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Determination of certain biochemical properties of Lavandula stoechas L.

Sevgin Ozderin® ', Ebru Hatice Tigh Kaytanhoglu™" *', Hiiseyin Fakir®

Abstract: Lavandula stoechas L. (Lamiaceae) is an aromatic plant species recognized as a potential source of phenolic compounds and has been
traditionally used in many countries for centuries. Essential oils derived from species of the Lavandula genus are widely utilized in perfumery, cosmetics,
food processing, and aromatherapy due to their diverse biological properties. In this study, the aim was to determine the total phenolic content and
antioxidant properties of the essential oil obtained from the dried aerial parts of L. stoechas. The total phenolic content of the essential oil was measured
using the Folin—Ciocalteu method, while antioxidant activities were evaluated through CUPRAC and DPPH assays. According to the results, the total
phenolic content was found to be 1.349 mg/g. The highest antioxidant capacity was observed with the CUPRAC method, yielding a value of 2.408
mg/g, whereas the mean DPPH value was determined to be 0.054 mg/g. These findings indicate that the essential oil of L. stoechas exhibits strong
antioxidant potential, with the CUPRAC method reflecting a notably higher antioxidant activity.

Keywords: Phenolic, Antioxidants, Lavandula stoechas, CUPRAC, DPPH

Karabas (Lavandula stoechas 1..)’1n baz1 biyokimyasal 6zelliklerinin belirlenmesi

Ozet: Lavandula stoechas L. (Lamiaceae) tiirii, fenolik bilesenler agisindan potansiyel bir kaynak olarak degerlendirilen ve birgok iilkede uzun siiredir
geleneksel tipta yaygin sekilde kullanilan aromatik bir bitkidir. Lavandula cinsine ait tiirlerden elde edilen ugucu yaglar, ¢esitli biyolojik aktiviteleri
nedeniyle parfiimeri, kozmetik, gida endiistrisi ve aromaterapi gibi alanlarda genis uygulama alan1 bulmaktadir. Bu ¢alisma kapsaminda, L. stoechas
bitkisinin kurutulmus toprak istii kisimlarindan elde edilen ugucu yagin toplam fenolik igerigi ve antioksidan 6zellikleri belirlenmistir. Ugucu yaglarin
toplam fenolik igerigi Folin—Ciocalteu yontemiyle, antioksidan aktiviteleri ise CUPRAC ve DPPH yontemleriyle analiz edilmistir. Analiz sonuglarina
gore, toplam fenolik icerigin 1,349 mg/g oldugu saptanmustir. Antioksidan kapasite agisindan CUPRAC yo6ntemiyle 6lgiilen deger 2,408 mg/g ile en
yiiksek aktiviteyi gostermistir. DPPH yoOntemiyle belirlenen ortalama deger ise 0,054 mg/g olarak tespit edilmistir. Elde edilen veriler, CUPRAC
yontemi ile belirlenen antioksidan kapasitenin daha yiiksek oldugunu ve L. stoechas ugucu yagimin giiglii bir antioksidan potansiyele sahip oldugunu

gostermektedir.

Anahtar kelimeler: Fenolik, Antioksidan aktivite, Lavandula stoechas, CUPRAC, DPPH

1. Introduction

Traditionally, medicinal plants have been utilized for
therapeutic purposes across the world since ancient times,
offering natural remedies for a variety of diseases. These
plants hold significant cultural value and are often
associated with intergenerational knowledge regarding
health preservation and healing practices (Safarzadeh et
al. 2022; Alfuraydi et al. 2024). In contemporary times,
traditional medicine continues to be a widely preferred
healthcare approach for approximately two-thirds of the
global population. This preference is largely driven by the
increased awareness of the side effects associated with
synthetic pharmaceuticals and the growing acceptance of
herbal alternatives, especially in developed countries
where sustainability initiatives encourage the use of
locally available natural resources (Setacci et al. 2020).

The rich biodiversity of the Mediterranean region plays a
crucial role in the development of natural therapeutic
methods, serving as a substantial reservoir of medicinal
plants (Algieri et al. 2016; Giilmen 2018). Among the
botanical families contributing to the expansion of the

catalog of popular herbal medicines in the Mediterranean
Basin, the Lamiaceae family is particularly notable for its
abundance of medicinal and aromatic species (Algieri et
al. 2016). This family, commonly known as the mint
family, comprises 46 genera, with the genus Lavandula
represented by six taxa in Tiirkiye. Globally, the genus
Lavandula, which is native to the Mediterranean, consists
of approximately 39 species and over 100 varieties
(Carrasco et al. 2015). Among these species, Lavandula
stoechas L. is native to the Mediterranean region of
Tiirkiye However, due to its adaptability to various
climatic conditions and soil types, it is now distributed
across many parts of the world (Giilmen 2018; Gallotte et
al. 2020). Commonly known as “French lavender” or
“topped lavender,” L. stoechas—Ilocally referred to as
"karabag otu" or "karan"—holds a prominent commercial
position among medicinal and aromatic plants, primarily
due to its industrial uses (Davis 1982; Gallotte et al. 2020).
It is a well-known species in traditional medicine,
particularly for its essential oil content, and has been
utilized for centuries in Tiirkiye for various therapeutic
applications (Sahinler et al. 2022).
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Ethnobotanical and phytopharmacological studies report
that in Morocco, L. stoechas is traditionally used for the
treatment of rheumatic disorders and nephrotic
syndromes, as an antispasmodic agent, and in alleviating
pain and inflammatory conditions (El-Hilaly et al. 2003;
Ez Zoubi et al. 2016). Moreover, it is commonly used in
the preparation of traditional foods and herbal teas, as well
as for cosmetic purposes (Msaada et al. 2011; Zuzarte et
al. 2013; Montanari 2014). In the chemical composition of
L. stoechas, the aerial parts have been found to contain
flavonoids, catechin tannins, sterols, coumarins,
leucoanthocyanins, and mucilages (Ez Zoubi et al. 2020).
Previous studies on Lavandula taxa have extensively
investigated their volatile constituents (Kirmizi Bekmez et
al. 2009; Bella et al. 2015; Kiyma et al. 2017; Karaca et
al. 2018; Kiigtik et al. 2018; Mokhtarzadeh 2019), genetic
diversity (Kaya et al. 2012), anatomical, morphological,
chorological, and biosystematic characteristics (Kiigiik et
al. 2019), antioxidant activities (Uygun et al. 2017),
pathogenic effects (Okmen 2017), as well as their
phytochemical and biochemical properties (Celep et al.
2018). Additionally, their cytotoxic (Celik and Aslantiirk
2007; Kalhan 2019; Abdel-Baki 2023), anti-
inflammatory, antioxidant (Ceylan et al. 2015; Ayaz et al.
2020), antimicrobial (Sicak et al. 2019), insecticidal,
larvicidal, anticonvulsant, antispasmodic, sedative,
hepatoprotective, nephroprotective, antidiabetic, and
anticancer (Sahinler et al. 2022), antibacterial (Dadalioglu
and Evrendilek 2004), antifungal, and antiseptic activities
(Oztiirk et al. 2005) have also been well documented.
Furthermore, L. stoechas has been traditionally used in
folk medicine for wound healing, blood sugar regulation,
headache relief, and treatment of vascular occlusions
(Giiner and Selvi 2016). The essential oil of L. stoechas
has demonstrated antibacterial (Ez Zoubi et al. 2017 and
2020), insecticidal, antifungal (Bouyahya et al., 2017),
antioxidant (Ez Zoubi et al. 2014; Messaoud et al. 2011),
and anti-inflammatory properties (Benabdelkader et al.

Mediterranean

2011; Ez Zoubi et al. 2014). Despite the extensive research
on the chemical composition of L. stoechas, the majority
of these studies have primarily focused on its essential oil
constituents. However, investigations specifically
addressing the total phenolic content, as a key biochemical
property of its essential oil, remain limited. Therefore, the
present study aims to determine the antioxidant activity of
essential oils derived from L. stoechas using the 2,2-
diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
method and the Cupric Ion Reducing Antioxidant
Capacity (CUPRAC) assay, alongside quantification of
total phenolic content.

2. Materials and methods
2.1. Plant material

A preliminary survey was initiated through a review of
existing studies conducted in the research area and
interviews with local residents. Field excursions were
carried out to develop a work plan, with priority given to
regions where the natural distribution of the species had
been identified. The research material comprised the leafy
shoots and flowers of L. stoechas L., commonly known as
“French lavender,” collected in 2023 from the Karaagag
region of Koycegiz, Mugla (Figure 1). The altitude and
aspect data of the collection sites were recorded during
field studies. The collected plant specimens were placed
in labeled plastic bags, with details including collection
date, location, and elevation written on each label.
Samples were subsequently air-dried at room temperature
(25°C) in a semi-shaded, well-ventilated environment to
be used in further extraction analyses. Herbarium
specimens were prepared using standard herbarium
techniques (Figure 2), identified taxonomically, assigned
specimen numbers, and deposited in the Herbarium of the
Faculty of Forestry, Isparta University of Applied
Sciences.

* EXPLANATIONS
| [ viclaAren
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[ Country
& lLake w
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Figure 1. Study area (Karaagag locality, Kdycegiz, Mugla)
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2.2. Methods
2.2.1. Determination of total phenolic content (TPC)

Determination of total phenolic and flavonoid contents
The total phenolics of the samples, extracted with different
solvents, were determined using the modified Folin-
Ciocalteau method. The extract solution (0.1 mL) was
mixed with 2,5 mL of deionized water and 0.1 mL of
Folin-Ciocalteu reagent (Merck Company, Darmstadt,
Germany), and the reaction was terminated using 0.5 mL
of 20% sodium carbonate. The reaction mixture was
incubated at RT for 30 min in the dark and the absorbance
was measured at 760 nm with a UV-vis
spectrophotometer (Shimadzu UV-1280, Kyoto, Japan).
The standard curve was prepared using different
concentrations of gallic acid (GA). Total flavonoids were
measured by the aluminum chloride reaction (Sakanaka et
al. 2005). The extract solution (0.25 mL) was mixed with
1.25 mL of deionized water, and 75 pL of 5% sodium
nitrate. After 6 min, 0.15 mL of 10% aluminum chloride
was added; after 5 min, 0.5 mL of 1 M sodium hydroxide
was added. The absorbance of all the sample solutions
against a blank was measured at 510 nm and (+)-catechin
concentrations were used to construct the standard curve.

2.2.2. Antioxidant analyses of L. stoechas

Antioxidant activity of L. stoechas was evaluated using
two distinct methods: the 2.2-diphenyl-1-picrylhydrazyl
(DPPH) radical scavenging assay and the Cupric
Reducing Antioxidant Capacity (CUPRAC) assay.

2.2.3. DPPH radical scavenging method

The antiradical activity was determined using the DPPH
(1,1-diphenyl-2-picrylhydrazyl) method as described by
Shimata et al. (1992). A 0.25 mL aliquot of the sample (at
a concentration of 250 ppm) was mixed thoroughly with 1
mL of 0.2 mM DPPH solution and vortexed. The mixture

Figre 2. Genéral appearance of L. Stoechas

A

was incubated in the dark at room temperature for 30
minutes, after which the absorbance was measured at 517
nm. The radical scavenging activity (SRS) was calculated
using the following equation (Equation 1):

SRS (mmol TR g 1 ekstrakt) = == x % x Sf x £ (1)
TR s

Where erz: CUPRAC molar absorptivity of Trolox (1.67
x 10* L mol™! ecm™); Vs: volume of the sample; Vim: total
reaction volume (4 mL); Sf: dilution factor (if applicable);
Vg extract volume ve m: mass of the extract.

2.2.5. CUPRAC (Cupric Reducing Antioxidant Capacity)
method

The CUPRAC assay was conducted based on the method
developed by Apak et al. (2004). A 100 ppm extract
solution was mixed with 0.01 M CuCl,, 7.5 mM
neocuproine, I M ammonium acetate buffer (pH 7.0), and
1 mL of distilled water. Ethanol was used as a blank
control. The mixture was incubated in the dark for 1 hour.
Absorbance was measured at 450 nm. Antioxidant
capacity was expressed in terms of Trolox equivalents
(TE) per gram of dry weight (Equation 2):

CUPRAC (pmol TEg™') = == x T x Dy x £ x 1000 (2)
TR s

Where A: absorbance at 450 nm; ¢rz: CUPRAC molar
absorptivity of Trolox (1.67 x 10* L mol™! cm™); V:
CUPRALC total reaction volume; V;: sample volume (mL);
Dy: dilution factor; Vi: extract volume (mL); ve m: mass
of dry herb (g).
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3. Results and discussion

Plant chemical constituents are generally classified into
primary and secondary metabolites based on their
biosynthetic pathways and biological functions (Topcu
and Colgegen 2019; Ulger and Ayhan 2020). Among these,
secondary metabolites are not directly involved in vital
physiological processes but play significant ecological
and functional roles. One of the most important classes of
secondary  metabolites is phenolic compounds,
characterized by one or more hydroxyl groups (-OH)
attached to aromatic benzene rings (Vermerris and
Nicholson 2007; Carocho and Ferreira 2013; Stewart and
Stewart 2008).

Numerous studies have demonstrated that essential oils
(EOs) derived from various plant species exhibit a range
of beneficial properties including antimicrobial,
antioxidant, anti-inflammatory, and even anticancer
activities. These bioactivities are largely attributed to the
chemical constituents of the essential oils, which vary
depending on plant species, drying methods, durations,
and extraction techniques. Djeridane et al. (2006) reported
a positive correlation between antioxidant capacity and
total phenolic content. Similarly, Ennajar et al. (2009)
observed that an increase in phenolic content is associated
with enhanced antioxidant activity, suggesting that
phenolic compounds are key contributors to the
antioxidant potential of essential oils.

Phenolic compounds are well known for their ability to
neutralize free radicals, which underpins their health-
promoting effects in various plant extracts and essential
oils. Multiple studies have confirmed the radical-
scavenging capabilities of phenolics and flavonoids,
highlighting their potential as natural antioxidants. The
total phenolic content (TPC) and antioxidant activity of
plant extracts are critical indicators of their ability to
mitigate oxidative stress by neutralizing free radicals.

In the present study, the total phenolic content of L.
stoechas essential oil was determined to be 1.349 mg g™,
while its antioxidant activities were measured as 0.054 mg
g! for DPPH radical scavenging and 2.408 mg g for
CUPRAUC, as shown in Table 1.

Studies conducted with Lavandula species from various
geographic regions have demonstrated that total phenolic
content (TPC) and antioxidant capacity show considerable
variability. Karabagias et al. (2019) reported that the
aqueous extract obtained from the flowers of L. stoechas
had a significantly higher TPC (approximately 4289 mg
L™) compared to its methanolic extract. This result
suggests that the higher polarity of the aqueous extract
allows for more efficient release and isolation of

phytochemicals, particularly phenolic acids, flavonoids,
and reducing agents such as ascorbic acid.

In a study by Messaoud et al. (2013), essential oils
obtained from three different Lavandula species had TPC
values of 31.3 mg GAE g! for L. coronopifolia, 30.8 mg
GAE g for L. multifida, and 25.2 mg GAE g for L.
stoechas. Similarly, Deligiannidou et al. (2018) noted that
beverages prepared by infusion or decoction from L.
angustifolia flowers exhibited higher phenolic content
when water, a polar solvent, was used for extraction. In
another study by Spiridon et al. (2011), the total phenolic
content of alcoholic and aqueous extracts (1:1, v/v) of L.
angustifolia from Romania was found to be 50.6 +£ 3.2 mg
GAE g, a significantly lower value compared to the
findings of the present study. These results highlight the
importance of the solvent used in extraction, indicating
that polar solvents such as water are more effective in
extracting phenolic compounds.

Antioxidant compounds play a key role in preventing
oxidative damage in biological systems by limiting radical
formation, terminating radical reactions, and neutralizing
existing radicals (Atak et al. 2002; Uysal 2015). These
compounds act at different stages of the oxidative chain
reaction by reducing oxygen concentration, chelating
metal ions that catalyze reactive oxygen species
production, and functioning as chain-breaking agents.
Analytical methods and testing conditions significantly
influence antioxidant capacity measurements, even within
the same food type (Ghiselli et al. 2000; Biiyiiktuncel
2013). In recent years, various methods based on free
radical scavenging activity have been developed to assess
antioxidant potential, among which the CUPRAC method
stands out as a simple and adaptable technique for
evaluating both natural and synthetic antioxidants.

In this context, the antioxidant activities of L. stoechas
samples in our study were determined using the DPPH and
CUPRAC methods (Table 1). The findings indicate that L.
stoechas possesses high antioxidant activity, although the
values vary depending on the method used.

Numerous studies in the literature have reported that
essential oils derived from various Lavandula species
exhibit a wide range of therapeutic properties, including
antimicrobial, antioxidant, anti-inflammatory, and even
anticancer effects. Sebai et al. (2015) demonstrated that
essential oils extracted from the aerial parts of L. stoechas
significantly increased DPPH radical scavenging activity
(RSA) in a dose-dependent manner when compared to
ascorbic acid. However, while these essential oils showed
considerable RSA (EC50 = 221.43 pg/mL), the activity
was lower than that of ascorbic acid (EC50 = 87.57
pg/mL).

Table 1. Total phenolic content and antioxidant activity of L. stoches

Total Fenolik Mean Dpph Mean Cuprac Mean
(mgg!) (mgg!) (mgg!)
L. stoches extracts 1.349 0.054 2.408
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Ceylan et al. (2015) evaluated the antioxidant activity of
L. stoechas extract using the DPPH method and found that
it inhibited the DPPH radical by 69.31 + 1.24% at a
concentration of 0.5 mg/mL. In comparison, the synthetic
antioxidants BHT and BHA exhibited inhibition
percentages of §89.16 + 1.83% and 80.01 + 1.78%,
respectively. The IC50 value of the methanolic extract
from L. stoechas leaves was measured at 0.300 = 0.010
mg/mL, whereas BHT and BHA had IC50 values of 0.020
+ 0.001 mg/mL and 0.035 + 0.007 mg/mL, respectively.
These results indicate that although the extract of L.
stoechas is a potent natural antioxidant, its efficacy is
lower than that of synthetic antioxidants. Nevertheless,
plant extracts are considered valuable sources of
antioxidants.

Sariri et al. (2009) investigated the antioxidant potential of
water extracts from fresh leaves and flower buds of four
Lavandula species from northern Iran. The total
antioxidant activity values were reported as 9.2 pg/mL for
L. angustifolia, 12.5 pg/mL for L. stoechas, 38.7 pg/mL
for L. dentata, and 65.1 pg/mL for L. latifolia. Similarly,
Sebai et al. (2013) found that the essential oils from dried
aerial parts of L. stoechas showed high antioxidant
capacity with an IC50 value of 221.43 pg/mL, although
this was still lower than the IC50 value of ascorbic acid
(87.57 pg/mL).

Messaoud et al. (2013) reported IC50 values of 15.8
mg/mL for L. coronopifolia and 34.2 mg/mL for L.
stoechas essential oils. Furthermore, the methanolic
extracts of L. coronopifolia (IC50 = 15.8 mg/mL) and L.
multifida (IC50 = 19.3 mg/mL) exhibited stronger
antioxidant activities than the synthetic antioxidant BHT
(IC50 =26.5 mg/mL), though they were less effective than
Trolox (IC50 = 12.8 mg/mL). Essential oils also
demonstrated radical scavenging capacity, albeit lower
than that of methanolic extracts and synthetic
antioxidants, with IC50 values of 162.2 mg/mL for L.
coronopifolia, 201.6 mg/mL for L. multifida, and 2321.7
mg/mL for L. stoechas.

Finally, Barkat and Laib (2012) reported an IC50 value of
584 + 0.58 pg/mL for essential oils extracted from dried
L. stoechas flowers collected in Algeria.

In conclusion, numerous studies on plant extracts have
shown that phenolic compounds and flavonoids are potent
antioxidants due to their free radical scavenging capacity.
The findings indicate that L. stoechas possesses notable
antioxidant properties, and phenolic compounds are the
primary contributors to this activity. These results
underscore the potential of L. stoechas as a valuable
natural source of antioxidants with possible therapeutic
applications.

4. Conclusion

Many researchers have reported that essential oils (EO)
derived from various plant sources possess a wide range
of beneficial properties, particularly antimicrobial,
antioxidant, anti-inflammatory, and even anticancerous
effects. These pharmacological activities are largely
attributed to the chemical compounds found in the

essential oils, which can vary depending on the plant
species, extraction methods, drying techniques, drying
durations, and the environmental conditions under which
the plant material is cultivated.

Lavandula species have long been used in traditional
medicine to treat a variety of ailments in different forms.
Despite numerous studies on the chemical composition of
L. stoechas, the majority of these investigations have
focused on the essential oil components of the plant. In
this study, the total phenolic content of L. stoechas
flowers, roots, and leaves was determined, with a focus on
exploring its antioxidant potential. While the biosynthesis
of secondary metabolites in medicinal and aromatic plants
is genetically controlled, it is also strongly influenced by
environmental factors. Consequently, this study highlights
the high total phenolic content and significant antioxidant
potential of the essential oils derived from L. stoechas
samples grown in the Mugla region.
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Toros sediri, Anadolu karacami ve Boylu ardi¢c agaclandirmalarinda biiyiime
performansi
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Ozet: Bu galismada, 2009 yilinda tesis edilen 15 yash karisik Toros sediri (Cedrus libani A. Rich.), Anadolu karacami [Pinus nigra Arnold. subsp.
pallasiana (Lamb.) Holmboe] ve Boylu ardi¢ (Juniperus excelsa Bieb.) agaglandirma sahasinda tiirler, aga¢ boyu ve dip c¢ap bakimindan
karsilagtirilmuigtir. Her biri 500 m? (50 x 10 m) biiyiikliigiindeki iki ornek alanda gergeklestirilen galisma sonuglartyla tiiriin agaglandirma ve diger
ormancilik uygulamalarina katki saglanmas1 amaglanmistir. Caligma sonucunda ortalama agag boyu ve dip ¢ap degerleri Anadolu karagami (3.7 m, 15.6
cm), Toros sediri (3.6 m, 9.5 cm) ve Boylu ardig (1.7 m, 8.7 cm) seklinde siralanirken, tiir i¢i bireyler aras1 genis farkliliklar bulunmustur. Uygulanan
varyans analizi sonucunda boy ve dip ¢ap bakimindan tiirler arasi anlamh (p<0.05) farkliliklar ortaya ¢ikmustir. Ornek alanlar dip gap bakimindan
benzerlik (p>0.05) gosterirken, aga¢ boyu bakimindan farklilik (p<0.05) gostermistir. Korelasyon analizi sonuglarina gore, tiirlerin tamaminda agag
boyu ile dip ¢ap arasinda istatistiksel bakimdan anlamli (p<0.05) pozitif iliskiler ortaya ¢ikmigtir.

Anahtar kelimeler.: Boy, Biiyiime, Cap, Plantasyon

Growth performance in afforestations of Taurus cedar, Anatolian black pine and
Crimean juniper

Abstract: This study was carried out in 15-years mix afforestations of Taurus cedar (Cedrus libani A. Rich.), Anatolian black pine [Pinus nigra Arnold.
subsp. pallasiana (Lamb.) Holmboe] and Crimean juniper (Juniperus excelsa Bieb.) to compare the species for tree height and diameter at base. Two
areas were sampled each 500 m? (50 x 10 m) to contribute afforestation and other forestry practices. Averages of tree height and diameter at base were
ordered as Anatolian black pine (3.7 m and 15.6 cm), Taurus cedar (3.6 m and 9.5 cm) and Crimean juniper (1.7 m and 8.7 cm), while large variations
among trees within species. Results of analysis of variance showed significant (p<0.05) differences among species. Sampled areas were similar (p>0.05)
for diameter at base opposite to tree height (p<0.05) according to results of analysis of variance. There were positive and significant (p<0.05) relations

between tree height and diameter at base based on results of correlation analysis in all species.

Keywords: Height, Growth, Diameter, Plantation

1. Giris

Toros sediri (Cedrus libani A. Rich.), Anadolu karagami
[Pinus nigra Arnold. subsp. pallasiana (Lamb.) Holmboe]
ve Boylu ardig (Juniperus excelsa Bieb.) gerek dogal
yayilis alan1 ve gerekse agaglandirma uygulamalarinda,
Isparta Orman Bolge Mudirliigi ve Tiirkiye
ormanciligmin 6nemli asli orman agaci tiirlerindendir
(Cetin 2017; OGM 2024). Giincel ormancilik verilerine
gore 23.3 milyon hektar biyikligiindeki iilkemiz
ormanlarinin 9.6 milyon hektar1 (%41) verimsiz orman,
yani agaglandirmaya konu sahalardandir (OGM 2024). Bu
orman varligr igerisinde Anadolu Karagami %32’si
verimsiz olmak {izere 4.1 milyon hektar; Toros Sediri
%20’si verimsiz olmak {izere 0.5 milyon ha; genis bir
taksona sahip Ardig tiirleri ise %75’1 verimsiz olmak tlizere
1.6 milyon hektar alanda dogal yayilis gostermektedir
(Tablo 1, OGM 2024). Goriildiigii lizere bu taksonlar
ilkemiz orman varliginin yaklasik olarak %27 sini
kaplamaktadir ve lilkemiz ormanlarinin genelinde oldugu
gibi bu taksonlarin da %41°i verimsiz orman vasfinda olup
agaclandirilmaya konu alanlardandir (Tablo 1).

Karacam’in bes alt tiiriinden biri olan Anadolu Karagami
(Yaltirik 1988; Ansin ve Ozkan 2006), 30-35 m
boylanabilen bir orman agacidir. Bu takson iilkemizde;
Trakya, Ege, Marmara, I¢ ve Dogu Anadolu’da,
Karadeniz de ise yesil irmagin batisinda dogal yayilis
gostermektedir (Yaltirik 1988; Ansin ve Ozkan 2006).
Toros Sediri, 40 metre boy ve 2 metre ¢ap yapabilen,
Liibnan ve Suriye’deki kalinti mescereler disinda esas
yayiligini iilkemizin Toros daglarinda yapmakta olup, bu
dogal yayilisina ek olarak yaklasik 50 km uzakta Afyon-
Sultandagi ve 250 km uzakta Erbaa-Niksar yoresinde de
lokal yayilis alanlari bulunmaktadir (Evcimen 1963;
Boydak ve Calikoglu 2008). Gerek Anadolu karagami ve
gerekse Toros sediri “Tirkiye Milli Aga¢ Islahi
Programi”nin &ncelikli agag¢ tiirlerindendir (Koski ve
Antola 1993). Ulkemizdeki genis ardi¢ taksonlari
igerisinde %82’lik dogal yayilis1 ile Boylu ardig en yiiksek
paya sahiptir (OGM 2014). Boylu ardig, Trakya Bolgesi
harig tilkemizin neredeyse tamaminda goriiliir ve genelde
Karadeniz ardi ormanlarda, Marmara Bolgesi, Ege
daglari, Toroslar ve I¢ Anadolu’da yayilis gosterir (Atalay
2002; Giiltekin ve Giiltekin 2006). Tiirkiye’de ¢ogunlukla
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1000-2000 m yiikseltiler arasinda bulunurken, en 6nemli
ormanlarini Akdeniz iklim kusaginda 1000-1300 metreler
arasinda ve buralarda genis alanlar kaplayan saf
mescereler seklinde olusturur (Giiltekin 2007). Boylu
ardig, 15-20 m, yore ve yetisme ortamina gore ise 35 metre
boy ve bir metre gdvde capina ulagabilen dnemli orman
agaci tiirlerimizden biridir (OGM 2014).

Gerek Anadolu karagami, Toros sediri ve Boylu ardigin
iilkemizde genis alanlarda yayilis gdstermesi ve gerekse
de bu taksonlarin, sosyo-kiiltiirel, ekonomik ve ekolojik
O6nemi baglaminda, ontimiizdeki donemlerde
agaclandirma uygulamalarindaki kullanimmin daha da
artacagi diisiinilmektedir. Bu ¢aligmada, yukarida bahsi
gecen taksonlarin 15 yasli karigik agaclandirma sahasinda,
tiirlerin aga¢ boyu ve dip ¢ap bakimindan karsilastirilarak
verimsiz ormanlarin 1slah1 baglaminda, agaglandirma ve
diger ormancilik uygulamalarina katki saglanmasi
amaclanmistir.

2. Materyal ve yontem

Calismada; Toros sediri (S), Anadolu karacam1 (CK) ve
Boylu ardig (Ar) tiirleri ile karisik olarak 2009 yilinda 3x2
metre aralik-mesafe ile Isparta yoresi Alikdy mevkiinde
tesis edilen agaglandirma sahasindan, 500 m? (50 x 10 m)
biiylikligiinde ve Giineybatt bakili, %5 egimli iki alan
(A1: 37°5024" kuzey enlemi, 30°38'36" dogu boylam1 ve
1142 m yiikselti; A2: 37°50'31" kuzey enlemi, 30°38'40"
dogu boylami ve 1144 m yiikselti) 6rneklenmistir (Sekil

1). Ornek alanlar igerisindeki bireylerde 2024 y1l1 biiyiime
donemi sonunda, agag¢ boyu (B) ve dip ¢ap (Do) dlgliimleri
gergeklestirilmistir.

Elde edilen boy ve dip ¢ap degerleri SPSS paket
programinda (SPSS 2011) degerlendirilerek, tiirler ve
ornek alanlar agagidaki dogrusal varyans analiz modeli
yardimiyla kargilagtiriimustir.

Y, =u+C +e, (1)

Burada, Yj;, i. 6rnek alandaki j. bireye ait degeri; u, genel
ortalama degeri, e;; ise hatay1 gostermektedir.

Ozellikler arasi fenotipik iliskiler asagidaki korelasyon
analizi yardimiyla tahmin edilmistir (Sokal ve Rohlf
1995).

Q2w ®)

Formiilde; r,: fenotipik korelasyon katsayisini,

Z)cy : X ve y karakterlerinin ¢arpanlar toplamini,
sz R z y2 . karakterlerin fenotipik varyansimi

gostermektedir.

Tablo 1. Calismaya konu tiirler ve Tiirkiye’nin orman varligi (milyon ha)

Tiirler Verimli (ha) Verimsiz (ha) Toplam (ha)
Pinus nigra 2.8 (68.3) 1.3 (%31.7) 4.1
Cedrus libani 0.4 (%80.0) 0.1 (%20.0) 0.5
Juniperus sp. 0.4 (%25.0) 1.2 (%75.0) 1.6

Tiirkiye 13.7 (%58.8) 9.6 (%41.2) 23.3

Sekil 1. Ornek alanlardan gt')riinﬁmle
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3. Bulgular ve tartisma

Calismada Anadolu karagamindan 55 birey (Al1:32 +
A2:23), Toros sedirinden 61 birey (26+ 35) ve Boylu
ardictan 53 (27+26) birey olmak iizere, Al Ornek
alanindan toplamda 85, A2 6rnek alanindan ise toplamda
84 bireyde ol¢limler gerceklestirilmistir. Ortalama agac
boyu ve dip ¢ap degerleri, Anadolu karagaminda diger
tirlere oranla daha yiiksek bulunmustur. Tirler bu
Ozellikler bakimindan, Anadolu karagami (3.7 m, 15.6
cm), Toros sediri (3.6 m, 9.5 cm) ve Boylu ardig (1.7 m,
8.7 cm) seklinde siralanmustir (Tablo 2, Sekil 2).
Varyasyon katsayist baglaminda &zelliklere gore
varyasyon, tiir ve ornek alana goére degisim gostermistir
(Tablo 2). Tiirler Al alaninda boy degeri i¢in yiiksek bir
varyasyon gosterirken, A2 alaninda bunun tersi bir durum
ortaya ¢ikmistir (Tablo 2). Tiir ici bireyler arasi genis
farkliliklar bulunmustur. Ornegin, Al &rnek alaninda
Ol¢iilen Anadolu karacami bireylerinde dip ¢ap 8.0 cm-
20.0 cm, A2 oOrnek alaninda 9.4 cm-19.3 cm arasinda

degisim gosterirken, ayni tiirde bu degerler agag boyu igin,
1.7 m-4.0 m ve 2.0 m-4.5 m arasinda degisim gostermistir.
Bu farkliliklar, diger tiirler i¢in de ortaya ¢ikmistir. Bu
varyasyonlar tirlerde seleksiyonun Onemini
vurgulamaktadir.

Varyans analizi sonuglarina goére, boy ve dip c¢ap
bakimindan tiirler arasi anlamli (p<0.05) farkliliklar
ortaya ¢ikmistir (Tablo 3). Bu farklilik sonras1 uygulanan
Duncan testi sonucunda, dip ¢ap bakimindan tiirler farkli
gruplar olustururken, aga¢ boyu bakimindan Anadolu
karagami diger tiirlere gore belirgin bir sekilde farklilik
gostermistir (Tablo 2).

Uygulanan varyans analizi sonucunda, drnek alanlar dip
¢ap bakimindan benzerlik (p>0.05) gosterirken, agac
boyu bakimindan farklilik (p<0.05) gostermistir (Tablo
4). Bu farkliliklar, tiir ve ozelliklere gore ise degisim
gdstermistir. Ornek alanlar, Toros sedirinde her iki dzellik
ve Anadolu karacaminda boy bakimmdan anlamli
(»<0.05) farklilik gosterirken, diger tir ve oOzellikte
benzerlik (p>0.05) gostermistir.

Tablo 2. Tiir ve drnek alanlara gore ortalama (X) ve varyasyon katsayisi (%CV) degerleri

Al* A2 Genel
Tiirler B (m) Dy (cm) B (m) Dy (cm) B (m) Dy (cm)
X CVv X CVv X CVv X CVv X CV X CV
Ck 3.4 15.0 15.1 14.0 3.9° 12.9 16.4 18.4 3.7° 16.0 15.6¢ 16.7
S 3.2° 21.5 8.7 11.7 3.9° 16.7 10.4° 17.3 3.6° 21.0 9.5° 17.0
Ar 1.7 20.3 8.6 19.8 1.7 11.3 8.8 16.7 1.7¢ 15.9 8.7* 18.4
Genel 2.8 33.6 11.0° 34.5 3.4° 34.1 11.4* 33.0 3.01 349 11.3 323
*; Ayni harfler tiirler aras1 ve 6rnek alanlar aras1 benzerligi gostermektedir.
B DO
4.5 18
4 16
35 z 14
g 3 12
- &
825 = 10
- £
g 2 S8
5 1.5 = 6
1 S 4
0.5 2
0 0
A2 A2
Ornek alan ve tiirler Ornek alan ve tiirler
ECk WS WAr ECk WS WAr
Sekil 2. Tiir ve 6rnek alanlara gore ortalama agag boyu ve dip ¢ap degerleri
Tablo 3. Tiirlerin aga¢ boyu ve dip cap bakimindan karsilagtirilmasi
Ozellik Varyans kaynagi Serbestlik derecesi Kareler ortalamast F Orani Onem diizeyi (p)
Gruplar arast 2 668479.449 207.917 .000
Agag boyu Grup ici 166 3215.126
Toplam 168
Gruplar arast 2 81526.554 216.647 .000
Dip cap Grup ici 166 376.311
Toplam 168
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Tablo 4. Ornek alanlarin aga¢ boyu ve dip cap bakimindan karsilastiriimas:

Ozellik Varyans kaynagi Serbestlik derecesi Kareler ortalamasi F Orani Onem diizeyi (p)
Gruplar arasi 1 665.114 494 483
Agag boyu Grup ici 167 1346.441
Toplam 168
Gruplar arasi 1 99298.744 9.362 .003
Dip ¢ap Grup i¢i 167 10607.012
Toplam 168

Benzer farkliliklara diger ¢aligmalarda da ulasilmistir
(Bilir 2004; Akgakaya 2011; Ozel 2018; Yazic1 2018).
Ancak tiir ve alanlar arast ve tiir i¢i farkliliga bircok
cevresel ve biyotik faktorler etkili olabilmektedir (Giilsoy
vd. 2014; Yazict ve Turan 2016; Ozel 2018; Yazict 2018;
Bilir 2021; Yazict vd. 2022; Ozbey 2023). Ornegin,
agaclandirmalarda mekanizasyon, alanlarin ekim ve
dikime hazirlanmasi, ekim ve dikim yoluyla orman
yetistirme, agaglandirma alanlarinda bakim ve koruma ile
6zel nitelikli agaclandirmalara vurgu yapilmistir.
Dolayisiyla agaglandirma yontemi, arazi hazirligi gibi
bir¢ok faktor agaglandirma sahasi ve tiirlerin basarisinda
rol oynayabilmektedir (Gezer ve Yiicedag 2006).

Aga¢ boyu ve dip cap arasindaki iliskileri belirlemek
amactyla uygulanan korelasyon analizi sonucunda,
Anadolu karacami (r= 0.678, R?>=0.46), Toros sediri
(r=0.713, R?>=0.51) ve Boylu ardigta (»=0.627, R*=0.40)
bu dzellikler arasinda pozitif ve anlamli (p<0.05) iliskiler
belirlenmistir. Anadolu karagami ve Toros sedirinde
goriilen anlamli (p<0.05) iliskiler daha 6nceki ¢aligmalar
(Bilir 2004; Akgakaya 2011; Ozel 2018; Yazic1 2018;
Bilir 2021; Yazic1 vd. 2022; Ozbey 2023) ile birlikte
Boylu ardi¢ fidanlarinda yapilan ¢aligmada da (Eser 2021)
ortaya cikmustir. Bu ¢alismada elde edilen yiiksek R?
degerleri bu sonuglarin ileriki ¢aligmalarda da
kullanilabilecegini gdstermektedir.

4. Oneriler

Calisma sonuglart agaglandirma faaliyetlerinde tiir
se¢iminin 6nemini vurgulamistir. Ancak, tiirlerin farkli
ekolojik kosullardaki genis yayilis alanlarina ragmen
sinirli bir alanda gergeklestirilen bu aragtirma sonuglari,
on sonuglar olarak kabul edilebilir. Bu nedenle, ¢alisma
sonuglar1 smirli  ve benzer nitelikteki alanlarda
kullanilabilir. Tiirler sadece aga¢ boyu ve dip cap
ozellikleri ile degerlendirilmistir. Yasama yiizdesi gibi
yeni Ozellikler ilave edilerek, farkli yorelerde yeni
calismalar gergeklestirilmelidir.
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Growth and fruit characteristics in Rosa canina L.
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Abstract: This study was conducted to determine the morphological and pomological variation within natural populations of Rosa canina L. in the
Sartveliler district of Karaman Province, Turkey. A total of 150 randomly selected individuals were evaluated for plant height (PH), crown diameter
(CD), fruit length (FL), fruit width (FW1i), and fruit weight (FWe). The collected data were analyzed using analysis of variance and phenotypic
correlation analysis. The results revealed significant differences both among plants and within individuals in terms of fruit characteristics. Plant height
(207.41 cm) and crown diameter (130.62 cm) exhibited high coefficients of variation (39.6% and 42.6%, respectively), while fruit weight showed 26.7%
variation. Strong positive correlations were observed between flower length and fruit width (r = 0.750) as well as fruit weight (r = 0.878). In addition,
significant correlations were identified between plant height and flower length (r = 0.375), and between plant height and fruit weight (r = 0.256). These
findings demonstrate strong relationships between morphological and pomological traits in R. canina, and indicate substantial phenotypic diversity
within natural populations. The results provide important insights for the conservation of the species as a genetic resource and its potential use in
agricultural applications.

Keywords: Rosa canina, Morphological variation, Phenotypic correlation, Fruit quality, Sartveliler (Karaman)

Rosa canina L.'de biiyiime ve meyve ozellikleri

Ozet: Bu calisma, Rosa canina L. tiiriiniin dogal popiilasyonlarinda gériilen morfolojik ve pomolojik varyasyonlart belirlemek amaciyla, Karaman ili
Sartveliler ilgesinde yiiriitiilmistiir. Arastirmada, rastgele secilen 150 bireyde bitki boyu (BB), tag¢ ¢ap1 (TC), meyve uzunlugu (MU), meyve genisligi
(MG) ve meyve agirhigi (MA) gibi karakterler 6lgiilmistiir. Elde edilen veriler varyans analizi ve fenotipik korelasyon analizleriyle degerlendirilmistir.
Sonuglar, hem bitkiler aras1 hem de birey i¢i meyve ozelliklerinde anlamli diizeyde farkliliklar oldugunu gostermistir. Bitki boyu (207.41 cm) ve tag
¢ap1 (130.62 cm) yiiksek varyasyon katsayilar1 (%39.6 ve %42.6) ile dikkat cekerken; meyve agirliginda %26.7 oraninda varyasyon belirlenmistir.
Cicek uzunlugu ile meyve genisligi (r = 0.750) ve meyve agirlig: (r = 0.878) arasinda yiiksek diizeyde pozitif korelasyonlar tespit edilmistir. Ayrica,
bitki boyu ile ¢igek uzunlugu (r = 0.375) ve meyve agirligi (r = 0.256) arasinda da anlamli iliskiler bulunmustur. Bulgular, R. canina tiiriiniin morfolojik
ve pomolojik 6zellikleri arasinda giiclii iligkiler bulundugunu ve dogal popiilasyonlarda 6nemli diizeyde fenotipik cesitlilik sergiledigini ortaya
koymaktadir. Bu sonuglar, tiiriin genetik kaynak olarak korunmasi ve tarimsal potansiyelinin degerlendirilmesi agisindan 6nem arz etmektedir.
Anahtar kelimeler: Rosa canina, Morfolojik varyasyon, Fenotipik korelasyon, Meyve kalitesi, Sariveliler (Karaman)

1. Introduction and antimicrobial properties (Nazaruk and Borzym-

Kluczyk 2015) have stimulated increased research interest

Rosa canina L., commonly known as dog rose, is a
perennial shrub species belonging to the Rosaceae family.
It is widely distributed across diverse habitats with broad
ecological tolerance, particularly in Europe, Western Asia,
and North Africa (Rehder 1940; Wissemann 2003). In
Tiirkiye, R. canina holds a significant place in the native
flora and is commonly found in many regions, especially
in rural areas (Davis 1972). Among the species of the
genus Rosa, R. canina is notable for its bioactive
compounds, which are valuable to the pharmaceutical and
food industries, attracting attention both economically and
ecologically (Ercigli 2007).

The fruits of the plant, commonly known as “kusburnu”
(rose hips), are regarded as functional foods due to their
high content of ascorbic acid (vitamin C), phenolic
compounds, and antioxidant capacity (Chrubasik et al.
2008). Recent studies have highlighted both the nutritional
and pharmacological importance of R. canina fruits. Its
scientifically validated anti-inflammatory, antioxidant,

in fruit yield and quality. In terms of fruit morphology and
composition, rose hips are distinguished by their high
levels of ascorbic acid, phenolic compounds, and
carotenoids. These constituents confer significant
functional benefits for human health and underscore the
need for phytochemical studies of the species (Ercigli
2007; Demir and Ozcan 2001).

In Turkey, where R. canina is commonly known as
“kusburnu,” the plant has long been utilised in traditional
medicine owing to its antioxidant, anti-inflammatory, and
immune-supportive properties (Orhan et al. 2007;
Chrubasik et al. 2008). The fruits, in particular, are rich in
vitamin C and are traditionally consumed as tea or
marmalade for the treatment of colds, gastrointestinal
ailments, and urinary tract infections (Yessilada et al.
1995).

Ethnobotanical studies conducted in various regions of
Turkey indicate that R. canina is not only valued for
medicinal purposes but also used in nutrition, dye
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production, and cultural practices. This diversity
highlights the multifunctional importance of the plant
among local communities and demonstrates the need to
document it as part of biocultural heritage. Naturally
growing in almost every region of Turkey, this shrubby
species has become a focal point of scientific research due
to its ecological flexibility and high biological value
(Orhan et al. 2007; Giiner et al. 2012).

R. canina is recognized as a resilient species with high
drought tolerance and the ability to adapt to varying
altitudes and climatic conditions. The growth dynamics of
this species particularly in terms of shrub development,
shoot elongation, and fruit formation can show significant
variations, which are attributed to genetic diversity and
environmental interactions (Demir and Ozcan 2001).
Morphological characteristics such as fruit size, color
development, seed ratio, and flesh thickness vary
depending on ecological conditions, the characteristics of
the habitat, and genetic differences among populations.
Moreover, fruit morphology and biochemical composition
are significantly influenced by both environmental and
genetic factors (Baytop 1999). In this context, detailed
morphological and phenological observations on R.
canina are crucial for determining its agricultural
production potential and planning for its sustainable
utilization.

The objectives of this study are to evaluate the
morphological growth characteristics and fruit quality
parameters of R. canina in Tirkiye. By analyzing the
relationship between growth performance and fruit traits
in individuals collected from natural populations, this
research aims to provide a foundation for both the
conservation of the species as a genetic resource and its
potential economic exploitation.
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Figure 1. Location of the study area

2. Materials and methods
2.1. Study area and data collection

The plant samples used in this study were collected from
the Sariveliler district, located in the southern part of
Karaman Province within the Central Anatolia Region of
Tiirkiye (Figure 1). ariveliler lies on the southern slopes of
the Central Taurus Mountains, specifically on the Taseli
Plateau. It is bordered by the Taskent district to the north,
Bagyayla to the northeast, Ermenek to the east, Gazipasa
to the south, and Alanya to the southwest (Bagci et al.
2016).

Plant height (PH) and canopy diameter (CD) were
measured on 150 randomly selected individuals within the
species’ natural distribution area. From each individual,
100 harvested fruits were used to collect data on fruit
length (FL), fruit width (FW), and fruit weight (FWt).

2.2. Data analysis
The plants were compared for fruit characteristics by

following linear model of analysis of variance to at SPSS
(SPSS 2011).

Y, =u+P +e, 1)

th
th

Where Yjj is the observation from the jth fruit of the i

plant, u is overall mean, P; is the random effect of the i
plant, and e; is random error.

Phenotypic correlations (r,) among the characteristics
were estimated as (Falconer 1989):
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3. Results
3.1. Characteristics

Averages, range and coefficient of variation (CV%) were
given in Table 1. Large differences were found among the
plants for growth characteristics, and also among plants
and among fruits within plant. Growth characteristics
showed higher variation than fruit characteristics based on
coefficient of variation (Table 1).

Significant differences (p<0.05) were found for the fruit
characteristics according to results analysis of variance.

3.2. Relations among the characteristics

Phenotypic correlations among the characteristics were
presented in Table 2. There were positive and significant
(»<0.05) relations among fruit characteristics, while,
results of correlation analysis showed that plant height
was better indicator than crown diameter for estimation of
fruit characteristics (Table 2).

Table 1. Averages (X), range and coefficient of variation (CV%) of the characteristics

PH (cm) CD (cm) FL (mm) FWi (mm) FWe (g)
X 207.41 130.62 10.80 15.65 1.16
Range 50.0-427.0 37.0-320.0 8.66-13.23 10.72-20.52 0.53-2.23
CV% 39.6 42.6 9.70 11.6 26.7
Table 2. Phenotypic correlations among the characteristics
(n* PH CD FL FWi FWe
CD 484" -
FL 375 2157 -
FWi 2227 062N 750 -
FWe 256" 156N .878" .865™ -

*; correlation was significant at p<0.05 level, **; correlation was significant at p<0.01, N; correlation was not significant (p >0.05).

4. Discussions

In this study, variations in certain morphological traits
(plant height, stem diameter, flower length) and
pomological characteristics (fruit width, fruit weight) of
R. canina were assessed, revealing significant differences
within the population. The wide range of variation and
high coefficients of variation observed in vegetative traits
such as plant height (207.41 cm) and stem diameter
(130.62 cm), with coefficients of 39.6% and 42.6%
respectively, indicate that both environmental conditions
and genetic factors play a decisive role in this species.
The mean flower length (FL) of 10.80 mm observed here
aligns with values reported for various Rosa species by
Ercigli (2007). However, the relatively low coefficient of
variation (9.70%) suggests that this trait is predominantly
genetically controlled and less affected by environmental
influences. Regarding pomological traits, notable
variation was recorded in fruit width (15.65 mm) and fruit
weight (1.16 g). In particular, the coefficient of variation
for fruit weight (26.7%) implies that this characteristic is
influenced by both genetic and environmental factors,
making it a valuable criterion for selection programmes.
The results of this study demonstrate considerable
morphological and pomological diversity among
individuals in natural populations of R. canina. This
diversity may arise not only from natural selection
processes but also from the microclimatic conditions
prevailing in different ecological regions. Wissemann
(2003) observed that Rosa species exhibit high phenotypic

plasticity, which contributes to their intraspecific
variation.
Correlations among selected morphological and

pomological traits of R. canina were examined using

Pearson’s correlation analysis, and the findings were
compared with similar studies in the literature. A positive
and significant correlation was identified between plant
height (PH) and stem diameter (SD) (r = 0.484, p <0.01).
This suggests that flower size changes proportionally with
overall plant size, indicating a coordinated growth pattern
in the morphological structure of R. canina. Ercisli (2007)
similarly reported that flower size in Rosa species varies
according to plant age and growth capacity, which aligns
closely with the present findings.

A strong positive correlation was observed between fruit
width (FWi) and flower length (r = 0.750, p < 0.01), as
well as between fruit weight (FWe) and both flower length
(r=0.878, p <0.01) and fruit width (r = 0.865, p < 0.01).
These findings indicate that flower morphology can
directly influence fruit yield characteristics. Similar
significant relationships between flower size and fruit size
or content in R. canina were also reported by Chrubasik et
al. (2008).

Correlations between plant height and fruit traits (FWi and
FWe) were weaker but nonetheless statistically significant
(r = 0.222 and r = 0.256, respectively; p < 0.05),
suggesting an indirect yet meaningful association between
vegetative growth and reproductive traits. However, the
absence of statistically significant correlations between
stem diameter and fruit traits implies that stem diameter
may have limited influence on the development of
reproductive structures.

Overall, the correlations identified in this study suggest
that morphological traits particularly flower length are
important predictors of fruit quality and yield in R. canina.
Consequently, readily observable morphological features
such as flower length could be utilized as indirect selection
criteria in breeding and selection programmes.
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5. Conclusions

Several recommendations have been proposed regarding
strategies to be adopted in the breeding and domestication
of Rosa canina L. In particular, prioritising the selection
of individuals that demonstrate strong correlations
between morphological traits, such as flower length, and
fruit yield and quality is of great importance for breeding
programmes. The clonal propagation of individuals
exhibiting large fruit size and weight could help
strengthen the genetic base of new R. canina cultivars
intended for domestication.

Furthermore, supporting the phenotypic relationships
identified in this study with molecular genetic markers
would facilitate the development of faster and more
efficient selection strategies. Similar studies conducted
across different altitudinal gradients, soil types, and
climatic conditions would aid in clarifying the effects of
environmental factors on morphological and pomological
traits.

Finally, analysing functional compounds such as ascorbic
acid, phenolic compounds, and antioxidant capacity which
are directly associated with fruit size would provide
valuable insights into the potential applications of R.
canina in the food industry.
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Effects of IBA concentrations on the rooting and growth of Cherry laurel (Prunus
laurocerasus L.) cuttings
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Abstract: This study was conducted to investigate the effects of different indole-3-butyric acid (IBA) concentrations on the rooting and subsequent
sapling growth performance of cherry laurel (Prunus laurocerasus L.) cuttings under greenhouse and outdoor conditions. The cuttings were treated
with four different hormone concentrations (0, 1000, 5000, and 8000 ppm IBA), and parameters including rooting success, root length, root collar
diameter, and sapling height were evaluated. ANOVA and Duncan’s multiple range test were applied at a 5 % significance level for statistical analysis
of the data. The results indicated that hormone concentration had a statistically significant effect on root length (p=0.007), with the highest mean value
obtained from the 1000 ppm treatment (29.81 cm), which was approximately 27 % higher than the control group. No significant difference was observed
among groups in terms of root number (p>0.05). The highest root collar diameter was achieved with the 1000 ppm IBA treatment (6.77 mm),
representing a 38 % increase compared to other treatments. Measurements taken on June 19, 2023, showed that hormone concentration had significant
effects on root collar diameter and sapling height, while this effect was found to diminish by December 8, 2023. These findings demonstrate that IBA
applications enhance the early rooting and adaptation success of cherry laurel cuttings, making them an important tool for sustainable and high-quality

sapling production.

Keywords: Auxin, IBA, Prunus laurocerasus, Rooting, Root collar diameter, Sapling height, Vegetative propagation

1. Introduction

Global climate change has become one of the most
significant environmental challenges today due to
increasing greenhouse gas emissions and ecosystem
degradation. Sustainable forestry practices play a crucial
role in mitigating these impacts by enhancing carbon
sequestration and preserving biodiversity (IPCC 2013).
Cherry laurel (Prunus laurocerasus L.), a species that
stands out with its evergreen foliage and high ecological
adaptability, provides significant ecosystem services such
as carbon storage capacity and erosion control (Kolayli et
al. 2003).

Cherry laurel is a valuable species that occurs naturally in
Tiirkiye, particularly in the Black Sea region, and is also
cultivated as an ornamental plant. Its dense foliage makes
it a preferred species in landscape design. Moreover, the
fruits and leaves, which possess strong antioxidant
properties, present considerable economic potential as
non-wood forest products. The fruits are rich in phenolic
compounds, flavonoids, vitamins, and minerals that have
immunomodulatory, anti-inflammatory, and
cardioprotective effects (Halilova and Ercisli 2010).
Traditionally, cherry laurel fruits have been used in folk
medicine to treat digestive disorders, diabetes, and various
inflammatory diseases. These properties reveal that cherry
laurel is valuable not only ecologically but also in
pharmaceutical and food industries.

Developing sustainable propagation techniques is
essential for the conservation of natural populations and
the expansion of this species. Cutting propagation stands

out as a preferred method due to its advantages in ensuring
genetic homogeneity and rapid sapling production. Auxin-
based hormones, in particular, improve propagation
efficiency by enhancing rooting success (Kumlay and
Eryigit 2011). The aim of this study is to reveal the growth
and development differences of cherry laurel saplings and
to evaluate the potential of hormone-assisted cutting
propagation. The findings are expected to contribute to the
sustainability of the species and shed light on its
ecological and economic benefits in the context of climate
change.

2. Materials and methods

This study aimed to determine how the growth and
development performance of cherry laurel saplings
changes after different hormone treatments. The
experiment was conducted at the Research and
Application Greenhouse of Karadeniz Technical
University in Trabzon, Tiirkiye.

2.1. Plant material and cutting preparation

Cherry laurel was used as plant material in the study.
Hardwood cuttings were collected from healthy
individuals located at the Kanuni Campus of Karadeniz
Technical University in February 2022. The cuttings were
prepared to be approximately 15 cm in length, with their
basal ends cut obliquely 2-3 cm above the base, and their
surfaces refreshed to facilitate rooting. To reduce water
loss, leaves on the lower part of the cuttings were
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removed, and those on the upper part were shortened
(Figure 1a).

2.2. Hormone treatments

To promote rooting, the basal ends of the cuttings were
treated with indole-3-butyric acid (IBA) in powder form.
The experiment consisted of four different hormone
treatments:

Control (0 ppm)
1000 ppm IBA
5000 ppm IBA
8000 ppm IBA

Each treatment group included 45 cuttings, for a total of
180 cuttings. During the application, the basal ends of the
cuttings were dipped into the hormone powder and then
lightly shaken to remove any excess (Figure 1b).

2.3. Growing medium and conditions

The cuttings were initially planted in 100 % perlite and
rooted under greenhouse conditions (Figures 1c and 1d).
The temperature in the greenhouse was maintained at 25
°C, and humidity at approximately 70 %. Moisture levels
were maintained through regular irrigation, and the
rooting period lasted about four months. Rooted cuttings
were then transplanted into polyethylene bags to be

acclimatized under outdoor conditions (Figure le). The
growing medium used in the bags consisted of a mixture
of 20 % river sand, 40 % forest soil, and 40 % red soil.

2.4. Experimental design and statistical analysis

The experiment was conducted using a completely
randomized design (CRD). Statistical analyses of the data
obtained from the measurements were performed using
IBM SPSS Statistics 23.0 software package. The effects
of different hormone concentrations on growth and
development parameters were tested using analysis of
variance (ANOVA). Duncan’s multiple range test was
applied to determine significant differences among
treatment groups.

2.5. Measured parameters

Various parameters were measured at different stages to
evaluate the growth and development performance of
cherry laurel saplings:

At the time of removal from the greenhouse: root length
(cm), root collar diameter (mm), and root number.

After transplanting to outdoor conditions and during the
follow-up period: root collar diameter (mm) and shoot
height (cm).

After being transferred outdoors, the saplings were
monitored for one year, and the measurements were taken
at six-month intervals (Figures 1f and 1g).

Figure 1. Hardwood cuttings of cherry laurel: (a) preparation of cuttings, (b) dipping in IBA powder, (c) planting in
perlite medium, (d) observation of rooting data, (e) transplanting rooted cuttings into polyethylene bags for outdoor
conditions, (f) first measurements taken on June 19, 2023, (g) second measurements taken on December 8, 2023.
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3. Results and discussion

In this study, the effects of different hormone treatments
on the rooting and sapling quality of cherry laurel were
comprehensively examined during both the initial rooting
period and at different time intervals throughout sapling
development. The findings revealed that hormone
concentration produced variable effects on different
parameters of sapling growth. In the first stage, the normal
distribution of the root length and root number data
obtained from the cuttings was evaluated. Subsequently,
analysis of variance (ANOVA) and Duncan’s multiple
range tests were applied to these variables, and statistical
differences among groups were interpreted. In the sapling
stage, root collar diameter and shoot height measurements
taken on June 19, 2023, and December 8, 2023, were
analyzed in terms of both periodic differences and overall
trends (o = 0.05).

3.1. Rooting and early growth findings

Measurements taken after the initial rooting stage
indicated that the data for root length and root number
followed a normal distribution, which was confirmed by
the Kolmogorov—Smirnov test. This step is critical for
assessing data suitability before proceeding with statistical
analyses.

According to the Kolmogorov—Smirnov test results
presented in Table 1, the root length data showed a normal
distribution with p>0.05 (p = 0.200). This result allows for
the use of parametric tests for root length data.
Examination of the box plot in Figure 2 shows that the
median value is centered, the lower and upper quartiles are
symmetrically distributed, and only a few outliers are
present. These outliers were not considered influential
enough to affect the overall distribution, indicating a
homogeneous data structure.

Similarly, according to the Kolmogorov—Smirnov test
results presented in Table 2, the root number data also
exhibited a normal distribution with p>0.05. The box plot
in Figure 3 shows that the root number data are
symmetrically distributed around the median, with no
significant outliers. The balanced interquartile range
further supports the homogeneity of root number data and
confirms its suitability for parametric tests.

The results of the analysis of variance (ANOVA)
regarding the effect of the hormone factor on root length
are presented in Table 3. The analysis revealed a
statistically significant difference among the groups
(p<0.05). This finding indicates that the applied hormone
concentrations had a significant effect on root length.

Table 1. Normality test for root length data.
Kolmogorov-Smirnov*
Statistic df Sig.
Root length 0.074 66 0.200°

a; p > 0.05 indicates that data are normally distributed (Lilliefors correction
applied).
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Figure 2. Box plot distribution of root length.

Table 2. Normality test for root number data.
Kolmogorov-Smirnov*
Statistic df Sig.
Root number 0.077 66 0.200"

a; p > 0.05 indicates that data are normally distributed (Lilliefors correction
applied).
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Figure 3. Box plot distribution of root number.

Table 3. Analysis of variance (ANOVA) results for the effect of hormone factor on root length.

Sum of Squares df Mean Square F Sig.*
Between Groups 835.047 3 278.349 4.454 0.007
Within Groups 3874.483 62 62.492
Total 4709.530 65

*; p < 0.05 indicates a statistically significant difference among groups.
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To determine which groups accounted for these
differences, Duncan’s multiple range test was performed, and
the results are presented in Table 4. According to Duncan’s
test, the highest mean value was obtained from the 1000 ppm
IBA treatment, which formed a separate homogeneous group
on its own. The control, 5000 ppm IBA, and 8000 ppm IBA
treatments were included in the same homogeneous group
and yielded similar values. Figure 4 graphically illustrates the
changes in mean root length according to hormone
concentrations, clearly showing that the 1000 ppm IBA
treatment achieved the highest mean value. These findings
are consistent with those reported in the literature. Aydin and
Er (2023) found that the highest rooting rate and root length
in softwood cuttings of sweet cherry rootstocks were
obtained from the 1000 ppm IBA treatment. Similarly,
Sekhukhune et al. (2024) reported that 1000 ppm IBA was
the most effective concentration for promoting root
development.

Table 4. Duncan’s multiple range test results for hormone
concentrations based on root length.

Subset for alpha = 0.05

Hormone* N 1 2
5000 14 20.100

Control 13 23.500

8000 20 23.625

1000 19 29.816
Sig. 0.241 1.000

*; Means for groups in homogeneous subsets are displayed. The harmonic mean
sample size = 15.937. Group sizes are unequal, and the harmonic mean was used.
Type I error levels are not guaranteed.
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Figure 4. Changes in mean root length according to
hormone concentrations.

According to the analysis of variance (ANOVA) results
for root number, no statistically significant difference was
found among the hormone concentration groups (p>0.05).

3.2. Sapling growth findings and time-series analysis

The effects of different hormone concentration on sapling
growth were examined using measurements taken on two
different dates as well as analyses based on all
measurements combined.

3.3. Evaluation of all measurements

According to the overall analysis results, hormone
concentration had a statistically significant effect on root
collar diameter (p<0.001) (Table 5). Based on Duncan’s
multiple range test results, the 1000 ppm IBA treatment
had the highest mean value at 6.77 mm and formed a
separate homogeneous group. The control, 5000 ppm
IBA, and 8000 ppm IBA treatments produced statistically
similar results (Table 6). The ranking of mean values was
5000 ppm IBA < Control < 8000 ppm IBA < 1000 ppm
IBA, and Figure 5 graphically presents the changes in
mean root collar diameter according to hormone
concentrations. The figure clearly shows that the 1000
ppm IBA treatment achieved the highest mean value,
whereas the 5000 ppm IBA treatment resulted in the
lowest value.

In contrast, no statistically significant difference was
found among hormone treatments for the sapling height
parameter (p>0.05). The mean height values ranged
between 16.47-18.77 cm, with no apparent difference
between the control group and hormone treatments. This
finding suggests that sapling height is influenced not only
by hormone application but also by genetic structure and
environmental growing conditions.

Table 5. Analysis of variance (ANOVA) results for the effect of hormone factor on root collar diameter.

Sum of Squares df Mean Square F Sig.*
Between Groups 88.626 3 29.542 8.814 0.000
Within Groups 599.923 179 3.352
Total 688.549 182

*: p <0.05 indicates a statistically significant difference among groups.
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Table 6. Duncan’s multiple range test results for hormone

concentrations based on root collar diameter.
Subset for alpha = 0.05

Hormone* N 1 2

5000 40 4.8940

Control 33 5.4139

8000 57 5.7000

1000 53 6.7747
Sig. 0.052 1.000

*: Means for groups in homogeneous subsets are displayed. The harmonic mean
sample size = 43.613. Group sizes are unequal, and the harmonic mean was used.
Type I error levels are not guaranteed.
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Figure S. Changes in mean root collar diameter according
to hormone concentrations.

3.4. Results of measurements of June 19, 2023

According to the first measurements taken on this date,
hormone concentration had a significant effect on both
sapling height (p<0.05) and root collar diameter (p<0.05)
(Tables 7 and 9). In particular, the 1000 ppm IBA
treatment exhibited the best growth performance for both
parameters, as confirmed by the results of Duncan’s

multiple range test (Tables 8 and 10). This finding
indicates that hormone application plays a critical role
during the initial adaptation and growth period of saplings
after being transplanted into pots.

In the measurements taken on June 19, 2023, it was
determined that hormone concentration had a statistically
significant effect on Sapling height (Table 7). According
to Duncan’s multiple range test results, the highest mean
value was observed in the 1000 ppm IBA treatment, which
formed a separate homogeneous group. The control and
8000 ppm IBA treatments were included in the same
homogeneous group, while the 5000 ppm IBA treatment
partially diverged from these groups. The 1000 ppm IBA
treatment formed a distinct homogeneous group on its
own (Table 8). This result demonstrates that the 1000 ppm
IBA treatment was the most effective hormone
concentration for increasing sapling height.

The changes in mean sapling height according to hormone
concentrations are presented in Figure 6. The figure
clearly shows that the 1000 ppm IBA treatment achieved
the highest mean value, while the control group had the
lowest mean value. This finding indicates that hormone
concentration particularly promote growth during the
early development stage and play an important role in
increasing sapling height.

In the measurements taken on June 19, 2023, it was
determined that hormone concentration had a statistically
significant effect on root collar diameter (p<<0.001) (Table
9). The results of Duncan’s multiple range test (Table 10)
showed that the 1000 ppm IBA treatment had the highest
mean value (6.14 mm) and formed a separate
homogeneous group. The control, 5000 ppm IBA, and
8000 ppm IBA treatments produced statistically similar
results. The ranking of mean values was 5000 ppm IBA <
Control < 8000 ppm IBA < 1000 ppm IBA. Figure 7
graphically presents the changes in mean root collar
diameter according to hormone concentrations, clearly
showing that the 1000 ppm IBA treatment had a
considerably higher mean value than the other treatments.

Table 7. Analysis of variance (ANOVA) results for the effect of hormone factor on sapling height measured on June 19,

2023.
Sum of Squares df Mean Square F Sig.*
Between Groups 70.661 3 23.554 4.658 0.006
Within Groups 273.073 54 5.057
Total 343.734 57

*; p < 0.05 indicates a statistically significant difference among groups.
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Table 8. Duncan’s multiple range test results for hormone
concentrations based on sapling height measured on June
19, 2023.

Subset for alpha = 0.05

Hormone* N 1 2
Control 10 9.7900

8000 18 10.7389

5000 13 11.3385 11.3385
1000 17 12.8765
Sig. 0.093 .079

*: Means for groups in homogeneous subsets are displayed. The harmonic mean
sample size = 13.731. Group sizes are unequal, and the harmonic mean was used.
Type I error levels are not guaranteed
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Figure 6. Changes in mean sapling height according to
hormone concentrations measured on June 19, 2023.

3.5. Results of measurements of December 8, 2023

In the measurements taken on December 8, 2023,
hormone concentration was found to have no statistically
significant effect on root collar diameter (p>0.05) or
sapling height (p>0.05). This result indicates that the
effect of the hormone diminished as sapling development
progressed, and growth performance became similar to
that of the control group. The findings suggest that
hormone concentration is particularly effective during the
early growth and adaptation stages, whereas sapling
growth at later stages is determined primarily by
environmental conditions and genetic factors.

In this study, the effects of different hormone
concentration on the rooting and sapling development of
cherry laurel cuttings were comprehensively evaluated.
Normality tests performed at the initial stage (Tables 1 and

2) revealed that root length and root number data were
normally distributed. The results of the analysis of
variance (ANOVA) for hormone concentrations indicated
statistically significant differences in root length (p<0.05),
with the 1000 ppm IBA treatment yielding the highest
mean value of 29.81 cm (Tables 3 and 4, Figure 4). This
value was approximately 27 % higher than the mean root
length of the control group (23.50 cm). This result is
consistent with studies reporting the critical role of IBA in
enhancing root elongation (Chandramouli 2001;
Bayraktar et al. 2018; Khan et al. 2020).

In terms of root number, no significant difference was
detected among the groups (p>0.05), with mean values
ranging between-14.00-17.07. This suggests that the
hormone primarily stimulated root cell elongation and
thickening rather than increasing root number. Henrique
et al. (2006) and Husen et al. (2017) reported that
appropriate IBA concentrations promote root elongation
but result in limited increases in root number.

When sapling growth data were evaluated collectively
(Tables 5 and 6, and Figure 5), it was observed that
hormone concentration had a significant effect on root
collar diameter (p<0.001), with the 1000 ppm IBA
treatment providing the highest mean value (6.77 mm).
This value was 38 % higher than the mean value of the
5000 ppm IBA group (4.89 mm). According to Duncan’s
multiple range test, the 1000 ppm IBA treatment formed a
separate homogeneous group, whereas the control, 5000
ppm IBA, and 8000 ppm IBA treatments were grouped
together. No significant differences were observed among
the groups for sapling height (p>0.05), with mean values
ranging between-16.47-18.77 cm. This result suggests
that sapling height is influenced not only by hormone
application but also by genetic structure and growing
conditions.

Time-based analyses showed that, in the measurements
taken on June 19, 2023, hormone concentration caused
significant differences in root collar diameter (p<0.05),
with the 1000 ppm IBA group achieving the highest values
(height = 12.87 cm; diameter = 6.14 mm) (Tables 7 and
10, Figures 6 and 7). In contrast, in the measurements
taken on December 8, 2023, the effect of hormone
concentration was not statistically significant (p>0.05),
and all groups reached similar levels. This result indicates
that the effect of the hormone is particularly pronounced
during the early adaptation and growth period, while in
later stages, environmental factors and genetic potential
become more decisive (De Klerk et al. 1999; Han et al.
2009).

Table 9. Analysis of variance (ANOVA) results for the effect of hormone factor on root collar diameter measured on

June 19, 2023.

Sum of Squares df Mean Square F Sig.*
Between Groups 36.656 3 12.219 7.688 0.000
Within Groups 85.822 54 1.589
Total 122.478 57

*; p < 0.05 indicates a statistically significant difference among groups.



OKTAN, OZKAN, ATAR / Theoretical and Applied Forestry 21

Table 10. Duncan’s multiple range test results for
hormone concentrations based on root collar diameter
measured on June 19, 2023.

Subset for alpha = 0.05

Hormone* N 1 2
5000 13 4.0115

Control 10 4.6220

8000 18 4.8533

1000 17 6.1412
Sig. 0.104 1.000

*: Means for groups in homogeneous subsets are displayed. The harmonic mean
sample size = 13.731. Group sizes are unequal, and the harmonic mean was used.
Type I error levels are not guaranteed.
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Figure 7. Changes in mean root collar diameter according
to hormone concentrations measured on June 19, 2023.

4. Conclusion

This study revealed that IBA applications significantly
affected the rooting and sapling development of cherry
laurel cuttings. The best results were obtained with the
1000 ppm IBA treatment, which provided marked
increases in root length and root collar diameter. The
findings showed that the effect of the hormone was
particularly pronounced during the early growth and
adaptation period but diminished over time. This
emphasizes that selecting the appropriate hormone
concentration and applying it at the correct time is critical
for producing high-quality and vigorous saplings (South
et al. 1985; Carlson 1986).

These results are consistent with previous studies on
cherry laurel propagation. Ribeiro et al. (2008) and
Siiliisoglu and Cavusoglu (2010) reported that IBA
treatments improved rooting percentage, root number, and
root length in semi-hardwood cuttings, supporting the
present findings. Similar results were also reported by
Schulze et al. (2017), who demonstrated that IBA-treated
cherry laurel cuttings exhibited higher rooting rates and
more uniform root systems compared to untreated
controls.

From a practical perspective, these findings provide
guidance for nursery management and restoration
practices: using moderate IBA concentrations at the

proper developmental stage improves rooting success,
seedling uniformity, and production efficiency.

Future studies should investigate combinations of auxins
(e.g., IBA + NAA), evaluate the effects of seasonal
variation and genotype differences, and consider
environmental factors such as substrate and humidity.
Such research will contribute to the development of
optimized propagation protocols, enabling sustainable and
large-scale production of cherry laurel for forestry and
ornamental applications.
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Impact of aspect on growth performances in afforestation of Taurus cedar
(Cedrus libani A. Rich.)
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Abstract: In this study, aspectual impact of on growth performances in afforestation of Taurus cedar (Cedrus libani A. Rich.) was investigated based
on tree height, diameter at base and diameter at breast height in 25-years afforestation established in Isparta region of the species to contribute and to
discuss for afforestation and other forestry practices. 300 m? area was sampled from each north, south, east and west aspects. Averages of tree height,
diameter at base (Do) and diameter at breast height (d1.30) were 6.4 m, 17.4 cm and 13.2 cm, respectively, while east aspect had the highest performances
for tree height (7.6 m) and diameter at breast height (14.7 cm), and north aspect for diameter at base (19.6 cm). They were the lowest for tree height in
south for tree height (5.5 m) and in west aspect for diameters [14.3 cm (Do) and 11.0 cm (d1.30)]. Aspects showed significant (p<0.05) differences for
all the characteristics by analysis of variance results. Positive and significant (p<0.05) relations among the characteristics according to results of

correlation analysis in all aspects.
Keywords: Correlation, Height, Diameter, Plantation, Variation

1. Introduction

Taurus cedar (Cedrus libani A. Rich.) is an important
forest tree species economically and ecologically in
Turkish forestry together with as a target species of
national tree breeding and seed production programme
(Koski and Antola 2003) by 0.5 million ha natural
distribution of which is 22% in 23.3 million ha total forest
area of which 41% is unproductive of Tiirkiye (OGM
2024). Afforestation practice is main tool in conversion of
unproductive forest to productivity by sowing or planting.
However, there could be many biotic or abiotic factors
could impact on successful afforestation practices (Bilir
2004; Yazict and Turan 2016; Bilir et al. 2018; Yazict
2018; Bilir 2021; Yazict et al. 2022; Yazict and Bilir
2023). Aspect is an easily determinable factor in these. In
this study, the aspects are compared for tree height,
diameter at base and diameter at breast in 25-years
afforestation of Taurus cedar (Cedrus libani A. Rich.) to
contribute and to discuss for afforestation and other
forestry practices such as tending of the species.

2. Material and Methods
2.1. Studied populations and data collection
Aspectual afforestations at 25 years established by 2.5x3

m were sampled from each north (N), south (S), east (E)
and west (W) aspects at southern Tiirkiye. Tree height

(TH), diameter at base (Do) and diameter at breast height
(d1.30) were measured from 300 m? (30 x 10 m) sampled
areas of each aspect (Table 1, Figure 1).

2.2. Data analysis

Aspects were compared based on the characteristics by
following model of analysis of variance at SPSS (SPSS
2011).

Y,=utP, +e, 0

Where Yij is the observation from the j; tree of the iy
aspect, u is overall mean, P; is the random effect of the iy,
aspect, and eij is random error.

Phenotypic correlations (7,) between the pairs of the tree
height, diameter at base, diameter at breast height were
estimated in each aspect as (Falconer 1989):

.= COV, vy ()

P [ 2 [ 2
O f)NO f(»

Where cov, (W)is the phenotypic covariance between

characteristics x and y, o2/, and ¢/, are the phenotypic
variances for characteristics x and y, respectively.
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Table 1. Some details of sampled areas

Aspects N* Latitude (N) Longitude (E) Altitude (m)
North (N) 27 37°49'42" 30°27'82" 1456
South (S) 23 37°49'86" 30°27'67" 1426

East (E) 27 37°49'58" 30°27'90" 1399
West (W) 28 37°49'70" 30°27'65" 1390

*; Number of individual trees in the areas.

3. Results and discussion

Averages of tree height, diameter at base and diameter at
breast height were 6.4 m, 174 cm and 13.2 cm,
respectively, while performances of the characteristics
changed for the aspects together with among individuals
within aspect. For instance, there were about two times
differences for tree height among individuals within
aspect, and also it was more than that for other
characteristics in some aspects (Table 2, Figure 2). It was
between 4.4 m and 6.9 m for tree height, and ranged from
7.6 cm to 19.6 cm for diameter at breast height in north

Figure 1. Sampled areas from four aspects

aspect (Table 2, Figure 3). Similar variations among
individuals were also found for tree height and diameter at
base in Taurus cedar (Bilir et al. 2018; Ozel 2018; Yazic1
2018; Ozbey 2023). However, many biotic or abiotic
factors could impact in these variation and success. For
instance, slope (Yazici et al. 2022) and afforestation
method (Bilir 2021) were effective on growth
performances in Taurus cedar. The variations indicated
importance selection of mother trees for higher growth
performance and wood production in afforestation
practices. Survival ranged from 56% (S) to 70% (W) based
on spacing.
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Table 2. Averages, ranges and coefficient of variations for the characteristics of the aspects

N S E w
TH Do TH Do TH Do TH Do
(m) (cm) di30(cm) (m) (cm) di30 (cm) (m) (cm) di30 (cm) (m) (cm) di30(cm)
Averages* 6.7° 19.6¢ 14.6¢ 5.5% 16.9° 12.5° 7.6° 18.9¢ 14.7* 5.7* 14.32 11.0¢
Ranges 4.8-9.2 14.7-28.3  8.9-23.2 4.4-6.9 12.5-252  7.6-19.6 5.7-9.6 12.8-27.2  9.3-22.7 3.8-8.2 9.7-19.5 6.9-16.3
CV% 16.1 18.6 20.7 13.5 19.1 23.8 15.1 20.3 21.0 214 19.6 22.9

*; Same letters are not significantly (p>0.05) different among the species.
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Figure 2. Averages of the characteristics for the aspects
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Aspects showed significant (p<0.01) differences for the
characteristics according to results of analysis of variance
(Table 3). Similar variations were also reported for biotic
and abiotic factors in afforestation of the species (Bilir et
al. 2018; Yazici et al. 2022). The variations emphasized
importance of afforestation practices for these factors.

ure 3. Tree height differences among trees in south aspect

Positive and significant (p<0.05) phenotypic relations
among the characteristics were found according to results
of correlation analysis (Table 4). Similar findings were
reported in plantation areas of the species (Bilir 2004; Bilir
etal. 2018; Ozel 2018; Yazic1 2018). The results could be
used afforestation and other forestry practices such as
forest tending, and future studies in the species.
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Table 3. Results of analysis of variance for the characteristics of the aspects

Characteristics Source of variation df Mean Square F P value
Between Groups 3 25.064 21.679 .000
TH Within Groups 101 1.156
Total 104
Between Groups 3 157.570 13.580 .000
Dy Within Groups 101 11.603
Total 104
Between Groups 3 87.119 10.308 .000
d; 30 Within Groups 101 8.452
Total 104
Table 4. Phenotypic correlations among the References
characteristics in the species . ] ] ) )
- TH Do Bilir N (2004). Phenotypic age-age correlations for height, diameter
N 701+ - and volume in Cedrus libani A. Rich. Journal of Forestry
S Dy 709%* R Faculty of Siileyman Demirel University, 1:12-18.
E 743%x . Bilir N (2021). Growth performances in the planting and seeding
W 77T R areas of Taurus cedar (Cedrus libani A. Rich.). Agriculture and
N Nkl 935 Forestry, 67(4):81-88.
S o 789 .929% Bilir N, Yazic1 N, Ozel HB (2018). Examination of Taurus cedar
E JI81%* 927%* (Cedrus libani) afforestation in Isparta province of Turkey.
W .854%* 899** International Conference Reforestation Challenges, June 20-22,

**; Correlation is significant at the 0.01 level.
4. Conclusions

Results of the study belong to limited area and
characteristics of the species. New studies should be
carried out in different areas and characteristics.
Variations among aspects and within aspect could be used
such as selection in afforestation and forestry practices of
the species. Relations among the characteristics could be
used for future studies in the species.
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Anadolu Sigla agac1 (Liquiambar orientalis Mill.) ve balsam iizerine bir
degerlendirme

Filiz Kih¢>" ), Ayse Betiil Aver®

Ozet: Anadolu sigla agac1 (Liquidambar orientalis) Altingiaceae familyasma ait, dogal olarak yalmzca Tiirkiye'nin giineybatisinda yayilis
gostermektedir. L. orientalis tiiriiniin var. orientalis ve var. integriloba fiori olmak iizere iki varyetesi bulunmakta olup, endemik bir tiirdiir. Relikt ve
endemik bir tiir olan, [IUCN Kirmizi Listesi'nde “tehlike altindaki tiirler” kategorisinde yer alan Anadolu sigla agaci (L. orientalis Mill.), halk arasinda
"giinliik agac1" olarak da bilinmektedir. Bu tiiriin olusturdugu sigla ormanlarinin ekosistemine biitiinciil bir bakisin sunuldugu bu derlemede; agacin
govdesine agilan yaralardan dogal olarak sizan sigla balsami incelenmistir. Bu degerli re¢inenin; antibakteriyel, antimikrobiyal, antitiimér ve antioksidan
ozelliklerinin yani sira, fiksatif 6zelligi sayesinde parfiimeri ve kozmetik sanayisinde dnemli bir yere sahip oldugu bilinmektedir. Geleneksel halk
hekimliginde mide ve cilt hastaliklarinin tedavisinde kullanilmaktadir. Bu ¢aligmada, sigla balsaminin ¢esitli kullanim alanlarina yonelik yiiriitiilmis
bilimsel aragtirmalar incelenerek Anadolu sigla agacinin ekolojik ve ekonomik énemini ortaya koymak, tiiriin korunmas: ve siirdiiriilebilir kullanimina
bilimsel katki saglamak amaglanmustir.

Anahtar kelimeler: Giinliik agaci, Giinliik sakizi, Balsam, Endemik, Buhur, Antimikrobiyal

An evaluation of the Oriental sweetgum (Liquiambar orientalis Mill.) and its
balsam

Abstract: The Oriental sweetgum (Liquidambar orientalis), a member of the Altingiaceae family, occurs naturally only in the southwestern region of
Tirkiye. The species L. orientalis has two varieties: var. orientalis and var. integriloba Fiori, and it is an endemic species. Being both a relict and
endemic species, the Oriental sweetgum (L. orientalis Mill.) is listed as “Endangered” in the IUCN Red List. It is also known locally as the “Giinliik
Tree.” In this review, which provides a holistic perspective on the ecosystem of sweetgum forests formed by this species, the sweetgum balsam that
naturally exudes from wounds made on the tree trunk is examined. This valuable resin is known to possess antibacterial, antimicrobial, antitumor, and
antioxidant properties, as well as significant importance in the perfumery and cosmetics industries due to its fixative qualities. In traditional folk
medicine, it has been used in the treatment of gastric and skin diseases. This study evaluates scientific research conducted on various applications of
sweetgum balsam. In this study, scientific research conducted on various uses of sweetgum balsam was examined in order to reveal the ecological and
economic importance of the Oriental sweetgum and to provide a scientific contribution to the conservation and sustainable utilization of the species.
Keywords: Giinliik tree, Balsam, Storax, Balsam, Endemic, Styrax , Incense, Antimicrobial

1. Giris

Anadolu sigla agacinin (Liquidambar orientalis Mill.) yer
aldig1 Liquidambar cinsi, Onceleri Hammamelidaceae
familyasinda tanmimlanmaktayken, yapilan taksonomi
calismalar1 sonucunda Altingiaceae familyasi altinda
tanimlanmaktadir (Urker 2014).

Anadolu Sigla agacinin da icinde yer aldigt Liqgudambar
cinsine bagh 4 tir bulundugu kaynaklarda
belirtilmektedir. Liquidambar formosana Hance. ve L.
acalycina Chang. Dogu Asya’da bulunmaktadir. L.
styraciflua L. Kuzey Amerika’da ve Meksika ile Orta
Amerika’dan Honduras’a kadar uzanan yiiksek daglik
kesimlerde yer almaktadir (Taskin vd. 2010). Giincel
calismalarda ise bu cinse ait toplam 15 adet tiirden
bahsedilmektedir (Sekil 1).

Sigla agaci, Anadolu sigla agaci, giinlik agaci, giinliik,
giinniik, kara giinliik, sigala gibi isimlerle bilinmektedir
(Baytop 1999; Biiyiikkilig 2013). Turkish sweetgum,

Anatolian sweetgum, oriental sweetgum yaygin Ingilizce
isimleridir (Kavak ve Wilson 2018; Demir vd. 2021).
Liquidambar, latince sivi akigkan anlaminda olan
liquidus, Arapga giizel kokulu anlaminda olan amber
sozctiklerinin birlesmesinden tiiretilmistir (Aydingdz ve
Bulut 2014). Bu adlandirmanin kaynagini, sigla agacindan
elde edilen medikal balsam olugturmaktadir.

Anadolu sigla agaci, Tiirkiye'nin boreal-tersiyer kokenli
relikt endemik tiirlerinden biridir. Buzul Cag1 sirasinda
Anadolu’daki nemli ve sicak mikroklimatik bolgeler, bu
tiiriin glinimiize ulasmasina olanak saglamistir (Tagkin
vd. 2010). Bolu-Seben fosil ormanlarinda bulunan
Anadolu sigla agaci fosillerinin yas1 yaklasik 18-20
milyon olarak belirlenmistir (Sekil 2, Urker 2014).
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L— Family : Altingiaceae
Genus  : Liquidambar
—— Species:

—— L. acalycina H.T.Chang

—— L.cambodiana (Lecomte) Ickert-Bond & J.Wen
—— L. caudata (H.T.Chang) Ickert-Bond & J.Wen
—— L.chinensis Champ. ex Benth.

—— L. chingii (F.P.Metcalf) Ickert-Bond & J.Wen
—— L.excelsa (Noronha) Oken

—— L. formosana Hance

—— L. gracilipes (Hemsl.) Ickert-Bond & J.Wen

—— L.multinervis (W.C.Cheng) Ickert-Bond & J.Wen
—— L. obovata (Merr. & Chun) Ickert-Bond & J.Wen
—— L. orientalis Mill.

—— L. poilanei (Tardieu) Ickert-Bond & J.Wen

—— L. siamensis (Craib) Ickert-Bond & J.Wen

—— L. styraciflua L.

—— L. yunnanensis (Rehder & E.H.Wilson) Ickert-Bond & J.Wen

Sekil 1. Taksonomik Siniflandirma (Smilyanets vd. 2024;
Anonim (a), 2025)

= ‘ _,a_ = LT > !
Sekil 2. Bolu-Seben fosil ormanindan goériiniim (Urker
2014)

Anadolu sigla agaci, dogal olarak yalnizca Tiirkiye'nin
glineybatisinda yayilis gostermektedir (Sekil 3.). Bazi
arastirmacilar bu tiiriin Rodos ve Kibris adalarinda da
goriildiigiinii belirterek endemik sayilmamasi gerektigini
ileri siirse de, literatiirde bu boélgelerdeki varliginin
sonradan insan eliyle gerceklestirilen tasinma ve kiiltiire
alma yoluyla olustugu ifade edilmektedir. Bu nedenle L.
orientalis, Tirkiye’ye 0zgli endemik bir tiir olarak
degerlendirilmekte ve (Taskin vd. 2010; Urker 2014)
Anadolu’da yetisen iki varyetesi bulunmaktadir (Yiizer
vd. 2022).

Anadolu sigla agacinin, en iyi gelisim gosterdigi alanlar
rutubetli, aliivyal kil ve balgik toprakli nehir yataklaridir.
Tirkiye'de ozellikle Mugla cevresinde, denize yakin,
alcak ve nemli ¢ukur alanlarda yayilis gdstermektedir.
Deniz seviyesinden genellikle 15-20 metre yiikseklikte
bulunmaktadir. Bu al¢ak alanlardaki sigla mescerelerine
halk arasinda “taban giinliigii”, daha yiiksek kesimlerde
bulunanlara ise “dag giinligi” denilmektedir. Genellikle
alcak bolgelerde yaygin olsa da, kiiciik gruplar halinde
daha yiksek rakimlarda da (900-1000 metre)
goriilmektedir (Atay 1985).

Didin Milas

Kotkutel)

o Antalya
Mamalts " 450
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Sekil 3. Anadolu Sigla agaci yayilis1 (Anonim (b) 2025)'

Ortalama sicakligr 15-20°C olan bolgelerde yetisen sigla
agaclar1 1000-1200 mm yagis alan yorede en soguk
aylarm minimum sicakhigi 4-7°C°dir (Oztiirk vd. 2008;
Urker 2014).

Bu ¢alisma, Anadolu sigla agacinin ekolojik, ekonomik ve
kiiltiirel agidan 6nemini biitiinciil bir bakis agisiyla ortaya
koymay1; dogal yayilis alanlarinin mevcut durumunu ve
karst karsiya oldugu tehditleri degerlendirmeyi,
biyogesitlilige katkisini vurgulamay1 ve tiiriin korunmasi
ile stirdiiriilebilir kullanimina yonelik literatiire bilimsel
katki sunmay1 amaglamaktadir.

2. Sigla ormaninin genel 6zellikleri

Ik envanter ¢alismalarinda 6.312 hektar olarak belirlenen
sigla orman varligi, 1949 yilindan itibaren turizm, orman
yanginlar1 ve bahge agma gibi insan kaynakli baskilar
nedeniyle hizla azalmis; giiniimiizde ise pargali bir yap1
halinde, yetistirme ve rezerv alanlari dahil olmak {izere
toplam 1.654 hektara gerilemigtir. Ormanlarin en genis
yayilig gosterdigi yer olan Kdycegiz’de ise bu alan 770
hektara kadar diistiigii tespit edilmistir (Urker ve Giinlii
2023). Endemik bir tiir olan Anadolu sigla agaci, [UCN
Red List’e gore EN (Endangered) nesli tiikenmekte olan
kategorisinde bulunmaktadir (Kavak ve Wilson 2018).
Anadolu sigla agacinin yetistigi subasar ormanlarinin
hassas ekosistemi, biyolojik cesitlilik agisindan son derece
zengindir. Bu ormanlarda yasayan 49 adet karayosunu
tirli tespit edilmistir (Catak ve Kirmaci 2020). Sigla
agaclarinin govdelerinde, orman tabaninda ve g¢iiriiyen
sigla kalitilart tizerinde bulunan gesitli mantar tiirleri de
Tiirkiye’den ilk kayitlar arasinda yer almaktadir
(Kaygusuz vd. 2016; Colak ve Kaygusuz 2018; Kaygusuz
vd. 2022; Kaygusuz 2024). Sigla ormanlarindan toplanan
613 bitki drneginin degerlendirilmesi sonucunda 60 adet
familyaya ait 150 adet cins, 212 adet tiir, 8 adet alt tiir ve
6 ader varyete belirlenmistir (Akbas ve Varol 2015).
Ayrica bu ormanlarda 33 familyaya ait 108 bdcek tiirii
kaydedilmis; bu tlirlerden 15’1 Tiirkiye i¢in ilk kayit
niteligindedir (Harman ve Avci, 2023). Baska bir
calismada ise yine Tiirkiye’de ilk kez kaydedilen sigla
agact lzerinde yasayan bir bocek tiirli rapor edilmistir
(Cebeci ve Korotyaev 2019).

Tiirkiye’de bulunan 39 adet yarasa tiiriinden 12 adedi sigla
ormanlarinda gozlemlenmistir ve bunlardan 7 adedi
koruma altindadir (Urker ve Yorulmaz, 2020). Bu
ormanlarda ayrica 76 kus tiirii (Urker ve Benzeyen 2020)
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ile dort anuran, dort kaplumbaga, dokuz kertenkele ve
dokuz yilan tiiri olmak {izere toplam 26 amfibi ve
stirlingen tiirti belirlenmistir (Bozkurt vd. 2022). Memeli
faunasi agisindan da zengin olan bu ormanlar; Avrasya su
samuru, karakulak, yaban kedisi, Avrasya porsugu, aga¢
sansart, kizil tilki, yaban domuzu ve altin ¢akal gibi tiirlere
ev sahipligi yapmaktadir (Urker ve Ilemin 2019).
04.04.2014 tarih ve 28962 sayili Sulak Alanlarin
Korunmasi Yonetmeligi ile 23.04.2020 tarihinde
yaymlanan Mugla ili, Ortaca ve Dalman ilgesi sinirlari
igerisinde Bulunan Ortaca-Dalaman Sigla Ormanlari
Dogal Sit Alanmin degerlendirilmesi hakkindaki
Cumhurbaskanligi Kararindaki haritada yer alan koruma
alanimin genisletilerek Ortaca-Dalaman Sigla Ormanlari
Kesin Korunacak Hassas Alan statiisii verilmesine iligkin
alman 02.04.2021 tarihli Cumhurbagkanlig1 kararlari,
Anadolu sigla orman varlif1 i¢in olumlu olan devletin
aldig1 yasal tedbirlerdendir (Anonim ¢ 2025; Anonim d
2025).

Hassas bir ekosistemde yasayan sigla agaci sahalarini
genisletme stratejisi iizerine Urker ve Giinlii (2023)
Analitik Hiyerarsi Siireci ve Cografi Bilgi Sistemleri gibi
modern yontemlerden faydalanarak toprak, sicaklik,
iklim, habitat, arazi egimi gibi kriterleri inceledikleri
calismalarinda, arastirma alaninin %50.7’sinin (600,384
ha) diisiik, %41.2’sinin (488,448 ha) orta ve %8.1’inin
(95,400 ha) yiksek uygunluga sahip olduklarini
bulmuslardir. Sigla agaci popiilasyonlarina iligkin bir
diger caligmada (Selim ve Sonmez 2015) yine cografi
bilgi sistemleri ve peyzaj metrikleri kullanilarak sigla
ormanlarin biitiinliigiinii korumak ve c¢evresel baskiy1
azaltmak i¢in ormanlar1 ¢evreleyen tampon bdlgelerin
olusturulmasi gerektigi Onerilmistir. Tirkiye genelinde

sigla potansiyel biiylime alanlarin1 kriging yontemi ile
aragtiran c¢alisma (Corbact vd. 2019) sonuglarma gore
Karadeniz, Akdeniz ve I¢ Anadolu bélgelerini kapsayan
alanlara sigla ekilebilecegi, uygun sicaklik ve nem
kosullarinda 0 ila 800 m rakimda yasayabilecegi tahmin
edilmistir.

Sekil 4. Ege Universitesi Botanik Bahgesi ve Herbaryum
Arastirma ve Uygulama Merkezinde yer alan Anadolu
sgla agacinin gévde ve yapraklarindan bir goriiniim

3. Botanik ozellikleri

Anadolu sigla agaci, ortalama 30-35 metreye kadar
boylanabilen, 100 cm'ye kadar ¢ap yapabilen ve 200-300
yil omrii olan bir aga¢ tliriidiir. Genis ve yuvarlak bir
tepeye sahip olup, kalin dallarla bezenmistir. Gencken
plrlizsiiz ve grimsi kabuga sahip olup, yaslandikca
kahverengimsi gri renge doniisiip diizensiz catlaklar
olusturmaktadir. Geng siirglinler ¢iplak ve yesil renkte
olup, sarmal dizili tomurcuklar 6-8 adet sivri pulla
ortiliidir. Govdelerde dallanma genellikle 3-5 metre
yiikseklikten itibaren baslamaktadir. Yapraklari
genellikle 5 loblu, kenarlari ince digli olup, ince uzun
saplarla baglantilidir; bazen 3 veya 7 loblu olmaktadir
(Sekil 5.). Tek evciklidir (Atay 1985; Yaltrik ve Efe
2000). Kok sistemi genellikle sigdir ve yer yer yer yer
yayilicidir.S1g  kokler o6zellikle su tablasinin yiiksek
oldugu alanlarda goriilmektedir. Ancak, daha kuru
habitatlarda yetisen bireylerde daha derin bir kazik kok
sistemi gelismektedir. Bitkinin kahverengimsi ve topuz
bi¢imli sarkik meyve baslar1 2-3 cm ¢apinda olup, 3—5 cm
uzunlugundaki saplar iizerinde yer alir ve her biri 30—40
kapsiil igermektedir. Bu baglar, 5 mm ile 1,5 mm arasinda
degisen boyutlarda, yassi, dikdortgen sekilli ve kanatli 50—
75 adet kiigiik tohum iiretmektedir. Kasim ayindan aralik
ayma kadar yapraklarim1 dokmeye baglayan agacin subat
ayinda yeni yapraklari ¢ikmaya baslamakta olup, mart ay1
basinda c¢igeklenmektedir. Meyveler nisan ortasinda
belirginlesir, eyliilde olgunlasir ve ekim ayindan itibaren
1,5 ay siireyle diismeye baslar. Meyvelerini doken
kapsiiller ertesi yila kadar agaglarda kalirlar (Oztiirk vd.
2008).

Sekil 5. Anadolu sigla agacinin biiylime organlart ( A -
cigekli dal; 1 ve 2 - stamenler; 3 — topuz bigimli meyvede
toplanmis disi ¢igekler; 4 — disi ¢icegin uzunlamasina
kesiti; 5-kaynagmis kapsiillerin topuz bigimli meyvesi; 6 —
meyvenin uzunlamasina kesiti ; 7 ve 8 - kanatli tohum; 9
ve 10 — tohumun uzunlamasina ve enine kesiti; 11 -
embriyo. (Anonim e 2025)
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4. Sigla cogaltim teknikleri

Anadolu sigla agaci tohumla, yumusak odun ¢elikleri ile
ya da in vitro yontemlerle ¢ogaltilabilmektedir. Her yil
tohum veren Anadolu sigla agaci, ii¢ yilda bir bol tohum
iretimi gerceklestirmektedir. Gri renk alan kapsiiller
toplanarak  kurutulmakta ve sarsilarak tohumlar
kapsiillerinden ayrilmaktadir. Elde edilen tohumlar, %10-
15 nem oraninda, agz1 kapali kaplarda 2.2—4.4 °C’de 4 y1l
siireyle saklanabilmektedir. Tohumlar, +5°C’de 30-90
giin boyunca kumda soguk-islak isleme tabi tutulduktan
sonra 10-30 giin i¢inde ¢imlendigi ve ortalama %70
¢imlenme orani elde edildigi tespit edilmistir (Atay 1985).
Bununla birlikte, 6n isleme gerek kalmaksizin tohumlarin
20-25°C sicaklikta %87 oraninda ¢imlenebildigi de
bildirilmistir (Bakir 2019). Rodos orijinli tohumlarda
yapilan bir ¢alismada 20/10 °C degisken sicaklikta, beyaz
1s1ikta 12/12 saat karanlik/aydinlik kosullarinda optimum
¢imlenme oranina ulasilmistir (Daskalakou ve Thanos
2014).

Anadolu sigla agacinin proventif siirgiinlerinden alinan
gelikler %80-90 nem, 18-20°C sicaklik, pH 5.5-7
araliginda, tuzsuz ortamda %50 kum + %50 perlit
karisiminda %0,5°1ik IBA uygulamasiyla %73 ¢imlenme
orani elde edilmistir. Cakil ve IBA kombinasyonunda ise
¢imlenme oran1 %87 ye ulasmistir (Kizmaz 1994).
Anadolu sigla agacinin aksiller tomurcuklarindan alinan
orneklerin MS ve WPM Kkiiltiir ortamlarinda farkli bitki
bliylime diizenleyiciler ile kiiltire alinmasi sonucunda
basarili sonuglar verdigi ¢calismanin sonugclar1 (Bayraktar
vd. 2015) ticari bir liretim sekline donistiirilmiistiir.
Tohum oOrnekleri kullanilan bir ¢aligmada WPM Kkiiltiir
ortaminda uygulanacak NAA+BAP kombinasyonlarinin
basarili oldugu ifade edilmistir (Acar vd. 2018). Huang vd.
(2024) L. formosana Tlzerine Anadolu sigla agaci
agtlamislar, agilanan agaglardan alinan balsamin kimyasal
ve biyolojik etkilerini benzer bulmuglardir.

5. Sigla balsami i¢erigi ve kullanim alanlar

Anadolu sigla agaci yapay ya da dogal yaralanmasi
sonucunda yara etrafinda diri odun kisimlarinda patolojik
vertikal balsam kanallar1 olusmaktadir. Yaralanmayan
agacm  odun ve kabugunda balsam kanallar
bulunmamaktadir (Arslan ve Sahin 2016). Sigla agacinin
govdesine agilan yaradan sizan sivi, sigla yagi veya sigla
balsami olarak adlandirilmaktadir. Sweetgum, Styrax
liquidus, Turkish sweetgum balsam, Storax, Styrax,
Levant styrax gibi isimlerle de bilinir (Teker ve Kolancilar
2020).

Sifal1 6zelligi olan bitkilerin kullanimina iliskin bilgiler ve
12 gesit ilag ile 250 farkli bitki tiirlinden bahsedilen Stimer
tabletleri bitkilerin tedavide kullanimina iligkin en eski
yazili kaynaklardir. Sigla balsami kullaniminin en eski
kayitlar1  Asur tabletlerinde yer almis, Misirhilar
tarafindan, balsam mumyalama islemlerinde ve tiitsii
olarak kullanilmistir (Taylan 2018; Baumann 1960).
Fenikeli tiiccarlar balsamin ticaretini Akdeniz boyunca
yaymiglardir. Herodot gibi antik yazarlar, Persler,
Skyth’ler ve diger toplumlar tarafindan ritiiel ve herbal

amacgl storax, styrax denilen balsamim kullanildigini
aktarmiglardir. Dioscorides ve Theophrastus gibi donem
hekimleri, sigla balsamini tedavi edici 6zellikleriyle dne
cikarmislar, Hipokrates’in de storax ya da styrax isminle
anilan miir’e benzeyen bir sividan bahsettigi kaynaklarda
yer almaktadir (Taylan 2018; Baumann 1960). Ancak
literatiirdeki diger goriis de tibbi ve ekonomik Onemi
yliksek olan Boswellia tiirlerinden elde edilen balsamin
Sigla Agaci’na atfedildigi, 6zellikle yoresel kullanimlarda
ve modern literatiirde bu iki tiiriin sik¢a karigtirilabilecegi
ya da antik kaynaklardan yapilan ¢eviri hatalari nedeniyle
yanhs degerlendirildigi  yoniindedir (Urker 2014;
Ayding6z ve Bulut 2014). Baytop’un (1999) drog
tanimlarinda, Boswelia tiirlerinden elde edilen usareyi ak
giinliik olarak tanimlarken, L.orientalis tiiriiniin govde
kabuklarindan sigla balsami elde edildikten sonra geriye
kalan kabuklar1 kara giinliik olarak tanimlamasi, halk
arasinda giinliik agact da denilen sigla agacinin
tanimlanmasia iliskin kavramlardaki karmasaya iligkin
goriisii destekler niteliktedir.

Bizanshilar ~ doneminde  ticareti  yapilan  Styrax
officinalis’ten elde edilen altin renkli kat1 regine ve L.
orientalis’ten elde edilen sivi, kirmizimsi kahverengi
storaks balsaminin, iki farkli agag tiirtinden elde edildigi
bu iki tiriin genellikle karistirilarak veya aymi adla
anilarak kullanildigi, bunun da tarihsel kayitlarda
karigikliga neden oldugu, storaksin, 6zellikle Bizans ve
Islam diinyasinda genis ticaret aglarma sahip oldugu, 10.
ylizyildan itibaren Bizans’in, Anadolu'nun genis
bolgelerinden storaks ticaretini kontrol ederek uluslararasi
pazarlarda 6nemli bir konuma sahip oldugu Durak (2022)
tarafindan aktarilmigtir.

Evliya Celebi, iinlii Seyahatnamesinde, sigla agacinin
Osmanli dénemi cografyasindaki yayilimmi ve sigla
balsaminin, agaglarin kabuklarinin kesilip sikilmasiyla
¢ikarildigini, kokusunun hos oldugunu ve cilizzam gibi
hastaliklarin ~ tedavisinde kullanildigin1  belirtmistir.
Ayrica, sigla balsaminin Hindistan’a kadar gonderildigini
ve orada tedavi amaciyla kullanildigimi ifade etmistir.
Evliya Celebi’nin, Hellenistik donemde Biiyiik Iskender
ile III. Darius arasindaki savasta sigla balsaminin
kullanildigindan bahsetmesi ve dogal yayilim alanma
iligkin verdigi bilgiler siglanin yayilist ve kullanim
alanlariyla ortiismektedir (Taylan 2018).

Anadolu sigla agaci, Ozellikle Akdeniz bolgesinde
gelencksel tipta yaygin olarak kullanilan endemik bir
bitkidir. Sigla balsami, solunum yolu hastaliklar1 (astim,
bronsit), romatizma agrilari, cilt hastaliklar1 (mantarlara
ve uyuz), yara iyilestirme ve sindirim sistemi
rahatsizliklarinin tedavisinde geleneksel olarak tercih
edilmistir. Giiniimiizde ise sigla balsami, parfiimeri ve
kozmetik iiriinlerde koku sabitleyici olarak, sabun, sakiz
ve tiitiin aromalandirmada, ayrica eczacilikta bazi ilaglarin
yapiminda kullanilmaktadir. Icerdigi sinnamik asit ve
sinnamik alkol gibi bilesiklerle 6nemli bir dogal kaynak
olma ozelligi tagimaktadir. Balsam ¢ikarildiktan sonra
kalan odunsu parga "buhur" olarak adlandirilmakta olup,
tarih boyunca dini térenlerde tiitsii, olarak kullanilmistir
(Biiyiikkilig 2013; Aydingdz ve Bulut 2014).
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Sigla balsami, kahverengimsi sar1 renkte, yar1 akigkan bir
yapiya sahiptir. Acimsi tadiyla birlikte sinnamik aside
benzer karakteristik bir kokuya sahiptir. Bilesiminde %35-
40 oraninda sinnamik asit bulunmakta ve bu asit hem
serbest formda hem de esterlesmis halde yer almaktadir.
Yaklasik %! oraninda ugucu yag (sigla ugucu yagi),
iceren sigla balsami ayrica %60 oraninda sitoresin adi
verilen triterpenik asitleri de igerir. Suda ¢6ziinmeyen bu
yag; benzen, eter ve aseton gibi organik coziiciilerde
¢ozlinebilmektedir. Fiziksel ozellikleri arasinda 6zgiil
agirliginin 1,091-1,113 arasinda oldugu, asit sayisinin 50—
85 ve sabunlagma sayisinin ise 160-180 oldugu
belirlenmistir (Teker ve Kolancilar 2020).

Geleneksel sigla balsami elde etme siireci, taban
giinliiklerinde en az 15 cm ¢apinda, ova giinliiklerinde en
az 10 cm capinda olan agaglarin segilerek agaclarin mart
ayinda yara acilacak bolgelerindeki kabuklarinin
inceltilmesiyle baslamaktadir. Mayis ayinda "kasik" adi
verilen aletle dig kabuk, diri kabuk ve biraz oduna kadar
yaralar agilir. Bir hafta sonra yaralar tazelenip, iki hafta
sonra biriken yag siyrilarak alimmaktadir. Temmuz ve
Ekim aylar arasinda, her 15 giinde bir yaralar {izerindeki
yag, kabuk ve odunla birlikte toplanmaktadir. Bu yaglar
bakir kaplarda kaynatilmakta, sonra preslenerek
¢ikarimakta ve beton havuzlarda toplanmaktadir. Kalan
kiispe ise kurutulmaktadir. Kuru kiispeye giinlik veya
buhur adi verilmektedir. (Arslan ve Sahin, 2016,
Ayding6z ve Bulut, 2014) Sigla balsami alinan agaglarin
boylar1 28.5 metreye, sigla balsami {iretimi yapilmayan
ormanlardaki agaclarin boylar1 ise 35 metreye kadar
uzayabilmektedir (Bakir 2019).

1940’11 yillardan itibaren 200.000 kg olan Anadolu sigla
balsami iiretimi, orman alanlarinin daralmasi, ekonomik
O6neminin  azalmasi ve  kimyasal fiksatdrlerin
yayginlasmas: gibi nedenlerle biyiik Olgiide disiis
gostermistir. Giiniimiizde ise yalnizca sinirli alanlarda

otantik amagclarla ve c¢ogunlukla kayit disi olarak
siirdiiriilmektedir (Urker 2014).

Sigla agacinin kimyasal igerigini belirlemek igin birgok
calisma yapilmig, yapilan ¢alismalarda sadece balsami
degil yapraklari da materyal olarak kullanilmis,
ekstraksiyonda ve analizde farkli yontemler denenmistir.
Incelenen calismalarda farkli ana bilesenler bulunmustur
(Tablo 1). Sekonder metabolitlerin bilesim ve
miktarindaki farkliliklar, bitkinin genetik yapisi (genotip
ve kemotip cesitliligi), gelisim asamalar1 (ontogenez),
farkli organ yapilari (morfogenetik) ve c¢evresel
kosullardaki degisimlerin metabolit liretimini
etkilemesiyle agiklanabilir (Verma ve Shukla 2015). Bu
farkliliklar materyal, yontem ve analiz farkliliklarindan
kaynaklanabilir. Duru vd. (2002) ii¢ farkli yontemle elde
ettikleri yagdaki bilesiklerin oranlarindaki degisimi
yontemlerin farkliligina baglamistir. Analiz yontemi ve
cihazlarin farkliligt da sonuglarda farkliliklara neden
olabilmektedir (Teker ve Kolancilar 2020).

Yapraklar ve sigla balsami bazi aragtirmacilar tarafindan
dogrudan agaglardan toplanirken (Duru vd. 2002; Sicak ve
Eliuz 2018; Sarag ve Sen 2014; Keskin ve Giivensen 2022;
Askun vd. 2021; Biiyiikkilic vd. 2022), diger bazilar1 ise
sigla balsami piyasadan satin almistir. Ayrica, ilag
sirketleri Mu vd. (2023) veya Mugla Orman Isletme
Midiirligii’nden Giirbiiz vd. (2013) temin eden
arastirmalar da bulunmaktadir.

Sigla yagmnin antibakteriyel etkilerinin incelendigi
calismalarda (Tablo 2), oOzellikle gram pozitif
bakterilerden Staphylococcus aureus {lizerinde yliksek
antibakteriyel aktivite gosterdigi bir¢ok arastirmada
bildirilmistir (Bilgili vd. 2016; Kose vd. 2016; Donmez ve
Onem 2018; Kiling vd. 2020; Keyvan ve Savas 2021;
Ayrilmig vd. 2021; Demir vd. 2021; Demir vd. 2022;
Cakmak vd. 2023; Caglar ve Sahbaz 2023; Yurttas vd.
2023; Nakipoglu vd. 2024).

Tablo 1. Anadolu sigla agacindan elde edilen sekonder metabolit analiz sonuglari

Kullanilan . .. . . . .
Caligma materyal Ekstraksiyon yontemi Kimyasal analiz Ana bilesenler ve oranlari
. . : E-Ethyl cinnamate (%27.5-30.6), Torreyol (%11.0-12.0),

Askun vd. (2021) Balsam Hidrodistilasyon HPLC, GC-MS Cinnamyl alcohol (%7.2-7.9)

g‘a-‘g‘;‘;k"‘q VA Balsam Hidrodistilasyon GC-MS Styrene (%92.59), a-Pinene (%2.2)
Cinnamyl cinnamate (%29.46), Cinnamyl alcohol (%11.17),
Benzyl cinnamate (%8.83) , Cinnamyl

Mu vd. (2023) Rafine Balsam - GC-TOF-MS benzoate (6.69%). Caryophyllene (2.47%), Cinnamaldehyde
(2.02%) and Styrene (0.77%).

1 0, 1 1 0,
Mutlu vd. (2024) Balsam ) GC-MS Ethyl cinnamate (%56.06), Cinnamyl cinnamate (%35.51),

Ugucu yag fraksiyonu/Mikro

Giirbiiz vd. (2013) Balsam .
analiz

Stiperkritik sivi ekstraksiyonu

Topal vd. (2008) Balsam (SFE)

Topal vd. (2008) Balsam Su Buhari Distilasyonu
Huang vd. (2024) Balsam -

Huang vd. (2024) Rafine Balsam -

GC-MS

GC-MS

GC-MS

GC-MS

GC-MS

Methyl cinnamate (%2.73)
Styrene (%81.9), Cinnamyl alcohol (%6.9), a-Pinene (%3.5)

octyl alcohol acetate (12.42%), rimuene (5.82%), N-
nordextromethorphan (7.19%), 6a,17b-dihydroxy-5b-androstan-
3one (22.92%), menthol (31.59%)

octyl alcohol acetate (20.12%), neocembrene (4.66%), N-
nordextromethorphan (14.38%), phenanthrene

(8.75%), 6a,17b-dihydroxy-5b-androstan-3one (12.87%),
menthol (23.14%)

Cinnamyl cinnamate (%51.40), 3-Phenylpropyl cinnamate
(%31.79), Cinnamyl alcohol (%2.48), Benzyl cinnamate
(%2.35) ve 3-Phenylpropyl-2-propenyl ester (%0.72)
Cinnamyl cinnamate (%49.52), 3-Phenylpropyl cinnamate
(%29.68), Cinnamyl alcohol (%3.28), Benzyl cinnamate
(%2.46) ve 3-Phenylpropyl-2-propenyl ester (%0.92)
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Caligma E‘;:l;;;lf n Ekstraksiyon yontemi Kimyasal analiz Ana bilesenler ve oranlari

Graft edilmi Cinnamyl cinnamate (%51.39), 3-Phenylpropyl cinnamate
Huang vd. (2024) Balsam s GC-MS (%30.04), Cinnamyl alcohol (%2.52), Benzyl cinnamate

(%2.31) ve 3-Phenylpropyl-2-propenyl ester (%1.01)
Demirtas vd. . - E-Cinnamyl cinnamate (%38.8), 3-Phenylpropanyl cinnamate
(2023) Balsam Hidrodistilasyon GC-MS (%38.1), 5-Cadinol (%4.9)
Baloglu vd. (2023) Yapraklar, agag GC-MS Styrene (%78.5), Benzene propanol (%10.4), Cinnamyl alcohol
glu vd. kabugu (%5.9)
: : o, _ 0, _

Urganct vd. (2022) Ugucu yag GC-MS Cinnamyl cinnamate (%64.71), p-Ethylphenol (%8.63), o

Koutsavi vd.
(2018)

Altop vd. (2018)  Yaprak

Yaprak

Sarag ve Sen

(2014) Yaprak

Duru vd. (2002) ' 2prak var.
orientalis
Yaprak

Duru vd. (2002) Var. integriloba

Sicak ve Eliuz

(2018) Yaprak
Keskin ve
Gilvensen (2022) ' 2Prak

Hidrodistilasyon GC-MS
Hidrodistilasyon

Soxhlet ekstraksiyonu RP-HPLC

Hidrodistilasyon, buhar
distilasyonu, ekstraksiyon

Hidrodistilasyon, buhar
distilasyonu, ekstraksiyon

Su buhar distilasyonu GC-MS
Ekstraksiyon (gesitli

Pinene (%3.26)

Sabinene (%38.6), a-Pinene (%15.1), Terpinen-4-ol (%12.2),
Germacrene D (%5.5)

GC-MS, Co-GC, Terpinen-4-ol (%31.86), y-Terpinen (%14.38), Sabinene

RI (%38.61), Germacrene D (%5.8)

Protocatechuic acid (12.232 mg/g), (—)-Epicatechin (7.954
mg/g), Gallic acid (3.258 mg/g)

Terpinen-4-ol (%35 %22 %15) , a -Terpineol (%1.9, %25,
%29), Sabinene (%13, %11, %7.0), , a -pinene (%6.3, %4.1,
%2.6), viridifloren (%1.8, %1.7, %2.1) ve germacrene D (%0.4,
%S5.9, %4.5)

terpinen-4-ol (%33 %20 %9,4) , o -Terpineol (%5,1, %28,
%?23), Sabinene (%1,7, %9.,4, %15), o -pinene (%3,5, %3.6,
%8,6), viridifloren (%4,7, %2.,4, %9,7) ve germacrene D (%5.4,
%5,3, %11)

Terpinen-4-ol (%39.53), a-Terpineol (%16.21), Sabinene
(%11.12), a-Pinene (%8.05), Veridiflorol (%6.37)

GC-MS Benezepropanol (%49.30), Cinnamic acid (%35.89)

GC, GC-MS

GC, GC-MS

Tablo 2. Anadolu sigla agacindan elde edilen balsam ve dziitlerin etkinliginin arastirildigi bakteri, fungus ve patojenler

Bakteri, Fungus, Patojen

Referans

Acinetobacter baumannii ATCC 19606
Enterococcus faecalis ATCC8093
Acinetobacter Iwoffii ATCC 19002
Aeromonas hydrophila

Aeromonas hydrophila ATCC19570
Bacillus amyloliquefaciens

Bacillus brevis

Bacillus cereus

Bacillus cereus CCM99

Bacillus licheniformis MTCC73537
Bacillus megaterium

Bacillus subtilis RSKK245

Bacillus subtilis

Bacillus subtilis ATCC 6633
Clostridium perfringens ATCC 10388
Corynebacterium xerosis
Enterobacter aerogenes
Enterobacter aerogenes ATCC 13048
Enterococcus durans

Enterococcus faecalis ATCC 29212
Enterococcus faecalis

Enterococcus faecium

Enterococcus hirae ATCC 10541
Enterococcus hirae

Escherichia coli ATCC 10536
Escherichia coli ATCC 25922
Escherichia coli ATCC11229
Escherichia coli MTCC1652

Escherichia coli

Escherichia coli ATCC35218
Escherichia coli O157:H7

Klebsiella pneumonia ATCC 700603
Klebsiella pneumonia CCM 2318
Klebsiella pneumoniae

Lactobacillus acidophilus ATCC 11975

Legionella pneumophila subsp. Pneumophila

ATCC33152

Legionella

Listeria monocytogenes ATCC7644
Listeria monocytogenes

Methicillin Resistant Staphylococcus aureus

(Aykol ve Doganay 2022; Biiyiikkili¢ vd. 2022)

(Okmen vd. 2014)

(Biiytikkilig vd. 2022)

(Sagdig vd. 2005)

(Keskin ve Giivensen 2022)

(Sagdig vd. 2005)

(Sagdig vd. 2005)

(Dénmez ve Onem 2018; Sagdi¢ vd. 2005; Demir vd. 2021; Demir vd. 2022)

(Keskin ve Giivensen 2022)

(Ayrilmis vd. 2021)

(Sagdig vd. 2005)

(Okmen vd. 2014)

(Sagdig vd. 2005; Sicak ve Eliuz 2018; Kose vd. 2016)

(Keskin ve Giivensen 2022)

(Altop vd. 2018)

(Sagdig vd., 2005)

(Sagdi¢ vd. 2005)

(Baloglu vd. 2023)

(Baloglu vd. 2023)

(Aykol ve Doganay 2022; Biiyiikkilig vd. 2022; Cakmak vd. 2023; Kiling vd. 2020; Altop vd. 2018)
(Sagdig vd. 2005)

(Baloglu vd. 2023)

(Demir vd. 2021)

(Demir vd. 2022)

(Demir vd. 2022)

(Yurttas vd. 2023; Biiyiikkilig vd. 2022; Demir vd. 2022; Cakmak vd. 2023; Altop vd. 2018)
(Okmen vd. 2014)

(Ayrilmis vd. 2021)

(Keyvan ve Savas 2021; Caglar ve Sahbaz 2023; Dénmez ve Onem 2018; Sagdi¢ vd. 2005; Sicak ve Eliuz 2018;
Bilgili vd. 2016; Kose vd. 2016; Demir vd. 2021; Karademir ve Ayhan 2021; Baloglu vd. 2023)
(Keskin ve Giivensen 2022)

(Sagdic vd. 2005; Bayraktar ve Ozyildiz 2019)

(Aykol ve Doganay 2022; Biiyiikkili¢ vd. 2022)

(Keskin ve Giivensen 2022)

(Sagdig vd. 2005; Bilgili vd. 2016; Karademir ve Ayhan 2021)

(Altop vd. 2018)

(Demir vd. 2022)

(Demir vd. 2021)

(Okmen vd. 2014; Baloglu vd. 2023)
(Sagdi¢ vd. 2005)

(Dénmez ve Onem 2018)

Methicillin Resistant Staphylococcus aureus ATCC43300 (Bayraktar ve Ozyildiz 2019)

Micrococcus luteus
Mpycobacterium smegmatis
Mycobacterium tuberculosis H37Ra

(Sagdig vd. 2005)
(Sagdig vd. 2005)
(Askun vd. 2021)
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Tablo 2. Devamm

Bakteri, Fungus, Patojen Referans

Mycobacterium tuberculosis H37Rv
Proteus vulgaris

Pseudomonas aeruginosa ATCC 27853
Pseudomonas aeruginosa ATCC 9027
Pseudomonas aeruginosa MTCC2453

(Askun vd. 2021)

(Demir vd. 2022)
(Ayrilmis vd. 2021)

Pseudomonas aeruginosa

(Dénmez ve Onem 2018)
(Sagdi¢ vd. 2005)
(Keyvan vd. 2022)
(Keyvan vd. 2022)
(Baloglu vd. 2023)
(Okmen vd. 2014)

Pseudomonas aeruginosa PA01
Pseudomonas fluorescens
Salmonella Enteritidis

Salmonella Enteritidis PT4
Salmonella Kentucky

Salmonella Typhimurium RSKK19
Salmonella typhimurium CCM 583
Serratia marrescens

Staphylococcus alpha haemolyticus
Staphylococcus aureus ATCC 25923
Staphylococcus aureus ATCC 25923
Staphylococcus aureus ATCC 6538
Staphylococcus aureus ATCC29213
Staphylococcus aureus MTCC96
Staphylococcus aureus RSKK2392

(Baloglu vd. 2023)
(Baloglu vd. 2023)
(Baloglu vd. 2023)

(Ayrilmis vd. 2021)
(Okmen vd. 2014)

Staphylococcus aureus

Staphylococcus aureus ATCC6538/P
Staphylococcus epidermidis ATCC 49461
Staphylococcus epidermidis
Staphylococcus epidermidis NRRLB-4268
Staphylococcus haemolyticus ATCC 43252
Streptococcus faecalis ATCC8043
Streptococcus mutans ATCC 25575
Streptococcus mutans ATCC10449
Streptococcus pneumoniae ATCC49619
Vancomycin Resistant Enterococcus faecium DSMZ
13590

Yersinia enterocolitica NCTC11174
Yersinia enterocolitica

Candida albicans

Candida albicans ATCC 10239

Candida albicans ATCC 10231

Candida albicans ATCC 66027

Candida albicans RSKK02029

Candida albicans DSMZ 5817

Candida glabrata ATCC2001

Candida parapsilosis

(Biiyiikkilic vd. 2022)

(Aykol ve Doganay 2022)
(Kiling vd. 2020)
(Biiytikkilig vd. 2022)

(Okmen vd. 2014)
(Sagdig vd. 2005)

(Biiytikkilig vd. 2022)
(Okmen vd. 2014)

(Biiytikkilig vd. 2022)
(Sicak ve Eliuz 2018)

Fusarium oxysporum (Onaran ve Bayan 2016)
Botrytis cinerea (Onaran ve Bayan 2016)
Rhizoctonia solani (Onaran ve Bayan 2016)
Alternaria solani (Onaran ve Bayan 2016)
Sclerotinia sclerotiorum (Onaran ve Bayan 2016)

Phytophthora cactorum

Cryphonectria parasitica

Fusarium circinatum

Sitophilus oryzae (Piring biti)

Leptinotarsa decemlineata (Patates bocegi)
Varroa

(Lee vd. 2009)

(Lee vd. 2009)

(Lee vd. 2009)
(Koutsaviti vd. 2018)
(Ertiirk ve Sarikaya 2017)
(Utkan ve Eroglu 2024)

(Keskin ve Giivensen 2022)

(Keskin ve Giivensen 2022)
(Bayraktar ve Ozyildiz 2019)

(Bayraktar ve Ozyildiz 2019)

(Bayraktar ve Ozyildiz 2019)

(Sagdig vd. 2005; Baloglu vd. 2023)
(Aykol ve Doganay 2022; Keskin ve Giivensen 2022; Biiytikkilig vd. 2022; Cakmak vd. 2023)

(Donmez ve Onem 2018; Sicak ve Eliuz 2018; Sagdig vd. 2005; Bilgili vd. 2016; Kose vd. 2016; Demir vd.
2021; Karademir ve Ayhan 2021; Baloglu vd. 2023)

(Kiling vd. 2020; Altop vd. 2018)
(Yurttas vd. 2023; Biiyiikkilig vd. 2022; Demir vd. 2022)
(Biiytikkilig vd. 2022; Cakmak vd. 2023)

(Keyvan ve Savas 2021; Caglar ve Sahbaz 2023; Dénmez ve Onem 2018; Sagdig vd. 2005; Sicak ve Eliuz 2018;
Bilgili vd. 2016; Demir vd. 2021; Karademir ve Ayhan 2021; Nakipoglu vd. 2024)
(Keskin ve Giivensen 2022)

(Kose vd. 2016; Baloglu vd. 2023)
(Bayraktar ve Ozyildiz 2019)

(Sicak ve Eliuz 2018; Kose vd. 2016; Demir vd. 2021; Karademir ve Ayhan 2021; Demir vd. 2022)
(Keskin ve Giivensen 2022)
(Yurttas vd. 2023; Kiling vd. 2020)

Calismalarda, gram negatif bakterilerden Pseudomonas
aureginosa tzerinde sigla balsaminin antibakteriyel
ozellikleri bulunmusgtur. (Sagdig¢ vd. 2005; Kose vd. 2016;
Bilgili vd. 2016; Sicak ve Eliuz 2018; Ayrilmig vd. 2021;
Demir vd. 2021; Karademir ve Ayhan 2022).

Sigla balsam ve ekstratlarinin Echerichia coli iizerinde
antibakteriyel oOzelliklerinin arastirildigi caligmalarda
(Sagdig vd. 2005; Kose vd. 2016; Bilgili vd. 2016;
Ayrilmis vd. 2021; Yurttas vd. 2023; Caglar ve Sahbaz
2023) si1gla balsamu etkili bulunurken Dénmez ve Onem
(2018) ile Bayraktar ve Ozyildiz (2019) calismalarinda
tirettikleri malzemenin E. coli iizerinde etki
gostermedigini ifade etmislerdir.

Sigla balsaminin, gram pozitif bakterilerle yapilan
calismalarda gram negatif bakterilerden daha basarili
oldugu, bunun gram-pozitif, gram- negatif bakteri
gruplarinin farkli kalilikta hiicre duvarlart olmasiyla

aciklanmaktadir (Okmen vd. 2014; Demir vd. 2021;
Demir vd. 2022).

Sigla balsami, antibakteriyel ozellikleri sayesinde farkli
disiplinlerdeki arastirmacilarin ilgisini ¢ekmis ve bu
nedenle sigla iceren antibakteriyel materyaller bilimsel
calismalara konu olmustur. Ornegin, Keyvan ve Savas
(2021), sigla balsaminin endiistriyel ylizeyler ve siit
tanklarinin temizliginde kullanilabilirligini
aragtirmiglardir. Karademir ve Ayhan (2022) ise,
hemodiyaliz siireclerinde kullanilan kan tiiplerinin
ylizeylerinde, sigla ekstratt ile zenginlestirilmis
PEG/giimiis nanopartikiillerinin etkinligini incelemis ve
olumlu sonuglar elde etmislerdir.

Caglar ve Sahbaz (2023), jelatin ve Arap zamki
kullanarak, ultrason destekli kompleks koaservasyon
yontemiyle sigla balsami1 mikroenkapsiilleri
sentezlemislerdir.  Yurttas vd., (2023) ise, sigla
yapragindan su distilasyonu yoluyla elde edilen ekstrati,
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giimiis nanopartikiilleri ve odun unu ile birlikte PLA
biyopolimerine entegre ederek 3D yaziciyla biyofilament
iiretmislerdir. Aymi ¢aligmada, alt1 farkli formiilasyonla
PLA biyokompozit malzemeleri hazirlanmistir.

Bilgili vd. (2016), pamuk ve pamuk/polyester
karigimlarinda kullanilmak {izere, sigla yapragi ekstrati
yiklii giimiis nanopartikiillerin antibakteriyel tekstil
uygulamalarindaki potansiyelini aragtirmislardir. Demir
vd. (2021), sigla balsami eklenmis kitosan ve polivinil
alkol (PVA) kriyojellerinin doku miihendisliginde
kullanimina yonelik ¢aligmalar yapmistir yine Demir vd.
(2022), elektrospin yontemiyle sigla balsami igeren
polikaprolakton (PCL) nanolifli iskeleler iiretmis,
Bayraktar ve Ozyildiz (2019), ozonla kopiik forma
getirilen ipek fiberine sigla yapragi ekstrakti ekleyerek
yeni bir malzeme gelistirmistir.

Kiling vd. (2020), sigla balsaminin etanol ekstrakti ile
cerrahi ipek siitiir kaplamas1 ger¢eklestirmistir. Nakipoglu
vd. (2024), sigla yiikli hidroksietil kitosan/kappa-
karagenan bazli hidrojel ile yara ortiisii iiretmislerdir.
Ayrica, sigla balsami igerisinde yer alan dogal bilesiklerin,
siit sigirciliginda yaygim olan mastitis etkenlerine karsi
etkili oldugu belirtilmistir (Okmen vd. 2017).

Chen vd. (2024), fare makrofaj modeli olan RAW264.7
hiicrelerinde  gergeklestirdikleri  ¢alismada  sigla
balsaminin inflamasyona bagli hastaliklarin tedavisinde
kullanilabilecegini 6ne stirmiistiir. Kose vd. (2016) ise,
sigla balsaminin yara iyilesme siirecinde DNA
boliinmesini  tegsvik edici etkisine dikkat ¢ekmistir.
Cakmak vd. (2023) ise PLA ve kitosan gibi
biyopolimerlerle 5 farkli kombinasyonda hazirlanan
malzemeleri 3D yazicida kullanarak yara Ortiisii
gelistirmistir. Ayn1 ¢alismada, %1 sigla balsami igeren
malzemenin insan fibroblast hiicrelerinde yiiksek yara
kapatma etkisi gosterdigi vurgulanmigtir. Giirbiiz vd.
(2013) balsamin gelencksel kullanimda yeri olan
antililserojenik etkisini kanitlamiglardir ayrica gastrit
tizerinde olumlu etkileri degerlendirilmistir (Kiyic1 vd.
2024).

Balsamin mitokondri fonksiyonlarini iyilestirmekte ve
iskemik kalp hasarin1 azalttigina iliskin ¢aligmalar
mevcuttur (Mu vd. 2023). Balsamin etkilerini meme
kanseri hiicre hatlarinda ¢alisan Baloglu vd. (2023) ,
kanser tedavisinde yan etkileri az olan yeni alternatifler
arasinda potansiyel tagidigini belirtilmislerdir. Cetinkaya
vd. (2022) ¢alismalarinda sigla yaprak metanol ekstratinin
HCT-116 ve HT-29 kolorektal kanser hiicre hatlarinda in
vitro antikanser etkiler gosterdigini ifade etmislerdir.
HEp-2 kanser hiicrelerinde (Duran ve Tuncer 2023),
prostat kanser hiicrelerinde (Atmaca vd. 2022), yine meme
(MDA-MB-231), akciger (4549) ve prostat (PC3) kanser
hiicrelerinde antitimor 6zellikler gosterdigi bildirilmistir
(Baloglu vd. 2023) .

Yapilan farkli antioksidan testleri, sigla balsaminin serbest
radikallerle miicadelede yiiksek diizeyde etkili oldugunu
ve gliglii bir antioksidan potansiyele sahip oldugunu
gostermistir (Okmen vd. 2014; Nalbantsoy vd. 2016;
Demir vd. 2021; Biiyiikkilig 2022; Baloglu vd. 2023).
Tarmm alaninda da bazi galismalar mevcuttur. Ornegin,
Koutsaviti vd., (2018), piring biti (Sitophilus oryzae)

iizerinde sigla balsaminin fiimigant etkisini arastirmig
ancak etkinlik goriilmemistir. Buna karsilik, Ertiirk ve
Sartkaya (2017), sigla balsammin patates bdcegi
(Leptinotarsa decemlineata) iizerinde yumurta birakma
davranisin1 etkileyerek kimyasal pestisitlere alternatif
olabilecegini belirtmislerdir.

Utkan ve Eroglu (2024) tarafindan yiiriitiilen ¢alismada,
sigla balsaminin bal arilarinda yaygin bir parazit olan
Varroa'ya karst etkili oldugu, ancak arilar {izerinde stres
yaratmadi1 tespit edilmistir. Son olarak, Yavuz ve Oztiirk
(2023) s1gla yapraklarinin gevis getiren hayvanlarda yem
olarak kullanim potansiyelini olumlu degerlendirmistir.
Lee vd. (2009), Phytophthora cactorum, Cryphonectria
parasitica ve Fusarium circinatum gibi fungal patojenlere
kars1 40 farkl esansiyel yagi test ettikleri ¢alismada sigla
balsamini da degerlendirmiglerdir.

6. Sonug ve oneriler

Anadolu si8la agaci yalnizca Tiirkiye’ye 6zgii endemik bir
tir olmasinin 6tesinde, ekolojik, ekonomik ve kiiltiirel
agidan biiyiik 6neme sahip degerli bir dogal mirastir. Sigla
ormanlari, i¢inde barindirdig1 yosunlar, mantarlar, kuslar
ve memeliler gibi pek ¢ok canli tiirii i¢in kritik yagsam
alanlar1 olusturarak benzersiz ve hassas ekosistemlerin
sirdiiriilebilirligi  agisindan  vazgecilmez bir rol
iistlenmektedir. Bu nedenle, sigla ormanlarinin ve tiiriin
genetik cesitliliginin korunmasi, sadece tiiriin devamliligi
acisindan degil, ayn1 zamanda bdlgesel biyolojik ¢esitlilik
ve ekosistem sagligi acisindan da hayati 6neme sahiptir.

Dogal yasam ortamindaki tiir iizerindeki insan kaynakli

baskilarin  azaltilmas1 ve  biyolojik  kaynaklarin
sirdiriilebilir ~ kullanimi  ig¢in  zirai  yOntemlerle
yetistiriciligin yayginlastirilmasi biiytik Onem

tagimaktadir. Sigla agacinin ¢imlenme ve koklenme
agisindan herhangi bir engelinin bulunmamasi, bu tiiriin
kontrollii kosullarda basarili sekilde ¢ogaltilabilecegini
gostermektedir. Ancak, sigla hassas ekosistemlere bagl
bir tir oldugundan, yetistiricilik ve plantasyon
caligmalarinin ekosistem dostu ve bilimsel temellere
dayali bir sekilde planlanmas1 gerekmektedir.

Ote yandan, dogada hali hazirda kit olan sigla balsami
iriiniiniin  yogun tasarim ve {iretim siireglerine tabi
tutulmasi, tlir izerindeki baskiy1 artirabilir. Bu nedenle,
dretim ve kullanimda  siirdiiriilebilirlik  ilkeleri
dogrultusunda hareket edilmelidir. Alternatif olarak,
benzer oOzelliklere sahip olan Styrax officinalis ve
Boswellia gibi diger bitki tiirlerinden elde edilen {irlinlerin
kullaniminin tegvik edilmesi, sigla tiiriiniin korunmasina
katk1 saglayabilir ve mevcut kaynaklarin tikenme riskini
azaltabilir.

Anadolu sigla agacinin korunmasi ve siirdiiriilebilir
kullanimma yo6nelik kapsamli stratejiler gelistirilmesi,
hem biyolojik ¢esitliligin korunmast hem de ekonomik ve
kdiltiirel degerlerin yasatilmasi agisindan zorunludur. Bu
baglamda, multidisipliner ¢aligmalarla hem dogal
habitatlarin  korunmast hem de tarimsal iretim
tekniklerinin gelistirilmesi gerekmektedir.



34 KILIC, AVCI / Theoretical and Applied Forestry

Aciklama

Bu ¢alismada konu edilen Anadolu sigla agaci tiiriiniin korunmasina
yonelik bugiine dek katki sunmus tiim arastirmacilara,
akademisyenlere ve doga koruma alaninda ¢alisan uzmanlara, bu
degerli tiirlin yasatilmas: igin destek veren tim kurumlara ve
goniilliilere saygiyla tesekkiir ederiz.
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Arbutus andrachne L. (Sandal Agaci) (L.)’ nin rehabilitasyon ve restorasyon
potansiyeli ile iklim degisikligine direnci bakimindan 6nemi

Giilnur Saba Ertugrul®*

Ozet: Bu calismada, Akdeniz florasmin karakteristik tiirlerinden biri olan Arbutus andrachne L. (sandal agac) tiiriiniin ekolojik, silvikiiltiirel ve peyzaj
islevleri gok yonlii olarak ele alinmaktadir. Tklim degisikligi baglaminda kuraklik ve yiiksek sicaklik toleransi, yangin sonrasi rejenerasyon kapasitesi
ve karbon tutma potansiyeli gibi 6zellikleriyle tiiriin restorasyon ve rehabilitasyon projelerinde oynayabilecegi rol degerlendirilmistir. Ayrica, 4.
andrachne’nin peyzaj tasarimlarindaki estetik degeri, erozyon kontrolii ve su koruma hizmetleri gibi ekosistem faydalar1 da vurgulanmaktadir. Bu
yonleriyle A. andrachne, hem dogal ekosistemlerin iyilestirilmesinde hem de kent peyzajlarinda rekreatif fonksiyonlarmn gii¢lendirilmesinde stratejik
bir bitki olarak 6n plana ¢tkmaktadir. Calisma, tiirlin gok yonlii potansiyelini ortaya koyarken, ayn1 zamanda iiretim tekniklerinin gelistirilmesi ve iklim
adaptasyonu odakli yeni arastirmalarin gerekliligine de dikkat gekmeyi amaglamaktadir.

Anahtar kelimeler: Arbutus andrachne, Ekolojik restorasyon, Tklim degisikligi, Peyzaj tasarimi, Karbon tutma, Kuraklik toleransi

The importance of Arbutus andrachne L. (Strawberry Tree) in terms of
rehabilitation and restoration potential and climate change resilience

Abstract: This study provides a comprehensive analysis of the ecological, silvicultural, and landscape-related functions of Arbutus andrachne L., a
characteristic species of the Mediterranean flora. In the context of climate change, particular emphasis is placed on its drought and heat tolerance, post-
fire regeneration capacity, and carbon sequestration potential attributes that underscore its suitability for ecological restoration and rehabilitation efforts.
Furthermore, the species’ ecosystem services including its ornamental value in landscape architecture, its role in erosion control, and its contribution to
water retention are highlighted. Owing to these features, A. andrachne is positioned as a strategic species not only for the recovery of degraded natural
habitats but also for enhancing recreational and aesthetic functions in urban green spaces. This review also draws attention to the necessity of advancing
propagation techniques and conducting further research focused on climate resilience and adaptive management of this species.

Keywords: Arbutus andrachne, Ecological restoration, Climate change, Landscape architecture, Carbon sequestration, Drought tolerance

1. Giris

Arbutus andrachne L. (sandal agaci), Akdeniz havzasinin
karakteristik ve dayanikli yaprak dokmeyen agac
tirlerinden biri olup, ekolojik fonksiyonu, estetik degeri
ve silvikiiltiirel potansiyeli ile Dogu Akdeniz florasinda
6zel bir 6neme sahiptir (Davis 1970). Bu tiiriin dogal
yayilis alani; Tiirkiye basta olmak iizere Yunanistan,
Suriye, Liibnan, Filistin, Kuzey Irak ve Giiney
Arnavutluk’u kapsamaktadir (Phillips ve Rix 1989;
Govaerts vd. 2021). Tiirkiye’de en yogun olarak Akdeniz
ve Ege Bolgeleri’nde, daha sinirli olmak {izere Bati
Karadeniz kiy1 seridinde gériilmektedir. Ozellikle Mugla,
Antalya, Mersin, Aydin ve Izmir gibi iller, tiiriin yogun
bulundugu alanlar arasinda yer almaktadir (Davis 1970).
A. andrachne, tibbi ve flori kiiltiirel degeri nedeniyle
onemli bir fitogenetik kaynak olarak kabul edilmekte
olup, siis ve tibbi sektorde umut verici bir kullanim
potansiyeline sahip olmasina ragmen kaplarda fide
iretimine yonelik aragtirma eksikligi bulunmaktadir.
Bunun temel nedeni fidanliklarda kaliteli dikim iiretiminin
zor olmasidir ( Pipinis vd. 2023). Yeniden agaglandirma

projeleri bozulmus topraklarda gerceklestiginden, fidanlik
asamasinda bitkilerin besin rezervlerini  artirmasi
gerekmektedir (Buendia Velazquez 2017). A. andrachne,
hem besin degeri hem de estetik 6zelliklerinin birlesimi
sayesinde genetik 1slah ve yetistirme caligmalarinda 6ne
c¢ikan bir tiirdiir. Ancak, basarili bir yetistiricilik i¢in bu
tirlin  etkin cogaltma yontemlerinin  gelistirilmesi
gerekmektedir ( Pipinis vd. 2023).

Son yillarda iklim degisikligine bagli olarak artan
sicakliklar, yagis rejimlerinde meydana  gelen
degisiklikler ve insan faaliyetlerinden kaynaklanan
antropojenik baskilar habitat bozulmasina sebep olarak
ekosistemin biitiinligiinii ve isleyisini tehdit etmektedir.
Bu baglamda, yerli ve adaptif tiirlerin, ekolojik
restorasyon, yangin sonrasi rehabilitasyon ve restorasyon
kapsaminda degerlendirilmesi biiyiik onem arz etmektedir
(Benayas vd. 2009; Aronson vd. 2011). Ekolojik agidan
degerlendirildiginde, A. andrachne tiri, toprak
erozyonunu Onleme, yangin sonrasi toprak stabilitesini
artirma, karbonun depolanmasini saglama ve polinator
fauna ic¢in habitat olusturma gibi pek ¢ok ekosistem
hizmeti sunmaktadir (Aerts ve Honnnay 2011). Ayrica,
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tirtin kok yapisi sayesinde mikorizal iliskiler kurarak
topragin mikrobiyal ¢esitliligine katkida bulundugu,
humus olusumunu destekledigi ve karbon dongiisiinde
onemli bir rol oynadigi literatiirde vurgulanmaktadir
(Smith ve Read 2010; Ayan vd. 2020). Dogal floraya ait
tirlerin, 6zellikle bakim gereksinimlerinin azaltilmasi
baglaminda peyzaj planlamasinda dikkate deger bir
potansiyel sundugu goriilmektedir (Kaytanlioglu vd.
2024).

Bu calisma, 4. andrachne tiriiniin botanik O6zellikleri,
ekolojik ve silvikiiltiirel adaptasyon stratejileri, iklim
degisikligine ve yangmna diren¢ mekanizmalari, toprak-
karbon  etkilesimleri ve  silirdiiriilebilir  peyzaj
tasarimlarindaki islevselligini biitiinciil bir perspektifle ele
almay1 amaglamaktadir.

2. Botanik ve Morfolojik Ozellikleri

A.andrachne, fundagiller (Ericaceae) familyasina ait,
Dogu Akdeniz florasinda karakteristik bir yer tutan yaprak
dokmeyen agag tiirlerinden biri olmaktadir (Linnaeus
1739). Sandal agaci, tipik bir Akdeniz iklim bitkisi olarak
kurak yaz kosullarina dayaniklilik gdstermekte; maki
formasyonlarinda ve kizilgam (Pinus brutia) altt orman
ekosistemlerinde, ¢ogunlukla kalkerli ve kayalik
yamaglarda yetigsmektedir (Phillips ve Rix 1989).
Tiirkiye’de “sandal” veya “dag cilegi” olarak adlandirilan
bu tiir, hem morfolojik oOzellikleri hem de ekolojik
dayaniklilig1 nedeniyle dikkat ¢ekici bir aga¢ olmaktadir.
1000 metreye kadar olan rakimlarda yetisebilmektedir.
Maki formasyonlarinda baskin ya da eslik¢i tiir olarak
bulunmaktadir (Davis 1970).

A. andrachne genellikle 2-5 m arasinda boylanan ¢ok
govdeli bireyler seklinde gelismekte olup, uygun ekolojik
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Sekil 1. . andrachne tiiriniin qok govdeli ve te

kosullarda tek govdeli ve 6-8 m’ye kadar ulasan agac
formunu da alabilmektedir (Sekil 1). Agacin kabugu, yil
icerisinde belirli donemlerde ince plakalar halinde
soyularak altindan ¢ikan diizgiin dokulu ve tar¢in-kizili
renkteki genc¢ kabuk ile karakterize edilmektedir. Bu
ozellik, agaca hem estetik bir gorliniim kazandirmakta
hem c¢evresel etkilere karsi koruma saglamakta hem de
tirlin ayirt edilmesini kolaylagtirmaktadir (Pipinis vd.
2023).

Yapraklar: sert, kisa sapli ve oval formda olup, kenarlari
tam ya da hafif disli Ozellik tagimaktadir. Cigek
taslaklarinin, Subat aymin sonlarinda belirginlesmektedir.
Canak ve ta¢ yaprak taslaklar1 ise Mart ay1 basinda
olugsmaktadir. Erkek organlar1 ve disi organ taslaginin
farklilasmasi Nisan ayinda tamamlanmaktadir. Disi organ
taslagr son halini alarak Nisan ay1 basindaki gelisme
asamasindan sonra farklilagmaktadir. Cicek organ
taslaklarinin tamami yaklagik dort haftalik bir zaman
diliminde belirginlesmektedir. (Engin ve Gokbayrak
2022). Mart-Nisan aylarinda acan ¢igekler, beyazimsi-
yesilimsi renkte ve salkim bigiminde goriilmektedir (Sekil
2). Meyvelerin olgunlasma siireci 7 ay siirmekte olup,
sonbahar aylarinda olgunlasmaktadir (Kayacik 1982;
Onursal ve Gozlekci 2007; Santiso vd. 2016). Meyvelerin
biiyiikliigii yaklasik 10-20 mm ¢apinda, agirligi 5-15 gr,
formu oval, rengi kirmizidir. Meyveleri genellikle
koyliller tarafindan  toplanarak, yerel pazarlarda
tilketicilere sunulmakta ve taze olarak tiiketilmektedir
(Engin ve Gokbayrak 2022). Arbutus meyvelerinin

kardiyovaskiiler hastaliklar, kanser ve oksidatif stres
aracili diger hastaliklarin riskini azalttigi belirlenmistir
(JuYwiak vd. 2005).

SR

govdeli birey é (Fot. G. Sab Ertugrul)
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Sekil 2. A. andrachne tiiriiniin olgun meyve, ¢igek salkimi ve yapragi (Foto: G. Saba Ertugrul)

3. Restorasyon ve Rehabilitasyon Yaklasimlar:

Cevresel baskilar ve iklim degisikligi nedeniyle dogal
ekosistemlerde olusan bozulmalar, bu alanlarin yeniden
yapilandirilmast ¢aligmalarimi zorunlu kilmaktadir. Bu
stirecte sik¢a dile getirilen restorasyon ve rehabilitasyon
terimleri, ekosistemlerin iyilestirilmesi igin gelistirilen
miidahaleler olup, uygulama hedefleri ve ydntemleri
bakimmdan birbirlerinden ayrilmaktadir. Restorasyon
ekolojisi, insan faaliyetleri sonucu bozulan bir
ekosistemin  yapisini,  isleyisini, ¢esitliligini  ve
dinamiklerini ge¢mis dogal héline miimkiin oldugunca
yakinlagtirma siireci olarak tanimlanmaktadir. Buradaki
temel ilke, bozulmadan Onceki referans ekosistem
kosullarinin yeniden kurulmasidir. Kullanilan yontemler;
alanin bozulma diizeyi, toprak 6zellikleri, mevcut tiirlerin
varligi ve iklim kosullar1 gibi ¢esitli faktorlere bagli olarak
sekillenmektedir. Bu siirecte tiir yapisit degisiklik
gosterebilmekte; ancak su tutma kapasitesi, karbon
birikimi ve erozyonun dnlenmesi gibi temel islevlerin geri
kazandirilmast hedeflenmektedir (Clewell ve Aronson

2012).
Restorasyon uygulamalari genel olarak pasif ve aktif
yaklagimlar  seklinde  siniflandirilmaktadir.  Pasif

restorasyon yonteminde, bozulmaya neden olan insan
miidahalesi (6rnegin tarim, otlatma, aga¢ kesimi) ortadan
kaldirilarak dogal siiksesyonun yeniden baslamasina
olanak taninmaktadir. Bu yontemin, toprak yapisi ve
tohum bankas1 bozulmamis alanlarda basari orani olduk¢a
yiiksek  olmaktadir.  Ozellikle ~ Akdeniz ~ maki
ekosistemlerinde antropojenik baskinin kaldirilmasiyla 4.
andrachne ve Quercus coccifera gibi dogal tiirlerin
yeniden yayilmaktadir. Gliney Avrupa iilkelerinde dogal
peyzaj restorasyonu, karbon tutma ve su koruma odakli
uygulamalarda  degerlendirilmektedir  (Blondel ve
Aronson 1999). Rehabilitasyon ise bozulmus alanlarin
sinirli sekilde onarilmast ve ekolojik veya ekonomik
kullanima uygun hale getirilmesi silireci olarak
tanimlanmaktadir (Mitsch ve Gosselink 2015).

Tiirlerin uygun tohum ekimi veya celikle {retimi
yontemiyle dogal yayilis kosullarina alana kazandirilmasi
her iki yaklasimda da kullanilabilmektedir. Ancak
restorasyon kapsaminda yalnizca bu tiirtin fiziksel varlig
degil, onunla birlikte gelisen simbiyotik tiirler, toprak
mikroorganizmalar1 ve dogal ardillik siiregleri de dikkate
alinmaktadir (Gann vd. 2019). Tiirlerin
strdiirtilebilirligini saglayan en etkili yontemlerden biri
dogal tohum kullanilan generatif iiretim teknigidir
(Macdonald 1986) Generatif {iiretim teknigi genetik
cesitliligi saglamaktadir. Fakat bu ¢esitlilik fidanlik
kosullarinda tercih edilmemektedir (Mackay 2002). A.
andrachne tohumlarinin uykuda olmadigini ve 15°C veya
daha diisiik sabit bir sicaklikta yiiksek oranda ¢imlendigini
belirtmektedir (Bertsouklis ve Papafotiou 2013). Bazi
arastirmalarda,  tohumlarin  fizyolojik ~ dormansi
gosterdigini ve bu ¢imlenme engelini kaldirmak igin
soguk katlama veya gibberellik asid (GAjz) islemi
uygulanmast gerektigini savunmaktadir (Karam ve Al-
Salem 2001). Yapilan en son arasgtirmalarda, A.
andrachne tohumlarinin ¢imlenme igin belirli bir sicaklik
araligina ihtiyact oldugunu ve fakat soguk tabakalama
veya tohumlarin GAjile isleminden sonra sicakligin
¢imlenme {izerindeki etkisinin kayboldugu, tohumlarin
genis bir sicaklik araliginda ¢imlenebildigi belirlenmigtir
(Pipinis vd. 2023).Tohumlarin ¢imlenme davranisi, tek bir
tir i¢inde bir popiilasyondan digerine, yildan yila ve
bireyler arasinda biiyiik olgiide degisebildigi dikkate
alinmalidir (Baskin 2000). 4. andrachne agaglarinin dogal
habitatlarinda dogal rejenerasyon oldukg¢a sinirh
gozlemlenmistir. Bu tohumlarin dogal kosullarda zor
¢imlenmesi  ve  bitkinin  yavag  bilylimesinden
kaynaklanmaktadir (Karam ve Al-Salem 2001).

A. andrachne, Quercus coccifera ve Q. ilex gibi maki
formasyonuna ait mese tiirleriyle sikca karisik mescereler
olusturmaktadir. A. andrachne daha ¢ok giinesli ve tash
yamaglarda gelisirken, meseler nispeten daha nemli
mikrohabitatlar1 tercih etmekte, bu sayede karisik
mescerelerde hem Dbireysel olarak saglikli  biiyiime
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gosterip hem de yangin sonrasi rejenerasyonda orman
yapisinin hizli yeniden olusumuna katki saglamaktadir;
ayrica karisik tiirlerin varligi mikroklimayi iyilestirerek A.
andrachne’nin kuraklik toleransini golgeleme ve riizgar
kesici islevleriyle artirmaktadir. 4. andrachne’nin birlikte
dikildigi tiirler, gen¢ fidanlar1 asir1 buharlagmaya ve
fotooksidatif strese karsi koruyabilmektedir (Padilla ve
Pugnaire 2006). A. andrachne’nin ¢imlenme zorluklar
nedeniyle, bu tiirin korunmasinda, tehlike altindaki

bitkilerin ~ ¢ogaltilmasinda  kullanilan  alternatif
yontemlerin uygulanmasi o6nemli zorluklar
barmdirmaktadir.

Vejetatif iiretim teknigi, {istiin genotip ve fentotiplerin
kitlesel ¢ogaltma, saglik durumu agisindan ana bitkinin
birebir 6zelliklerini tasiyan yavru bireyler elde etmek
amactyla vejetatif organlardan bitki iiretilmesidir (Leakey
vd. 1982; Leakey 1985) Vejetatif iiretim, yalnizca iiretim
kolaylig1 agisindan degil; ayni zamanda genetik olarak
istiin 6zellikli bireylerin ¢ogaltilmasi, fidan kalitesinin
artirilmasi ve rehabilitasyon projelerinde basari oraninin
yiikseltilmesi agisindan da kritik 6neme sahiptir (Leakey
1987; Leakey vd. 1990; Ezekiel 2010). Vejetatif tiretim iki
yontemle miimkiindiir (Parthiban vd. 2016). Makro {iretim
vejetatif yollarla ¢ogaltilabilen bitkilerin hizli bir sekilde
cogaltilmasimi saglayan bir iiretim teknigidir (Agbo ve
Omaliko 2006). Makro iiretim yonteminde celik alma,
astlama ve daldirma islemi uygulanmaktadir. Baslica ¢elik
tipleri; govde celikleri, kok gelikleri, yaprak gelikleri ve
yaprak-géz  ¢elikleri  olarak  smiflandirilmaktadir
(Parthiban vd. 2016). Govde gelikleri; odun ¢elikleri, yar1
odunsu ¢elikler ve yumusak odun ¢elikleri olmak iizere ti¢
gruba ayrilmaktadir. Odun ¢elikleri, genellikle bir yildan
biiyiik, olgun ve dormansi donemindeki siirgiinlerden
alinmaktadir. Yar1 odunsu celikler, cari yilin gelisimi
sirasinda  kismen  odunlagmis  siirglinlerden  elde
edilmektedir. Yumusak odun ¢elikleri, odunsu bitkilerin
geng, sulu ve taze siirglinlerinden hazirlanmakta olup,
daha hassas uygulamalar gerektirmektedir (Leakey vd.
1982) (Sekil 3).

Mikro {iretim, laboratuvar ortamimda doku kiiltiiriiyle
(slirgiin ucu, bogum, bogum arasi, meristem, c¢icek

durumu, yaprak ve yaprak pargalari) yiiksek kaliteli ve iyi
adapte olmus genotiplerde faydali  varyantlarin
ayristirilmasi, hastalik direnci ve stres toleransi olan yerli
bitkilerin korunmasi ve cogaltilmasi amaciyla in vitro
kosullarda kiiltiire alinmasiyla tek bir bitkiden kitle
iiretimi saglayan bir yontemdir (Brown ve Thorpe 1995;
Parthiban vd. 2016). A.andrachne gibi nadir ve tehlike
altindaki bitki tiirlerinin gogaltilmasi i¢in olumlu mikro
dretim teknigi iyi bir alternatif sunmaktadir. Ayrica,
tohum {retmeyen ya da vejetatif liretime olu yanit
vermeyen sinirli sayidaki ana¢ bitkiden talep edilen
miktarda fide elde etmek amaciyla da kullanilmaktadir
(Srivastava vd. 2005). A.andrachne tiiriiniin yok olma
tehlikesinin  Oniine ge¢mek igin rehabilitasyon ve
restorasyon projelerinin hazirlanmasi, mikro {iretim
teknigi gibi modern iiretim tekniklerinin yayginlagsmasi
onem arz etmektedir.

4. Iklim Degisikligine Direnci, Karbon Depolama
Kapasitesi ve Su verimliligi

Son yillarda yanginlarin siklig1 ve siddetindeki artis, dogal
ekosistemlerin  kendi kendini yenileme kapasitesini
zorlamaktadir. Cogu odunsu bitki tiirii i¢in yangindan
sonra rejenerasyon ic¢in iki temel strateji tohum
¢imlenmesi ve yeniden filizlenmedir (Bond ve Van
Wilgen 2012 ). Diistik yanicilik goésteren ve yanma
sirasinda daha az 1s1 yayan, yiiksek nem icerigi, yiiksek kiil
icerigi ve yiiksek lignin icgerigi ile karakterize edilen
bitkiler yangmna dayanikli bitkiler olarak kabul
edilmektedir (Li vd. 2016; Cui vd. 2023). A. andrachne
tiri, kuraklik, artan sicakliklar ve yangm gibi iklim
degisikligi kaynakli stres etmenlerine karsi yiiksek direng
gosterebilen 6nemli bir tiir konumundadir. Yangin sonrasi
yeniden filizlenme Ozelligine sahip tiirlerin toprakta
tutulan karbon miktarinin korunmasina ve karbon
dongiisiiniin siirekliligine katki sundugunu gostermektedir
(Pausas vd. 2004; Keeley vd. 2011). A. andrachne gibi
yangma dayanikli tiirlerin tercih edilmesi ve erozyon
kontroliine yonelik onlemlerin hizla uygulanmasi 6énem
kazanmaktadir.
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Verimli topraklara uyum saglamis tiirler, genellikle
yiiksek 0zgiil yaprak alan1 (SLA) ile birim biyokiitle
basina daha fazla 151k yakalayabilir; ayrica yapraklarinda
yikksek fosfor (P) ve azot (N) konsantrasyonlar
bulunmaktadir (Reich vd. 1995; Fyllas 2009; Aguirre-
Gutiérrez vd. 2019; Wright vd. 2004). Bu ozellikler,
metabolik faaliyetleri, fotosentez kapasitesini ve biiyiime
hizint arttirmaktadir. Buna karsilik, kaynak agisindan
fakir, verimsiz topraklara 6zgii tiirler; daha kalin, yogun
ve yapisal olarak dayanikli yapraklar gelistirmektedir. Bu
yapraklar, yiiksek karbon konsantrasyonu ve Carbon:Azot
oranlart ile lignin, tanen ve fenolik bilesikler agisindan
zengindir (Vitousek vd. 1986). Boylece, yaprak dmrii ve
besin korunum kapasitesi artmakta ve fotosentezle elde
edilen karbon kazancinin siiresi uzamaktadir (Wright vd.
2004; Diazvd. 2016; Ter Steege vd. 2025). Bu baglamda,
A. andrachne gibi besince fakir nemli ormanlarda yaprak
dokmeyen tiirler, besin verimliligi acisindan avantaj
saglamaktadir. Su kullanim verimliligi, bir bitkinin birim
su kaybi bagsma gergeklestirdigi karbon asimilasyonu
miktart ya da irettigi biyokiitle miktar1 olarak
tanimlanmaktadir (Hatfield ve Dold 2019). Kurak iklim
kosullarina adapte olabilen bitkiler, smirh su
kaynaklariyla biliyiime ve gelisimlerini siirdiirebilme
yetenekleri sayesinde, dogal ekosistemlerde ve ormancilik
uygulamalarinda o6nemli avantajlar sunmaktadir. Su
kullanim verimliligi yiiksek olan tiirler, smirli su
kosullarinda fotosentez etkinligini koruyarak daha az
suyla daha fazla biyokiitle iiretme kapasitesine sahiptir.
Bu 6zellik, 6zellikle kuraklik baskis1 altindaki bolgelerde
hayatta kalma ve rekabet giiclinii artirmaktadir (Chaves
vd. 2003). Su rejiminin dogal dongiisiine kavusturulmasi
ve yerli bitki Ortiisiiniin geri getirilmesiyle bu alanlarin
ekosistem hizmetleri yeniden kazanilmaktadir (Mitsch ve
Gosselink 2015).

A.andrachne gibi tiirlerin sert (sklerofil ) yaprak yapisi,
diisiik 6zgiil yaprak alani (SLA), kalin kutikula ve yiiksek
su kullanim verimliligi gibi morfolojik ve fizyolojik
adaptasyonlari, bu tiirii yar1 kurak ve kurak bolgelerde
hayatta kalma agisindan avantajli kilmaktadir. Kurak
cevre kosullarina uyum saglayan bitkilerde, su kaybini en
aza indirmek amaciyla cesitli yapisal oOzellikler
gelismektedir. Kalin kiitikula tabakasi ve onu kaplayan
mumlu yiizey, stoma dis1 terlemeyi smirlayict bir bariyer
gorevi gormektedir. Bununla birlikte, yaprak yilizeyine
gomiilii sekilde konumlanan stomalar ile yogun trikom
(tily) olusumu, yaprak etrafinda daha kalin bir
mikroklimatik tabaka olusturarak buharlasma hizin
diistirmektedir (Henry vd. 2011). Stoma kapanmasi, su
stresi kosullarinda CO- alimini siirlandirarak fotosentez
hizinin diismesine yol ag¢maktadir. Bu durum, bitki
bliyiimesi ve biyokiitle iiretimini olumsuz yonde
etkilerken, ayni zamanda yaprak diizeyinde iletkenligi
azaltarak ic¢sel su kullanim verimliliginin artmasina neden
olmaktadir (Peters vd. 2018). Bundan dolay1 kuraklik
stresine dayanikli, hem suyu verimli kullanan hem de
yiiksek CO2 alim kapasitesine sahip 4. andrachne tiiriiniin

gelistirilmesi  i¢in,  fizyolojik  tepkiler,  genetik
varyasyonlar ve molekiiler diizeydeki siireglerin bir arada
degerlendirildigi, disiplinler arasi1 yaklasimlari temel alan
1slah stratejilerin benimsenmesi gerekmektedir.

Uzun Omiirlii ve herdem yesil yapraklar, fotosentez
etkinligini yi1l boyunca siirdiirmesini saglamakta,
donemsel  karbon  salinimindaki  dalgalanmalarin
azaltilmasma katki saglamakta ve biyokiitle birikimini
desteklemektedir (Mediavilla vd. 2001; Pausas ve Keeley
2014). Diger yandan, A. andrachne’nin sahip oldugu
odunsu yapi, kalin gévde dokusu ve uzun omiirli kok
sistemleri, toprak istii ve alt1 karbon depolama agisindan
dikkate deger bir potansiyel sunmaktadir. 4. andrachne,
kurak yaz kosullarinin baskin oldugu Akdeniz ikliminde
hayatta kalabilme yetenegi ile dikkat ¢eken, herdem yesil
bir tiir Ozelligi tagimaktadir. A. andrachne, Akdeniz
ekosistemlerinde, hem odunsu biyokiitle iiretimi hem de
toprak karbon depolanmasina katkis1 bakimmdan dikkate
deger bir tiirdiir. 4.andrachne gibi yaprakli tiirlerin yaprak
dokiintiisii topragin organik madde igerigini artirmakta ve
karbonun uzun siire depolanmasini saglamaktadir.
Bununla birlikte, yiizeye yakin ama genis yayilim
gosteren kok sistemi, hem toprak agregatlarinin
stabilitesini arttirmakta hem de karbonun daha derin
toprak katmanlarina tasmarak karbon depolanmasinin
kalic1 hale gelmesini saglamaktadir (Pausas vd. 2017).
Tim bu ozellikleriyle 4. andrachne, iklim degisikligine
karst diren¢li orman ekosistemlerinin olusturulmasinda
hem karbon sekestrasyonu hem de su kaynaklarinin
stirdiiriilebilir yonetimi agisindan 6nemli bir tiir olarak 6ne
ctkmaktadir. Rehabilitasyon ve restorasyon projelerinde
yangin sonrasi alanlarin iyilestirilmesinde 6nemli rol
oynamaktadir.

5. Peyzaj Tasarimmlarinda Ekolojik ve Estetik
Fonksiyonlar:

Rekreatif amagclarla tasarlanan peyzaj alanlari, hem
toplum sagligmnin iyilestirilmesi hem de c¢evresel
stirdiiriilebilirligin desteklenmesi agisindan dnemli bir role
sahiptir. Bu alanlarda yetistirilen bitkiler, sagladiklar1
ekosistem hizmetleriyle biyolojik cesitliligin devamini
desteklemektedir (Jim 2004). Peyzaj alanlarmin
planlanmas1 ve yonetimi, ekolojik siirdiiriilebilirligi
gozeterek toplum sagligi {izerinde olumlu etkiler
yaratmakta ve bireylerin yasam kalitesini artirmaktadir.
Peyzaj tasariminda bitki kompozisyonlari, genellikle
biiyiikk ve c¢ogunlukla herdem yesil olan ana yap1
bitkileriyle baslamaktadir. Agaclar ve biiyik calilar;
alanlar1 ayirma, ¢erceveleme ve mekan Olgegini
tanimlama islevi gormektedir. Agaclar, peyzajin yalnizca
gorsel estetigine ve yesil alan olusumuna katki saglamakla
kalmaz; ayn1 zamanda islevsel bircok rol iistlenmektedir.
Ozellikle agag¢ govdeleri ve golgelikleri, ortamda serinlik
ve goOlge yaratarak mikro iklimin diizenlenmesine
yardimei olmaktadir. Bununla birlikte, riizgar perdeleri ya
da ¢it benzeri bitkisel siralar, toz ve riizgar etkisini
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azaltmada etkili bir koruyucu bariyer gorevi gormektedir
( Kriken ve John Lund 2000).

Kentlesmenin artmasiyla kentsel 1s1 adasi etkisi
gliclenmekte ve yesil alanlar hizla azalmakta, bu durum da
sehirlerin dogal sogutma yetenegini olumsuz yonde
etkilemektedir (Nugroho vd. 2022; Li vd. 2023). A.
andrachne, yalnizca ekolojik dayanikliligi ile degil, aym
zamanda peyzaj tasariminda sundugu estetik degerler
nedeniyle de 6nemli bir bitkidir. Tiiriin dekoratif kabuga,
y1l boyunca yesil kalan yapraklara, meyve ile gicekler
arasindaki renk kontrastina, yogun tag yapisina, orta boylu
gelisim formuna ve tuz toleransina sahip olmasi sahil
seridinde, yol kenar1 ve refiij agaclandirmalarinda, diisiik
bakim gerektiren kentsel rekreasyon alanlarinda, botanik
bahgelerinde ve soliter olarak meydanlarda kullanimi 6n
plana ¢ikarilmalidir (Sekil 4).

Kent peyzajinda 4. andrachne, sadece estetik bir unsur
olmanin 6tesinde, mikro iklimin diizenlenmesi ve ekolojik
dengenin korunmasina katki saglayan Onemli bir
unsurdur. Herdem yesil bitki tiirleri y1l boyunca yogun
g0lge saglayabilmesi ve diisiik su tiiketimi, iklim kontrolii
saglama, kentlerdeki 1s1 birikimini azaltma, biyolojik
cesitliligin desteklenmesi, yagmur suyu yonetimi, karbon
sekestrasyonu, hava ve su kalitesinin iyilestirilmesi ve
giiriiltii azaltimi gibi bir¢ok ekosistem hizmetine katki
sunmaktadir. (Tzoulas vd. 2007; Benedict ve McMahon
2012). Yil boyunca yesil kalan ta¢ yapisi sayesinde
A.andrachne, giines 151811 filtreleyerek yiizeylerin asirt
1sinmasini engellemekte ve sokak ile avlu gibi alanlarda
serinletici bir mikroiklim olusturmaktadir. Dogal altyap1
yaklagimlarinda, A4. andrachne gibi yerli ve adaptif
tirlerin kullanimi, ekosistem hizmetlerinin siirekliligi
acisindan kritik 6nem tagimaktadir.

Kentsel yayilmanin neden oldugu habitat pargalanmasi,
birgok kus, bocek ve kii¢iik memelinin yasam alanlarini
tehdit etmektedir. Bu soruna karsi biyolojik koridor
stratejileri gelistirilmekte olup, yogun dalli ve her dem
yesil yapisiyla hem baglanti elemani hem de barmak alani
olarak hem de ¢igeklenme doneminde sagladigt polen ve

nektarin yerli polinatér bocekler ve art kolonileri igin
erken ilkbaharda kritik bir kaynak olusturmaktadir
(Tzoulas vd. 2007). A. andrachne tirinin aricilik
faaliyetleri icin onemli bir yer alan bal ormanlarinda,
kirsal ~ kalkinma  hedefli  gelir  getirici  tiir
agaclandirmalarinda  kullanilmasi icin  projeler
gelistirilmelidir. Ayrica, A. unedo ile dogal melezlesme
sonucu ortaya cikan Arbutus * andrachnoides, her iki
ebeveyn tiiriin 6zelliklerini tasryarak hem estetik agidan
hem de gevresel dayaniklilik agisindan {istiin performans
sergilemektedir.

6. Degerlendirme ve oneriler

A.andrachne, Akdeniz ekosistemlerinin dinamik ve zorlu
kosullarina yiiksek derecede uyum saglayabilen, ekolojik,
peyzaj ve iklimsel acilardan stratejik dneme sahip bir tiir
olarak one ¢ikmaktadir. Dogal habitatlarinda yangin ve
kuraklik gibi stres faktorlerine karsi gelistirdigi direng
mekanizmalari, onu restorasyon ve rehabilitasyon
projelerinde basarili kilmakta; ekosistemlerin yapisal ve
islevsel bitiinliigiiniin korunmasina katki sunmaktadir.
Ozellikle yangin sonrasi hizli siirgiin verme kapasitesi,
toprak stabilizasyonu ve biyolojik ¢esitliligin yeniden
tesisi gibi Ozellikleri, tilirlii ekosistem restorasyonunda
anahtar bir tiir haline getirmektedir. Restorasyon ve
rehabilitasyon projelerinde, Ozellikle yangimnla tahrip
olmus ve kuraklik baskisi altindaki bolgelerde A.
andrachne tiiriiniin kullanimi yayginlastirilmalidir. Tiiriin
bu alanlarda ekolojik islevselligi artirict  rolil
desteklenmelidir. Genetik cesitlili§in korunmasi ve farkli
popiilasyonlarin yerel ekolojik kosullara uygun seg¢imi,
uzun vadeli basari i¢in temel kosullardir. Bu baglamda
yerel tohum kaynaklarinin korunmasi tesvik edilmelidir.
Mikro iretim tekniklerinin gelistirilmesi, 06zellikle
kuraklik ve hastaliklara dayanikli, kaliteli fidan tiretimini
destekleyerek restorasyon ve rehabilitasyon

calismalarinda basariy1 artiracaktir.

Sekil 4. A. andrachne L. tiiriiniin peyzj tasariminda kullanim alanlarlTasanm: G. Saba Ertugrul)

- R
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Iklim degisikliginin artan etkileri 15131nda, 4. andrachne
tirliniin diisiik su gereksinimi ve yiiksek su kullanim
verimliligi, onu su yonetimi stratejilerinin merkezine
yerlestirmektedir. Genis yaprak yiizeyi ve herdem yesil
karakteriyle yil boyunca devam eden fotosentetik aktivite,
karbon sekestrasyonu acisindan dikkate deger bir
potansiyel sunmakta, ayni zamanda kentsel 1s1 adasi
etkisinin azaltilmasina katkida bulunmaktadir. Kuraklik
stresi  kosullarinda  tiiriin ~ biyokiitle  veriminin
iyilestirilmesi ve verim istikrarinin korunmasi igin
fizyolojik, genetik ve molekiiler uygulamalarin biitiinciil
olarak ele alindig1, ¢ok disiplinli aragtirmalara dayali 1slah
stratejilerine oncelik verilmelidir.

Peyzaj tasariminda ise, dekoratif kabugu, kompakt ve
yogun ta¢ yapisi ile meyve-gicek renk kontrasti, tiiriin
estetik degerini artirmakta; kentsel ve kirsal alanlarda
rekreatif  iglevlerin  desteklenmesine,  mikroiklim
diizenlenmesine, habitat koridorlarinin olusturulmasina ve
polinatorler icin kaynak saglamasina olanak tanimaktadir.
Bu yonleriyle A. andrachne, ekosistem hizmetlerinin
siirekliligi agisindan da 6nemli katkilar sunmaktadir. A.
andrachne tiirii, erken ¢igeklenmesi ve yliksek nektar
verimi sayesinde aricilik agisindan degerli bir bitki olup,
kirsal bolgelerde ekonomik katki saglamak amaciyla bal
ormanlar1 ve gelir getirici agaglandirma projelerinde
degerlendirilmelidir. Yol kenarlari, refiijler, parklar, sahil
seridi, botanik bahgeleri, rekreasyon alanlari, soliter
olarak meydanlarda bu tiiriin kullanimi, kentlerin estetik
degerini, iklim dayanikliligini, su ve hava kalitesini
arttirmaktadir. Kentsel peyzaj planlamalarinda, A.
andrachne tiriniin disiik bakim gereksinimi ile karbon
tutma ve su yonetimi hedefleri dogrultusunda daha yaygin
bi¢cimde kullanilmas1 gerekmektedir.
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