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Abstract

Only two species of the lichen genus Lambiella are known from Antarctica: L. impavida and L. psephota. Here
we report a new chemotype of L. psephota collected from James Ross Island in the North-East Antarctic Peninsula region.
nrITS, mtSSU and RPB1 gene regions of the norstictic acid deficient L. psephota were obtained, which showed the new
chemotype phylogenetically belongs to L. psephota. We also transfer Rimularia maculata to Lambiella, and provide an
identification key of the 17 known species of Lambiella world-wide.

Key words: Antarctica, biodiversity, lichenized fungi, Xylographaceae.

%

Antarktika’dan Lambiella psehota’nin asit yoksunu popiilasyonu, cinste Campbell Adasi’ndan yeni bir kombinasyon
ve tiir tayin anahtari

Ozet

Antarktika’da likenlesmis mantar cinslerinden biri olan Lambiella’nin L. impavida ve L. psephota olmak {izere
iki adet tiirti bilinmektedir. Burada, Kuzey-Dogu Antarktika Yarimadasi bolgesindeki James Ross Adasi’ndan toplanan
yeni bir L. psephota kemotipini rapor ediyoruz. Yeni kemotip filogenetik olarak L. psephota'ya aittir. Norstitik asit
icermeyen L. psephota'nin nrITS, mtSSU ve RPB1 gen bélgeleri ¢aligilmistir. Ayrica bu yaymla birlikte Rimularia
maculata'y: Lambiella cinsine aktariyoruz ve diinya ¢apinda bilinen 17 Lambiella tiirii i¢in bir tayin anahtar1 veriyoruz.

Anahtar kelimeler: Antarktika, biyogesitlilik, likenlesmis mantarlar, Xylographaceae.
1. Introduction

The genus Lambiella was described by Hertel (1984) for the single species L. psephota (Tuck.) Hertel. He
compared it with the genus Rimularia, from which it differed in having an amyloid (I+ violet) medulla, non gyrose
apothecial disks lacking an umbo, and a lower hymenium with less reticulate paraphyses. Hertel & Rambold [1] decided
that these differences were insufficient to justify a distinct genus and combined the species into Rimularia [1]. Several
other similar species have subsequently either been transferred to, or described in that genus. However, molecular studies
[2, 3] confirmed Hertel’s original opinion that L. psephota did not belong in Rimularia and further showed that Lambiella
belongs in Xylographaceae whereas Rimularia belongs in Trapeliaceae. Resl et al. [2] identified other phenotypic
differences between the two genera (viz, the development of depsidones in the thallus of Lambiella [2]. and differences
in the ascus apical apparatus — with all species of Rimularia developing a thin, vertical, nonamyloid tube that is absent in
Lambiella species) and transferred 10 species of Rimularia to the genus Lambiella [2]. To date, 17 species are included
in the genus Lambiella and others, currently still in Rimularia, almost certainly belong there. The species of Lambiella

: Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +903522076666; Fax.: +903524374933; E-mail: mghalici@erciyes.edu.tr
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are generally reported from extreme latitudes or high altitudes. Although most 11 species of the genus are saxicolous,
three species are muscicolous and three species are epiphytic on tree bark.

In the project aiming to determine the lichen biodiversity of James Ross Island (North-East Antarctic Peninsula
region), which has a special location in the transition zone between maritime and continental climate types [4], we
collected a Lambiella specimen that differed from the two species of the genus previously reported from Antarctica; L.
psephota (Tuck.) Hertel and L. impavida (Th. Fr.) M. Westbh. & Resl, in lacking norstictic acid. However, molecular data
revealed that, phylogenetically, it belonged to L. psephota and so it is here reported as an acid-deficient chemotype of
that species. We also take this opportunity to transfer an additional species of Rimularia described from Campbell Island,
New Zealand to Lambiella and also provide an artificial identification key to the genus worldwide.

2. Materials and methods
2.1. Morphology and Thin-layer Chromatography

The lichen sample was collected from James Ross Island in Antarctica and is deposited in Erciyes University
Herbarium Kayseri, Turkey (ERCH). The specimen was examined by standard microscopic techniques. Hand-cut sections
were studied in water, potassium hydroxide (KOH) and Lugol’s solution (I). Measurements were made in water.
Ascospores were measured from five different ascomata for each taxon. The measurements are given as minimum-
maximum, from n = 30 measurements. Thin-layer chromotography (TLC) was carried out to determine compounds, using
solvent system C [5, 6].

2.2. Molecular Methods

2.2.1. DNA Isolation, PCR and Sequencing

Molecular works were conducted in the Molecular Biology Lab, University of Erciyes. Total DNA was extracted
using the Dneasy Plant Mini Kit (Qiagen) following the manufacturer’s protocol. DNA extractions were used as template
in the PCR. The complete nrITS fragment (nrITS1-5.8S-nrITS2, ca. 500 bp) of the nuclear ribosomal DNA repeat was
amplified by PCR using primers ITS1F and ITS4 [7, 8]. PCR was carried out in 50 pL reaction volumes using 4 pl of 10
x reaction buffer, 4 ul MgCl, (50 mM), 0.5 pl each primer, 2 ul ANTP (10 mM), 0.2 ul Taq DNA polymerase, 1 ul of
genomic DNA and 37.8 pl dH,O on a thermal cycler equipped with a heated lid. Primers used for PCR amplification of
ITS regions were the fungi-specific primer ITS1-F (5-CTTGGTCATTTAGAGGAAGTAA-3’) [8] and the universal
primer 1TS4 (5°- TCCTCCGCTTATTGATATGC-3") [6]. Primers used for PCR amplification of mtSSU and RPB1
regions were mrSSUL:F AGCAGTGAGGAATATTGGTC; mrSSU3R ATGTGGCACGTCTATAGCCC, [9] and RPB1-
aFasc ADTGYCCYGGYCATTTYGGT [10] and RPB1-cR (CCCGCATNTCRTTRTCCATRTA [11]. The PCR was
performed under the following conditions: An initial denaturation 4 min at 95 °C; 10 cycles with 1 min at 95 °C, 1.30
min at 56 °C, and 1 min at 72 °C; and 15 cycles with 1 min at 95 °C, 1.30 min at 51 °C, and 1 min at 72 °C; a final
extension step of 8 min at 72 °C was added, after which the samples were kept at 4 °C. PCR products run on agarose gel
and sequence analysis of nine lichen samples from which DNA bands were obtained. All amplified products were
electrophoresed on a 1.6 % agarose gel and compared with a 1 Kb Plus DNA Ladder for size estimation.

2.2.2. Additional Sequences
20 ITS, 23 mtSSU and 12 RPB1 DNA sequences were downloaded from GenBank, representing a selection of
15 taxa in the genus Lambiella and the outgroup species Xylographa trunciseda (Table 1).

Table 1. mtSSU, ITS and RPB1 Sequences used in the analyses

Species mtSSU  Country Year ITS Country Year RPB1  Country Year
Lambiella aliphatica - MN483114  USA 2020

Lambiella arenosa MF464550 USA 2017 MF464549 USA 2017

Lambiella arenosa MF464551 USA 2017 MF464548 USA 2017

Lambiella caeca KR017379 USA 2015 KR017065 USA 2015 KR017444 USA 2015
Lambiella caeca KR0O17360 USA 2015 KR017131  USA 2015 KR017445 USA 2015
Lambiella caeca KRO017357 USA 2015 KR017090 USA 2015 KR017475 Canada 2015
Lambiella caeca KR017391 Canada 2015

Lambiella caeca KR017329 USA 2015

Lambiella caeca KR017338 USA 2015

An acid deficient population of Lambiella psephota from Antarctica and a new combination in the genus from Campbell Island with a world-wide key
to the genus
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Lambiella furvella
Lambiella fuscosora
Lambiella globulosa
Lambiella globulosa
Lambiella gyrizans
Lambiella hepaticola
Lambiella impavida
Lambiella impavida
Lambiella impavida
Lambiella impavida
Lambiella insularis
Lambiella insularis
Lambiella insularis
Lambiella psephota
Lambiella psephota
Lambiella sphacelata
Xylographa trunciseda

KR017366
KR017376
KR017369
KR017365
KR017377
KR017372
KR017371
KR017370
KR017364
KR017374
KC222182 USA

KR017375 Sweden
DQ871019 Australia

Sweden
Russia
Sweden
Sweden
Sweden

Sweden
Sweden
Sweden
Sweden
Sweden

2015
2015
2015
2015
2015

2015
2015
2015
2015
2015
2015
2015
2007

OK271049Antarctica 2021

KR017378 Sweden
KF360417 Norway

2015
2013

KR017118
KR017130
KR017132
KR017105
MH636003
MN483115
KR017115
KRO017114
KR017127
KR017104
KR017100

KJ462268

OK272466

KR017113
KJ462454

Sweden
Russia
Sweden
Sweden
USA
Chile
Sweden
Sweden
Sweden
Sweden
Sweden

USA

2015
2015
2015
2015
2018
2020
2015
2015
2015
2015
2015

2014

Antarctica 2021

Sweden

2015

Norway 2014

KR017442 Sweden 2015

KR017443 Sweden 2015
2015
2015

2015

Sweden
Sweden
Sweden

KR017439
KR017440
KR017441

KC222188
KRO17477

USA
USA

2012
2015

DQ870992 Australia 2006
OK272501Antarctica2021

KR017430 Norway 2015

2.2.3. Sequence Alignment and Phylogenetic Analysis
Sequence editing was performed with the software Bioedit [12]. Each alignment was analysed by MEGA 7
software with using Tamura 3 parameter [13] and to infer a maximum likelihood tree with 1000 standard non-parametric

bootstrap repetitions.

3. Results

3.1. Sequence Alignment and Phylogenetic Analysis

The mtSSU alignment comprised 21 accessions with a length of 816 bp. The ITS alignment consisted of 23
accessions with a length of 520 bp. The RPB1 alignment consisted of 12 accessions with a length of 668 bp (Table 1).
Xylographa trunciseda was used for rooting all gene trees. In ITS (Figure 1), mtSSU (Figure 2) and RPB1 (Figure 3)
trees the acid deficient L. psephota was resolved by forming a clade with L. psephota.

An acid deficient population of Lambiella psephota from Antarctica and a new combination in the genus from Campbell Island with a world-wide key

to the genus

Mehmet Gékhan HALICI, Alan M. FRYDAY, Merve KAHRAMAN YIGIT, Feyza Nur AVCI



4 Biological Diversity and Conservation — 15/ 1 (2022)

KRO017360.1 Lambiella coeca

KRO17357.1 Lambiella caeca

KR017379.1 Lambiella caeca

97 | MF464551.1 Lambiella arenosa

- MF464550.1 Lambielfa arenosa

KRO17329.1 Lambiella caeca

KRO17338.1 Lambiella ceeca

KR017391.1 Lambiella casca
KR017376.1 Lambiella fuscosora
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Figure 1. Maximum Likelihood (ML) analysis inferred from nrITS region sequences of the genus Lambiella.

KRO17379.1 Lambieila coeca
KR017360.1 Lambiefla caeca
MF464551.1 Lambiella arenosa

a4 | MF464550.1 Lambiella arenosa
i KRO17357.1 Lambleila caeca
KR(017391.1 Lambiefla casca

9) KR017329.1 Lambieila caeca
KR017338.1 Lambiefla caeca
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L] KRO17366.1 Lambiella furvella
22 4 KC222182.1 Rimuiaria insularis

100 | KRO17375. 1 Lambiella insularis
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[ KRO17377.1 Lambiella gynzans

= KRO17369. 1 Lambielia globuiosa
KRO17365.1 Lambielia globuosa

190 KR017372.1 Lambielta impavida
KRO17371.1 Lambielia impavida

62| KRO17370.1 Lambiella impavida
KRO17364.1 Lambisila impavida

KJ462454.1 Xylographa trunciseds

—
002

Figure 2. Maximum Likelihood (ML) analysis inferred from mtSSU region sequences of the genus Lambiella.
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KR017445.1 Lambiella caeca
9 | KR017475.1 Lambiella caeca
96 KR017444.1 Lambiella caeca

KC222188.1 Rimularia insularis
81 4'
100 ' KR017477.1 Lambiella insularis

— DQ870992.1 Lambiella psephota

9ol JRO0.345
97 I: KR017442.1 Lambiella globulosa
KR017443.1 Lambiella gyrizans

KR017439.1 Lambiella impavida

100 KR017440.1 Lambiella impavida

KR017441.1 Lambiella impavida
KR017430.1 Xylographa trunciseda

—
0.02

Figure 3. Maximum Likelihood (ML) analysis inferred from RPB1 region sequences of the genus Lambiella.
Acid deficient Lambiella psephota

Antarctic Peninsula, James Ross Island: Sharp Valley, 63°52'S, 58°4'W, alt. 200 m, 11 January 2017, ERCH
JR 0.345 (ERCH).

Description: Thallus violetish dark grey, composed of thick and convex more or less angular areoles (0.1-0.4
mm), in small patches to 1 cm diam. Cortex with a thin brownish layer above the photobiont layer. Medulla with numerous
fine granules (not dissolving in K or N), I+ violet. Photobiont chlorococcoid, cells 12—15 x 10-15 um. Apothecia black,
lecideine, sessile, mostly in the margins of the areoles, rounded to angular, occasionally lirellate with slit-like disc, 0.1—
0.3 mm diam., proper exciple thick, raised and persistent. Hymenium hyaline in most parts but violet or greenish tinges
are present, I+ blue, 50-65 pm tall; epihymenium 10-25 pm thick, brownish grey (K+ purple; Sedifolia-grey).
Hypothecium pale brown, 20-30 um thick. Excipulum dark brown to almost black. Paraphysoids 1.5-2 um thick, septate,
branched and anastomosing, apices swollen to 4 um. Asci 8-spored, broadly cylindrical to subclavate, Lambiella-type;
25-50 x 15-30 um. Ascospores hyaline, simple, elliptic or subglobose, occasionally almost globose, (8-)9,5-12-14,5(—
19) x (6-)7-8,5-10(-11) pum; length/width (1-)1,11-1,39-1,68(-2) um (n=20) um, perispore present, 0.5-1 pum thick.
Conidiomata not observed (Figure 4,5).

Chemistry: K-, C—, KC—, Pd-. No lichen substances were detected by TLC.

Ecology: The specimen grows on basaltic non-maritime rocks at 200 m altitude without sea spray in James Ross
Island (Antarctic Peninsula) with macrolichens such as Umbilicaria decussata and Usnea antarctica. In the valley where
this specimen was collected, there are a lot of bird nests and nitrophilic lichens such as Calogaya saxicola and Rusavskia
elegans are very common.

.a

Figure 4. Acid deficient Lambiella psephota. A. Habitus. B. Apothecia and areoles.
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Figure 5. Acid deficient Lambiella psephota A. Apothecial section. B. Ascus and ascospores. C. Medulla in K
D. Epihymenium in K.

4. Conclusions and discussion

Lambiella subpsephota Fryday, described from the Falkland Islands (Islas Malvinas) [7], is similar to L. psephota
in having a thallus with an amyloid medulla and an epihymenium containing sedifolia-grey (K+ purple). It resembles the
acid deficient L. psephota in having a thallus lacking norstictic acid but differs in having a white to pale grey thallus,
longer and larger ascospores ((8-)9,5-12-14,5(-19) x (6-)7-8,5-10(—11) um vs. 13-15 x 9—10 um, larger apothecia
(0.4-0.6 mm vs 0.1-0.3 mm), a taller hymenia (80—-100 pm vs 50—65 pm). It is also known only from maritime rocks, or
at least rocks close to the sea [8].

Previously, only two species of Lambiella: L. impavida and L. psephota were reported from Antarctica [14]. In
the field, L. impavida is easily distinguished from L. psephota by its dark brownish to blackish thallus [14] and
microscopically by the K— epihymenium (K+ purple in L. psephota).

New Combination in Lambiella

The following new combination is required for Rimularia maculata Fryday, which was described from Campbell
Island and is otherwise known only from the Auckland Islands [15]. It is probable that several other species of Rimularia
should also be transferred to Lambiella, but as we have not seen material of them we refrain from doing so at this time.

Lambiella maculata (Fryday) Fryday nov. comb.

Mycobank: MB 843521

Rimularia maculata Fryday, Biblioth. Lichenol. 88: 142 (2004). Type: New Zealand, Campbell Island, cliffs and

shingle feldmarkat summit of Mt. Fizeau, 505 m., 10 Jam 1970, H.A. Imshaug (46761) & R.C. Harris (MSC—holotype,
CHR, HO, M—isotypes).

An acid deficient population of Lambiella psephota from Antarctica and a new combination in the genus from Campbell Island with a world-wide key
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An identification key to the species of Lambiella

1. ONMOSSES OF DN DAIK. ...ttt sttt et b s es et es etk s etk e stk s et ek s et et sb et e st et et nrer et 2
L. SAXICOIOUS. .....vecveeiteee ettt ettt ettt et s e e et besbe et esbe et be st s esseebeeabeebeeas e be ek besbeereenbeehbebeebaeebeebeebaesre e enreerae e 7
P O 1 0 40101 SRR PUPRUPIN 3
P @ oo T4 OO OO 5
3. Thallus whitish, With lICEN SUDSTANCES .......cc.eeiviieieie ettt e st e e be e sb bbb aesbaesbbessaeeeressreeas 4
3. Thallus consisting of dispersed, brown bullate areoles, without lichen substances. Ascospores (7-)9-11.5(-13) x
(4-)4.5-5(-06) pum. Falkland Islands, Tierra del Fuego, South America
LD e — L. andreaeicola (Fryday) Fryday.

4. Thallus K+ faint yellowish, porphyrilic acid. Apothecia in clustures. Ascospores (7—)9-11.5(-13) x (4-)4.5-5(—6)um.
Tasmania, Australia (Copplns & Kantvilas, 2001) Campbell Island, New Zealand [16] Tierra del Fuego, Chile

[17]... e —————— ..L. hepaticicola (Kantvilas & Coppins) Resl & T. Sbrib
4. Thallus K+ red, norstictic acid. On boulders and rock outcrops in open arctic-alpine habitats. Scotland and North
AMEEICA [L2] et b e e et L. sphacelata (Th. Fr.) M. Westb. & Resl
TN (o 4 IESTo ] €0 T L USSR 6

5. Sorediate, esorediate parts usually endosubstratal. Thallus with norstictic acid. Apothecia usually present, black.
Ascospores  (9.5-)11-16(-20) x (5-)7-11 pm. Scandinavia, Iceland, Scotland, Altai Mountains, Russia
L8 et L. fuscosora (Muhr & Tensberg) M. Westb. & Resl

6. Thallus endosubstratal or forming a whitish stain. Ascospores on average over 11 um long. Pacific Northwest US
[0 e e e e e e e e e e @FENOSE MCCUNE & Lumbsch

6. Thallus more conspicuous. Ascospores on average 8—11 um long. Boreal and Great Lakes Regions of NE North

America [20], SE AIASKA[2] ... . ..o L. caeca (J. Lowe) Resl & T. Sprib.
7. Thallus with Vegetative PrOPAGUIES ..ot et ekttt sttt 8
7. Without VEgetatiVe PrOPAGUIES.........cvciiii ettt et sttt s b e e st e tesa et e e et e e et e e beebesbeeteebe b arenteseeneennen 9

8. Thallus dull brownish grey, consisting of cylindrical to flattened or branched isidia. Apothecia usually in dense groups.
Ascospores globose, 6—-8 um. Venezuela [21] .........oviriiiiiii s L. isidiata Aptroot

8. Thallus dark olive brown to nearly blackish, with minute granular isidia, usually sterile, C+ red, gyrophoric acid.

Apothecia rarely seen. Ascospores 12-20 x 6.5—-10 um. Often lichenicolous on a wide range of crustose lichens on
siliceous rocks. Europe, North America [22, 23]........c.cccceevieveeennnnn....... L. furvella (Nyl. ex Mudd) M. Westb. & Resl

LS N[0 [ Tod =T g T Tet0] (o] F- TR 10

9. Lichenicolous on Lecanora rupicola group. Thallus brownish to olivaceous. Apothecia black, rounded to angular,

between the areoles. Ascospores 8—14 x 4,5-7 pm. Europe, Asia, North America, suboceanic, almost cosmopolitian [22,
24] o e essnesrennee e e e e e e e e e e e e eee. 2 Lo INSUNARTS (NYL) T Sprib.

10. Hymenium I+ blue; aliphatic aCids ADSENT .......c.iiiiiiiiiecice e et es et sr et seenes 11
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10. Hymenium I+ wine red. Aliphatic acids by tlc. Thallus bicoloured, towards the margin dark grey, in the centre light
grey, K—, C—. Apothecia rounded to angular, black, single or in groups of 2-3, with a distinct umbo. Ascospores

(6.5-)8-9(—12) x (4.5-)5.5-6.5(—7) pm. Alaska, USA [L7]. ccceceiiiriiiiiieccinee e L. aliphatica T. Sprib. & Resl
11. Thallus without NOrstiCtiC ACIA OF SLICTIC ACIU. ........viiiieie it ettt ettt ettt be et ee e e s st e s e st be s s st be e s st beeesreeseaees 12
11. Thallus with NOrstictic aCid OF STICLIC ACHH. .......eiiveveieii ittt s e e sb s sbeesabe s ebbeeabe s s e s s sreesraeares 14

12. Thallus brown with numerous black carbonaceous ridges. Known only from the New Zealand subantarctic islands
(Campbell Island and the Auckland ISIands) ........... .. L. maculata (Fryday) Fryday

12. Thallus grey, carbonaceous ridges aDSENt. .........o.ieiiiii s e e e 000 13

13. Thallus white to pale grey. Apothecia rounded to angular, occasionally lirellate, 0.4—-0.6 mm diam. Hymenium 80-100
pm tall. Ascospores 13—15 x 9—10 um. On maritime rocks. Falkland Islands, Tierra Del Fuego, South America [16]
.............................................................. L. subpsephota (Fryday) Fryday

13. Thallus violet grey. Apothecia rounded to angular, occasionally lirellate, 0.1-0.3 mm diam. Hymenium 50-60 pm
tall. Ascospores 9—14 x 7—-10 um. On non-maritime rocks. Antarctic Peninsula Acid deficient L. psephota

YY1 g T L] 1 ([ (o2 Tod (o TR 15
I YAV 11 1 6 ot oA (o] o 18

15.  Thallus pale to dark grey, sometimes  brownish  grey. Apothecia  rounded to

BIFEIIALE. . ...t ettt bbb bt E et e R R e R R R R Rt n et n et 16
15. Thallus dark brownish to blackish. Ascospores 5.5-10 x 6—8 um. North America, Scandinavia, Antarctic Peninsula
(AT e e e e e e e Lo IMIPAVIDA (Th. Fr.) M. Westb. & Resl
16. Epihymenium K+ purple (sedifolia-grey) ... L. psephota (Tuck.) Hertel subsp. psephota
16, P Y MENIUM K e e e e e et et e e e e et neaeaenenenn d ]

17. Thallus dark grey, formed of more convex areoles; apothecia slit-like. Known only from
Scotland............................. weveeeee.... L.mullensis (Stirt.) Fyday & Coppins

17. Thallus pale grey of flat areoles; apothecia angular but not slit-like. Northern Europe and North America
vivieren.... Lo gyrizans (Nyl.) M. Westb. & Resl

18. Thallus dark grey. Ascospores  (10-)12.5-14.5(-16) x  (6-)7-8.5(-9.5) um.  Scotland

[25] et et L. globulosa (Coppins) M. Westb. & Resl.
18. Thallus pale grey. Ascospores 7-11 x 45-7 pum. North America and North Europe
17225 SO L. gyrizans (Nyl.) M. Westh. & Resl
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Abstract

In this study, it was aimed to determine the amphibian and reptile species distributed in Kahramanmaras province.
Between the years 2016-2018, a total of 52 species (6 amphibians, 4 turtles, 21 lizards and 21 snakes species) belonging
to 20 families were determined in Kahramanmaras province during field surveys conducted at 451 localities. The
records and their locations are presented in a map and a table. However, Bufo bufo (Linnaeus, 1758), Darevskia
valentini (Boettger, 1892), Ablepharus chernovi Darevsky, 1953, Chamaeleo chamaeleon (Linnaeus, 1758),
Parvilacerta parva (Boulenger, 1887), Anatololacerta pelasgiana (Mertens, 1959), Elaphe sauromates (Pallas, 1811)
and Rhynchocalamus satunini (Nikolsky, 1899) were recorded for the first time from Kahramanmaras.

Keywords: herpetofauna, biodiversity, distribution, new record, Kahramanmarag

*

Kahramanmaras ilinin kurbaga ve siiriingen cesitliligi

Ozet

Bu ¢alismada, Kahramanmarag’ta dagilis gosteren kurbaga ve siirliingen tiirlerinin belirlenmesi amag¢lanmistir. 2016-
2018 yillar1 arasinda, 451 lokalitede gergeklestirilen caligmalar sonucu toplamda 20 aileye ait 52 tiir (6 kurbaga, 4
kaplumbaga, 21 kertenkele ve 21 yilan tiirii) tespit edilmistir. Kayitlar ve lokaliteleri harita ve tablo olarak sunulmustur.
Bu ¢aligsma ile Bufo bufo (Linnaeus, 1758), Darevskia valentini (Boettger, 1892), Ablepharus chernovi Darevsky, 1953,
Chamaeleo chamaeleon (Linnaeus, 1758), Parvilacerta parva (Boulenger, 1887), Anatololacerta pelasgiana (Mertens,
1959), Elaphe sauromates (Pallas, 1811) ve Rhynchocalamus satunini (Nikolsky, 1899) tiirleri Kahramanmaras igin ilk
kez kayit edilmistir.

Anahtar kelimeler: herpetofauna, biyogesitlilik, dagilis, yeni kayit, Kahramanmarag
1. Giris
Anadolu cografi konumu, jeomorfolojik yapisi ve degisik iklim tiplerinin etkisi altinda bulunmasi nedeniyle

zengin bir flora ve fauna ¢esitliligine sahiptir. Aym zamanda Avrupa ve Asya kitalarinin sahip oldugu topraklar biitiini
tizerinde yapilan fitocografik siniflandirmalar sonucunda Tiirkiye’nin Avrupa—Sibirya, Akdeniz ve Iran—Turan olmak
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iizere ii¢ farkli fitocografik bolgeye ayrildigi goriilmektedir [1]. Yiiz dlciimii 14.346 km? olan Kahramanmaras ili
Glineydogu Toroslarin uzantilar1 olan daglar ile bu daglar arasinda kalan ¢okiintiilerden olugmaktadir.
Kahramanmaras’ta rakim 150-3000 metre gibi oldukca genis bir aralia sahiptir. Topraklarin %59,7’sini daglar,
%24’iinii platolar ve %16,3’i{inii ovalar olusturur. Ilin biiyiik bir béliimii Akdeniz Bolgesi'nin Adana Béliimii’nde yer
alirken, Afsin ve Elbistan ilgeleri Dogu Anadolu Bélgesi’nin Yukar1 Firat Boliimii igerisinde yer alir. Bu nedenle
Kahramanmaras ili Akdeniz Bdlgesi ile Dogu ve Giineydogu Anadolu Bolgeleri’nin birbirlerine en ¢ok yaklagtig1 gecis
noktasindadir. Bundan dolay: ii¢ farkli iklim tipi arasinda il genelinde “Bozulmus Akdeniz iklimi”ne daha yakin bir
iklim 6zelligi gostermekle birlikte kuzeye dogru gidildikce rakima bagl olarak tamamen karasal iklim hissedilmektedir.
ilin en 6nemli akarsu kaynagi olan Ceyhan Nehri ve bunun bir kolu olan Aksu Cayi civarlarinda biyolojik gesitlilik
acisinda korunmus alanlar bulunmaktadir [2].

Son yillarda Tarim ve Orman Bakanligi, Doga Koruma ve Milli Parklar Genel Midirliigiiniin 81 ilde
yiriittiigii ve karasal ve i¢ su sistemlerinin biyogesitlilik envanter ve izleme projelerinin bir sonucu olarak birgok il igin
herpetofauna caligmalar1 yaymmlanmustir [3, 4, 5, 6, 7]. Bugiine kadar yapilan ¢aligmalara gore iilkemizde 34 kurbaga ve
141 siirlingen olmak {izere toplam 175 herptil tiirii bulunur ve bu say1 tilkemizin herpetofauna gesitliliginin neredeyse
tiim Avrupa kitas1 kadar zengin bir potansiyele sahip oldugunu goéstermektedir [8, 9, 10]. Bununla birlikte her ne kadar
son yillarda herpetofauna ¢aligmalar1 artmis olsa da Anadolu’nun herpetofauna tiir ¢esitliligini tam olarak ortaya
koyabilmek i¢in daha fazla ¢alisma yapilmasi gerekmektedir [4, 5, 6, 7, 11].

Kahramanmarag ilinde dagilis gosteren 1 urodel (kuyruklu kurbaga), 4 anur (kuyruksuz kurbaga), 1 kara
kaplumbagasi, 3 tath su kaplumbagasi, 16 kertenkele ve 19 yilan tiirii olmak {izere toplam 44 kurbaga ve siiriingen tiirii
cesitli caligmalarda rapor edilmis olsa da Kahramanmaras iline ait bir kurbaga ve siiriingen envanter g¢alismasi
bulunmamaktadir [8, 12, 13, 14, 15, 16, 17, 18, 19].

Bu caligma ile Kahramanmaras ilinde yasayan kurbaga ve siiriingen tiirlerinin gilincel bir listesinin
olusturulmasi, tiirlerin il igindeki detayli dagilislarinin ve korotiplerinin belirlenmesi amaglanmistir.

2. Materyal ve yontem

Caligma kapsaminda 2016 ve 2018 yillarinda 55 giinliik herpetolojik arazi gézlem c¢aligmasi diizenlenmis ve
Kahramanmaras ilinin 1/25000 6lgekli haritasinda bulunan 125 paftanin her birinde en az 1 &rnekleme yapilarak
calismanin tim ili kapsamasi saglanmistir. Calisma alaninda 451 farkli lokalitede gozlem yapilmistir. Gozlem yapilan
lokalitelerin haritada daha anlasilir olabilmesi i¢in 3-5 km? alanda yapilan tiim gdzlemler bir noktada birlestirilmis ve
130 lokalite olarak haritada gosterilmistir (Sekil 1). Arazi ¢aligmalari, 2016 yilinda Ekim, 2017 yilinda Nisan, Mayzs,
Haziran, Temmuz, Agustos ve Eyliil ve 2018 yilinda Mayis aylarinda gergeklestirilmistir. Bu ¢alisma kapsaminda
Kahramanmaras ili sinirlari igerisinde yapilan arazi ¢aligmalari sonucunda tespit edilen drnekler ile birlikte Adiyaman
Universitesi Zooloji Miizesi (ZMADYU) envanterine kayith Kahramanmaras drnekleri de degerlendirilmistir. Tablo
1’de verilen gozlem lokalitelerine ait detayli veriler Sekil 1’in agiklamasinda sunulmustur. Gézlem yapilan habitatin
biiyiikliigiine gore her istasyonda 15 dk ile 2 saat arasinda degisen siirelerde 2-3 kisilik bir ekip ile gergeklestirilmistir.
Kurbaga tiirlerinin varligini tespit edebilmek igin “Gorsel Temasla Arastirma Teknigi, (GTAT) ve Cagr1 Yontemi (Call
Survey), siiriingen tiirleri i¢in sadece GTAT teknigi kullanilmig ve tas altlar1 kontrol edilmistir. Ayrica, yolda gézlenen
canli veya 0lii bireylerde not edilmistir. Zorunlu olmadik¢a 6rnekler toplanmamis ancak uzaktan teshis edilmesi zor
olan siiriingen 6rnekleri eldiven kullanilarak kurbagalar ise elle veya kepge ile toplanmistir. Toplanan 6rnekler canli
olarak fotograflar1 dijital kompakt (Panasonic Lumix DMC-TZ) veya profesyonel (Nikon-D3100) makineler ile
¢ekilmis ve Ornekler toplandiklar1 habitatlara saliverilmistir. Tiirlerin tanimlanmasmda ilgili giincel literatiirlerden
faydalanilmistir (Tablo 1). Arazi ¢caligmalar1 esnasinda, 6rnek gézlemlenen habitatlarin, yiikseklik ve koordinatlart GPS
(Global Positioning System) cihazi (Garmin Montana 650) ile not edilmis ve Nuh’un gemisi veri sistemine
kaydedilmistir.

Tespit edilen tiirler, Avrupa yaban hayat1 ve yasam ortamlarinin korunmasi (BERN) sozlesmesi, nesli tehlikede
olan yabani hayvan ve bitki tiirlerinin uluslararasi ticaretine iligkin sézlesmesi (CITES) ve Diinya doga ve dogal
kaynaklar1 koruma birligi tarafindan (IUCN) tarafindan belirlenen, nesli tiikkenme tehlikesi altinda olan tiirlerin kirmizi
listesine gore kategorileri belirlenmistir (IUCN). Ayrica tiim tiirlerin korotipleri Vigna Taglianti ve ark. [20]’na gore
belirlenmistir.

Tespit edilen tiirlerin, komsu veya yakm iller ile (Hatay, Adana, Kilis ve Sanlurfa) benzerlik oranlarmin
belirlenmesi i¢gin Jaccard benzerlik indeksi (StatisticsHowTo, https://www.statisticshowto.com/) kullanilmustir.
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Sekil 1. Kahramanmaras ilinde arazi gézlem ¢alismasi yapilan lokaliteler;
1-Armutalan/Afsin, 1462 m, 27.04.2018; 2-Kocovasi/Afsin, 1645 m, 27.04.2018; 3-Haticepmar/Afsin, 1900 m,
27.04.2018; 4-Horhor/Elbistan, 1832 m, 13.05.2017; 5-Beyyurdu/Elbistan, 1658 m, 13.05.2017; 6-Ko6ygeviran/Elbistan,
1379 m, 13.05.2017; 7-Ovacik/Elbistan, 1335 m, 26.04.2018; 8-incikdy/Afsin, 1227 m, 08.10.2016; 9-Aritas/Afsin,
1316 m, 08.10.2016; 10-Goziibenli/Afsin, 1758 m, 08.10.2016; 11-Dogankonak/Goéksun, 1529 m, 30.04.2017; 12-
Dogankonak/Goksun, 2177 m, 14.05.2017; 13-Kavsut Mevkii/Goksun, 1628 m, 29.04.2018; 14-Binboga/Afsin, 1592
m, 28.04.2018; 15-Ordekkoy/Afsin, 1243 m, 13.05.2017; 16-Kuskayas/Afsin, 1161 m, 26.04.2018; 17-
Evcihdyiik/Elbistan, 1209 m, 13.05.2017; 18-SogiitlivElbistan, 1175 m, 09.10.2016; 19-Tirkoren/Elbistan, 1251 m,
13.05.2017;

20-Yogunsogiit/Elbistan, 1667 m, 25.04.2018; 21-Ozbek Koyii/Elbistan, 1404 m, 12.05.2017; 22-
Kantarma/Elbistan, 1441 m, 24.04.2018; 23-Tapkiran/Elbistan, 1618 m, 24.04.2018; 24-Karahasanusagi
Mevkii/Elbistan, 1613 m, 24.04.2018; 25-Bakig/Elbistan, 1396 m, 24.04.2018; 26-Akbayiu/Elbistan, 1243 m,
09.10.2016; 27-Tasburun/Elbistan, 1450 m, 12.05.2017; 28-Yazidere/Afsin, 1114 m, 07.10.2016; 29-Ergene/Afsin,
1168 m, 29.04.2017; 30-Kotire/Afsin, 1268 m, 13.05.2017; 31-Kargabiikii/Afsin, 1170 m, 30.04.2017; 32-
Kavsut/Goksun, 1471 m, 29.04.2018; 33-Goyniik/Goksun, 1601 m, 29.04.2018; 34-Miirsel Mevkii/Goksun, 2036 m,

Amphibian and reptile diversity of Kahramanmaras (Turkey) province
Deniz YALCINKAYA, Mehmet Ziilfii YILDIZ, Eda SAMI, Mehmet Akif BOZKURT, Fatma UCES, Abdullah Furkan OZCAN



Biological Diversity and Conservation — 15/ 1 (2022) 13

29.04.2018; 35-Aliglibucak/Goksun, 1374 m, 29.04.2018; 36-Sogukpmar/Goksun, 854 m, 07.10.2016; 37-
Sogukpmar/Goksun, 1725 m, 07.10.2016; 38-Hugtas/Goksun, 1742 m, 30.04.2018; 39-Acielma/Goksun, 1639 m,
06.10.2016;

40-Kireckoy/Goksun, 1358 m, 27.03.2018; 41-Keklikoluk/Goksun, 862 m, 07.10.2016; 42-Yesilkdy/Goksun,
1581 m, 23.09.2017; 43-Findik/Goksun, 1384 m, 27.03.2018; 44-Gociiksu/Goksun, 1347 m, 07.10.2016; 45-Cardak
goleti/Goksun, 1249 m, 07.10.2016; 46-Soysall/Ekindzi, 1098 m, 29.04.2017; 47-Akpmar/Ekindzii, 1392 m,
29.04.2017; 48-Holan Yaylasi/Nurhak, 1586 m, 28.03.2018; 49-Agcasar/Nurhak, 1549 m, 09.10.2016; 50-
Kullar/Nurhak, 1256 m, 09.10.2016; 51-Kullar/Nurhak, 1273 m, 28.03.2018; 52-Eskikoy/Nurhak, 1222 m, 28.03.2018;
53-Ciftlikkale/Ekindzii, 1265 m, 29.04.2017; 54-Atakoy/Ekindzii, 1390 m, 28.04.2017; 55-Sarigiizel/Onikisubat, 807
m, 28.04.2017; 56-Siileymanli Bucagi/Merkez, 1168 m, 23.04.2018; 57-Kozcagiz/Onikisubat, 1052 m, 28.04.2017; 58-
Dongel/Merkez, 863 m, 21.10.2016; 59-Degirmendere/Goksun, 1395 m, 21.10.2016;

60-Kiiciikgamurlu/Goksun, 1539 m, 21.10.2016; 61-Cigsar/Andirin, 1331 m, 01.05.2017; 62-Cokak
Bucagi/Andirin, 1354 m, 23.05.2018; 63-Geben/Andirin, 1287 m, 21.10.2016; 64-Kaynar/Merkez, 1099 m, 27.03.2018;
65-Sugat/Merkez, 633 m, 11.05.2017; 66-Sucat1 Baraji/Onikigubat, 638 m, 28.04.2017; 67-Camlibel/Onikisubat, 705
m, 28.04.2017; 68-Avcilar/Onikisubat, 680 m, 28.04.2017; 69-Baydemirli/Merkez, 762 m, 27.04.2017; 70-
Baydemirli/Merkez, 1346 m, 11.05.2017; 71-Budakl/Merkez, 869 m, 27.04.2017; 72-Basdevisli/Caglayancerit, 1448
m, 19.10.2016; 73-Merkez/Caglayancerit, 1185 m, 19.10.2016; 74-Diizbag Baraji/Caglayancerit, 969 m, 19.10.2016;
75-Bozlar/Caglayancerit, 885 m, 19.10.2016; 76-Boylu/Caglayancerit, 1349 m, 30.03.2018; 77-Besenli/Merkez, 1664
m, 24.09.2017; 78-Develi/Merkez, 1645 m, 11.05.2017; 79-Sarigukur/Onikisubat, 920 m, 27.04.2017;

80-Bulutoglu/Merkez, 603 m, 21.10.2016; 81-Hasancikly/Onikisubat, 509 m, 22.10.2016; 82-Kiirtiil/Merkez,
497 m, 21.10.2016; 83-Yenidemir/Merkez, 622 m, 05.08.2017; 84-Cmarpinar/Merkez, 1260 m, 05.08.2017; 85-
Akgiimiis/Andirm, 1250 m, 05.08.2017; 86-Akifiye/Andirin, 1206 m, 24.05.2018; 87-Yesiltepe/Andirin, 1280 m,
24.05.2018; 88-Altmboga/Andirin, 1117 m, 21.10.2016; 89-Yesilyurt/Andirin, 1075 m, 30.06.2017; 90-
Emirler/Andirin, 1396 m, 25.05.2018; 91-Baskonus/Merkez, 1313 m, 22.10.2016; 92-Karadere/Merkez, 671 m,
20.10.2016; 93-Kurtlar/Merkez, 570 m, 08.05.2018; 94-Kozludere/Merkez, 1587 m, 04.08.2017; 95-Kuzucak/Merkez,
1269 m, 31.03.2018; 96-Karaaga¢/Pazarcik, 922 m, 13.08.2017; 97-Kizirli/Pazarcik, 1044 m, 31.03.2018; 98-
Harmancik/Pazarcik, 1027 m, 21.05.2018; 99-Sahintepe/Pazarcik, 742 m, 13.08.2017;

100-Eski Narli/Pazarcik, 672 m, 26.03.2018; 101-Giizelyurt/Merkez, 630 m, 26.03.2018; 102-Cakirlar/Merkez,
472 m, 23.10.2016; 103-Biiyiiksir/Merkez, 1863 m, 25.05.2018; 104-Kisikl/Merkez, 717 m, 01.07.2017; 105-
Gokeeli/Andirin, 883 m, 17.09.2019; 106-Goke¢eli/Andirin, 883 m, 17.09.2019; 107-Gokgeli/Andirm, 717 m,
25.05.2018; 108-Altmoluk/Andirm, 725 m, 25.05.2018; 109-Efiragizl/Andirin, 617 m, 22.05.2018; 110-
Bogazoren/Andirin, 692 m, 22.10.2016; 111-Bostanl/Andirin, 853 m, 22.05.2018; 112-Bostanli/Andirm, 1014 m,
22.05.2018; 113-Camuzluk/Andirin, 674 m, 22.05.2018; 114-Haciveliusag/Andirmm, 400 m, 22.05.2018; 115-
Gokahmetli/Andirin, 189 m, 30.06.2017; 116-Erenler/Andirm, 172 m, 22.10.2016; 117-Kuzgun/Andirm, 705 m,
22.05.2018; 118-Uzunsogiit/Tiirkoglu, 740 m, 25.05.2018; 119-KililyMerkez, 482 m, 24.03.2018;

120-Yenikoy/Tiirkoglu, 512 m, 26.03.2018; 121-Emiroglu/Pazarcik, 559 m, 26.03.2018; 122-
Sarierik/Pazarcik, 556 m, 12.08.2017; 123-igdeli/Pazarcik, 657 m, 23.10.2016; 124-Mezere/Pazarcik, 835 m,
23.10.2016; 125-Hiirriyet/Pazarcik, 897 m, 23.10.2016; 126-Kelles/Pazarcik, 852 m, 23.10.2016; 127-
Akgakoyunlu/Pazarcik, 798 m, 12.08.2017; 128-Cdgelli/Pazarcik, 557 m, 15.05.2017; 129-Sekeroba/Tiirkoglu, 562 m,
27.04.2017; 130-Dedeler/Merkez, 784 m, 15.05.2017.

3. Bulgular

Proje kapsaminda toplam 20 familyaya ait 52 kurbaga ve siiriingen (6 kurbaga ve 46 siirlingen) tiiriine ait 660
gozlem kaydi elde edilmigtir. Tirlerin belirlendigi lokaliteler, koruma statiileri ve ilgili literatiirler Tablo 1°de
verilmistir. Tespit edilen tiirlerin familya dagilislar1 6zetle; 6 kurbaga tiirii [Familya: Salamandridae (1), Bufonidae (2),
Hylidae (1) ve Ranidae (2)], 4 kaplumbaga tiirii [Familya: Testudinidae (1) Emydidae (1) ve Geomydidae (2)], bir kor
kertenkele [(Familya: Blanidae (1)], 20 kertenkele tiirii [Familya: Agamidae (2), Anguidae (1) Lacertidae (9), Scincidae
(5), Gekkonidae (2), Chamaeleonidae (1)] ve 21 yilan tiirii [Familya: Boidae (1), Colubridae (15), Typhlopidae (1),
Natricidae (1), Psammophiidae (1) ve Viperidae (2)] Kahramanmaras ili envanterine kayit edilmistir. Daha Once
literatiirde rapor edilen 5 kurbaga tiiriiniin tamami tekrar gézlemlenmistir (Tablo 1). Bilimsel literatiirlerde bulunmayan
ancak 2013 yilinda Adameros Tiirk Herptil sitesine birer fotografi yiiklenen Bufo bufo (Linnaeus, 1758) ve Darevskia
valentini (Boettger, 1892) tiirleri arazi gezileri sirasinda gozlenmese de Kahramanmaras ilinin kurbaga ve siiriingen
envanterine eklenmistir. Anurlardan Pelophylax ridibundus (Pallas, 1771) 163-1784 metre arasinda degisen 58 lokalite
ile en fazla g6zlenen tiirdiir. Diger anur tiirlerinden Bufotes viridis (Laurenti, 1768) 25 lokalitede (rakim 633-1839 m),
Rana macrocnemis Boulenger, 1885 16 lokalitede (rakim 854-1832), ve Hyla savignyi (Audouin, 1829) 9 lokalitede
(570-1313m) gozlemlenmistir (Tablo 1). G6zlemlenen tek urodel tiirii olan Salamandra infraimmaculata (Mertens,
1948) ozellikle Kahramanmaras’in dogusunda daha nadir olmak iizere ilin tamaminda vejetasyonun yogun oldugu,
durgun veya digiik debili temiz sularin bulundugu, rakimi 560-1742 metre arasinda degisen 17 lokalitede
gdzlemlenmistir.
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Literatiire gore Kahramanmaras ilinde 39 siiriingen tiiriiniin dagilig gosterdigi rapor edilmis ve bunlardan 34’1
arazi ¢aligmalar1 sirasinda gézlemlenmistir (Tablo 1). Elaphe sauromates (Pallas, 1811), Rhynchocalamus satunini
(Nikolsky, 1899), Ablepharus chernovi Darevsky, 1953, Chamaeleo chamaeleon (Linnaeus, 1758), Parvilacerta parva
(Boulenger, 1887) ve Anatololacerta pelasgiana (Mertens, 1959) tiirleri Kahramanmaras ili i¢in ilk kez bu ¢alisma
kapsaminda tespit edilmistir. Kaplumbaga tiirlerinden karasal habitatlarda Testudo graeca Linnaeus, 1758 sucul
habitatlarda ise Mauremys caspica (Gmelin, 1774) tirii en ¢ok lokalitede (sirasiyla 34 ve 12 farkli lokalitede)
gozlemlenen tiirlerdir. Cahisma alaninda belirlenen 20 kertenkele tiiriinden Ophisops elegans Ménétriés, 1832,
Stellagama stellio (Linnaeus, 1758) ve Phoenicolacerta laevis (Gray, 1838) en yaygin olarak gbzlenen (sirasiyla 73, 50
ve 23 farkh lokalite) tiirlerdir. Tespit edilen 21 yilan tiiriinden ise karasal habitatlarda Dolichophis jugularis (Linnaeus,
1758), sucul habitatlarda ise Natrix tessellata (Laurenti, 1768) en yaygin olarak (sirasiyla 8 ve 16 lokalite) gbzlenen
yilan tiirleridir.

Tablo 1. Proje kapsaminda Kahramanmarasg ilinde gozlenen kurbaga ve siirlingen tiirlerine ait liste. Cizelgede ayrica
belirlenen tiirlere ait [UCN listelerindeki durumlari, BERN ve CITES gibi uluslararasi sézlesmelerde durumlari, bu
proje kapsaminda tiirlerin gozlendigi lokaliteler ve daha 6nce Kahramanmaras ilinde tiirlerin varligini bildiren
kaynaklar verilmistir.

Bu Cahsmadaki Gézlem

Familya Tiir BERN IUCN CITES Literatiir/Kaynak
Alanlan
. Bufo bufo Tirkherptil sitesine .
Bufonidae (LINNAEUS, 1758) ' LC = iikienen fotografkayds Y on Kayt
6, 7, 14, 19, 25, 32, 37, 38,
. Bufotes viridis 40, 55, 57, 58, 59, 63, 64,
Bufonidae (LAURENTI, 1768) ' LC " 656869 78,84 91,108, L2
111, 112, 117
. Hyla savignyi i 58, 64, 66, 68, 91, 93, 95,
Hylidae (AUDOUIN, 1829) ' LC 96, 108 [18, 23]
2,4,6,7,8,09, 14, 16, 17,
18, 19, 22, 23, 28, 35, 37,
41, 42, 44, 45, 46, 47, 51,
Pelophylax 52, 55, 56, 57, 58, 59, 60,
Ranidae ridibundus n  LC - 61,63,66,68,70,71,72,  [13]
(PALLAS, 1771) 74,75, 77, 82, 83, 85, 89,
91, 93, 94, 95, 96, 112, 114,
117, 118, 119, 120, 127,
128, 129
Rana macrocnemis
. 4,5,8,32, 35,36, 37, 3,
Ranidae 18808L;LENGER, n  LC - 415360 61 70 87 88 06 [24]
Salamandra 13, 15, 32, 38, 50, 57, 59,
Salamandridae  infraimmaculata 11 NT - 62, 79, 86, 87, 90, 91, 107,  [19]
(MERTENS, 1948) 108, 112, 113
. Emys orbicularis ) Bu ¢alisma kapsaminda
Emydidae (LINNAEUS, 1758) ' NT gozlenmedi. [16. 25]
. Mauremys caspica ) ) 1, 8,16, 18, 19, 20, 28, 45,
Geoemydiadae =\ N, 1774) I 46, 58, 66, 74 [8]
Mauremys rivulata
Geoemydiadae (VALENCIENNES, I LC -  90.93,102,114,119,120.  4¢

123, 127

1, 8,15, 23, 27, 28, 29, 31,
33, 45, 47, 51, 52, 53, 55,
I VU I 61, 67,69, 71,75, 78, 79, [8, 12, 13, 14, 15, 26]
84, 89, 93, 97, 98, 103,111,
115, 116, 117, 127, 129
1,12, 13, 14, 15, 17, 21, 25,
31, 36, 37, 46, 47, 48, 49,
I LC - 51, 52, 53, 55, 56, 58, 59, [8, 13, 15]
61, 62, 64, 67, 70, 74, 79,
80, 89, 91, 92, 96, 98, 99,

1833)

Testudo graeca

Testudinidae LINNAEUS, 1758

Laudakia stellio

Agamidae (LINNAEUS, 1758)
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Bu Cahsmadaki Gézlem

Familya Tiir BERN IUCN CITES Literatiir/Kaynak
Alanlan
102, 103, 105, 108, 109,
111, 112, 113, 115, 117,
124, 125, 126, 128
. Trapelus ruderatus
Agamidae (OLIVER, 1804) Il LC - 67, 81, 122 [14]
. Pseudopus apodus 86, 87, 105, 107, 111, 112,
Anguidae (PALLAS, 1775) e T 113 [8]
Blanus alexandri
Blanidae SINDACO et al, 1l LC - 64, 108 [8, 15, 26]
2014
Chamaeleo
Chamaeleonidae chamaeleon 1 LC - 95, 113 Yeni Kayit
(LINNAEUS, 1758)
Hemidactylus
Gekkonidae turcicus Il LC - 115 [8, 14]
(LINNAEUS, 1758)
Mediodactylus
. kotschyi sl.
Gekkonidae (STEINDACHNER, I LC - 15, 17, 52, 105, 122, 128 [8, 14, 15, 26]
1870)
Anatololacerta
Lacertidae danfordi 1l LC - 12, 37, 105, 106, 113, 128 [26]
(GUNTHER, 1876)
Anatololacerta
Lacertidae pelasgiana 11 LC - 106, 110 Yeni Kayit
(MERTENS, 1959)
Apathya 1,4,8,10, 14, 17, 33, 38,
Lacertidae cappadocica Il LC - gg 51)8268025182 2209122 [8, 13, 14, 15, 26]
(WERNER, 1902) D Ao Ao AT
123, 124, 125, 127
Darevskia valentini Tiirkherntil sitesine
Lacertidae (BOETTGER, 11 LC - N P - Yeni Kay1t
1892) yiiklenen fotograf kaydi
2,11, 13,19, 22, 23, 27, 29,
Lacerta media 31, 32, 33, 35, 38, 43, 47,
Lacertidae LANTZ & CYREN, Il LC - 53, 61, 62, 86, 87, 89, 91, [8, 14]
1920 95, 96, 98, 100, 103, 106,
111, 112
1,4,5/6,7,8,10, 11, 13,
14, 15, 19, 20, 21, 25, 26,
28, 29, 31, 34, 35, 37, 38,
39, 42, 46, 47,51, 52, 53,
_ Ophisaps elegans 54, 55, 56, 57, 58, 59, 61,
Lacertidae MENETRIES. 1832 I LC - 62, 64, 65, 67, 68, 69, 70, [8, 13, 14, 15, 26]
’ 71,73,74,75,76, 77, 78,
79, 82, 85, 86, 87, 89, 90,
91, 94, 95, 96, 97, 98, 99,
100, 101, 107, 112, 115,
121, 122, 128
Parvilacerta parva
Lacertidae (BOULENGER, I LC - 2,3,4,5 Yeni Kayit
1887)
Phoenicolacerta
Lacertidae cyanisparsa Il LC i Bu ¢aligma kapsaminda [15]

(SCHMIDTLER &
BISCHOFF, 1999)

gbzlenmedi.
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Bu Cahsmadaki Gézlem

Familya Tiir BERN IUCN CITES Literatiir/Kaynak
Alanlan
Phoenicolacerta 37,38, 39, 56, 58, 61, 62,
. ; 83, 86, 87, 89, 90, 91, 93,
Lacertidae Ila;3e3vé§ (GRAY, Il LC - 103, 105, 108, 100, 111, [8, 26]
112, 113, 114, 117
Ablepharus budaki
GOCMEN,
Scincidae KUMLUTAS & m c - 52’63?’226' 61,67,83,98, 15 26, 27]
TOSUNOGLU, '
1996
Ablepharus
Scincidae chernovi 11 LC - 2,4,11,13, 15,120 Yeni Kayit
DAREVSKY, 1953
I Eumeces schneiderii
Scincidae (DAUDIN, 1802) 11 LC - 15, 118 [23]
. Heremites auratus
Scincidae (LINNAEUS, 1758) 1l LC - 2,4,97, 117 [8, 13, 14, 15, 26]
L Heremites vittatus 3,4,5, 100, 105, 111, 120,
Scincidae (OLIVIER, 1804) 11 LC - 197 [8, 13, 14, 15, 26]
. Eryx jaculus
Boidae (LINNAEUS, 1758) 11 LC 1 81 [28]
. Dolichophis caspius
Colubridae (GMELIN, 1789) 1l LC - 111 [26]
Dolichophis
Colubridae jugularis N Lc - ‘1‘2;382’ 84,8991, 112,121, 15 13 14]
(LINNAEUS, 1758)
Dolichophis
. schmidti
Colubridae (NIKOLSKY, 11 LC - 13,15 [8, 23, 26]
1909)
Eirenis barani
Colubridae SCHMIDTLER, 1l LC - 91 [8, 26]
1988
Eirenis eiselti
. SCHMIDTLER &
Colubridae SCHMIDTLER, 1l LC - 7,19, 24, 25, 110 [8, 15, 26]
1978
. Eirenis modestus
Colubridae (MARTIN, 1838) 11 LC - 91, 112 [8, 12, 14, 26]
. Eirenis rothii JAN, Bu ¢aligma kapsaminda
Colubridae 1863 11 LC - gbzlenmedi. [15, 17]
. Elaphe sauromates .
Colubridae (PALLAS, 1811) 11 LC - 11 Yeni Kayit
Hemorrhois
Colubridae nummifer (REUSS, 11 LC - 109 [8, 14]
1834)
Hemorrhois
. ravergieri i
Colubridae (MENETRIES, 1 LC 22,105, 109 [12]
1832)
Colubridae Platyceps collaris nm  LC - 116 [8, 14, 26]

(MULLER, 1878)
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Bu Cahsmadaki Gozlem

Familya Tiir BERN IUCN CITES Literatiir/Kaynak
Alanlan
Platyceps najadum
Colubridae (EICHWALD, | LC 15,19, 77, 111 [8]
1831)
Rhynchocalamus
. satunini .
Colubridae (NIKOLSKY, Il - 65 Yeni Kayit
1899)
Telescopus fallax
Colubridae (FLEISCHMANN, | LC 15, 67 [8, 14]
1831)
Zamenis
Colubridae hohenackeri 1l LC 103 [8, 14]
(STRAUCH, 1873)
Malpolon insignitus
.. (GEOFFROY Bu ¢aligma kapsaminda
Psammophiidae ¢ N7 i aRE, T LC gozlenmedi. [8, 14, 23, 26]
1827)
Natricid Natrix tessellata I LC o, 5, 69, 108,111 104, [8, 12,14
atricigae (LAURENTI, 1768) ; 93, 99,108, 111, 114, [8, 12, 14]
117, 120
Xerotyphlops
Typhlopidae vermicularis 1l LC 7,22,106, 112,120 [8, 14, 15, 26]
(MERREM, 1820)
Macrovipera
Viperidae lebetina | LC ?3’684’ 89,100, 105, 121, [8, 14, 26, 29]
(LINNAEUS, 1758)
Montivipera
Viperidae Z‘\Jl'l?_""srg?\lggca N LC 91, 105, 111 [17, 29]

ANDREN 1985)

Ulkemiz icin endemik olan Montivipera bulgardaghica albizona (Nilson, Andren & Flirdh 1990) alt tiiriiniin
gozlemlendigi lokalite (Lokalite No: 111, Sekil 1) 1026 metre rakimla bugiine kadar iilkemizde bilinen kayitlarin arasinda en
diisiik rakima sahiptir. Afsin (Merkez) ve Tirkoglu (Uzuns6giit)’ndan gozlenen Eumeces schneiderii (Daudin, 1802)
orneklerinin 6zellikle renk-desen bakimindan farklilik gostermektedir. Afsin 6rneginde parlak agik kahve zemin rengi
iizerinde Ozellikle 6n bacak kaidesinden itibaren baslayan turuncu lekelerin vertebral hattin iki tarafinda uzunlamasina
siralandig1 ve koyu kahve lekelerin ortasinda bulunan boyuna beyaz cizgilerin uzunlamasina kesikli ¢izgiler ile E. s.
pavimentatus Geoffroy De St. Hilaire 1827 alt tiiriiniin 6zelliklerine sahiptir (Sekil 2b). Diger taraftan 2016 yilinda Adameros
Tiirk Herptil sitesine [21] Uzunsogiit (Tiirkoglu)’ten fotografi yiiklenen 6rnekte ise parlak grimsi kahve zemin rengi {lizerinde
bulunan dorsal pullarda koyu kahverengi lekeler ve uzunlamasina beyaz c¢izgilerin olmadig1 sadece govde yanlarinda belli
belirsiz ¢ok kiigiik siyah lekelerin oldugu ve bu 6zelikleri ile E. s. princeps alt tiiriine ait oldugu goriilmektedir (Sekil 2a).

Sekil 2. Kahramanmaras ilinde dagilis gosteren Eumeces schneiderii nin iki alttiirii; Afgin (Merkez)’den E. s. princeps

(a) ve Tirkoglu (Uzunsogiit)’ndan E. s. pavimentatus (b)
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Kahramanmarasg ilinde dagilig gosterdigi belirlenen 52 kurbaga ve siirlingen tiiriiniin [UCN kategorileri; 1 VU
(Hassas; Vulnerable), 2 tiir NT (Near Threatened: Tehlikeye yakin), 47 tir LC (En az endise; Least concern)
kategorisinde ve 2 tiir ise liste disindadir. BERN sdzlesmesi listelerinde 16 tiir Ek-II listesinde, diger tiirler ise Ek-111
listelerine gére koruma altina alinmistir. CITES s6zlesmesine gore 2 tiir Ek-II listesinde ve 50 tiir liste diginda yer
almaktadir (Tablo 1).

Belirlenen tiirlerin 12 korotipe ayrildigi ve bu korotipler arasinda en fazla %26,9 ile Giineybat1 Asyatik
korotipinin bulundugu belirlenmistir. Tiirlerin %53,8’u Akdeniz ile baglant tiirlerden olugmaktadir (Tablo 2).

Kahramanmaras ilinin herpetofaunasi, Adana, Hatay, Kilis ve Sanlrfa illeriyle Jaccard benzerlik oranlari
strastyla 0,66, 0,49, 0,46 ve 0,44 olarak hesaplanmustir.

Tablo 2. Kahramanmaras ilinde literatiir ve arazi ¢alismasi sonucu gozlenen kurbaga ve siiriingen tiirlerinin korotipleri

Korotipler Kurbaga Siiriingen % Tiir

Giineybat1 Asyatik Hyla savignyi, Rana macrocnemis, Salamandra
infraimmaculata, Apathya cappadocica,
Lacerta media, Eumeces schneiderii,

Heremites auratus, Trapelus ruderatus,

3 1 269 Dolichophis jugularis, Dolichophis schmidti,
Eirenis modestus, Eirenis eiselti,
Rhynchocalamus satunini, Zamenis
hohenackeri
Turan-Akdeniz Mauremys caspica, Mauremys rivulata,
Testudo graeca, Pseudopus apodus,
10 19,2 Dolichophis caspius, Hemorrhois nummifer,
Macrovipera lebetina, Platyceps najadum,
Telescopus fallax, Xerotyphlops vermicularis
Dogu Akdeniz Mediodactylus kotschyi, Ophisops elegans,
Phoenicolacerta cyanisparsa, Phoenicolacerta
9 17,3 laevis, Laudakia stellio, Ablepharus budaki,
Eirenis levantinus, Eirenis rothii, Platyceps
collaris
Akdeniz Chamaeleo chamaeleon, Hemidactylus
5 9,6  turcicus, Heremites vittatus, Eryx jaculus,
Malpolon insignitus
Anadolu Endemik Eirenis barani, Anatololacerta danfordi,
3 5,8  Anatololacerta pelasgiana
Turan-Avrupa-Akdeniz Bufotes viridis, Pelophylax ridibundus, Elaphe
2 1 58  sauromates
Ermeni-Dogu Anadolu Endemik 2 3g  Parvilacerta parva, Ablepharus chernovi
Merkez Asyatik 2 38 Hemmorhois ravergieri, Natrix tesellata
Merkez Anadolu Endemik 1 1.9 Montivipera bulgardaghica
Giliney Avrupa 1 1.9 Bufo bufo
Merkez Asyatik-Avrupa 1 1.9 Emys orbicularis
Merkez Asyatik-Avrupa-Akdeniz 1 1.9 Natrix natrix
Total 6 46 100,0 52

4. Sonuglar ve tartisma

Daha once yapilan literatiir ¢alismalar1 géz oniine alindiginda Kahramanmaras ili smnirlari igerisinde dagilis
gosterdigi belirlenen 5 kurbaga ve 39 siiriingen olmak tizere toplam 44 kurbaga ve siiriingen tiirii rapor edilmistir. Rapor
edilen kurbagalarin tamami, siiriingenlerin ise 34’1 yapilan arazi c¢aligmalar1 sirasinda gesitli lokalitelerden tekrar
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gozlemlenmistir (Tablo 1). Ayrica bu c¢alisma kapsaminda ilk kez belirlenen ve Adameros Tiirkherpil fotografcilik
sitesine yiiklenen kayitlar ile birlikte, Kahramanmaras ilinden 6 kurbaga ve 46 siirlingen tiirii olmak {izere toplam 52 tiir
kayit altina alimmustir (Tablo 1).

Ulkemizde dagilis gdsteren gece kurbagasmin taksonomisi son 20 yil iginde olduk¢a degiskenlik gdstermistir.
Son yapilan ¢alisma ile Anadolu’da dagilis gosteren popiilasyonlar Bufotes viridis sitibundus (Pallas, 1769) Trakya’da
dagilis gosteren popiilasyonlar ise nominat wka dahil edilmistir [30]. Emys orbicularis (Linnaeus, 1758) arazi
caligmalart siiresince gozlemlenmese de, Fritz vd. [28] Tiirkiye’nin giineydogusundan (Fevzipasa/Gaziantep)
tanimladiklar1 Emys orbicularis eiselti Fritz et al. 1998’nin dagilis alanini Amik-Marag vadisinin kuzeyi ile
smirlandigin ifade etmistir. Ancak Ayaz ve ark [31] E. 0. eiselti alt tiiriiniin son 20 y1l i¢inde dagihiglarini aragtirmis ve
tip lokalitesi dahil Amik-Maras vadisinde 6rnege rastlamadiklarini, sadece Asi nehrinin kollarindaki 4 lokalitede 18
birey gozlemlediklerini rapor etmistir.

Ulkemizde dagilis gosteren E. schneiderii alttiirlerinin ayriminda kullanilan temel morfolojik &zelliklerin
basinda renk-desen 6zellikleri ve gévde ortasinda etrafindaki pul sira sayisi gelir [32]. Teynie [23] Kahramanmarag’in
33 km giineydogusunda gozlemledigi E. schneideri 6rnegini pavimentatus alttiiriine dahil etmistir. Arazi ¢aligmalari
sirasinda gozlenen Afsin 6rnegi desen ve folidosis dzellikleri agisindan E. s. pavimentatus alttiiriine dahil edilmistir.
Diger taraftan 2016 yilinda Adameros Tiirk Herptil sitesinde sadece fotograf kaydi olarak verilen Uzunsogiit/Tiirkoglu
ornegi ise, E. s. princeps Eichwald, 1839 alttiiriine dahil edilmistir. E. s. pavimentatus alt tiirii su ana kadar tilkemizde
dogu Akdeniz bolgesinde, E. s. princeps‘in ise dogu Akdeniz’den Dogu ve Giineydogu Anadolu’ya dogru dagilis
gosterdigi rapor edilmistir [32]. Bu nedenle pavimentatus alttiirii akdeniz iklimine, princeps ise karasal iklime adapte
olmus gibi goriinmektedir. Kahramanmaras ilinde iki iklim 6zelligi de goriindiigiinden iki alt tiiriin dagilis smirlarinin
birbirine en ¢ok yaklastigi alanlarmn il sinirlart igerisinde kaldigi diisiiniilmektedir. Bu nedenle Kahramanmaras ili
smirlar1 igerisinde dagilis gosteren E. schneiderii populasyonlarmnin taksonomik durumunun aydinlatilabilmesi i¢in
alandan daha fazla 6rnegin incelenmesi gerekmektedir.

Schmidtler [27] Anadolu’da bulunan Ablepharus kitaibelii (Bibron & Bory St-Vincent, 1833) kompleksi
tizerine yaptigi ¢aligmada, Kahramanmaras’tan incelemis oldugu Ablepharus budaki (Gé¢men et al., 1996) 6rneklerini
nominat irka dahil etmigtir. Ayn1 y1l yaptig1 farkli bir ¢alismada [26] ise farkl lokalitelerden gozlemledigi Ablepharus
Ornegini cins diizeyinde rapor etmistir. Yaptigimiz arazi ¢aligmalar1 neticesinde gozlemlenen bazi drneklerin, kulak
acikliginin bulunmamast ve dorsalia pul sayisinin 18 olmasindan dolayr A. chernovi olarak tamimlanmis ve
Kahramanmaras i¢in ilk kez rapor edilmistir. Ayrica 9 farkli lokaliteden A. budaki 6rnegi de gdzlemlenmistir.

Phoenicolacerta cyanisparsa (Schmidtler & Bischoff, 1999) tanimlanirken 3 paratip drnegi Kahramanmarag’m
Pazarcik ilgesine bagli Karabiyikli kdylinden rapor edilmistir. Ayrica gesitli literatiirlerde kayit verilen Eirenis rothii
Jan, 1863 ve Malpolon insignitus (Geoffroy Saint Hilaire, 1827) tiirleri bu proje kapsaminda gézlemlenememistir [15,
26].

Ozulug vd. [28] tarafindan yapilan derleme ¢aligma Istanbul Universitesi Zooloji Miizesindeki omurgalilara ait
en eski tarihli drnegin, 1926 yilinda Kahramanmaras (Goksu)’tan toplanan Eryx jaculus (Linnaeus, 1758) oldugunu
belirtmistir. Kahramanmaras Biiyiiksehir Belediyesi Cevre Saghig1 ve Ilagclama Sube Miidiirliigii hanelere giren yilan
ihbarlarin1 degerlendirmektedir. Belediyeye bagl ekipler Temmuz 2021°de On iki Subat ilgesi, Ungiit Mahallesi’nden

E. jaculus drnegini goriintiilemistir (Sekil 3).

‘o&i'- L.\' 4

Sekil 3. On iki Subat Ilgesi, Ungiit Mahallesi’nden gériintiilenen Eryx jaculus érnegi (Foto: Zekeriya Yurdabakan)
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Adameros Tiirk Herptil sitesine birer fotografi yiiklenen B. bufo ve D. valentini tiirleri arazi ¢alismalari
sirasinda gozlemlenmemis olsa da potansiyel dagilis sahalarindan dolayi listeye dahil edilmistir.

Herpetofauna envanteri belirlenen ¢evre illerden Adana’da 56 [33], Hatay’da 52 [34], Kilis’te 37 [35],
Sanlurfa’da 53 (Yildiz et. al., 2022) kurbaga ve siirlingen tiiriiniin yasadig1 goz oniine alindiginda Kahramanmaras ili
toplam 52 kurbaga ve siiriingen tiirii ile Tirkiye’de yasayan kurbaga ve siiriingenlerin yaklasik olarak %30’una ev
sahipligi yapmaktadir (Tablo 1). Kahramanmaras ili, Adana ve Sanlurfa illerinden sonra su ana kadar herpetofaunasi
belirlenen en zengin tiir ¢esitliligine sahip Hatay ili ile birlikte tigiincii ilimizdir. Kahramanmaras ilinde goriilen 3 farkli
iklimin etkisi, kurbaga ve siiriingenlerin korotip dagilislarinda da goriilmektedir. En yaygin olarak %26,9 oraniyla
Giiney Bat1 Asyatik tiirler baskin olarak gbze ¢arparken, Akdeniz orjinli tiim korotipler (Turan Akdeniz: %19,2; Dogu
Akdeniz: %17,3; Akdeniz: %9,6; Turan-Avrupa-Akdeniz: %5,8, Merkez Asyatik-Avrupa-Akdeniz: %1,9) %53,8’ini
olusturmaktadir.

Bu ¢alisma sonucunda Kahramanmaras ilinde 6 kurbaga ve 46 siiriingen tiiriinden olusan envanter ilk kez
cikarilmus, bu tiirlerin il i¢i dagiliglar1 ve korotipleri belirlenmistir.

Tesekkiir

Bu ¢aligma, Tarim ve Orman Bakanlig1 Doga Koruma ve Milli Parklar Genel Miidiirliigiiniin “Kahramanmaras
ilinin Karasal ve I¢ Su Ekosistemleri Biyolojik Cesitlilik Envanter ve Izleme projesi” kapsaminda gergeklestirilmistir.
Caligma siiresince sagladiklar1 tiim desteklerden dolayt ANADOKU (Anadolu Doga ve Kiiltiir Koruma Kooperatifi)’ya,
gerek arazi caligmalari1 sirasindaki yardimlari gerekse proje siiresince yapmis oldugu gozlemlere ait bilgi
paylasimlarindan dolay1 Biyolog Ozlem KURTOGLU’na ve Ergin DIBLEN’e harita ¢izimindeki yardimindan dolay:
Mehmet GUL’e, kisisel gdzlemlerine ait fotograf ve veri paylasimmdan dolayr Emekli Ogretmen Mehmet Emin
TAN’a, Zekeriya YURDABAKAN’a, Kahramanmaras ili herpetofaunasma kazandirdiklar1 yeni kayit verileri ile
birlikte fotograf paylagimlarindan dolay1 Tolga DEMIR, Nezih ARIKAN ve Fatma CINKARA ’ya tesekkiir ederiz.
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Abstract

Hedera helix L. is a medicinal plant and belongs to the Araliaceae family. Flowering shoots of the plant have
elliptic-cordate and sterile shoots have palmately lobed leaves. Plant material was collected from Hacikadin valley
(Ankara-Turkey). The anatomical features of leaf and petiole were examined comparatively in this study. The results
showed that both leaf types were dorsiventral. Single layer epidermis is covered by thick cuticle. The palisade
parenchyma cell is oval-shaped in the flowering shoot mesophyll, also is elongated in the sterile shoots. In both leaf
types, stomata are located in the lower epidermis. Flowering shoot leaf is covered with tufted hairs, sterile shoot leaf
stellate hairs. The midrib of the leaves have a similar structure. Collenchyma tissue is located underside the upper and
lower epidermal layers in the midrib. The vascular bundles are arc-form and tends to a ring-form. The sclerenchymatous
tissue surrounds the vascular bundles and secretory canals are located in the adaxial side of the bundles. The leaves
contain abundant druse crystals and starch grains. Petiole anatomy is similar in both leaf types. Unlike leaves, petioles
are covered with stellate hairs, do not contain tufted-type. The collenchymatous tissue is located bottom the epidermal
layer. The vascular bundles are embedded in the parenchymatous tissue and secretory canals are located on the adaxial
side of petiole. Both petioles contain numerous druse crystals and starch grains.

Keywords: Hedera helix, Araliaceae, flowering shoot, sterile shoot, plant anatomy, Turkey

*

Hedera helix L. (Araliaceae)’in ¢icekli ve ¢igeksiz siirgiin yapraklarimin anatomik olarak karsilastirilmasi

Ozet

Hedera helix L. Araliaceac familyasina ait tibbi bir bitkidir. Bitkinin ¢icekli stirgiinleri eliptik-kordat ve
ciceksiz siirgiinleri ise palmat yapraklara sahiptir. Bitki materyali Hacikadin vadisinden (Ankara-Tiirkiye) toplanmistir.
Bu calismada yaprak ve yaprak sapiim anatomik dzellikleri karsilastirmah olarak incelenmistir. Incelemelere gore, her
iki yaprak tipinin de dorsiventral oldugu tespit edilmistir. Tek tabakali epiderma kaln kiitikula ile kaphdir. Cigekli
stirgiinde palizat parankima hiicreleri oval yapida iken, ¢igeksiz siirgiinlerde uzamustir. Her iki yaprak tipinde de stoma
alt epidermada yer alir. Cigekli slirglin yapragi demet tiiylerle kaphdir, ¢igeksiz siirgiin yapraklari ise yildiz tiiyler tagir.
Yapraklarin orta damarlar1 benzer yapiya sahiptir. Kollenkima dokusu orta damarda alt ve {ist epidermanin alt tarafinda
bulunmaktadir. Iletim demetleri yay formunda ve halkali yapiya yatkin bir sekildedir. Sklerenkima dokusu iletim
demetini ¢evrelemektedir ve salgt kanallar1 iletim demetinin eksene bakan tarafindadir. Yapraklar bolca druz kristali ve
nisasta taneleri bulundurmaktadir. Yaprak sapi anatomisi her iki yaprakta da benzerdir. Yapraklarin aksine yaprak
saplar1 yildiz tiiylerle kaplidir ve demet tiiy bulundurmaz. Kollenkima dokusu epidermann alt kismindadir. fletim
demetleri parankima dokusuna gomiiliidiir ve salgi kanallar1 yaprak sapinin eksene bakan tarafindadir. Her iki yaprak
sap1 tipi de bolca druz kristali ve nigasta tanesi bulundurmaktadir.

Anahtar kelimeler: Hedera helix, Araliaceae, ¢icekli siirgiin, ¢i¢eksiz siirgiin, bitki anatomisi, Tiirkiye
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1. Introduction

Hedera L. genus is a member of Araliaceae family. The leaves of Araliaceae are alternate, simple and
evergreen. The flowers of this family are usually small and globose umbels and also the fruit of the family is a berry.
Hedera genus is represented with three species in Turkey namely H. caucasigena Pojarck., H. colchica (K. Koch) K.
Koch and H. helix L. [1-4]. H. helix is known as English “ivy”” or “common ivy” and also called as “duvar sarmagig1” in
Turkey [2, 3]. H. helix is woody perennial climbing over trees and creeping on the ground in woods. Leaves are on
flowering shoots elliptic-cordate, on sterile shoots are palmately lobed [1].

In folkloric medicine, ivy leaves are used for the treatment of catarrhs of the respiratory tract and symptoms
of chronic inflammatory bronchial conditions and this usage has been approved by the German Comission E [5]. The
main components of H. helix are especially alkaloids, saponins, flavonol glycosides, hydroxycinnamic acid derivatives
[6-8]. In addition to this effect, the spasmolitic, antiinflammatory, antimicrobial, anthelmintic, antitumor,
antimutagenic, antioxidant and hepatoprotective activities have been reported with previous studies [9-12].

The correctly describe and determine of plants is very important, which are herbal medicine candidates and
continue to be used in traditional folk medicine. Microscopic analysis of the anatomical structures of plants could
provide useful information for the taxonomic classification. Light microscopy analysis is a common and effective
method for the identification of medicinal plants [13].

In this study, comparative anatomical features of flowering and sterile shoots leaf and petiole of H. helix
were investigated. Transverse and surface sections were examined with a light microscope and detailed photos were
taken.

2. Materials and methods

The plant material was collected from Hacikadin Valley (Ankara/Turkey) in 2020. A voucher specimen was
deposited in the Ankara University Faculty of Pharmacy Herbarium (AEF 30690) in Turkey. The samples for
anatomical studies were preserved in 70% alcohol.

The transverse and surface sections were cut by hand with razor blade in microscopic preparat form. The
Sartur solution [14] was used in microscopic examinations. The anatomical analysis and the microphotographs were
taken using the Leica DM 4000B.

3. Results
3.1. Leaf anatomy of flowering shoots

Transverse section of flowering shoot leaf was observed as Figure 1. The leaf is dorsiventral. Upper and
lower epidermis were covered with a thick cuticle. The epidermal layer consists of square-rectangular cells and they are
similar in terms of their sizes on both faces. In the midrib, both the upper and lower epidermal layers are supported by
1-4 rows of collenchyma. Parenchymatous cells arranged 5-7 layers, congested between the collenchyma and the main
vein, contain druse crystals and secretory canals. The number of canals varies between 3-7 depending on leaf
development. Mature leaf has 3 canals on the adaxial face and 4 canals on the abaxial face of main vein. The main vein
is surrounded by sclerenchymatous tissue. In the main vein, xylem and phloem are arc-shaped and tend to ring-shaped.
The mesophyll layer contains 4-5 rows of palisade parenchyma cells and 5-7 rows of spongy parenchyma cells. Palisade
and spongy tissue cells contain abundant starch and druse crystals. Tufted hairs are observed in the whole epidermis,
more dense in the lower epidermis. Stomata are found only in the lower epidermis.

Surface section of flowering shoot leaf was observed as Figure 2. Upper and lower epidermal cells are with
sinuous anticlinal walls. Stomata are located only in the lower epidermis. The guard cells are accompanied by 3-4
subsidiary cells. In addition, wrinkles were observed in the lower epidermis cuticle layer. Tufted hairs are observed on
both surfaces, but very dense on the lower epidermis.

3.2. Petiole anatomy of flowering shoots

Transverse section of flowering shoot petiole was observed as Figure 3. The transverse section of petiole is
disk-like. The epidermis is single-layer, covered with a thick cuticle and has stellate hairs. The epidermal cells are
square-rectangular. The underside of the epidermis layer is arranged by collenchyma tissue consisting of 3-5 rows.
Interior part of the petiole is filled by large, oval-shape parenchymatous cells in lax form arranged. Parenchymatous
cells include numerous druse crystals and starch grains. Individual vascular bundles were arranged in a ring-form in the
parenchymatous tissue. The number of individual vascular bundles varies between 5-8 depending on leaf development.
The adaxial side of each vascular bundle has numerous secretory canals.
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Figure 1. Transverse section of flowering shoots leaf; c: f:uticle, cl: collenchyma, dc: druse crystal, le:
lower epidermis, ph: phloem, pp: palisade parenchyma, sc: secretory canal, scl: sclerenchyma, sp: spongy
parenchyma, th: tufted hair, ue: upper epidermis, xy: xylem

z ‘ b
Figure 2. Surface sections of flowering shoots leaf; e: epidermis cell, le: lower epidermis, st: stomata, th:
tufted hair, ue: upper epidermis
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Figure 3. Transverse section of flowering shoots petiole; c: cuticle, cl: collenchyma, dc: druse crystal, e:
epidermis, p: parenchyma, ph: phloem, sc: secretory canal, sh: stellate hair, xy: xylem, vb: vascular
bundle

3.3. Leaf anatomy of sterile shoots

Transverse section of sterile shoot leaf was observed as Figure 4. The leaf is dorsiventral. Upper and lower
epidermis were covered with a thick cuticle. The epidermal layer consists of square-rectangular cells and they are
similar in terms of their sizes on both faces. In the midrib, both the upper and lower epidermal layers are supported by
1-4 rows of collenchyma. Parenchymatous cells arranged 3-5 layers, congested between the collenchyma and the main
vein, contain druse crystals and secretory canals. Secretory canals are arranged in abaxial and adaxial face of the main
vein. The adaxial face has 3 and abaxial face 4 channels, in the mature leaf midrib. The main vein has an arc-shaped
phloem surrounding the xylem. Phloem often tends to surround the xylem. The sclerenchymatous tissue surrounding the
main vein usually enters the vein, separating the xylem from the middle part into two. The mesophyll layer contains 2-3
rows of composed of columnar cells oriented perpendicular to the leaf surface palisade parenchyma cells and 5-10 rows
of spongy parenchyma cells. The mesophyll layer contains 2-3 rows of composed of columnar cells oriented
perpendicular to the leaf surface palisade parenchyma cells and 5-10 rows of spongy parenchyma cells. The mesophyll
layer includes abundant starch and druse crystals. Stomata and stellate hairs are observed on the lower epidermis only.

Surface section of sterile shoot leaf was observed as Figure 5. Upper and lower epidermal cells are with
sinuous anticlinal walls. Stomata are located only in the lower epidermis. The guard cells are accompanied by 3-5
subsidiary cells. Stellate hairs are observed on the lower epidermis.

3.4. Petiole anatomy of sterile shoots

Transverse section of sterile shoot petiole was observed as Figure 6. In the petiole transverse section, which
appears as a disc, there is an epidermal layer consisting of square rectangular cells located in a single row under a thick
cuticle layer. The epidermal layer is covered by a lot of stellate hairs. The underside of the epidermis is composed with
3-5 rows of collenchyma. Inside of petiole consists of numerous large, oval-shape parenchymatous cells. These cells
contain druse crystals and starch grains. Each vascular bundle is embedded in the parenchymatous tissue in a ring-form.
Numerous secretory canals are observed on the adaxial side of bundles.

4. Conclusions and discussion
It is very important to correctly define herbal-based pharmaceutical raw materials, which have traditional use

and are considered as officinal drugs. In this case, besides morphological definitions, microscopic analysis is a practical
and effective method. Hedera helix L. is a medicinal herb that is included in many pharmacopoeias. The leaves used
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medicinally show different properties morphologically. Leaves are elliptic-cordate in flowering shoots, and palmately
lobed in sterile shoots. In addition to the difference in leaf shape, the flowering and sterile shoots differ in several other
phenotypic characteristics, for example habit of growth, light saturated photosynthetic rate and anthocyanin biosynthetic
competence. Previous studies show that, in H. helix, the absence of anthocyanin in adult leaves is correlated with the
lack of transcription of dihydroflavonal reductase, an enzyme in the anthocyanin biosynthetic pathway. The stable
expression of such differences in phenotypic characteristics may be differential gene expression for these characteristics
[15-19]. Therefore, it is important to show the microscopic features of that herbal drug.

The transverse section of the flowering and sterile shoots leaves indicates that, the leaf is a dorsiventral leaf.
In both leaf types, the upper and lower epidermis layers consist of square-rectangular cells and are covered by a thick
cuticle layer. The midrib of the leaves is generally covered with collenchyma cells in the ad- and abaxial direction just
below the epidermis. The main vein is embedded in the parenchymal cells and surrounded by arc-shaped
sclerenchymatous tissue. Phloem encloses the xylem by the abaxial in the shape of a crescent and often tends to cover
the xylem completely. Savulescu and Luchian (2009) [20] reported in the midrib the vascular bundle in the form of arc,
with outer xylem and inner phloem, covered by a sclerenchymatous tissue.

In the adaxial side of the main vein are located 3 and in the abaxial side 4 secretory channels. In generally,
although previous studies have indicated that there are secretory canals, information on the number and location of
these secretory canals is insufficient [20-23]. Our study provided sufficient information about the secretory canals in the
leaf.

100y
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Figure 4. Transverse section of sterile shoots leaf; c: cuticle, cl: collenchyma, dc: druse crystal, le: lower
epidermis, ph: phloem, pp: palisade parenchyma, sc: secretory canal, scl: sclerenchyma, sh: stellate hair,
sp: spongy parenchyma, ue: upper epidermis, xy: xylem
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Figure 5. Surface sections of sterile shoots leaf; e: epidermis cell, le: lower epidermis, sh: stellate hair, st:
stomata, ue: upper epidermis

In both leaf types, the midrib cross section shows a similar structure, while the mesophyll layer is different.
In flowering shoot leaf mesophyll layer consists of 4-5 rows of palisade parenchyma and 5-7 rows of spongy
parenchyma. In sterile shoot, leaf mesophyll consists of 2-3 rows of palisade parenchyma and 5-10 rows of spongy
parenchyma. However, while the cells of the palisade parenchyma are elongated longitudinally in the sterile shoot leaf,
it is almost the same as the spongy parenchyma cells in the flowering shoot leaf. In a previous study, it was noted that
the leaf is bifacial and that the 2-3 rows of palisade parenchyma and 6-8 rows of spongy parenchyma are characteristic.
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However, this study did not report the morphological shape of the leaves [23]. According to Petra et al. (2020) [22], in
the two different H. helix samples (roof garden plant and typical garden plant), roof garden plant sample has
longitudinally elongated palisade parenchyma cells in the mesophyll layer, while typical garden plant sample has oval
palisade cells resembling spongy parenchyma. However, it was not reported to which shoot leaves examined in this
study.

Large white hairs are characteristic of the Araliaceae family. These hairs can be used for taxonomic
classification. The number and angles of the hair arms are the features used in classifying these hairs [21,24]. Metcalfe
and Chalk (1965) [21] defined the hairs seen in the Araliaceae family as "shaggy, 2-armed, tufted, stellate, and peltate
types”. In our study, flowering shoot leaf carry on both upper and lower epidermal layers numerous tufted hairs. There
are cover hairs only on the lower surface of the sterile shoot leaf and it is stellate type. In addition, all leaves both the
mesophyll layer and the midrib contain abundant druse crystals. Stomata are located only in the lower epidermis and
have 3-5 subsidiary cells. According to the report of Metcalfe and Chalk (1965) [21] lower epidermis with papillae is a
diagnostic value. However, no papillae were observed in the lower epidermis in both leaf types in our study.
Furthermore, previous studies have reported that the stomata are located only on the lower epidermis surface, the leaves
include numerous druse crystals and the presence of stellate hair [20,22,23,25,26].

’ 0.4 Zp
Figure 6. Transverse section of sterile shoots petiole; c: cuticle, cl: collenchyma, dc: druse crystal, e:
epidermis, p: parenchyma, ph: phloem, sc: secretory canal, sh: stellate hair, xy: xylem, vb: vascular

bundle

Identification of petiolar bundles in taxonomic classification provides an important diagnostic character
[21,27,28]. Araliaceae family has rich leaf diversity. There are few studies on simple, lobed, and compound leaf petiole
anatomy [20,27]. In this study, difference was not observed in both leaf type petiole. In transverse section, both petioles
are disc-shaped, thick cuticle, and consist of single layer epidermis. Epidermal cells are square-rectangular with stellate
hair. Sterile shoot petiole has more hairs. There are 3-5 rows of collenchyma tissue under the epidermal layer. The
vascular bundles, in a ring form, are embedded in large parenchymatous cells. There are many secretory canals on the
adaxial side of the vascular bundles. Additionally, druse crystals and starch grains are concentrated in the transverse
sections both petioles. Previous studies report that H. helix petiolar bundles are embedded in a crescent-form or a ring-
form parenchymatous tissue [21,23,27]. It appears in the form of a crescent in the transverse sections taken from the
proximal and distal parts, while the middle part is in the form of a ring in transverse sections [27]. According to Amini
et al., (2019) [23], that the petioles of sterile shoots consist 4-5 rows collenchymatous cells and 9-12 secretory canals,
and epidermal layer carry on numerous stellate hairs.

In this study, the flowering and sterile shoots leaf and petiole anatomy of the H. helix were investigated
comparatively. Leaves are on flowering shoots elliptic-cordate, on sterile shoots are palmately lobed. Due to this
difference in phenotype, microscopic analysis of parts of a plant used as an herbal drug was considered a necessity.
According to our microscopic analysis, both leaves have a thick cuticle layer, the epidermal cells are square-rectangular
in shape. The midrib has collenchyma under the epidermis layer, the vascular bundles are in the arc form and
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surrounded by a sclerenchymatous tissue. Mesophyll and midrib contain many druse crystals and starch grains. The
stomata are located on the lower surface and have 3-5 subsidiary cells. The anticlinal walls of the epidermal cells are
sinuous. The flowering shoot leaves have tufted hairs unlike the sterile shoot leaf and contain in palisade tissue oval,
spongy-like parenchyma cells. The sterile shoot leaf differs with stellate hairs and palisade cells elongated. Both
petioles have an epidermis tissue with a single layer of square-rectangular cells under the thick cuticle layer. The bottom
of the epidermis layer is covered with collenchyma tissue. Vascular bundles are embedded in parenchymatous tissue.
Petioles have only stellate hairs. Both leaves and petioles contain multiple secretory canals in the adaxial side of
vascular bundles.
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Abstract

The aim of the experiment was to detect divergent inter-row and intra-row spacings on the vyield, yield
attributing characteristics and quality characteristics of sater (Satureja hortensis L.). The experiments were conducted in
experimental field of ESOGU, Agricultural Faculty using Randomized Complete Block design with split plot
arrangement in 2014 and 2015. The experiments were replicated 3 times. The treatments included three inter row
distances (20, 40 and 60 cm) were randomized in the main plots and three intra row distances (10, 20 and 30 cm)
randomized in the sub-plots. The influence of various inter and intra row spacings on plant height, habitus diameter,
fresh herb yield per plant, fresh leaf yield per plant, dry leaf yield per plant, dry leaf yield per hectare, volatile oil ratio,
volatile oil yield and volatile oil composition of summer savory was determined in these experiments. Increasing plant
density reduced both the yield components and yield of individual plants while increasing dry leaf and volatile oil yield
per unit area. Increasing inter row and intra row spacings resulted in significantly higher habitus diameter, fresh herb
yield per plant, fresh leaf yield per plant, dry leaf yield per plant. The highest dry leaf yield per hectare (3.4 t per hectare)
and volatile oil yield per hectare (84,8 1 per hectare) were obtained from plant density of 20 x 10 cm. The main
compounds of volatile oil samples were carvacrol and y-terpinene. These two main compounds constituted 80.92-
85.49% of the total essential oil.

Key words: volatile oil ratio and composition, planting densities, quality, summer savory, Satureja hortensis L., yield.

*

Farkh dikim sikliklarinin Sater (Satureja hortensis L.) bitkisinde verim ve Kalite iizerine etkisinin
belirlenmesi

Ozet

Bu ¢alismanin amaci, farkli sira arasi ve sira lizeri mesafelerinin sater (Satureja hortensis L.) bitkisinin verim,
verim komponentleri ve kalite 6zellikleri iizerine etkisini belirlemektir. Denemeler, 2014 ve 2015 yillarinda tesadiif
bloklarinda boliinmiis parseller deneme desenine goére ESOGU Ziraat Fakiiltesi deneme tarlasinda yiriitiilmistiir.
Denemeler 3 tekerriirlii olarak kurulmustur. Ana parsellerde 3 sira aras1 (20, 40 ve 60 cm) ve alt parsellerde 3 sira {izeri
mesafe (10, 20 ve 30 cm) yerlestirilmistir. Bu ¢alismada sater bitkisinde farkli sira arast ve sira {izeri mesafelerin bitki
boyu, habitus ¢api, bitkide taze herba verimi, bitkide taze yaprak verimi, bitkide kuru yaprak verimi, hektara kuru
yaprak verimi, ugucu yag orani, hektara ugucu yag verimi ve ugucu yag bileseni belirlenmistir. Artan bitki sikligi, birim
alana kuru yaprak ve ugucu yag verimini arttirirken, tek bitkilerin hem verim ve hem de verim komponentlerini
azaltmugtir. Artan sira arasi ve sira izeri mesafeler, dnemli dl¢lide daha yiiksek habitus ¢api, bitkide taze herba verimi,
bitkide taze yaprak verimi ve bitkide kuru yaprak verimi {iretmistir. En yiiksek kuru yaprak verimi (3.24 t ha') ve ugucu
yag verimi (84.8 1 ha'!) 20x10 cm bitki sikligindan elde edilmistir. Ugucu yag drneklerinin ana bilesenleri karvakrol ve
y-terpinendir. Bu iki ana bilesen, toplam ugucu yagin %80.92-85.49 unu olusturmustur.

Anahtar kelimeler: dikim siklhiklar, kalite, zahter, Satureja hortensis L., ugucu yag icerigi ve bilesimi, verim.
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1. Introduction

Summer savory (Satureja hortensis L., Lamiaceae) is a known spice crop in certain parts of the world. Sater is
distributed in the natural flora of Turkey, Iraq and Iran and the Caucasus, especially in Southern European countries
bordering the Mediterranean and has been started to be grown in many parts of the world in the last 20-30 years. [1].
The leaves of the plant have been used as tea, as well as added to commercial seasoning mixtures to add fragrance and
flavor to many foods [2]. In addition, summer savory has been used for many years as a traditional drug to cure
different diseases such as cramps, muscle ailments, nausea, digestive problems, diarrhea and infectious ailments [3, 4].
The volatile oil of summer savory has many bioactivities including anti-oxidant, antibacterial and anti-fungal activities.
The plant has widespread use in the food, beverage and parfumery industries all over the world [5, 6, 7, 8]. The
economic importance of summer savory cultivation varies depending on the dry leaf yield, yield and ratio of volatile oail,
as well as the contents of carvacrol and y-terpinene in the volatile oil [6].

Environmental factors, agronomic practices and genetic makeup of plant materials used in cultivation affect
growth, development, yield and quality of medicinal and aromatic plants [9, 10, 11, 12, 13]. Plant density is an
important agronomic applications in terms of making more efficient use of ecological factors such as light, soil moisture
and fertilizers. Insufficient plant density not only results in less efficient use of water, nutrients and solar radiation, but
also increases soil erosion, water evaporation and weed infestation. On the other hand, excessive plant density is to
increase the plant to plant competition and ultimately decreases the yield, yield components and quality characteristics
of cultivated crop [13, 14, 15, 16]. It is of great importance to sow/plant the crops in suitable stands in order to eliminate
the negative effects caused by insufficient or excessive plant density. The studies of [17] on fennel showed that the
increment in the plant density rised significantly the fruit yield. A study on coriander reported that the influence of plant
densities was significant on fruit yield and yield parameters[18] . Also, [19] revealed that the volatile oil yield of
summer savory in sole crop treatment was significantly higher than in intercrop and the highest volatile oil yield was the
density of 40 plants m2. [1] showed that the plant density in summer savory had significant influences on most of the
morphological characteristics, but had no significant influence on dry shoot yield.

The aim of the experiments were to detect the influence of diverse inter-row distances and intra-row distances
on the vyield, yield components and quality characteristics of Satureja hortensis L. under Eskisehir ecological
conditions. The most important property of these studies were that the influence of diverse inter-row and intra-row
spacings on the volatile oil profile was determined.

2. Materials and methods

The field studies were conducted at the field of the University of ESOGU, Faculty of Agriculture (39° 45" N,
30° 317E, altitude 732 m) in 2014 and 2015. Climatic values for experimental years were given in Table 1. While the
average temperatures of the experimental years for the vegetation period of the plant (April-July) were approximately
the same as the value of long years, the precipitation values of 2014 was lower than the value of long years and the
value of 2015 was higher than the value of long years. It was observed that the maximum temperatures of the
experimental years were higher when compared to the long years. The minimum temperatures recorded in the
experimental years were lower than the values of the long years (Table 1).

Table 1. Meteorological data of the experiment years*

Eskisehir Years April May June July Total/Mean
1960-2012 10.2 15.1 19.1 21.7 16.53
Average Temperature (°C) 2014 115 15.1 185 22.6 16.93
2015 7.9 15.5 17.1 22.1 15.65
1960-2012 16.8 21.8 25.9 28.9 23.35
The maximum temperature (°C) 2014 26.6 28.9 349 36.4 31.70
2015 26.3 30.8 28.2 37.2 30.63
1960-2012 3.7 7.8 11.2 13.8 9.13
The minimum temperature(°C) 2014 -3.7 3.8 6.9 10.2 4.30
2015 -4.7 3.3 6.1 10.1 3.70
1960-2012 43.4 44.4 31.0 13.2 132.0
Monthly of precipitation (mm) 2014 15.2 27.2 70.6 75 120.5
2015 26.6 47.8 151.1 - 2255

Source: *Eskisehir Regional Meteorological Service.

Physico-chemical analyses of the soil samples taken from the trial plots were made and the data obtained are
given in Table 2. Soil samples had organic matter ratios of 2.4% and 1.7%, low P,Os (5.49 and 4.97 kg da), medium
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K20 (210.4 and 232.3 kg da?), an alkaline pH (7.8 and 7.1), a salt percentage of 0.021 and 0.040% and a CaCOj
percentage 6.61 and 5.22%, respectively (Table 2).

Table 2. Properties of of soils in trial plots*

. Plant-Available Plant-Available Organic
?érrg tcurrrs ;%Te ;I;(/)()t)al Salt Phosphorus Potassium pH  Matter
(P20s) (kg dat) (K20)(kg da™) (%)
(2014) Loamy 6.61 0.021 5.49 210.4 78 24
(2015) Loamy 5.22 0.040 4.97 232.3 71 17

*ESOGU Faculty of Agriculture Soil Analysis Laboratory

In this study, seed of summer savory population purchased from Black Sea Agricultural Research Institute
Samsun/Turkey was used as plant materials. Seeds of summer savory were sown in the nursery prepared with a mixture
of sand (1/3), soil (1/3) and manure (1/3) in nursery on 13.03.2014 and 11.03.2015. The nursery was irrigated and
control of weeds was done when necessary. When plantlets reached 5-10 cm length (about 40-45 days later) plantlets in
the nursery were transplanted to experimental fields in different plant densities. The field trials were conducted in using
Randomized Complete Block design with split plot arrangement in 2014 and 2015. The experiments were replicated 3
times. The treatments included three different inter-row distances (20, 40 and 60 cm) were randomized in the main plots
and three intra-row distances (10, 20 and 30 cm) randomized in the sub-plots. Each plot had 6 rows with 5 m. The
plants in the trial plots were irrigated with the drip irrigation method, taking into account their water needs. 100 kg N
and 40 kg P205 per hectare fertilizer was applied to the experimental plots in both two years [6, 20]. Summer savory
was cut at aproximately 50% of flowering period (11.07.2014 and 16.08.2015) by cutting 5-6 cm above the soil [ 21].
Fresh herbage values were weighted by a digital scale with accuracy of 0.01 g. Fresh leaf herbage data were also
detected by weighting leaves of summer savory plants. Fresh leaves were dried at 35 oC +2 temperature in stove for 24
hours and weighted; in this way, dry leaf yield was calculated.

Volatile oil ratios of leaf samples (100 g) were determined by water distillation method using Clevenger
device. The amount of essential oil obtained as a result of the distillation carried out for three hours was recorded as ml
per 100 g [22]. Samples of volatile oil were stored in refrigerator at 4 © C until the composition analysis.

A gas chromatography (GC) system (Agilent Technologies, 7890B) equipped with a flame ionization detector
(FID) and coupled to a mass spectrometry detector (MSD) (Agilent Technologies, 5977A) was used for detection of the
volatile oil profile. The column was HP-Innowax (Agilent 19091N-116: 60 m x 0.320 mm internal diameter and 0.25
pum film thickness). The carrier gas was Helium (99.999%) with 1.3 mL min-1 flow rate. Injection volume was set at 1
ul (20 pL EO was dissolved in 1 mL n-Hexane). The injection mode was split (40:1). The samples analyzed with the
column held initially at 70 °C after injecting with 5 min hold time. Afterward, the temperature rised to 160 °C with 3 °C
min-1 heating ramp and 5 min hold time. Eventually, the temperature reached to 250 °C with 6 °C min-1 heating ramp
and 5 min hold time. The injector, detector and ion source temperatures were 250 °C, 270 °C and 230 °C, respectively.
MS scan range was (m/z): 50-550 atomic mass units (AMU) under electron impact (El) ionization (70 eV).

The identifications of the EO compounds were determined by the comparison of retention indices, mass spectra
by the computer library database of US National Institute of Standards and Technology (NIST), Wiley libraries, other
published mass spectra data and our database. The components percentage was obtained based on GC-FID analyses. No
response factors were calculated.

All analyses were performed with the MSTAT-C program. The combined values of the parameters examined
in 2014 and 2015 were analyzed according to the Randomized Complete Block design with a split plot arrangement.
The Fisher’s least significant difference (LSD) test was used to test for significant differences [23].

3. Results

As is known, there are many agronomic applications that are effective on the yield, yield components and
quality of the herbal product in medicinal aromatic plants [11, 12, 13]. Optimization of planting density in the unit area
is one of the most important agronomic applications affecting yield and quality [24]. Optimization of planting density
per unit area promotes the growth and development of cultivated plants by minimizing competition among plants in
terms of environmental factors such as soil water, solar radiation and nutrients [25]. In addition, proper plant density is
to increase the rate at which the plants benefit from solar radiation by optimizing the area covered with plants in the field
[26]. Thus, high yield and quality is achieved in crop production.

Data of variance analysis were shown in Table 3. While different inter-row spacings caused statistically
significant variation in plant height values (p<0.05), intra-row distances did not cause no significant variation. The
highest plant height value (31.54 cm) was determined at 40 cm inter-row distance, while the lowest value (30.43 cm)
was determined at 20 cm inter-row distance. In the inter-row X intra-row interaction, the highest plant height value
(32.17 cm) was obtained from 60 x 10 cm plant density. The average plant height value obtained from the study was
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determined as 31.16 cm. This situation can be explained by the positive effect of reaching the optimal level of
unit area for plants on the growth and development.

While the different inter-row and intra-row spacings on the diameter of habitus values were statistically
significant at 1%, their interaction was statistically significant at the 5%. In the study, the average habitus diameter
value was determined as 22.32 cm. The highest habitus diameter value was obtained as 27.85 cm from 60 x 30 cm plant
density, while the lowest value (17.69 cm) was obtained from 20 x 10 cm plant density (Table 3). The fact that the
highest habitus diameter value was obtained from the largest planting density (60 x 30 cm) can be explained by the
positive effect of the increase in the growth area per plant on plant growth and development.

The different inter-row spacings and intra-row spacings on fresh herb yield per plant were statistically
significant at 1% probability. While the mean highest fresh herb yield per plant (133.17 g plant?) was 60 cm inter-row
spacing, the mean lowest value (77.33 g plant™) was obtained from 20 cm. Likewise, the mean highest fresh herb yield
per plant (127.54 g plant™) was obtained from 30 cm intra-row distance, while the lowest value (86.30 g plant™) was
obtained from 10 cm intra-row distance. Average fresh herb yield in the study was determined as 105.99 g plant®
(Table 3).

While the different inter-row and intra-row spacings on fresh leaf yield per plant were statistically significant at
1% probability level, their interaction was statistically significant at the 5% probability level. The highest yield of fresh
leaves per plant was obtained from 60 x 30 c¢m plant density as 104.67 g plant?, while the lowest yield value was
obtained from 20 x 10 cm as 38.58 g plant™. Average fresh leaf yield in the study was determined as 65.01 g plant™
(Table 3).

The different inter-row and intra-row spacings on dry leaf yield per plant were statistically significant at 1%,
while their interaction was statistically significant at the 5%. The highest yield of dry leaves per plant was obtained
from 60 x 30 cm plant density as 21.97 g plant™, while the lowest yield value was obtained from 20 x 10 cm as 8.11 g
plant?. Average dry leaf yield in the study was determined as 13.46 g plant™ (Table 3). The variation in dry leaf yield
per plant can be explained by the increase of unit area per plant. Increasing the unit area per plant encouraged the
growth and development of the plants, while the decrease in the unit area per plant prevented the growth and
development by encouraging the competition between the crops.

As demonstrated in Tables 3, the different inter-row and intra-row distances and their interaction significantly
influenced the dry leaf yield per hectare. The highest dry leaf yield per hectare was calculated as 3.24 t ha? at 20 x 10
cm planting density, while the lowest value was 0.94 t ha! from 60 x 30 cm planting density. This situation showed that
the highest yield of dry leaves per hectare was calculated from the narrowest inter-row and intra-row distance. This
indicated that the influence of increasing the number of plants per hectare on total yield is more important than the
increase in single crop yield.

Table 3. The influence of different inter-row and intra-row spacings on yield and yield components of summer savory

Plant Height (cm) Diameter of Habitus (cm)
Inter-Row Intra-row Intra-row
10 cm 20 cm 30 cm Mean 10 cm 20 cm 30 cm Mean
20 cm 30.07 30.42 30.80 30.43B 17.69 f 19.66 e 21.00d 19.45B
40 cm 31.67 31.57 3140 3154A 20.52d 20.08d 22.65¢ 21.08 B
60 cm 32.17 30.70 31.62 3149A 25,55 b 25.89 b 27.85a 26.43 A
Mean 31.30 30.89 31.27 31.16 21.26 C 21.88 B 23.83 A 22.32
C.V.(%): 2.95 C.V.(%): 14.74
L.S.D. (%0): Inter-row: 0.77. L.S.D. (%): Inter-row: 0.46; Intra-row: 0.85;
Inter-row x Intra-row: 1.06.
Fvalues: Inter-row: 10.47*; Intra-row: 0.77ns; | Fvales: Inter-row: 2635.37**; Intra-row: 46.34**;
Inter-row X Intra-row: 1.37ns. Inter-row x Intra-row: 3.27*.
Fresh Herb Yield (g per plant) Fresh Leaf Yield (g per plant)
Inter-Row Intra-row Intra-row
10 cm 20 cm 30 cm Mean 10 cm 20 cm 30cm Mean
20 cm 60.63 76.45 94.91 77.33C 38.58 ¢ 51.33d 61.19 ¢ 50.37 B
40 cm 86.68 107.12 128.63 107.48B 50.03 d 65.50 ¢ 73.18b 62.91B
60 cm 111.60 128.85 159.07 133.17 A 59.83 ¢ 80.72b 104.67 a 81.74 A
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Table 3. Continues

Mean 86.30 C 104.14 B 127.54 A 105.99 49.48 C 65.85 B 79.68 A 65.01
C.V.(%): 27.68 C.V.(%): 29.95
L.S.D.(%0): Inter-row: 13.14; Intra-row: 7.17. L.S.D. (%0): Inter-row: 15.86; Intrarow: 8.97;
Inter-row x Intra-row: 11.08.
Fvaiues: Inter-row: 191.85**; Inter-row: 155.38**; | Fvaies: Inter-row: 42.00**; Intra-row: 53.03**;
Inter-row x Intra-row: 1.75ns. Inter-row x Intra-row: 3.30%*.
Dry Leaf Yield (g per plant) Dry Leaf Yield per Hectare (t per hectare)
Inter-Row Intra-row Intra-row
10 cm 20 cm 30 cm Mean 10 cm 20 cm 30cm Mean
20 cm 8.11c 10.79b 12.35b 10.22C 3.24 A 2.26 B 1.65D 217 A
40 cm 10.44 b 13.75b 15.16 b  13.68B 1.92C 152D 1.28D 1.61B
60 cm 12.10b 16.52 b 2197a 16.49A 134D 1.06 E 094 E 1.29C
Mean 10.42B 13.11B 16.86 A 13.46 2.38 A 157B 111C 1.69
C.V.(%): 30.13 C.V.(%): 41.06
L.S.D. (%0): Inter-row: 3.07; Intra-row: 1.79; L.S.D. (%0): Inter-row: 0.26; Intra-row: 0.19;
Inter-row x Intra-row: 2.21. Inter-row x Intra-row: 0.33.
Fvales: Inter-row: 47.03**; Intra-row: 57.68**; Fvalues: Inter-row: 268.67**; Intra-row: 104.33**;
Inter-row X Intra-row: 5.11%*. Inter-row x Intra-row: 17.65**,
Volatile Oil Ratio (%0) Volatile Oil Yield (I per hectare)
Inter-Row Intra-row Intra-row
10 cm 20 cm 30 cm Mean 10cm 20 cm 30cm Mean
20 cm 2.59 2.47 2.80 291 84.8a 56.3 b 46.2 b 61.4 A
40cm 2.98 2.92 2.93 2.92 57.1b 443 c 37.7¢c 455B
60 cm 3.15 3.38 3.26 3.00 42.2 ¢ 35.8d 30.5d 38.1B
Mean 2.62B 2.94 AB 3.26 A 2.94 62.4 A 46.4B 36.2B 48.3
C.V. (%): 10.97 C.V.(%): 33.85
L.S.D. (%0): Inter-row: 0.37. L.S.D. (%0): Inter-row: 1.06; Intra-row: 0.91;
Inter-row x Intra-row: 1.12.
Fvales: Inter-row: 32.11ns; Intra-row: 0.57**; Fvalues: Inter-row: 66.61**; Intra-row: 31.89**;
Inter-row x Intra-row: 1.48ns. Inter-row x Intra-row: 4.13*.

C.V.: Coefficient of Variance; L.S.D.: Least Significant Differences; ns: not significant; *: p<0.05 and **: p<0.01

The statistical analysis made by combining the values of the two-year showed that different inter-row spacings did
not have a significant effect on the volatile oil ratio, but different intra-row distances had a significant influence on the volatile
oil ratio (at 1% probability level). In the study conducted, the highest volatile oil ratio was taken as 3.26% from 30 cm intra-
row distance, while the lowest value was 2.62% from 10 cm intra-row spacing. The average rate of volatile oil obtained from
the study was determined to be 2.94%. Changing plant density is to cause variation in volatile oil ratio due to its effects on the
micro ecology of plants.

As it is known, volatile oil yield per hectare is to determine by the volatile oil rate and dry leaf yield per hectare.
Volatile oil yield was significantly influenced by different inter-row distance (p<0.01), intra-row distance (p<0.01) and their
interaction (p<0.05). The highest volatile oil yield per hectare was determined as 84.8 | from the planting density of 20 x 10
cm, while the lowest yield was obtained as 30.5 | from the planting density of 60 x 30 cm. The average essential oil yield per
hectare obtained from the study was determined as 48.3 I. As shown in these values, the application (20 x 10 cm) with the
highest dry leaf yield ha® produced the highest essential oil yield. The data obtained showed that there were significant
increases in dry leaf and volatile oil yield depending on the increasing number of plants per unit area. It were reported that the
content and yield of volatile oil in medicinal and aromatic crops vary depending on genotype of plant, location of cultivation,
fertilization, harvest times as well as plant density [27, 28].

The main compounds of essential oil from summer savory leaf were carvacrol (51.9-62.0%), y-terpinene (22.35-
32.60%) and p-cymene (3.86-5.69%). These three main components accounted for 88.45-90.04% of the total essential oil. The
highest carvacrol ratio (62%) was obtained from the planting density of 20 x 30 cm in 2014, while the lowest value (51.9%)
was determined from the 60 x 30 cm plant density in 2015. On the other hand, the lowest y-terpinene ratio (22.35%) was
obtained from the plant density of 20 x 30 cm in 2014, while the highest value (32.6%) was determined in the plots in which
60 x 30 cm planting density was made in 2015. Although carvacrol, an oxygenated monoterpene compound, did not react
regularly to various planting density, its response to changing climatic conditions was more regular over the years and 2014
year gave higher carvacrol values compared to 2015. In contrast to carvacrol, terpinene, a monoterpene hydrocarbon structure,
was higher in 2015 compared to 2014.
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Table 4. The influence of various plant densities and years on the volatile oil profile of summer savory

Plant Density (cm)

Ezsﬁqrg(')?"egt's' 2010 20x20 2030 4010 40x20 40x30 60x10 6020 60x30
2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015
alpha-pinene 069 113 111 122 098 145 104 128 108 126 114 115 114 101 111 180 110 118
alpha-thujene 049 156 090 157 075 191 092 176 098 175 094 162 095 150 086 1.62 104 141
beta-pinene 026 052 046 059 034 068 043 059 042 059 043 053 042 044 040 079 149 051
beta-myrcene 113 226 188 232 148 284 186 254 198 253 191 226 194 222 170 222 109 2.34
alpha-terpinene 184 362 291 365 230 463 279 407 301 406 300 369 311 359 278 333 213 350
limonene 021 034 030 034 026 044 029 037 030 038 031 033 031 032 028 057 030 036
y-terpinene 276 305 27.14 3023 2235 2542 2543 27.33 2643 27.11 26.77 30.38 27.89 29.56 24.63 27.63 2847 32.60
p-cymene 561 414 479 434 569 470 455 420 426 419 559 386 541 446 502 467 458 3.95
terpinen-4-ol 062 032 053 035 055 044 042 038 041 038 068 026 064 027 067 053 053 036
beta-caryophyllene 180 087 120 092 171 091 123 09 130 091 120 0.9 117 088 125 091 141 0.73
beta-bisabolene 101 053 083 056 112 051 093 056 099 057 077 064 068 069 08 044 085 055
carvacrol 579 539 576 533 620 555 596 553 585 556 565 540 558 547 602 538 563 519
unidentified 035 033 027 057 043 049 048 064 028 064 071 032 335 032 024 169 064 053
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4. Conclusions and discussion

Results of the experiment indicated that effects of different inter-row and intra-row spacings on plant height,
diameter of habitus, fresh herb yield per plant, fresh leaf yield per plant, dry leaf yield per plant, dry leaf yield per hectare,
volatile oil content and volatile oil yield were significant. The decreasing plant densities produced higher plant height,
diameter of habitus, fresh herb yield per plant, fresh leaf yield per plant, dry leaf yield per plant, and volatile oil content.
While the highest dry leaf yield per hectare and essential oil yield per hectare were obtained from the highest plant densities.
Our findings regarding the influence of varying plant densities on yield and yield constituents were consistent with the
findings obtained by [25, 29, 30, 31] and [32]. At the same time, the yield, yield components and quality values of the summer
savory obtained from this study were supported by the values of [20] and [33]. But our values differed with their findings of
[21] and [34]. This situation may be attributed to the difference of ecological conditions in which the studies are carried out.

The essential oil components of the aromatic plants differ depending on the origin/genotype of the plant used in the
cultivation, the climate and soil properties of the region where it is cultivated, and the cultivation practices. Depending on the
years of experiment, changing climate and soil factors had been effective on the chemical profile of the volatile oil. Similarly,
the plant density, an important agronomic practice, also affects the chemical profile of the volatile oil by changing the micro
ecological conditions present for each plant [35].

When the results obtained from the experiment were evaluated, it was observed that the most appropriate plant
density for summer savory cultivation under Eskisehir ecological condition was 20 x 10 cm. The use of 20 x 20 c¢m instead of
20 x 10 cm in the plant density resulted in a 50% decrease in the number of seedlings per unit area, while the dry leaf and
volatile oil yield per hectare decreased by 30% and 34%, respectively. Considering the cost of this situation, the plant density
of 20 x 20 cm can be suggested as an alternative.
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Abstract

The present study investigated the probiotic properties of lactic acid bacteria (LAB) isolated from traditionally
produced sauerkraut. For this reason, total of thirty-nine isolates were obtained from sauerkraut produced at homes by
traditional methods around Izmir city. Development of different pH, temperature and salt values, tolerance to bile salt,
resistance to 0.4% (v/v) phenol, development in the presence of pepsin and pancreatin, antimicrobial activity, resistance
to antibiotics, hemolytic activity and B-Galactosidase activity analyzes were applied to the isolates for determining
probiotic properties. Within the scope of the study, except for four isolates (HL7, HL13, HL22 and HL31), which were
found to be resistant to all antibiotics, all other isolates could be considered as probiotics. However, among these
isolates, the probiotic potential of GL1, GL3, GL13, HL8, HL9, HL10, HL11, HL12, HL14 , HL18, HL25, HL26,
HL28, HL29, HL33 was found higher than other isolates when investigated in terms of growth at low pH and high NaCl
concentration, growth in the presence of bile salt, phenol, pepsin and pancreatin, broad antimicrobial spectrum, high
antimicrobial effect, sensitivity to antibiotics and B-galactosidase activity. The results showed that sauerkraut is an
important probiotic source.

Keywords: sauerkraut, pickle, probiotics, lactic acid bacteria, fermented vegetables
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Susuz lahana tursusundan izole edilen laktik asit bakterilerinin probiyotik potansiyeli

Ozet

Bu calismada, geleneksel olarak iiretilen susuz lahana tursusundan izole edilen laktik asit bakterilerinin (LAB)
probiyotik ozellikleri incelenmistir. Bu amagla, izmir ili gevresinde geleneksel yontemlerle iiretilen susuz lahana
tursusu drneklerinden toplam 39 adet LAB izole edilmistir. izolatlara probiyotik dzelliklerinin belirlenmesi amaciyla
farkli pH, sicaklik ve tuz degerlerinde gelisim, safra tuzuna tolerans, %0.4 (v/v) fenole dayaniklilik, pepsin ve
pankreatin varhginda gelisim, antimikrobiyal aktivite, antibiyotiklere karsi direng, hemolitik aktivite ve B-Galaktosidaz
aktivitesi analizleri uygulanmistir. Calisma kapsaminda, tiim antibiyotiklere kars1 direng gdsterdigi tespit edilen 4 adet
izolat disinda (HL7, HL13, HL22 ve HL31), diger tiim izolatlarin probiyotik olarak degerlendirilebilecegi, ancak bu
izolatlar igerisinden GL1, GL3, GL13, HL8, HL9, HL10, HL11, HL12, HL14, HL18, HL25, HL26, HL28, HL.29, HL.33
kodlu izolatlarin probiyotik potansiyellerinin, diger izolatlardan diigiik pH ve yiiksek NaCl konsantrasyonunda geligim,
safra tuzu, fenol, pepsin ve pankreatin varliginda gelisim, genig antimikrobiyal spektrum, yiiksek antimikrobiyal etki,
antibiyotiklere kars1 duyarlilik ve B- galaktosidaz aktivitesi agisindan degerlendirildiginde daha yiiksek oldugu tespit
edilmistir. Elde edilen sonuglar, susuz lahana tursusunun 6nemli bir probiyotik kaynagi oldugunu géstermistir.

Anahtar kelimeler: sauerkraut, tursu, probiyotik, laktik asit bakterisi, fermente sebze
1. Giris

Probiyotikler “yeterli miktarda alindigi zaman kisinin sagligi iizerinde olumlu etki gdsteren canli
mikroorganizmalar” olarak tanimlanmaktadir [1]. Cogunlukla laktik asit bakterilerinden (LAB) olusan bu grupta diger
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bazi bakteri ve mayalar da bulunabilmektedir. Probiyotiklere atfedilen birgok saglik etkisi bulunmakta olup bunlarin
¢ogu dogrudan veya dolayli olarak bagisiklik sisteminin aracilik ettigi gastrointestinal sistem ile iligkilidir.
Probiyotiklerin antikarsinojenik, antioksidatif, antienflamatuar, antimikrobiyal, antiobezite ve antidiyabetik etkilerinin
yant swra konagin metabolizma, solunum sistemi ve beyin fonksiyonlar: iizerine de olumlu etkiler gosterdigi
bildirilmektedir [2, 3].

Probiyotik olarak kullanilacak bir mikroorganizmanin tasimasi gereken bazi 6zellikler bulunmaktadir. Ornegin
hiicrelerin bagirsaga kadar canli olarak ulagabilmeleri igin sindirim sisteminde bulunan stres faktorlerine karsi direng
gostermesi sarttir. Bu nedenle hiicrenin lizozim, pepsin ve pankreatin basta olmak iizere, enzimlere dayanikli olmasi ve
midenin gastrik ortamindan (pH 1.5-3.0) biiyiik 6lgiide etkilenmemesi gerekmektedir. Probiyotik mikroorganizmalarin
en onemli se¢im kriterlerinden biri olan enzimlere kars1 dayaniklilik 6zelligi sayesinde hiicreler mide asitliginde canl
kalarak bagirsaga kadar ulasabilmektedir [4]. Bununla birlikte probiyotiklerin en dnemli dzelliklerden bir digeri de
giivenlik kriterlerini karsilayabilmeleridir. Bu kapsamda probiyotik olarak kullanilacak mikroorganizmalarm antibiyotik
direng¢ geni bulundurmamalar1 ve hemolitik aktivite gdstermemeleri gerekmektedir [5].

Tursu, tiim Diinya’da gesitli formiilasyonlarla iiretilen ve tiikketimi ¢ok yaygin fermente bir iiriindiir. Tursunun
dogal florasmi agirhikli olarak LAB’leri olusturmaktadir. Ulkemizde geleneksel yontemlerle farkli hammaddelerden
iiretilen tursularin dogal florasinda yer alan probiyotik &zellikteki mikroorganizmalarin izolasyon ve tanimlanmasina
yonelik bazi ¢alismalar bulunmaktadir [6-10]. Farkli tursu ¢esitleri icerisinde iiretim agisindan farklilik gdsteren susuz
lahana tursusunun (Alman tipi lahana tursusu, saurkraut) olduk¢a faydali oldugu, fermentasyonda rol alan LAB’nin,
irettikleri biyoaktif peptit ve poliaminler sayesinde bagisiklik sistemi, kardiyovaskiiler sistem ve metabolizma sagligi
iizerine olumlu etkiler gosterdigi, fenolik bilesikleri biyolojik olarak aktif metabolitlere doniistiirebildigi, toksin ve
antibesinleri azalttigi, bununla birlikte fermantasyon ortaminda kanser hastalarmmda DNA hasarin1 ve hiicre mutasyon
oranint azaltti1 bilinen glukozinolatlarin, askorbigen ve askorbik asit gibi bilesiklerin yiiksek oranda bulundugu
bildirilmektedir [11-13]. Yapilan baz1 ¢aligmalar, susuz lahana tursusunun probiyotikler agisindan zengin bir kaynak
oldugunu belirtmektedir [14-16]. Ancak bu ¢aligmalarda saurkraut kaynakli izolatlara uygulanan testlerin, probiyotik
ozelliklerin belirlenmesi anlaminda yetersiz kaldig1 goriilmektedir.

Bu calismada; susuz lahana tursusundan izole edilen LAB’nin probiyotik 6zelliklerinin belirlenmesi
amaclanmistir. Bu kapsamda 6rneklerden izole edilen LAB izolatlarimin probiyotik 6zellikleri farkli testlerle (farkli pH
degerlerinde gelisme, farkli sicakliklarda gelisme, farkli tuz konsantrasyonlarinda gelisme, safra tuzlarma tolerans,
fenole dayaniklilik, pepsin ve pankreatin varliginda gelisme, antimikrobiyal aktivite, antibiyotiklere karsi direnc,
hemolitik aktivite, enzim aktivitesinin belirlenmesi) belirlenmistir.

2. Materyal ve yontem

Geleneksel yontemlerle Izmir ili gevresinde evlerde iiretilen ve fermantasyon asamasimi tamamlayan susuz
lahana tursusu 6rnekleri laboratuvara getirildikten sonra en hizli sekilde analize alinmistir.

2.1. Laktik asit bakterilerinin izolasyonu

LAB sayim1 amaciyla, 25 g 6rnek 225 mL %0.1’lik peptonlu suya (PW, pH 6.3+0.2, Oxoid Ltd. Basignstoke,
Hampshire, England, L37) aktarilmis ve stomacher’da (Stomacher Lab-Blender 400, Seward Medical, London, UK)
homojenize edildikten sonra desimal diliisyonlar hazirlanmigtir. Uygun diliisyonlardan Man-Rogosa and Sharp Agar’a
(MRS, pH 6.2+0.2, Oxo0id-CM361) dokme plak yontemine gore ¢ift tabaka paralel ekimler yapilmis, petriler 30°C’de 3-
5 giin inkiibe edilmistir [17]. Petrilerde gelisen koloniler, saflik kontrolii amacryla 6nce MRS Broth tiiplerine (30°C’de
48 saat), ardindan yatik MRS Agar besiyerine ekim yapilarak 30°C’de 48 saat inkiibasyona birakilmistir. Gram boyama
talimatlar1 dogrultusunda hazirlanan ve boyanan preparatlar mikroskop altinda incelenmistir [18]. Gram pozitif ve
katalaz negatif 6zellik gosteren izolatlar potansiyel LAB olarak kabul edilmis ve bu izolatlar %30 gliserol, %70 besiyeri
iceren eppendorf tiiplerine 1/1 oraninda ilave edilerek -18°C’de muhafaza edilmistir.

2.2. Laktik asit bakterisi izolatlarinin probiyotik ézelliklerinin belirlenmesi

2.2.1. Farkh pH degerlerinde gelisimin belirlenmesi
Taze kiiltiirlerden pH degeri 2, 3 ve 4’¢ ayarlanan MRS Broth besiyerlerine 6ze ile ekim yapilmis ve tiipler
30°C’de 7 giin inkiibe edilmistir. Tiiplerde bulaniklik olusumu pozitif olarak degerlendirilmistir [19, 20].

2.2.2. Farkli sicakliklarda geligimin belirlenmesi
[zolatlar MRS Broth besiyerlerine éze ile inokiile edilmis ve ekim yapilan tiipler 10, 25 ve 45°C olmak iizere
¢ farkli sicaklikta inkiibe edilmistir. Gelisme varlig1 bulaniklik olusumu ile degerlendirilmistir [21].
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2.2.3. Farkl tuz konsantrasyonlarinda gelisimin belirlenmesi
Gelistirilen taze kiiltlirlerden %1.5 ve %10 NaCl igeren MRS besiyerine ekim yapilmig ve tiiplerdeki
bulaniklik pozitif olarak degerlendirilmistir [22].

2.2.4. Safra tuzlarina toleransin belirlenmesi

Taze kiiltiirler, %0.3 ve %1’lik konsantrasyonda iki ayr1 safra tuzu (Oxgall) igeren MRS siv1 besiyerlerine
inokiile edilmis ve ekim yapilan tiipler 30°C’de 4 saat inkiibe edilmistir. Inkiibasyonun basinda ve 4 saatlik inkiibasyon
sonunda safra tuzu igeren besiyerlerinin uygun diliisyonlarindan yayma plak yontemine gore ekim yapilmis ve petriler
30°C’de 48 saat inkiibe edildikten sonra canli hiicre sayis1 belirlenmistir.
Canli hiicre sayisi= Ni/Nx x100 formiilityle hesaplanmigtir.
(Ni=log kob/mL 4 saatlik inkiibasyon sonrasi, Ny = log kob/mL baslangi¢) [23].

2.2.5. %0.4 (v/v) fenol’e dayanikiilik

Gelistirilmis taze kiiltiirler, %0.4 fenol igeren MRS sivi besiyerine inokiile edildikten hemen sonra ve 24
saat’lik inkiibasyon sonrasinda, MRS Agar petrilerine yayma plak yontemine gore ekilmis ve petriler 30°C'de 48 saat
inkiibasyona birakildiktan sonra canli hiicre sayimlar1 yapilmistir [9].

2.2.6. Pepsin ve pankreatin varliginda gelisimin belirlenmesi

Pepsin varhiginda gelisimin belirlenmesi amaciyla gelistirilmis taze kiiltiirler, igerisinde %1 oraninda FTS
(%0.85 NaCl, 3 mg/mL pepsin, pH 2.5) ¢6zeltisi bulunan ortama inokiile edilmis ve tiipler 30°C’de 4 saat inkiibe
edilmistir. Inkiibasyon oncesi ve sonrasi yayma plak yontemine gore petrilere ekim yapilmis ve 30°C'de 48 saat
inkiibasyon sonrasi yapilan sayimlarla kiiltiirlerin canlilik diizeyleri belirlenmistir [8, 23].

[zolatlarm pankreatin varhiginda canliliklarmni belirlemek {izere %1 oraninda FTS (%0.85 NaCl, %0.3 safra
tuzu, 1 mg/mL pankreatin, pH 8) ¢ozeltisi igeren ortama taze kiiltiir inokulasyonu yapilmis ve tiipler 30°C’de 6 saat
inkiibe edilmistir. inkiibasyon dncesi ve sonrasi yayma plak ydntemine gore petrilere ekim yapilmis ve 30°C'de 48 saat
inkiibasyon sonrasi yapilan sayimlarla kiiltiirlerin canlilik diizeyleri belirlenmistir [8, 23].

2.2.7. Antimikrobiyal aktivite

Izolatlarin antimikrobiyal aktivitesinin belirlenmesi amaciyla disk difiizyon yonteminden yararlanilmigtir [24].
Caligmada test kiiltiirii olarak Listeria monocytogenes ATCC 13932, Staphylococcus aureus 6538P, Escherichia coli
ATCC 43888, Escherichia coli 0157:H7 ATCC 43895, Salmonella Typhimurium ATCC 13311 ve Bacillus cereus No
8 kullanilmistir. Gliserol stok olarak muhafaza edilen test kiiltiirlerinin aktivasyonu amacryla kiiltiirler 6ncelikle Tryptic
Soy Broth (TSB, pH 7.3+0.2, Oxoid) besiyerine transfer edilmis ve 37°C’de 24 saat inkiibe edilmistir. Bu iglem iki kez
tekrarlandiktan sonra elde edilen taze kiiltiirler Plate Count Agar (PCA, pH 7.0+£0.2, Oxoid) besiyerine yayilmistir.
Diskler taze LAB izolatlar1 ile muamele edilerek test kiiltiirlerinin yayildigi1 petriye yerlestirilmigtir. 30°C'de 48 saat
inkiibe edilen petrilerde zon olusumu kayit altina alinmistir.

2.2.8. Antibiyotiklere karsi direncin belirlenmesi

Izolatlarin antibiyotiklere kars1 direncini belirlemek iizere disk difiizyon yontemi kullanilmustir. Izolatlarin
kloramfenikol (KL, 30pg, Oxoid), ampisilin (A, 10pg, Oxoid), eritromisin (E, 15pg, Oxoid), gentamisin (G, 10ug,
Oxoid) ve kanamisin (K, 30pg, Oxoid) antibiyotiklerine karsi direnci test edilmistir. Gelistirilen taze kiiltiirler MRS
Agar besiyerlerine yayilmis ve ardindan antibiyotik diskleri besiyeri lizerine yerlestirilmistir. 30°C’de 48 saat
inkiibasyon sonrasi petrilerde olusan zonlarin ¢aplar1 dlgiilmiistiir [25]. Sonuglar NCCLS (the National Committee for
Clinical Laboratory Standards) M2-A9 kriterlerine gére degerlendirilmistir.

2.2.9. Hemolitik aktivite

Bakteri izolatlarinin hemolitik aktivitesini belirlemek tizere kiiltiirler MRS Broth tiiplerinde gelistirilmis ve
Columbia agar+5% sheep blood (Biomerieux) besiyerine ¢izme plak yontemine gore ekim yapilmis, ardindan petriler
30°C’de 48 saat inkiibasyona birakilmistir. Inkiibasyon sonunda koloni etrafinda herhangi bir zon olusturmayanlar non-
hemolitik (Gama hemolitik) olarak degerlendirilirken, seffaf zon ve yesilimsi blge olusturanlar sirasiyla Beta ve Alfa
hemolitik olarak degerlendirilmistir [10].

2.2.10. p-Galaktosidaz aktivitesi

Laktozlu MRS Broth besiyerinde gelistirilen kiiltiirden bir 6ze dolusu alinmig ve 0.25 mL fizyolojik suda
stispanse edilmigtir. Siispansiyonun iizerine 0.25 mL o-nitrofenil-d-galaktopronosid (ONPG) peptonlu besiyeri ilave
edilerek optimum sicaklikta (30°C’de) 3-4 saat inkiibasyona birakilmistir. Siire sonunda tiiplerde sar1 rengin meydana
gelmesi pozitif, renk degisikliginin olmamasi ise negatif olarak degerlendirilmistir [21].
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3. Bulgular
3.1. Laktik asit bakterilerinin izolasyonu

MRS Agar’da yapilan ekim sonucunda petride gelisen koloni sayismin (8.25x10°+0.43 kob/g ve
8.14x10%+0.35 kob/g) karakokii kadar koloni tammlama amaciyla segilmistir. Secilen koloniler ilk asamada saflik
kontroliiniin yapilmast amactyla tek koloni diisiirme teknigi kullanilarak ¢izme plak yontemine gore MRS agar {izerine
¢izilmistir. Burada tek diisen kolonilere Gram boyama ve katalaz testi uygulanmis, Gram pozitif ve katalaz negatif olan
izolatlar potansiyel LAB izolat1 olarak stoga alinmistir. G ve H kodlu 6rneklerden sirasiyla 9 ve 30 izolat olmak {izere
alman toplam 39 izolat, potansiyel LAB’si olarak degerlendirilmistir.

3.2. Izolatlarin probiyotik ozelliklerinin belirlenmesi

Calisma kapsaminda elde edilen toplam 39 izolatin probiyotik &zelliklerinin belirlenmesi amaciyla izolatlara
farkli pH, sicaklik ve tuz degerlerinde gelisim, safra tuzuna tolerans, antimikrobiyal aktivite, %0.4 (v/v) fenol’e
dayaniklilik, pepsin ve pankreatin varliginda gelisim, antibiyotiklere kars1 direng, hemolitik aktivite ve B-Galaktosidaz
aktivitesi testleri uygulanmistir.

3.2.1. Farkli pH degerlerinde gelisim

Ortamin pH degeri mikroorganizma gelisimini onemli derecede etkileyen faktorlerdendir. Probiyotikler,
ozellikle mide asitligi gibi diisiik pH degerlerinde canliligimni siirdiirebilen mikroorganizmalardir. Bu nedenle ¢aligma
kapsaminda izolatlarin farkli pH degerlerinde gelisimi test edilmistir. Izolatlar pH degeri 2, 3 ve 4 olarak ayarlanan
MRS sivi besiyerlerine ekilmis ve inokiilasyon sonunda tiiplerde bulaniklik olusumu pozitif olarak degerlendirilmistir
(Tablo 1). 96 saatlik inkiibasyon sonunda toplam 39 izolattan 10 adedi pH 3 degerinde, 30 adedi pH 4 degerinde gelisim
gostermistir. Benzer sekilde G-Allegria ve arkadaglar1 [20] tarafindan yiiriitillen ¢alismada, tursudan izole edilen L.
plantarum’un pH 3.2, 3.3 ve 3.6’de gelisme gosterdigi, Boricha ve arkadaglar1 [26] tarafindan yapilan ¢aligmada ise
tursudan izole edilen Lactobacillus suslarinin pH 3 degerinde 6.2-7.7 log kob/mL seviyesinde gelisim gosterdigi
belirlenmistir. Yapilan diger bir ¢alismada, Hindistan’in gelencksel tursusundan 15 adet LAB izole edilmis ve
izolatlarin pH 3.5, 6.5 ve 8.5 degerlerinde gelisimi test edilmistir. Caligma sonucunda tiim izolatlarin pH 6.5 ve 8.5
degerlerinde gelisim gosterdigi, bununla birlikte sadece 7 izolatn pH 3.5°de gelisebildigi belirlenmistir [10].

3.2.2. Farkh sicakliklarda gelisim

LAB’lerinin farkli sicakliklarda gelisebilme ozellikleri, fermantasyon ve depolama kosullarinda canliliklarini
etkileyen bir faktor olarak degerlendirilmektedir. 10, 25 ve 45°C olmak iizere ii¢ farkli sicaklikta gelisim G6zellikleri
incelenen izolatlardan sadece 4 adedi 10°C’de gelisim gosterirken, ¢ogunlugu 25°C’de canliligini siirdiirmiis, bununla
birlikte hi¢bir izolat 45°C’de gelisim gostermemistir (Tablo 1). Simsek [27] tarafindan yapilan ¢aligmada, tursudan izole
edilen 3 adet L. plantarum izolatmin da 15°C’de gelisebildigi, sadece 1 adedinin ise 45°C’de gelisim gosterebildigi
belirlenmistir. Yapilan diger bir ¢alismada, Hindistan’a 6zgii geleneksel tursudan izole edilen 15 adet LAB 15°C, 30°C
ve 45°C’de canlilig1 test edilmis, tiim izolatlarin 15°C ve 30°C’de gelisim gosterdigi, ancak sadece 7 izolatin 45°C’de
canliligm stirdiirdiigi tespit edilmistir [10].

3.2.3. Farkli tuz konsantrasyonlarinda geligim

Tuz toleransi, LAB tarafindan fermantasyonunun hizla baglamasmma ve bdylece asit iiretimine olanak
saglamakta, ayrica tuza tolerans gostermeyen rekabetci flora iizerinde de baskilayic etki gdstermektedir. Leuconostoc
cinsi, yliksek tuz konsantrasyonunu iyi tolere edebildiginden ¢cogunlukla laktik asit fermantasyonunun baslaticist olarak
kabul edilmektedir [8].

Calisma kapsaminda elde edilen izolatlarin farkli tuz konsantrasyonlarinda gelisimi %1.5 ve %10 NaCl igeren
besiyerlerinde incelenmistir. Analiz sonuglari, 96 saatlik inkiibasyon sonucunda tiim izolatlarmm %1.5 NaCl igeren
besiyerinde canliligmi siirdiirdigiini, %10 NaCl igeren besiyerinde ise 16 adet izolatin canliligini siirdiirebildigini
ortaya koymustur (Tablo 1). Ozellikle tursu tipi fermente iiriinlerin eldesinde yiiksek oranda tuz kullaniliyor olmasi, bu
tip fermantasyonlarda rol alacak kiiltiirlerin tuza dayanimimi gerektirmektedir. Bu agidan degerlendirildiginde, incelen
izolatlarm %39’unun %10NaCl’e tolerans gostermesi 6nemli bir avantaj olarak degerlendirilmistir. Monika ve
arkadaglar1 [10] tarafindan yapilan bir ¢alismada ise tursudan izole edilen 15 adet LAB’nin %1.5, %2.5, %S5, %6.5,
%8.5 ve %10 NaCl varliginda gelisimi test edilmistir. Elde edilen sonuglar, tiim izolatlarin gesitli derecelerde %1.5 ve
%?2.5 NaCl igeren besiyerlerinde gelisim gosterdigini, %5 NaCl iceren besiyerinde 10 izolatin, %6.5 NaCl igeren
besiyerinde 9 izolatin ve %8.5 NaCl iceren besiyerinde 3 izolatin gelisim gosterdigini, ancak %10 NaCl igeren
besiyerinde hi¢bir izolatin gelisemedigini ortaya koymustur.
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Tablo 1. izolatlarmn farkli ortam kosullarinda gelisimi

izolat pH Sicakhk (°C) Tuz (%)
kodu 48 saat 96 saat 48 saat 96 saat 48 saat 96 saat
2 3 4 2 3 4 10 25 45 10 25 45 1.5 10 1.5 10
GL1 - + + - + + -+ - -+ - + - + +
GL3 - - + - - + - + - - + - + - + -
GL4 - - - - - - - - - - + - - - + -
GL6 - - + - - + - + - - + - + - + -
GL7 - - + - - + - + - - + - + - + -
GL9 - - - - - - - - - - - - - - + -
GL11 - - + - - + - + - - + - + - + -
GL12 - - + - - + - + - -+ - + - + -
GL13 - - + - - + - + - - + - + - + -
HL1 - - + - - + - + - - + - + - + -
HL2 - - + - + + - + - - + - + - + +
HL3 - - + - - + - + - - + - + - + -
HL4 - - - - - - - + - - + - - - + -
HL6 - - - - - - - + - - + - - - + -
HL7 - + + - + + - + - - + - + + + +
HL8 - - - - - - - - - - - - - - + -
HL9 - - - - - - - - - - - - - - + -
HL10 - - + - + + - - - - - - + o+ + o+
HL11 - - + - + + - - - - - - + + + +
HL12 - + + - + + - - - - - - + + + +
HL13 - + + - + + - - - - - - + + + +
HL14 - - + - + + - - - - - - + + + +
HL15 - - - - - - - - - - - - - - + -
HL16 - - + - + + - - - - + - + + + +
HL17 - - + - - + - - - - - - + - + -
HL18 - - + - - + - - - - - - + - + -
HL21 - - + - - + - + - - + - + - + -
HL22 - - - - - - - - - - - - - - + -
HL23 - - + - - + - + - - + - + - + +
HL24 - - + - - + - + - - + - + - + -
HL25 - - + - - + - + - - + - + - + +
HL26 - - + - - + - + - - + - + - + +
HL27 - - - - - - - - - - - - - - + -
HL28 - - + - - + - + - -+ - + - + +
HL29 - - + - + + - + - - + - + - + +
HL30 - - + - - + - + - - + - + - + -
HL31 - - + - - + - + - - + - + - + +
HL32 - - + - - + - + - - + - + - + +
HL33 - - + - - + - + - -+ - + - + -

3.2.4. Safra tuzlarma tolerans

Safra asidi, safra kesesinde oniki parmak bagirsagindan konjuge formda salgilanan canlidaki kolesterolden
iretilmektedir. LAB, safra asitleri toksisitesine karsi koruma saglayan gesitli derecelerde safra tuzu hidroliz (BSH)
aktivitesine sahiptirler. Konjuge formdaki safra asitleri hiicreye girmekte, protonlanmakta ve dekonjuge forma
doniismektedir. Bu islem, BSH pozitif aktiviteye sahip organizmalarda daha aktif olarak gergeklesmektedir [26].

Bu calisma kapsaminda elde edilen izolatlarn safra tuzlarina toleransmin belirlenmesinde %0.3 ve %]l
oranlarinda safra tuzu varligi esas alinmistir. Analiz sonuglari, mevcut izolatlarin tamaminin her iki konsantrasyona da
tolerans gosterdigini, bununla birlikte %0.3 safra tuzu igeren besiyerinde gelisimin daha hizli oldugunu ortaya
koymustur (Tablo 2). Ragul ve arkadaslar1 [28] yaptig1 ¢alismada, salamura tursudan izole ettikleri LAB’nin %0.5 ve
%]1’lik safra tuzu varhigindaki gelisimini izlemislerdir. Tim izolatlarin canli kalma oram % 0.5 safra tuzunda daha
yiiksek olmustur. %1 safra tuzu igeren besiyerinde, %0.5 safra tuzu igeren besiyerine kiyasla yaklasik 1 log kob/mL
daha az canlilik saptanmistir. Rao ve arkadaslarinin [29] Cinde yaptig1 calismada ise geleneksel olarak iiretilen tursuda
iki farkli LAB izole edilmis ve izolatlarm %0.1, % 0.3 ve %_0.5 safra tuzu varliginda gelisimleri incelenmistir.
Gastrointestinal kosullar olarak bilinen %0.1 ve %0.3 safra tuzu varliginda izolatlarin canhiligmi stirdiirdiigii, ancak, L.
plantarum AT4’in %0.5 safra tuzunda canliligini strdirtirken L. plantarum AT282’in %0.5 safra tuzu varliginda
geligimini siirdiirse de sayisinin azaldigi tespit edilmistir.
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izolat Safra Tuzu (%) Fenol (%) Pepsin (%) Pankreatin (%)
kodu 0.3% 1.0% 0.4%

GL1 >100 >100 - 99 -
GL3 >100 93 - >100 >100
GL4 - - - >100 -
GL6 >100 88 - 95 79
GL7 >100 95 - >100 -
GL9 - - - >100 -
GL11 >100 99 - - -
GL12 >100 >100 89 - -
GL13 >100 99 92 - -
HL1 >100 - - - >100
HL2 >100 >100 - 84 -
HL3 >100 94 - 94 -
HL4 - - 81 93 98
HL6 - - - - -
HL7 >100 >100 75 95 97
HLS8 - - 83 >100 -
HL9 >100 >100 88 89 96
HL10 >100 >100 - >100 -
HL11 >100 >100 98 >100 -
HL12 >100 - 91 >100 >100
HL13 >100 >100 93 98 >100
HL14 >100 >100 - 62 77
HL15 - - - >100 >100
HL16 - - - - 93
HL17 >100 >100 - >100 >100
HL18 >100 >100 83 >100 >100
HL21 >100 94 - >100 89
HL22 - - - - 99
HL23 >100 99 - - -
HL24 >100 96 - >100 96
HL25 >100 98 - - >100
HL26 >100 >100 - >100 90
HL27 - - >100 99 -
HL28 >100 99 - >100 -
HL29 - - - 80 >100
HL30 >100 >100 - 81 -
HL31 >100 98 - 89 >100
HL32 >100 99 - - 94
HL33 >100 >100 - 87 85

3.2.5. % 0.4 (V) fenol’e dayanikliltk

Fenoller, beslenme yoluyla aliman veya viicut tarafindan iiretilen proteinlerden kaynaklanan amino asitlerin,
sindirim sisteminde bazi bakteriler tarafindan deaminasyonu sonucu olusabilmektedir. Olugan bu fenolik bilesenlerin
ozellikle Lactobacillus tiirleri iizerine inhibe edici etkisi olabilecegi belirtilmektedir [30].

Calisma kapsaminda elde edilen izolatlarin fenole dayanikliliklarmi belirlemek iizere kiiltiirler, icerisinde %0.4
(v/v) oraninda fenol bulunan besiyerine inokiile edilmis, baslangigta (0. saat) ve 4 saat bekletme sonrasinda MRS Agar
besiyerine yayma plak yontemine gore ekim yapilmis ve sonuglar log kob/mL olarak verilmistir (Tablo 2). Analiz
sonuglari, toplam 11 izolatin 4. saat sonunda canliligmni siirdiirdiigiinii ortaya koymustur. Zielinska ve arkadaslar1 [9]
tarafindan yapilan ¢alismada, lahana ve salatalik tursusundan elde edilen izolatlarin fenole dayanikliliklari incelenmis,
%0.4 fenol varhiginda L. johnsonii K4, L. casei O16, L. casei 018, L. rhamnosus K3 ve L. plantarum K1 izolatlarinin,
diger izolatlara oranla daha iyi gelisim gosterdigi belirlenmistir. Boricha ve arkadagslar1 [26] tarafindan yapilan
calismada, tursu orijinli izolatlara fenol dayaniklilik testi uygulanmis, ¢alisma kapsaminda elde edilen Lactobacillus
izolatlarinin %0.6 fenol igeren besiyerinde 6.2-7.7 log kob/mL seviyesinde gelisim gosterdigi tespit edilmistir.

3.2.6. Pepsin ve pankreatin varliginda geligim

Probiyotik olarak kullanilacak bir mikroorganizmanin sindirim sisteminden gecisi sirasinda canli kalabilmesi
gerekmektedir. Pepsin ve pankreatin sindirim sisteminin 6nemli enzimleridir. Sindirim sisteminin agiz, mide, ince
bagirsak boliimlerinde probiyotik mikroorganizmalarm canliligini incelemek {izere gelistirilen in vitro sindirim
modellerinde pepsin ve pankreatin varhiginda gelisim 6nemli katki saglamaktadir.
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Tablo 3. izolatlarm antimikrobiyal aktiviteleri

Antimikrobiyal Aktivite (mm)

izolat
kodu

L. monocytogenes
S. aureus

E. coli O157:H7
S. Typhimurium
B. cereus

[y
w
'
(o]
'

GL1
GL3 -
GL4 -
GL6 -
GL7 -
GL9 -
GL11 -
GL12 -
GL13 -
HL1 -
HL2 - - -
HL3 - - -
HL4 - 8 10
HL6 - - 7
HL7 - -
HL8 - 9
HL9 - 9
HL10 - 8 10

9

8

I 0 1 0
=
o
'
'
'

oo N~N
]

]

]

1 00O~ 1 000
]
]

1~ 00 00 00

HL11 -
HL12 -
HL13 -
HL14 - - - - - -
HL15 - - - - - -
HL16 - - - - - -
HL17 - -
HL18 - 8
HL21 - 8
HL22 - -
HL23 - -
HL24 - -
HL25 - -
HL26 - -
HL27 - 9
HL28 - -
HL29 - -
HL30 - -
HL31 - -
HL32 - - - - - -
HL33 - - - - - -

100 O~
'
'
'

=
[8;]
1
1
1

1 00 1 00
'
'
'

Disk ¢ap1 6 mm.

Bu calismada farkli tursu orneklerinden elde edilen izolatlarin pepsin ve pankreatin varliginda gelisimini
belirlemek {izere, pepsin ve pankreatin igeren besiyerlerine ekim yapilmis, pepsin i¢in 4 saat, pankreatin i¢in 6 saat
bekletme sonunda sayim almak iizere MRS Agar petrilerine ekimler gergeklestirilmistir. Analiz sonuglari, 4 saat
sonunda 30 izolatin pepsin varhiginda gelisimini siirdiirdiigiinii ortaya koymustur (Tablo 2). Baslangi¢ sayis1 6.30 log
kob/mL olan HL28 izolatinin sayisi 4 saatlik pepsin varliginda 7.22 log kob/mL seviyesine ulagmis ve %14.6’lik artis
ile en fazla gelisim gdsteren izolat olmustur. Bununla birlikte pepsin varliginda gelisim gosterse de sayisinda en fazla
azalma go6zlenen izolatin HL29 (%19.8 azalma) oldugu tespit edilmistir.

Izolatlarin 23’iiniin pankreatin varliginda 6 saat sonunda canliligmni siirdiirdiigii belirlenmistir (Tablo 2). GL3
ve HL12 izolatlar1 pankreatin varliginda en fazla gelisen izolatlar olarak belirlenmistir. Tokath [8] tarafindan yapilan
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calismada, cesitli tursulardan izole edilen LAB’nin pepsin varhiginda canliliklari incelenmis, toplam 21 izolattan
17’sinin 4 saatlik inkiibasyon sonucunda sayilarmin 6 logaritmik birimin iizerinde oldugu, 4 susun ise canliliklarmi
tamamen kaybettigi belirlenmistir. Bununla birlikte sadece 12 izolatin pankreatin varhiginda gelisim gosterdigi, ancak
bu izolatlarin sayilarinda 6nemli 6l¢iide diisiis meydana geldigi tespit edilmistir.

3.2.7.  Antimikrobiyal aktivite

Farkli tursu orneklerinden elde edilen izolatlarin antimikrobiyal aktivitesini belirlemek iizere disk difiizyon
yonteminden yararlanilmistir. Toplam 39 izolatin 26's1 degisen zon ¢aplarinda antimikrobiyal aktivite gostermistir
(Tablo 3). Zon ¢aplar1 S. aureus 6538P i¢in 7 ile 9 mm, E. coli O157: H7 ATCC 43895 i¢in 7 ile 8 mm, E. coli ATCC
43888 i¢in 7 ile 15 mm, S. Typhimurium ATCC 13311 i¢in 7 ile 8 mm arasinda degisim gdstermistir. B. cereus iizerine
sadece bir izolat (GL6) antimikrobiyal etki gdstermistir. Bununla birlikte incelenen izolatlar arasinda L. monocytogenes
iizerinde antimikrobiyal aktivite gosteren bir izolata rastlanmamistir. Incelenen izolatlar igerisinde genis antimikrobiyal
spektrumuna sahip izolatlarin GL1, GL13, HL4, HL8, HL9, HL10 ve HL11 oldugu, en yiiksek antimikrobiyal etkinin
ise E. coli’ye karst GL1 (13mm) ve HL25 (15 mm) ile saglandig1 tespit edilmistir. Ayrica toplam 13 izolatin test
kiiltiirlerinden higbiri tizene antimikrobiyal etki gostermedigi belirlenmistir (Tablo 3). Cizeikiene ve arkadaslar1 [31]
tarafindan yapilan ¢alismada da benzer sekilde fermente gidalardan izole edilip antimikrobiyal 6zellikleri incelenen
LAB izolatlarinin L. monocytogenes iizerinde antimikrobiyal etki gostermedigi belirlenmistir. Sharaf ve arkadaslarinin
[32] yaptig1 ¢alismada ise anne siitii, farkli hayvanlarin siitii (esek, inek, deve) ve tursudan toplamda 71 LAB izole
edilmis, bu izolatlardan 40’min S. aureus, E. coli ve Candida albicans’a kars1 antimikrobiyal aktivite gosterdigi tespit
edilmistir.

3.2.8. Antibiyotiklere karst direng

Fermente ve probiyotik gidalarin iiretiminde kullanilan LAB’nin genellikle gilivenli mikroorganizmalar
olduklar1 diisiiniilse de antibiyotik direng geni bulundurmalar1 durumunda, bu genleri patojenlere veya florada bulunan
diger bakterilere aktarma ihtimalleri dnemli bir tehdittir.

Caligmada elde edilen izolatlarmn ampisilin (A), eritromisin (E), kanamisin (K), kloramfenikol (KL) ve
gentamisin (G) antibiyotiklerine kars1 direnci disk difiizyon yontemi ile belirlenmistir (Tablo 4). Mevcut izolatlarin
%17.9’unun eritromisine, %17.9’unun kloramfenikole, %48.7’sinin ampisiline, %84.6’simm gentamisine ve tamaminin
kanamisine kars1 diren¢ gosterdigi tespit edilmistir. 4 adet izolatin (HL7, HL13, HL22 ve HL31) test edilen tim
antibiyotiklere karsi direng gosterdigi ve bu nedenle probiyotik olarak degerlendirilemeyecegi belirlenmistir. Bunun
disinda incelen izolatlardan 2’sinin (GL13 ve HL29) ampisilin, eritromisin, kloramfenikol ve gentamisine karsi,
16’smnin ise ampisilin, eritromisin ve kloramfenikole kars1 duyarlilik gosterdigi saptanmistir (Tablo 4).

Farkli probiyotik {iriinlerden elde edilen izolatlarin antibiyotik direnglerinin incelendigi bir ¢alismada [33]
benzer sekilde izolatlarda yiiksek kanamisin direnci saptanmustir. Touret ve arkadaslari [16] tarafindan yapilan
calismada da benzer sekilde sauerkraut orijinli Lactobacillus tiirlerinin aminoglikosit grubunda yer alan gentamisin,
kanamisin ve streptomisine kars1 direng gosterdigi, bununla birlikte Lactobacillus tiirlerinin aminoglikositlere kars
dogal direngli oldugu ve aminoglikosit direncinin transmisyonunun ihmal edilebilir oldugu bildirilmektedir. Bu
durumda ¢aligma kapsaminda incelenen izolatlardan ¢ogunun kanamisin (%100) ve gentamisine (%84.6) kars1 direngli
bulunmasi, bu izolatlarin probiyotik olarak degerlendirilmelerine engel teskil etmemektedir.

3.2.9. Hemolitik Aktivite

Bir probiyotik susun giivenlik 6n sart1 olarak hemolitik aktiviteye sahip olmamasi gerekmektedir. Bu nedenle
calisma kapsaminda mevcut izolatlarin hemolitik aktiviteleri incelenmis ve higbir izolatin hemolitik aktivite
gostermedigi (y hemolitik) tespit edilmistir. Monika ve arkadaslarinin [10] yaptigi ¢alismada Hindistan’da iiretilen
geleneksel tursudan 15 adet LAB izole edilmis ve izolatlarin hemolitik aktiviteleri incelenmistir. Bizim sonuglarimiza
benzer sekilde, LAB izolatlarinin hic¢biri Columbia koyun kanli agar iizerinde a ve B hemolitik aktivite gdstermemistir.
Maragkoudakis ve arkadaglarmin [34] siitten izole ettigi L. paracasei subsp paraccasei, Lactobacillus spp. ve L. casei
tiirleri i¢in de benzer goézlemler yapilmis ve tiim izolatlarin y hemolitik aktivite gosterdigi bildirilmistir.

3.2.10. p-Galaktosidaz Aktivitesi

Laktoz intoleransi, temel olarak laktozu glikoz ve galaktoza hidrolize eden B-galaktosidaz enziminin
eksikliginden kaynaklanmaktadir [35]. Bununla birlikte probiyotik suslarm, laktozu metabolize ederek 6zellikle laktoz
intoleransi olan konakgilar icin biiyiik fayda sagladiklar1 bilinmektedir. Bu nedenle B-galaktosidaz iireticisi probiyotik
suglar ile fermente edilmis gida firlinleri laktoz intoleransi tedavisinde onemli bir rol oynamaktadir. Caligma
kapsaminda analize alman izolatlardan 4 saatlik ink{ibasyon sonucunda sadece 1 izolat (HL14) B- galaktosidaz aktivitesi
gostermistir. Boricha ve arkadaslarinin [26] yaptig1 ¢alismada, tursudan izole edilen tiim izolatlar arasinda L. pentosus
CHIG susunun yiiksek [-galaktosidaz aktivitesi gosterdigi, ancak, L. rhamnosus V2M ve GG suglarmm, MRS
ortaminda ana karbon kaynagi olarak laktozu kullanmasindan dolayi, ¢ok diisiik B-galaktosidaz aktivitesi gosterdigi
bildirilmistir. Monika ve arkadaglarmin [10] yaptig1 ¢aligmada, Hindistan’in geleneksel tursusundan elde edilen 15 LAB
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izolatindan 12’sinin gesitli derecelerde (0.01-0.07 U/mg) B-galaktosidaz aktivitesi gdsterdigi, tiim izolatlar arasinda en
yiiksek B-galaktosidaz aktivitesi gdsteren izolatin ise P. pentosaceus PKL-17 (0.07 U/mg) oldugu tespit edilmistir.

Tablo 4. izolatlarm antibiyotiklere kars1 direnci (mm)

izolat Antibiyotik
Kodu

GL1
GL3
GL4
GL6
GL7
GL9
GL11
GL12
GL13
HL1
HL2
HL3
HL4
HL6
HL7
HL8
HL9
HL10
HL11
HL12
HL13
HL14
HL15
HL16
HL17
HL18
HL21
HL22
HL23
HL24
HL25
HL26
HL27
HL28
HL29
HL30
HL31
HL32
HL33

NITDITNVLNVITOVITITNVITIOVNIDOVOIIDITNONIIDIIDITITOVITITOVOONDOON|D>
-—_— NI —-— 0LV =———VD VDN ——0D—VO———=—TT—0NV0UO—=UOLOLLLLVL®OLOKM

VDXV VOVOVOVOVOVOVDOVOVOVOVDOVDOVDIOOIODODOIOVDIODIOONIOIOIOOOINIOOOIOAOIOONOIOAXN
U)(DJJU)(DU)(DU)U)(DU);UU)U)—(/)(/)(D;U(DWCD(DU)JU(DU)(DU)U)(DU)(DU)U);UU)U);Ulz

TV IONMVIOVDOVOOVDOVDODOOVDOVDOOOOODOOVDDVDOODOODOIONDNDNIUIDIDIOIOIO—O

A: Ampisilin, E: Eritromisin, K: Kanamisin, KL: Kloramfenikol, G: Gentamisin, R: Direngli, I: Orta seviyede duyarli,
S: Duyarli. Disk ¢ap1 6 mm

4. Sonuglar ve tartisma

Calisma kapsaminda susuz lahana tursusundan izole edilen toplam 39 adet LAB izolatinin probiyotik
potansiyelini belirlemek tizere farkli pH degerlerinde gelisme, farkli sicakliklarda gelisme, farkli tuz
konsantrasyonlarinda gelisme, safra tuzlarina tolerans, fenole dayaniklilik, pepsin ve pankreatin varliginda gelisme,
antimikrobiyal aktivite, antibiyotiklere karsi direng, hemolitik aktivite ve B-Galaktosidaz aktivitesinin belirlenmesine
yonelik analizler uygulanmustir.

Izolatlarmn zorlu ortam kosullarinda gelisimi degerlendirildiginde, incelenen izolatlardan 16 adenin %10 NaCl
varliginda gelisim gosterdigi, bu izolatlar igerinden 10 adedinin pH 3 degerinde (GL1, HL2, HL7, HL10, HL11, HL12,
HL13, HL14, HL16, HL29), diger 6 izolatin ise (HL23, HL.25, HL.26, HL28, HL31, HL32) pH 4 degerinde gelisebildigi
tespit edilmistir.

Safra tuzu, fenol, pepsin ve pankretin varliginda izolatlarin gelisim 6zellikleri ayr1 ayr1 degerlendirildiginde,
toplam 5 adet izolatn (HL7, HL9, HL12, HL13, HL18), tiim kosullarda yiiksek seviyede gelisim gdsterdigi tespit
edilmigtir. Ayrica toplamda 11 izolatin (GL12, GL13, HL4, HL7, HL8, HL9, HL11, HL12, HL13, HL18, HL17) fenol
(%0.4) varliginda gelisim gosterdigi tespit edilmistir. Ancak GL3, GL6, HL14, HL.24, HL.26, HL31 ve HL33 kodlu
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izolatlarin, fenole kars1 diren¢ gosterememesine karsin, safra tuzu, pepsin ve pankreatin varliginda gelisim gosterdikleri
tespit edilmistir.

Calisma kapsaminda incelenen izolatlar antimikrobiyal etki agisindan degerlendirildiginde, GL1, GL13, HL4,
HL8, HL9, HL10 ve HLI11 kodlu izolatlarin genis antimikrobiyal spektrumuna sahip olduklari, en yiiksek
antimikrobiyal etkinin E. coli’ye karst GL1 (13mm) ve HL25 (15 mm) ile saglandig: tespit edilmistir. Toplam 13
izolatin (GL7, GL9, HL2, HL13, HL14, HL15, HL16, HL17, HL24, HL28, HL31, HL32, HL33) ise test kiiltiirlerinden
hi¢biri lizene antimikrobiyal etki gdstermedigi belirlenmistir.

Givenlik agisindan yapilan degerlendirmeler kapsaminda izolatlar hemolitik aktivite ve antibiyotiklere direng
acisindan incelenmistir. Elde edilen sonuglar, izolatlarin hemolitik aktiviteye sahip olmadigmi gdstermistir. Bununla
birlikte incelenen izolatlardan 2’sinin (GL13 ve HL29) ampisilin, eritromisin, kloramfenikol ve gentamisine karsi,
16’smm ise (GL3, GL4, GL7, GL9, GL13, HLS, HL9, HL10, HL14, HL15, HL18, HL21, HL26, HL28, HL29, HL33)
ampisilin, eritromisin ve kloramfenikole karsi duyarlihk gosterdigi saptanmustir.

Calisma kapsaminda analize alinan izolatlardan sadece birinin (HL14) B- galaktosidaz aktivitesine sahip
oldugu belirlenmistir.

Elde edilen sonuclar genel olarak degerlendirildiginde; test edilen tiim antibiyotiklere karsi direng gosterdigi
tespit edilen 4 adet izolat disinda (HL7, HL13, HL22 ve HL31), diger tiim izolatlarin probiyotik olarak
degerlendirilebilecegi, bu izolatlar icerisinden GL1 (zorlu ortam kosullarinda gelisim (pH 3 ve %10 NaCl varliginda),
genis antimikrobiyal spektrum, E.coli’ye karsi yiiksek antimikrobiyal etki), GL3 (safra tuzu, pepsin ve pankreatin
varliginda gelisim, 3 antibiyotige kars1 duyarlilik), GL13 (fenol varliginda gelisim, genis antimikrobiyal spektrumu, 4
antibiyotige karst duyarlilik), HL8 (fenol varliginda gelisim, genis antimikrobiyal spektrum, 3 antibiyotige karsi
duyarlilik), HL9 (safra tuzu, fenol, pepsin ve pankretin varliginda gelisim, genis antimikrobiyal spektrum, 3 antibiyotige
kars1 duyarhilik), HL10 (genis antimikrobiyal spektrum, 3 antibiyotige kars1 duyarlilik), HL11 (zorlu ortam kosullarinda
gelisim (pH 3 ve %10 NaCl varliginda), fenol varliginda gelisim, genis antimikrobiyal spektrum), HL12 (zorlu ortam
kosullarinda gelisim (pH 3 ve %10 NaCl varliginda), safra tuzu, fenol, pepsin ve pankreatin varliginda gelisim), HL14
(zorlu ortam kosullarinda gelisim (pH 3 ve %10 NaCl varliginda), safra tuzu, pepsin ve pankreatin varliginda geligim,
B- galaktosidaz aktivitesi), HL18 (safra tuzu, fenol, pepsin ve pankreatin varliginda gelisim, 3 antibiyotige karsi
duyarlilik), HL25 (E.coli’ye kars1 yiiksek antimikrobiyal etki, 3 antibiyotige karsi duyarlilik), HL26 (zorlu ortam
kosullarinda gelisim (pH 4 ve %10 NaCl varliginda), 3 antibiyotige kars1 duyarlilik), HL28 (zorlu ortam kosullarinda
gelisim (pH 4 ve %10 NaCl varliginda), 3 antibiyotige karsi duyarlilik), HL29 (zorlu ortam kosullarinda gelisim, 4
antibiyotige kars1 duyarlilik, HL33 (safra tuzu, pepsin ve pankreatin varhgmda gelisim, 3 antibiyotige kars1 duyarlilik)
kodlu izolatlarin probiyotik potansiyellerinin, diger izolatlara kiyasla daha yiiksek oldugu tespit edilmistir.

Sonug olarak, teknolojik ve biyogiivenlik 6zelliklerinin yani sira gdsterdigi antimikrobiyal 6zellikler sayesinde
probiyotik potansiyeli yiiksek olan toplam 15 izolat tespit edilmistir. Ileriki ¢aligmalar kapsaminda, probiyotik
ozellikleri belirlenen bu izolatlarin molekiiler olarak tanilamasi planlanmaktadir. Ayrica mevcut izolatlarin detayli
probiyotik 6zelliklerini ortaya koymak adina ileri in vitro ve in vivo analizlerin de yapilmasi gerekmektedir.
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Abstract

Domestic, industrial, agricultural and tourism activities that cause land-based pollution are closely linked to
important national programs for the economic, industrial and social development of countries and directly affect
economic development. Accordingly, the Countries have prepared the Land Based Pollutants National Action Plan,
which includes measures, timelines and practices within the scope of the Land-Based Pollutants Protocol, which is an
annex to the Barcelona Convention and the Bucharest Convention. The first National Action Plan for Turkey was
prepared by TUBITAK Marmara Research Center in 2004 and presented to the United Nations Mediterranean Action
Plan Secretariat in 2005. However, over time, the updated Land Based Pollutants Protocols of the Barcelona and
Bucharest Conventions became Strategic Action Plans; The need to update the Land Based Pollutants Action Plan has
arisen in accordance with the holistic environmental management approach and ecosystem-based approach that
emerged with the new European Union directives such as the Water Framework Directive and the Marine Strategy
Framework Directive. In 2017, an action plan was developed by TUBITAK MAM under the coordination of the
Ministry of Environment and Urbanization, which includes supporting tools for the action plan, measures to control the
investment portfolio, and economic instruments. While ensuring the fulfillment of our international obligations with the
Action Plan; Contribution will be made to the protection of our regional and national seas. This study is important in
terms of reviewing the current status and effectiveness of precautionary studies and is expected to make an important
contribution to the detailed studies to be carried out for our national seas.

Keywords: land based pollution, eutrophication, contaminants, marine litter

*

Tiirkiye deniz ve kiyllarinda ekosistem yaklasimini dikkate alan kara kokenli kirlilige kars1 ulusal eylem
planinin hazirlanmasi: onlemler programinin belirlenmesi

Ozet

Kara kaynakli kirlilige neden olan evsel, endiistriyel, tarimsal ve turizm faaliyetleri, Ulkelerin ekonomik,
endiistriyel ve sosyal kalkinmasi i¢in 6nemli ulusal programlarla yakindan baglantili olup ekonomik kalkinmay1
dogrudan etkilemektedir. Buna gore, Ulkeler Barselona Sozlesmesi ve Biikres Sozlesmesi eki olan Kara Kokenli
Kirleticiler Protokolii kapsaminda 6nlemler, zaman ¢izelgeleri ve uygulamalar1 igeren Kara Kokenli Kirleticiler Ulusal
Eylem Planin1 hazirlamuglardir. Tiirkiye igin ilk Ulusal Eylem Plani, TUBITAK Marmara Arastirma Merkezi tarafindan
2004 yilinda hazirlanmis olup 2005 yilinda Birlesmis Milletler Akdeniz Eylem Plani Sekretaryasma sunulmustur.
Ancak zaman igerisinde, Barselona ve Biikres Sozlesmelerinin giincellenen Kara Kokenli Kirleticiler Protokolleri
Stratejik Eylem Planlarina; Su Cergeve Direktifi, Deniz Stratejisi Cergeve Direktifi gibi yeni Avrupa Birligi direktifleri
ile ortaya ¢ikan biitiinclil ¢cevre yonetimi anlayisina ve ekosistem temelli yaklasima uygun olarak Kara Kokenli
Kirleticiler Eylem Planinin giincellenmesi ihtiyact dogmustur. 2017 yilinda Cevre ve Sehircilik Bakanligi
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koordinasyonunda TUBITAK MAM tarafindan eylem plani igin destekleyici araclari, yatirim portfoyiinii kontrol
etmeye yonelik onlemler ve ekonomik enstriimanlari iceren bir eylem plani gelistirilmistir. Eylem Plani ile
uluslararas1 yiikiimliiliiklerimizin yerine getirilmesi saglanirken; bélgesel ve ulusal denizlerimizin korunmasina katki
saglanacaktir. Bu ¢alisma 6nlem ¢aligmalarinin geldigi durumun ve etkinliginin gézden gegirilmesi agisindan 6nemli
olup ulusal denizlerimiz igin gergeklestirilecek detay ¢aligmalara 6nemli bir katki saglamasi1 beklenmektedir.

Anahtar kelimeler: Kara kokenli kirlilik, 6trofikasyon, kirleticiler, deniz ¢opleri
1. Giris

Deniz ve kiyilarimiz, yerlesim faaliyetleri, evsel ve endiistriyel atiklar, tarimsal faaliyetler, hayvan
yetistiriciligi ve turizm gibi kara kokenli kirlilik faaliyetlerinin baskisi altindadir. Kara kokenli deniz kirliligi kaynaklar
ve deniz ortamimni bozan diger faaliyetler, cok sayida temel ve yaygm insan faaliyetini igerdiginden, giiniimiiziin en
zorlu ¢evre sorunlar1 arasmdadir[1]. Deniz kirliliginin yaklagik yiizde 80'i karadan kaynaklanmaktadir [2]. Bu kirlilik
sorununun istesinden gelmek i¢in giiclii ve koordineli eylemlere ihtiyag vardir. Kara kaynakl kirliligin dnlenmesi ve
azaltilmasi i¢in uygun yasal 6nlemler ancak yakin zamanda alimmistir [3]. Bu ¢ergevede, kiy1 alanlarinda kirliligin
onlenmesine yonelik ekosistem yaklagimini dikkate alan ulusal stratejilerin olusturulmasi ve bu amagla etkin eylem
planlarinm hazirlanmasi giderek daha biiyiik 6nem tasimaktadur.

Bu kapsamda, son otuz y1l i¢erisinde Akdeniz iilkeleri, cesitli bolgesel ve uluslararasi organizasyonlar bazinda
deniz ve kiyilarm korunmasma yonelik olarak g¢esitli ¢evre programlari baslatmis olup uygulama galismalar
yurlitmektedirler. Benzer sekilde, The United Nations Environment Programme (UNEP), 1975 yilindan bu yana
“Akdeniz Eylem Plant’ m1 koordine etmekte ve Akdeniz’in korunmasma yonelik bilimsel, sosyo-ekonomik ve yasal
programlar uygulamaktadir. Akdeniz’in Kara Kokenli Kirleticilerden Korunmasina Yonelik Protokolii (KKK
Protokolii) Barselona Sozlesmesi’nin eki olarak 1983 yilinda yiirtirliige girmistir. KKK Protokolii, daha sonra 1996
yilinda taraf iilke imzalar1 ile giincellenmistir.

S6z konusu uluslararasi girisimlerin yani sira, Karadeniz’i ¢evreleyen iilkeler de, ortak denizin canli
kaynaklarmin birlikte yonetimi ve korunmasi i¢in bir araya gelmislerdir. Yasal diizenlemelerin ve politikalarin uyumlu
hale getirilmesi ve kirlilik kontrolii i¢in ortak stratejilerin belirlenmesi ¢ergevesinde gerceklestirilen ilk hareket, 1972
yilinda “cevre ve kalkinma {izerine diizenlenen “Stockholm Konferansi” na paralel olarak olusturulan “Bdlgesel Deniz
Sozlesmeleri” ni temel almistir. Bu ¢ercevede Karadeniz’e kiyisi olan iilkelerin temsilcileri taslak “Karadeniz’in
Kirlilige Karsi Korunmasi Sozlesmesi” ni hazirlamislardir. S6z konusu taslak s6zlesme Nisan 1992°de Biikres’te
imzalanmig ve alt1 iilkenin yasal kanun yapicilari tarafindan 1994’{in ilk aylarinda onaylanmistir. Ayni yillarda bu
sozlesmenin eki olan ve 2009 yilinda giincellenen “Karadeniz Denizel Ortammin Kara Koékenli Kirleticilerden ve
Aktivitelerden Korunmasi Protokolii” de taraflarca imzalanmaistir.

Bu kapsamda, s6z konusu Akdeniz’in Kirlilige Karsi Korunmasi Sozlesmesi (Barselona Sozlesmesi ) ve
Karadeniz’ in Kirlilige Kars1 Korunmasi S6zlesmesi (Biikres Sozlesmeleri) Kara Kokenli Kirleticiler Protokolleri’ nin
gerekliliklerinin yerine getirilmesi i¢in diger taraf iilkelerle birlikte; oncelikleri, Oonlemleri, zaman cizelgeleri ve
uygulamalar1 igeren “Kara Kokenli Kirleticilere ilisgkin Ulusal Eylem Planlar’” nin hazirlanmasi bilyiik énem
tagimaktadir.

Ulkemize ait Ulusal Eylem Plam1 da Cevre ve Sehircilik Bakanhig1 koordinasyonunda TUBITAK MAM
tarafindan 2005 yilinda hazirlanmistir. Kara Kokenli Kirleticiler Ulusal Eylem Plani, nehir havzalar1 bazinda kirlilik
faaliyetleri ve 6nlem programlarini igermektedir. 2008 yilinda gerceklestirilen 16. Taraf Ulkeler Toplantist ve 2013
yilinda istanbul’da diizenlenen 18. Taraf Ulkeler Toplantisi’nda alinan kararlar geregi; Barselona Sozlesmesi Taraf
Ulkelerinin, Kara Kokenli Kirleticiler-Ulusal Eylem Planlar1 (KKK-UEP)’ m1 KKK Protokolii, Bélgesel Planlari ve
Stratejik Eylem Programini dikkate alarak giincellemeleri karara baglanmistir.

[4] tarafindan yapilan bir ¢aligmada Tirkiye'de Kara Kaynakli Faaliyetlerden Kaynaklanan Kirlilige Kars1
Ulusal Eylem Planinin Gelistirilmesi ¢ergevesinde kara kokenli kirleticilere iliskin bdlge ve havza {izerinde detayli
incelemeler yapildigi ifade edilmistir.

Birlesmis Milletler Akdeniz Eylem Plan1 Sekretaryasi, giincellenen UEP’larinin igeriginin biitiinliiglinden ve
uyumundan emin olmak iizere; Eylem Planlarinm hazirlanmasi siireclerinin ve yaklagimlarinin anlatildig1 s6z konusu
rehber dokiimanlarm hazirlanmasinda 6zellikle Deniz Stratejisi Cergeve Direktifi tanimlayicilarindan 6trofikasyon,
kirleticiler, deniz ¢oplerine iligkin 5, 9 ve 10 numarali ekolojik hedeflere ulagilmasi gerekliligini dikkate almis ve 2009
yilindan giiniimiize Ulusal Eylem Planlarimin giincellenmesi igin kilavuzlar gelistirmistir. Bu gercevede, Barselona
Sozlesmesi'ne taraf iilkeler 2014 yilinda, "Kirlilik ile ilgili Ekosistem Yaklasimi (ECAP) ekolojik hedefleri” igin ‘Iyi
Cevresel Durum (ICD)’a ulasmak {izere KKK Protokolii’niin ve onun Bélgesel Planlarmin Uygulanmasi igin Ulusal
Eylem Planlari'nin Giincellenmesi Rehberi’ni kabul etmislerdir [5].

S6z konusu kilavuzlar; gerekli yapmin kurulumu, metodoloji, paydas katilimi, ekonomik analiz ve kirliligin
azaltimi ve dnlenmesi i¢in programlarin gelistirilmesini igeren ¢esitli ekleri icermektedir.
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1.1. Kara kokenli Kirleticiler Ulusal Eylem Planinin Giincelleme Calismasina ve Onlemler Programinin
Olusturulmasina Neden Ihtiya¢ Duyuldu?

e Barselona ve Biikres Sozlesmelerinin giincellenen KKK Protokolleri/Stratejik Eylem Planlarma uyum,

e Su Cerceve Direktifi [6], Deniz Stratejisi Cergeve Direktifi [7] gibi AB direktifleri ile ortaya ¢ikan biitiinciil
¢evre yonetimi anlayigina ve ekosistem temelli yaklagima uyum,

e Kara Kokenli Kirleticiler Ulusal Eylem Planinda 2005°den bu yana olan iyilestirmelerin, eksiklerin ve
ihtiyaclarmn belirlenmesi,

e Mevcut kirlilik durumlarin1 degerlendirerek iyi ¢evresel duruma ulagsmak i¢in gerekli 6nlemlerin/yatirimlarin
programlanmasina duyulan ihtiyag,

Kara kokenli kirliligin azaltilmasi igin ihtiya¢ duyulan onlemlerin belirlenerek tiim denizlerimiz 6zelinde
uygulamaya konulmasi ihtiyacini ortaya koymustur.

Cevre ve Sehircilik Bakanligiin TUBITAK/MAM ile yiiriittiigii “Denizlerimizin Kara Kokenli Kirleticilere
Kargi Korunmasma Yonelik Ulusal Eylem Planmin Giincellenmesi Projesi’” bu g¢aligmalar i¢in 6nemli bir adim
olmustur.

2. Materyal ve yontem

Kara Kokenli Kirleticilerin dnlenmesi yoniinde mevcut durumun degerlendirilmesi, hedeflerin belirlenmesi,
bosluk analizinin yapilmasi, Onlem programlari listesinin olusturulmasi ve se¢ilmesi, Ulusal Eylem Planinin
performansmin izlenmesi i¢in program olusturulmas: siirecinde tavsiye verilmesi ve kendi ¢alisma konularindaki
goriislerin paylasilmasi gerekmektedir. Bu kapsamda, Cevre ve Sehircilik Bakanlig1 koordinasyonu kapsaminda kurum
ve kuruluglardan olusan kentsel, endiistriyel, tarimsal ve izleme ¢alisma grubu olmak iizere dort tematik ¢alisma grubu
olusturulmustur (Sekil 1).

Sekil 1. Tematik Caligma Gruplari

Bu calisma siirecinde paydaglarm katiliminin saglanmasi ve siirece katkilarinin arttirilmasi amaciyla gevre ve
Sehircilik Bakanligi’ nin koordinasyonunda bir dizi toplant1 ve calistay gerceklestirilmistir. Paydaglarin katilimi ile
olusturulan Kentsel, Endiistri ve Tarim Tematik Calisma Gruplar1 bazinda kara kokenli kirlilik kaynaklarmin mevcut
durumu, baski/etkiler, sicak noktalar, mevcut yatirimmlar, finansal kaynaklar, ilgili politika/eylem planlari/strateji
dokiimanlari, ulusal mevzuat ve bu alanlarda yasanan sikintilar konularinda degerlendirmeler yapilmistir. Akabinde tiim
bu ¢iktilardan yola ¢ikarak, kirlilik onleme/kontrol i¢in sorunlarmn onceliklendirilmesi ve potansiyel dnlemlerin
belirlenmesi hususu degerlendirilmistir. Tematik ¢alisma gruplarint olusturan katilimcilarin kurumsal bazda dagilim
Sekil 27 de verilmektedir.
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Sekil 2. Toplam katilimcilarin kurumsal yiizde(%) dagilimu

Calisma ile Karadeniz’in Rehabilitasyonu ve Cevresel Korunmasi igin Stratejik Eylem Plani, Akdeniz Stratejik
Eylem Plani, 10 bolgesel plan ve bu planlarin zaman g¢izelgeleri ile nihai hedef ve Onlemlerin belirlenmesi
amaglanirken, bu hedef ve 6nlemlerin ulusal politika 6ncelikleri ile uyumun belirlenmesi de dikkate alimmistir. Bu
kapsamda kurum ve kuruluslardan olusan ¢aliyma gruplarinca degerlendirilen eylem planlar1 ve stratejileri asagida
siralanmustir:

Kara Kokenli Kirleticiler Ulusal Eylem Plani (2004)

AB Entegre Cevre Uyum Stratejisi (2007 — 2023)

fklim Degisikligine Yonelik Strateji ve Eylem Planlar1
Tiirkiye nin Yeni Avrupa Birligi Stratejisi

AB’ye Katilim i¢in Ulusal Eylem Plani

Ulusal Geri Doniisiim Strateji Belgesi ve Eylem Plan1 (2014 — 2017)
Onuncu Kalkinma Plan1 (2014 — 2018)

Atiksu Aritimi Eylem Plam

Cevre ve Sehircilik Bakanligi’nin 2015 — 2017 Stratejik Plani
Tiirkiye Sanayi Stratejisi Belgesi (2015 — 2018)

Verimlilik Stratejisi ve Eylem Plan1 (2015 — 2018)

Ulusal Havza Yonetim Stratejisi (2013-2023)

AN NN N N N N NN

Calisma gruplari ile gerceklestirilen toplantilar ¢cergevesinde;

* Politikalar ve yasalar/yonetmeliklerdeki bosluklar,

« Kirlilik 6nleme ve kontrol tedbirlerindeki bosluklar,

* Giincellenen kriterlere gore sicak nokta degerlendirmesindeki bosluklar,

« Otrofikasyon, kirleticiler ve deniz ¢opii ile ilgili ekosistem yaklagimi kapsaminda izleme ile ilgili bilgi bosluklari,

* Hem kirlilik seviyeleri hem de kirlilik yiikleri agisindan ilgili bosluklar dikkate alinmis ve degerlendirilmistir. Bu
degerlendirmelerin yani1 sira Sekil 5 te verilen proje ¢caligmalarinin ¢iktilarindan da faydalanilmistir(Sekil 3).
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1. Grup Projefer (Dogrudan ﬂgﬂn’ Projeler
Turkiye Kiyilan Kentsel Attksu Yonetimi Projesi (SINHA)

Havza Koruma Eylemn Planlan (HKEFP)

Deniz ve Kyt Sulan Kalite Durumlarimin Belirlenmesi ve Sinflandinimasi Projesi (DeKoS)

Ulkemiz Ky ve Gegis Sulannda Tehlikeli Maddelerin Tespiti ve Ekolojik Ky Dinamigi Projesi
(KIYTTEMA)

Ulusal Simr Bitgesi Ulusal Uzman Rapordan (MEB)

Turkiye'de Havza Bazinda Hassas Alanlann ve Su Kalitesi Hedeflerinin Belirlenmesi (HHAP)

3 73
NS

2. Grup Projelar (Dolayl Ngili Projelar) \"\/'7

Tehlikeli Madde Kirliliginin Kontrolii Projesi [TMEK)

Bitki Moruma Uriinlerinin Kullanom Meticesinde Meydana Gelen Su Kidiliginin Tespitine iliskin
Proje (BiKoP)

Sicak Moktalarin Entegre Yonetimi we
Karadeniz Ekosisteminin Korunmasi (HOT-BlackSea)

Denizlerde Biitiinlesik Kidilik izleme Projeleri (BKIP)

Yiimme Suyu Alanlanmin Frofillerinin Belidenmesi ve Turizmde Atk Su Yanetimi Frojesi
(YUTATY)

Deniz izlemelerinde Standardizasyon Saglanmas: Projesi (DISSP) |

Mitrat Direktifi’nin Uyumlastirmasina Yonelik Projeler |

Temiz Uretim ile llgili Projeler

Kah Atk ile ligili Projeler

Hava Kidiligi ile ilgili Projeler

Oy Hgih Prafobe

Sekil 3. Kara kokenli kirleticilerin deniz gevresi tizerindeki etkilerinin degerlendirilmesi amacuiyla yiiriitiilen projeler[8].

3. Bulgular

Kara kokenli kirleticilerin Onlenmesi kapsaminda, ekolojik hedeflere iliskin baski ve etkilerin
degerlendirilmesi, mevcut sicak noktalarin gézden gegirilmesi, mevcut kirlilik kontrol ve dnlemlerinin incelenmesi,
mevcut yasal diizenleme, politika ve stratejilerin dikkate alinmasi onlemler programmin uygulanmasi asamasinda
kuvvetli argiimanlar olacaktir. Bahse konu calismalar ekosistem temelli yaklasim hedeflerinden Otrofikasyon,
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Kirleticiler ve Deniz Copleri dikkate alinarak 18 Kiy1 Havzasini kapsayacak sekilde degerlendirilmistir (Sekil 4). Eylem
Planinin hazirlanmasi ve giincelleme siirecinde mevcut orta vade degerlendirmesi biiyiikk 6nem tagimaktadir.

. QGEIEM

0y L \ [ree——

Sekil 4. Kara kokenli kirleticilerin degerlendirildigi 18 Kiy1 Nehir Havzasi

3.1. Ekolojik Hedeflere Yonelik Sorunlarin Onceliklendirilmesi ve énlemlerin belirlenmesi

3.1.1 Otrofikasyon ile ilgili Onceliklerin ve énlemlerin belirlenmesi

Yiizey sularma N ve P yiiklemesi insan popiilasyon yogunlugu ve arazi kullanimi ile giiglii bir sekilde
etkilenmektedir[9]. Azot ve fosfor, o6trofik kosullarin temel tetikleyicisidir ve ¢ogunlukla noktasal olmayan
kaynaklardan ileri gelmekte [10] olup bir ekosisteme organik madde girig oranindaki artig olarak tanimlanmistir [11].
Kanalizasyon, deniz ve kiy1 ¢evresinin hacmine gore en biiyiik kirlilik kaynagidir [12] . Kiy1 bolgelerindeki niifus artisi
ve kentlesme, kanalizasyon desarjinda carpici artislara yol agmustir. Ortaya c¢ikan etkiler, su kaynakli hastaliklarin
yayilmasini, balik¢iligin bozulmasmi, eglence olanaklarmin kaybmi ve gecim kaynaklarinin kaybini igerir. Bundan
dolayidir ki, kiyr alanlarinin &trofikasyon acisindan simniflandirilmasi, izleme programlarmin olusturulmasi, izleme
caligmalarinin gergeklestirilmesi ¢aligmalarinin yani sira dtrofikasyonun dnlenmesi amaci ile dogru kirlilik dnleme
programlarinin olusturulmasi gerekmektedir.

Bu kapsamda; ilgili proje/eylem planlar1 sonucunda belirlenen Onlem programlarinin ilgili kurum ve
kuruluglarca uygulanmasi, su ortamlarinda izleme c¢alismalarmin  siirekliliginin =~ saglanmasi ve ilgili
yonetmelik/direktiflere bagli olarak hassas alanlarin ve nitrata hassas alanlarin belirli araliklarla giincellenme
caligmasinin yapilmasi gerekmektedir. [13] tarafindan yapilan ¢caligmada, iilkemiz kiyisal alanlarimda Sicak Nokta (SN)
ve Hassas Alanlar (HA)’in bilimsel veri degerlendirme yontemleriyle giincellenmesi/belirlenmesi, 6trofikasyona
duyarliliklar: agisindan izleme ve model ¢alismalar1 1513mda nicel olarak degerlendirilmeleri ve bu sonuglara gore bu
alanlardaki en uygun evsel atiksu aritim uygulamalarinin ve yatirmmlarmin gelistirilmesi gerektigi belirtilmistir. [14]
tarafindan kiy1 ve deniz kaynaklarimzin siirdiiriilebilir kullanimma yonelik, iyi ¢evresel seviye hedeflerini temel alan
bilgi ve oneriler olusturularak, ortak planlama yapmasi gereken karar verici ve uygulayicilara sunulmustur.

Bunu gerceklestirmenin en 6nemli yolu ilgili kurumlar tarafindan o6trofikasyonun Onlenmesi konusunda
finansal destegin saglanmasi ve kisa, orta ve uzun vadede alinmasi gereken 6nlemlere iliskin ortak finansal biitgenin
belirlenmesidir.

Kentsel atiksu sektorii ile ilgili oncelikli sorunlar,

v' Atiksu ile ilgili AB direktifleri biiylik 6l¢iide uyumlu olarak i¢ mevzuata aktarilmakla birlikte Cok sayida
kurum ve kurulusun yetkili olmasi sebebiyle verilere ulasmada sorunlar yagsanmaktadir. Atiksu aritma tesisi,
kanalizasyon ve yagmur suyu sistemleri konusunda saglikli veri envanterinin olusturulmasma ihtiyag¢
bulunmaktadir. Altyap: sistemleri ve ihtiyaclarin daha saglikli tespiti icin verilerin tek yerde toplanmasi ve
uzmanlarca izlenmesi degerlendirilmesi 6nerilmektedir.

v" Yerel yonetimlerin kurumsal ve teknik kapasiteleri ile finansman kaynaklarindaki yetersizlik sorunu gerekli
onlemlerin alinmasini zorlastirmaktadir.
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Yerel yonetimlerin gerceklestirdigi aritma tesisi altyap1 yatirimlarinin isletme performanslarinin diisiik olmast,
aritma sistemlerinin Kentsel Atiksu Aritma Direktiflerine uyumlu desarj kriterini saglayip saglamadig: etkin
olarak denetlenip raporlanmamaktadir.

Toplam kentsel atiksuyun toplam belediye niifiislarina gore aritma ylizdeleri aritma tesisi varligina gore degil
tesislerin Kentsel Atiksu Aritma Direktifi kriterlerini karsilayip karsilamadigi dikkate alinarak yayinlanmalidir.
Hedefler bu duruma gore belirlenmelidir.

Atiksu aritma sistemlerinde ulusal teknoloji ve ARGE katkismm yeterince yiikksek olmamasi dnemli bir
eksikliktir. Atiksu aritma sistemlerinin se¢imi ve tasariminda yerel kosullar iizerinde yeterli arastirma
yapilmamasi, yeterli veri toplanamamasi ve fizibilite eksikleri sebebiyle gereksinimlere siirdiiriilebilir sekilde
cevap verecek ekonomik, sosyal ve cevresel anlamda verimli sistem tasarimlarinin yapilamamas: énemli bir
sorun teskil etmektedir.

Su/Atiksu hizmet tarifelerinin tam maliyet esasi ile tarifelere yansitilamamasi ve toplanan {icretlerin biiylik
Olciide su sektori i¢in kullanilamryor olmasi. Su bedelinin ger¢eginden diisiik uygulanmasi sebebiyle su geri
kazanimi SCD hedeflerine ulagilmasinda 6zellikle su kullaniminin azaltilmasi, su geri kazanimi
uygulamalarinin 6zendirilmesi konular1 izerinde olumsuz etki olusmaktadir.

Tarim sektorii ile ilgili oncelikli sorunlar;

v

v

AN

Ekonomik olarak sulanabilir alanlarda basingli sulama sistemlerine gec¢isin hassas ve sicak noktalar 6zelinde
yaygmlastirilmalidir.

Biiyiikbas, kiiciikbas ve kanatli hayvan yetistiriciligi faaliyetlerinden her birinin yetistiricilik ve buna bagli
olarak cevresel iligkilerini de igine alan bilinglendirme faaliyetlerinin yapilmasi1 ve yayili yiik olarak akisa
gegen nutrientlerin azaltilmasi yoniinde filtrasyon yapilarmin olusturulmasi gerekmektedir.

Yayili kirleticilerin minimizasyonunu konusunda zorlayici etkisi olan iyi tarim ve organik tarim
uygulamalarinin beklenen hizda yayginlastirilmas: ve tarimsal faaliyetlerde bulunan kiigiik isletmelerin
tarimsal girdi kullanimi konusundaki biling ve yeteneklerinin gelistirilmesi gerekmektedir.

Nebhirlerin denizlere ulastig1 deltalarda nutrient rejimini azaltici dnlemlerin alinmasi zaruridir.

Erozyona duyarl alanlarda agaclandirma, bu alanlarda uygun kiiltiir bitkisi se¢cimi konusundaki tesvik edici
¢aligmalarin uygulanmasi 6nem tagimaktadir.

Bolge ve tarim havzalar1 6zelinde yayim faaliyetleri ile birlikte uygulamali egitimlerin ¢ift¢inin uygun oldugu
donemler itibariyle stireklilik arz ederek ele alinmasi ihtiyaci vardir.

Balik giftliklerinden kaynakli kirliligin izlenerek azaltilmasi yoniinde gerekli teknolojik ve yonetsel
faaliyetlerin arttirilmasi gerekmektedir.

Otrofikasyon agirlikli olarak Karadeniz’de uzun yillardir énemli bir sorundur ve iyi sekilde kayit altina

alimarak dokiimantasyonu saglanmistir. Ancak, Akdeniz’de tarmmsal yogunlagma, evsel desarjlarda ve endiistriyel
atiklarda bliyiime sonucunda otrofikasyon baskisinda artis yasanmustir[8].

3.1.2. Kirleticilerle ilgili Onceliklerin ve énlemlerin belirlenmesi

Kirleticiler dogal olarak meydana gelen ve insan yapimi ¢esitli kaynaklardan ortaya ¢ikmaktadir. Ortama

salindiklarinda, bu maddeler deniz suyu ve sedimentine karisabilir ve canli organizmalar tarafindan tiiketilebilirler.
Balik ve kabuklular dokularinda kirleticileri biriktirebilirler ve bunlar da tiikketimleri sonrasinda potansiyel olarak
insanlara aktarilabilir.

Kirleticilerin girdilerini degerlendirmek i¢in kullanilan birincil veri kaynaklari Cevre ve Sehircilik Bakanligi

tarafindan toplanan ve KKK protokolii uyarinca Biikres Sozlesmesi Karadeniz Sekretaryasi ve Barselona Sozlesmesi,
Akdeniz Eylem Plami Sekretaryasina rapor edilenlerdir.

Kirleticiler ile ilgili oncelikli sorunlar;

v

v

Oncelikli maddelerin aylik ve belirli kirleticilerin mevsimsel bazli izlenmesinin

Saglanamamasi,

[zleme sonuglarina gére SCD’ye uygun olarak yeriistii suyu durumunun su kiitleleri boyunca tespit edilmesi ve
iyi durum hedefine ulasmak i¢in gerekli 6nlemlerin belirlenmesinin heniiz tiim havzalar igin saglanamamis
olmasi,

Tehlikeli maddeler i¢in alic1 ortam dncelikli desarj limitlerine gegilmemis olmas1 Entegre Kirlilik Onleme ve
Kontrol Yonetmeliginin ayn1 isimdeki AB Direktifi’ne uygun olarak ¢ikarilmamasindan kaynakli yasal bosluk,
Temiz liretim uygulamalarinin ydnetiminin saglanmasi igin heniiz yeterli kurumsal altyapmin ve finansal
destegin tamamlanmamis olmasidir.
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Kirleticiler i¢in alinmasi gereken 6nlemler, uluslararasi yiikiimliiliiklerin ve standartlarin uygulanmasina, deniz
ortammna giren kirletici seviyelerinin tespit ve kontrol edilmesine ve azaltilmasina odaklanmaktadir. SCD’nin ve ilgili
Direktiflerinin uygulamaya konmas: ¢esitli kaynaklardan gelen kirleticiler bakimindan su kalitesinin korunmasinda
onemli bir rol oynayacaktir, ancak Barselona Sozlesmesi, SCD Direktifi, Cevresel Yiikiimliiliik Direktifi ve Oncelikli
Maddeler Direktifi gibi diger yilikiimliiliikklerin uygulanmasi da onemli olacaktir. Su kaynaklarmnin “iyi durum”a
getirilmesi, Oncelikli kirleticilerin su, sediman ve biyotadaki konsantrasyonlarmmn Cevresel Kalite Standartlari
degerlerinin altinda olmas ile saglanabilir [15].

Tehlikeli maddelerin suya desarjindan kaynaklanan kirliligin tespit edilmesi, dnlenmesi ve kademeli olarak
azaltilmasi gerekmektedir [16]. Bu kapsamda, tehlikeli maddelerin desarjima iligkin envanter ¢alismasinin ve tehlikeli
maddeler i¢in ulusal izleme agmin olusturulmasinin tamamlanmasi gerekmektedir [17]. Ayrica, tehlikeli maddelerin
suya desarjindan kaynaklanan kirliligin azaltilmas1 amaciyla ulusal kirlilik azaltma programlar1 olusturulmalidir. Ulusal
laboratuvarlarimizda oncelikli ve belirli kirleticiler agisindan analiz kabiliyetinin gelistirilmesi ve kapasitesinin
arttirilmasi gerekmektedir. Kimyasallarin yeriistii ve yeralt1 sularina niifuzunu 6nlemek ve azaltmak i¢in, hane halkina
ve yaygin kirlilige kars1 yiiksek risk altindaki kirsal alanlarda yasayanlara, tavsiyeler ve bilgi saglayan kirlilik 6nleme
farkindalik kampanyalar1 olusturulmasi ve yiiriitiilmesi saglanmalidir. Diger taraftan, Kalici Organik Kirleticiler
Hakkindaki Stockholm S6zlesmesi ve Birlesmis Milletler Avrupa Ekonomik Komisyonu Protokoliinde listelenen kasitli
olarak iiretilen Kalic1 Organik Kirletici maddelerin iiretimi, piyasaya siiriilmesi ve bazi sinirli istisnalar haricinde
uygulanmasini denetleyen yasagin hayata gegirilmesi onemlidir. Ayrica, deniz ve kiyilarimizda petrol ve tiirevlerinden
kaynakl kazalarin ve yasa dis1 desarjlarin kayit altina alinarak, dékiilme sonrasi/kirlilik degerlendirmelerinin yapilmasi
saglanmalidir.

3.1.3. Deniz Cépleri ile ilgili Onceliklerin ve énlemlerin belirlenmesi

Uretilmis-islenmis ve kiyisal veya deniz ortamina bosaltilmis, atilmis ya da birakilmis herhangi kalici, kati
materyallere deniz ¢opleri denir [18]. Deniz c¢opleri ile ilgili olarak, Tirkiye kiy1 ve denizlerindeki veri ve
degerlendirmeler kisitli olup yapilan ¢aligmalar zamana karsi degigimleri belirlemek i¢in yetersizdir.

Deniz Copleri ile ilgili oncelikli sorunlar;

v" Deniz ¢Opiiniin kara kokenli kaynaklarinin 6lgeginin ve bunlarla iligkili etkilerin anlasilmasma yonelik hali
hazirda mevcut arastirma ¢abalarmin yetersiz olmasi,

v' STK’larla is birligi halinde, kamu farkindaligini artrma girigimlerinin deniz ortamma yonelik tehditlerin daha
genis capta kabuliiniin tesvik edilme girisimlerinin yeterince saglanamamasi,

v Diger birgok iilkede oldugu gibi, plajlarimizdaki ¢6p seviyeleri hakkinda siirekli veri sunmak i¢in diizenli plaj
temizligi etkinliklerinin diizenli olarak yapilamamasidir.

Tiirkiye’nin Karadeniz kiyist boyunca onemli miktarda belediye ve sanayi kati atigi, hastane atiklari ve
tehlikeli atiklar en yakin diisik rakimli arazilere, nehir vadilerine veya dogrudan denize atilmaktadir[19]. Kiy1
alanlarmda ve deniz ortaminda bu tiir atiklarin bulunmasmin insan saghgi ve diger canli kaynaklar iizerinde zarara
sebep olmasi neredeyse kagmilmazdir. Bu kapsamda, ¢Oplerin kaynaklarinin tespiti ve bunlarn nehirler/dereler ve
atiksu desarjlar1 ile ortama karismalarmin engellenmesi gerekmektedir. Ozellikle dere/nehir yataklarmdaki insan
faaliyetlerinin de kontrol altinda tutulmasi ve sadece kiyilardaki dnlemler ile yetinilmemesi i¢in ¢alismalar yapilmalidir.
Diizenli izlemelerin su, deniz tabani ve sahillerde gergeklestirilmesi gerekmektedir. Onlemler Programlarinda
bilinglendirme ve farkli sektorlerin katilimina odaklanilmalidir. Bu konuda, toplum igin bir kopri olugturan STK’lerin
katilimi biiyiik 6nem tagimaktadir.

Deniz ¢Opii sorununun halkin geneli tarafindan kolaylikla anlasilacak bir baglik olarak kullanilmasi, kiy1
alanlarmda ve nehir havzalarinda temizlik faaliyetlerinin diizenlenmesi, ¢6p avciliginm desteklenmesi, deniz ortaminin
korunmasina iligkin bilinglendirme faaliyetlerinin desteklenmesi gerekmektedir. Bu ¢alismalarin yani sira balik¢ilik i¢in
atik/¢Op plani hazirlanmasi ve hem ticari balik¢ilik hem de balikg1 barinaklari igin atik/¢op alim tesislerinin kurulmasi
ve terk edilmis av araglarinin toplanmasi i¢in altyapmim saglanmasi 6nemlidir.

Ozellikle dere/nehir yataklarindaki insan faaliyetlerinin de kontrol altinda tutulmasi ve sadece kiyilardaki
onlemler ile yetinilmemesi igin c¢aligmalar yapilmalidir. Diizenli izlemelerin su, deniz tabanit ve sahillerde
gergeklestirilmesi gerekmektedir. Eger kirlilie sebep olan kaynaklar biliniyorsa, kaynaginda yok etme islemleri
uygulanmalidir. Birlesmis Milletler Akdeniz Eylem Plant Deniz Copii Bolgesel Eylem Planinin uygulanmasi
uluslararasi diizeyde onemli bir ylikiimliiliiktiir, ayrica Tiirkiye’ deki mevcut girisimler de ayn1 zamanda limanlardaki
atiklarin bertaraf edilmesi ve geri doniistiiriilmesi igin tesislerin saglanmasimi ve benzer sekilde terkedilmis balik avi
araglarinin toplanmasi hususlarini da igermektedir. Onerilen girisimler arasinda, ¢ép planlar1 i¢in balik¢ilik yapilmasi,
av arag¢ ve geregleri icin etiketleme ve iyilestirme planlar1 ve ticari sektor ile isbirligi i¢inde tek kullanimlik plastik
ambalaj ve aligveris torbalarmin azaltilmasi ve kozmetik iriinlerdeki mikro plastiklerin yasaklanmasi yer almaktadir.
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Diger bircok iilkede oldugu gibi, plajlardaki ¢Op seviyeleri hakkinda veri sunmak i¢in diizenli plaj temizligi
etkinliklerinin diizenli olarak iistlenilmesi gerekmektedir. Ulkemizde Bolgesel Deniz Sozlesmeleri kapsamindaki
denizlerde kirlilik izleme ¢alismalar1 Cevre ve Sehircilik Bakanligi koordinasyonunda yiiriitiilmektedir. Ancak tiim kiy1
kesimleri ve denizlerdeki durumu ortaya koyabilecek kapsamli bir ¢aligmadan heniiz s6z edilememektedir. Mikroplastik
ve plastik izlemelerin Tiirkiye kiy1 ve deniz sularinda da artmas1 ve bununla birlikte ekotoksikolojik ve madde yapisi
analizi gibi ileri izlemelerin yapilabilmesine yonelik bilim insan1 ve ekipman gibi altyap1 eksikliklerinin giderilmesi
gerekmektedir [20].

Kara Kokenli Kirleticiler igin onerilen potansiyel dnlemler (Tablo 1), Tiirkiye’nin besin maddesi ve organik
madde desarjlarindan kaynaklanan etkileri azaltma kapasitesini koruyacak ve artiracaktir.

Tablo 1. Potansiyel 6nlemler tablosu
Kara Kokenli Kirleticiler icin 6nerilen potansiyel onlemler

e  Atiksularin kalite durumuna gore 6n aritma ya da ileri biyolojik aritma kurulmasi ya da Kentsel
Atiksu Aritma Tesislerinin yapilmasi. Aritim tesislerinin tamaminin hizmete alinmasi, mevcut
tesislerin iyilestirilmesi. Altyap1 tesisleri olan belediyelerde tiim evsel atiksularin alt yap1
sistemlerine baglanmasi,

e Deniz ¢opleri kapsaminda yer alan balik aglari, oltalar1 vb. atiklarin engellenmesi ve
mevcutlarin toplanmasina iligkin mevzuat olusturulmasi. Bu amagla Belediyeler Kanunu'nda
diizenleme yapilmasi. izleme/Denetleme, veri tabani ve ulusal izleme progranm gelistirilmesi,

e Deniz ¢oplerinin kaynaginda azaltilmas: amaciyla nehirlerdeki ¢oplerin azaltilmasina yonelik
1slah ¢aligmalarinin yapilmasi. Coplerin yiizey akintist ve nehirlere karisimmin 6nlenmesi i¢in
yeterli atik yOnetim sistemlerinin saglanmasi, toplanan c¢oplerin doniisiim tesislerinde
degerlendirilmesi,

e Paydaslarla igbirligi yapilmasi. Halkmn bilin¢lendirilmesi ve farkindaligin artirilmasi, halk
egitimlerin diizenlenmesi. Sahil kesiminde uyarici levhalarm bulundurulmasi. Yeterli plaj
temizligi saglanmasi. Personel ve ¢op toplama arag sayilarinin artirilmasi,

e  Yagmur suyu ve kentsel atiksu i¢in ayrik sistem uygulamalarmin gerceklestirilmesi,

e Mevcut kanalizasyonlar i¢in yenileme ve kapasite artig1 gerceklestirilmesi, yeni kanalizasyon
sebekelerinin yapimi,

e Yeni Diizenli Depolama Tesislerinin Kurulumu, Diizensiz Depolama Alanlarmin
rehabilitasyonu,

e Diizenli Depolama Tesislerine Gidecek Atik Miktarin1 azaltacak On Islem Tesislerinin
Kurulumu,

e Atigin kaynaginda azaltilmasi, Yonetimi ve Geri Kazanilmasi Konusunda Bilinglendirme
Caligmalar1. Atiklari kaynaginda ayrigtirma galigmalarmin arttirilmasi, atik yaglarin toplanmasi,

e Belediye Atiklar1 Atik Yakma ve Enerji Uretimi Tesislerinin Kurulumu,

e  Sizinti suyu aritma sistemleri ile ilgili denetlemelerin arttirilmasi, etkin hale getirilmesi,

e Belirlenmis korunan alanlar igin ulusal olarak gelistirilen yonetim planlarmm etkinliginin
izlenmesi ve iyilestirilmesi,

e Deniz ve kiy1 alanlarinda yayilis gosteren onemli habitat ve belirleyici tiirlerin envanterlerini
tamamlamak ve mevcut CBS veri tabanina aktarmak,

e Ambalaj atiklarinm kaynaginda ayri1 toplanmasi, geri doniisiim oraninin artirilmast,

e Bilinglendirme c¢aligmalarinin artirilmasi. 1 litreden kiigiik plastik siselerin iiretiminin
sinirlandirilmasi,

e Yiizme suyu profillerinin periyodik araliklarla giincellenmesi, yiizme suyu Kkalitesinin
iyilestirilmesi,

e Atiksu aritma tesislerinden geri kazanim yapilarak sularin tekrar kullanilmasmin saglanmasi. Bu
konuda enerji tesvikleri yerine teknoloji ve yatirim desteklerinin verilmesi,

e Karaya diisen ilk yagisin ayr1 bir alanda toplanarak kirlilik yiikiiniin denizlere ulagmasi
engellenmesi, siirdiiriilebilir kentsel drenaj sistemleri, dogal depolama aritma uygulamalar1
yapilmasi,

e Desarj kriterlerinin alic1 ortam kosullarina uygun olarak belirlenmesi, diizenlenmesi

e Ogzellikle Karadeniz kiyilarinda yer alan 6zel habitat ve tiirler igin Tiir - Habitat Koruma Eylem
Planlarinin hazirlanmasi,
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Tablo 1. Devam ediyor

e Deniz ve kiy1 biyolojik ¢esitliliginin devamliligin1 saglayan onemli habitat ve kilit tiirler igin
tiim denizlerde ulusal izleme sisteminin ve programlarin gelistirilmesi,

e Deniz ¢ayirlarmin dagilimlarmin, antropojenik etkiler sonucunda olusan tahribatin belirlenmesi,
Cografi Bilgi Sistemleri ile haritalanmasi ve izlenmesi,

e Arntma tesislerinde mikroplastiklerin giderilmesine yonelik calismalarin yapilmas,

e  Mikroplastik kullaniminin kisitlanmasinimn, tesviki, egitim ve farkindalik yaratma g¢alismalari
yapilmasi,

e  Yiizey sularmin toplanmasi, dogal aritma yontemleri uygulanarak kirleticilerin su kaynaklarma
karigmasinin dnlenmesi,

e Temiz Uretim Planlari'nda yer alan hedeflerin takibinin etkin sekilde yapilmasi, sektdrel bazda
kilavuzlar hazirlanarak érnek uygulamalarin yayginlastiriimasi,

e Acil miidahale planlarmin etkin ve basarili uygulanmasi i¢in kiyr tesisleri ve miidahale
asamalarinda yer alan tiim birimlerin bilgi, deneyimli personel ve altyap1 kapasitelerinin
giiclendirilmesi,

e Emisyon Olgiim sistemlerinin takibinde Bakanhiga gelen verilerin ham verilerle uyumlu
oldugunun kontroliiniin yapilmasi,

e Her bir Kalkinma Ajansinda ¢evre ile ilgili birimlerin olmasi, siirdiiriilebilirlik konularina nem
verilmesi ve temiz tiretim ile ilgili ¢agrilar agilmasi,

o Tehlikeli maddelere (belirli kirleticiler ve Oncelikli maddeler) iliskin bir izleme ag1
olusturulmasi, biyota, sediman ve suda bulunan Oncelikli kirletici konsantrasyonlarinin
takibinin yapilmasi,

e Tirk Gida Kodeksi'nde yer alan su iiriinlerine yonelik parametre sayis1 ve kriterlerin revize
edilmesi,

e  (Cevresel Etki Degerlendirme siirecinin ekosistem yaklagimina uygun olarak yapilmast

e Denetim faaliyetlerinin arttirilmasi ve cezalarin caydirict hale getirilmesi

e Civa ile kirlenmis mevcut alanlarin ve varsa stoklarin tanimlanmasi ve bu alanlar i¢in ¢evreye
uygun yonetim onlemlerinin uygulanmasi,

e Mevcut Kalici Organik Kirletciler (KOK) stoklarmin tanimlanmasi ve ortadan kaldirilmast,
KOK!'larla kontamine edilmis alanlarin tanimlanmasi, Poliklorlu Bifeniller (PCB) envanterinin
¢ikarilmasi, KOK'larin ithalat ve ihracati konusunda gerekli yasal ve idari 6nlemlerin alinmasi,

e lyi tarim uygulamalarm yaygmlastiriimasi, Organik tarim uygulamalarin yaygmlastiriimas: ve
Pestisit/ambalaj atiklarinin tehlikeli atik yonetimi ve mevzuat1 kapsaminda degerlendirilmesi,

e Tarimda, Ila¢ hazirlama istasyonlarinin kurulmasi, denetimi ve yonetimi,

e Tesvik programlarmin olusturulmasi ve Egitimin etkin kilinmasi,

e Atiklardan kompost eldesi, Ekonomik olmasi durumunda biyometanizasyon tesisinin kurulmas,

e Sera atiklarinin tasnifine gore kdylerde ortak toplama alanlarinin olusturulmasi, Organik sera
atiklarmin pargalanarak kompost eldesi ve giibre olarak kullanimi, diger sera atiklarmin uygun
bertaraf alanlarinda degerlendirilmesi,

e Basingli sulama sistemlerinin uygulanmasi

4. Sonugclar ve tartisma

Ongoriilen dnlemler, Kara Kokenli Kirleticilere iliskin yatirmmlarm en rasyonel sekilde ydnlendirilmesi ve
kirliligin 6nlenmesi i¢in énemli fayda saglayacaktir. Onlemlerin ilgili kurum ve kuruluglarca uygulanmasi giiglii bir
ulusal deniz kirliligi kontrolii ve 6nleme politika araci olarak siirdiiriilebilir gelismeye yonelik stratejik planlara katki
sunacaktir. Ulusal Eylem Planlarinin 6ngoriilen Onlemlerin paydas katilim siire¢lerinde de etkin bir sekilde
faydalanilacak sekilde gelistirilmesi olduk¢a 6nemlidir.

Sonug olarak; tiim bu degerlendirmelerden yola ¢ikarak, Barselona Sozlesmesi geregi taraf iilkelerce her bes
yilda bir hazirlanmasi gereken Kara Kokenli Kirleticiler Ulusal Eylem Plan1 kapsaminda yapilmas: hedeflenen
yatirimlarm gergeklesme durumlari incelendiginde “iyi tarim uygulamalar1” alaninda onceliklendirme programlari
olusturulmus, ihtiyaclar belirlenmis ancak uygulamaya yonelik ¢aligmalar istenilen diizeyde gergeklestirilememistir.
Benzer sekilde sanayi tesislerinin de Mevcut en iyi tekniklerin uygulanmasina yonelik de kurumsal/sektorel kapasite
gelisimi, yasal diizenlemeler, egitim ve planlama alanlarinda 6nemli caligmalar gerceklestirilmis ancak pilot
uygulamalar diginda yaygin bir uygulama heniiz gerceklestirilememistir.
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Kara kaynakli deniz kirliliginin dnlenmesine iligkin diizenlemelerde asagida yer alan hususlarin yetkili kurum
ve kuruluslarca degerlendirilmesi kagiilmaz olmalidir.

i) Kiiresel diizeyde kara kaynakli deniz kirliliginin diizenlenmesi ile ilgili zorluklar nelerdir?
(i) Bolgesel anlagsmalarda ortaya ¢ikan kara kaynakli deniz kirliliginin diizenlenmesiyle ilgili yaklagimlar nelerdir?
(iv) Bu alanda ilgili anlagmalara etkin bir sekilde uyulmasini saglamak nasil miimkiin olabilir?
Tesekkiir

Bu ¢ahismada, Cevre ve Sehircilik Bakanhigi ve TUBITAK /MAM tarafindan koordine edilen 5168703,
17.387 No’lu “Denizlerimizin Kara Kokenli Kirleticilere Karsi Korunmasma Yonelik Ulusal Eylem Planinm
Giincellenmesi Projesi” ile TR2011/0327.21.06.01 No’ lu "Marine Strategy Framework Directive Capacity Building
Project in Turkey” ¢aligmalarinin ¢iktilarindan faydalanilmistir. Arastirmact; Saym, Dr. Giilsen AVAZ’a ve Cevre ve
Sehircilik Bakanlig1’ na desteklerinden ve katkilarindan 6tiirii tesekkiir ederiz.
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Abstract

The molasses produced in a widespread manner in Turkey, loved by people, often as simple or traditional
breakfast consumed is a product. Molasses, traditionally grapes, mulberries, figs, apples, and sugar from fruits that
contain sugar, such as liquid or solid the form are manufactured. In this study, 18 kinds of molasses varieties made of
production traditionally in different regions of Turkey have been identified. The survey was carried out in 53 provinces
and 74 districts. Molasses types were observed from the mentioned fields and the information regarding local names,
medicinal using and production methods obtained questioning the local people. The production of molasses is an
important source of income for people in the local region. Fruit and herbal materials collected to make molasses are
gathered directly by the local villagers, especially unemployed people with financial difficulties. While grape molasses
is consumed for food purposes in almost every province in Anatolia, especially molasses made from plants such as
juniper, pine and carob are consumed for health purposes. Gezo (Oak) molasses produced in a very narrow area in
Anatolia is interesting molasses produced from acorns and leaves.

Keywords: Molasses; ethnobotany; traditional food; Turkey

Anadolu’nun farkh bitkilerinden geleneksel pekmez iiretimi ve etnobotanik 6zellikleri

Ozet

Tiirkiye'de yaygin olarak {iretilen pekmez, insanlar tarafindan sevilen, genellikle sade veya geleneksel
kahvaltilik olarak tiiketilen bir {irtindiir. Pekmez, geleneksel olarak {iziim, dut, incir, elma ve seker pancar1 gibi glikoz
iceren meyvelerden sivi veya kat1 formda imal edilmektedir. Bu ¢aligmada Tiirkiye'nin farkli bolgelerinde geleneksel
olarak iiretim yapilan 18 g¢esit pekmez ¢esidi tespit edilmistir. Anket 53 il ve 74 ilgede gerceklestirilmistir. S6z konusu
alanlardan pekmez tiirleri gozlemlenmis ve yerel halkla yapilan yiiz yilize goriigmelerle yoresel isim, tibbi kullanimlari
ve liretim yontemlerine iligkin bilgiler elde edilmistir. Pekmez tiretimi yerel bolge halki i¢in dnemli bir gelir kaynagidir.
Pekmez yapmak i¢in toplanan meyve ve bitkisel malzemeler, basta maddi giicliik ¢ceken igsizler olmak iizere yore
koyliileri tarafindan dogrudan toplanmaktadir. Anadolu'da hemen hemen her ilde {iziim pekmezi gida amacgh
tiiketilirken, o6zellikle ardig, ¢cam ve kegiboynuzu gibi bitkilerden yapilan pekmezler saglik amagh tiiketilmektedir.
Ayrica, Anadolu'da ¢ok dar bir alanda {iretilen Gezo (Mese) pekmezi; mese palamudu ve yapraklarindan iiretilen ilging
bir pekmezdir.

Anahtar kelimeler: Pekmez; etnobotanik; geleneksel gida; Tiirkiye
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1. Introduction

Molasses is a sweet thick liquid made by boiling and concentrating fruit juice. “Pekmez” is the name given in
Anatolia (current Turkey) to the concentrated fruit syrup made by extracting the juice of sugary fruits and making them
thicken by different processes for many years [1-3]. In history, the first studies on the production and processing of
molasses were presented by Madsen (1953). Madsen first produced molasses from sugar beet. In later studies, molasses
began to be produced from different plants [4,5]. They are considered an important component in human nutrition and
a good source for energy intake due to its high contents of sugars (glucose, galactose), minerals, and organic acids [6].
Molasses making, which is common in Anatolia, is one of the important tastes of Turkish Culture. Traditional methods
in rural areas produce molasses produced in enterprises with modern production methods and presented to the market.
Molasses, which have been produced for a long time in Turkey, are popular and traditional Turkish foods [7-9]. It is
produced primarily from grapes [8, 10-14]. They are usually preferred for breakfast in winter [2,15]. Molasses
production is around 50 thousand tons in Turkey. Grape molasses constitutes 80 percent of this production. Molasses
are most often made from grapes, but local forms of molasses are made from other materials, including mulberries,
plums, apples, pears, sugar beets, watermelon sorghum, and pomegranates. As a traditional product, molasses are
produced in every region using fruits mostly grown in that region [16-18]. In recent years carob has also been used to
make molasses. In Southern Anatolia especially, the boiled ripe berries of a species of juniper known locally as andiz
(Juniperus drupacea Labill.) yield a sweet syrup known as “andiz pekmezi”, or juniper molasses [19-21]. Molasses are
a very rich food in carbohydrates, organic acids, mineral substances, and partial vitamins. It is also important in terms of
nutrition due to its sugars [17,22]. Molasses are popularly used as a tonic and aphrodisiac due to their rich and nutritious
content. In addition, some herbal drugs are mixed with molasses and consumed medicinally [23]. In this study, some
information is given production stages of molasses, their types, effects on health. In addition, traditional molasses
production from different plants and their ethnobotanical properties are also mentioned.

2. Materials and methods

This research was carried out in 53 provinces (74 districts) of Turkey between the years 2015-2021. The
provinces and their districts where the study was conducted are shown in Table 1. In addition, the region where
molasses is produced are marked on the Turkey map (Fig. 1). During the research, face-to-face interviews were
conducted with 90 informants. 64 (71%) of the informants are male, and 26 (29%) are female. In Figure 2, the
informants’ age distributions and educational status are summarized with graphics. Plants used in molasses made by
informants were collected in the field and identified from various floristic books [24-26]. Turkish names of the plants
are arranged according to Giiner et al. [27]. The current names and authors of scientific names are given according to
The Plant List [28].
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Figure 1. Provinces with traditional molasses production in Turkey (shown with an asterisk)

Traditional molasses production from different plants in Anatolia and its ethnobotanical features
Fatih SATIL, Selami SELVI



64

Biological Diversity and Conservation — 15/ 1 (2022)

Table 1. List of provinces and districts where molasses is produced

No Province Districts and villages No Province Districts and villages
1  Adiyaman Dut, Kahta, G6lbasi 27 Kayseri Develi
Pinarhisar, Erenler, Kurudere, Evciler
2 Amasya Center 28 Kirklareli ,Gegitagzi, Devletliagag, Armutveren
3  Antalya Akseki, Alanya, Gazipasa 29 Kirsehir Center
4  Artvin Yusufeli 30 Malatya  Center
Salihli, Canakg¢1, Kirkagag-Karakurt,

5 Aydn Kogarl 31 Manisa [lyaslar,Demirci, Alasehir, Sarigol

Havran Manyas-Kogoglu Midyat, Mazidag, Artuklu. Omerli, Derik,
6  Balikesir village 32 Mardin Zinnar, Akras village
7 Bartin Center 33 Mersin Bozyazi, Silifke
8 Batman Center 34 Mus Malazgirt
9 Bilecik Center 35 Nigde Aktas
10 Bingol Geng 36 Ordu Giirgentepe, Kumru
11 Bitlis Mutki, Hizan 37 Rize Pazar, Kesikkoprii village
12 Burdur Center 38  Sakarya  Tarakh
13 Bursa Center 39 Samsun Carsamba

Sungurlu-Cayyaka, Kavsut
14 Corum ve Tokullu 40 Siirt Center
15 Denizli Center 41 Sinop Boyabat-Curguslar, Bigak¢ili

Egil, Ergani, Cermik, Hani,
16 Diyarbakir Lice, Kulp, Ciingiis 42 Sanlwrfa  Siverek
17 Elazig Center 43 Sirnak Center
18 Erzincan Center 44 Tokat Zile
19 Erzurum Uzundere, Ispir, Olur, Tortum | 45 Trabzon Caytepe, Salpazari,Erbaa
20 Gaziantep Center 46  Tunceli Center

Sebinkarahisar, Piraziz,
21 Giresun Dereli, Calca village 47 Van Center
22 Giimiigshane Center 48 Yalova Center
23 Hatay Center 49  Zonguldak Center
24 Kahramanmarag Andirm, Pmarbasi 50 Diizce Ballica
25 Karabiik Center 51 Hakkari Cukurca
26 Kastamonu Taskoprii, Kasi vilage 52 Konya Hadim

53 Yozgat Center
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Figure 2. Graphical representation of age distribution (A) and educational status (B) of informants

3. Results

As a result of the research; It was determined that molasses was produced by traditional methods from 20
different plants. The families, scientific names, vernacular, Turkish and English names of the plants that included these
molasses, the used parts, and the places where they are produced are presented in Table 2. As a result of interviews
with informants in 53 provinces; It has been determined that 18 different types of molasses are used in the treatment of
48 different diseases and symptoms. Their list is given in Table 3. Also, Table 4 shows the medicinal uses of molasses
by region (province and district). The molasses produced in these provinces are known by the vernacular names of that
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region (Table 2). Zile molasses in Tokat Zile, Agda molasses in Gaziantep, Calma molasses in Kirsehir, Bulama
molasses in Balikesir, Masara molasses in Kahramanmarag, Gezo molasses in Mardin and Bitlis are the most famous
ones. Provinces where grape molasses is produced the most; Manisa, Denizli, Eldzig, Gaziantep, Tokat, Amasya,
Malatya, Mardin, Diyarbakir and Hatay.

Table 3. Symptoms and diseases in which molasses is used

Number  of Number of
Molasses Molasses
No  Symptoms and Diseases variety No  Symptoms and Diseases variety
1 Anemia 7 25 Sedative 2
2 Bronchitis 6 26 Allergy 1
3 Cardiovascular diseases 6 27  Antipyretic 1
4 Cough 6 28  Appetizing 1
5 Immunization 6 29 Cataract 1
6 Asthma 5 30 Common cold 1
7 Cancer 4 31 Cynanche 1
8 Skin health 4 32 Depression 1
9 Stomachic 4 33 Eye diseases 1
10 Tonic 4 34 Jaundice 1
11 Constipation 3 35 Kidney inflammation 1
12 Gastro-intestinal diseases 3 36 Liver steatosis 1
13 Avrthritis 2 37 Lung diseases 1
14 Cholesterol lowering 2 38 Measles 1
15 Diabetes 2 39 Nephritis 1
16 Diarrhea 2 40 Psoriasis 1
17 Diuretic 2 41 Reflux 1
18 Flu 2 42 Sedative 1
19 Hemorrhoids 2 43 Sphagitis 1
20 Hepatoprotective 2 44 Thrush 1
21 Menstrual regulator 2 45  Tuberculosis 1
22 Nausea 2 46 Ulcer 1
23 Osteoporosis 2 47 Urinary tract infections 1
24 Prostatitis 2 48  Arteriosclerosis 1

It has been observed that informants mostly used molasses to treat anemia (7 type). Bronchitis (6 type), cardiovascular
diseases (6 type) and cough (6 type) follow, respectively (Fig. 3).
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Figure 3. Symptoms and diseases in which molasses are good
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Table 2. Traditional molasses production from different plants in Turkey

Scientific name/

Names of plant

No Family Used part  Provinces and towns
Voucher number Vernacular name Turkish name Engilsh name
1 Amaranthaceae  Beta vulgaris L.var. altissima Doll /  Sekerpancari Seker pancari Sugar beet Root 2,28,41
SV 2380
2 Cucurbitaceae Citrullus lanatus (Thunb.) Matsum. & Karpuz Karpuz Watermelon Fruit 12, 28, 31
Nakai / SV 2383
Cucurbitaceae Cucumis melo L. / SV 2400 Kavun Kavun Melon Fruit 14, 31
4 Cupressaceae Juniperus drupacea Labill. / SV 2355 Andiz Ardig Juniper Berries 3,24,33
Cupressaceae Juniperus drupacea Labill. / SV 2356 Pitik Ardig Juniper Berries 24
5 Ebenaceae Diospyros kaki Thunb. / SV 2358 Trabzon hurmasi Hurma Oriental persimmon  Fruit 36, 37, 45
6 Elaeagnaceae Elaeagnus rhamnoides (L.) A.Nelson / Kishan Yalanci igde Sea buckthorn Fruit 19
SV 2357
7 Fabaceae Ceratonia siliqua L. / SV 2362 Harnup Kegiboynuzu Carob Fruit 3,12,33
8 Fagaceae Quercus brantii Lindl. / SV 2361 Gezo, dimsa, beruya, Mese, Kudret Oak Acorn 32,43
dimsa gezoyé helvasi
Fagaceae Quercus robur L. subsp. Gezo Mese, Kudret Qak Acorn 10,11,16 32,34,47
pedunculiflora (K.Koch) Menitsky helvasi
9 Lythraceae Punica granatum L. / SV 2360 Nar Nar Pomegranate Fruit 6,42
10 Moraceae Morus alba L. // SV 2382 Akdut Dut Mulberry Fruit 1,2,4,5,6,9,13,10,
17,19,22,26,30,36,44,46,48
11 Moraceae Morus nigra L. / SV 2381 Karadut Karadut Black Mulberry Fruit 21
Pinaceae Pinus brutia Ten. / SV 2398 Cam Cam Pine Cone 6
12 Rosaceae Malus sylvestris (L.) Mill. / SV 2399 Elma Elma Apple Fruit 2,7,35,36,38,45,49
13 Rosaceae Pyrus communis L. / SV 2363 Armut Armut Pear Fruit 6,7,21,25, 36,41
14 Rosaceae Mespilus germanica L. / SV 2370 Tongel Musmula Common medlar Fruit 21,36,39
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Table 2. Continues

15 Rosaceae
16 Rosaceae
17 Rosaceae
18 Vitaceae
Vitaceae
Vitaceae

Vitaceae

Vitaceae
Vitaceae
Vitaceae
Vitaceae
Vitaceae
Vitaceae
Vitaceae

Vitaceae

Vitaceae

Vitaceae

Prunus x domestica L. / SV 2365
Armeniaca vulgaris Lam. / SV 2366
Cerasus avium (L.) Moench / SV 2367

Vitis vinifera L. / SV 2384
Vitis vinifera L. / SV 2385
Vitis vinifera L. / SV 2386
Vitis vinifera L. / SV 2387

Vitis vinifera L. / SV 2388
Vitis vinifera L. / SV 2389
Vitis vinifera L. / SV 2390
Vitis vinifera L. / SV 2391
Vitis vinifera L. / SV 2392
Vitis vinifera L. / SV 2393
Vitis vinifera L. / SV 2394
Vitis vinifera L. / SV 2395

Vitis vinifera L. / SV 2396
Vitis vinifera L. / SV 2397

Erik
Kayis1
Kiraz
Agda
Calma
Calma

Masara, nardenk,
ravenda, giinbali, bal

Zile

Agda, pekmez
Balbasi

Bulama, pekmez
Cimin

Calkarasi
Calpak

Avsile, Dims, Dibs,
Dosav

Uzim

Uziim
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Erik
Kayis1
Kiraz
Uziim
Uziim
Uziim

Uzim

Uziim
Uziim
Uziim
Uziim
Uziim
Uziim
Uziim

Uziim

Uzim

Uziim

67

European plum
Apricot
Cherry

Grape

Grape

Grape

Grape

Grape
Grape
Grape
Grape
Grape
Grape
Grape
Grape

Grape
Grape

Fruit
Fruit
Fruit
Fruit
Fruit
Fruit
Fruit

Fruit
Fruit
Fruit
Fruit
Fruit
Fruit
Fruit
Fruit

Fruit
Fruit

21,41,50
17,30,33
31
26
26
29
24

44

20

29

6

18

15

23
8,16,32

1,8,11,16,27,32,40 ,42
5,31,37,51,52,53
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Table 4. The effects of molasses varieties on health and where they are produced

Varieties of
Molasses
(Turkish name)

Medicinal use

Production region

Andiz

Armut

Cam

Karadut

Elma
Erik
Gezo

Harnup

Hurma

Karpuz
Kavun
Kayisi

Kiraz
Kishan

Nar
Sekerpancari
Tongel

Uziim

Anemia, asthma, bronchitis, cough, hemorrhoids, kidney inflammation, nausea, psoriasis, tuberculosis

Anemia, arthritis, diuretic, gastro-intestinal diseases, sedative,

Asthma, bronchitis, cough
Asthma, bronchitis, cough, immunization, osteoporosis, stomachic, thrush, ulcer

Immunization, cholesterol lowering, osteoporosis, skin health

Anemia , antipyretic, appetizing, cardiovascular diseases, diuretic, menstrual regulator

Bronchitis, cough, tonic

Anemia, asthma, bronchitis, cholesterol lowering, cough, diabetes, diarrhea, flu, hepatoprotective, jaundice,
gastro-intestinal diseases, lung diseases, measles, nausea, reflux, prostatitis, stomachic, nephritis, tonic, urinary
tract infections

Anemia, bronchitis, cancer (colon), cardiovascular diseases, common cold, constipation, cynanche, gastro-
intestinal diseases, hemorrhoids, tonic

Cancer, cardiovascular diseases,tonic

Immunization, asthma, constipation

Cancer, cardiovascular diseases, cataract, skin health

Immunization, cardiovascular diseases, prostatitis

Anemia, liver steatosis, tonic

Cough, constipation, diarrhea, eye diseases, skin health, sphagitis

Anemia, cancer (leukemia), immunization, stomachic

Antiemetic, cancer (skin), cardiovascular diseases, depression, diabetes, sedative, stomachic

Allergy, arteriosclerosis, arthritis, hepatoprotective, immunization, menstrual regiilator, skin health

3,24,33
6,7,21,25,36,41

3,6,13
1,2,45,6,9,10,13,17, 19,
21,22,26,30,36,44,46,48
2,7,38,35,36,45,49
21,41,50

10,11,16, 17,32,34,47
3,12,33

36,37,45

12,28,31

14,31

17,30,33

30,31

19

6,42

2,26,28,41

21, 36,39

6,8, 15,16,18, 20,23,24, 26,
29,31,32,37,40,44
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4. Conclusions and discussion

Molasses are most often made from grapes, but there are local molasses made from other materials, including
mulberries, plums, apples, pears, sugar beets, watermelon, sorghum, and pomegranates. While grape molasses is
consumed for food purposes in almost every province, andiz, pine, and carob molasses are consumed especially for
health purposes. Gezo molasses is an oak molasses produced in a very narrow area in Anatolia (Fig. 4). This type of
molasses in our country; It is produced in Bing6l, Burdur, Diyarbakir, Mersin Mus, Sirnak and Van. It is obtained from
the honey-flavored colorless and sticky must found on the leaves or fruits (acorn) of oak trees in these regions (Quercus
brantii Lindl. and Q. robur L. subsp. pedunculiflora (K. Koch) Menitsky). Satil et al. (2021), in a chemical study on
Gezo molasses, it was emphasized that Gezo molasses is rich in antioxidants besides its nutritional value [29].

While molasses is usually made with grapes and molasses soil in Anatolia, in some regions, honeycomb honey,
egg white, dry pot, yogurt, and milk are added to the molasses content in molasses production. In Kahramanmaras,
molasses thickened in direct sunlight without boiling are called “day honey” or honey [30-31]. Those that are not
darkened or bleached are called “Nardenk”, those that are lightened and hardened are called “Ravenda”. In Balikesir,
Nigde, and Afyonkarahisar regions, molasses, which has been thickened to a certain consistency without adding any
yeast, is tempered by pounding only with wooden spoons and sticks. In the Thrace region, ground mustard is added, the
acidity is removed with molasses. Important molasses varieties produced by traditional methods in Turkey are shown in
Fig. 5.

After grapes, mulberry molasses is preferred the most. Although mulberries are grown in every region in
Turkey, mulberry molasses is more common in Elazig, Tunceli, Malatya, Balikesir, Aydin, Yalova, Bursa, Bilecik,
Tokat, Amasya, Corum, Kahramanmaras and Erzincan. Especially the mulberry molasses produced in Zile district of
Tokat is the most famous. Carob molasses is widely produced in Antalya (Alanya, Gazipasa), Mersin and Burdur.
Apple molasses is produced in regions such as lIsparta, Denizli, Karaman and Amasya where apples grow
abundantly. Apricot molasses is consumed more in Malatya, Elazig and around Mersin. Fig molasses, on the other hand,
is famous in Aydmn, where the most figs are produced (Table 2). In Turkey, traditional methods are common way to
obtain homemade grape molasses in villages. Briefly, the production process starts by squeezing molasses product, and
the liquid part is filtered to remove the rape. Then the filtrate is boiled until the pH 3-4 where it becomes blurred and
viscous. Finally, a special soil (named as “molasses soil”) with high calcium carbonate (CaCQOs3) content is added to
adjust the pH value and to fix the turbidity [32].

The production technique of traditionally produced molasses has not changed much since the past in Turkey.
There are many types of molasses with different names and different flavors, structures and appearances with some
changes in their production techniques in different regions of Turkey (Fig. 1). In producing apple, fig, and juniper
molasses, the respective fruits are smashed by a hammer after being cut in halves or quarters, then put into water to
extract the soluble solids. The mixture of juniper or fig and water is kept for 3 days, whereas the apple and water
mixture can be boiled immediately in an open vessel. After the extraction of soluble solid, the extract is filtered from a
muslin cloth to obtain the must. Wood ash is added to the juniper must to clarify it, and the must is concentrated in a
similar manner as for mulberry pekmez. The concentrated must is called apple, fig, or juniper molasses In the
production of traditional molasses, the grapes are filled with nuts and the slaves are removed by chewing with the feet
in boats made of wood or concrete. For deacidification, excess lime, white or neaby white molasses soil are used.

Traditional molasses production from different plants in Anatolia and its ethnobotanical features
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Figure 5. Examples of various molasses made by local people In different provinces of Turkey. A. Juniper molasses,
(in Kahramanmaras), B) Black mulberry molasses (in Giresun), C) Apple molasses (in Nigde), D) Sea buckthorn
molasses (in Erzurum), E) Common medlar molasses (in Samsun), F) Watermelon molasses (in Manisa), G) Oak
molasses (Bitlis)

The grape syrup is boiled on a strongly burning stove to provide easy and quick effect of the soil to the syrup, to
prevent the action of the yeasts and to speed up the clarification; this is called the curdling of a grape syrup. After the
curdling, the syrup is left to rest, after resting the clear part is separated from the sediment and clear syrup is obtained.
The syrup is darkened on the open flame in boilers. At the beginning of the molasses cooking process, foams are
formed on the surface of the must, called skimmed fat, and they must be taken from the medium with the flat cheeks in
order to provide a clear molasses appearance. The syrup which have been cleaned from their skimmed fat are left to boil
in their own form for a while to darken.

Molasses made by traditional methods are divided into 2 groups as liquid and solid. In addition to these, there are
local names according to the region where it is produced. For example, they are named as ringing in Kirsehir, bell
molasses in Zile, and smearing in Balikesir [33]. The production stages of liquid (sweet) and solid (sour) molasses by
traditional methods are given in Fig. 6. These methods have been demonstrated in grape molasses.

While in Anatolia, grape molasses are usually made with only grape and molasses soil, it has been determined
that it is added to molasses content in different products in some regions. Antep molasses, which is widely produced in
Gaziantep region, 10-15% of its weight, old molasses, 1-2% honeycombed honey and egg whites in Kahramanmarag
region, molasses were known as ‘Balbasi’ in Kirsehir region, 50 egg whites for 100 kilograms of must. In the same
region known as 'Calma', pekmez is a mixture of dried soapwort with yogurt ." Agda ", produced in the Kastamonu
region, is added as yeast mixed with eggs in milk.

Molasses is one of the most important food products produced from different plants and different methods all
over Turkey and consumed widely due to its rich minerals and vitamins. Since molasses is an extremely important food
item in terms of nutrition, it is important to inform our people about their correct and conscious consumption. In
addition, it is known that it has a healing effect with completely natural nutrition in the treatment of 48 different
symptoms and diseases, especially anemia, bronchitis and cardiovascular diseases. But; It is seen that molasses is
produced in traditional and very primitive conditions in our country. Therefore; By establishing modern enterprises, the
production of molasses with higher quality and higher nutritional value, following the standards, will contribute to both
an economically significant income and healthier nutrition of our people.
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Figure 6. The production stages of liquid (sweet) and solid (sour) molasses by traditional methods
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Abstract

Unnoticed, breeding beneath the canopy in the woods, the herb layer serves a special role in maintaining the
structure and function of forests, this stratum remains an underappreciated aspect of forest ecosystems. The Bangalore
University, Jnanabharathi campus, historically being a scrub forest facilitating the growth of enormous vegetation
ranging from large canopied trees to understory layer comprising of herbs and grasses. The present study was intended
to assess the herbs diversity, richness and medicinal use to emphasize its role in tropical dry forest ecosystems, using a
guadrate method. A total of 61 species were recorded, comprising of 52 species of herbs, representing 28 families, of
which (77%) belongs to native and (23%) exotic (non-native) category. In addition to herbs four species of grass and
five climber species of procumbent were also recorded in the same quadrate. Desmodium triflorum with 1014
individuals and (IVVI = 11.76) was found to be dominant species followed by Evolvulus alsinoides, Vicoa indica and
Calyptocarpus vialis. Astraceae and Fabaceae was the most abundant family followed by Lameaceae and Acanthaceae.
The diversity indices were estimated to determine the richness, diversity and evenness of herbaceous species, among
three sectors, sector-1 is found to have Shannon index of 3.14 and Simpson index of 0.95, where highest Evenness
index of 0.64 was associated with sector-3 followed by Sector-8 and Sector-1. From the study it was also revealed that
all the three sectors were significantly depicting clumped or contagious pattern of herb distribution. The study indicates
that understory herbaceous layer plays very important role in regeneration of canopy species in scrub forest and it
support regeneration of many medicinal herbs. Hence University authorities should protect herb layer from fire, grazing
and other anthropogenic disturbances.

Keywords: herb layer, ecosystem services, diversity, conservation, medicinal value
1. Introduction

Despite of its role in ecosystem processes the herbaceous layer is frequently ignored due to its nature of habit
and small contribution to the overall biomass of the system [9]. Although, the understory layer called herbaceous layer
is characterized by unique features that distinguish it from the woody vegetation of the forest stratum [21]. In scrub and
deciduous forest ecosystem, the contribution of herbaceous layer to the plant diversity and richness is higher than the
other vegetation stratum, such as shrubs and woody trees. However herbaceous species have preponderance natural
extinction rates than other strata [9]. The extinction rates in herbs are more than three times that of hardwood tree
species [10]. Thus, threats to forest biodiversity are most often a function of threats to herbaceous layer species [11].
Herbaceous plant functional traits provide a general and mechanistic basis for understanding plant behaviour in
response to biotic stress [5].
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In ecological relationships it has been commonly observed that concentration of some foliar nutrients of herbs
is found to be higher than in woody vegetation from the same site [10]. In addition, the role of herbaceous layer in
modification of throughfall may strongly influence the amount of nutrients returned to the forest floor, which may
varies depending on species composition of the understory herb layer and time of the year [2, 9]. In addition to all these
contribution towards the ecological process of forest ecosystem, these plants have been the source of many medicines
utilized in the treatment of both humans and animals diseases since ancient times [36].

The World Health Organization (WHO) estimated that in developing countries about 80% of the population
depends on traditional herbal remedies for their daily needs, in developed countries it could be as high as 95% and
about 855 traditional medicines include crude plant extracts [14]. This means that approximately 3.5 to 4 billion of the
global population rely on plants resources for drugs [18]. Over time, the use of herbal medicines and other natural
products has developed on the basis of both positive and negative experiences. The collected rich experiences have
gradually developed into folk medicine [4].

The history of medicine can be traced to the past, in the Indian subcontinent, more than 500 indigenous
communities use around 800 plant species for curing various diseases [13]. From professional as well as economical
point the indigenous drugs of India hold a great status throughout the globe. The demand for herbal value-added
extracts of medicinal herbs is gradually increasing in foreign countries, especially in Europe and other developed
countries [3]. In many regions of the world including India herbaceous plants are unexplored, while majority of the
discovered species are under threat due to land use land cover changes, over harvesting, grazing, poor management and
lack of knowledge regarding its significance functional traits and poor conservation measures [10]. Hence the present
study has been undertaken to document Composition, diversity, richness, distribution and medicinal uses of herb
species of Jnanabharathi campus of Bangalore University.

2. Materials and methods

This study was conducted at Bangalore University (Jnanabharathi Campus), situated in the outskirts of
Bangalore Metropolitan City with the area of 1200 acres, which is one among the biggest University in Asia. Out of
1200 acres, 400 acres is used for the construction of roads, buildings and remaining 800 acres of original thorn forest
was developed as Biodiversity conservation area by University without altering the original landscape and vegetation. It
lies between 12°39” to 13°18” N Latitude and 77°22” to 13°52° E Longitude, covering Arkavathi river basin and falls in
an area of 6 km? in the village limits of Nayandahalli and Mudalapalya [22]. The University campus has been
categorized into eight sectors based on topography and watershed features (Figure 1).
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Figure 1. Study area map indicating sectors and sampling locations in Jnanabharathi campus of Bangalore University
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Biodiversity conservation area occupies about 800 acre of the University campus area, where in more than 500
native species have been planted during the period of 1998-2008 in six sectors viz., sector 1, 2, 3, 4, 5 and 8, of which
majority of the Biodiversity conservation area lies in three sectors i.e., 1, 3 and 8. As a part of long term monitoring
program University established 22 permanent plots of 25 x 25m size randomly at a distance of 250 to 300 m in the year
2004 covering all the areas. Among the three sectors, sector-1 comprised of large area of the Biodiversity Conservation
area followed by sector-8 and sector-3 which represents the species composition of the remaining sectors. Hence same
sectors have been chosen for the sampling of herbaceous layer (Figure 1).

2.1. Assessment of Herb diversity and Composition

A total of 105 quadrates of 1x1m dimension were randomly laid in 3 sectors of Biodiversity conservation area,
viz., 70 quadrates in sector-1, followed by 20 quadrates in sector-3 and 15 quadrates in sector-8. The herb sampling was
done from August to November of monsoon and post-monsoon in 2019. The herb species were identified in the field
and unidentified species were confirmed with help of local flora [26]. Along with the herbs, climbers and grasses falling
in the quadrates were identified and documented. Quantitative community characteristics such as frequency, density,
diversity indices were estimated using Bio-Diversity Pro Software (Version 2) and standard methods [19].

2.2. Medicinal value of herbs

Each species medicinal values were documented from published literature [1, 33,29, 12]. Discussions were
also held with people living around the campus and Forest Department to ascertain the medicinal uses of the herb. The
prioritized medicinal plants in National Medicinal Plant Board (NMPB), Government of India were referenced to
understand the medicinal uses. Community ecologists have used many indexes to understand plant diversity, dominance
and evenness. In the present study following index were used [30, 31, 25].

Shannon- Wiener Index (H)

H= —%(ni/Nilnini /N)

where, H = Shannon-Wiener index; ni = Importance Value Index of it species; N = Total Importance Value of
all species.

Simpson Dominance Index (D)

D =%(ni/N)2

where, ni = importance value index; N = total importance value of all species.

Pielou’s evenness Index(J)

J'=H'jLns

H’= Shannon wiener diversity index

s = number of species

2.3. Distribution pattern of herbs

Generally biotic populations are distributed heterogeneously in their habitats and the distribution itself is often
patchy. In ecology, the structure of dispersion is conventionally classified into three categories: Frequency of
distributions may be random, uniform (regular), or clumped (contagious).The empirical classification of the distribution
pattern can be obtained by comparing the sample mean (n) with variance (s?) of observed frequency distributions of the
number of species per sampling unit. The distribution will be random if s2/n = 1, uniform if s?/n <1, and clumped if s?/n
>1, provided that these obtained relations are statistically significant [23].

3. Results

Historically Bangalore University was a Thorn scrub forest enriched with sandalwood reserve, used as an
elephant corridor between Bannerghatta National Park and Savanadurga State Forest. In the year 1998 Bangalore
University constructed series of check dams to harvest rain water on extensive scale with the support from State Forest
Department and Central Ground water Board, which has significantly improved ecology and microclimate of the region.
Then afforestation activities were undertaken in different sectors without altering the original landscape to conserve
native species in 800 acres area (Table 1). This also improved wildlife and ground herbaceous layer. In spite of
compound wall and protection, Biodiversity area is witnessing frequent grazing and forest fire which may affects the
regeneration of herbs.
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Table 1. Timeline of Conservation and management strategy adopted by Bangalore University.

Sl.no Major conservation and management efforts Year
1 Demarcation of sectors (8 sectors) 1998
2 Construction of check dams in conservation site 1998-2003
3 Afforestation programme in 800 acre area 1998-2008
4 Establishment of ex-situ field gene bank adjacent to 2002-2005

Environmental science department

3.1. Herb species composition and diversity

A total of 52 herb species belongs to 28 families were recorded in the campus. Apart from that a total of four
grasses and five climbers had been documented in the sampled areas. Species area curve indicates that the sampling is
sufficient enough to capture maximum herb species richness in the Biodiversity area of the campus. Species-area curves
also reflect the way that diversity is structured spatially and how environmental variables affect richness at different
spatial scales (Figure 2).
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Figure 2. Species area curve

The diversity of species in an area depends on both the number of species observed and their total numbers,
and evenness refers to the relative abundance of species. The data revealed that diversity index (H) and dominance
index (D) obtained maximum value for the sector-1, followed by sector-3 and sector-8 respectively. While evenness
index was found to be high at sector-3 in contrast with other two sectors, which represents that all the species in sector-
3 are evenly distributed (Table 2). On the whole we can conclude that dense herbaceous layer in the studied sectors
enriching soil health and sustain ground-nesting birds, honey bees, butterflies and many other faunal species.

Table 2. Sector-wise diversity indices for herb species

Sl.no Biodiversity index Sector-1  Sector-3  Sector-8
1 Shannon-Wiener index 3.419 3.149 3.014
2 Simpson index 0.955 0.944 0.911
3 Evenness index 0.407 0.647 0.452
Average 1.593 1.573 1.459

3.2. Native and exotic species composition of herbs

Out of 52 species, (77%) were belongs to native and (23%) to exotic category. It shows that the Biodiversity
conservation area of campus is relatively less disturbed by anthropogenic activities.
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3.3. Density and Frequency of Herb

Out of 28 recorded families, majority of the herbs belong to the family Asteraceae followed by Fabaceae and
Lameaceae (Figure 3).
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Figure 3. Top ten herb families found in Biodiversity Conservation Area

Desmodium triflorum (1014) was found to be dominant herb species followed by Evolvulus alsinoides (630),
Vicova indica (616) and Calyptocarpus vialis (577) (Figure 4).
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Figure 4. Density of top ten herb species in Biodiversity Conservation area
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Figure 5. Relative Frequency of top ten herb species in Biodiversity Conservation area
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E.alsinoides is the most frequently occurred species among all the three sectors with the rate of (12.8%) in
sector-8, (9.6%) in sector-3 and (8.4%) in sector-1, followed by V.indica, A.Serphylifolia, D.triflorum, B.ocymoides,
R.vahlii and C.tuberosa which represents that these species are widely distributed in all the three sectors (Figure 5).

3.4. Distribution pattern of Herbs
Based on the field data, comprising of 52 species of herbs from three sectors were examined for the relations
between s2 (variance) and n (sample mean). The obtained result revealed that all the 3 sectors data were significantly

judged with clumped or contagious pattern of distribution (Table 3).

Table 3. Sector wise distribution pattern of herbaceous layer in Biodiversity Conservation area

Sl.no Sector Value Distribution
1 Sector 1 1.05 Clumped
2 Sector 3 1.29 Clumped
3 Sector 8 1.88 Clumped

Average 2.96

3.5. Medicinal uses of Herbs

Our study reveals that among 52 herb species recorded about 80% of the species have been widely used in
Ayurveda and folk medicine. Some of these herbs found in the University campus were listed with their medicinal use
in (Table 4).

Table 4. Important medicinal herbs of the campus and their uses

Sl.no Species Common name Part used Reference

1 *Andrographis serpyllifolia (Vahl) Wight Creeping bent grass Leaves(G) [1]
*Eclipta prostrata (L.) L. False daisy, Whole Plant (A,B,C,D,

2 . . [33]

Bhringaraj E)

3 Evolvulus nummularius (L.) Round leaf Bindweed Whole plant (D) [29]

4 Striga asiatica (L.) Kuntze Asiatic witchweed Whole plant (F) [12]

5 Hemidesmus indicus (L.) R. Br. ex Schult. Indian Sarasaparilla Root(C) [17]

6 Croton bonplandianus Baill. Railway Weed Leaves, seeds (D,G,H,I) [32]

7 Cyanotis tuberosa (Roxb.) Schult & Greater Cat Ears Leaves, Root (J,K,L,M) [8]
Schult.f.

8 Heliotropium strigosumWilld. Red jasmine Whole plant(D) [16]

9 | Hybanthus enneaspermus (L.) F.V.Muell. Spade Flower Whole plant(N,0) [26]

10 | Synedrella nodiflora(L.) Gaertn. Cindrella weed Leaves(A,P) [35]

Note:A-Anti-inflammatory, B-Analgesic, C-Anti snake venome, D- Anti-microbial, E-Anti-depressant, E-Anticancer, F- anti-helmentic, G-antioxident, H-Wound healing,
1-Skin disease, J-Worm infestation in cattle, K-Treat Liver problem, L-Menstrual disorder, M-Leafy vegetable, N-treatment of urinary infection, O- Bowel movement
complents, P-Antiseptic.*-Listed under NMPB Prioritized list of medicinal plant under cultivation.
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Figure 6. Few Medicinally important herbs found in Biodiversity Conservation area (a)-Andrographis serpyllifolia (Vahl)
Wight, (b)-Eclipta prostrata (L.) L. (c)-Hybanthusenneaspermus (L.)F.Muell. (d)-Cyanotistuberosa (Roxb.) Schult.

4. Conclusions and discussion

During the study a total of 52 species of herbs were recorded, representing 28 families, of which (77%)
belongs to native and (23%) exotic (non-native) category. The exotic species generally alters the regeneration potential
of species and alters the overall richness and composition. Not surprisingly, the ecological impacts of invasive species
have generated considerable interest among ecologists, particularly since the time of 1950s [9]. The undisturbed forest
communities of herbaceous layer with intact canopies are generally resistant to invasion by exotic plant species. The
potency of invasion by non-native plant species can be a function of the degree of anthropogenic disturbance such as
harvesting, land cover change, atmospheric deposition of pollutants [9].

Out of 28 recorded families, majority of the herbs belong to Asteraceae followed by Fabaceae and Lameaceae
(Figure 3).The Fabaceae members are very useful to the ecosystem, because they are having nitrogen-fixing bacteria in
root nodules. This is good for the soil, because the nitrogen fixing Rhizobium bacteria fix atmospheric nitrogen into the
soil which increases the natural level of soil nitrogen [7]. The other dominant family is Lameaceae, which is important
both for fragrance and medicinal properties [34].

It is reported that among 52 species of herbs Desmodium triflorum (1014) was found to be dominant followed
by Evolvulus alsinoides (630) (Figure 4). D.triflorum is a mat-forming prostate herb forming roots at nodes. This
species had wide adoptability to different soil and climate and most commonly in heavily grazed or plantations and
roadsides [6]. The second dominant herb is E. Alsinoides which is commonly seen in scrub forest even in poor soils, on
bare exposed slopes [27].

The study revealed that all the 3 sectors data were significantly judged with clumped or contagious pattern of
distribution (Table3). Similarly a study conducted by Mukherjee and Sarma, (2011) in Okhla Bird Sanctuary located in
Uttar Pradesh also found a contagious pattern of distribution for herbaceous layer. The herbs distribution indicated the
suitability of microclimatic conditions such as soil, moisture, nutrients, temperature etc. In ecology the structure of
dispersion is classified into three categories, viz., contagious (clumped), random (unpredictable spacing), and uniform
(regular). This classification is based on the frequency distribution of individuals in a statistical sense, e.g., based on
quadrate counts. The distribution of species into clumped, uniform, or random depends on different abiotic and biotic
factors. The distribution pattern of a species population is often related to its reproductive biology, and major abiotic
factors like soil and water conditions are responsible in controlling species distribution patterns [20].

Our study disclosed that among 52 herb species recorded about 80% of the species have been widely used in
Ayurveda and folk medicine. Historically these species were used by surrounding villagers to treat different ailments
such as snakebites, skin diseases, liver problem, mental disorder, cure infertility, Skin disorders, etc. [15]. Due to rapid
urbanization and unplanned plantations, herb species have been reduced in urban fringe [22]. India, being home for over
45,000 plant species, about 1500 plants with medicinal uses is mentioned in ancient texts and around 800 plants have
been used in traditional medicine [24, 5]. Around 85% of traditional medicines are acquired from herbs and used for
several ailments [14].

Unlike its small contribution of biomass to the overall forest ecosystem, the herbaceous layer is remarkably
known for its significant role in many ecological processes, which distinguish it from the Overstory vegetation stratum.
However introduction of fast growing exotic tree species, forest fire, grazing and frequent disturbance in the habitat are
major threats for the herbaceous layer. Thus, along with upper stratum it is recommended to give equal preference to the
understory herbaceous layer while undertaking any forest conservation measures. Through this study it is recommended
that the future plantations and conservation efforts of the University authorities should enhance the native herb
diversity.
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Appendix 1. List of herbs and grass and climbers recorded in Biodiversity conservation area

List of herbs found in quadrate method
Sl.no Scientific name Family Nativity Medicinal use
1 Abildgaardia ovata (Burm.f.) Kral Cyperaceae Native Rheumatism
. - Fever, Rheumatism,
2 Ageratum conyzoides L. Asteraceae Exotic headache.
3 Alternanthera tenella Colla Amaranthaceae Exotic Fever _and genital
inflammation.
. - . Anti-inflammatory, &
4 Alysicarpus monilifer (L.)Dc. Fabaceae Native antidote to snakebite.
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. - Snake bite, cancer,
5 An_d rographis serpyllifolia (Vahl) Acanthaceae Native antipyretic
Wight 2 .
&antimicrobial
Antibacterial,
6 Bidens pilosa L. Compositae Native antidysenteric and
antimicrobial.
7 Blepharis maderaspatensis (L) Acanthaceae Native Snakebites and wounds.
B.Heyne ex Roth
8 Borreria articularis (L.F.) Williams Rubiaceae Native Malaria, diarrhea, fever
and hemorrhage.
9 Borreria ocymoides (Burm.F.) Dc. Rubiaceae Native Heat_iache,u_rmary_ and
respiratory infections.
10 Buchnera hispida Ex D. Don Orobanchaceae Native Scabies & eczema
11 Calyptocarpus vialis Less. Asteraceae Exotic Toothache, skin sores
antimicrobial,
12 Cassia pumila Lam. Caesalpiniaceae Native antimalarial and Skin
diseases.
13 Chamaecrista absus Fabaceae Native Bronchitis, asthma,
(L)H.S.Irwin & Barneby cough, conjunctivitis.
14 Chamaecrista mimosoides (L.)Greene Fabaceae Exotic E;?r:;hea and - stomach
15 Crotalaria calycina Schrank Fabaceae Native Treating pain & syphilis.
16 Croton bonplandianus Baill. Euphorbiaceae Exotic Jaundlce,as_thm_a and
acute constipation.
Cyanotis tuberose . . Liver  problem and
17 (Roxb.) Schult. & Schult.F. Commelinaceae Native menstrual disorder.
18 Desmodium triflorum (L.)Dc. Fabaceae Native Diarrhoea,antipyretic
and Ulcers.
19 Emilia sonchifolia (L.) Dc. Ex Wight Asteraceae Native Cancer, Diabetes,
cataract and asthma.
20 Erigeron canadensis L Compositae Exotic plarrhoea, dysentery and
internal haemorrhages.
21 Euphorbia laciniata Panigrahi Euphorbiaceae Native Asthma, bronchitis
22 Evolvulus alsinoides (L.) L. Convolvulaceae Native Nervous debllgt_y, loss of
memory, syphilis.
. . . . . . Antibacterial and
23 Heliotropium strigosum Willd. Boraginaceae Native Antioxidant.
Treating wounds,
24 Hibiscus lobatus (Murray) Kuntze Malvaceae Native inflammation,  coughs
and diabetes.
25 Hibiscus vitifolius L. Malvaceae Native Jaund_lce, inflammation
and diabetes.
26 Hybanthus enneaspermus (L.) F.Muell. Violaceae Native !Dlarrhoea, urinary
infections, leucorrhoea.
27 Justicia diffusa Willd Acanthaceae Native Asthma,_ coughs,  and
rheumatism.
28 Justicia glauca Rottl. Acanthaceae Native Respiratory . and
gastrointestinal diseases.
29 Justicia procumbens L. Acanthaceae Native Asthma, . coughs, - and
Rheumatism.
30 Lavandula bipinnata O.Kuntze Lameaceae Native Diarrhoea, Rheumatism,
decayed tooth.

31 Lepidagathis cristata Willd. Acanthaceae Native Egi\:z;,siczema, psonasts,
32 Leucas hirta Lameaceae Native Cough, cold, diarrhoea
(B.Heyne ex Roth) Spreng and skin disorder.

. Antinoceceptive,  anti-
33 Malvastrum - coromandelianum (L) Malvaceae Native inflammatory and
Garcke . .
antibacterial.
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Microstachys chamaelea . . Vertigo, leucorrhea, vata
34 (L) Miill Arg. Euphorbiaceae Native and pitta.
Dysentery, small pox,
35 Mimosa pudica L. Fabaceae Exotic fever, ulcer, jaundice and
leucoderma.
Appendicitis, hepatitis,
36 Oldenlandia corymbosa L. Rubiaceae Exotic pneumonia,
cholecystesis.
Elephantiasis,
37 Oldenlandia herbacea (L.) Roxb. Rubiaceae Native verminosis, asthma and
ulcers.
Anthelmintic, anti-
38 Oxalis corniculata L. Oxalidaceae Exotic inflammatory, and
astringent.
39 Parthenium hysterophorus L. Asteraceae Exotic Ngurologlc d'lsorde'rs and
urinary tract infections.
40 Pavonia zeylanica (L.) Cav. Malvaceae Native Arthritis, skin diseases
and tumerous growths.
41 Phyllanthus virgatus G.Forst Euphorbiaceae Native Diabetes, h_ypertensmn
and sexual disorders.
42 Rostellularia vahlii (Roth) Nees Acanthaceae Native AthEIm'm'.C and
antiphlogistic.
Antioxidant,
43 Sida acuta Burm.F. Malvaceae Native antimicrobial and
cardiovascular diseases.
44 Sida cordata (Burm.f.) Borssum Malvaceae Native Asthma . and
tuberculosis.
45 Sida rhomboidea Roxb. Ex Fleming Malvaceae Native !—|eart d_|seases, anti
inflammation,
46 Spermacoce hispida L. Rubiaceae Native Conjunctlv_ltls and
haemorrhoids.
47 Spermacoceocymoides Burm.f. Rubiaceae Native ECZG"?a' worms and
ringworm
48 Striga asiatica (L.) Kuntze Scrophulariaceae Native To treat Ir_nestmal
parasites.
49 Synedrella nodiflora (L.) Gaertn. Asteraceae Exotic Earache_,dlarrhoea,Mout
h infections.
50 Tephrosia tinctoria Pers. Fabaceae Native Antlmlcrob_la!, Iar\_/|C|daI
and antidiabetic.
Anticoagulant,
51 Tridax procumbens L. Asteraceae Exotic antifungal, and insect
repellent.
52 Vicoa indica (L.) DC Asteraceae Native Antifertility agents
Grass and Climbers
1 | Alloteropsis cimicina (L.) Stapf Grass Poaceae Toothache
2 | Dactyloctenium aegyptium (L.) Beauv. Grass Poaceae Anti-helminthics
3 | Eragrostiella bifaria (Vahl) Bor Grass Poaceae Fever, malaria
4 | Setaria pumila (Poiret) Roemer &Schultes Grass Poaceae Dyspepsia,Rheumatism.
5 | Aristolochia Indica L. Climber Avristolochia Selzurgs,snakeb|te,arthr|t
ceae is, and gout.
6 | Atylosia scarabaeoides (L.) Benth. Climber Fabaceae Diuresis,anaemia and
gonorrhoea.
7 | Hemidesmus indicus(L.) R. Br. Climber | Asclepiadac | Demulcent, astringent,
eae diaphoretic.
8 | Passiflora foetida var. Foetida Climber Passifloracea Coughs_ an_d
e anthelmintic.
9 | Tylophora indica (Burm. F.) Merr. Climber Asclepiadac Asthma,qll_el_rgm and
eae Rhinitis.
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Abstract

The algal samples were taken from Kogdiizii Great Lake on 21 August 2019 and from Adsiz Pond on 28 August 2020. The
algal samples were collected from epipelic and epiphytic habitats and observed under light microscope for their morphometric
characteristics based identification. Palmodictyon varium (Négeli) Lemmermann (Chlorophyta) and Isthmochloron trispinatum
(West & G.S.West) Skuja (Ocrophyta) species were assessed as a new records for the freshwater algal flora of Turkey. In this paper,
morphotaxonomy, ecology, and geographic distribution of each species is discussed in detail and it has been also recorded the
geographic distribution of the species in Turkey.

Keywords: Chlorophyta, Ochrophyta, new record, high mountain lakes, Turkey

Tiirkiye’nin tathsu alg florasi icin yeni kayitlar

Ozet

Alg ornekleri 21 Agustos 2019'da Kogdiizii Biiyiik Goli'nden ve 28 Agustos 2020'de Adsiz Golet’ten alinmistir. Alg
ornekleri epipelik ve epifitik habitatlardan toplanmis ve morfometrik 6zelliklerine dayali tanimlamalar1 i¢in 151k mikroskobunda
gozlemlenmistir. Palmodictyon varium (Négeli) Lemmermann (Chlorophyta) ve Isthmochloron trispinatum (West & G.S.West)
Skuja (Ocrophyta) tiirleri Tiirkiye tathsu alg florast i¢in yeni kayit olarak degerlendirilmistir. Bu yazida her bir tiiriin
morfotaksonomisi, ekolojisi ve cografik yayiliglar1 ayrintih olarak ele alinmig ve tiirlerin Tirkiye'deki cografi yayihiglari da
kaydedilmistir.

Anahtar kelimeler: Chlorophyta, Ochrophyta, yeni kayit, yiiksek dag golleri, Tiirkiye
1. Introduction

Benthic algae are important primary producers in all aquatic environments. They are chemical modulators in aquatic
ecosystems. They transform many inorganic chemicals into organic forms. Benthic algae on the surface and plants are considered to
be important sinks for nutrients. In addition, they can also be important habitats for many other organisms. Therefore, to investigate
benthic algae provide important contributions to the understanding of the lake ecosystem [1].

High mountain lakes formed during the ice age, therefore, they are young ecosystems and the most similar to each other
between ecosystems on earth. High mountain lakes are usually small, not very deep, species poor, and characterized by a simple food
web. They are, therefore, generally easier to understand than other ecosystems. Also, in terms of nutrient poor water, snow and ice
layers, high radiation and limited light in the high mountain lakes provides extreme living conditions for organisms. High mountain
lakes are very sensitive to environmental changes and have been used since the 1980s as early warning systems. Therefore, high
mountain lakes are considered the most important indicators of environmental changes in the past and present. Despite being away
from agricultural and industrial pollution, high mountain lakes are under threat of acid rain, toxic air pollutants and climate change
[2, 3, 4].

High mountain lakes in Turkey are predominantly located in the Eastern Black Sea Region. The studies carried out in these
lakes revealed the existence of a rich algal flora in the region and made significant contributions to Turkey's freshwater algal flora [5,
6-13, 14-17]. However, there are still many lakes with unknown algal flora in the region.

The goal of this study is to make taxonomic definitions of taxa and to give information about their ecological preferences
and distributions in the studied area.
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2. Materials and methods

2.1. Study area

Rize is located in the Eastern Black Sea Region (Figure 1a). The climate of the Rize is generally cool in summers and
temperate in winters and rainy in all seasons (annual means temperature 14.3 oC, annual precipitation 2254.4 mm) [18]. Rize is most
famous for its high number of endemic plant and animal species. Terrestrial vegetation is composed of trees, shrubs and herbs,
including genera Abies, Astragalus, Campanula, Fagus, Geranium, Picea, Pinus, Ranunculus, Trifolium, Veronica and Vicia [19].
Tetraogallus caspius, Vipera kaznakovi and Ursus arctos are among the animals found in the Rize [20]. Rize province is located in
the Eastern Black Sea Mountain System. There are many glacial lakes in these mountains, which are over 3500 meters high (for
example, the Kagkar Mountains (3937 m). Koc¢diizii Great Lake and Adsiz Pond are located within the borders of Camlihemsin
district (Figure 1b, c¢). Kogdiizii Great Lake is located at 41°00'15" N — 41°11'53" E coordinates. It has 8.1896 hectares of surface
area [21]. Adsiz Pond is not located in google earth, so its coordinates and surface area could not be determined.

2.2. Sampling and laboratory studies

Epiphytic samples were collected by squeezing out the macrophytes (Potamogeton sp. and Juncus sp.) from Kogdiizii Great
Lake on 21 August 2019. Epipelic samples were taken with a one meter long and 0,8 cm diameter glass tube from the surface of the
sediments of the Adsiz Pond on 28 August 2020 [22, 23]. All samples were fixed in solution of 4% formaldehyde. Temperature,
dissolved oxygen, conductivity and pH values of the waters were measured in the field using Thermo Orion-4-Star pH and YSI-55
portable devices. The temporary slides prepared in the laboratory were examined and photographed using a Leica DM 2500 light
microscope and a Leica MC170 HD camera attached to it.

For taxonomic identification Schmidle [24]; Prescott [25]; Dillard [26]; Lenzenweger [27] and John et al. [28] books and
articles were used. The species were checked using the freshwater algae checklist of Turkey [29] and the algae of Turkey database
[30]. The current status of nomenclature of the species identified has been checked in the Algaebase website [31].

Figure 1. a. The location of the study area [17], b. Kogdiizii Great Lake, c. Adsiz Pond [Photos: Sahin]

3. Results

At the end of the study, two new records species for the freshwater algal flora of Turkey were identified from epipelic and
epiphytic algae samples taken from Kocdiizii Great Lake and Adsiz Pond. The species belong to the Chlorophyta (1) and Ochrophyta
(2) divisions.

Phylum: Chlorophyta

Subphylum: Chlorophytina

Class: Chlorophyceae

Order: Sphaeropleales

Family: Radiococcaceae

Genus: Palmodictyon

Palmodictyon varium (Négeli) Lemmermann (Figure 2a, b, ¢)

Prescott, 1962, p. 85, pl. 4, figs 3,4.

Dillard, 1989, p. 62, pl. 16, fig. 4.

John et al., 2003, p. 376, pl. 99, fig. R.

Basionym: Palmodactylon varium Nageli

Homotypic synonym: Palmodactylon varium Négeli 1849

Heterotypic synonym: Palmodactylon subramosum Négeli 1849.

Dimensions: The diameter of the cells is 8.55 um, the width of the thallus is 37.38 pum.

New records for the freshwater algal flora of Turkey
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Description: Thallus is an unbranched, non-lamellate mucilaginous tube (Figure 2a). It contains spherical cells in a single
row or grouped (Figure 2b, c). Chloroplasts are disc-shaped and without pyrenoid.

Ecology: This species occurs in peaty ditches, bog pools and in lakes, which have soft waters. It was found in the epipelic
samples of the Adsiz Pond.

Distribution: (as Palmodactylon subramosum Négeli) Europe: Ireland, Slovakia, South America: Brazil, Australia and New
Zealand: Queensland, (as Palmodactylon varium Négeli) Aurope: Ireland, Slovakia, Australia and New Zealand: Queensland, (as
Palmodictyon varium (Négeli) Lemmermann) Europe: Britain, Bulgaria, Czech Republic and/or Slovakia, Georgia, Germany,
Netherlands, Portugal, Romania, Scandinavia, Slovakia, Spain, Ukraine, North America: Laurentian Great Lakes, Michigan,
Northwest Territories, Québec, Wisconsin, South America: Argentina, Uruguay, Africa: Zimbabwe, Middle East: Iraq, South-west
Asia: India, Asia: Japan, Russia (Far East) [31].

Phylum: Ochrophyta

Class: Xanthophyceae

Order: Mischococcales

Family: Pleurochloridaceae

Genus: Isthmochloron

Isthmochloron trispinatum (West & G.S.West) Skuja (Figure 2d)

Schmidle, 1895, p. 350, pl. 15, figs 9a, b.

Lenzenweger, 1997, p. 8, pl. 18, figs 8, 9.

Basionym: Arthrodesmus trispinatus West & G.S.West.

Figure 2. a,b,c. Palmodictyon varium, d. Isthmochloron trispinatum.

Homotypic synonyms: Arthrodesmus trispinatus West & G.S.West 1902, Xanthidium trispinatum (West & G.S.West)
Deflandre 1929, Pseudostaurastrum trispinatum (West & G.S.West) Skuja) 1960, Octacanthium trispinatum (West & G.S.West)
Compere 1996.

Dimensions: Length: 10.81 um, Breadth: 11.22 um.

Description: Cells are small and about as wide as long. Semicells approximately square in outline. The lateral margins of
the semicell are slightly convex, the cell apices straight or flat concave. Apical angles are broadly rounded and have 4 spines. The
central incision on the inside is narrowly rounded, wide open to the outside.

Remarks: The taxonomic position of this species is unclear. It was first described from the Austrian Alps by Schmidle [24],
and its first name is Xanthidium alpinum. But later authors suggested that it may not be a desmid but rather belongs to a very
different group of algae and the correct name indeed is Isthmochloron trispinatum [27, 32].

Ecology: It was described from peatlands in the Otztaler Alpen (T) (1900 m a.s.l.) by Schmidle [24]. It has also been
reported from Sphagnum pools in the Austrian Alps (1700 m a.s.l.) [27]. In this study, it was found in the epiphytic samples of the
Kogdiizii Great Lake, which has pH 8.45 value. The Kogdiizii Great Lake is located at an elevation of 2382 ma.s.l.

Distribution: (as Arthrodesmus trispinatus West & G.S.West) Europe: Britain, Ireland, Italy, Latvia, Slovakia, (as Xanthidium
trispinatum (West & G.S.West) Deflandre) Asia: Russia, (as Isthmochloron trispinatum (West & G.S.West) Skuja) Europe: Britain,
Germany, Netherlands, Scandinavia, Slovakia, Spain, Sweden, North America: Québec, (as Pseudostaurastrum trispinatum (West &
G.S.West) Skuja) Europe: Spain, (‘as Octacanthium trispinatum (West & G.S.West) Compére) Europe: Spain, Ukraine [31].

4. Conclusions and discussion

In this study, two newly recorded species were reported for the freshwater algal flora in Turkey. Although the results of the
research are of a qualitative nature, they provide basic data on the biogeographical distribution of the species.
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The fact that Turkey has different geographical and climatic conditions causes a rich diversity of freshwater algae as well

as terrestrial biodiversity. High mountain lakes, which are far from human influence, appear as important habitats in this regard. We
are of the opinion that the number of new recorded species will increase as the number of algae studies carried out in high mountain
lakes increases.
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Abstract
An investigation was conducted to identify the part Anthidiini (Megachilidae) and Halictidae in the Bingol and
Diyarbakir provinces located in eastern of Tiirkiye during 2017-2021. In total, 23 species were recorded using insect
net from different habitats. As a result six species belonging to five genera in Anthidiini and 17 species belonging to
three genera in Halictidae were identified. Collection localities and photographs of identified this species are provided.
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*

Tiirkiye'den Megachilidae ve Halictidae (Hymenoptera: Apoidea) faunasi hakkinda ilave bilgiler

Ozet

Bu aragtirma Tiirkiye'nin dogusunda bulunan Bingdl ve Diyarbakir illerinde 2017-2021 yillar1 arasinda
Anthidiini (Megachilidae) ve Halictidae faunasini tespit etmek amaciyla yapilmistir. Toplamda, farkli habitatlardan
atrap kullanilarak 23 tiir kaydedilmistir. Sonug olarak Anthidiini'de bes cinse ait alt1 tiir ve Halictidae'de ii¢ cinse ait 17
tiir tespit edilmistir. Bu tiirlerin toplanma yerleri verilmis ve fotograflar1 ¢ekilmistir.

Anahtar kelimeler: Hymenoptera, Megachilidae, Anthidiini, Halictidae, fauna, Tiirkiye
1. Introduction

The bees (Hymenoptera: Apoidea: Apiformes) represent one of the richest groups of Hymenoptera in terms of
species [1]. Apidae, Anthophoridae, Megachilidae, Colletidae, Andrenidae, Halictidae and Melittidae can be counted as
the Palaearctic bee families [2]. Halictidaeis one of the most diverse and most abundant group and contains
approximately 4500 species in the world [3]. Turkey's Halictidae fauna is represented by 293 species [3]. Anthidiini
bees (Megachilidae) occur almost worldwide, except in Antarctica and Australia (except for one introduced species), in
many different habitats [4]. Species of the tribe Anthidiini can be differentiated from other megachilids in Asia by
usually the presence of conspicuous yellow or red markings on integument and the short stigma [5, 6]. Anthidiini bees
are commonly known as ‘resin and carder bees’ due to materials like resin, leaf pieces, plant hairs, pebbles and soil
particles are used in the construction of nests [5]. The tribe Anthidiini currently consists of 894 valid species belonging
to 40 genera worldwide [7]. According to Fateryga et al. [8], 93 Anthidiini species have been reported from Turkey up
to now.

Southwest Asia, included Anatolia (Turkey), is a zone of high morphological diversification and evolution for
bees [9]. Turkey is one of the important centers of bee diversity in the Palearctic Region due to its geographical
location, climate and habitat richness. However, the faunistic studies on the bee fauna of eastern Turkey are limited.

In this study, it was aimed to evaluate bee samples collected from Bing6l and Diyarbakir provinces. As a
result, six Anthidiini species and 17 Halictid species are listed from these provinces.
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2. Materials and methods

The materials were collected in the Bingol and Diyarbakir provinces located in eastern of Turkey between
2017-2021 (Figure 1). All the bee samples were collected using insect net in various localities. After sampling bees
were Killed using ethyl acetate and then pinned in the laboratory. Meanwhile, all samples were collected by Emin
Kaplan and identified by Max Kasparek (Anthidiini) and P. Andreas Werner Ebmer (Halictidae). Terminology follows
[5]. Photographs of all species were taken with a digital camera attached to a stereomicroscope. The material is stored in
Emin Kaplan's individual collection of the Department of Plant Protection, Faculty of Agriculture, Bingol University
(Bingol, Tiirkiye).

Figure 1. Map of the investigated area in Turkey

3. Results

Family Megachilidae Latreille, 1802
Tribe Anthidiini Ashmead, 1899
Genus Afranthidium Michener, 1948

Afranthidium carduele (Morawitz, 1876) (Figure 2a, 3a)

Material examined: Diyarbakir: Ciingiis, Akbasak, N 38° 15' 58.97", E 39° 18' 26.90", 1385 m, 28.1V.2017,
& Lice, Crali, N 38°26' 16.85", E 40°47' 25.57", 894 m, 20.V.2017, &.
Remark: New record for the fauna of Diyarbakir province.

Genus Anthidiellum Cockerell, 1904
Anthidiellum strigatum (Panzer, 1805) (Figure 2b, 3b)

Material examined: Bingol: Celtiksuyu, N 38°51' 37.39", E 40°34' 03.65", 1013 m, 05.V1.2021, Q; Solhan, N
38°57' 55.49", E 41° 05' 11.08", 1486 m, 31.V.2017, &; Diyarbakir: Ergani, Yaprakl, N 38° 16' 32.57", E 39° 38'
39.00", 977 m, 12.V.2017, Q; Lice, Budak, N 38°24' 02.06", E 40° 44' 59.33", 830 m, 20.V.2017, &; Silvan, Yesilkdy,
N 38°06' 50.15", E 41°08' 51.27", 696 m, 15.V.2017, Q.

Remark: New record for the fauna of Bingdl and Diyarbakir provinces.
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Genus Anthidium Fabricius, 1804
Anthidium diadema Latreille, 1809 (Figure 2c, 3c)

Material examined: Bingol: Solhan, Dilektepe, N 38°57' 18.96", E 40°59' 35.60", 1306 m, 20.V11.2017, Q.
Remark: New record for the fauna of Bingdl province.

Anthidium undulatiforme Friese, 1917 (Figure 2d, 3d)

Material examined: Bingol: Geng, Yagizca, N 38°48' 35.03", E 40°45' 36.73", 1140 m, 09.V.2021, <.
Remark: New record for the fauna of Bingdl province.

Genus Pseudoanthidium Friese, 1898
Pseudoanthidium polestinicum (Mavromoustakis, 1938) (Figure 2e, 3e)

Material examined: Bingol: Garip, N 38° 47' 20.82", E 40° 33' 24.93", 995 m, 05.V1.2021, J&; Adakh,

Donattepe, N 39°12' 18.88", E 40°28' 01.49", 1321 m, 21.V.2017, 3.

Remark: New record for the fauna of Bingdl province.
Genus Stelis Panzer, 1806
Stelis signata (Latreille, 1809) (Figure 2f, 3f)

Material examined: Bingol: Yayladere, Batiayaz, N 39°11' 14.81", E 40°06' 16.49", 1383 m, 30.V.2017, Q.
Remark: New record for the fauna of Bingdl province.

Family Halictidae Thomson, 1869

Subfamily Halictinae Thomson, 1869

Tribe Halictini Thomson, 1869

Genus Halictus Latreille, 1804

Halictus (Halictus) asperulus Pérez, 1895 (Figure 2g, 30)

Material examined: Bingol: Ekinyolu, N 38°54' 00.00", E 40°34' 17.58", 1036 m, 22.V.2021, Q; Sarigigek, N

38°55' 28.42", E 40°35' 44.57", 1040 m, 06.V1.2021, 29 ?; Kig1, Demirkanat, N 39° 13' 03.85", E 40° 19' 55.88", 1289
m, 29.V.2021, 29 Q; Diyarbakir: Dicle, Sergenli, N 38° 19' 30.64", E 40° 13' 38.46", 750 m, 24.1V.2021, @; Hani,
Serenkdy, N 38°24' 58.07", E 40°29' 41.13", 994 m, 25.1V.2021, @; Kulp, Caglayan, N 38°30' 47.41", E 40°48' 47.46",
874 m, 29.1v.2021, Q.

Remark: New record for the fauna of Bing6l and Diyarbakir provinces.
Halictus (Halictus) brunnescens (Eversmann, 1852) (Figure 2g, 3g)

Material examined: Bingol: Karliova, Deringay, N 39°08' 13.50", E 40°51' 53.21", 1697 m, 27.VV.2021, .
Remark: New record for the fauna of Bingdl province.

Halictus (Halictus) cochlearitarsis Dours, 1872 (Figure 2h, 3h)

Material examined: Bingol: Karliova, Darkoprii, N 39°11' 34.35", E 40°17' 58.73", 1301 m, 29.V.2017, &.
Remark: New record for the fauna of Bingdl province.

Halictus (Halictus) graecus Bliithgen, 1933 (Figure 2i, 3i)

Material examined: Bingol: Kardesler, N 38°54' 39.23", E 40°38' 29.93", 1099 m, 21.V.2021, Q; Sarigigek,

N 38°55' 28.42", E 40°35' 44.57", 1040 m, 12.V1.2021, <.

Remark: New record for the fauna of Bingdl province.
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Figure 2. Dorsal view, a) Afranthidium carduele, &'; b) Anthidiellum strigatum, ; c) Anthidium diadema, ¢; d) A.
undulatiforme, @; e) Pseudoanthidium polestinicum, &; f) Stelis signata, 9; g) Halictus asperulus, @; g) H.
brunnescens, @; h) H. cochlearitarsis, &; i) H. graecus, @; 1) H. resurgens, &; j) H. tetrazonianellus, @; k) H.
cephalicus, @; I) H. smaragdulus, @; m) H. subauratus, @; n) H. pulvereus, @; o) Lasioglossum laticeps, ¢; 6) L.
marginatum, @; p) L. politum, 9; r) L. sobrinum, @; s) L. bicallosum, ¢; s) L. discum, @; t) Pseudapis diversipes, ¢
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Figure 3. Frontal view, a) Afranthidium carduele, &'; b) Anthidiellum strigatum, Q; c) Anthidium diadema, @; d) A.
undulatiforme, Q; e) Pseudoanthidium polestinicum, &; f) Stelis signata, @; g) Halictus asperulus, @; &) H.
brunnescens, @; h) H. cochlearitarsis, J; i) H. graecus, @; 1) H. resurgens, &; j) H. tetrazonianellus, @; k) H.
cephalicus, @; I) H. smaragdulus, @; m) H. subauratus, Q; n) H. pulvereus, ?; o) Lasioglossum laticeps, ¢; 6) L.
marginatum, @; p) L. politum, @; r) L. sobrinum, @; s) L. bicallosum, @; s) L. discum, Q; t) Pseudapis diversipes, ¢

Halictus (Halictus) resurgens Nurse, 1903 (Figure 21, 31)

Material examined: Bingél: Yayladere, Kalkanli, N 39°09' 03.20", E 40°02' 16.09", 1267 m, 30.V.2017, J&;
Diyarbakir: Ergani, Siirekli, N 38°13' 40.55", E 39°39' 38.02", 881 m, 12.V.2017, J.
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Remark: New record for the fauna of Bing6l province and additional record for the fauna of Diyarbakir
province.

Halictus (Halictus) tetrazonianellus Strand, 1909 (Figure 2j, 3j)

Material examined: Bingol: Ekinyolu, N 38°54' 00.00", E 40°34' 17.58", 1036 m, 22.V.2021, <.
Remark: New record for the fauna of Bingdl province.

Halictus (Seladonia) cephalicus Morawitz, 1873 (Figure 2k, 3K)

Material examined: Bingol: Karliova, Deringay, N 39°08' 13.50", E 40°51' 53.21", 1697 m, 27.V.2021, <.
Remark: New record for the fauna of Bingdl province.

Halictus (Seladonia) smaragdulus Vachal, 1895 (Figure 2I, 3I)
Material examined: Bingol: Adakli, Gokgeli, N 39° 13' 09.97", E 40° 24' 18.24", 1195 m, 29.V.2021, %;
Diyarbakr: Lice, Ergin, N 38°30' 09.96", E 40°32' 21.33", 1016 m, 25.1V.2021, .

Remark: New record for the fauna of Bing6l province and additional record for the fauna of Diyarbakir
province.

Halictus (Seladonia) subauratus (Rossi, 1792) (Figure 2m, 3m)
Material examined: Bingdl: Ekinyolu, N 38°54' 00.00", E 40°34' 17.58", 1036 m, 22.VV.2021, Q; Kig1, Bakals,

N 39°14'18.36", E 40°26' 25.80", 1126 m, 30.V.2021, <.
Remark: New record for the fauna of Bingdl province.

Halictus (Vestitohalictus) pulvereus Morawitz, 1873 (Figure 2n, 3n)

Material examined: Diyarbakir: Kulp, Caglayan, N 38°30' 47.41", E 40°48' 47.46", 874 m, 29.1V.2021, ¢.
Remark: New record for the fauna of Diyarbakir province.

Genus Lasioglossum Curtis, 1833
Lasioglossum (Evylaeus) laticeps (Schenck, 1868) hellenicum (Bliithgen, 1937) (Figure 20, 30)

Material examined: Bingol: Beyaztoprak, N 38°54' 53.68", E 40°37' 25.71", 1067 m, 22.V.2021, ¢
Remark: New record for the fauna of Bingdl province.

Lasioglossum (Evylaeus) marginatum (Brullé, 1832) (Figure 26, 36)
Material examined: Bingol: Beyaztoprak, N 38°54' 53.68", E 40°37' 25.71", 1067 m, 06.VV1.2021, ?; Geng,
Siirekli, N 38°46' 01.97", E 40° 35' 51.85", 1036 m, 08.V.2021, ?; Diyarbakir: Egil, Meseler, N 38°14' 13.79", E 40°

11'33.11", 845 m, 24.1V.2021, @; Lice, Ergin, N 38°30' 09.96", E 40°32' 21.33", 1016 m, 25.1V.2021, Q.
Remark: New record for the fauna of Bingdl and Diyarbakir provinces.

Lasioglossum (Evylaeus) politum (Schenck, 1853) (Figure 2p, 3p)

Material examined: Bingol: Adakli, Gokgeli, N 39° 12" 32.51", E 40° 24' 12.60", 1292 m, 12.VI1.2019, ¢;
Diyarbakir: Silvan, Dolapdere, N 38°18' 30.36", E 40°53'09.11", 910 m, 05.1V.2019, <.

Remark: New record for the fauna of Bingol and Diyarbakir provinces.

Lasioglossum (Evylaeus) sobrinum (Warncke, 1982) (Figure 2r, 3r)

Material examined: Bingol: Garip, N 38°47' 20.82", E 40°33' 24.93", 995 m, 05.V1.2021, <.
Remark: New record for the fauna of Bingdl province.

Lasioglossum (Lasioglossum) bicallosum (Morawitz, 1873) (Figure 2s, 3s)

Material examined: Bingol: Geng, Dilektasi, N 38°46' 06.45", E 40°46' 27.64", 1653 m, 09.V.2021, <.
Remark: New record for the fauna of Bingdl province.
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Lasioglossum (Lasioglossum) discum (Smith, 1853) (Figure 2s, 3s)

Material examined: Bingol: Geng, Mesedali, N 38°47' 51.80", E 40°38' 13.05", 1004 m, 08.V.2021, Q.
Remark: New record for the fauna of Bingdl province.

Subfamily Nomiinae Robertson, 1904
Tribe Nomiini Robertson, 1904
Genus Pseudapis W. F. Kirby, 1900

Pseudapis (Nomiapis) diversipes (Latreille, 1806) (Figure 2t, 3t)

Material examined: Bingol: Karliova, Deringay, N 39°08' 13.50", E 40°51' 53.21", 1697 m, 27.V.2021, ¢.
Remark: New record for Bing61 province fauna.

4. Conclusions and discussion

In this study, six species belonging to five genera in Anthidiini (Megachilidae) and 17 species belonging to
three genera in Halictidae were identified from Bingol and Diyarbakir provinces of eastern Turkey. Among them, six
species (A. carduele, A. strigatum, H. asperulus, H. pulvereus, L. marginatum & L. politum) are the first record for the
provincial fauna of Diyarbakir, while two species (H. resurgens & H. smaragdulus) are additional records. In the
previous study, 11 species from the families Halictidae and Megachilidae were identified from Diyarbakir province
[10]. Thus, the number of species of Halictidae and Megachilidae families reported from Diyarbakir is increased to 17
by the current study. In addition, 21 species (A. strigatum, A. diadema, A. undulatiforme, P. polestinicum, S. signata, H.
asperulus, H. brunnescens, H. cochlearitarsis, H. graecus, H. resurgens, H. tetrazonianellus, H. cephalicus, H.
smaragdulus, H. subauratus, L. laticeps, L. marginatum, L. politum, L. sobrinum, L. bicallosum, L. discum & P.
diversipes) are new records for the fauna of Bingol province. The number of Halictidae and Megachilidae in Bingol is
currently 21 species in seven genera. By this study, a significant contribution has been made to the bee fauna in the
region with new and additional records. The fact that many of the added species are new records for the studied
provinces shows the bee richness of the region. As a result, this richness can be revealed even more with the
comprehensive and planned field studies to be carried out in the future.
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Abstract

Turkey is one of the most important gene centers of roses. There are 45 rose species in our country. Roses,
which are considered the queen of flowers; in addition to their spectacular and fragrant flowers, ornamental plants,
cosmetics and perfumery, food and medicine sectors are among the most important plants in the world with their
widespread use. There are ground-covering, wrapping and climbing, shrub and woody forms of roses. For centuries,
Turkish people have used the fruits of some species to make marmalade, rose syrup, rose molasses and tea, and their
flowers have been used for making rose water, jam, rose vinegar, etc. used in their construction. The Halfeti district,
which was under the waters of the Birecik Dam, was brought up with its famous black rose (a genotype belonging to the
Rosa odorata species) and was referred to as karagiil. About 2-3 years ago, news began to appear in the national press
about the beginning of the cultivation of the green rose by the Halfeti Agriculture and Forestry District Directorate.
Green rose, whose scientific name is Rosa chinesis var. viridiflora is native to China. It is not known exactly when and
by whom the green rose was brought to our country. In this study, it is aimed to introduce the green rose to academics
and all interested parties by bringing together the information gathered from various sources related to the green rose
and the information obtained from the face-to-face interviews with the residents of Halfeti district.

Key words: rose, green rose, Rosa chinensis viridiflora, Halfeti, black rose

*

Kayip kent Halfeti’nin bir bagka sakh bitkisi: Yesil giil

Ozet

Tiirkiye, giillerin en dnemli gen merkezlerinden biridir. Ulkemizde 45 adet giil tiirii yayilis gdstermektedir.
Ciceklerin kraligesi olarak kabul edilen giiller; hos kokulu ve gosterisli ¢igekleri yaninda, siis bitkileri, gida, kozmetik
ve parfiimeri ve tip sektorlerindeki yaygin kullanimlart ile diinyadaki en 6nemli bitkilerdendir. Giillerin; ¢ali ve agagsi,
yer ortiicii, sarilict ve tirmanicit formlart bulunmaktadir. Tiirk halk: yiizyillardir bazi tiirlerin meyvelerini marmelat, giil
surubu, giil pekmezi ve ¢ay yapiminda, ¢igeklerini ise giil suyu, regel, giil sirkesi vb. yapiminda kullanmislardir. Birecik
Baraj1 sular1 altinda kalan Halfeti ilgesi meshur karagiilii (Rosa odorata tiiriine ait bir genotip) ile giindeme gelmis ve
karagiil ile amlmaktaydi. Halfeti Tarim ve Orman Ilce Miidiirliigii’nce, yesil giil’iin yetistirilmeye baslanmas ile ilgili
ulusal basinda bundan 2-3 yil 6nce haberler ¢ikmaya basladi. Bilimsel adi1 Rosa chinesis var. viridiflora olarak bilinen
yesil giill’lin anavatani Cin’dir. Yesil giil’iin iilkemize ne zaman ve kimler tarafindan getirildigi kesin olarak
bilinmemektedir. Bu c¢aliymada, yesil giil ile ilgili ¢esitli kaynaklardan derlenen bilgiler ve Halfeti ilge sakinleriyle
yapilan yiiz ylize goriismelerden elde edilen bilgiler bir araya getirilerek, yesil giil’in akademisyenlere ve tiim
ilgilenenlere tanitilmas1 amaglanmuistir.

Anahtar kelimeler: giil, yesil giil, Rosa chinesis viridiflora, Halfeti, karagiil
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1. Giris

Rosa L. (Giil), Rosaceae (Gilgiller) familyasindaki hos kokulu ve giizel goriiniislii bitkilerin cinsi olarak
bilinir [1]. Rosaceae familyasinda 115 cins ve 3200 kadar tiir bulunur. Anavatani Kuzey Yarimkiire olan giiller Asya,
Avrupa, Ortadogu ve Kuzey Amerika’da dogal olarak yayilis gosterirler [2]. Diinyada yaklasik 200 giil tiirii ve binlerce
(40.000°’den fazla) giil ¢esidinin oldugu rapor edilmistir. Giillerin en 6nemli gen merkezlerinden biri Tirkiye olup,
iilkemizde 45 adet giil tiirii (24 adedi yabani giil tiirii, 21 adedi eski bahce giilii) yayilis gostermektedir [2, 3]. Ozcelik
[4] ise Turkiye giillerinin 70 tiire bagh 400 yerel, 100-150 kadar da ekzotik olmak iizere 500 civarinda genotipten
meydana geldiginin tahmin edildigini bildirmistir [1, 4].

Rosa L. tiirleri kendi aralarinda ¢ok fazla hibritlesme gosterir. Gerek dogal yollarla gerekse peyzaj veya
tarimsal amaglarla yapay olarak yapilan hibritlestirme ¢aligmalart sonucunda pek ¢ok yeni hibrit ¢esit ortaya ¢ikmistir
[1, 3]. Ticari olarak yetistiriciligi yapilan modern giil gesitlerinin ¢ogunlugu tiirler arasimelezlemelerdenelde edilmistir
[2].

Cigeklerin kraligesi olarak kabul edilen giiller; hos kokulu ve gosterigli ¢icekleri yaninda siis bitkileri, gida,
kozmetik ve parfiimeri ve tip sektdrlerinde yaygm kullanimlar1 olan bitkilerdir. Insanlik tarihinden daha eski bir
ge¢mise sahip olan giiller, hos kokular1 ve goriintii giizelligiyle insanlar tarafindan eski ¢aglardan beri yetistirilmis ve
degisik amaglarla kullanilmistir [4, 5].

Gil; Tirk tarihinde ve kiiltiiriinde sadece evleri, bahgeleri siisleyen objeler degil, hayatin her anina
damgasina vuran giizellik ve zarafet sembolii olarak yer almistir. Giil; agag, tas isleme, mermer ve oymalarinda,
kadmlarin yaptigi oya, dantel, t1i§, mekik gibi el islemelerinde, kumas ve elbiselerde, hat, tezhip, ebru ve kitap
siislemelerinde, cami siislemelerinde, Ramazan mahyalarinda, mezar taglarinda, halilarda, kilimlerde, sarkilarda,
turkilerde, siirlerde, tiyatro, film ve edebi eserlerde, insan isimlerinde, deyimlerde, kitap isimlerinde, hatta agir top ve
tiifek gibi silahlarin siislemesinde dahi giillere yer verilmistir [6, 7].

Giillerden tibbi amagli olarak en az 5000 yildir faydalanildigi bilinmektedir. Modern tibbin kurucusu sayilan
Hippokrates (M.O. 460-377), Plinus (M.S. 23-79), Dioscorides (M.S. 40-90), Galenus (M.S. 129-199), Ibn-i Sina (M.S.
11.y.y.) ve Ibniil-Baytar (M.S. 13. yy.) gibi diinyaca iinlii tip hekimleri giiliin tedavide kullanimi iizerine 6nemli bilgiler
vermiglerdir [1,4, 5]. Osmanli doneminde nérolojik ve psikiyatrik hastaliklarin giil bahgeleri i¢erisine yapilmig pansiyon
tipindeki evlerde musiki dinleterek tedavi edildigi ifade edilmektedir. Hayatizade Mustafa Efendi’nin eserlerinde ve
“T1bb-1 Nebevi” adli eserde giil yag1 hakkinda ¢ok sayida faydalanma usullerinden bahsedilmektedir [1].

Giillerin (saks1 giilleri hari¢) 2019 yili diinya ticaret hacmi yaklagik 7 milyar 207 milyon dolar olup, bunun
ylizde 96’sin1 (6 milyar 917.5 milyon dolar) kesme giiller, ylizde 4’iinii (289.5 milyon dolar) ise peyzaj giilleri
olugturmustur. Diinyada saksili i¢ mekéan giillerin ticareti de son yillarda hizla gelismektedir [2, 8, 9]. Peyzaj giilleri
diinyada hemen hemen biitiin 1liman iklim ve subtropikal iklim bolgelerinde ticari olarak iiretilmektedir. Diinyada, 2019
yilinda yaklasik 154 milyon dolar degerinde peyzaj giilii ihrac edilirken, ayn1 yilda 135.5 milyon dolar degerinde peyzaj
giilii ithal edilmigtir [2, 8].

Giiller genelde gorkemli formlar1 ve cezbedici renkleri i¢in; bazilarinda ise hos kokulu ¢igekleri nedeniyle
sevilmekte, yetistirilmekte ve kullanilmaktadir. Ozellikle cicek renkleri tarif edilemeyecek kadar cok cesitlilik
gostermekte, ¢ogunlukla yaz ve sonbaharda ¢icek agmaktadir. Giil ¢igekleri yalikattan, tam katmerliye kadar olabilir.
Ayrica; yer Ortiicii, tirmanici veya sarilic, ¢ali ve bazen de agagsi formlari olabilmektedir [10]. Tiirk halk: yiizyillardir
bazi tiirlerin meyvelerini marmelat, giil surubu, giil pekmezi ve ¢ay yapiminda, ¢igeklerini ise giil suyu, recel, giil
sirkesi vb. yapiminda kullanmiglardir [4, 10, 11].

Diinyada yayilis gdsteren yabani giil tiirleri arasinda koku bakimindan 6ne ¢ikan en 6nemli tiirler Rosa
damascena Mill., Rosa gallica L., Rosa centifolia L., Rosa moschata Herrm. ve Rosa alba L. olup, bu tiirler ugucu yag
tretiminde degerlendirilmektedir [2]. Kokulu giiller arasinda kugkusuz diinyada ticari degeri en yiiksek olan tiir Isparta
giilii olarak bildigimiz ve Goéller yoresinde giil yagi elde etmek amaciyla yetistirilen Rosa damascena’dir [2, 9]. Bu
tiiriin ugucu yagmdan parfiim ve kozmetik endiistrisinde faydalanilmaktadir. Ciceklerinden; giil yag1 disinda el, yiiz ve
cilt bakim iiriinleri (giilsuyu, krem, tonik, peeling, maske, losyon, vazelin, aseton vb.) ve gida iirlinleri (lokum, regel,
surup vb.) basta olmak iizere, ¢ok sayida iirlin elde edilmektedir. Diinyada giil yag1 ve konkreti (kat1 giil yagi)
tretiminde lider iilkeler Tiirkiye ve Bulgaristan’dir [9].

Giiller; 0-300 (-600) cm arasinda boylanabilen, ¢ali formunda, ¢ok yillik odunsu bitkiler olup, Cin, Bat1 Asya
ve Kuzey Afrika’da en az 5000 yil 6nce kiiltiire alinmaya baslanmstir [2]. Ozgelik ve ark. [3], Akdeniz Bélgesi’nde
1000-1500 m rakimli, bol giines alan kumlu toprakl, hafif egimli tarim arazilerinin giil tarim agisindan uygun
oldugunu, ikinci 6nemli alanin ise dogal giillerin ¢esit ve popiilasyon zenginligi acisindan Giineydogu Anadolu
Bolgesi (eski Mezopotamya) oldugunu belirtmiglerdir. Akad ve Siimer Krali Sargon tarafindan hazirlanan ve en eski
yazitlarda Mezopotamya’da (Giineydogu Anadolu Bolgesi) giilciiliigliin yapildig1 belirtilmektedir. Giiniimiizde,
Giineydogu Anadolu bolgemizde eski bahge giillerinin ¢esit coklugunun nedeni bu sebebe dayanir [3, 12, 13].

Akmese ve Ikinci [14], “Kayip Kentin Sakli Bitkisi: Karagiil” bashkli makalelerinde, Birecik Baraji'nin
yapilmasiyla Firat Nehrinin sular1 altinda kalan Halfeti ilgesine 6zgii, goriiniimiinii ve kokusunu yetistigi topraktan
alan, rengi ve asaletiyle goniilleri feth eden kayip kentin kaybolmaya yiiz tutmus kokusu karagiil’ii ele almislardir. Bir
yilda siyah, mor, kadife ve kirmizi renklerinde agabilen siyah giil, sadece Halfeti iklimi ve topraginda siyah acabilmekte
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ve bu bolge diginda rengini koruyamamaktadir [14]. “Siyah Giil” veya “Halfeti Gilii”, R. odorata tiiriine ait bir
genotiptir [1].

Kendine 6zgii rengi ve kokusunu yetistigi topraktan alan karagiilii ile bilinen Halfeti ilgesinin, yine karagiil
gibi sadece bolgede yetisen yesil giil’e de ev sahipligi yapmaktadir. Anadolu Ajans1 muhabiri Mehmet Fatih Aslan [15],
‘Karagiil’ kentinin yeni gézdesi 'Yesil giil' baslikli yazisinda, kendine has cografi 6zellikleriyle, diinyada sadece yorede
yetisen karagiil bitkisine ev sahipligi yapan Sanhurfa'nin Halfeti ilgesinde, yok olmaktan kurtarilan yesil giiliin daha
fazla iiretilip tanitilmasi i¢in ¢aligma baslatildigint belirtmistir. Ayn1 yazida, Birecik Baraji'nin suyunun yiikselmesiyle
neredeyse yok olan yesil giil, Halfeti Tarim ve Orman Ilge Miidiirliigii’niin yiiriitt{igii cahsmalarla (Sekil 1), Firat Nehri
kenarindaki Halfeti Belediyesi’ne ait serada karagiillerle birlikte yetistirilmekte, yok olmaya yiliz tutmus yesil giil
cogaltilarak, turizme ve ekonomiye kazandirilmasi igin bilyiik bir ¢aba sarf edilmekte oldugu ifade edilmistir.

Bu arastirmada, Karagiil kentinin yeni gozdesi Halfeti’ye 6zgii yesil giil hakkinda bilgiler verilmistir.
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Sekil 1. Halfeti Tarim ve Orman Ilge Miidiirliigii’ne ait serada yetistirilen yesil giil bitkileri

1.1. Yesil giil hakkinda degisik kaynaklardan derlenen bazi bilgiler

Birgok insan bu harika giilii yesil giil olarak bilirken, digerleri onu Rosa chinensis viridiflora olarak tanir.
Hafif kokusunun biberli veya baharathi oldugu sdylenir. Onun ¢igegi; diger giillerde tag yapraklar1 olarak bildiklerimiz
yerine, yesil ¢anak yapraklardan olusur. Cogu Tarih¢i, Rosa chinensis viridiflora'nin ilk olarak 18. yiizyilin ortalarinda,
belki de 1743 gibi erken bir tarihte ortaya ciktigi konusunda hemfikirdir. Cin olarak adlandirilan bolgede ortaya
¢iktigina inanilmaktadir. Rosa chinensis viridiflora, bazi eski Cin resimlerinde goriiliir. Bir zamanlar Yasak Sehir
digindaki herkesin bu giilii yetistirmesi yasakti [16, 17]. Kelimenin tam anlamiyla imparatorlarin tek maliydi. Sadece
19. yiizyilin ortalarinda, Ingiltere'de ve diinyanin diger bdlgelerinde biraz dikkat ¢gekmeye basladi. 1856'da Bembridge
& Harrison olarak bilinen Birlesik Krallik Sirketi, bu ger¢ekten 6zel giilii satisa sundu. Bu 6zel giil, erkek ve disi tireme
hiicreleri iiretmedigi icin de benzersizdir. Polen ve meyve olusturmadigindan dolay: hibridizasyonda kullanilamaz.
Bununla birlikte, insanin yardimi olmadan belki de milyonlarca yildir hayatta kalmay1 basaran herhangi bir giil, bir giil
hazinesi olarak degerlenmelidir. Gergekten, Rosa chinensis viridiflora, giizel bir sekilde essiz bir giil cesididir ve
herhangi bir giil yataginda veya giil bahgesinde onurlu bir yere sahip olmasi gereken bir giil ¢esididir [16].

Baglangigta “Rosa chinesis viridiflora” olarak bilinen “yesil giil”, benzersizligi gercek ta¢ yapraklarmimn
olmamasindan kaynaklanan “sev ya da nefret et” tiiriinden bir giildiir. Sevseniz de sevmeseniz de, bu bitki insanlarda
gercek bir ilgi uyandirir, ¢iinkii nadirdir, bir yeniliktir. Yesil gil’iin '¢i¢ekleri' aslinda genetik bir anomalidir ve bu
bitkinin varliginin anahtarinin bu oldugu tahmin edilmektedir. Bu durumda '¢icek', canak yapraklardan ve yaprakli bir
orta kisimdan olusur [17].

"Yesil Giil', 2.5 ile 4 cm arasinda veya yaklasik golf topu biiyiikligiinde rozet tipi bir sekilde kiigiik ¢igekler
olugturur ve bu ¢icekler tamamen koyu yesil ¢canak yapraklardan meydana gelir (Sekil 2). Bu "¢igekler", kiigiik dikenli
yapraklar gibi keskin, tirtikli yapraklardan olusan kiigiik tepeciklere agilmadan 6nce, giil seklindeki tomurcuklar olarak
baslar. Yapraklar, kiigiik mizrak u¢larinmi andiran ¢ok dar sekillidir. Tam ¢igek agtiklar1 zaman, yapraklar sanki giinese
ya da beklenmedik bir dokunusa ulagiyormus gibi ¢ikan dar, diiz, keskin sivri uglu mizraklardan olusan ti¢ boyutlu bir
daireye benzemektedir [17].
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Sekil 2. Yesil giil bitkileri

Yesil giil, ¢ok fazla boylanmayan (30-100 cm), yaprak dokmeyen ve ¢ok dalli ¢ali seklinde bityiime gosteren
bir bitkidir [18]. Geng yapraklarinda kirmizi bir ¢izgi olan yesil giiliin ¢igekleri elma yesili renktedir ve serin havalarda
¢ekici bir bronzluga doniisiir. Giile benzemeyen ¢igekleri piiskiillii bir sekilde, baharatli, biberli bir kokuya sahiptir [19].

Yesil giil, Amerika’da John Smith tarafindan 1827 dolaylarinda kesfedilmistir. Fransa'da Guillot/Roseraies
Pierre Guillot tarafindan 1855'te 'Rosa viridiflora' olarak tanitilmistir [20]. Aym1 klonun 1855'te Paris Fuari'nda baska
bir Fransiz iiretici olan Miellez tarafindan sergilendigi, sergilenen bu bitkilerinin Amerika'dan Ingiltere’ye ve Ingiltere
tizerinden de Fransa’ya geldigi belirtilmigtir [17, 21]. Yesil giiliin ad1 (Rosa viridiflora) A. Lavallée tarafindan 1856'da
verilmistir [21].

Anavatani Cin ve Bengal korfezidir. Yapilan bir aragtirmada, yesil giiliin iki yliz yillik bir Rosa chinensis
formu olan ‘Old Blush’ soyundan geldigine inanilmaktadir [19-21]. Yesil giil, sezon boyunca ¢igek acan, kiime ¢igekli
bir bitkidir. Cicekleri ortalama 5 cm ¢apinda, yesil renkli ve kokusu yoktur. Orta boylu ve dik gelisme yapisina sahip
olan yesil giil, 60 ile 120 cm yiiksekliginde ve 60 ile 90 cm genisliginde bitkiler olugturur [20].

Cin giilleri soguga son derece dayaniklidir. Yesil giil hicbir zaman yapraklarini dokmez. Tiim giiller gibi,
yesil giil de giinesi sever ve oldukca kurakliga dayaniklidir. Iyi drene edilmis topraga dikilmeli ve ilkbaharda organik
bir giibre ile giibrelenmelidir. Bitkiyi istenen yiikseklige ve genislige sekillendirmek icin budamanin sonbaharda
yapilmasi Onerilir [19]. Yetistirime teknigi ve yetisme kosullar1 diger giillerle aynidir [19, 20]. Tam giines 15181 alan,
verimli ve iyi drene edilmis bir toprak ister. Giil hastalik-zararlilarinin yesil giil iizerinde, diger giillerden daha az sorun
olusturdugu goriilmiistiir [23].

1.2. Yesil giiliin bitkisel ozellikleri ve ekolojik istekleri

Yesil giil, cok fazla boylanmayan (30-100 cm), yaprak dokmeyen ve ¢ok dalli ¢ali seklinde biiylime gosteren
bir bitkidir [23, 24]. Horn [17], 'Yesil Giil'in dik bir biiyiime aligkanligina sahip oldugunu, 30 ile 165 cm yiikseklige ve
yaklagik 90 cm genislige ulastigimi bildirmistir.

Cok soguk iklimlerde dayanikli degildir. Geng yapraklarinda kirmizi bir ¢izgi olan yesil giiliin ¢i¢ekleri elma
yesili renktedir ve serin havalarda ¢ekici bir bronzluga doniisiir. EIma yesili ¢igekleri (Sekil 3), kahverengi ¢engelli
dikenli uzun yesil gubuklar iizerinde kiimeler halinde tagmir [17]. Giile benzemeyen g¢icekleri piskiillii bir sekilde,
baharatli, biberli bir kokuya sahiptir [18]. Cigeklerinin biberli ve baharath kokusu ozellikle g¢anak yapraklar
ovusturuldugunda daha baskin olarak fark edilmektedir [17]. Yesil giil yapraklarin1 dskmeyen bir bitkidir [19].
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Sekil 3. Yesil giil’iin ¢igeklerinin ve yapraklarinin gériiniimii

Yetigtirime teknigi ve yetisme kosullar1 diger giillerle aymidir [22]. Tiim giiller gibi, yesil giil de giinesi sever
ve oldukga kurakhiga dayaniklidir [19, 25]. Tam giines 15181 alan, verimli ve iyi drene edilmis bir toprak ister. iIkbaharda
organik bir giibre ile giibrelenmelidir [19]. Yesil giil’de budamanin sonbaharda yapilmasi nerilmektedir [19]. Yesil giil
tizerinde giil hastalik ve zararlhilarinin diger giillerden daha az sorun olusturdugu goériilmistiir [23]. Ancak, zaman zaman
biraz kiilleme olur, bu nedenle ara sira ilaglamadan yararlanir [17]. Ayrica, gélgeye dayaniklidir ve bahgelerin yalnizca
kismi giines alan alaninda oldukga iyi sonug verir [17].

1.3. Yesil giil ve Yeralti Demiryolu hikayesi

Amerika’daki bir efsaneye gore “yesil giil”, kagan kdlelere hos geldin isareti olarak bahgelerine diken kdlelik
karsitlar1 arasinda popiiler oldu. Yeralt1 Demiryolu’nun” iiyeleri, ayirt edici ¢icegi birbirlerine bir isaret olarak taktilar
[26].

“Yeraltt Demiryolu: 19. yiizyiln basindan-ortasina kadar Amerika Birlesik Devletleri'nde kurulan ve
Afrikali-Amerikali kdleler tarafindan koleligin kaldirildigi 6zgiir eyaletlere, Kanada'ya ve Nova Scotia'ya kolelik
karsitlart ve kolelik karsithigina sempati duyanlar yardimiyla kagmak i¢in kullanilan gizli yollar ve giivenli evler agidir.
Bu terim ayni1 zamanda kacakg¢ilara yardim eden, siyah ve beyaz, 6zgiir veya kole, tim kolelik karsitlar1 icin de
kullanilmaktadir [27].

1.4. Yesil giil tin evrimi

Pek ¢ok arastiricy; yesil giiliin, bir Rosa chinensis formu olan ‘Old Blush’ soyundan geldigini belirtmektedir
[19, 25]. Cogu tarih¢i, Rosa chinensis cv. Viridifloranin ilk olarak 18. yiizyilin ortalarinda, belki de 1743 gibi erken bir
tarihte Cin’de ortaya ¢iktig1 konusunda hemfikirdir [16, 17]. Tu [22] da yesil giil olarak bilinen yemyesil ¢igegin, Cin
mengeli ve Cin'de ortaya ¢ikan 'Old Blush' (Rosa chinensis adli bir tiirden meydana gelmis) adi verilen normal
goriiniimlii pembe bir giiliin mutasyona ugramig bir versiyonu veya dogal olarak meydana gelen bir mutasyonu
oldugunu bildirmistir.

1.5. Yesil giil ve phyllody

Rosa chinensis cv. Viridiflora’da phyllody sonucu, ¢igek iizerindeki (sepaller, petaller, androecium veya
gynoecium) organlarin bir kismi veya tamami yaprak benzeri (vejetatif) organlara doniigmiistiir [28]. Yesil giil aslinda
bir ¢icek tretmez [25]. Cigekler, yesil ¢anak yapraklarin iist {iste tabaka tabaka ortaya ¢ikmasiyla olusur. Tag
yapraklarin, erkek organlarin ve disi organin olmadig1 anormal ¢icek olusumlar: phyllody olarak isimlendirilmistir [25,
29].

Ciceklerin erkek organ bagciklar1 ve stigmalari olmadigi ve bu nedenle oldukea steril oldugu igin polen
olugturmaz. Bu nedenle, yesil giil melezlemede kullanilamaz [17, 22].
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Phyllody: Cicek kisimlarinin, yaprakli yapilara anormal gelisimidir [27]. Diger bir degisle, bir ¢igegin veya
tim c¢icek pargalarmin yaprakli yapilarla degistigi bir durumdur [25]. Genellikle fitoplazma veya viriis
enfeksiyonlarindan kaynaklanir, ancak bitki hormonlarinda dengesizlige neden olan c¢evresel faktorlerden de
kaynaklanabilir. Fitoplazma, bitkilerin vaskiiler dokusunda biiyliyen ve ¢ogalan bakteri benzeri parazitlerdir. Genellikle
bitkiden bitkiye, yaprak bocekleri ve akarlar gibi bitki emici bocekler tarafindan bulagtirilirlar [25]. Phyllody, normalde
cigek tiretemedigi i¢in etkilenen bitkinin kismen veya tamamen steril olmasina neden olur [27].

“Kiraz agaglarinda ¢igek anormalligi (phyllody) ilizerine arastirmalar” baglikli makalesinde Engin [29],
yapilan ¢alismalarda anormal yapili ¢igek olusumunun, gevresel faktorlerden, su stresinden, boceklerden, fitoplazma ve
virislerden kaynaklanabilecegini belirtmistir. Anormal ¢igek olusumlarinin tespit edilen en yaygin nedeninin, ¢igek
tomurcugu farklilagsmasi esnasindaki yiiksek yaz sicakliklarr oldugunu fakat anormal ¢igek olusumlarmin nedeninin,
yiiksek yaz sicakliklarina baglanmasmin yeterince dogru olmadigini belirtmistir. Arastirici; yapilan ¢alismalarda, hiicre
bolinmesinde ve bilyiimesinde etkili olan bazi hormonlarin (cytokinin, gibberellin) ¢icek anormalliklerini
etkilediklerini bildirmistir. Cicek organlarmnin renk ve sekil olarak yaprak goériiniimii aldigi (phyllody) anormal ¢icek
olusumlarinin nedeninin fitoplazmalar olabilecegi ifade edilmektedir. Fitoplazmalarin, bitkilerin floem iletim
dokularinda yasayarak cogaldigi ve bitkilerin hormon dengesini bozdugu belirlenmistir. Fitoplazmalarm g¢ok farkl
hastaliklara neden oldugu ve bu hastaliklarin floemden beslenen, yaprak emen boceklerle ¢ok hizli yayilabildikleri ifade
edilmektedir. Cicek organlarinin renk ve sekil olarak yaprak goriiniimii aldigi anormal ¢igek olusumlarmimn sebebi tam
olarak bilinmemektedir [30].

1.6. Karagiil kenti Halfeti’nin Yesil Qiil ii

Yesil giil, Halfeti’nin en eski bahge giillerindendir ve en ¢ok dikkat ceken giil grubundandir. Firat'm asi sularina
teslim olmus gibi dursa da her bakista farkliligmi ve gizemini ortaya koyan Halfeti'nin, diinyada esi benzeri olmayan,
kendine 6zgii goriiniimiinii yetistigi topraktan alan, rengi ve asaletiyle goniilleri feth eden, kaybolmaya yiiz tutmus yesil
giil Halfeti’de yetigsmektedir. Kentin; karagiil ile birlikte simgesi haline gelen ‘yesil giil’, yerli ve yabanci tim
konuklarm ilgisini ¢ekmekte, onemli bir ticari potansiyel icermektedir. Tiirkiye'de sadece Halfeti'de yetisen yesil giil,
soguk gecen giinler haricinde devamli ¢igcek agmaktadir.

Yorenin kendine 6zgli mikroklima 6zelligi, Firat Nehri’nin suyu ve bdlgenin toprak ozellikleri sayesinde
yetistiriciligi yapilan yesil giil, diger giillere nazaran uzayabilen ince dal yapisina sahip ve kokusuzdur. Genel olarak
ilkbaharin mart-nisan ve sonbaharin ekim-kasim aylarinda agmaktadir. Yesil giil tamamen a¢gmadan, yani gonca
halindeyken ve tam agtiktan sonra yesil rengini korumaktadir. Son derece 6nemli bir potansiyele sahip olan yesil giil’iin
korunmasi ve ilgede yetistiriciliginin yayginlastiriimasi, ilge ekonomisinin canlanmasi igin biiyiik 6nem arz etmektedir. Birecik
Baraji’'nin yapilmasiyla Firat’n sular altinda biraktigi ilgede, ekolojik dengenin degismesi sebebiyle neredeyse tiretimi durma
noktasma gelen yesil giil’lin iiretiminin yaygmlastirilmasi, ilgenin ekonomik kalkmmasma onciiliik edecektir. Bu amag
dogrultusunda, Tarim ve Orman Bakanligi’'nca Kurumsal Kapasitenin Gelistirilmesi Projesi kapsaminda, 2018 yilinda
Halfeti ilgesi Yesilozen Mahallesi’nde bulunan Halfeti flge Miidiirliigii’ne tahsisli 2.390 m? alan iizerinde yaklasik 750
m?’lik alana sahip serada, iilkemize 6zgii endemik siis bitkilerinden yesil giil yetistiriciligi yapilarak, koruma altina
almmustir. Bu projeyle, turizm mekanlarindan biri olan Halfeti’deki ekonomik potansiyelin, yesil giil satislariyla yore
halkma gelir olarak donmesi ve bir 6rnek teskil etmesi ile yesil giil’iin koruma altina alinmast hedeflenmistir.

Eski Halfeti’de halen ikamet eden Fahri & Liitfiye SAHIN ¢ifti ve Osman GORGULU ile yesil giil hakkinda
yiiz yiize goriisme yapilmustir. Fahri SAHIN ve Osman GORGULU’den dinledigimize gore; bundan 70-80 yil 6nce eski
Halfeti esrafindan Osman oglu Mustafa diye bilinen Mustafa MUTLU’ nun, babasindan miras kalan giil yetistirme
merakiyla, kendi bahgesinde her tiirlii giil ve yesil giilleri yetistirip, cocuk gibi baktig1 bildirilmistir. Osman oglu
Mustafa MUTLU nun, kime giil lazim olsa, isteyenlere ve g¢evredeki komsulara evinin oniindeki bahgesinden giil
dagittigini ifade etmislerdir.

Fahri SAHIN’in esi Liitfiye SAHIN ise 73 yasinda oldugunu ve ¢ocuklugunda komsusu olan Osman oglu
Mustafa. MUTLU’ nun bahgesinde ilk defa yesil giilleri gordiigiinii soylemistir. Liitfiye SAHIN, Osman oglu
Mustafa’nin giilleri asiladigini, budamasini yaptigin1 ve 6zellikle farkl giilleri birbirine asilama merakinin oldugunu
ifade etmistir. Liitfiye SAHIN: “Biz de yesil giilleri onlardan aldik. Yesil giiller, Osman oglu Mustafa’ya bundan
yaklagik 120-130 yi1l Once yasayan babasindan kalmis. Ondan Oncesini de bilmiyorum. Yesil giillerin kokusu
olmadigindan, fazla kimse yetistirmezdi. Biz de sadece yesillik olsun ve yesil giil actig1 i¢in goriintiisiinden dolay1
yetistirirdik. Eski Halfeti’de tiim komsularimiza da Osman oglu Mustafa’dan dagildi.” ifadelerini kullanmistir. Liitfiye
Sahin: “Bundan 20 yil 6nce eski Halfeti sular altinda kalinca, eski evleri terk ettik ve bu giilleri yanimizda getirdik.
Halen evimin bahgesinde saksida yetistiriyorum.” seklinde agiklamada bulunmustur.

Halen bir kismi Birecik Baraji’nin sular1 altinda kalan Eski Halfeti’de yasamis olan kisilerle, yesil giil’in
ilceye kim tarafindan ve nasil geldigi/getirildigi konusunda goriismeler yapilmustir. flge biiyiiklerinden, Halfeti’de
yetisen yesil giil’iin geemisi ile ilgili dgrenebildiklerimiz bunlardan ibarettir. Ote yandan Ozcelik [4]; yesil giil’iin (R.
chinensis Jacq. var. Viridiflora (Lav.) Dipp.) Gaziantep Belediyesi Botanik Bahgesi’nde goriildiigiinii belirtmistir.
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2. Sonug¢

Bundan 2-3 yil 6nce Halfeti Tarim ve Orman flge Miidiirliigii’ne ait serada karagiil ile birlikte yetistirilmeye
baslanan yesil giil ile ilgili haberler ulusal basinda oldukca ses getirmistir. Halfeti ilce Tarim ve Orman Miidiirliigii’niin
yiriittiigli calismalarm yani sira, Firat Nehri kenarinda kurulmus olan Halfeti Belediyesi’ne ait serada da yine
karagiil’iin yani sira yesil giil de yetistirilmekte, yok olmaya yiiz tutmus yesil giil cogaltilarak, turizme ve ekonomiye
kazandirilmasi igin biiylik bir ¢aba sarf edilmektedir. Tiirkiye i¢in olduk¢a dnemli bir potansiyel olan yesil giil’iin
korunmasi, yetistirilmesi ve turizme kazandirilmasiyla gerek iilke gerekse Halfeti ekonomisine ¢ok onemli katki
saglayacaktir. Yakin gelecekte yesil giil iizerine yiiriitiilecek olan bilimsel ¢aligmalara daha fazla agirhik verilmesi,
yiiriitiilecek projelerle bu dogal ve biyolojik zenginligimizin yok olmasinin 6nlenmesi biiyiik 6nem arz etmektedir.
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Abstract
The fruiting bodies of Gymnopus impudicus (Fr.) Antonin, Halling & Noordel. (Omphalotaceae) are collected,
examined and the species is presented herein as a new record for the Turkish mycota together with field photos,
microscopic illustrations and a short discussion. The new record is characterised with pinkish dark brown pileus,
reddish brown stem, dacryoid and 6—9 x 3—5 pum basidiospores.
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*

Gymnopus impudicus (Fr.) Antonin, Halling & Noordel.: Tiirkiye mikotasi i¢in yeni bir kayit

Ozet

Gymnopus impudicus (Fr.) Antonin, Halling & Noordel.’in (Omphalotaceae) meyvemsileri toplandi, incelendi
ve tiir burada arazi resimleri, mikroskobik resimler ve kisa bir tartisma ile birlikte Tiirkiye mikotasi i¢in yeni bir kayit
olarak sunuldu. Yeni kayit pembemsi koyu kahverengi sapkasi, kirmizimsi kahverengi sapi, gézyasi damlasina
benzeyen ve 6—9 x 3—5 pum biiytikliigiindeki bazidiyosporlari ile karakterize edilir.

Anahtar kelimeler: Agulumantargiller, mantar, taksonomi, topuzlu mantarlar, Trabzon
1. Giris

Gilinlimiizde Omphalotaceae Bresinsky familyast (Agulumantargiller) Gymnopus (Pers.) Roussel (Cirpibacak),
Lentinula Earle (Sitake), Marasmiellus Murrrill (Ciicebasdondiiren), Mycetinis Earle (Boynukara), Omphalotus Fayod
(Agulumantar) ve Rhodocollybia Singer (Govertek) cinslerini igermektedir [1,2,3]. Bireylerinin gogunlugu kolibiyoyit
ve az bir kismi da trikholomoyit goriiniimdedir [2]. Ulkemizde yirmiden fazla tiir ile temsil edilen Gymnopus (Pers.)
Roussel (Cirpibacak) cinsi [4] diinyada dort yiize yakin tiirle taninmaktadir [5]. Genellikle kiigiik boyutlu olan tiirleri
konveks veya tabak seklinde sapka; serbest, disli veya tiim genisligi ile sapa bagli lameller; silindirik, merkezi, taban
miselyumlu sap; seffaf, eliptik, yuvarlagims1 veya gozyasi damlasi bi¢iminde bazidiyosporlar; her yone uzayabilen ve
kancali sapka derisi hifleri igerir [6]. Bireyleri humuslu topraklar veya odun iizerinde ¢iiriik¢iil yagam siirer [2,7].
Ulkemizde giiniimiize degin yayilis gosterdigi saptanan Gymnopus tiirleri G. acervatus (Fr. : Fr.) Murrill, G.
alkalivirens (Singer) Halling, G. androsaceus (L.: Fr.) Della Maggiora & Trassinelli, G. brassicolens (Romagn.)
Antonin & Noordel., G. confluens (Pers. : Fr.) Antonin, Halling & Noordel., G. dryophilus (Bull. : Fr.) Murrill, G.
erythropus (Pers. : Fr.) Antonin, Halling & Noordel., G. exsculptus (Fr.) Murrill, G. foetidus (Sowerby: Fr.) P.M. Kirk,
G. fuscopurpureus (Pers. : Fr.) Antonin, Halling & Noordel., G. fusipes (Bull. : Fr.) Gray, G. hariolorum (Bull.)
Antonin, Halling & Noordel., G. luxurians (Peck) Murrill, G. menehune Desjardin, Halling & Hemme, G. ocior (Pers.)
Antonin & Noordel., G. oreadoides (Pass.) Antonin & Noordel., G. perforans (Hoffm. : Fr.) Antonin & Noordel., G.
peronatus (Bolton : Fr.) Antonin, Halling & Noordel., G. quercophilus (Pouzar) Antonin & Noordel., G. ramealis (Bull.
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. Fr.) Gray, G. trabzonensis Vizzini, Antonin, E. Sesli & Contu ve G. vernus (Ryman) Antonin & Noordel.’dir
[4,8,9,10].

Bu c¢aligmanin amaci iilkemizde meyvemsilerinin varligi ilk kez tespit edilen Gymnopus impudicus (Fr.)
Antonin, Halling & Noordel. tiiriinii tanitmaktir.

2. Materyal ve yontem

Bu arastrmanin materyalini 28.10.2018 tarihinde Karadeniz Teknik Universitesi Yerleskesi igerisindeki
parktan toplanan meyvemsiler olusturmaktadir. Meyvemsilerin arazide fotograflar1 ¢ekilmis, kiigiik bahge kiiregi ile
birkag tanesi sokiilmiis, kese kagitlarina konularak laboratuvara taginmis, spor izleri alindiktan sonra elektrikli kurutucu
yardimi ile kurutulmus ve paketlenerek fungaryum dolaplarma yerlestirilmistir. Sapka derisi hifleri, bazidiyum ve diger
hiicresel yapilarin goriintiilenebilmesi i¢in binokiiler mikroskop altinda, keskin jilet ile ince kesitler alinmistir. Kesitler
%35’lik amonyak ¢ozeltisi igerisinde 3-5 dakika tutulduktan sonra mikroskobik incelemeye tabi tutulmug, mikrofotografi
sistemi sayesinde gerekli dlgiimleri yapilmis ve fotograflari ¢ekilmistir. Bazidiyosporlarin goriintiilenebilmesi i¢in ya
evvelce elde edilen spor izleri kullanilmis veya meyvemsiden kiigiik bir parga kesilerek %5’lik amonyak ¢ozeltisi
icerisine konulmus, 3-5 dakika bekletildikten sonra bir pens yardimi ile lam {izerine alinmis ve birka¢ defa sikilip
birakilarak yeterli sayida hiicrenin elde edilmesi saglanmistir. Preparat {izerindeki fazla sivi kurutma kagidi ile ¢ekilerek
immersiyon objektifi altinda inceleme yapilmis, yaklasik 40 tanesinin eni ve boyu ayri1 ayr1 dlgiilerek ortalamasi alinmis
ve nihayet mikrofotografi sistemi sayesinde fotograflar1 gekilmistir.

3. Bulgular

3.1. Gymnopus impudicus (Fr.) Antonin, Halling & Noordel. (Basidiomycota—Omphalotaceae) Bresinsky / Dik
cirpibacak (Sekil 1)
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Sekil 1. Gymnopus impudicus: a- meyvemsiler, b- sapka derisi hiicreleri, c- bazidiyumlar, d- bazidiyosporlar (6l¢cek
cubuklart: a: 20 mm, b: 20 pm, ¢ ve d: 10 pm)
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Bu tiiriin en 6nemli sinonimleri Agaricus impudicus (Fr.) Bon, Chamaeceras impudicus (Fr.) Kuntze, Collybia
graveolens G. Poirault ex Boud., C. impudica (Fr.) Singer, Gymnopus graveolens (G. Poirault ex Boud.) Antonin &
Noordel., G. impudicus var. graveolens (G. Poirault ex Boud.) Vila & Llimona, Marasmius impudicus Fr., M.
impudicus var. fagetorum Allesch. ve Micromphale impudicum (Fr.) P.D. Orton’dir. Meyvemsiler iizerinde yaptigimiz
incelemelere gore sapka konveks veya ters tabak bigiminde, pembemsi veya kirmizimsi koyu kahverengi, merkezde
daha koyu renkli, 15—45 mm, kenar1 ¢izgili ve tirtillidir. Lameller seyrek, pembemsi veya grimsi kahverengi, serbest
veya sapa daralarak baglanmistir. Sap silindirik ve bazen yassilagsmis, pembemsi kahverengi ve tabana dogru daha koyu
ve kalinca, 20—40 x 2—4 mm, genellikle egri ve yiizeyi beyazimsi tozlu goriinimdedir. Eti tadildigi zaman lahana
kokusuna benzer. Bazidiyumlar ¢omakgik bigiminde, 4 sporlu ve 25—35 x 4—7 um’dir. Bazidiyosporlar diiz yiizeyli,
seffaf, gozyas1 damlasi bigiminde ve 5.5-8.5 x 3—5 um’dir. Kaylosistityumlar diizensiz dalli bigimde ve 15—50 x 3-8
pm’dir. Sapka derisi az ¢ok paralel ve bazen diizensiz ve silindirik hiicrelerden olusmustur. Yaz aylarindan sonbahar
sonlarma degin genis ve igne yaprakli agaglarm bulundugu park ve bahgelerde, bitki dokiintiileri arasinda ve humuslu
topraklarda gruplar halinde yayilis gosterir.
incelenen 6rnekler: Tiirkiye, Trabzon, Karadeniz Teknik Universitesi Yerleskesi, 40°59'44.35" K ve 39°46'16.11" D,
85 m, 28.10.2018, E. Sesli 3993.

4. Sonuglar ve tartisma

Gymnopus impudicus kirmizimsi veya pembemsi koyu kahverengi veya koyu visne rengi, 15—45 mm ve
kenarlar1 ¢izgili sapkasi, pembemsi kahverengi sapi, pembemsi veya grimsi kahverengi ve seyrek lamel yapisi ve
gbzyast damlas1 bigimindeki bazidiyosporlar1 ile diger yakin akraba tiirlerden ayrilir. G. fusipes (Bull.:Fr.) Gray mese
odunu iizerinde yasamasi, daha biiyiik meyvemsileri (30—90 mm sapka ve 50—110 mm sap), serbest olmayan lamelleri,
yuvarlagimsi ve bazen badem bigimindeki bazidiyosporlar1 ile farklilik gosterir. Diger bir yakin tiir G. hariolorum
(Bull.: Fr.) Antonin, Halling & Noordel.”in sapkasi soluk kahverengi ve sap1 beyazimsidir. Ayrica bu tiiriin bireyleri
kaym, kizilagag, hus ve benzeri agaglara yakin olarak yasar. G. brassicolens (Romagn.) Antonin & Noordel. kenar1
dalgali sapkaya, turuncumsu veya koyu kirmizimsi ve daha uzun (15—75 mm) sapa sahiptir. Diger bir akraba tiir olan G.
alpicola (Bon & Ballara) Esteve-Rav., V. Gonzalez, Arenal & E. Horak daha kiiciikk (10-30 mm), pembemsi,
higroskopik sapkasi, morumsu mavi ve kahverengimsi sap1 ile G. impudicus’tan ayrilr. G. androsaceus (L.:Fr.)
Antonin & Noordel. cikolata renkli ve oldukca kiigiik (3—15 mm) ve yarim kiire bigiminde sapkaya, siyahimsi
kahverengi ve parlak sapa, comak seklinde sistityumlara ve biraz daha biiytikge (6.5—9 x 3.5-5 um) bazidiyosporlara
sahiptir. G. quercophilus (Pouzar) Antonin & Noordel. oldukg¢a kiigilk meyvemsileri (sapka: 3—10 mm, sap: 10-30 x
0.1-0.3 mm) sayesinde kolayca teshis edilebilir. G. luxurians (Peck) Murrill kozalakli agaglarin dokiintiileri tizerinde
yayilis gosteren, bilyiikk meyvemsili (sapka: 30—110 mm, sap: 50—100 x 5—10 mm) ve daha biiyiik bazidiyosporlu (7—11
x 3.5-5.5 um) bir tiirdiir. G. loiseleurietorum (M.M. Moser, Gerhold & Tobies) Antonin & Noordel. daha kiigiik (5-15
mm) sapkaya, sik lamellere, daha kiiciik sapa (20—30 % 1-3 mm) sahiptir ve lamelleri {izerinde sistityum bulunmaz. G.
erythropus (Pers.: Fr.) Antonin, Halling & Noordel. kayin veya mese odunu iizerinde yasayan kirmizimsi kahverengi
meyvemsilere sahiptir. Kaylosistitleri i veya ¢omak bi¢iminde olup kiiciik gruplar veya demetler halinde yayilig
gosterir. G. ocior (Pers.) Antonin & Noordel. eliptik veya yuvarlagimsi ve daha kii¢iik bazidiyosporlara (4.5—6 x 2.5—4
pum), comake¢ik biciminde sistityumlara ve daha farkli sapka derisi yapisina sahiptir. G. dryophilus (Bull.: Fr.) Murrill
turuncumsu kahverengi sapkasi, kalabalik lamelleri ve oldukga farkli sapka derisi hifleri ile 6rnegimizden farklilik
gosterir. Diger bir yakin fakat farkl tiir, G. confluens (Pers.: Fr.) Antonin, Halling & Noordel. olduk¢a sik lamellere,
soluk veya sarims1 kahverengi sapkaya ve uzun bir sapa (50—120 mm) sahiptir [1,2,6,7].
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Abstract

In this study, the potential protective effect of boric acid in the process of inducing oxidative stress on kidney
tissue due to acute alcohol toxicity was evaluated by biochemical and histological examination methods. In the study,
250-300 gr. Wistar albino female rats aged 3-4 months, matched in weight, age and weight, were used. 28 female rats
were used, seven animals in each group: control, ethanol, boric acid (BA) and ethanol + BA.Renal tissue samples were
taken for histology and biochemistry. Kidney damage was assessed using hematoxylin and eosin (H&E) staining. At the
same time, total antioxidant level (TAS), total oxidant level (TOS) and oxidative stress index (OSI) were measured to
evaluate oxidative stress as biochemical markers. While TOS and OSI levels were significantly lower in the BA group
compared to the ethanol group (p<0.05), no statistically significant change was observed in the TAS level. In the
ethanol-treated group, deterioration in tubule morphology occurred as a result of epithelial cells spilling into the lumen
in H&E staining. In the boric acid administered group, the structure of the renal cortex was observed to be normal,
similar to the control group.In the boric acid+ethanol group, dilatation was observed to be less than in the ethanol
administered group with normal renal tubules. As acute ethanol toxicity increases, lipid peroxidation and oxidative
stress increase. BA administration has been observed to reduce acute ethanol toxicity oxidative stress-induced kidney
damage, as demonstrated by both biochemical parameters and histological results.

Key words: Boric acid, Acute ethanol consumption, Kidney, Oxidative stress

*

Sican bobrek dokusunda etanoliin akut toksisitesi ve borik asitin koruyucu rolii

Ozet

Bu calismada, akut alkol toksisitesine bagli olarak bobrek dokusu iizerinde oksidatif stresin indiiklenmesi ile
gegen siiregte borik asidin potansiyel koruyucu etkisinin olup olamayacagi biyokimyasal ve histolojik inceleme
yontemleri ile degerlendirilmistir. Akut etanol toksisitesi arttik¢a lipit peroksidasyonu ve oksidatif stresi arttirmaktadir.
Calismada 250-300 gr. agirhiginda, yasga ve agirlikga eslesen 3-4 aylik Wistar albino cinsi disi siganlar kullanilmistir.
Her grupta yedi hayvan olacak sekilde 28 disi sican kullanildi: kontrol, etanol, borik asit (BA) ve etanol + BA. Histoloji
ve biyokimya i¢in bobrek dokusu 6rnekleri alindi. Bobrek hasari, hematoksilen ve eozin (H&E) boyamasi kullanilarak
degerlendirildi. Aym zamanda, biyokimyasal belirtegler olarak oksidatif stresi degerlendirmek i¢in total antioksidan
seviyesi (TAS), total oksidan seviyesi (TOS) ve oksidatif stres indeksi (OSI) 6lgiildii. BA grubunda TOS ve OSI
seviyeleri etanol grubuna gore anlamli olarak diiserken (p<0.05), TAS seviyesinde istatistiksel olarak bir degigiklik
gozlemlenmedi. Etanol uygulanan grupta, H&E boyamasinda epitel hiicrelerin liimene dokiilmesi sonucu tiibiil
morfolojisinde bozulma meydana geldi. Borik asit uygulanan grupta ise bobrek korteksinin yapisi kontrol grubuna
benzer sekilde normal olarak gozlemlendi. Borik asit+etanol grubunda ise renal tiibiillerin normal yapida oldugu etanol

’ Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +905345661397; Fax.: +905345661397; E-mail: tugce.guney@outlook.com
© Copyright 2022 by Biological Diversity and Conservation ~ Gelis tarihi: 07.03.2022; Yayin tarihi: 15.04.2022 BioDiCon. 1025-070322


http://www.biodicon.com/

108 Biological Diversity and Conservation — 15/ 1 (2022)

uygulanan gruba gore dilatasyonun daha az oldugu gézlemlendi. BA uygulamasi, hem biyokimyasal parametreler hem
de histolojik sonuglarla gosterildigi gibi, akut etanol toksisitesi oksidatif stres indiiklii bobrek hasarini azalttigi
gozlemlenmistir.

Anahtar kelimeler: Borik asit, Akut etanol toksisitesi, Bobrek, Oksidatif stres
1. Giris

Etanol (etil alkol), hem sistemik hem de merkezi sinir sistemi igin toksik ozelliklere sahip, yaygin olarak
tiiketilen bir organik ¢oziiciidiir [1]. Etanol toksisitesi ile ilgili ¢alismalarin siiresi, 24 saat veya daha kisa bir siireyi
kapsar ise akut toksisite, bir ay veya daha uzun siireyi kapsar ise kronik toksisite olarak adlandirilir [2]. Toksik
ozellikleri, akut doz asimimdan sonra veya uzun siireli kronik tiiketimden sonra ifade edilebilir [1]. Yapilan ¢aligmalar,
etanol metabolizmasmin agir1 miktarda serbest radikal olusumuna yol agtigini ortaya koymaktadir [3]. Aerobik
kosullarda, tiim biyolojik sistemler, ya dahili olarak ya da yan iiriinler olarak tiretilen oksidatif strese (OS) maruz kalir.
Bu serbest radikallerin biiyiik cogunlugu esas olarak oksijen radikalleri ve diger reaktif oksijen tiirleridir (ROS) [4].

Iyi bilinen ROS tiirleri; siiperoksit iyonu (Oz+—), hidrojen peroksit (H20,) ve hidroksil radikalidir (OHe) [5].
Akut etanol toksisitesi, ROS olusumu ile iligskilendirilmistir[1]. Hipotezimize gore, antioksidan, antiinflamatuar ve
antiapoptotik 6zellikleri bilinen bor ve bor tiirevlerinin uygun dozlarda kullanildiginda toksik hasara kars1 koruyucu etki
saglayabilir. Fizyolojik kosullarda iiretilen ROS, hiicresel ve hiicre disi1 savunma mekanizmalar1 tarafindan tamamen
inaktive edilir. Bu, normalde prooksidan (veya oksidan) ve antioksidan savunma sistemleri arasinda bir denge oldugu
anlamina gelir. Belirli patolojik ve toksik kosullarda, artan ROS {iretimi ve/veya antioksidan savunma sisteminin
tiikenmesi, ROS aktivitesinin ve OS'in artmasina neden olarak doku hasarma neden olur. Bu siireclerde, bobrekte dahil
olmak Tlizere ¢esitli sistemik hastaliklarin patogenezinde yer almistir. Hipertansiyon, diabetes mellitus, metabolik
sendrom ve hiperkolesterolemi gibi c¢esitli sistemik hastaliklar; enfeksiyon; antibiyotikler, radyoterapotik ve
kemoterapotik ajanlar; c¢evresel toksinler, 6zellikle kursun ve civa gibi agir metaller, radyasyon, sigara gibi zararli
kimyasallar ve ayrica alkol tiiketimi bobrek OS'sini indiikler [6].

Etanol ve metabolitleri idrarla atilir ve idrardaki igerigi kan ve karacigerden daha fazladir. Kronik alkol
uygulamasi renal tiibiiler geri emilimini ve bobrek fonksiyonunu azaltir. Renal tiibiillerin fonksiyonel anormallikleri,
membran bilesiminde ve lipid peroksidasyonunda (LPO) etanoliin neden oldugu degisikliklerle iliskilendirilebilir [7].
Serbest radikallerin aracilik ettigi LPO, hiicre zar1 yikiminin ve hiicre hasarmin birincil mekanizmasi olarak kabul edilir.
Ortaya ¢ikan oksidatif stres, artan LPO’nun, protein ve DNA gibi diger 6nemli hiicresel bilesenlerin yap1 ve islevindeki
degisikliklerin bir nedenidir [5]. Bobrek, renal lipidlerin bilesimindeki ¢oklu doymamis yag asitlerinin bollugu
nedeniyle ROS’un neden oldugu hasara karsi oldukca hassas bir organdir [7]. Sonug¢ olarak, agir1 ROS iiretimi ile
membran ve enzim fonksiyonu zarar gorebilir[8]. Oz*—, H202 ve OHe gibi oksidanlara kars1 koymak igin hiicreler,
stiperoksit dismutaz (SOD), glutatyon peroksidaz (GPx) ve katalaz (CAT) dahil olmak iizere ¢esitli antioksidan
enzimlere sahiptir [5]. Bu antioksidanlar ROS'u detoksifiye eder [8].

Bir diger antioksidan aktiviteye sahip olan borik asit (BA), metabolik olaylar1 desteklemek igin bitkiler,
insanlar ve hayvanlar i¢in gerekli bir eser elementtir [9, 10]. BA monobaziktir ancak proton verici degildir. Bunun
yerine, sudan bir hidroksil iyonu alan ve bir proton salan bir Lewis asidi gibi davranir. S adenozil metiyonin (SAM) ve
oksitlenmis nikotinamid adenin diniikleotit (NAD+) igin yiiksek afiniteye sahiptir. BA, hidroksil grubu igeren
glikolipidler, glikoproteinler ve fosfoinosititler ile kompleksler olusturur. Bor agizdan alindiginda kan dolagimina hizli
ve eksiksiz bir sekilde girer. Idrarla atihim oran1 ~%100'diir [11, 12].

Bu c¢aligmanin amaci akut alkol toksisitesine bagli olarak bobrek dokusu iizerinde oksidatif stresin inditklenme
ile gegen siirecte borik asidin potansiyel koruyucu etkisinin olup olamayacagini aragtirmaktir.

2. Materyal ve yontem
2.1. Arastirma Yeri ve Laboratuvar Hayvanlar

Caligmada 250-300 gr. agirh@inda, yas¢a ve agirlikga eslesen 3-4 aylik Wistar albino cinsi disi siganlar
kullanilmustir. Siganlar, Kiitahya Saglik Bilimleri Universitesi (KSBU) Tip Fakiiltesi Deney Hayvanlar1 Yetistirme ve
Uygulama Birimi (DEHYUB)’nden saglandi ve burada deney dncesi ve siiresince serbest yem ve su ile beslenerek
barmdirildi.(Karar No:2021.06.01)

Sicanlar, geleneksel laboratuvar hayvani bakim kosullar1 (kontrollii sicaklik (21 + 2 °C), nem (% 50 + 5), hava
degisimi (dongii), polikarbonat kafeslerde (kafes basina 3—4 sigan), 12 saat aydinlik ve 12 saat karanlik olacak sekilde
barindirildi.

Tiim deneysel islemler siganlarin sirkadyan ritmine (12 saat aydinlik: 12 saat karanlik) uygun olacak sekilde
gerceklestirilmigtir. Sicanlar, dort deneysel gruba ayrildi ve her grupta yedi hayvan olacak sekilde diizenlendi:
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Grup 1: Kontrol Grubu

Bu grupta bulunan siganlara herhangi bir iglem uygulanmadi. Bu siganlar deney siiresince serbest yem ve su ile
beslendi ve deney siiresi sonunda ketamin ve ksilazin anestezisi altinda sakrifiye edildi (n=7).

Grup 2: Etanol Grubu

Tek doz 1ml %75 etanol bir gavaj kaniilii kullanilarak oral yolla verildi. Etanol uygulamasindan 1 saat sonra
sicanlar ketamin ve ksilazin anestezisi altinda sakrifiye edildi (n=7).

Grup 3: Borik Asit Grubu

Bu grupta bulunan siganlara oral yolla 100 mg kg dozunda borik asit verildi ve 30 dakika deney siiresi
sonunda ketamin ve ksilazin anestezisi altinda sakrifiye edildi (n=7).

Grup 4: Etanol + Borik Asit Grubu

Bu grupta bulunan siganlara 100 mg kg™ dozunda borik asit ve 30 dakika sonra tek doz 1ml %75 etanol bir
gavaj kaniilii kullanilarak oral yolla verildi. Etanol uygulamasindan 1 saat sonra siganlar ketamin ve ksilazin anestezisi
altinda sakrifiye edildi (n=7).

Borik Asit Uygulanmasi ve Uygulama Bi¢imi
100 mg kg™ Borik asit 1 ml suda ¢dziilerek gavaj yoluyla uygulandi [13].
2.2. Deneylerin Sonlandirilmasi

Deneysel siirenin bitiminde siganlar yiiksek doz anestezi (90 mg kg? ketamine ve 5 mg kg? ksilazin) altinda
diseksiyon gerceklestirildi ve intrakardiyak olarak kalpten biitiin kanin almmas: (eksanguinasyon) ile yasamlari
sonlandirilarak bobrek dokusu alind.

2.3.  Histolojik inceleme

Histolojik incelemeler KSBU Tip Fakiiltesi Temel Tip Bilimleri Histoloji ve Embriyoloji A.D.
Laboratuvarmda bulunan etiiv ve doku takip ekipmanlari ile yapild1 ve asagidaki yontemler takip edildi. Mikroskobik
degerlendirmede KUY AM laboratuvarinda bulunan Nikon Eclipse 80i 1gtk mikroskop kullanildi.

2.3.1  Hematoksilen-eozin boyama yontemi

Siganlarin beyin drnekleri, 151k mikroskobik diizeyde histolojik incelemelerinin yapilabilmesi i¢in %10’luk
formalin fiksatifi i¢ine almmarak 48 saat siire ile fiksasyonlar1 saglandi. Fiksasyonlar1 saglanan ornekler fiksatifin
¢okmesini engellemek amaciyla 3-4 saat ¢esme suyunda yikandi. Cesme suyuyla yikanan doku pargalari daha sonra
sirastyla kademeli olarak %70’lik, %80’lik, %90°lik ve %96’lik alkol serilerinde 45’er dakika bekletilerek
dehidratasyonlar1 saglandi. Dehidratasyonlarmin ardindan drnekler seffaflandirilmak iizere 2 kez 20’ser dakika ksilolde
bekletildi. Orneklerin seffaflasmalarmin ardindan etiiv i¢inde 65C’de eritilmis parafinlere alnarak 60 dakika siireyle ii¢
ayr1 parafinde bekletildi. Parafinize edilen dokular ayri ayri1 parafin iceren kasetlere gomiilerek bloklandi ve kesit
alinmaya hazir duruma getirildi. Parafin bloklardan kesitlerin alinmasinda kullanilacak mikrotom bigag1 buzdolabinda
sogutularak, mikrotom aracilig1 ile her bir drnekten 5’er mikrometre kalmliginda doku kesitleri alindi. Kesitlerin
45C’de su banyosunda agilmalari saglanarak temiz lamlar lizerine alinmasindan sonra etiiv i¢inde 1 saat siire ile
bekletilmeleri saglandi. Preparatlar 1’er saat siire ile iki ayr1 ksilolde tutulup deparafinizasyonlar1 saglandiktan sonra
boyama asamasina gegildi. Kesitlerin boyanmasinda Hematoksilen-Eosin ikili boyas1 kullanildi. Deparafinizasyonu
yapilmis olan doku kesitleri 5’er dakika siireyle %96, %90, %80, %70’lik alkollerde ve distile suda bekletildi. Kesitler
Hematoksilen ile 2 dakika ve Eosin ile 10 dakika boyandi. Cesme suyu ile fazla boyasi alinan kesitler hizla alkol
serilerinden gegirilip dehidratasyonlar1 saglandi. Dokular iki ayr1 ksilolde 30’ar dakika tutularak seffaflastirildi.
Seffaflasan dokular daha sonra entellan ile kapatilarak 1s1k mikroskobik diizeyde Olympus BH-2 mikroskop ile
degerlendirmeleri yapildi ve beyin &rneklerini igeren tiim preperatlarm Olympus DP-70 digital kamera ile fotograflari
¢ekildi.

2.4. Biyokimyasal Analizler

Tiim gruplardan elde edilen bobrek dokulari yaklasik 0.1 g tartilarak soguk PBS soliisyonunda homojenize
edildi. Dokularin par¢alanmasinda zirkonyum boncuk kullanildi. Daha sonra homojenat 5000 rpm x5 dakika boyunca
santrifiij edildi. Siipernatant kismidan etanol kaynakli toksisitenin olusturdugu oksidatif stres hasarini géstermek icin
ticari olarak kullanilan ELISA kitleriyle (RelAssay Total Oxidant Status (TOS), RelAssay Total Antioxidant Status
(TAS)) analizler gerceklestirildi. TOS 6l¢iim sonuglar: 530nm ve TAS 6l¢iim sonuglar1 660nm dalga boyuna ayarlanmis
termomultiscan mikroplate okuyucudan elde edildi. TAS ve TOS sonuglar sirasiyla mmol Trolox Equiv/L ve pumol
H20; Equiv./L olarak ifade edildi.
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2.5. istatistiksel analiz

Tiim deneysel islemler sonrasinda Olgiilen parametrelerden elde edilen datalar GraphPadPrism 7 istatistik
programi kullanilarak analiz edilmistir. Veriler ortalama + standart sapma olarak sunulmustur. Normal olarak dagitilan
veriler, tek yonlii varyans analizi (ANOVA) kullanilarak degerlendirilmis ve ¢oklu kargilastirmalar Tukey post-hoc testi
ile analiz edilmistir. *p<0.05 istatistiksel olarak anlamli kabul edilmistir.

3. Bulgular

Kontrol grubu Hematoksilen-Eozin boyamalarinda, bobrek korteksinde renal korpuskiil glomeriiler kapiller ve
Bowman kapsiilii ile normal yapisinda izlendi. Bowman boslugu ve tek katli yassi epitel yapisi ile Bowman kapsiiliiniin
paryetal yapragi normal morfolojik 6zellik sergiliyordu. Bobrek cisimcigi ¢evresinde nefrona ait proksimal tiibiiller
eozinofilik yapisi ile, distal tiibiiller ise daha zayif boyanmis 6zellikleri ile belirgindi. Peritiibiiler kapillerler olagan
goriiniimlerindeydi. Borik asit uygulanan gruptaki sicanlarda, kontrol grubuna benzer sekilde bobrek korteksi normal
yapidaydi. Etanol uygulanan grupta glomeriiler biiziilme ve buna bagli olarak Bowman boslugundaki genisleme bu
grubun en dikkat ¢ekici 6zelligiydi. Epitelyal hiicrelerin limen igerisine dokiimeleri sonucu proksimal ve distal
tlibiillerin yapisinda bozulmalar meydana geldigi goriildii. Peritiibiiler kapillerlerde yogun ve yaygin dilatasyon, bu
grubun diger bir belirgin bulgusuydu. Ayrica bu gruba ait bazi1 dokularda inflamatuvar hiicre infiltrasyonuna rastlandi.
Borik asit + etanol grubunda ise bobrek korteksi kontrol ve borik asit grubuna benzer bir histolojik yap1 sergiledi. Renal
korpuskiil ve tiibiiller normal yapisindaydi. Peritiibiiller kapillerlerde dilatasyon goriildii fakat yalnizca etanol uygulanan
gruba kiyasla daha azdi. (Sekil 1).

Sekil 1. Bobrek dokusuna ait Hematoksilen-Eozin boyama goriintiileri. Kontrol ve borik ait grubunda bobrek
korteksinin normal histolojik yapisi izleniyor. Etanol uygulan grupta glomeriillerin biiziilmesine bagl olarak Bowman
boslugunda genisleme (*), tiibiil yapisinda bozulma (yesil ok), peritiibiiler kapillerlerde dilatasyon (mavi ok) ve
inflamatuvar hiicre infiltrasyonu (siyah ok) goriilityor. Borik asit+ etanol grubunda normal yapidaki renal korpuskiiller
ve tiibiillerin yaninda peritiibiiler kapiller dilatasyonu izleniyor. G: glomeriil; Bb: Bowman boslugu; pkt: proksimal
krvrmtilli tiibiil; dkt: distal kavrintil tiibiil. Hematoksilen-Eozin, x200

Akut toksisitenin neden oldugu oksidatif stresin total durumunu gostermek igin gergeklestirilen analizlerde;
etanol grubu i¢in TOS seviyesi (7.52 + 0.93), kontrol (6.17 + 0.89) ve BA+Etanol (6.87 + 0.97) gruplarma kiyasla daha
yiiksekti. Borik asit uygulamasiyla TOS seviyesi, etanol grubuna goére anlamli olarak yaklasik %30 civarinda azaldi
(p<0.05) (Sekil 2A).

Kontrol (2.04 = 0.12), Etanol (2.18 + 0.03), BA (2.19 = 0.11) ve BA+Etanol (2.13 £ 0.13) gruplar1 i¢in TAS
seviyeleri benzerdi. Istatistiksel olarak bu gruplardaki TAS seviyeleri anlamli degildi (Sekil 2B).

Etanol grubu i¢in OSI diizeyi (3.43 £ 0.44), kontrol (3.01 £ 0.28) ve BA+Etanol (3.23 £ 0.56) gruplara gore
daha yiiksekti. BA’nin (2.42 + 0.17), etanol toksisitesinin neden oldugu oksidatif stresi istatistiksel olarak azalttig1 tespit
edildi (p<0.05) (Sekil 2C).
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Sekil 2. Akut etanol toksisitesinin neden oldugu bobrek hasarinda oksidan-antioksidan durum: A) total oksidan
seviyeleri (TOS), B) total antioksidan seviyeleri (TAS), C) oksidatif stres indeksi (OSI). Tiim veriler ortalama + SD
olarak ifade edildi ve tek yonlit ANOVA kullanilarak analiz edildi *p < 0.05

4. Sonuclar ve Tartisma

Etanol bobrek tizerinde hem dogrudan hem de dolayli etkiler gdsterebilir. Dogrudan etki, etanoliin neden
oldugu artan membran akigkanli§i nedeniyle hiicre igeriginin hiicreler arasi alana diflizyonuyla sonuglanir [8, 14].
Etanol bobrek tiibiillerine zarar verir; etanoliin kronik kullanimi bobreklerde oksidatif strese neden olur. Oksidatif
stresin neden oldugu lipid oksidasyonu nedeniyle hiicre zarlarinda bozulma meydana gelir [15]. Ortaya ¢ikan oksidatif
stres, artan LPO, protein ve DNA gibi diger 6nemli hiicresel bilesenlerin yap1 ve islevindeki degisikliklerin bir
nedenidir [5]. Oksidatif ve oksidatif olmayan metabolizma, alkoliin dolayli etkileri ile iliskilidir. Oksidatif etanol
metabolizmasmin bir yan tiriinii olarak iiretilen asetaldehit, mitokondri ve restoratif enzimleri bozan protein eklentileri
olusturur ve ROS olusumuna neden olur [16]. Oksidatif stres, hiicresel diizeyde oksidanlar ve antioksidanlar arasindaki
dengesizligi ifade eder [17]. O2+—,H20, ve OH gibi oksidanlara kars1 koymak igin hiicreler, SOD, GPx ve CAT dahil
olmak tizere ¢esitli antioksidan enzimlere sahiptir [5]. Bu antioksidanlar ROS'u detoksifiye eder [8]. Gosterilen
caligmalarda etanoliin oksidatif stresi indiikledigi arastirma sonuglarimizda paralellik gostermistir.

Bor (B), metal olmayan bir elementtir ve viicuda alindiktan sonra sindirilmesi borik asit halindedir. Borik asit,
hidroksil gruplar1 sayesinde biyomolekiiller ile etkilesebilmektedir [22]. BA, insan ve hayvanlarda metabolizma igin
gereklidir [18]. Kemirgenlerde kisa siireli (< 1 ay) 100 mg kg BA takviyesinin toksik yan etki olusturmadigi
bildirilmistir. 100 mg kg BA'nin oksidatif hasar1 azalttig1 tespit edilmistir [8, 9, 19]. Bu nedenle arastirmamizda bu doz
secilmistir. BA'nin oksidatif hasara kars1 koruyucu mekanizmasi tam olarak anlagilamamasindan dolay1; sinyal yolaklari
iizerinde arastirmalar devam etmektedir [20].

Kronik etanol maruziyeti oksidatif strese neden olur, ¢iinkii hiicre i¢i antioksidan savunma sistemi artan ROS'u
dengelemek i¢in yetersizdir. Dulger ve arkadaslar1 (2020), calismalarinda bu bulgulara uyumlu olarak, kronik etanol
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tikketiminin MDA, TOS ve OSI diizeylerini arttirdig1 gostermistir. [21]. Yaptigimiz ¢alismada, akut olarak etanol
tiilketiminde bobrek dokusunda TOS diizeyi anlamli olarak arttigindan, etanoliin oksidatif stresi indiikledigini
distinmekteyiz. Calismamizda BA dozlar1 TOS ve OSI diizeyini diistiriirken TAS diizeyinde anlamli olarak bir bulgu
elde edilememistir. BA, TOS ve OSI seviyesini diislirdiigii i¢in, sicanlarda oksidatif stresi ve etanoliin neden oldugu
hasar1 azaltmada BA'nin etkili oldugu tahmin edilmektedir. Etanol uygulanan grupta H&E boyamasinda, yaygin
dilatasyon ve epitel hiicrelerin Liimene dokiilmesi sonucu tiibiil morfolojisinde bozulmalar meydana geldigi goriildii.
Latchoumycandane ve ark. etanol alimmnm lipid oksidasyonunu artirdigini, 16kosit infiltrasyonunu indiikledigini ve
bobrek tiibiil epitelyumuna ve islevine zarar verdigini bildirdi [15]. Bu tiir hasarlarm hepsini etanol grubunda
gozlemledik. BA uygulanan grupta ise kontrol grubuna benzer sekilde bdbrek korteksinin morfolojisinin kontrol
grubuna benzer sekilde normal oldugu gozlendi. BA+Etanol grubunda ise renal korpuskiil ve tiibiillerin normal
yapisinda oldugunu, etanol uygulanan gruba gore dilatasyonun daha az oldugunu gozlemledik.

Borik asit’in, hem biyokimyasal parametreler hem de histolojik sonuglarla gosterildigi gibi, akut etanol
tiikketiminde oksidatif stres indiiklii bobrek hasarmi azalttigi gézlemlenmistir. Ayrica, Borik asidin bobrek ve diger
organlar tizerinde olan etkisi lizerine yapilacak ileriki galigmalara 151k tutacaktir.
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Abstract

One of the most important pollution in the world is air pollution. One of the factors that cause this pollution is
vehicles. Heavy metals have a great role in the component of pollution caused by vehicles and they have great negative
effects on plant and human health. In this study, it was aimed to determine the effect of distance from the highway on
the leaf morphology and anatomy of the economically important Red Globe grape variety. Leaf samples were collected
from four different distances (road side, 250 m, 500 m, 4000 m) in three different periods (spring, summer and autumn).
As a result of the morphological and anatomical examinations, it was determined that as the negative effect of heavy
metal decreased as the distance to the highway increased. As we approached the highway, important features such as
leaf length, width, petiole length, midvein length, midvein thickness, leaf area decreased, while petiole thickness
increased. Anatomically, as the distance to the highway decreases, it has been revealed as a result of the measurements
that there is an increase in the thickness of the lower epidermis and upper epidermis, and a decrease in the thickness of
upper collenchyma, lower collenchyma, upper parenchyma, lower parenchyma, length of vascular bundles and vascular
bundles number. This study highlights that the highway causes stress on leaf morphology and anatomy and causes
changes in some characters.

Keywords: anatomy, heavy metal, highway, morphology, Red Globe

*

Karayoluna uzakhgimn ""Red Globe™ (Vitis vinifera L.) yaprak anatomisi ve morfolojisi iizerine etkisi

Ozet

Diinyadaki en 6nemli kirliliklerden biri hava kirliligidir. Bu kirlilige neden olan faktorlerden biri de araglardir.
Agir metallerin tagitlardan kaynaklanan kirliligin bileseninde biiyiik rolii olup, bitki ve insan saglig1 iizerinde biiyiik
olumsuz etkileri vardir. Bu ¢aligmada, ekonomik 6nemi olan Red Globe iiziim ¢esidinin karayoluna uzakliginim yaprak
morfolojisi ve anatomisine etkisinin belirlenmesi amaglanmustir. Yaprak ornekleri dort farkli mesafeden (yol kenari,
250 m, 500 m, 4000 m) ii¢ farkli donemde (ilkbahar, yaz ve sonbahar) toplanmistir. Morfolojik ve anatomik incelemeler
sonucunda, karayoluna olan mesafe arttikca agir metalin olumsuz etkisinin azaldig: tespit edilmistir. Karayoluna
yaklastik¢a yaprak uzunlugu, genisligi, yaprak sapi uzunlugu, orta damar uzunlugu, orta damar kalinligi, yaprak alani
gibi dnemli 6zellikler azalirken yaprak sapi kalinligi artmistir. Anatomik olarak karayoluna olan uzaklik azaldik¢a alt
epidermis ve iist epidermis kalinliginda artis, tist kollenkima, alt kollenkima, alt parankima, iist parankima kalinliginda,
iletim demeti uzunlugunda ve iletim demeti sayisinda ise azalma oldugu yapilan Gl¢iimler sonucunda ortaya ¢ikmustir.
Bu ¢aligma, karayolunun yaprak morfolojisi ve anatomisi tizerinde baski olusturdugunu ve bazi karakterlerde
degisikliklere neden oldugunu vurgulamaktadir.
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1. Introduction

Environmental pollution is one of the most important problems of today. Rapid population growth and
industrialization lead to the formation of various pollutants and deterioration of atmospheric quality, and rapid
urbanization creates various pressures on the atmosphere. In Europe, more than eighty-five percent of people are
exposed to air pollution that exceeds pollution standards. One of the causes of this pollution in the atmosphere is
anthropogenic sources [1,2,3]. The main anthropogenic sources of atmospheric pollution are heavy metal containing
industrial activities, domestic heating and vehicle traffic [4]. Heavy metals have a significant proportion among the
components that cause air pollution. Heavy metal pollution caused by vehicles is also caused by cadmium used in motor
oils and automobile tires, and copper and nickel that appear in the wear of motor alloys, in addition to lead from traffic
density and exhaust [1,5].

The accumulation of heavy metals in water and soil is a great risk for the environment, and the presence of
high levels of heavy metals in soil causes serious problems [6]. Agricultural and urban soils are exposed to
anthropogenic heavy metal pollution and traffic-related factors cause soil pollution. Most of the particles that cause
pollution are taken into the body of the plant through the roots and accumulate in the leaves [2,7,8]. It has been stated
that the physiological activities of these plants grown in the soil, such as germination, photosynthesis, transpiration, and
water intake, are adversely affected by this pollution, and the development and yield of the plants are reduced. In
addition, it has been revealed that heavy metal accumulation in the soil is high in areas with heavy vehicle traffic and
this rate decreases depending on the distance from the traffic [8,9].

The aim of the study was to examine the anatomical and morphological changes in the Red Globe grape
variety, which has a market value, depending on the time and distance from the road.

2. Materials and methods
2.1. Study area and material

The research was carried out in Red Globe vineyards on the Salihli-Alasehir route (izmir-Denizli highway),
between the latitude 38.4660327°N and longitude 28.3326680°E, an elevation of about 113 m above sea level in
Alasehir district of Manisa province in April-September 2019. The annual average temperature of the district is 17.19°C
(min: -4 °C, max: 40.4°C), total precipitation is 369.8 mm, average relative humidity (%) is 63.36 [10].

2.2. Sampling and analysis

Plant samples were taken from 4 different distances (0-250-500 and 4000 m) according to the highway in 3
different times (spring - summer - autumn) and the research was conducted with 3 replicates. On the other hand, a total
of 150 leaf samples were collected from all sides of the grapevines, from the leaves opposite the bunches on the annual
shoots that had completed their development, in 5 selected one’s at the sampling stations in each period.

Leaves collected from each sampling station for morphological and anatomical examinations were brought to
the laboratory and made ready for analysis. Morphologically, leaf length (LL), leaf width (LW), leaf aspect ratio
(LAR), petiole length (PL), midvein length (ML), the ratio of midvein length to petiole length (RMP), petiole thickness
(PT), leaf midvein thickness (LMT), leaf area (LA), leaf thickness (LT), the angle between N1 and N2 (A1), N2 and N3
(A2), N3 and N4 (A3) [11] were measured and the data was recorded.

The leaves collected for the anatomy study were washed with tap water and then fixed in 70% ethanol until
the necessary examinations were made. Cross sections were taken from petiole by using razor blade. Sections were
examined with BAB Image Analyzing Systems Microscope (BAB-95) and anatomical characteristics were determined
such as thickness of upper epidermis (UET), lower epidermis (LET), upper collenchyma (UCT), lower collenchyma
(LCT), upper parenchyma tissue (UPT), lower parenchyma tissue (LPT), length of vascular bundles (LV) and vascular
bundles number (VN). Also, anatomical structures were measured using BAB measurement programme.

2.3. Statistical analysis

The study was designed according to randomized block experimental design with 3 replicates. Statistical
analyses were conducted using IBM SPSS Statistics 25 software. Two-way ANOVA was used to analyses of all
morphological and anatomical data and the means were compared with Duncan’s test at 5% level of significance.

3. Results

3.1. Effect of distance from highway on morphology
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As a result of the analyzes, it was determined that the distance to the highway was effective on leaf length,
leaf aspect ratio, petiole length, midvein length, petiole thickness, leaf midvein thickness and the angle between N3 and
N4 at p< 0.01 significance level. On the other hand, it was observed that the distance was effective on leaf width, leaf
area, the angle between N1 and N2 at p<0.05 significance level. In addition, the effect of distance on the ratio of
midvein length to petiole length, leaf thickness, the angle between N2 and N3 parameters was found insignificant
(Table 1).

When the data obtained were examined, the highest average values were determined at 250 meters distance
in leaf length, leaf width, petiole length, midvein length, leaf midvein thickness, leaf area, leaf thickness, the angle
between N3 and N4. On the other hand, the highest mean values in the petiole thickness, the angle between N1 and N2
features were observed at the roadside, at 500 meters in the leaf aspect ratio feature, and at 4000 meters in the ratio of
midvein length to petiole length and the angle between N2 and N3 (Table 1).

On the contrary, when we analyzed the data in terms of the lowest mean values, the lowest mean was
determined at 500 meters distance in all features except the leaf aspect ratio, the ratio of midvein length to petiole
length, the angle between N2 and N3 parameters. In addition to these, the lowest average was found at 4000 meters for
the leaf aspect ratio character, at 250 meters for the ratio of midvein length to petiole length, and at the roadside for the
angle between N2 and N3 (Table 1).

Table 1. The effect of distance from highway on leaf morphology of Red Globe variety

Distance (m)

Parameters
Road side 250 500 4000
LL (cm)** 17,36+2,72ab 18,01+2,63b 16,5442.61a 17,74+£2.21b
LW (cm)* 16,68+2,46a 17,56+2,37b 16,39+2.38a 16,75+1,86a
LAR** 0,96+0,09ab 0,98+0,07bc 0,99+0,07¢ 0,95+0,06a
PL (cm)** 10,15+2,64a 11,03+3,09b 9,48+2.26a 9,77+2.05a
ML (cm)** 11,85+1,77ab 12,32+1,92b 11,33+1,96a 12,12+1,75b
RMP"S 1,2240,25 1,17+0,23 1,2340,23 1,26+0,16
PT (cm)** 4,28+0,77b 4,214+0,86b 3,85+0,76a 3,91+0,71a
LMT (cm)** 2,4340,52bc 2,47+0,64c 2,194+0,46a 2,28+0,52ab
LA (cm?)* 198,17+60,61ab 215,61+56,44b 186,13+60,56a 199,63+44,89ab
LT (cm)™ 0,22+0,12 0,25+0,12 0,22+0,12 0,23+0,13
Al(°)* 56,73+5,76b 55,58+6,21ab 53,53+5,92a 56,51+4,91b
A2(°)™ 48,22+5,74 50,80+5,72 48,84+6,80 51,16+6,27
A3(O)** 50,47+5,12a 53,89+5,42b 49,62+5,62a 49,87+7,55a

The data in the table are represented as the mean =+ standard deviation and the letters on the same line such as a, b, and ¢
means indicates grouping according to Duncan's test result. * : significant at 0,05 level; ** : significant at 0,01 level, ns:
non-significant.

The changes in the morphological characters due to the distance in the leaf samples taken in different periods
are shown in Figure 1.
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Figure 1. The effect of distance from the highway and time on the leaf morphology of Red Globe
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Figure 1. Continues
3.2. Effect of distance from highway on anatomy

According to the results of the analysis, it was determined that the distance from the highway was effective
on the thickness of upper epidermis, lower epidermis, upper collenchyma, upper parenchyma tissue, lower parenchyma
tissue, length of vascular bundles and vascular bundles number at p < 0.01 significance level; but it was observed that
the effect of distance on the thickness of lower collenchyma was insignificant (Table 2).

When the anatomical data obtained were examined, the highest average value was determined at 4000 meters
in thickness of upper epidermis, lower epidermis and vascular bundles number characteristics, and the highest average
values in all parameters except for these features were observed in leaf samples collected from 250 meters.

According to the results of the analysis, the lowest average value was obtained in the thickness of upper
epidermis and lower epidermis at 250 meters. The lowest mean value in the characters of upper collenchyma thickness,
upper parenchyma tissue thickness and length of vascular bundles was determined in samples collected from 500 meters
distance. In addition, the lowest values were observed at the roadside for lower collenchyma thickness and vascular
bundles number, and at 4000 meters for lower parenchyma tissue thickness characters (Table 2).
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Table 2. The effect of distance from highway on leaf anatomy of Red Globe variety

Distance (m)

Parameters
Road side 250 500 4000
UET (um)** 13,97+0,77b 13,41+0,83a 13,54+0,75a 14,23+0,90c
LET (um)** 12,82+0,66b 12,43+0,89a 12,58+0,73a 13,11+0,70¢
UCT (um)** 183,51+£31,65b 188,26+31,34b 174,76+£28,46a 187,37+£21,96b
LCT (um)™ 149,07421,43 153,72+26,92 152,50+25,26 149,78+23,48
UPT (um)** 374,02+90,79b 401,224+119,59¢ 330,93+61,70a 382,45+81,00bc
LPT (um)** 149,58+29,86bc 154,10+35,03¢ 144,57+30,21b 132,94+30,48a
LV (um)** 435,08+37,96bc 438,84+66,99¢ 411,76+£37,54a 420,64+52,41ab
VN** 32,33+3,54a 33,51+3,06b 33,77£2,97b 34,43+2,76b

The data in the table are represented as the mean + standard deviation and the letters on the same line such as a, b, and ¢
means indicates grouping according to Duncan's test result. ** : significant at 0,01 level, ns: non-significant.

The changes in some anatomical characters due to the distance in leaf samples taken in different periods are
given in Figure 2.
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Figure 2. The effect of distance from the highway and time on the leaf anatomy of Red Globe
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Figure 2. Continues
4. Conclusions and discussion

With the development of technology, the number of motor vehicles on the road increases every year in our
country and in the world. The increase in this number brings about an increase in the amount of harmful gases released
to nature and environmental problems such as air pollution. Heavy metals cause irreparable damage to health, food
chain and nature.

Urban plants are constantly exposed to high levels of pollutants that cause morphological, physiological and
anatomical damage to plants [12]. Leaves are more affected by traffic-related pollutants than roots and stems. Exhaust
gases have harmful effects on the structure and physiology of plants. For this reason, morphology and anatomy studies
are also carried out on the leaves to reveal the negative effect [13].

When the data on the effect of distance on leaf anatomy and morphology were evaluated, it was determined
that this effect was significant on some parameters. When all the data obtained were examined, it was concluded that
the effect of heavy metal was clearly observed at the roadside and 250 meters away, but a different effect than expected
in some parameters, at 500 meters and 4000 meters distances. The change in the soil structure and the difference in the
prevailing wind direction may be the reason for the different results at 500 and 4000 meters.

Traffic-induced pollutants accumulate on the leaf surface, adversely affect the anatomical, morphological and
physiological activities of plants, as well as cause a decrease in very important physiological events such as
transpiration, photosynthesis [14]. In areas with pollution, there is a decrease in leaf width, length and leaf aspect ratio.
It is stated that the reason for this may be that pollutants adversely affect the photosynthesis mechanism [15]. It is
thought that heavy metals cause the production of reactive oxygen species, which have a negative effect on the enzymes
that synthesize chlorophyll, and that the decrease in chlorophyll content directly affects the growth and vitality of plants
[16]. On the other hand, it is stated that heavy metals stress the plant and reduce the leaf area of the plant to reduce
water loss by transpiration [17]. When we evaluated the morphological data of present study, it was observed that there
was a decrease in leaf width, length, leaf aspect ratio, petiole length, midvein length, midvein thickness and leaf area. In
the article, which includes some of these parameters and effect of lead on Glycine max (L.) Merr., it was concluded that
as the concentration of lead increased, the midvein thickness decreased [18]. In another study on heavy metals in
Vachellia campechiana (Mill.) Seigler & Ebinger, a decrease in petiole length and length of the intermediate vein
parameters and an increase in petiole diameter were observed in plants exposed to heavy metals [19]. Similar results
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were obtained in our study. In a study in which the effect of auto-vehicular pollution on the morphology and anatomy of
Achyranthes aspera L. and Chenopodium album L. was observed [20], it was determined that pollution reduces leaf
length, width and petiole length, and it was also stated that pollution reduces leaf area. Likewise, it has been reported
that leaf length and width decrease as traffic density increases in Olea europea L. [21]. In another study using
Elaeagnus angustifolia L., Eucalyptus tereticornis Sm., Ficus carica L., Fraxinus excelsior L., Melia azedarach L.,
Morus alba L., Morus nigra L., Pistacia vera L., Prunus armeniaca L., Punica granatum L., Robinia pseudoacacia L.,
Rosa indica L. and Vitis vinifera L. species, it was concluded that there was a decrease in leaf length, width, petiole
length and leaf area in polluted areas [22]. There are significant differences between grapevine varieties in terms of
features such as leaf area, length of veins, angles between veins, and petiole length [23]. Since the angle between the
veins is an important character in the grapevine, it was also investigated whether the distance from the highway has an
effect on this feature. It was observed that there were significant differences in terms of the angle between N1 and N2
and the angle between N3 and N4. It was concluded that heavy metal might have a negative effect on cell division, and
that the speed differences in cell division and cell growth could create different angles in the grapevine. The changes
that occur in the leaf are of critical importance; because the photosynthesis mechanism takes place in the leaf and any
negative situation in the leaves will affect photosynthesis.

The part of the study related to anatomy was examined in the petiole. It has been reported that petioles are
more effective as a particle impactor than twigs or leaf lamina for polluting particles [24]. In the study, it was observed
that the upper and lower epidermis were thicker at the roadside than at a distance of 250 meters. An increase in
epidermis thickness is the expected result; because the epidermis tissue thickens, it is possible for the plant to show an
anatomical change in order to reduce the entry and negative effects of heavy metals in the internal tissues [25]. In
addition, the thickening of the epidermis layers may be a strategy of the plant to reduce water loss by transpiration [26].
In the research conducted on this subject, data were presented that cadmium increases the upper and lower epidermis
thickness of Eichhornia crassipes Mart. [27]. Plants can also develop responses to toxic substances such as reducing the
number of vascular bundles, increasing the total area of the vascular bundle, and the thickness of the xylem and phloem
[25]. In another study [17], it was stated that lead reduced vascular bundle size and leaf diameter. It is emphasized that
the reduction in trachea diameter and vascular bundle size may facilitate the transport of organic and inorganic
substances, thus paving the way for adaptation. When we examined the data we obtained, it was observed that there was
a decrease in the number of vascular bundles and length of the vascular bundles. In this study, it was also tried to
determine whether the highway has an effect on the thickness of the lower collenchyma, upper collenchyma, lower
parenchyma tissue and upper parenchyma tissue in the petiole, and as a result of the research, lower values were
obtained at the roadside compared to the 250 meters distance in terms of these properties. In the article examining the
effect of lead on the leaf anatomy of Schinus molle L., it was reported that lead increased the thickness of the epidermis
in the leaf and reduced the collenchyma [28]. Likewise, in a study conducted to determine the effect of cadmium stress
on Glycine max (L.) Merr., it was concluded that cadmium, a heavy metal, decreased palisade parenchyma, sponge
parenchyma and mesophyll thickness [29]. In another study, there is information that changes occur in plants exposed to
high heavy metals, such as decrease in parenchyma tissues and xylem size, shrinkage of mesophyll tissue, decrease in
leaf growth and vascular bundle [30]. In a study examining the effect of chromium on the anatomy of Triticum aestivum
L. cv. “Ekiz”, it was observed that chromium increased the length and width of the upper and lower epidermis in the
leaf. In addition, it was determined that chromium decreased the thickness of mesophyll, xylem, phloem and diameter
of vessel elements [31].

The reason for the decrease in many morphological and anatomical characteristics used in this study in areas
close to the highway may be due to the negative roles of heavy metals in many metabolic reactions such as
photosynthesis, enzyme activity, chlorophyll biosynthesis and mitosis [17]. Environmental conditions such as humidity
of the air and precipitation significantly affect the entry of heavy metals into the plant [32]. In this study, leaf samples
were taken at different periods, and while making the evaluations, the average of the data was taken and inferences were
made accordingly. In the spring period, there is a possibility of washing the heavy metal with the effect of precipitation,
and the probability of precipitation is less in the summer and autumn periods. In addition, there is a high probability of
heavy metal accumulation due to more vehicle traffic and lack of precipitation during the summer period. When we
examine the results, we have obtained, periodic changes in plant anatomy and morphology are visible (Figure 1 and 2).

In conclusion, it was observed that the distance from the highway was effective on the leaf morphology and
anatomy of the Red Globe grape variety, and there were obvious differences in the vineyards at the roadside. In
addition, it was concluded that the cultivate of this economically important variety in areas further away from the
highway would be better for health.
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Abstract

In this study, the anatomical, micromorphological and karyological features of Rindera cetineri Yildirim
(Boraginaceae), an endemic species in Denizli, were investigated. In anatomical studies, cross sections for root and stem
measurements, and cross and superficial sections for leaf measurements (base and stem leaf) were taken.
The stomatal index was calculated by counting the stomata and epidermis cells on the upper and lower surfaces of the
superficial sections taken from the leaves. In micromorphological studies, pollen type and surface ornamentation, seed
shape, and surface ornamentation were determined. The pollen type of R. cetineri is 6-heterocolpate, the pollen shape is
prolate-spheroidal, subprolate and the surface ornamentation is microgranulate. As a result of the karyological study, the
somatic chromosome number of R. cetineri was determined as 2n=24.

Keywords: Anatomy, karyology, micromorphology, Rindera cetineri

%

Rindera cetineri Yildirnm (Boraginaceae) iizerinde anatomik, mikromorfolojik ve karyolojik arastirmalar
Ozet

Bu calismada Denizli’de yayilis gosteren lokal endemik Rindera cetineri Yildirim tiirliniin anatomik,
mikromorfolojik ve karyolojik 6zellikleri incelenmistir. Anatomik ¢aligmalarda kdk ve govde oOlgiimleri icin enine
kesitler, yaprak (taban ve govde yapragi) Ol¢iimleri i¢in enine ve yiizeysel kesitler alinmistir. Yapraklardan alinan
yiizeysel kesitlerde alt ve iist yiizeyde bulunan stoma ve epidermis hiicreleri sayilarak stoma indeksi hesaplanmistir.
Mikromorfolojik ¢aligmalarda ise polen tipi ve yiizey ornamentasyonu ile tohum sekli ve yiizey ornamentasyonu
belirlenmigtir. R. cetineri tiriiniin polen tipi 6- heterokolpat olup polen sekli prolat-sferoidal, subprolat ve yiizey
ornamentasyonu ise mikrogranulattir. Karyolojik ¢aligmalar sonucunda, R. cetineri tiiriiniin somatik kromozom sayisi
2n=24 olarak belirlenmistir.

Anahtar kelimeler: Anatomi, karyoloji, mikromorfoloji, Rindera cetineri
1. Giris

Boraginaceae familyas1 Avrupa, Asya ve 6zellikle Akdeniz Bolgesi’nde yayilis gosteren ve diinya ¢apinda 148
cins ve 2700’den fazla tiir iceren genis bir familyadir [1,2]. Bu familya Tiirkiye’de farkli habitatlara dagilmis, endemizm
seviyesi yiiksek 44 cins ve 375 tiirii igerisinde barindirmaktadir [3]. Rindera Pall. cinsi Boraginaceae familyasinin
Cynoglosseae DC. tribusuna aittir ve gogunlukla Orta ve Bat1 Asya'da yayilis gosteren toplamda 20-25 tiir igermektedir
[4]. Rindera cinsine ait bitkiler ¢ok yilliktir ve bozkir/yar1 ¢61 kusagmim kuru ve karasal iklim gosteren alanlarinda daha
cok yayilis gdstermektedir [4]. Ulkemizde Rindera cinsi alt1 takson [Rindera albida (Wettst.) Kusn., R. caespitosa (A.
DC.) Bunge, R. dumanii Ayta¢ & R. R. Miller, R. lanata (Lam.) Bunge var. lanata, R. lanata (Lam.) Bunge var. canescens
(A. DC.) Kusn. ve R. cetineri Yildirim] ile temsil edilmektedir. Bu taksonlardan ii¢ii (R. dumanii, R. caespitosa ve R.
cetineri) iilkemize endemiktir [5, 6]. Rindera cinsi morfolojik olarak; tiipsii korollalar, genellikle korolla bogazinda
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bulunan staminal filamentlere sahip uzun anterler, korolladan disar1 ¢ikmig stilus ve genis membrandz kanatli, glositsiz
merikarplar ile karakterize edilir [4]. Yildirim (2019) ¢aliymasinda morfolojik ve palinolojik incelemeler sonucunda
Rindera cetineri tiiriinii, Tiirkiye i¢in yeni bir tiir olarak tamitmig ve Tiirkge ismini de “Denizli Yiinliigelini” olarak
belirlemistir [6]. Bu ¢alismanin amaci, lokal endemik R. cetineri tiiriiniin detayli anatomik, mikromorfolojik ve karyolojik
Ozelliklerinin belirlenmesi olup, Rindera cinsi ve R. cetineri tiirii ile ilgili ileride yapilacak olan c¢aligsmalara katki
saglanmasini amaglamaktadir.

2. Materyal ve yontem

R. cetineri tiiriine ait 6rnekler Denizli’nin Cameli ilgesi sinirlari iginde kalan Akdag’da bulunan 2200 rakiml
Karkin Yaylasi’ndan toplanmigtir. Arazi ¢aligmalari, 2020-2021 yilinda bitkinin ¢i¢eklenme donemi olan haziran ve
tohumlanma dénemi olan temmuz aylarinda yapilmustir (Sekil 1). Toplanan bitki materyallerinin bir kismu herbaryum
materyali haline getirilmis (Kayit no: GSE2143), bir kismi da anatomik ¢aligmalarda kullanilmak tizere %70’lik alkolde
muhafaza edilmistir. Toplanan &rneklerin teshisi mevcut literatiirler kullanilarak [5,6,7,8] Prof. Dr. Giirkan SEMIZ
tarafindan yapilmis ve herbaryum drnekleri Pamukkale Universitesi, Fen-Edebiyat Fakiiltesi, Biyoloji Boliimii, Kimyasal
Ekoloji Laboratuvar1 Herbaryumu’nda saklanmaktadir.

o
Sekil 1. R. cetineri tiiriiniin habitusu: A. Cigek durumu, B. Meyve

2.1 Anatomik ¢alismalar

Anatomi ¢aligmalarinda bitkinin kok, gévde, taban ve govde yapraklar kullanilmistir. Kok ve gévdeden enine,
taban ve govde yapraklarindan ise hem enine hem de yiizeysel kesitler alimmistir. Calismada parafine gomme metodu
kullanilarak elde edilen bloklardan, rotary mikrotomla 15-20 um kalinliginda kesitler alinmustir. Kesitleri alinan 6rnek ler
safranin-fast green boyama metoduyla boyanmig ve entallan ile kapatilarak kalici preparat haline getirilmistir. R. cetineri
tiiriiniin anatomik 6l¢timii yapilan karakterleri Tablo 1°de gosterilmistir. Hazirlanan daimi preparatlar BAB-LAM marka
151k mikrosobu altinda BsCamera sistemi ile goriintiilenmistir. Hiicre sayim ve 6lgiimleri BsCap programi kullanilarak
yapilmistir. Yapraklardan alinan yiizeysel kesitlerden, adaksiyal ve abaksiyal diizlemlerdeki 1mm?’ye diisen stoma ve
epidermis hiicre sayilari belirlenerek, stoma indeksleri hesaplanmistir.

2.2 Mikromorfolojik ¢calismalar

R. cetineri tiiriine ait herbaryum 6rneklerinden temin edilen polenlerin preparatlar1 Wodehouse (1935) metoduna
uygun olarak hazirlanmistir [9]. Polen morfolojilerine ait polar eksen (P), ekvatoral eksen (E), polen sekli, kolpus
uzunlugu (Clg), kolpus genisligi (Clt), pseudokolpus uzunlugu (Pclg), pseudokolpus genisligi (Pclt), apertiir tipi, ekzin,
intin, por uzunlugu (Plg) ve por genisligi (Plt) karakterleri belirlenmistir. Polen 6rneginin yiizey ornamentasyonunun
belirlenmesi i¢in; Quorum Q150R ES marka kaplama cihazinda %80 altin-%20 paladyum (Au/ Pd) ile kaplanmis ve Zeiss
Supra (40VP) SEM ile Pamukkale Universitesi ileri Teknoloji Uygulama ve Arastirma Merkezi’nde goriintiilenmistir.
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Tohumlarin en/boy ve gaga uzunlugu dlciimleri yapilarak ortalamalar1 ve standart sapmalar1 hesaplanarak tohum
morfolojisine ait sekil, renk, ornamentasyon karakterleri belirlenmistir.
2.3 Karyolojik ¢alismalar

Cimlendirme ¢aligmalar1 i¢in 3-5 adet tohum cam petri igerisine ekilmistir. Cimlenen kok uglarmdan 1-1,5 cm
uzunlugunda kesit alarak 16 saat +4 °C’de a-monobromonaftalinde muamele edilmistir. Daha sonra 24 saat +4 °C’ de
Carnoy ¢ozeltisinde muamele edilmistir. Tespitten aliman kdk uglar1 1N hidroklorik asitte (HCI) 12 dakika boyunca
hidroliz edilmistir. Daha sonra %2’lik aseto-orsein boyasi ile boyanarak %45°lik asetik asit ile ezme-yayma preparatlari
hazirlanmistir. Hazirlanan preparatlar Olympus BX51 mikroskobunda goriintiilenmistir. ideogramlar, on adet iyi yayilmis
metafaz plakasmin bilyiitiilmiis mikrograflar1 {izerinde alinan 6lgiimlerle hazirlanmistir. Yazilim Goriintii Analizi ile
kromozomlarmn siniflandirilmasi igin, uzun ve kisa kol uzunlugu, kol orani, sentromerik indeks ve bagil kromozomal
uzunluklar 6l¢tilmiigtiir (Bs200ProP). Goriintiilenen kromozomlar Levan terminolojisi kullanilarak smiflandirilmistir
[10].

3. Bulgular
3.1 Anatomik bulgular

3.1.1 Kok

Kokte en dis kisimda periderm tabakasi bulunmaktadir. Periderm tabakasi altinda 8-10 katmanli korteks tabakas1
bulunmaktadir. Korteks parankimasini olusturan parankimatik hiicreler diizenli dizilim gostermekte ve yassilagmis
hiicrelerden olugmaktadir. Hiicrelerin boyu floeme yaklastik¢a kiigiilmektedir. Floem tabakasi dar bir alan kaplamakta ve
hiicre boyutlar1 daha kiigiiktiir. Kambiyum iki hiicre sirali kesintisiz bir tabaka seklindedir. Floem altinda ksilem
elemanlar1 bulunmaktadir. Ksilem trake ve trakeid elemanlarndan olusmakta ve 6z bolgesine dagilmis haldedir. Oz
bolgesi kaybolmugtur (Tablo 1, Sekil 2).

.l\ ':-0‘ ’. '. '.P “

Sekil 2. R. cetineri tiirtiniin kok enine kesiti fotomikrograflari: A. 4X buyutrne B. 20X buyutme (p: perlderm kp: korteks
parankimasi, f: floem, ks: ksilem, 6: 6z)

3.1.2 Gévde

Govde en dig kisimda diizenli dizilim gosteren tek sirali, ince g¢eperli kiibik epidermis hiicrelerinden meydana
gelmistir. Ayrica govde, epidermis tabakasindan orijinlenmis sik tiiyler ile kaplidir. Epidermis altinda hiicre sekilleri
farklilik gosteren 3-5 sirali kollenkima tabakasi bulunmaktadir. Korteks katmani kollenkima hiicreleri ve korteks
parankima hiicrelerinden olugsmaktadir. Korteks parankima hiicreleri genel olarak oval olup diizensiz bir dizilim
gostermektedir. Korteks parankimasi altinda floem hiicreleri bulunmaktadir. Floem tabakasi ksileme gore daha dar bir
alam kaplamaktadir. Floem hiicrelerinin sekli genel olarak besgen, hiicrelerin dizilimi diizenli olup boyutu ise birbirinden
farklidir. Floem ile ksilem arasinda kambiyal zon bulunmaktadir. Ksilem trake ve trakeid elemanlarindan olugmakta ve
hiicre ¢eperleri kallasma gostermektedir. Oz bolgesi dairemsi sekilli parankimatik hiicrelerden olusmakta ve genis bir
alan kaplamaktadir (Tablo 1, Sekil 3).
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Sekil 3. R. cetinei tirtiniin gévde enine kesiti: A. 4X bﬁyﬁtme,l B. 10X bﬁﬁtme (e: epideri’ni, ko: kollenima, kp:
korteks parankimasi, f: floem, kz: kambiyal zon, ks: ksilem, 6: 6z)

3.1.3 Yaprak
3.1.3.1 Govde yapragi

Yaprak lineer sekildedir. Yapraklar palizat ve slinger parankimasi durumuna gore ekvifasiyal tiptedir. Govde
yapraginda, alt ve iist epidermis tabakalari tek katl kiibik hiicrelerden meydana gelmistir. Epidermis tizeri ortii tiiyii ile
kaplidir. Yaprak amfistomatik tiptedir. Stomalar orta yogunlukta ve mezomorftiptedir. Palizat parankimasi hem adaksiyal
hem de abaksiyal eksen boyunca iki sirali hiicrelerden meydana gelmistir. Palizat parankimasi hiicrelerinin sekli silindirik,
uzun ve ince, bol kloroplastli; genel olarak iki sirali orta damara dogru ti¢ siralidir. Palizat parankimasi ile siinger
parankimasi belirgin bir sekilde ayrilmaktadir. Stinger parankima hiicreleri 2-3 sirali, yuvarlaga yakin sekilli hiicrelerden
olugmaktadir. Parankima hiicreleri arasinda havalandirma boslugu bulunmaktadir. Orta damardaki iletim demetleri
kollateral tiptedir. Ksilem bolgesi floeme gore daha dar bir alan kaplamakta olup iist epidermise bakmaktadir (Tablo 1,
Sekil 4).

Sekil 4. R. cetineri tiiriine ait gévde yapragi enine kesiti fotomikrogréﬂan: A. 4X, B. 20X (ad e: iist epidermis, p: dolgu
parankimasi, ks: ksilem, f: floem, pp: palizat parankimasi, Sp: siinger parankimasi, id: iletim demeti, ab e: alt
epidermis, me: mezofil)

3.1.3.2 Taban yapragi

Yaprak lineer sekildedir. Yapraklar ekvifasiyal tiptedir. Taban yapraginda alt ve st epidermis tabakalar1 tek
kath kiibik hiicrelerden meydana gelmis ve ortii tiiyleri ile kaphdir. Yaprak amfistomatik tiptedir. Stomalar orta
yogunlukta ve mezomorf tiptedir. Palizat parankimasi hiicrelerinin sekli silindirik, uzun ve ince, bol kloroplastli; genel
olarak iki sirali orta damara dogru ii¢ swralidir. Palizat parankimasi ile siinger parankimas: belirgin bir sekilde
ayrilmaktadir. Slinger parankimasi iletim demetlerinin bulundugu bolgelerde gozlenmektedir. Siinger parankimasi
hiicrelerinin sekli yuvarlaga yakin olup, hiicreler sayica az ve diizensiz dizilim gostermektedir. Palizat ve siinger
parankima yogunlugu daha fazladir. letim demetleri kollateral tiptedir. fletim demetleri orta damarda daha yogun
bulunmaktadir. Ksilem yapragin iist yiizeyine, floem alt yiizeyine bakmaktadir. Ksilem floeme gore dar bir alam
kaplamaktadir. Ksilem ile floem arasinda smir belirgindir (Tablo 1, Sekil 5).
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A. 4X, B. 20X (ad e: iist epidermis, p: palizat,
ks: ksilem, f: floem, pp: palizat parankimasi, Sp: siinger parankimasi, id: iletim demeti, ab e: alt epidermis, me:
mezofil, st: stoma)

Tablo 1. R. cetineri tiiriiniin anatomik karakterlerinin ortalama 6l¢iim degerleri (n=20)

En (um) Boy (pum) Cap (um)
X+ SD X+ SD X+ SD
Peridermis 55,68 + 8,88
Epidermis 29,66 + 4,49 19,48 £ 3,31
Korteks hiicresi 31,03 +3,48 16,36 2,54
KOK Kollenkima hiicresi 41,62 +4,18 26,42 +3,71
Floem 12,07 + 1,45
Trake Hiicresi 25,63 +£2,34
Oz Hiicresi 30,13 +4,71
Epidermis 19,58 + 3,37 20,32 £ 5,70
Korteks Parankima Hiicresi 49,00 £+ 5,04
Korteks 414,22 £58,24
. Floem 11,78 £2,32
GOVDE Trake Hiicresi 24,53 £4,62
[letim Demeti 183,33 + 14,68
Oz Parankima Hiicresi 58,49 + 8,62
Oz 1641,64 + 29,80
Ust epidermis 26,15 + 4,44 2221 +2.77
Alt epidermis 26,07 £ 6,16 22,68 £ 4,99
GOVDE P?Iizat paranki.mam 11,47 £2.35 37,25+ 6,38
APRAGI Siinger parankimasi 27,13 £5,68
Y Floem 8,20+ 1,65
Ksilem 19,14 +£2,74
Mezofil 220,52 £ 38,12
Ust epidermis 28,74 + 4,75 19,89 + 3,06
Alt epidermis 28,00 + 5,87 19,27 £ 3,29
TABAN Pﬁlizat paranki.ma51 10,42 + 1,46 29,13 +5,72
~ Siinger parankimast 22,85+3,84
YAPRAGI Floem 6,27 £ 1,20
Ksilem 7,42 +£3,11
Mezofil 213,73 £33,01

3.1.4 Stoma, epidermis ve tiiy hiicrelerinin ozellikleri

Yapraklardan alinan yiizeysel kesitlerin 151k mikroskobundaki goriintiilerine gore adaksiyal ve abaksiyal
yiizeylerde bulunan epidermis hiicreleri dalgali geperli, hiicrelerin ¢eperleri kalin ve belirgindir. Yapraklar amfistomatik,
stomalar ise anomositik tiptedir. Govde yapraginin iist yiizey stoma indeksi 17,23, alt yiizey stoma indeksi 18,52dir.
Taban yapragi {ist yiizey stoma indeksi 18,15, alt yiizey stoma indeksi ise 18,05tir. Taban ve govde yapraklarinda
bulunan stoma hiicrelerinin ortalama boylari, epidermis ve stoma hiicrelerinin birim karedeki sayilar1 Tablo 2’de
verilmistir. R. cetineri bitkisinin ylizeyi yogun bir sekilde tily ile kaphdir. Tiiyler basit ve ortii tiiyii seklindedir (Tablo 2,
Sekil 6).
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Sekil 6. R. cetineri tiiriine ait yapragin yiizeysel kesitinin fotomikrograflari (A), gévde ve taban yapragi yiizeyinde
bulunan 6rtii tiiylerinin fotomikrograflari (B, C, D) (bh: bekg¢i hiicresi, e: epidermis, sa: stoma ag¢ikligi, st:
stoma).

Tablo 2. R. cetineri tiiriiniin govde ve taban yaprag yiizeysel kesitlerinde yapilan 6l¢iim sonuglar1 (n=10)

Govde yaprag: Govde yapragi Taban yaprag: Taban yaprag
iist yiizey alt yiizey iist yiizey alt yiizey
X+ SD X+ SD X+ SD X + SD
Stoma hiicre sayis1 (mm?) 171,50 + 18,86 146,50 + 19,59 120,50 + 14,99 121,00 + 31,87
Epiderma hiicre sayis1 (mm?) 824,00 £ 73,67 644,50 + 60,98 543,50 +£ 67,62 549,50 + 30,86
Stoma hiicreleri en (um) 18,48 + 1,42 19,07 + 1,76 17,58 +2,26 18,10 + 1,48
Stoma hiicreleri boy (um) 23,75+ 1,50 2526 +1,18 28,45 £ 3,09 24,88 £1,73
Stoma indeksi 17,23 18,52 18,15 18,05

3.2 Mikromorfolojik Bulgular

3.2.1 Palinolojik bulgular

R. cetineri tiiriiniin polenlerinden elde edilen verilere gore polar eksen 15,40 + 0,81 um, ekvatoral eksen 14,15
+ 0,78 pm’dir. Genel olarak polen sekli prolat-sferoidal goriinimiindedir, ancak subprolat gériiniime sahip polenlerde
gdzlenmistir (P/E: 1,00-1,31), (Sekil 7). R. cetineri polenlerinin apertiir tipi 6-heterokolpattir. Ekzin 0,53 + 0,16 um, intin
0,36 + 0,10 pm kalinhiktadir. Kolpus uzunlugu (clg) 10,66 + 1,00 um, kolpus genisligi (clt) 2,77 + 0,16 um, pseudokolpus
genisligi (pclt) 2,48 + 0,21 pum ve pseudokolpus uzunlugu (pclg) 7,95 + 0,97 um’dir. Clg/Clt orani ortalama 3,84 dir

(Tablo 3). B
A I B

C

Sekil 7. R. cetineri tiiriine ait polenlerin 1s1k mikroskobu fotomikrograflar1 (A, C: Ekvatoral goriiniim, B: Polar goriiniim)
ve SEM mikrograflar1 (D: Ekvatoral goriiniim, E: Ekvatoral goriinimden por ornamentasyonu, F: Polar gériiniim, G:
Polar yiizeyden ekzin ornamentasyonu)
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Tablo 3. R. cetineri tiiriiniin polenlerine ait g1k mikroskobu 6lgiimleri (jum)

Min. Max. X SD
Polar eksen (P) 14,26 17,75 15,47 0,76
Ekvatoral eksen (E) 12,79 16,05 14,08 0,70
P/E 1,10 0,07
Kolpus genisligi (clt) 2,48 2,98 2,77 0,16
Kolpus uzunlugu (clg) 8,90 12,70 10,66 1,00
Clg/Clt 3,86 0,44
Pseudokolpus genisligi (pclt) 2,09 2,80 2,48 0,21
Pseudokolpus uzunlugu (pclg) 6,24 10,83 7,95 0,97
pclt/pclg 0,32 0,05
Por uunlugu (plg) 2,66 5,16 3,74 0,64
Por genisligi (plt) 3,38 7,02 5,70 0,94
Ekzin 0,34 0,94 0,53 0,16
Intin 0,17 0,57 0,36 0,10
Apokolpiyum 5,27 8,56 6,85 0,88
Polen sekli Prolat-sferoidal, subprolat
Ornamentasyon Mikrogranulat

3.2.2 Tohum morfolojisi
Tohum sekli, yuvarlaga yakin dairemsi, 293,45 + 4,1 pm eninde, 436,94 + 6,4 um uzunlugunda gaga boyu ise
110,16 + 1,0 um’dir. Rengi kahverengi-yesil, yiizey ornamentasyonu basit retikulattir (Sekil 8).

Sekil 8. R. cetineri tiiriine ait tohumlarin stereomikroskop almda ¢ekilen fotomikrograflari (A, B) ve SEM mikrograflar
(C,D,E, F)

3.3 Karyolojik bulgular

Yaptigimiz bu ¢aligmada R. cetineri tiiriiniin karyotip analizi yapilip, idiyogramu ilk kez gosterilmistir (Sekil 9).
Metafaz sathasindaki kromozomlarin toplam uzunluklari, kol oranlari, nispi boylari, sentromerik indeksi ve karyotip
formiilii Tablo 4’te verilmistir. R. cetineri tiiriiniin somatik kromozom sayis1 2n=24"tiir. R. cetineri tiiriiniin kromozomlar1
1,50-2,77 pm boyunda, ortalama kromozom uzunlugu 2,10 pm’dir. Kromozomlarin kol oranlar1 1,12-1,62 arasinda olup
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karyotip formiili 12m’dir. Nispi boylar1 5,97-11,01 arasinda degismektedir. R. cetineri tiiriiniin asimetrik indeksi
0,0004°tiir [11]. Toplam haploit kromozom uzunlugu 25,12 pm’dir.

u‘& B 640
MOs ‘
— : ﬁ _ Q. 53

Uzunluk (pum)
B

: in
e,
T
000 ¢
t 2 3 4 5 s 1 8 98 10 1 1
0 Kromozom Numarasi

Sekil 9. R. cetineri tiiriiniin; A. Mitotik metafaz kromozomlarinin fotomikrografi (2n=2x=24), B. idiyogram (Olgek: 10
pm)

Q

L

Tablo 4. R. cetineri tiirii mitotik metafaz kromozomlarmm karyolojik 6zellikleri

Kromozom
Kollar: (um)
Kromozom Uzun Kisa Toplam Kol Sentromerik Nispi Kromozom
Ciftleri kol kol boy orani indeks boy tipi
) (K) (um) (U/K) (%)
1 1,67 1,10 2,77 1,52 4,37 11,01 m
2 1,34 1,19 2,53 1,12 4,75 10,08 m
3 1,33 1,12 2,45 1,19 4,46 9,75 m
4 1,39 0,92 2,32 1,51 3,68 9,22 m
5 1,21 1,01 2,22 1,19 4,03 8,84 m
6 1,27 0,79 2,06 1,62 3,12 8,19 m
7 1,10 0,90 2,00 1,23 3,57 7,95 m
8 1,20 0,75 1,95 1,60 2,99 7,76 m
9 1,13 0,74 1,87 1,52 2,95 7,45 m
10 1,40 0,75 1,79 1,40 2,97 7,10 m
11 0,98 0,70 1,68 1,40 2,79 6,67 m
12 0,84 0,66 1,50 1,27 2,63 5,97 m

Toplam haploid kromozom uzunlugu: 25,12 um
(U: uzun kol, K: kisa kol, m: metasentrik)

4. Sonuglar ve tartisma

Bu ¢aligmada Denizli’de yayilis gésteren lokal endemik R. cetineri tiiriiniin anatomik, mikromorfolojik ve
karyolojik 6zellikleri incelenmistir. Calisma sonucunda elde edilen verilere gore R. cetineri tiiriiniin kok anatomisi
incelendiginde distan i¢e dogru sirasiyla periderm, korteks, floem, ksilem ve 6z bolgesi gozlenmektedir. R. cetineri gévde
anatomisinde ise epidermis, korteks, floem, kambiyum, ksilem ve 6z tabakasi mevcuttur. Boraginaceae familyasinda
yapraklar ¢cogunlukla ekvifasiyal tiptedir [12]. R. cetineri tiiriiniin de gévde ve taban yaprag: ekvifasiyal tiptedir. Ak¢in
ve dig. (2016) Boraginaceae familyasinda genel olarak anizositik ve anomositik tip stoma oldugunu belirtmistir [13]. R.
cetineri tiirimiizde, mevcut literatiire uyumlu sekilde stomalarin anomositik tipte oldugu gériilmiistiir. Yapilan ¢aligmada
stomalar orta yogunlukta ve epidermis hiicreleri ile ayni seviyede olmasindan dolay1r mezomorf tiptedir. Orta damardaki
iletim demetleri kollateral tiptedir. Tiir iginde gévde ve taban yapraklarmin iist ve alt yiizeyleri karsilagtirildiginda stoma
ve epidermis hiicreleri bakimindan farkliliklar gozlenmistir. Govde yapragimnm iist yiizeyinde bulunun stoma ve epidermis
sayilar1 alt ylizeyine gore daha fazladir. Taban yapraginda bulunan stoma ve epidermis hiicre sayilari ise alt ylizeyde daha
fazladir. Govde ve taban yapragi karsilastirildiginda ise govde yapraginda taban yapragmna gore daha fazla sayida stoma
ve epidermis hiicreleri bulunmaktadir (Tablo 2). Gévde ve taban yapraginda bulunan stoma sayisinin degisiklik
gostermesinin nedeni, bitkinin bulundugu habitatta zamanla kazandig1 bir adaptasyon olabilecegini akla getirmektedir.
Stoma indeksi giivenilir bir taksonomi karakteridir. Ciinkii stoma yogunlugu epidermis hiicrelerinin biiyiikliigiine bagli
olmaksizin ¢evresel faktorler tarafindan belirlenir [12,14]. Boraginaceae familyasinda hem salgi hem de orti tiiyleri
bulunmaktadir [12]. R. cetineri bitkisinin yiizeyi yogun bir sekilde tiiy ortiisii ile kaplhdir. Tiiyler basit ve ortil tilyll
seklinde olup salg1 tiiyline rastlanmamustir.

Attar ve dig. (2019) yaptiklar1 ¢aligmada R. lanata, R. albida ve R. bungei Giirke tiirlerinin gévde ve yaprak
anatomilerini incelemiglerdir [15]. R. lanata ve R. albida tiirleri izobilateral yapraklara sahip olmalar1 ile karakterize
edilmigtir. Yapraklarda epidermis, palizat ve siinger parankimasi gozlemlemislerdir. Gévdede ise epidermis altinda
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parankimatik hiicrelerden olusan kollenkima ve 4-5 katmanli korteks, korteksin altinda sirasiyla floem ve ksilem
gbzlemlemislerdir. Oz biiyiik ve silindirik parankimatik hiicrelerden olusmaktadir. R. bungei ve R. lanata 10-20 hiicreden
olusan bazal eglandular trikoma sahiptir. Ancak R. albida ise belirgin bir tabana sahip olmayan tek hiicreli eglandular
trikomlara sahiptir. Yukarida bahsedilen bu anatomi c¢alismasinda tiirler arasinda ¢ok biiyikk farklhiliklar
gbzlemlenmemistir. Fakat, yaprakta ve gdvdede incelenen anatomik karakterlerin bazilar1 (6rnegin yapraklarin
izobilateral olmasi gibi) bakimindan R. cetineri tiirii ile benzer sonuglar gostermektedir.

Bigazzi ve dig. (2006) yaptiklar1 ¢aligmada Rindera cinsi igindeki yaygin goriilen polen tipini “Rindera tetraspis”
olarak adlandirmaktadir [4]. Erdtman (1966) bu tip polenleri prolat-sferoidal ve subprolat olarak tanimlamig (P/E = 1.06-
1.25), ornamentasyon tipini ise (3-)6-heterokolpat ektosingulat olarak belirtmistir [16]. R. caespitosa, R. lanata, R. graeca
(A. DC.) Boiss. & Heldr., R. umbellata Bunge 'nin polenleri “Rindera tetraspis” ve yiizey ornamentasyonu skabrattir.
Yine ayni sekilde R. cyclodonta Bunge, R. echinata Regel, R. ochroleuca Kar. & Kir., R. tetraspis Pall.’in de polen sekli
“Rindera tetraspis” ve ylizey ornamentasyonu mikrogranulattir. Attar ve dig. (2018) yaptig1 ¢aligmada Rindera cinsinin
palinomorfolojik 6zelliklerini incelemistir. Caligma sonucunda Rindera cinsine ait bu tiirlerin polen sekli R. lanata ve R.
albida tiirlerinde prolat, R. bungei ve R. cyclodonta tiirlerinde ise prolat-sferoidal’dir. Polen ornamentasyonu R. albida’da
retikulat, R. lanata’da skabrat, R. bungei’de punktat-mikroretikulat, R. cyclodonta’da ise mikroretikulat olarak
gbzlenmistir [17]. Yaptigimiz ¢calismada R. cetineri tiiriiniin polen sekli genel olarak prolat-sferoidaldir; ancak subprolat
goriiniime sahip polenler de gozlenmektedir. R. cetineri polenlerinin apertiir tipi 6-heterokolpat, yiizey ornamentasyonu
mikrogranulat olarak belirlenmistir. Caligma sonucunda Rindera cinsi i¢inde yiizey ornamentasyonu agisindan farkliliklar
gbzlenmistir. Tektum ornamentasyonu, Rindera'daki en gesitli palinolojik karakterdir. Polen yiizey sekilleri sistematikte,
tiirlerin tanimlanmasinda 6nemli bir karakteristik 6zelliktir ve tiirleri birbirinden ayirmamizi saglamaktadir.

Aytag ve dig. (2005) yaptig1 caligmada R. dumanii tiiriiniin tohum seklini dairesel, kanatlar kiiciik disli, tiiysiiz,
kenarlar1 daralmig, armut seklinde ve yesilimsi renkte tanimlamigtir [8]. R. cetineri tiiriinde ise tohumlar yuvarlaga yakin,
kahverengi-yesil renkli, yiizey ornamentasyonu basit retikulat olarak belirlenmistir.

Gustavsson (1978) calismasinda Rindera graeca tiiriiniin kromozom sayisin1 2n=24 olarak belirtmistir [18].
Ghaffari (1996) yaptigi caligmada R. albida tiirtiniin kromozom sayisini n=12 olarak vermistir [19]. Yaptigimiz ¢aligmada
R. cetineri tiiriiniin diger tiirler ile benzer kromozom sayisina sahip oldugu (2n=24) g6zlenmistir.

Yildirim (2019) yaptig1 calismada R. cetineri populasyonunun 0,035 km?’lik alanda tahmini 400 birey ile temsil
edildigini belirtmigtir [6]. Tiirlin yayilig alanlarmin daha detayli belirlenmesi amaciyla Fethiye, Altinyayla, Sandras Dag1
ve Akdag’daki potansiyel diger bolgeler de arastirilmis ancak R. cetineri’ye ait bagka bir yayilis alan1 belirlenememistir.
Calismamiz sirasinda tiiriin bulundugu tek lokalite olan bolgede mevcut populasyonun 400-500 birey arasinda degistigi
gozlemlenmistir. Bolgede bulunan populasyon iizerinde yogun bir otlatma baskist mevcuttur ve bu nedenle birey sayisinin
fazla artmadigi gézlenmistir. TUCN (2016) kriterlerine gore R. cetineri “Kritik Tehlike Altinda” (CR) olarak

degerlendirilmektedir [6].

Bitkilerin taksonomik agidan degerlendirilmesinde, tiirlere ait yapilan, anatomik, mikromorfolojik ve karyolojik
Ozelliklerin incelenmesi tiirlerin smirlarinin belirlenmesinde daha kesin sonuglar elde etmeye katki saglayacaktir [20].
Lokal endemik bir tiir olan R. cetineri ile ilgili herhangi bir ¢aligmanin olmayisi ileride yapilacak olan ¢aligmalara bilimsel
literatiir destegi saglayacagi tarafimizca diisiiniilmektedir.
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