et al., 2007 MS, RI

20.51 1590 1592 caryophyllene oxide 1.3 - 1.8 Kundakovic et al., 2007 MS, RI

21.78 1620 1623 a-cadinol - 0.3 - Pavlovi¢ et al., 2006 MS, RI

Monoterpene hydrocarbons 4.9 4.9 7.2
Oxygenated monoterpenes 88.3 89.0 87.2
Sesquiterpene hydrocarbons 2.7 2.10 11
Oxygenated sesquiterpenes 1.3 0.3 1.8

Total 97.8 97.12 97.2

3RT, retention time (min); °RI, retention index; °RI Lit., Rl of the compound at same GC column and similar GC-MS condition; “IM, Identification
method; ®MS; mass spectrometry match in database; and 'Rl, comparison of retention index from the literature.

It was concluded that the EOs of Hemus, Raya and Y ubileina contain high amounts of linalool and linalyl
acetate. It was found that Raya EOs contained 42.5% linalool whereas Yubileina and Hemus EOs contained
36.0 and 28.5% linalool, respectively. Similarly, the highest linalyl acetate content was determined in Raya
EOs with 30.0%, followed by Yubileina and Hemus EOs with 24.2 and 23.1% contents, respectively. In
addition, lavandulyl acetate content was determined in all three EOs, ranging from 3.33 to 6.59%.
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Raya and Yubileina EOs generated a similar composition as pointed in Figure 1. Raya and Yubileina
EOs have been closer to the center at the end of the biplot analysis.

Scatter plot (total - 99.7%)

I;;Hen'us
Y

\

\
\\

PC2-4.2%

\
\ +Raya
\+Yupileina

\J

PC1-95.5%

Figure 1. Principal component (PC) analysis of essential oil composition of lavender cvs Hemus, Raya, Yubileina.

As aresult of the germination tests, no negative effects of EOs on wheat germination were observed.
After 7 days, 100% germination was observed in all treatments.

Although there were significant differences between the EOs and their doses (P < 0.05) in terms of
contact activity of the EOs evaluated in this study against S. granarius adults, the high-level effect was not
observed (Table 2). The highest contact activity was determined at the 10% (v/v) application dose of
Yubileina EOs with 27.9% (F = 27.3; df = 6,28; P < 0.05) and 62.2% (F = 51.2; df = 6,28; P < 0.05),
respectively, after 24 and 48 h, while other EOs and doses did not show useful activity.

Table 2. Contact activities on Sitophilus granarius of essential oil obtain from lavender cvs Hemus, Raya, Yubileina

Concentration Mortality (%)+SEM
Treatment o
(% viv) 24 HAT 48 HAT

Control 0.0+0.0 c 0.0+0.0 c

5 0.0£0.0 c 0.2+0.5 bc
Hemus

10 43+t1.6 b 43+t16 b

5 0.0£0.0 ¢ 0.0+£0.0 ¢
Raya

10 1.840.7 bc 4.7+0.8 b

o 5 0.0£0.0 c 0.0+0.0 ¢

Yubileina

10 27.9+0.1 a 62.2+0.4 a

Means followed by the same letter within a column are not statistically different (ANOVA P < 0.05 Tukey’s test); HAT, hours after treatment;
and SEM, standard error of the mean.
The fumigant effects of EOs isolated from three lavender cultivars showed similar fumigant effect on
S. granarius, while the highest effect was shown in Yubileina EOs (Table 3). LCso and LCoo values were 0.079
and 0.118 pl/ml air with Yubileina EOs and 0.094 and, 0.157 pl/ml air with Hemus EQOs, 0.09, 0.139 pl/ml
Raya EOs.
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Table 3. The results of dose-response assays used to evaluate the fumigant activity of lavender cvs Hemus, Raya and Yubileina
essential oils 24 h after treatment against Sitophilus granarius

Cutlivar Slope+SE LCso (l/ml air) 95% CI LCgo (/ml air) 95% CI X2 Heterogeneity
Hemus 5.83+0.56 0.094 0.088-0.101 0.157 0.143-0.176 27.9 0.93
Raya 6.92+0.66 0.091 0.085-0.097 0.139 0.130-0.153 16.4 0.55
Yubileina 7.22+0.63 0.079 0.073-0.084 0.118 0.110-0.129 26.9 0.90

HAT, hours after treatment; SE, standard error; LCs, 50% lethal concentration; LCg, 90% lethal concentration; and Cl, confidence interval.

Hemus, Raya and Yubileina EOs were in the same repellent group representing both doses, but the
effects varied depending on the application time and dose. Similar to the fumigant effect, the highest
average repellent activity was obtained with Yubileina EOs at 70 and 75% at both doses. In Raya and
Hemus, 64 and 70% effect were at 0.25 pl/cm? dose, respectively, while 66 and 64% at 0.05 pl/cm? dose.

Table 4. Repellent effects of essential oil obtain from three lavender cultivars on Sitophilus granarius

RA (%)+SE (95 % CI)

Cultivar Dose
(Hlfem?) 2 HAT 4 HAT 6 HAT Mean
(repellency score)
Raya 0.05 74.0#5.1 (52.3-95.7)  56.0+10.3 (34.9-77.1) 62.0+11.6 (44.2-79.8) 64.0 (4)
0.25 64.0+16.9 (42.3-85.7) 64.0+8.7 (42.9-85.2)  70.0+7.7 (52.2-87.8) 66.0 (4)
Hemus 0.05 74.045.1 (52.3-95.7)  64.0+8.1 (42.9-85.2)  72.0+8.0 (54.2-89.8) 70.0 (4)
0.25  64.0+11.7 (42.3-85.7) 72.0+12.4 (50.9-93.1) 56.0+6.8 (38.2-73.8) 64.0 (4)
Vubileina 0.05 78.0£10.2 (56.3-99.7)  62.0+8.6 (40.9-83.2)  86.0+6.0 (68.2-104) 75.3 (4)
0.25 74.0£9.3(52.3-95.7)  72.0+12.4 (50.9-93.1) 64.0+10.3 (46.2-81.8) 70.0 (4)

HAT, hours after treatment; RA, repellent activity; and CI, Confidence interval.
Discussion

The main EOs components of lavender were 28.5-42.5% linalool and 23.1-30.0% linalyl acetate,
which is consistent with earlier studies (Smigielski et al., 2018; Najibullah et al., 2021). Linalool, linalyl
acetate, 1,8-cineole and borneol have already been identified as important components of EOs of various
lavender cultivars, although in varying proportions (Cosimi et al., 2009; Fouad et al., 2021). It has been
reported that there can be high variability in the component contents of lavender EOs and that some
compounds such as linalyl acetate can be detected at highly variable concentrations depending on the
production area and cultivar (Duskova et al., 2016). It is also known that biotic and abiotic factors affect the
chemical composition of the plant species (Ferndndez-Sestelo & Carrillo, 2020) and the chemical
composition can vary according to the part of the plant used (Smigielski et al., 2018). The other factors
affecting chemical composition are the distillation time and method.

There are many studies on the potential use of plant EOs on controlling them against pests (Koul et
al., 2008; Lopez et al., 2008). In this study, the possibilities of using lavender cultivars in the control of S.
granarius were investigated. The biological activities of EOs of lavender species, as well as some of its
main components, against stored product pests have been evaluated by different researchers (Al-Ansari et
al., 2021; Al-Harbi et al., 2021; Fouad et al., 2021). Considering the results of contact activity, Yubileina
EOs, whose main components were determined as linalool and linalyl acetate, showed the highest contact
activity at the end of 48 h. However, no significant effect was detected with Hemus and Raya EOs, which
have the same main components. This suggests that the activity detected in Yubileina EOs may be due to
other compounds. Similar results were obtained with other insect species and EOs. Many researchers
found that the same plant EOs or extract from the same genus, as well as various types of insects, react
differently to these varying quantities (Guo et al., 2017, Liang et al., 2017).
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Lavender cultivars used in this study showed fumigant activity against S. granarius, in parallel with
the results of other studies against various stored product pests (Al-Ansari et al., 2021; Al-Harbi et al., 2021).
Kheloul et al. (2020) reported that L. angustifolia EOs showed significant fumigant activity against S. granarius
and the LCsovalue was 1.57 mg/l. In addition, it has been reported that the main components of the EOs of
L. angustifolia are linalool (23.8%), 1,8-cineole (12.0%) and borneol (10.7%). Similarly, the amount of linalool
(28.5-42.5%) detected as the main component with a higher area, but 1,8-cineole was not detected in our
study. Between the L. angustifolia cvs, borneol in Hemus (2.72%) and Yubileina (2.41%) EOs was lower,
but not in Raya. Previous studies indicated that linalool or linalool-rich EOs have fumigant activity against
stored product insects (Yang et al., 2014; Zhou et al., 2012). Our findings-have confirmed these results.

Lavender EOs showed significant repellent activity against S. granarius depending on the application
dose and time. There are many studies in parallel with this study, in which the effect of repellent activities
of EOs obtained from plants in the Lamiaceae with storage pests were investigated (Mishra et al., 2012;
Moazeni et al., 2014). The repellent activity of 10 plant EOs, including L. angustifolia Mill., was evaluated
against Sitophilus oryzae (L., 1763) (Coleoptera: Curculionidae) and the EOs of L. angustifolia was the oil
with the third highest repellent activity (Jayakumar et al., 2017). Similarly, Sabbour & El-Aziz (2020) were
evaluated the repellent activity of lavender, Nepeta sp., Geranium sp. (Geraniaceae) and Chamaemelum
sp. (Asteraceae) EOs against Tribolium confusum Jacquelin du Val, 1863 and Tribolium castaneum
(Herbst, 1797) (Coleoptera: Tenebrionidae). They showed that the highest repellent activity in geranium
EOs and reported that the repellent activity of this oil was followed by the activity of lavender EOs. However,
there are conflicting results about which component provides the repellent activity. Fouad et al. (2021)
reported that linalool, which was the most abundant component in our study, did not have a significant
repellent activity, but ea-pinene, which was not detected in our study, showed significant repellent activity.
Linalyl acetate was the second most abundant component detected in this study. Cosimi et al. (2009) was
reported that Citrus bergamia Risso (Rutaceae) and Lavandula hybrid EOs rich in linalool and linalyl acetate
showed significant repellent activity against Sitophilus zeamais (Motschulsky), 1855 (Coleoptera:
Curculionidae). Repellent activity of linalyl acetate was also determined for Rhodnius prolixus (Sfara et al.,
2009). Germinara et al. (2017) was also reported that the EOs of L. angustifolia, in which 23.8% linalool,
6.90% linalyl acetate, 12.0% 1,8-cineole and 10.7% borneol were detected, showed significant repellent
activity against S. granarius. In our study, the components of the EOs we used were similar in terms of
linalool content, while the linalyl acetate content was found at a high level, the borneol content at a very low
level and 1,8-cineole was not detected. Obtaining similar results at different component densities suggests
that the repellent activity is not caused by a single chemical component in plant EOs, but rather multiple
EOs components act together on the repellant activity.

Studies on the use of EOs in controlling agricultural pests have recently gained momentum. In
parallel with the high level of toxicity of pesticides used in pest control and increasing consumer awareness,
interest in the use of agents derived from natural or natural products is increasing. One of the limiting factors
for the use of EOs for pest control is their low stability in open areas and field conditions. The decrease in
fumigant activities due to low vapor pressures is another factor limiting the use of EOs. However, this can
be eliminated with new formulation studies such as slow-release mechanisms and propellant applications.
Studies with EOs are mostly aimed at determining the biological activity of the total EOs composition and
these studies will gain more meaning with studies on the determination of the biological activities of the
main components and their purification. It is extremely important to increase the number of these studies
in order for the biomolecules of EOs, whose effectiveness has been demonstrated, to be an alternative to
synthetic fumigants. In this study, the insecticidal and behavioral of EOs obtained from lavender cultivars
that can be produced commercially were tested against S. granarius under laboratory conditions. The
results of the experiment show that these oils have a considerable potential for pest control. However, in
order for this potential to be realized, application method and formulation need to be optimized.
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