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Abstract

Diprion piniis known as a significant forest pest that damages pine needles in many countries of the
world today. Due to the risk of chemical contamination of synthetic pesticides applied against insects,
essential oil use is becoming more popular. In this research, the chemical composition of Rhododendron
luteun essential oil was analyzed by using GC-MS, and its larvicidal effects on six D. pinilarval stages
were investigated. The research was conducted in the Artvin Coruh University Central Laboratory under
laboratory conditions settings 25+1°C temperature, 65+5% relative humidity, and a photoperiod of 14:10
h (L:D) in 2019-2020. B-caryophyllene (15,39%), benzyl benzoate (11,05%), 6-cadinene (7,06%), benzyl
salicylate (6,08%), and a-pinene (4,14%) were found as the primary components of R. luteum oil. It is
observed that the applications of R. luteum essential oil at the doses of 10, 15, and 20 yL/Petri and the
controls at 24h, 48h, 72h and 96h induced fatalities at varied rates (20,1-100 %) on six D. pinilarval
stages (L4, Ly, L3, L4, Ls, Lg). The highest toxicity was identified at L, (0,72 pL/larva) and the lowest
toxicity was determined at Lg (11,92 pL/larva) according to LDy and LDgg values. To sum it up, R./luteun
essential oil showed high toxicity against L, and L, larval stages of D. pini.

Introduction

Forests are valuable assets to be preserved in order to hand down to future generations. Forests, which
we can also refer to as the "Green Homeland," are, the country's prestige, dignity and safety. When
comparing the continents of the world, Europe has the most forest area with 46 percent. North and
Central America comes in second with 25,7%, followed by Africa with 21,8%. Russia, Brazil, America,
Canada, and China are the countries with the most forests in the world. The world's total forest area is
4 billion hectares, with 22,6 million hectares in Turkey (Gokturk, 2021).

It is vital to recognize the elements that endanger forests in order to assure their survival. Environmental
pollution, fire, concretization, poor planning, disease, and insect damage are just a few of the threats for
forest sustainability. In particular, harmful insects are among the variables that have the greatest
destructive impact on natural forests (Gokturk, 2021).

The pine sawfly (Diprion pini L. (Hymenoptera: Diprionidae)) is a pest of Pinus sylvestris in the United
States, Canada, Russia, England, North Africa and Europe, and it damages pine species and Pinus
silvestris (Augustaitis, 2007). While the adults of this species do not damage the Scotch pine trees, its
larvae eats the needle leaves of the trees during the six stages of larvae stage, beginning with the first
larval stage, causing the trees to stop development and become 80—-94 percent smaller in diameter and
height with growth retardation. As a result, secondary pests and diseases spread more quickly in
weakened trees, causing them to dry out completely (Augustaitis, 2007; Meshkova et al., 2019). D. pini
can be found practically everywhere in Turkey where Scots pine is available, and in some regions, it can
cause considerable economic damage. D. pini also caused harm to Scotch pine woods in Artvin province
(Eastern Black Sea Region of Turkey) (Gokturk &Tozlu, 2019).
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In the control of D. pini, chemical insecticides are frequently applied (Linstedt et al., 2006; Wojciechowska
et al.,, 2016). The environmental damage caused by chemical applications, as well as the insecticide
resistance of hazardous insects, necessitates the search for other control materials as alternative control
methods (Khani & Asghari, 2012). Studies on silvicultural studies, the usefulness of pheromone traps
(Anderbrant et al., 2005), and the use of entomopathogens have all been published studies on control
methods (Dadasoglu et al., 2016; Simsek & Kondur, 2017).

Current research on the use of essential oils from medicinal and aromatic plants applied as insecticides
is becoming increasingly popular. The utilization of secondary chemicals and essential oils in plants as
pesticides has grown more significant as an alternative to synthetic pesticides (Isman, 2006). Many
research have shown that certain herbal essential oils and extracts are excellent pesticides in the control
of pests and diseases (Usanmaz Bozhuyuk et al., 2018; Kesdek et al., 2020). Essential oils, extracts, and
chemicals obtained from plants have been found to have ovicidal, larvicidal, insecticidal, repellant,
attractant, and antifeedant properties in various efficiency studies on harmful insects (Kordali et al.,
2008).

Rhododendron L. family Ericaceae is a genus of woody, evergreen shrubs belonging to the Ericaceae
family. With more than 850 species, it is distributed in temperate regions of North America, Europe, and
Asia. There are five species distributed in northern Turkey, especially in the Eastern Black Sea coastal
region; R. caucasicum Pallas, R. luteurn Sweet, R. ponticum L., R. smirnowii Trautv, R. ungernii Trautv
(Bahadir et al., 2018). Among these species, R. luteum and R. ponticum include andromedotoxin which is
a poisonous substance in their leaves and blossoms (Baytop, 1999). Sheeps and goats that feed on the
blooms and young shoots of these plants get poisoned (Puschner et al., 2001). Honey, which is made
from pollen collected by bees from their flowers, is poisonous due to andromedotoxin and is called to as
"mad honey" by the public (Sutlupinar et al., 1993). Tannin, essential oil, erycholine, arbutin, and
andromedol are all found in the leaves of R. luteum. It is utilized by the locals as a diuretic, cold, edema,
and analgesic in rheumatic pains due to its toxic properties (Baytop, 1999). Rhododendron luteum s a
thickly branching shrub that can reach a height of 4 meters and is deciduous throughout the winter. The
leaves are spirally organized in numerous rows on the stalks, ovate, wide inverted lanceolate, ciliated and
finely serrated on the palm's edge, and hairy on both sides. The yellow flowers, which bloom before
leafing, have a sharp smell and are 5 cm in diameter. Flower boards in the form of compound
inflorescences are located at the tips of the shoots. It has spread over Central and Eastern Europe, Turkey,
and the Caucasus region. It can be grown in parks and gardens due to its flowers and leaves that turn red
in autumn (Eminagaoglu et al., 2015).

There is limited research on obtaining essential oil from the plant of R. luteum. Benzyl benzoate, benzyl
salicylate, limonene, p-cymene, B-caryophyllene, methyl benzoate, (E)-B-ocimene, a-pinene, a-terpineol,
cadinol, cadinene and a-muurolene are the chemical major components of the oil derived from R. luteun
flowers, according to studies (Tasdemir et al., 2003; Alan et al., 2010; Usta et al., 2011). There hasn't been
any research carried out on the effectiveness of essential oils on D. pini so yet. However, the antibacterial
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activity of R. Juteum essential oil on bacteria and fungi was determined in a study, and it was found to be
effective against bacteria (Usta et al., 2012).

In this research, the chemical major components of essential oil obtained from R. luteum from natural
regions, as well as its larvicidal activity against six larval stages of D. pini were investigated.

Materials And Methods
Test insects

In July-August (2020), 1st, 2nd, 3rd, 4th, 5th and 6th instar larvae of D. pini were collected from Scots pine
forest areas of Borcka district (Artvin, Turkey). They were fed with fresh yellow pine leaves under
laboratory conditions (25 °C (z 2), 65% (+ 5) RH, and 14/10 L/D) until the experiments.

Plant Material And Isolation Of Essential QOils

The R. luteum flowers used in the study were harvested in June 2019-2020 from Artvin Genya Mountain
(Turkey). The collected flowers were dried in the shade at room temperature until they reached constant
weight (11-13 percent humidity). For the Steam Distillation process, Neo-Clevenger (Wise Therm™)
equipment was employed. Dry samples were ground first, were ground, weighed as 50 grams, transferred
into 500 ml balloons, added onto 500 ml of water (1:10). and then placed in the Neo-Clevenger device.
The distillation process of the essential oil was processed for 3 h. The essential oil obtained was stored
in the refrigerator at 4°C in 10 mL glass tubes with Teflon caps until used in the experiment.

Chemical Composition

The Hewlett Packard system, HP-Agilent 5973 N GC-FID, and GC-MS (Gas Chromatography-Mass
Spectrometer) 6890 GC system were used to determine chemical composition and quantity. The essential
oils obtained from distillation were diluted with acetone at a ratio of 1:10 (v/v) and 0,1 pL of oil was
injected into the HP-Innowax FSC column (30m*0,25mm*0,25um film) with a glass syringe.

At flow rate of 1T mL/min, helium was used as the carrier gas in the system. In the study, the injection
block temperature was 230°C and the detector temperature was 250°C. The temperature of the FID
column was begun at 50°C and gradually raised by 3°C every minute until it reached 230°C. The samples
were kept at the starting temperature for 3 minutes and the ending temperature for 15 minutes.

Without correction factor, the proportional values of the components were calculated as a percentage
according to the FID area. The components were separated using an electron ionization device with a 70
eV ionization energy. Essential Oil Components Library, Wiley GC/MS Library, Adams Library, MassFinder
Library were applied to identify components of R. luteum essential oil and were also confirmed by
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comparing their retention indices. In order to calculate relative retention indices (RRI), alkanes were
employed as reference points.

Bioassays Using Essential Oils

In order to determine the larvicidal effect of the essential oil obtained from the R. /luteun plant against D.
pinilarvae in the laboratory, the essential oil was dissolved with 1:2 (essential oil/ethanol) and stock
solutions were prepared with final concentrations of 5, 10 and 20 pL/Petri and doses of 1,25-2,50 and 5
pL/Petri correspondings to these concentrations were applied. Two layers of sterilized blotting paper were
placed under the glass Petri dishes (9 cm wide x 1,5 cm deep, based on 120 mL volume).

Twenty larvae were placed in each petri dish and 1 mL of the essential oil solutions prepared as the stock
was sprayed on the larvae, and the ethanol was evaporated by keeping it under atmospheric conditions
for 5 minutes. To feed the larvae, 10 g of fresh yellow pine leaves were added, and the Petri dishes were
coated with parafilm. Before usage, pre-prepared essential oil solutions were mixed for 1 minute using a
vortex device. Pure water + ethanol was used as negative control and commercial chemical NeemAzal®
EC (Neem-Oil-Based Botanical Insecticide — 0,03% Azadirachtin) was used as the positive control.
Experiments were conducted at 25 + 2°C temperature, 65 + 5% relative humidity and 14:10 (L:D) h
photoperiod in the laboratory conditions, and each experiment was carried out with 3 replications. At the
24th, 48th, 72nd, and 96th hours after the application, dead larvae were counted.

Analysis And Evaluation Of Data

The death rates in the D.pinilarval stage of the essential oil derived from the R./uteum plant were
calculated, and mortality tables for the larval stage were established at the end of the 24th, 48th, 72nd,
and 96th hours. Analysis of variance (ANOVA) was used with the SPSS (Statistical Package for Social
Sciences 17.0) software package to assess whether there is a statistically significant difference between
the data obtained, and the Duncan test was used to evaluate the differences between the means. the
Finney (1971) method was applied to calculate the LD and LDy values and the EPA Probit Analysis
Program was used to determine the LDy and LDgq values at the 95% confidence limits of each
application.

Results

Fresh flowers of Rhododendron luteum were analyzed by gas chromatography/mass spectrometry (GC-
MS). A total of 47 compounds were identified, accounting for 98,45% of the essential oil extracted from R.
luteum flowers. The primary constituents determined were B-caryophyllene (15,39%), benzyl benzoate
(11,05%), 6-cadinene (7,06%), benzyl salicylate (6,08%), and a-pinene (4,14%) (Table 1).
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As a result of the application of essential oil obtained from the R. luteum plant against D. pinilarvae, it
was observed that all essential oils had a significant toxic effect on D. pinilarvae compared to the
controls. However, it was shown that as the application dose and duration increase, the fatality rates of D.
pinilarvae applied with essential oil obtained from the R. luteum plant, increased dramatically. (Table 2).
When compared to controls, it was shown that essential oil treatments at concentrations of 5, 10, and 20
pL/Petri resulted in mortality rates ranging from 20,1-100% in L;-L¢ larvae of D. pini (Table 2).
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Table 1
Chemical components percent of the oil obtained from flowers of R. luteum

Peak

O 00 N o o »~ W DN

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

Compound Name
2-Hexenal, (E)
a-Pinene

B-Pinene

trans-2-(2-Pentenyl) Furan

Limonene

Benzene Acetaldehyde

Linalool

Borneol
aterpineol
Myrtenol

Decanal
B-Cyclocitral
Isobornylacetate
B-Elemene
Methyleugenol
Longifolene
a-Gurjunene
B-Caryophyllene
(E)-Caryophyllene
Calarene
a-cis-Bergamotene
Aromadendrene
Humulene
y-Gurjunene
y-Muurolene
Germacrene D

B-lonone

RT (min)
3,50
5,04
6,92
712
8,27
9,09
11,43
13,38
15,07
16,52
17,11
18,23
20,52
21,44
22,01
23,35
24,49
25,31
26,28
27,03
28,57
29,19
30,04
31,35
32,22
33,11
34,52

RI
854
939
980
1001
1031
1050
1098
1165
1188
1192
1201
1222
1286
1391
1401
1403
1411
1418
1419
1432
1440
1441
1454
1470
1477
1480
1488
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Content (%)
0,37
4,14
1,15
0,49
2,37
0,72
2,05
0.39
3,18
1,41
0,22
0,17
0,18
043
0,55
0,26
1,62
15,39
2,83
0,43
2,11
0,36
1,31
0,39
0,46
2,32
1,15

Identification Methods
GC/MS/RI
GC/MS/RI
GC/MS/RI
GC/MS/RI
GC/MS/RI
GC/MS/RI
GC/MS/RI
GC/MS/RI
GC/MS/RI
GC/MS/RI
GC/MS/RI
GC/MS/RI
GC/MS/RI
GC/MS/RI
GC/MS/RI
GC/MS/RI
GC/MS/RI
GC/MS/RI
GC/MS/RI
GC/MS/RI
GC/MS/RI
GC/MS/RI
GC/MS/RI
GC/MS/RI
GC/MS/RI
GC/MS/RI
GC/MS/RI




Peak Compound Name RT (min) RI Content (%) Identification Methods
28 y-Amorphene 35,06 1498 2,25 GC/MS/RI
29 a-Muurolene 34,11 1500 3,37 GC/MS/RI
30 Epizonarene 36,42 1501 1,24 GC/MS/RI
31 y-Cadinene 37,24 1513 0,52 GC/MS/RI
32 &-Amorphene 38,21 1514 3,06 GC/MS/RI
33 6-Cadinene 39,32 1524 7,06 GC/MS/RI
34 a-Calacorene 42,57 1542 0,14 GC/MS/RI
35 Elemol 43,04 1549 2,14 GC/MS/RI
36 Germacrene B 43,51 1556 1,01 GC/MS/RI
37 1,6-Germacradien-5p3-ol 47,01 1585 3,08 GC/MS/RI
38 Caryophyllene Oxide 48,23 1581 1,32 GC/MS/RI
39 Viridiflorol 50,32 1594 2,04 GC/MS/RI
40 Isoaromadendrene epoxide 51,45 1612 1,09 GC/MS/RI
41 y-Eudesmol 52,43 1630 2,21 GC/MS/RI
42 Benzyl Benzoate 53,55 1770 11,05 GC/MS/RI
43 a-Oxobisabolene 54,27 1755 1,17 GC/MS/RI
44 Hexahydro farnesylacetone 55,49 1842 1,04 GC/MS/RI
45 Benzyl Salicylate 56,04 1867 6,08 GC/MS/RI
46 Phenylethyl Salicylate 57,23 1987 1,06 GC/MS/RI
47 Thymol 58,45 2195 1,07 GC/MS/RI
Total identified 98,45

3 GC: co-injection with standards, ® MS: previously identified based on computer coordination of the mass
spectra of peaks with Wiley 7N and TRLIB libraries and according to Adams (2007), ¢ RI: Retention index,
d RT: Retention time
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Table 2

The effectiveness of R. luteum plant essential oil on the four instar larvae of D. pini

Essential Oil

L, Instar Larvae

R. luteum

Positive Control

(NeemAzal)

Control (Steril Water + Etanol)

L, Instar Larvae

R. luteum

Positive Control

(NeemAzal)

Control (Steril Water + Etanol)

L5 Instar Larvae

R. luteum

Positive Control

(NeemAzal)

Control (Steril Water + Etanol)

Dose (uL/Petri)

10
15
20
10
15
20

10
15
20
10
15
20

10
15
20
10
15
20

Mortality (%)

Exposure Time (h)

24 48
80,5t442c 831+348c
852+3,14b 952+432b
100+0,0a 100+0,0a
100+0,0a 100+0,0a
100+0,0 a 100+0,0a
100+x0,0a 100+0,0a
00+0,0d 00+0,0d
76,1+214d 81,7+1,62c
81,7+122c 873%+221b
924+262b 978%1,17a
100+x0,0a 100+0,0a
100+x0,0a 100+00a
100+0,0a 100+0,0a
00x+00e 00+00d
653+1,54e 672+438f
722+342d 728+341e
756+248d 784+349d
801+211c 824+214c
870+338b 90,7+3,14b
100+0,0 a 100+0,0a
00+00f 00+£00g
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72
91,2+1,28b
98,7+231a
100+00a
100+00a
100+0,0a
100+0,0a
00+00c

864+417c
90,8+1,54b
98,9+2,07a
100+0,0a
100+0,0a
100+00a
00+0,0d

725+221e
771 +3,14d
83,1+1,25¢
87,5+3,18Db
93,5+1,11 a
100+0,0a
00+00f

96
99,2+1,17 a
100+0,0a
100+0,0a
100+0,0a
100+0,0a
100+00a
00+00b

90,2+241c
96,3+3,22Db
100+0,0a
100+0,0a
100+0,0a
100+0,0a
00+0,0d

751174 e
799+1,35d
854+1,07c
90,2+233Db
98,7+192a
100+0,0a
00+0,0f




Essential Oil Dose (uL/Petri)  Mortality (%)
Exposure Time (h)

L, Instar Larvae

R. luteum 10 56,1+1,85e 60,7+332e 632+142e 672+217e€
15 626+342d 652+248d 679+404d 724+255d
20 653+248c 71,1+197c 758%+1,19c 792+211c

Positive Control 10 694+181c 744+341b 766+1,14c 824+235bc

(NeemAzal) 15 710+£231b 781+1,73a 81,2+217b 851+314b
20 764+218a 809+235a 852+108a 100+00a

Control (Steril Water + Etanol) 00+00f 00+00f 0,0+00f 00+00f

Lg Instar Larvae

R. luteum 10 453+3,55d 472+157e 545+227e 622+377e
15 479+222d 524+185d 571+248d 664+1,75d
20 551+3,19¢c 572+281d 622+244c 705+1,10c

Positive Control 10 60,1+1,42b 655+144c 709+233b 788+138b

(NeemAzal) 15 668+133a 700+257b 748+192a 80,1+323b
20 67,5+287a 738+159a 805+215a 942+234a

Control (Steril Water + Etanol) 00+00f 00+00e 00+0,0f 00+00f

L¢ Instar Larvae

R. luteum 10 201+1,58e 247+244e 30,7+311d 358+1,55¢e
15 262+1,29d 301+1,42d 333+141d 401+217d
20 298+211c 36,2+314c 393+214c 428+248d

Positive Control 10 511+142b 541+214b 592+131b 562t144c

(NeemAzal) 15 579+313a 598+257a 625+222a 687+224b
20 594+1,71Ta 61,5+1,59a 643+215a 872+219a

Control (Steril Water + Etanol) 00+00f 00x00f 00x00f 00+00e

@ Values followed by various letters in the same column differ crucially at P < 0,05 according to Duncan
Multiple test. ® Mean * SE of three.replicates, each.set up with 20 larvae
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Different mortality rates on six D. pinilarval stages (L4, Lo, L3, L4, L5, Lg) was observed. In larvae, higher
mortality was observed at the highest dose (20 pL/Petri) of essential oil obtained from the R. luteun
plant. It was discovered that increasing the application dosage and exposure periods of the tested
essential oil obtained from the R. luteum plant, resulted in an increase in larval death rates.

When the mortality rates of D. pinilarvae exposed to R. luteum essential oil at doses of 5, 10, and 20
uL/Petri and at the 24th, 48th, 72nd, and 96th hours were compared, it was determined that the mortality
rates between the doses were different depending on time (Table 2). When the mortality rates on D. pini
larvae caused by R. luteum essential oil were compared over time, the greatest mortality rates were
reported as 100% in the L, stage larve of D. pini after 96 hours, and the lowest mortality rates were
observed as 20.1% in the L stage after 24 hours as the lowest mortality rate. The mortality rates of D.
pinilarvae are observed as 80,5-100%, 76,1-100%, 65,3—-85,4%, 56,1-79,2%, 45,3—70,5% and 20,1-42,8%
in Lq, Ly, L3, Ly, Ls and Lg stages respectively at 24h, 48h, 72h, and 96h. In conclusion, based on these
results, the larval mortality rates of D. pinilarvae exposed to R. luteun essential oil in different larval
stages of D. pini are observed as higher at 1st and 2nd larval stage, and less mortality rates at 3rd, 4th,
5th, and 6th larval stage (Table 2).

NeemAzal® EC is an insecticide that is applied as control to D. pinilarvae and it is utilized for many
agricultural and forest problem insects. In this study, all dosages of NeemAzal delivered at the L4, L,
periods resulted in 100% mortality at 24, 48, 72, and 96 hours. In this study, 100% mortality was observed
after 24, 48, 72 and 96 hours at all doses of NeemAzal when administered to the L1, L2 of D. pinilarval
stages. When the larval period is considered in terms of hours and doses for effect of NeemAzal
applications on D. pinilarval stages, mortality rates were observed between 51,1-100%. In the negative
controls, no fatalities were found (Table 2).

When the lethal dose (LD5y and LDgg) toxicities are examined for 96 hours after the application of R.
luteum essential oil on D. pinilarvae, differences are given (Table 3).
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Table 3

LDsq and LDgq values of R. luteurn essential oil on the four instars larvae of D. Pini

Treatment LDs, (Limits)2 LDgq (Limits)P X2¢  Slopet SE (Limits)d
Essential oils

L, Instar Larvae 0,72 (0,06 -0,92) 3,28 (0,84 - 3,42) 627  9,24+0,92 (0,53 -7,62)
L, Instar Larvae 0,85 (0,82-2,18) 4,56 (1,71 -2,14) 795  7,55+0,87 (0,83 - 4,28)
L, Instar Larvae 2,35 (0,45-2,82) 6,41 (1,92-2,82) 1554  529+0,89 (0,83 -2,14)
L, Instar Larvae 2,47 (0,36 -2,27) 7,28 (2,15-5,16) 17,22  4,18+0,87 (0,62 - 2,55)
Ls Instar Larvae 3222 (0,25-2,12) 7,84 (2,42 -3,51) 17,22 3,47+0,87 (0,83 - 2,98)
Lg Instar Larvae 4,68 (0,24-1,29) 11,92 (2,69-14,17) 10,21  3,14+0,65 (0,45 - 2,66)

4 The lethal dose causing 50% mortality after 96 h, b The lethal dose causing 90% mortality after 96 h, ©
Chi-square value P < 0,01, 4 Slope of the concentration-mortality regression line + standard error.

LDsq values were resulted as 0,72 - 0,85 - 2,35 - 2,47 - 3,22 and 4,68 plL/larva for L4, Ly, Lg L4 Ls and Lg
instar larvae, respectively; LDgq values were recorded as 3,28 - 4,56 - 6,41 - 7,28 - 7,84 and 11,92
uL/larva for Ly, Ly, L3 L, Ls and Lg; and highest toxicity according to LD5q and LDg values for Lq (0,72
pL/larva), lowest toxicity for Lg (11,92 pL/larva) were observed. The LD5y and LDgq values for other larval
stages are resulted as 0,85 and 4,56 pL / larva for L,, as 2,35 and 6,41 pL / larva for L3, as 2,47 and 7,28
pL/ larva for L,, as 3,22 and 7,82 pL/ larva for Lg (Table 3).

Discussion

Despite the chemical components being different in the few studies on R. /luteurn essential oil, the main
components were generally found to be compatible with the results that we obtained, as B-caryophyllene,
benzyl benzoate, 6-cadinene, benzyl salicylate, and a-pinene (Tasdemir et al., 2003; Alan et al., 2010; Usta
et al., 2012). The number of main components obtained in our research was 47, and the main component
ratios were detected as B-caryophyllene (15,39%), benzyl benzoate (11,05%), 6-cadinene (7,06%), benzyl
salicylate (6,08%), and a-pinene (4,14%). Tasdemir et al. (2003) found 32 different chemical components
in the essential oil obtained from the flowers of R. luteum and these components were limonene (14,6%),
benzyl alcohol (16,3%), p-cymene (8,4%), a-fenchone (5,4). %), phenylethyl alcohol (4,3%) have
determined that they are the most abundant.

Tasdemir et al. (2003) determined 32 different chemical components in the essential oil extracted from
the flowers of R. luteum and these components were limonene (14,6%), benzyl alcohol (16,3%), p-cymene
(8,4%), a-fenchone (5,4%), phenyl ethyl alcohol (4,3%) have determined that they are the most abundant.
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In another study, it was stated that the 34 components obtained from the analysis were B-caryophyllene
(34,0%), methyl benzoate (11,7%), (E)-B-ocimene (10,4%), and a-pinene (10,0%) (Alan et al. 2010). In
another research, a-cadinol (8,9%), 6-cadinene (7,6%), a-terpineol (7,2%), benzyl salicylate (6,2%), a-
muurolene (4,1%) and 1.6- germacradien-5 B-ol (3,4%) were found to be the primary components (Usta et
al., 2012). Many factors might affect the results, including volatile matter environmental conditions, oil
volume and composition, storage term, harvest time, plant age, development period, climate factor,
geographical region, and the number of leaves (Yosr et al., 2012).

Although there are a limited number of studies concerning chemical compositions of R. /luteun essential
oil, there has been no research to investigate the effect of R. luteum essential oil on D. pinilarvae. Since
an essential oil of R. luteum was applied on D. pinilarvae for the first time in this research, that's why the
results obtained could not be compared with any research.

Conclusion

According to the results of the study, it has concluded that the death rate increased gradually as the
application dose and time of essential oils increased. When the mortality rates were evaluated according
to the application dosages, the highest dosage (20 pL/Petri) resulted in the greatest deaths (100%). The
6th stage larvae showed the least death rates. However, when the 10, 15, and 20 pL/Petri doses of the
applied essential oil and the mortality rates at the 24th, 48th, 76th, and 96th hours were examined, it was
resulted that the mortality rates between the doses were different from each other. In comparison to
controls, maximum toxicity rates on D. piniLq, Lo, L3, L4, Ls, and Lg instar larvae were reported at higher
concentrations and longer exposure durations. According to the results of the analysis, the lowest
mortality rates were found in Lg instar larvae, whereas the greatest mortality rates were found in L instar
larvae.

According to these results, the tested R. luteum oil has a high content and it is suggested that it can be
utilized as an insecticidal control agent against L, and L, instar larvae of D. pini.

Furthermore, the effects of R. luteum essential oil should be evaluated in the field and the results should
be compared to laboratory data. Finally, it is anticipated that this study would serve as a starting point for
future research.
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