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Abstract

In the present study, one cephaline (septate) gregarine and mermithid infections were reported from the
Cantharidae family for the first time. These infections were determined from different populations of Cantharis livida
L. 1758 (Coleoptera: Cantharidae) in Turkey. During the observations, the main life stages of the current gregarine like
trophozoite, gamont associative form (syzygy) and gametocyst stages were observed. The gamont stage which
separated into two parts by septum as protomerite and deutomerite was the most common stage in the host gut and
ovocylindrical gamonts measured 240.4 £+ 29.0 (154.5-306.2; n=40) pum in length. The mermithid infection was
observed only in two samples which were collected from Rize (total infection rate 3.22%). The determined juvenile
forms were measured 270-281 um in width and 68.6-79.98 mm in length.

Keywords: Cantharidae, Cantharis livida, Coleoptera, gregarine, mermithid

*

Cantharis livida Linnaeus, 1758 (Coleoptera: Cantharidae)’nin entomopatojenik organizmalarinin arastirilmasi

Ozet

Bu ¢alismada Cantharidae familyasinda ilk kez enfeksiyon yapan bir gregarin ve mermitid enfeksiyonu tespit
edilmigtir. Bu enfeksiyonlar Tiirkiye'deki farkli Cantharis livida L. 1758 (Coleoptera: Cantharidae) popiilasyonlarindan
belirlenmistir. Aragtirma sirasinda gregarine patojenine ait ana yasam evreleri (Trofozoit, Gamont, sizigi ve gametosit)
gozlendi. Septum yapisi ile protomerit ve deutomerit olarak iki kisma ayrilan Gamont asamasi konak bagirsagimda en
sik rastlanan asamadir ve 240,4 + 29,0 (154,5-306,2; n=40) um boyutlarinda dl¢lilmiistiir. Mermitid enfeksiyonu sadece
Rize ilindeki popiilasyonda iki 6rnekte gozlenmistir (toplam enfeksiyon oran1 % 3,22). tespit edilen juvenil formlar
270-281 um genisliginde ve 68,6-79,98 mm uzunlugunda 6l¢tilmiistiir.

Anahtar kelimeler: Cantharidae, Cantharis livida, Coleoptera, gregarine, mermithid
1. Introduction

The soldier beetles (Coleoptera: Cantharidae) contain important predator species that prey upon a variety of
aphids, whiteflies, lepidopteran eggs, thrips, and mites [1]. With these features, these beetles have great potential to use
in biological control of the different pests. These beetles have pubescent soft-body and are characterized by the shape of
the metasternal-metepisternal suture. This cosmopolitan taxon shows the presence in Turkey with the many species
belonging to the Cantharis and Malthodes genera [2]. Cantharis livida Linnaeus, 1758 (Coleoptera: Cantharidae) is a
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predator especially insect pests of poplar species in Turkey [3]. The predatory insects like a C. livida play a significant
role in agricultural and environmentally sustainable pest control systems. Therefore, for successful biological control,
we need to know knowledge that relies on their natural pathogen and enemies in addition to basic biological
information on these type of predatory insects.

With the adoption of biological control techniques as a new approach to chemical control, entomopathogenic
organisms emerged as promising factors [4]. Although entomopathogenic organisms are useful factors in the fight
against pests, these friendly organisms may appear as unwanted enemies when it comes to beneficial insects. Therefore,
great efforts have been spent on the isolation and identification of these organisms, all over the world especially the last
couple of decades [5; 6; 7]. There is a lot of researches for determined the entomopathogens of the Cantharidae family
[8;9; 10; 11; 12].There is no record of entomopathogenic organisms infecting C. livida.

In this study, two entomopathogenic organisms; a gregarine and a nematode from C. livida populations were reported
for the first time.

2. Materials and Methods

C. livida individuals were collected from April to August 2018-2019 at different localities in Rize and Giresun
province of Turkey. The insect samples were placed in separate plastic boxes and transported laboratory as soon as
possible. The thorax and abdomen internal organs of each specimen were excised and examined for natural pathogens
and parasites of C. livida by light microscope [13; 14]. Samples were examined under a light microscope at a different
magnification from 100X to 1000X. Isolated parasites were photographed with a Zeiss AXIO microscope with an
Axicam ERcbs digital camera. The measurements were taken using ZEN 2.3 Blue Edition imaging software.
Morphological characters and necessary measurements that are important for the systematic of gregarine and mermithid
parasites were determined as in the literature [15; 16].

3. Results

During the 2018 and 2019, 62 adult C. livida members were collected from different populations. Result of the
microscopical observations, two different entomopathogens; a gregarine (Apicomplexa: Eugregarinorida), and one
nematode (Nematoda: Mermithida) were determined in the populations of C. livida. The first one was a gregarine and
this pathogen was determined from all populations of the C. livida from Rize and Giresun and the total infection rate
was determined as 9.6%. During the observations, main life stages like trophozoite, gamont associative form (syzygy)
and gametocyst stages were observed (Figure 1). Trophozoites with cube-shaped epimerite at the apical tip were
determined as globular or oval in shaped in the host gut (Figure 1A). Gamonts which separated into two parts by septum
as protomerite and deutomerite were the most common stage in the host gut (Figure 1B). Ovocylindrical gamonts
measured 240.4 um £ 29.0 um (154.5-306.2 um; n=40) um in length in the host gut. The protomerites were mostly oval
shape and measured 43.9 um = 5.4 um (34.3-60.1 um; n=40) in length and 50.1 pm + 7.1 um (30.3-68.7 um; n=40) pm
in width. On the other hands, cylindrical deutomerites was measured as a 196.5 um £ 26.4 um (120.2-246.1 um; n=40)
in length and 77.6 um £ 10.6 um (51.5-97.2 um; n=40) in width (Table 1). The associative forms (syzygy) which were
consist of primite and satellite, were detected in the host gut (Figure 1C). The primite and satellite structures were
measured as 236.8 um £ 8.6 um (217.5-248.9 um; n=10) and 241.9 um = 17.7 pum (214.6-263.3 um; n=10),
respectively. Also, the length of protomerite (LP), the length of deutomerite, the wide of protomerite (WP) and
deutomerite (WD) and etc. which belonging to structures of primite and satellite were measured and recorded (Table 1).
The last observed stage was the gametocyst stage and this spherical stage measured as 262.1%276.2 pm in diameter in
the host gut (Figure 1D).

The second entomopathogenic organism determined from C. livida members was a nematode. This
entomopathogenic nematode observed only in two samples which were collected from Rize (total infection rate 3.22%).
The observed nematode was a member of the family Mermithidae with wire-like body shape and smooth cuticle with
layers of spiral fibres. During the examination, only juvenile stages were determined and these juveniles had a blunt
apical end with characteristic evident straight-rounded tail appendage with 51.8 pm length (Figure 2 A, B). According
to measurements, the samples measured 270-281 pum in width and 68.6-79.98 mm in length.
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Figure 1. Life stages of the current cephaline (septate) gregarine from C. livida; Trophozoite (A), gamont (B),
associative form (C) and gametocyst (D) of the gregarine. Abbreviations: E: epimerite, S: septum, D: deutomerite, P:

protomerite, (Bars: 50pum)

Table 1. The measurements of gamont and associative forms (syzygy) stages of the current gregarine (in pm)

TL Lp LD WP WD LPTL WP WD
Gamonts 2404+29.0 439454 19?'12522_6'4 50('3013?'1 7764106 55+07 1.6+0.1
(n: 40) (1545-3062) (343600 G ben  GLS972)  (4374) (1119)
TL Lp LD wp WD LPTL  WP: WD
o 5| Primite 236886 435049 19(3;'731%0'8 4@‘%5'9 653486 5507 14402
= D . - - T l - - -
£ 10 @529 (@72516) o) Soq, (626813 (4665  (L1-16)
O =
o
8 E|satellite 24194177 471464 19&%%‘_"2 5‘(‘452196_'8 66.1413.8 52406  1340.3
2l m10) (ue233 w@ois2) G Gop (672858 (4661 (0915

& minimal and maximal, TL; total length, LP; length of protomerite, LD; length of deutomerite, WP; width
of protomerite, WD; width of deutomerite, LP:TL; ratio of the length of protomerite to total length,
WP:WD; ratio of the width of protomerite to the width of deutomerite.
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Figure 2. Mermithid parasite of C. livida. A: anterior end of juvenile mermithid (Bar: 100pum); B: posterior end of

juvenile mermithid. (Bars: 10um)
4. Discussion and conclusions

Although Cantharidae members have great potential to use as predator beetle in biological control, there is no

much knowledge concerning their natural pathogens and parasites. Researches to identify the natural enemies of this
group are very limited. In most of the studies, while the fungal infections were common, a microsporidian and
nematode infections were detected too [10; 8; 9; 11]. In 1980, Purrini [10] identified the new microsporidian pathogen,
Pleistophora malthodes sp. n. from Malthodes fuscus Waltl. (Cantharidae) in Lower Saxony, Germany. This was the
first and last study to determine the microsporidian pathogen from Cantharidae members. In another study conducted by
Nielsen and Philipsen in 2003 [9], entomopathogenic nematodes Steinernema affine and Steinernema intermedium were
determined from unknown Cantharis members (Cantharis spp.). This study is the only study that carried in Cantharidae
family for nematode detection. In other studies that carried for determining the natural pathogen and parasites of
Cantharidae members, usually fungi infections especially Entomophthorales infections were determined at the different
species like Cantharis livida, Chauliognathus pensylvanicus, Chauliognathus marginatus and, etc. [8; 12; 11].
This study was conducted to determine natural entomopathogens of the C. livida in Turkey. During the examinations,
one gregarine (Apicomplexa: Eugregarinorida), and one nematode (Nematoda: Mermithida) were determined for the
first time. The isolated gregarine was a cephaline (septate) gregarine which composed of one protomerite and one
deutomerite, separated by a septum.

Gregarines belonging to the phylum Apicomplexa are common parasites of invertebrates and low chordates
and they are usually classified into three orders based on differences in life history: Archigregarinorida, Eugregarinorida
and Neogregarinorida [17]. Especially Eugregarinorida is a common group that causes chronic infections at the insect
taxa [18; 19; 13; 20]. Although gregarines are a common parasite in insect taxa, there is no record of infection in the
Cantharidae family until this study. Only in Turkey, there are more than five gregarine infection records in different
coleopteran members (Table 2). When compared to the current gregarine dimensionally with these records, current
gregarine is smaller than the detected gregarine species by Yaman et. al [21] and Bekircan et al. [13]. And these records
differentiating from the current gregarine according to the host species. They were isolated from Chrysomelidae
members; Chrysolina fastuosa and Chrysolina herbacea, respectively. On the other hand, the current gregarine is larger
than other records which were determined from Chrysomelidae members in Turkey (Table 2). Unfortunately, in this
study, a species-level definition could not be made, since the life cycle was not completed and molecular identification
could not be made. However, the gregarine parasite that was isolated from C. livida presented here, is the first gregarine
in Cantharidae family.
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Table 2. The comparative characters of different gregarine records from coleopteran members

o = o = o o o o
(5] wn o (72} o " (72} (%] [72]
%) c 8 ® © @ © @ @ @ @
ke E= 3 £ > £ > = = £ =
& s B 3 8 3 <3 @ < 3 a
= T3 & = & = 8 & & &
@) Cle=t 0] 0] 0] 0] 0] 0] ©) 0]
Phyllotreta . Chrysol
undulata, Chaetocn  Ips Psylloid  Ips _Chrysol ina Altica Canthari
Host ema sexdenta es typograp ina . .
Phyllotreta . .~ . herbace  hampei s livida
atra tibialis tus cupreus  hus fastuosa
Total 463.88
length 150 75185  80-275  11712% gqqgs  4028= 171+ 2404+
44.4 103.7 40.2 29.0
(wm) 113.96
Protomer . spheruleli oval to Ellipsoi oval to Globula Globula Globular Globular
- Conical ke to dal to elongate or
ite . elongate . roroval roroval . or oval
knoblike ovoidal d conoidal
- Ellipsoi L Cylindric
D_eutome hemlcyllndr dal to Ellipsoi conoidal  al'to
rite ical . dal .
ovoidal conoidal
Ovodial sgg r;(; Ovoidal
Gametoc  Ellipsoidal Spherica Spherical 314 x 367.13 202.9x20  Ovoidal
st 117 x 98 | - 77 % 85 266 to N 0- 262.1x27
Y 90 x 100 427 x 205.9x20 6.2
372 299.96- 53
311.64 '
. . 1:2.7- 1: 3.9- 1:0.21- 1: 3.9- 1:3.80- . .
LP:TL 1:3-8 3.3-9.8 53 71 0.3 117 731 1:29-56 1:43-74
. . 1:1.1- 1:1.1- 1:0.74- 1:0.9- 1:1.16- . .
WPWD 1:1.1-1.7 1.0-3.2 13 23 108 19 313 1:0.6-25 1:1.1-18
Referenc In the
o [30] [31] [32] [33] [34] [21] [13] [20] present
study

TL,; total length, LP; length of protomerite, WP; width of protomerite, WD; width of deutomerite, LP:TL; ratio of the
length of protomerite to total length, WP:WD; ratio of the width of protomerite to the width of deutomerite.

Another parasite determined in this study was a nematode. With a wire-like body shape and smooth cuticle
with layers of spiral fibres, this nematode was a mermithid species. The taxonomy of the Mermithidae has been
complicated due to insufficient sample collection as well as very limited morphological characteristics. Even the best-
studied species in this taxon, Romanomermis culicivorax, has an unclear taxonomic status [22]. Similarly, in this study
only juvenile stages of the current mermithid were determined, other life cycle stages (adult, egg and etc.) and related
taxonomic characters required for species identification could not be determined. However, the relevant literature and
the examined juvenile morphological features prove that the detected nematode shows great similarity with the genus
Hexamermis [16; 23; 24]. This genus is characterized with taxonomic parameters such as the medium-sized, white
color; postparasitic juvenile and adult cuticles with cross fibers; terminal mouth; postparasitic juvenile with tail
appendage and etc. [25; 26]. The current mermithid determined in this study had a medium-sized (270-281 um in width
and 68.6-79.98 mm in length), white color, terminal mouth and tail appendage (51.8 pm).

Similar to gregarine infections, mermithid infections in coleopteran members are frequent in Turkey. In 2006,
Mennan and Ertiirk [27] determined mermithid infection from Leptinotarsa decemlineata Say, 1824 (Coleoptera:
Chrysomelidae) and they measured this juvenile form as a 0.2-0.3 mm width and 150 mm length. In this study, the
researchers reported that the anterior end of the juvenile form was blunt while the posterior end had a distinct short,
finger-like tail appendage about 40 pm (38-48 pum). In another study, conducted by [28], a juvenile mermithid was
determined from Phyllotreta undulata Kutschera, 1860 (Coleoptera: Chrysomelidae) with 152-162 um width and 10.6-
12.2 mm length. While this mermithid had a blunt anterior end, the posterior end had an appendage tail of about 52 um.
In 2011, Yaman et al. [21] reported another mermithid infection from Chrysolina fastuosa Scopoli, 1763 (Coleoptera:
Chrysomelidae). They measured this mermithid 94 mm in length and 278.5 - 317.5 um in width. Finally, in 2019
Bekircan and friends [29] determined another mermithid from Agelastica alni L. 1758 (Coleoptera: Chrysomelidae) and
it was measured 0.2-0.4 mm in width; 75-81 mm in length in this study.
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In conclusion, this study was conducted for the determining the natural pathogen and parasite of the Cantharis

livida L. 1758 (Coleoptera: Cantharidae) in Turkey. And one cephaline (septate) gregarine and mermithid infections
were reported from the Cantharidae family for the first time with this study.
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Abstract

Metastasis is among the most important factors in the decrease in breast cancer survival and treatment failure.
It is of great importance to elucidate the molecular pathways of breast cancer metastasis. Recent research shows that
polyphenolic compounds in plants have anti-invasive and anti-metastatic activities. Molecular mechanism of black
grape extract including abundant polyphenols on breast cancer and metastasis are not yet fully known. In our study, it
was aimed to determine the effect of black grape extract applied to human breast cancer cell line on cell viability and
adhesion and on MMP-9 gene expression, which is thought to have a role in metastasis. In the study, cell viability by
trypan blue method, cell adhesion with 3'-[1-[(phenylamino)-carbony]-3,4-tetrazolium]-bis(4-methoxy-6-nitro)benzene-
sulfonic acid hydrate (XTT) method and matrix metalloproteinases 9 (MMP-9) gene expression by gRT-PCR were
determined in MCF-7 breast cancer cell lines. In our study, it was found that black grape extract decreased MMP-9 gene
expression, cell viability and adhesion and this decrease was not statistically significant (p> 0.05). The study results
support the hypothesis that natural anti-cancer agents such as polyphenols can be prevent cancer to occur and spread by
acting on molecules such as MMP-9. However, further studies are needed to elucidate the molecular mechanisms of
polyphenols.

Keywords: breast cancer, MCF-7, grape extract, MMP-9, gene expression

*

Siyah iiziim ekstresinin meme kanseri hiicrelerinde MMP-9 gen ekspresyonu iizerine etkisi

Ozet

Meme kanseri sag kalim oranindaki diisiis ve tedavisindeki bagarisizligin en 6nemli etkenleri arasinda metastaz
gorillmektedir. Meme kanseri metastazinin molekiiler yolaklarmin aydinlatilmasi biiyiik bir 6neme sahiptir. Son yillarda
yapilan arastirmalar, bitkilerde bulunan polifenolik bilesiklerin anti-invaziv ve anti-metastatik yeteneklere sahip
oldugunu gostermektedir. Bol miktarda polifenol iceren siyah iiziim ekstresinin meme kanseri ve metastaz1 tizerindeki
etkisi ve molekiiler mekanizmasi heniiz tam olarak bilinmemektedir. Calismamizda, insan meme kanseri hiicre dizisine
uygulanan siyah tiztim ekstresinin hiicre canlilig1 ve adezyonuna etkisi ile metastazda rolii olabilecegi diisiiniilen MMP-
9 gen ekspresyonu {iizerine etkisinin belirlenmesi amaglanmistir. MCF-7 meme kanser hiicre dizilerinde tripan blue
yontemi ile hiicre canliligi, sodium 3'-[1-[(phenylamino)-carbony]-3,4-tetrazolium]-bis(4-methoxy-6-nitro)benzene-
sulfonic acid hydrate (XTT) yontemi ile hiicre adezyonu ve qRT-PCR ile matriks metalloproteinaz 9 (MMP-9) gen
ekspresyonu belirlenmistir. Caligmamizda, siyah {izim ekstresinin MMP-9 gen ekspresyonunu, hiicre canliligi ve
adezyonunu azalttigi, bu azalmanin istatistiksel olarak anlamli olmadigr bulunmustur (p>0.05). Sonu¢ olarak
polifenoller gibi dogal kanser dnleyici ajanlarin MMP-9 gibi kanserin olusmasini ve yayilmasini saglayan molekiillere
etki ederek onleyebilecegi fikri desteklenmistir. Bununla birlikte polifenollerin etkiledigi molekiiler mekanizmalarin
aydinlatilabilmesi i¢in ileri caligmalara ihtiya¢ vardir.

Anahtar kelimeler: meme kanseri, MCF-7, liziim ekstresi, MMP-9, gen ekspresyonu
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1. Giris

Meme kanseri diinya ¢apinda en yaygin goriilen kanserler arasinda yer almakta ve kadinlarda kansere bagh
olimlerin nedenleri arasinda etkin bir rol oynamaktadir. Meme kanseri sag kalim oranindaki diisiis ve tedavisindeki
basarisizligin en 6nemli etkenleri arasinda metastaz goriilmektedir. Metastazin engellenmesi meme kanseri ile
miicadelede 6nemli bir basamak gibi goriinmektedir. Meme kanseri metastazinin molekiiler yolaklarmin aydimnlatilmasi
bu nedenle biyiik bir 6neme sahiptir.

Matriks metaloproteinazlar (MMP'ler), hiicre dis1 matriks bilesenlerinin yeniden sekillenmesinde gorevli,
20'den fazla farkli iiyesi olan ¢inkoya bagli endopeptidaz protein ailesi olarak tanimlanmaktadir [1,2]. MMP ailesi
iyeleri, jelatinler, kolajenazlar, stromelisinler, matrilisinler ve membran tipi MMP'ler olmak iizere gesitli gruplara
ayrilmaktadir [3]. MMP’ler tiimor mikro g¢evresinin diizenleyicileri olarak, birgok mekanizma yoluyla kanserlesme
slirecinin baglamasina, gelismesine ve ilerlemesine katkida bulunan énemli faktorler arasinda gosterilmektedir [4,5].
Ozellikle metastazla ilgili MMP'ler, bazal membranlar1 bozar, hiicre disi matriks bilesenlerini yikima ugratir ve hiicresel
invazyonu uyarir [4,5].

Jelatinaz B olarak da bilinen matriks metaloproteinaz-9 (MMP-9), 20g13.12 kromozomunda lokalize, 13
ekzon ve 12 introndan olugan gen bolgesi tarafindan sentezlenir [3,6]. MMP-9 kanser hiicresi invazyonunda ve timor
metastazinda oynadigi rol nedeniyle en yaygin aragtirilan MMP'lerden biri olup, agresif ve metastatik meme kanseri ile
kuvvetli bir sekilde iligkisi oldugu gosterilmistir [3,6,7]. Yapilan arastrmalarda insan meme kanserinde MMP-9’un
stromal hiicrelerden ekspresyonunun énemli bir prognostik etki gosterebilecegi bildirilmistir [8,9]. Arastirmalar saglikl
meme dokusunda MMP-9 gen ekspresyonunun diisiik seviyede, meme kanseri hiicrelerinde ise anlamli derecede yiiksek
seviyede oldugunu gostermektedir [10-13]. Bu nedenle meme kanserinde, MMP-9'un biyobelirte¢ olabilecegi iizerinde
onemle durulmaktadir. Ayrica, timér hiicreleri tarafindan yitksek MMP-9 ekspresyonunun, lenf nodu ve uzak organ
metastazi ile iligkisi belirtilmistir [9,14,15]. Metastatik lenf nodlarmda MMP-9'un asir1 ekspresyonu gosterilmistir.
Meme kanseri dokularinda MMP-9 ve MMP-2 ekspresyon seviyelerinin lenf nodu metastazi ve timor evrelemesi ile
korele oldugu bulunmustur [13].

Son yillarda yapilan arastirmalar, bitkilerde bulunan polifenolik bilesiklerin anti-invaziv ve anti-metastatik
yeteneklerine sahip oldugunu gostermektedir. Bitkisel kimyasallarin onemli bir grubunu olusturan bu polifenolik
bilesikler, bitkilerin koklerinde, sebzelerde, meyvelerde, ¢ay, kahve, kakao, sarap gibi bitkisel iiriinlerde yiiksek
miktarlarda bulunmaktadir. Polifenoller, diyetteki baglica antioksidanlardir [16]. Diyet konsantresi olarak tiiketilen
liziim ekstreleri yiiksek diizeyde polifenol icermektedir. Siyah iiziim ekstresi (enoant), Vitis vinifera L. (Cabernet-
Sauvignon ve Merlot) cinsi siyah liziimlerin kabugu ve cekirdeginden elde edilmektedir [17]. Ekstre antioksidan,
antibakteriyel ve antialerjik 6zelliklere sahiptir. Ekstrenin kardiyovaskiiler hastaliklar, solunum ve bagisiklik sistemi
hastaliklari, alerji ve bakteriyel enfeksiyonlarin tedavisinde terapotik ve profilaktik amaglarla kullanilabilecegi
bildirilmektedir. Ayrica, kanser tedavisinde kemoterapétik ajanlarin ve iyonlastirici radyasyonun zararl etkilerine karsi
kullanilabilecegi Onerilmektedir [18]. Bunun yaninda siyah iiziim ekstresinin meme kanseri ve metastazi iizerindeki
etkisi ve molekiiler mekanizmasi heniiz tam olarak bilinmemektedir. Calismamizda, insan meme kanseri hiicre dizisine
uygulanan siyah tiziim ektresinin hiicre canlilig1 ve adezyonuna etkisi ile metastazda rolii olabilecegi diistiniilen MMP-9
gen ekspresyonu tizerine etkisinin belirlenmesi amaglanmustir.

2. Materyal ve yontem
2.1 Hiicre Kiiltiirii

Calisgmamizda MCF-7 meme kanser hiicre dizileri, 25 cm?’lik flasklarda % 10 fétal bovine serumu (FBS),
%1 penisilin/streptomisin ve 2 mM L-glutamin igeren Dulbecco’s Modified Eagle’s Medium (DMEM) besiyeri
icerisinde, 37°C’de %5 CO; i¢eren ortamda kiiltiire edildi.

2.2 Uziim ekstresi

Calismamizda fenolik madde igerigi folin metodu ile 47,78 mg gallik asit/ml belirlenen “Enoant” siyah tiziim
ekstresi kullanildi.“ Enoant” igeriginde, katesin (333,0 +2,607 ppm), epikatesin (154,4 +0,305 ppm), trans-resveratrol
(6,469 +0,05 ppm) ve kersetin (43,74 +0,335 ppm) polifenolleri bulunmaktadir [17]. Uziim ekstresi Enoant MCF-7
hiicrelerine 2 kere 1/1000 olarak seyreltilerek elde edilen iki farkli konsantrasyonda (E1 ve E2) 24 saat siireyle
uygulandi.

2.3 Hiicre canliligi
Uziim ekstresine maruz birakilan MCF-7 hiicrelerinde canhlik yiizdesi tripan blue ydntemi kullanilarak

belirlendi. Inkiibasyon sonrasinda tripsinlenerek flask tabanindan ayrilan hiicreler tripan blue boyasma maruz birakildu.
15 dk sonra boyanan cansiz ve boyanmayan canli hiicrelerin miktari neubauer laminda sayilarak belirlendi. Sayim
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sonrast % hiicre canlihigi formiiline gore belirlendi. Formiil: ‘canli hiicre sayisi/(canli hiicre sayisi+oli hiicre
say1s1)x100’

2.4 Hiicre adezyonu

Uziim ekstresine 24 saat siireyle maruz birakilmak iizere MCF-7 hiicreleri 96 kuyucuklu platelere her
kuyucukta 7x10° hiicre olacak sekilde ekildi. Ekimi yapilan hiicrelerden iiziim ekstresi uygulanan ve uygulanmayan
deney gruplar1 olusturuldu. Her deney grubu i¢in kuyucuklarin yarisinda adezyonu belirlemek i¢in yikama islemi
yapilirken, diger yarisinda yikama islemi yapilmadi Adezyon kuyucuklarinda yikama iglemi 3 kez PBS ile
gergeklestirildi. Yikanan ve yikanmayan kuyucuklara taze 100 pl besiyeri ve 50 pul XTT soliisyonu eklenerek ELISA
cihazinda 450nm dalga boyunda 6lgiildii. Olgiim sonuglari formiilde yerine konarak adezyon belirlendi. Deneyler 3 kez
tekrarlandi. Formiil: 1- [(yikanmamis kuyucuk absorbansi-yikanmis kuyucuk)/yikanmamis kuyucuk)]

2.5 RNA izolasyonu

Uziim ekstresi uygulamasindan 24 saat sonra tripsinize edilen hiicrelerden RNA izolasyonu ticari kit (Bio
Basic, Markham, Kanada) kullamilarak kit prosediiriine uygun olarak gergeklestirildi. izole edilen RNA 6rneklerinin
miktarlar1 spektrofotometrik olarak mikroplate okuyucu cihazda (Thermo Scientific Drop Plate, USA) 260 nm’de
Olglilerek belirlendi. Absorbans 260 ve 280 nm’de yapilan 6lgiim orani (A260/280) ~1,8-2 arasinda olan RNA’lar saf
olarak kabul edildi. RNA miktarlar1 belirlenen drnekler cDNA sentezi gerceklestirilene kadar -80°C’de saklandi.

2.6 Komplementer DNA (cDNA) sentezi

MMP-9 gen ekspresyon seviyesini belirlemek {izere izole edilen RNA’lardan cDNA sentezi (OneScript Plus
cDNA Synthesis, Applied Biological Materials, Kanada) gerceklestirildi. Kit iceriginde yer alan OneScript® Plus
revers transkriptaz (200 U/ul), 5X RT Buffer, dNTP (10 mM), Random (10 puM) primer, RNaseOFF Riboniikleaz
Inhibitor (40 U/ul) ve niikleazsiz su ile olusturulan reaksiyon karigimma 200 ng RNA eklendi. cDNA sentezi PCR
cihazinda (Techne Prime termal cycler, UK); 25°C 10 dk., 42°C 50 dk. ve 85°C 5 dk.’da inkiibe edilerek,
gergeklestirildi. cDNA sentezi sonrasinda 6rnekler qRT-PCR islemine kadar -20°C’de saklandi.

2.7 Real-time PCR (gRT-PCR) analizi

Hiicrelerde MMP-9 ekspresyonu, cDNA’lar araciligi ile qRT-PCR (MIC gPCR, Bio Molecular Systems,
Avustralya ) cihazi kullanilarak belirlendi. Revers transkriptaz reaksiyon triinii cDNA’lar, PCR Master Miks
(TagMan® Gen Ekspresyon Master Miks), MMP-9 genine 6zgii primer-prob seti (TagMan® Gene Expression Assay
(20X)) ve niikleazsiz su igeren reaksiyon karigimi hazirlandi. Reaksiyon karigimi 2 dk 50°C, 10 dk 95°C’de inkiibe
edildikten sonra, 15 sn 95°C, 60 sn 60°C (40 dongii) olacak sekilde okutuldu. MMP-9 (Hs01548727_m1, Applied
Biosystems) hedef gen ekspresyonu, 18S RNA (Hs99999901 s1, Applied Biosystems) housekeeping gen ile normalize
edildi. gRT-PCR’da her bir 6rnek igin 3’er kuyucukta okuma yapildi. Gen ekspresyon seviyeleri, Ct degerleri
kullanilarak 2-4Ct = 2-(Ctgen - Cthousekeeping gen) formyijliine gore hesaplandi [19]. Uziim ekstrakt1 uygulanmayan kontrol grubu
kalibrator olarak belirlendi ve bu gruba gore gen ekspresyon seviyesi kat degisimi hesaplandi. qRT-PCR’da yapilan her
okumada cDNA kalib1 igermeyen kontrol grubu (no template control, NTC) okundu.

2.8 Istatistiksel Analiz

Tim degiskenlerin normal dagilima uygunlugu Shapiro-Wilk normalite testi ile degerlendirildi. Normal
dagilim gosteren degiskenler tek yonlii varyans analizi (One Way ANOVA) ile karsilastirildi. Varyanslar homojen
oldugu igin ¢oklu karsilagtirmalar Tukey testi ile yapildi. p<0.05 degeri anlamlilik diizeyi olarak belirlendi ve tiim
analizler IBM SPSS Statistics 21 programi kullanilarak yapild.

3. Bulgular

1. Hiicre canlilig

MCF-7 hiicrelerine liziim ekstresi belirli konsantrasyonlarda uygulandiktan sonra hiicre canlilik yiizdeleri
degerlendirildi. Hiicre canliligmmmm E1 (90,2840+9,17067) ve E2 (90,318+9,31702) konsantrasyonlarinda kontrol
grubuna (91,2860+9,29825) gore azaldigi bu azalmanin istatistiksel olarak anlamli olmadigi belirlendi (sirasiyla
p=0,984; p=0,985) (Sekil 1).
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Sekil 1. Uziim ektresi uygulanan MCF-7 hiicrelerinde hiicre canhilik yiizdesi

2. Hiicre adezyonu

E2
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Uziim ekstresinin adezyona etkisi degerlendirildiginde, MCF-7 hiicrelerinde kontrol grubuna gére adezyonun

istatistiksel olarak anlamli olmayan azalmaya neden oldugu bulundu (sirasiyla p=0,134; p=0,120) (Sekil 3).
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Sekil 2. Uziim ektresi uygulanan MCF-7 hiicrelerinde hiicre adezyonu

2. MMP-9 gen ekspresyonu

E2

MCF-7 hiicrelerine {iziim ekstresi uygulandiktan sonra MMP-9 gen ekspresyonunun kontrol grubuna gore
azaldig1 belirlendi. Bu azalmanin kontrol grubuna goére E1 konsantrasyonu uygulanan grupta 0,81 kat, E2
konsantrasyonu uygulanan grupta -0,22 kat oldugu bulundu (Tablo 1).

Tablo 1. MMP-9 Gen Ekspresyonu Kat Degisimi

Gen Ekspresyonu

MMP-9

Kontrol

1

El

0,81

E2

-0,22

4. Sonuglar ve tartisma

Tiimor metastazi meme kanseri mortalitesinin baslica nedenleri arasinda yer almaktadir. Bugiine kadar
yapilan g¢aligmalar, meyve ve sebzelerde bol miktarda bulunan polifenollerin; antioksidan aktivite gosterme, gen
ekspresyonunu diizenlenme, hiicre dongiisiinii durdurma, apoptozu uyarma, bagisiklik sistemini diizenleme, anti-invaziv
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ve anti-metastatik yeteneklere sahip oldugunu gostermistir [20]. Polifenollerin baglattii hiicresel yolaklarin meme
dokusundaki kanserojen siiregleri geciktirebilecegi ve azaltabilecegi yapilan arastirmalarda onerilmektedir [21,22]. Bu
aragtirmalardan birinde; polifenollerce zengin Euphorbia supina ekstraktinin metastatik meme kanseri MDA-MB-231
hiicrelerinde TNF-o aracili VCAM-1 ekspresyonunu etkili bir sekilde azalttigi, MMP-9 aktivasyonun ve hiicre
invazyonunu inhibe ettigi gosterilmistir. Bu ekstraktin normal hiicrelerde minimal sitotoksisite gostermesi nedeniyle
kanser metastazina kars1 terap6tik bir ajan olarak kullanilmasi 6nerilmistir [23]. Baska bir ¢aligmada Artemisia annua
L., bitkisinden elde edilen polifenollerin MDA-MB-231 meme kanseri hiicreleri tizerindeki anti-metastatik etkileri
arastirildiginda, MDA-MB-231 hiicrelerinin endotel hiicrelere adezyonunu VCAM-1 ekspresyonunun azaltarak inhibe
ettigi, MMP-2 ve MMP-9 inhibisyonuyla hiicre invazyonunu inhibe ettigi bulunmustur [24].

Uziim gekirdegi ekstraktlari, antioksidan kapasitesi yiiksek, kemopreventif ve antikanser 6zelliklere sahip
oldugu bilinen zengin bir polifenol kaynagidir. Molekiiler etki mekanizmalarmin tamami tam olarak bilinmemekle
birlikte, liziim ¢ekirdegi ekstresi aromataz/Gstrojen biyosentezini baskilamasi nedeniyle meme kanserine karsi
kemopreventif ajan olarak kabul edilmistir [23,24]. Uziimiin ana bilesenlerinden biri olan resveratroliin, anti-invaziv
mekanizmaya olan etkisinin aragtirildigt bir ¢alismada, MCF-7 meme kanser hiicre dizilerine, resveratroliin 2, 5 ve 10
uM konsantrasyonlar: uygulanmustir. Aragtirmada resveratroliin insan meme kanseri hiicrelerinin invazyonuna ve
MMP-9 ekspresyonuna olan inhibe edici etkisinin kismen MAPK/ERK sinyal yolagi iizerinden gergeklestirdigi
bildirilmistir [25]. Uziim ¢ekirdegi ekstraktiin MDA-MB-231 meme kanser hiicrelerinde uygulandigi bir baska
calismada, diisilk konsantrasyonlarn MMP-9 ve MMP-2 aktivitesini diigiirerek hiicre migrasyonu ve invazyonunu
azalttig1 gosterilmistir [26]. Uziim cekirdegi ekstresi fenolik fraksiyonun, uygun konsantrasyonlarda MCF-7 meme
kanseri hiicrelerinde apoptotik hiicre dliimiinii indiikledigi bildirilen bir ¢alismada, {iziim ¢ekirdegi ekstresi'nin MCF-7
tizerindeki sitotoksik etkisinin polifenol konsantrasyonuna ve tedavi siiresine bagl oldugu belirtilmigstir [27].

Caligmamizda, MCF-7 hiicrelerine siyah iiziim ekstresi uygulandiktan sonra hiicre canlilik yiizdeleri ve hiicre
adezyonu degerlendirilmistir. Siyah iiziim ekstresinin, MCF-7 hiicrelerinde kontrol grubuna gére hiicre canliligt ve
adezyonunda istatistiksel olarak anlamli olmamakla birlikte azalmaya neden oldugu bulunmustur. Elde edilen bu 6n
sonuglar, meme kanseri hiicrelerinde uyguladigimiz siyah {iziim ekstresinin anti-kanser etkili bitkisel destek olarak
kullanilabilmesi agisindan umut verici goriinmektedir. Farkli doz, konsantrasyon ve maruz kalma siiresi ile yapilacak
ileri caligmalar siyah liziim ekstresinin meme kanseri tizerindeki etkisini aydilatmada yol gosterici olacaktur.

Insan meme kanseri hiicrelerinde MMP-9 gen ekspresyonunun saglikli hiicrelere gore arttigi farkl
caligmalarla gosterilmistir [8-13]. Uziim cekirdegi esktrakt1 uygulanan MDA-MB-231 meme kanser hiicrelerinde diisiik
konsantrasyonlarin MMP-9 ve MMP-2 aktivitesini azaltarak, hiicre migrasyonu ve invazyonunu azaltig1 gosterilmistir
[24]. Bu galigmalar meme kanserinde polifenolik bilesiklerle MMP-9 ekspresyonunu etkileyerek, invazyon ve metastazi
engellenebilecegi fikrini destekler niteliktedir. Calismamizda, siyah iiziim ekstresinin MCF-7 hiicrelerinde MMP-9 gen
ekspresyonunun azalttigi belirlenmistir. Bu sonug, siyah iiziim ekstresinin meme kanseri hiicrelerindeki metastatik
slireci yavaglatabilecegini diisiindiirmektir.

Polifenoller gibi dogal kanser onleyici ajanlarin, bazi karsinogenez yolaklar1 bloke ederek kanserin
olusmasini ve yayilmasini 6nleyebilecegi fikri yapilan arastirmalarla her gegen giin daha da desteklenmektedir. Yapilan
in vitro arastrmalarinin sonuglarinin yorumlanmasi ve klinik uygulamasinin netlestirilebilmesi i¢in ileri ¢alismalara
ihtiya¢ bulunmaktadir. Bu sayede diyetle alman polifenollerin, prognozu iyilestirmek i¢in mevcut tibbi tedavi
seceneklerini desteklemesi miimkiin olacaktir.
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Abstract

In this study, 10 different samples were purchased from the Ankara, Sivas, Tokat and Konya markets which is
sold as "sahtere". Morphological characteristics and purity of all samples purchased from the market were examined.
Organic and inorganic substances not belonging to the plant parts which are considered to have a therapeutic value were
determined. As a result of comparison of the commercially available samples with the herbarium sample used as
standard, it was determined that it belongs to Fumaria officinalis plant. Organic and inorganic impurities and their ratios
were determined. It has shown that known as "sahtere" sold in the markets are derived from correct plants, but was
found to adhere to the European and Turkish Pharmacopoeia monographs of a large portion of the drugs. The samples
were shown to be contaminated with organic and inorganic substances during collection and storage and therefore not
suitable for public health.

Key words: drog, Fumaria officinalis, herba, morphology, sahtere

*

Tiirkiye piyasasinda satilan Sahtere (Fumaria officinalis L.) bitkisi iizerinde incelemeler

Ozet

Bu calismada Ankara, Sivas, Tokat ve Konya piyasasindan sahtere adi ile satilan toplam 10 farkli 6rnek satin
almmustir. Piyasa’dan satin alman biitiin 6rneklerin morfolojik 6zellikleri ve safliklar1 incelenmistir. Tedavi edici degeri
oldugu diisiiniilen bitki kisimlarina ait olmayan organik ve inorganik maddeler belirlenmistir. Piyasadan satmn alman
Orneklerin standart olarak kullanilan herbaryum 6rnegi ile karsilastirilmasi sonucunda, Fumaria officinalis bitkisine ait
oldugu tespit edilmistir. Orneklerin icerigindeki organik ve inorganik yabanci maddeler ve oranlar1 belirlenmistir.
Piyasada satilan "sahtere" Orneklerinin dogru bitkiden elde edildigi ancak biiylik bir kisminin Avrupa ve Tiirk
Farmakopeleri monograflarina uymadig: goriilmiistiir. Orneklerin toplama ve saklama sirasinda, organik ve inorganik
maddelerle kontamine oldugu ve bu nedenle de halk saglig1 agisindan uygun nitelikler tasimadigi gosterilmistir.

Anahtar kelimeler: drog, Fumaria officinalis, herba, morfoloji, sahtere
1. Giris

Papaveraceae familyasina ait bir cins olan Fumaria L. bu familyanin iilkemizde yetisen 7 cinsinden biridir ve
floramizda 20 taksonla temsil edilir (Giiner, 2012). Cins az ya da ¢ok tiiylii, mavimsi yesil renkte tek yillik bitkilerden
olugur. Fumaria officinalis L. Avrupa, Kuzey Afrika, Kibris ve Tiirkiye’de dogal yayilis gostermektedir. F. officinalis
yapraklar gri ve sivri, diizensiz 2-4 pinnatisekttir. Cigeklenmesi yogun (10-20-40); cigekler zigomorf, brakte linear-
lanseolat, sepaller lanseolat, korolla 7-9 mm, pembe; meyve 2-2.5 mm uzunlugunda ve genistir (2).

F. officinalis ampirik tip’ta yiizyillardir, Asya ve Avrupa’da kullanmistir. Fumitory, Latince "fumus terrae"
ve "earth smoke" (bazi tiirlerin duman gibi kokmas1 nedeniyle) (3), Tiirkce "sahtere" (4) isimleri ile de bilinen bitki;
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Ozellikle romatizma, deri rahatsizliklari, hipertansiyon gibi saglik sorunlarinda pek ¢ok iilkede kullanilir. F. officinalis
Afganistan’da astim tedavisinde; Hindistan’da dispeptik rahatsizliklarda yerel olarak kullanilmistir (5; 6). Ibn-I Sina
bitkiyi, kan temizleyici, kasint1 giderici, uyuz tedavisi ve karaciger rahatsiziliklar1 ig¢in Onermistir (7). Halk
hekimliginde kanitlanmamis olmakla birlikte; cilt hastaliklari, kabizlik, sistit, damar sertligi, romatoid artrit, kan
temizleyici, hipoglisemi ve ¢esitli enfeksiyonlar igin kullanilmistir (8). Avrupa’da ayrica bitkinin ¢igekleri yiinlere sar1
renk vermek icin kullanilir. Iceri§indeki izokinolin alkaloidleri nedeniyle; hepatobiliyer sistemin fonksiyonel
hastaliklarini tedavi etmek, safra kesesi agrilarin1 gidermek igin kullamlir (9). Ulkemizde Izmir, Aydm illerinde bitkinin
yaprak ve toprak iistli kisimlarinin, safra kesesi rahatsizliklarinda, idrar soktiiriicti ve kan temizleyici olarak kullanildig:
tespit edilmistir (10). Bitki iilkemizde ayrica idrar artirici, yatistirici, zayiflatict ve tansiyon diisiiriicii olarak da
kullanilmaktadir (11). F. officinalis, 1986 yilinda Fransiz Saglik otoritesi tarafindan renal eliminasyonda geleneksel
olarak kullanilan bitkisel bir ila¢ olarak resmen taninmistir (12). Avrupa'da ve diinyada 30 yildan uzun bir siiredir
giivenlik sorunlar1 olmaksizin geleneksel bir ilag olarak kullanilmaktadir (13,14). Avrupa Konseyi tarafindan, bitkinin
cicekleri belli miktarda kullanilmak sartryla dogal gida tatlandiricisi olarak yiyeceklere eklenebilir olarak kabul
edilmistir (15). Fransiz Farmakopesi’nde diiiretik etkisi ve kan temizleyici 6zelligi nedeniyle yer almistir (16). EMA
(Avrupa Ilag Ajansi)’da bitkinin toprak iistii kisimlarmnin, hazimsizlik ve safra arttirici etkileri yaninda antispazmodik ve
idrar arttirict etkili oldugu belirtilmistir (17). Ayrica, F. officinalis Birlesik Krallik Genel Satig Listesi'nde (GSL) yer
almakta ve Almanya'da, F. officinalis gastrointestinal sistem ile birlikte safra kesesi ve safra sistemini etkileyen kolik
agrida endikasyon i¢in Alman Komisyonu E tarafindan onaylanmistir (18,19,20).

F. officinalis’in etanol ekstresinin antialerjik ve koloretik etkili oldugu gosterilmistir (21). Gram-pozitif
organizmalar Bacillus anthracis ve Staphylococcus tiirlerine kars1 bakterisidal etkisi belirlenmistir (22). F. officinalis’in
de i¢inde bulundugu bir grup bitki ile yapilan bir ¢aligmada, bitki ekstresinin Propionibacterium acnes iizerine
antibakteriyel etkisi incelenmistir. Arastirma sonucunda bitkinin, klasik akne tedavisine hem destek hem de alternatif
olma potansiyeline sahip olabilecegi tespit edilmistir (16). F. officinalis sulu ekstresinin 2 tablet dozda safra kesesi
rahatsizlig1 olan 105 hastada yapilan klinik ¢aliymada hepatopati, kolloletiyazis ve kolesistektomi rahatsizliklarinda
olumlu sonuglar verdigi bildirilmistir (23,5). F. officinalis sulu ekstresi, hayvanlarda safra kesesi taglarinin olusumunu
engellemistir (24). F. officinalis (sahtere) ile yapilan tamamlayici ve alternatif tedavide, 16 yasindaki bir kadin hastada
atopik dermatit rahatsizliginda, oral olarak, cay seklinde sahtere kullanimi sirasinda yan etki olarak bulant1 ve kusma
gorillmiigtiir (17). F. officinalis’in ana alkaloidi protopin, hayvanlarda diisiik dozlarda; antihistaminik (25), hipotansif,
bradikardik ve sedatif etkilerinin oldugu belirlenmistir (26), daha yiiksek dozlarda ise konviilsiyonlara neden olmustur
(27). Avrupa Farmakopesi’ne gore tam ¢iceklenme doneminde toplanan F. officinalis toprak distii kisimlari, minimum
%0.40 protopin alkaloidi igermelidir (28,3). Tarihsel siirecte ilk olarak 1938 yilinda, F. officinalis’in alkaloid igerigi
incelenmigstir. Baz1 izokinolin alkaloidleri izole edilmis ve protopin, kriptopin, stilopin, skulerin, sinaktin alkaloitleri
tamimlanmustir (29). F. officinalis’den benzilizokinolinlerin adlumin, korlumin, koridamin, kriptopin, fumarofisin, O-
metilfumarofisin, hidrastin, parfumin, protopin ve sinaktin oldugu NMR analizleri ile belirlenmistir (30).

Bu ¢aligmada, cesitli illerimizde piyasada sahtere (Fumaria officinalis) adi altinda satilan bitki 6rneklerinin
morfolojik olarak incelenmesi, 6rneklerin Avrupa ve Tiirk Farmakopesi’ne uygunlugunun belirlenmesi ve satilan
iiriinlerin insan saglig1 agisindan uygunlugunun degerlendirilmesi amaglanmustir.

2. Materyal ve yontem

Materyal temini i¢in Tirkiye'nin farkl illerinden [Ankara (5), Sivas (3), Konya (1), Tokat (1)] toplam 10
ornek, saticilardan bitki kullanim sekli ve kullanim amaci hakkinda bilgi istenerek satin alinmigtir (Tablo 1). Caligmada
satin alman &rneklerin bilimsel karsilastirmasmi yapmak icin standart olarak, Ankara Universitesi Eczacilik Fakiiltesi
Herbaryumunda bulunan AEF 16081 kodlu 6rnek kullanilmigtir (Resim 1). Piyasadan satin alinan biitiin 6rneklerin
morfolojik dzellikleri ve safliklari incelenmis, droga ait olmayan maddelerin orani belirlenmistir (Tablo 2). Satin alinan
orneklerin ve safsizliklarin fotograflar1 Samsung Galaxy Note 5 kamerasi ile gorsellenmistir.

Tablo 1. Calisma materyali olarak kullanilan Sahtere 6rneklerinin satin alindigi1 yerler ve Herbaryum 6rnegi bilgileri

Satin alinan sehir Kod
Ankara/Bahgelievler Al
Ankara/ Dikmen A2
Ankara/ Dikmen A3
Ankara/ Dikmen A4
Ankara/ Balgat A5
Tokat/Merkez T1
Sivas/Merkez S1
Sivas/Merkez S2
Sivas/Merkez S3
Konya/Merkez K1
Standart S (Idris Dag1, Hasanoglan-AEF 16081)
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S

Sekil 6. Ankara’dan sati alian “sahtere” 6rnegi: AS
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Sekil 10. Sivas’dan satin alman "sahtere” 6rnegi: S3

3 A
R

» "r: :

Sekil 11. Konya’dan satin alinan "sahter

3. Bulgular
3.1 Kullanim

Ornekler piyasadan satm alinirken ne amagla ve hangi sekilde kullanilmasi gerektigi bilgisi sorulmustur. Bu
sorulara verilen cevaplar illere gore belirlenmistir.

Ankara

Bir ¢ay kasigi bitki, yarim bardak soguk suya ilave edilip bekletilir, glinde 2 defa yeni hazirlanan ¢aym
tiiketilmesi tavsiye edilir.

Ankara’da piyasadan satin alinan ornekler; karaciger hastaliklarinda ve cilt rahatsizliklarinda onerilmektedir.
Kullanim bilgileri kaynak verileriyle uyumludur (9).

Sivas

Yapraklari sicak suda haslanip cay ya da merhem seklinde kullanilmasi tavsiye edilmektedir.

Sivas’da piyasadan satin alman orneklerin; cilt rahatsizliklarinda ve sarilikta kullanildigi belirlenmistir.
Kullanim bilgileri kaynak verileriyle uyumludur (19).

Konya

Dahilen demleme seklinde kullanilmasi tavsiye ediliyor.

Konya’da piyasadan satin alinan 6rnekler; karaciger hastaliklarinda ve kan temizleyici olarak dnerilmektedir.
Kullanim bilgileri kaynak verileriyle uyumludur (9).

Tokat

Dabhilen demleme seklinde kullanilmasi 6neriliyor.
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Tokat piyasasindan alinan Orneklerin; hemoroid tedavisinde ve karaciger hastaliklarinda kullanildigt
belirlenmistir. Geleneksel kullanim bilgileriyle uyumludur (7).

3.2. Organoleptik Bulgular

Caligmada 4 farkli ilden satin alman 6rnekler organoleptik olarak incelenmistir (Resim 2-5). Paketli 6rnekler
paket agilinca genel olarak bozulma olup olmardigmi anlamak i¢in koklanmustir. Orneklerin hemen hepsinin herba
droglarina 6zgii gévde, yaprak ve gicek pargalar1 tasidigr goriilmiistiir. Ancak bazi 6rneklerde bitki disinda safsizliklar
belirlenmistir (Tablo 2). Ornekler iizerinde tadarak yapilan kontrolde acims1 bir tada sahip olduklar1 tespit edilmistir.

3.3 Morfolojik Bulgular

Caligma i¢in incelenen drneklerin morfolojik 6zellikleri ve icerdigi organik ve inorganik safsizliklar Tablo 2’de
verilmistir.

Tablo 2. Ankara, Tokat, Sivas ve Konya illerinden satin alinan Sahtere Orneklerinin morfolojik 6zelliklerinin
karsilastiriimasi

Kod | Genel goriiniis Renk Koku Droga ait olmayan kisimlar
Taze ve . . - %]1 yabanci madde (tas, tiiy vb.) ve bagka
Al parcalanmig herba Koyu yesil Hafif aromatik bitkilere ait pargalar
A2 Eski ve Koyu yesil ve Hafif aromatik %]1 yabanci madde (tas, tiiy vb.) ve bagka
pargalanmig herba | kahverengimsi bitkilere ait pargalar
Taze ve . . . %?2 yabanci madde (tas, tily vb.) ve baska
A3 parcalanmis herba Koyu yesil Hafif aromatik bitkilere ait pargalar
Eski ve Koyu yesil ve . . %2 yabanct madde (tas, tiiy vb.) ve bagka
A4 pargalanmis herba | kahverengimsi Hafif aromatik bitkilere ait pargalar
Taze ve . . . %3 yabanci madde (tas, tily vb.) ve baska
AS par¢alanmis herba Koyu yesil Hafif aromatik bitkilere ait pargalar, bocek ve kalintilari
Eski ve . . . %1 yabanci madde (tas, tily vb.) ve baska
T parcalanmis herba Koyu yesil Hafif aromatik bitkilere ait parcalar
s1 ;—::geailailmls Koyu yesil ve Hafif aromatik %3 organik (tily) ve inorganik (tas) ve bagka
bcekli herb’a kahverengimsi bitkilere ait parcalar
Eski ve . o .
$2 parcalammg Koyu yesll_ Ve | Liafif aromatik %3 yabanci madde (tas, tily vb.) ve bagka
bicekli herb,a kahverengimsi bitkilere ait pargalar, bocek ve kalintilar
. . %1 yabanci madde [organik (tiiy ve bocek
S3 Ezll‘(la\{snml herba Il;(;]}\’/uer};ensﬂi r‘rllfS:i Hafif aromatik kalintist) ve inorganik (tas, toprak vb.)] ve
parg 3 9 bagka bitkilere ait pargalar
Eski ve %S5 yabanci madde (tas, tiiy vb.) ve baska
K1 | pargalanmus, Koyu yesil Hafif aromatik bitkilere ait parcalar; Calendula officinalis
bocekli herba tohumlar1 ve Papaver sp. meyvesi

Caligmada kullanilmak tizere 4 farkl ilden satin alinan 10 farkli 6rnekten 8 tanesi (A2, A3, A4, A5, S1, S2,
K1) paketli halde 2 tanesi (Al ve S3) ise acikta satilmaktadir (Resim 2-10). Ayrica belirlenen safsizliklar fotograflarla
gorsel olarak verilmistir (Resim 12-13-14).

Numunelerden K1 kodlu Konya numunesi, en ¢ok safsizligin (%5) oldugu o6rnek olarak tespit edilmistir
(Resim 11). Ayrica bu 6rnek i¢inde Calendula officinalis tohumlari (Resim 12) (31) ve Papaver sp. (Resim 13) meyvesi
tespit edilmistir (32).
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Sekil 12. Calendula officinalis (aynisafa) bitkisi tohumlar1

Sekil 13. Papaver sp. meyvesi

Investigations of Sahtere (Fumaria officinalis L.) sold in the Turkey markets
Burak BIYIK, Aysegiil KOROGLU



206 Biological Diversity and Conservation — 13 / 3 (2020)

Sekil 14. a, K1 numunesi; b, S2 numunesi; ¢, S3 numunesi; d, A5 numunesinde goriilen canli ve 6lii bocek ve bocek
kalintilari

4. Sonuclar ve tartisma

Bu caligmada ¢esitli illerimiz (Ankara, Tokat, Sivas ve Konya) piyasasinda sahtere adi altinda satilan bitki
orneklerinin morfolojik olarak incelenmesi ve bu karakterlerin standartlar ile Avrupa ve Tiirk Farmakopesi 2017 ye
uygunlugunun degerlendirilmesi amaglanmistir. Bunun yaninda bitkinin hangi sekilde ve hangi amagla satildig1 bilgisi
derlenmistir.

Avrupa Farmakopesi ve Tiirk Farmakopesi 2017°de sahterenin tedavi edici 6zelligi nedeniyle yer alan bitki
kismi, toprak istii (Fumariae herba) kisimdir. Piyasadan satin alinan 6rneklerin (AEF 16081) standart 6rnekle yapilan
morfolojik karsilagtirma sonucunda, dogru bitki ve dogru bitki kismi oldugu gdrilmiistiir.

"Sahtere" bitkisi {ilkemizde ve diinyada mide ve safra problemlerini, hemoroid, migren hastaliklarinda ve kan
temizleyici olarak kullanilmis ve kullanilmaktadir (9, 24, 19, 21). Sahtere bitkisi piyasada satisa sunulurken verilen
bilgilerin bu geleneksel bilgiden kaynaklandigi sonucuna varilmistir. Karaciger ve safra tizerindeki etkileri in vivo ve
klinik calismalarda gosterilmistir. Almanya, Fransa ve Ingiltere’de diiiretik etkisi nedeniyle onay almis olmasma ve
iilkemizde de idrar artirici olarak (10) bilinmesine ragmen, piyasadan satin alman rnekler i¢in bdyle bir kullanim
bilgisinin olmadig1 belirlenmistir. Cilt ve karaciger hastaliklarmda kullamlma bilgisi Ibn-1 Sina’ya dayanmaktadir (7).

Avrupa Farmakopesi’ne gore bitkisel droglar, miimkiin oldugunca, toprak, kum, mantar, hasere ve diger
kirlilikler gibi safsizliklar1 icermemelidir. Bitkisel droglarda yabanct madde orani da en fazla %2 (k/k) olmalidir (28).

Morfolojik calismalarin sonucunda piyasa orneklerinin icinde baska bitkilere ait pargalarin varligi (6zellikle
Calendula officinalis tohumlar1 ve Papaver sp. meyveleri) tespit edilmistir (Resim 5; K1, Resim 4; S1 ve S2). Ayrica
iceriginde organik ve inorganik bulasikliklar ile (tas, kum, tiiy vb.) yabanci maddeler belirlenmistir (K1). S2, S3 ve K1
numunelerinde 6lii ya da canli halde yogun bdcek ve bdcek parcalarinin varligi da goriilmiistiir (Resim 4, 5). Bazi
ornekler "Ankara 1" koyu yesil (Resim 11) ya da "Sivas 3" (Resim 19) numunesi gibi koyu kahverengi tonlardadir.
Koyu kahverengi renk orneklerin ¢ok bekledigini ya da uygun sartlarda kurutulmadigini géstermektedir.

Satigsa sunulan numunelerin morfolojik olarak dogru drog *’sahtere’” oldugu tespit edilmistir. Ancak organik
ve inorganik bulagma iceren orneklerin tedavi edici amagla ve endikasyon verilerek satilmasi ve kullanilmasi, insan
saglig1 acisindan uygun degildir. Sonug olarak "sahtere" ad1 altinda satilan numunelerin ¢ogunun paketlenmis olmasina
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ragmen yabanci bitki parcgalar1 igermesi, canli ya da 6lii bocek ve/veya bocek pargalarini tasimasi, bitkisel droglarda
bulunabilecek en fazla yabanci madde miktar1 %2 olmasma ragmen, bazi orneklerde %3-5 seviyelerinde yabanci
organik ve inorganik bulasikligin olmasi, Avrupa Farmakopesi ve Tirk Farmakopesi ile uyumlu bulunmamustir. Satigi
yapilan bitki pargalarinin hijyen agisindan riskler tagidigi goriilmiistiir. Bu nedenle tibbi amagla kullanilmasi diisiiniilen
bitkilerin lisans egitimleri sirasinda ‘Farmasotik Botanik’ ve ‘Farmakognozi’’ temel derslerini zorunlu olarak alan,
bunun yaninda bitki standardizasyonundan, fitoterapi droglarina kadar ¢esitli segmeli dersleri alan ve donanimli sekilde
mezun olan eczacilarin kontroliinde ve danigmanliginda satilmasi gerekliligi bir kez daha bilimsel olarak kanitlanmistir.
Bitkiler 6nemli ve hassas konulardir ve bitki kokenli piyasada satilan tibbi iiriinlerin halka sunulmasi, alaninda uzman
ve bitkiyi taniyan, etkisini bilen eczacilar tarafindan yapilmalidir.
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Abstract

In this study, nutrient contents, nutritive values and rumen ingestibility of Krascheninnikovia ceratoides (L.)
Gueldenst, Atriplex canescens (Pursh.) Nutt, Quercus infectoria G. Olivier and Q. robur L. were investigated by
laboratory studies and so studies conducted with cannulated rams. The plants within the scope of the study were
examined in terms of their raw protein, dry matter, raw ash, organic matter, raw oil, ADF, NDF, ADL, ingestibility in
48 hours, digestible protein, metabolizable energy, relative feed value and their P, K, Ca, Mg, Cu, Mn, Fe and Zn
contents. In terms of nutrient content and feed values, a ranking as A. canescens, K. ceratoides, Q. infectoria and Q.
robur was determined and it was revealed that these plants could be used in animal feeding.

Key words: Krascheninnikovia ceratoides, Atriplex canescens, Quercus infectoria, Quercus robur, nutrient content,
digestibility

*

Krascheninnikovia ceratoides (L.) Gueldenst, Atriplex canescens (Pursh.) Nutt, Quercus infectoria G. Olivier ve
Quercus robur L.’un Yem Olarak Kullamlabilirligi

Ozet

Bu calismada; hayvancilikta, yetersiz mera idaresi sonucu dejenere olmus veya marjinal alanlarda ilave yem
katkist ile yem destegi saglayacak Krascheninnikovia ceratoides (L.) Gueldenst, Atriplex canescens (Pursh.) Nuitt,
Quercus infectoria G. Olivier ve Q. robur L.’un besin madde igerikleri, besin degerleri ve rumen hazmolunabilirlikleri
laboratuvar ¢alismalari ve kaniillii koglarda gergeklestirilen ¢alismalar araciligi ile incelenmistir. Calisma kapsamindaki
bitkiler ham protein, kuru madde, ham kiil, organik madde, ham yag, ADF, NDF, ADL, selilloz, 48 saatte
hazmolunabilirlik, sindirilebilir enerji, metebolik enerji, nispi yem degeri ile fosfor, potasyum, kalsiyum, magnezyum,
bakir, mangan, demir ve ¢inko icerikleri yoniinden incelenmistir. Arastirilan taksonlarin besin madde igerikler ve yem
degerleri agisindan siralamasi A. canescens, K. ceratoides, Q. infectoria ve Q. robur olarak belirlenmistir. Elde edilen
veriler bu bitkilerin hayvan beslemede kullanilabilecegi ortaya koymaktadir.

Anahtar kelimeler: Krascheninnikovia ceratoides, Atriplex canescens, Quercus infectoria, Quercus robur, besin
madde igerikleri, hazmolunabilirlik
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1. Giris

Calilar, derin kok sistemlerinden kaynaklanan avantajlarindan dolayir kuraga toleranslari yiiksektir. Bu
nedenle biitiin sezon boyunca yesil yem kaynagidirlar [1]. Meralarin problemlerinden en 6nemlisi kotii kullanim
nedeniyle bitki ortiilerinin tahrip olmast sonucu verimliliklerini kaybetmeleridir. Bunun sonucunda meralar sadece
verimliliklerini kaybetmeyip ayni zamanda potansiyel erozyon sahasi haline gelmektedir [2].

Uygun 1slah tekniklerinin ve biitiinlesmis bir yaklagim anlayiginin olmamasi nedeniyle, asir1 derecede tahrip
olmus meralarin 1slahinda memnuniyet verici bir sonuca ulasilamamaktadir. Yapilan ¢alismalar yalnizca otsu bitkileri
kullanarak tahrip olmus meralarda yeniden bitki Ortiisii tesisinin basarili olamayacagmi gostermistir [3]. Erozyona
maruz kalmig olan mera alanlarmin, 6zellikle egimin fazla oldugu alanlarda toprak muhafazasi ve bu alanlarin verimli
hale getirilmesinde ¢ali ve yar1 ¢ali tiirleri oldukga etkilidir [4].

Aga¢ ve galilarm bataklik meralarmm iyilestirilmesine bulunduklar1 katkilari, ¢alilarin merada az da olsa
gblge ve kismi riizgar kiran olarak sagladiklar1 faydalari, meradaki yapisal farkliligin gelismesi ekosistemin biyolojik
cesitliligi olarak iyi bir baglangi¢ ve meranin yapisi igin pozitif bir etki oldugu [5] bildirilmistir.

Hayvanciligimizin temel sorunlari igerisinde kaliteli kaba yem a¢ig1 Onemli bir yer tutmaktadir.
Hayvanlardan arzu edilen verimin almabilmesi i¢in mutlaka rasyonel besleme uygulanmasi gerekmektedir. Kaliteli kaba
yem ve karma yem kaynaklarmm kullanilmasi hayvana ait ¢evrenin iyilestirilmesi agisindan hayvanciligin 6n
kosullarindan birisi olarak karsimiza ¢ikmaktadir. Evcil hayvanlarin beslenmesinde aga¢ ve calilardan arta kalan
artiklarin oynadiklar1 etkinin incelendigi ¢aliymada; bu artiklarin kegilerin beslenmesinde yaridan fazla yer aldigi, bu
karigimlar merada koyunlarin beslenmesinde de 6nemli oldugu bildirilmistir [6].

Yaygin olan aga¢ ve calilardaki major temel elementlerin belirlenmesi ve meralarda bugdaygillerle
karistirarak besin igeriklerini incelemek amaciyla yapilan ¢alismalar neticesinde; Ca, Mg ve Zn oldukga fazla olarak
bulunmus, fakat Mo ve K bugdaygillerde az, diger minerallerde ise (P, S, Na, Fe, Cu, Se) sadece kii¢iik farkliliklar
belirlenmistir. Bununla birlikte baz1 agac yapraklarida P, S ve Cu fazla, Ca igerigi az, P, K, S ve Cu igerikleri biiyiime
donemi sonunda diisiik olarak belirlenmistir. Bireysel dgeler olarak c¢ali ve agac tiirleri arasinda oldukga biiyiik
degisimin oldugu goriilmiis olup, orman ve dag meralarinda ruminantlarin otlatilmasinda ¢alillarin ve agacglarin iz
elementlerine katkida bulunmalar1 6nemli bir potansiyel olarak belirlenmistir [6]. Bugdaygillerin besin degeri genellikle
erken donemlerinde yiiksek olup, olgunluk dénemlerinde hizla diismektedir. Oysaki ¢alilarin genellikle biitiin bir yil
boyunca yiiksek seviyede ham protein, fosfor ve kalsiyum ihtiva ettikleri bildirilmistir [7].

Bu caligmada; yetersiz mera idaresi sonucu dejenere olmus veya marjinal alanlarda gerceklestirilen
hayvancilik aktivitelerinde ihtiya¢ duyulan ilave yem katkisi ile yem destegi saglayacak Krascheninnikovia ceratoides
(L.) Gueldenst, Atriplex canescens (Pursh.) Nutt, Quercus infectoria G. Olivier ve Q. robur L.’un besin madde
iceriklerinin, besin degerlerinin ve rumen hazmolunabilirliklerinin laboratuvar ¢alismalar1 ve kaniilli koglarda
gergeklestirilen galigsmalar araciligi ile belirlenmesi amaglanmaktadir. Elde edilen veriler 1518inda gelecekteki bityiik ve
kiigiikbas besicilik aktivitelerinde ilave yem kaynagi olarak kullanilacak dogal bitki taksonlarma katki saglanmasi
amaglanmistir.

2. Materyal ve yontem

Caligma bat1 gegit bolgesinde yer alan Eskigehir ve Ege bolgesinde yer alan Kiitahya illerinden alinan
materyaller iizerinde gergeklestirilmistir.

Tablo 2.1. Caligma konusu materyalin toplama bilgileri

| Otlatma |
Arazi y ; Egim Top. Yuzey (1 Yok)
| Cali Cins/Tir . Yogunluk  Koordimatlar Yiikseklik - - Tashihk
' Kullanm | * % Y Der.  Sertlig X (5 yogun)
(1-5)
Krascheninnifovia ceraroides(L.) oy Yazarda - - . > - N
oo Zad £ : Mera Yogun o y 2 94 Denn | Yumugak | Tagsiz Yok
Gueldenst Veveut
= . = & RE Yazarda = e = , 2 =
| Quercus infectoria G. Olivier Mera Yogun Meveut 5 986 Dermn Sert Tash Orta
. . . yo Yazarda i - . - "
| Quercus robur L \Vera Yogun X 5 986 Denn Sert Tash Orta
Mevcut
, . ad v o~ Yazarda = = : .
Awiplex canescens{Pursh) Nutt Plantasyon | Yogun 3 I8 Denn . Yumugak | Tagsiz Yok

Meveut

Materyalin besin madde igerikleri analizleri ve 48 saat hazmolunabilirlik ¢alismast Bandirma Koyunculuk
Arastirma Istasyonu hayvan besleme laboratuvarinda, kaniillii koglarda denenmistir. Makro (Ca, Mg, K, P) ve mikro
element analizleri (Fe, Cu, Zn, Mn) ise Eskisehir Ge¢it Kusagi1 Bitki-Toprak ve Su laboratuvarinda yapilmistir.

Yaprak ornekleri elle toplanmis, kagit torbalara alinan 6rnekler 6nce agik havada sonra ise kurutma firininda
60 ° C' de 48 saat kurutularak 1 mm ¢apinda parcalar halinde 6giitiilmiistiir. Yem Orneklerin azot icerigi (N) Kjeldahl

Usability of Krascheninnikovia ceratoides, Atriplex canescens, Quercus infectoria and Quercus robur as Feed
Celalettin AYGUN, Murat OLGUN, Ismiihan POTOGLU ERKARA, Onur KOYUNCU, Murat ARDIC, Okan SEZER



Biological Diversity and Conservation — 13 / 1(2020) 211

metoduyla belirlenmis, HP icerigi ise Azot degerinin 6,25 katsayisi ile carpilmak suretiyle hesaplanmis, Orneklerin
Kuru Madde (KM), Ham Protein (HP), Ham Seliiloz (HS), Ham Yag (HY) ve Ham Kiil (HK) icerikleri Akyildiz (1984)
[8] tarafindan tamimlanan Weende Analiz Yo6ntemi’ne gére saptanmustir. Organik madde ise (Kuru madde —Kiil)
formiilii yoluyla hesaplanarak belirlenmistir. Notr deterjanda ¢oziinemeyen lif (NDF), asit deterjanda ¢ozlinemeyen lif
(ADF), asit deterjanda ¢dzlinemeyen lignin (ADL), Van Soest et al., (1991) metot [8] kullanilarak belirlenmistir.
Yemlerin rumende pargalanabilirliklerinin saptanmasinda naylon kese yontemi kullanilmustir [9].

Rumende pargalanabilirligi saptanmig tiim yemler 2.5 mm boyutunda o6giitiilmiistiir. Yem orneklerinin
rumene yerlestirilmesinde 9x14 cm boyutlarinda dekron keseler kullanilmistir. Orneklerin rumende inkiibasyon siireleri
48 saat olacak sekilde degerlendirilmistir. Orneklerin rumende pargalanabilirlik parametreleri @rskov ve McDonald
(1979) [10] tarafindan gelistirilen P = a+b (1-€) exponensiyal denklemine gére Neway bilgisayar programinda
hesaplanmustir.

(KMS) Kuru madde sindirilebilirligi, Oddy et al. (1983) [11] tarafindan gelistirilen formiil ile hesaplanmak
suretiyle tahmin edilmistir. KMS (%) = 83.58- 0.824 x %ADF + 2.626 x %N. Sonra kuru madde sindirilebilirlik
degerleri (KMS) Fonnesbeck et al. (1984) [12] tarafindan gelistirilen regresyon esitliginde kullanilarak, sindirilebilir
enerji (SE) degerleri belirlenmistir: SE (Mcal kg-1) = 0.27 + 0.0428 x %KMS. Sindirilebilir enerji degerleri, Khalil et
al. (1986) [13] tarafindan gelistirilen formiil kullanilarak metabolik enerjiye doniistiiriilmiistiir: ME (Mcal kg-1) = 0.821
x SE (Mcal kg-1). Yem bitkileri degerlendirilmesinde belirleyici bir kalite kriteri olan Nispi yem degeri (NYD), NDF
ve ADF analiz sonuglar1 Kuru Madde Tiiketimi (KMT) = 120 / %NDF NYD = (KMS x KMT) / 1.29, Sheaffer et al.,
(1995) [14] tarafindan gelistirilen esitlik kullanilarak hesaplanmustir.

3. Bulgular

K. ceratoides, A. canescens, Q. infectoria ve Q. robur’a ait besin madde minimum ve maksimum ortalama
degerleri Tablo 3.1.°de ve normal dagilim grafigi de Sekil 3.1.’de verilmistir. Ilgili taksonlara ait mineral madde
miktarlar1 Tablo 3.2.’de, besin madde icerikleri ise Tablo 3.3.’de verilmistir. Yine ¢alisma kapsaminda arastirilan bitki
taksonlarinin besin degerleri bakimindan benzerlik/farkliliklarin1 gésteren double dendogram Sekil 3.2.°de yer
almaktadir.

Tablo 3.1. K. ceratoides, A. canescens, Q. infectoria ve Q. robur’a ait besin madde minimum ve maksimum ortalama
degerleri. HP: Ham Protein, KM: % Kuru Madde, HK: % Ham Kiil, OM: % Organik Madde, HY: % Ham Yag, ADF:
Asit Deterjan Fiber, NDF: Notr Deterjan Fiber, ADL: Asit Deterjan Lignin, SEL: Seliloz, RP/48Sa:
Hazmolunabilirlik, KMS: % Kuru Madde Sindirilebilirligi, SE: (Mcal kg-1) Sindirilebilir Enerji, ME: (Mcal kg-1)
Metebolik Enerji, NYD: Nispi Yem Degeri, P: Fosfor, K: Potasyum, Ca: Kalsiyum, Mg: Magnezyum, Cu:
(ppm)Bakir, Mn: (ppm) Mangan, Fe: (ppm) Demir, Zn: (ppm) Cinko

| Unsurlar Minimum Maksimum Ortalama Unsarlar Minimum  Maksimum Ortalama
| Characteristics Mintmuns Muaximum Mean Characteristics  Minfmum Maxinum Mean
Hr 1547 19,22 17,70+0,86 SE 2.10 302 24424021
KM 89,35 95,29 91,66+1,31 ME 1,72 248 2004017
| HK 5,51 14,10 945£1,78 NYD 110,52 240,71 153,74429.92
! OM 75.25 86,23 82224252 P 1200 2500 2004306
| HY 132 4,21 2284065 K 1100 2699 19324342
| ADF 33.21 5841 4837+560 Ca 2100 900 68021697
| NDF 2547 64,40 43491842 Mg 1418 2800 2107£330
| ADL 12.79 19,86 16,71£1,50 Cu 3,72 2745 18814+3.85
| Sel. 21,83 45,06 34874517 Mn 19,15 36,3 27,1544,60
RP/48S8a, 47,13 69,13 6301530  Fe 16847 317,51 249,73433.81
| KMS 42.70 64,15 50684483 Zn 11,24 28,44 21,7613.72
e y '
f g
B ‘ »" ( ,/ | Unaariar/ |
) { ; Characteriisriey |
" ' ] / ) | o HP
J 4 ! B -
- B0 ) - HE
= 40 / L OM
= / o MY
E ecc 4 / e 4 ADF
E o ! i NDE
& 0 o 2w f 4 i
'g 10 A ! — Sl
- ! - RPAGxs
20 ) 4 KNS
" /{ : SR
10 ] ~ - - MR
! L NYD
f Il ®. P
i K
;‘,” ‘ , ——Ca |
L1000 -5000 5000 10000 15000 20000 25000
Veriler/ Data

Sekil 3.1. K. ceratoides, A. canescens, Q. infectoria ve Q. robur’a ait dagilim grafigi
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Tablo 3.2. K. ceratoides, A. canescens, Q. infectoria ve Q. robur’a ait mineral madde miktarlari. P: Fosfor, K:
Potasyum, Ca: Kalsiyum, Mg: Magnezyum, Cu: (ppm)Bakir, Mn: (ppm) Mangan, Fe: (ppm) Demir, Zn: (ppm) Cinko

P K Ca Mg |Cu Mn e \Zn
| Krascheninmkovia ceratoides 2500 1770 9900 2800 8,72 26.3 317.54 1124
| Ataplex canescens 2462 2699 8484 1418 2745 33.84 16845 | 2233
Quercus infectoria 1852 2240 6724 2522 19.6 19.15 2901.28 25.04
Quercus robur 1200 1100 2100 1687 19.48 19,32 22141 28,44
Ortalama 2003,5 | 195225 | 6802 | 2106,75 | 18,81 27.15 249,67 | 21,76
SX 61245 | 683,13 | 3393,21 | 659,19 769 9.20 67,66 745

Tablo 3.3. K. ceratoides, A. canescens, Q. infectoria ve Q. robur’a ait besin madde igerikleri. HP: Ham Protein, KM: %
Kuru Madde, HK: % Ham Kiil, OM: % Organik Madde, HY: % Ham Yag, ADF: Asit Deterjan Fiber, NDF: Notr
Deterjan Fiber, ADL: Asit Deterjan Lignin, SEL: Seliiloz, RP/48Sa: Hazmolunabilirlik, KMS: % Kuru Madde
Sindirilebilirligi, SE: (Mcal kg-1) Sindirilebilir Enerji, ME: (Mcal kg-1) Metebolik Enerji, NYD: Nispi Yem Degeri

K. ceratoides A. canescens Q. infectoria Q. robur Ortalama
HP 18.86 19,22 15,47 17.25 17,741.72
KM 95,20 89,35 91,74 90,27 91,66+2.61
HK 9,73 14,1 5.51 8.45 9444357
oM 85,56 75,25 86.23 31,82 82,21+5.03
HY 4.21 1325 | 1993 | 158 | 227132
ADF 33,21 46,86 55 58.41 48,37411,21
NDF 64.4 25,47 48,58 35.5 43,48+16 85
ADL 12,79 16,288 19,86 17,9 16,7042,99
Sel. 21.83 31.628 40,946 45,063 34.86+10.35
RP/48sa. 47.13 69.13 67,59 68,2 63.01% 10,61
KMS (%) 64.15 51.11 44,75 427 50.67+9.67
SE (Mcal kg-1) 3.02 2,46 219 2.1 2.44+0,41
ME (Mecal kg-1) 248 2,02 1.8 1,72 2004034
NYD 119,32 240,73 110,53 144,33 153,72+59,74
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4. Sonuglar ve tartisma

Calilar, mera kapasitesi zayif olan iilkemizde otlatilabilecek bitkilerin sinirlt oldugu alanlarda 6nemli bir yem
kaynagi olarak gorev yaptiklari gibi ayn1 zamanda topragin yerinde tutulmasi ve topragin organik madde miktarmnin
arttirilmasi agisindan da énemlidirler. Ozellikle K. ceratoides (L.) Gueldenst, A. canescens (Pursh.) Nutt, Q. infectoria
G. Olivier ve Q. robur L. hayvancilik i¢in bitkisel yem kaynagi olarak degerli bir bitkidir. Bu ¢alilar icerisinde 6zellikle
A. canacens tuza ve kurakliga dayaniklilhigi bakimindan, K. ceratoides, kurak zamanlarda yem kaynagi olarak Q.
infectoria ve Q. robur ise kurak zamanlarda uzun omiirliliiklerinden dolay1 gerek biiyiikbas 6zellikle de kiigiikbas
hayvanlar i¢in iyi bir yem kaynagidirlar. Nitekim yapilan arastirmalarda %10’dan fazla ham proteine sahip K.
ceratoides gibi ¢alilarin 6zellikle merada otlayan hayvanlar igin kurak sezonlarda degerli bir yem kaynagi oldugu ortaya
konmustur [15].

Q. infectoria ve Q. robur 6zellikle kurak gecen sezonlarda ormanlik alanlarda 6zellikle yiiksek ham protein
ve bunun yani sira diisik ADF ve NDF degerlerine sahip olmalarindan dolay1 meralarin otlatma kapasitesinin diisiik
oldugu zamanlarda mevcudiyetleri ile hayvan beslenmesinde onemli katki yapiklari bildirilmigtir [16].

Yine aym sekilde orijini ABD olan A. canascens kurak ve tuzlu alanlarda iyi gelismesi ile hayvan
yetistiriciliginde 6nemli protein ve enerji kaynagi olarak degerlendirilebilir. Diger taraftan K. ceratoides ise yar1 kurak
ve kurak iklime sahip sert kislar1 olan bozkir alanlarda ve bu alanlar igerisindeki zayif meralarda ayni sekilde hayvan
beslemesi i¢in hayvan yeminin kit oldugu zamanlarda iyi bir yem kaynagi olarak degerlendirilebilir [17].

Tablo 3.2.’de goriildiigii gibi A. canascens fosfor ve potasyum bakimindan, K. ceratoides kalsiyum,
magnezyum, mangan, demir bakimindan ve Q. robur ise bakir bakimindan en fazla degere sahip olan bitkiler olarak
belirlenmistir. Dolayisiyla mineral madde bakimindan incelenen ¢alilarin mineral besin igerikleri asag1 yukar1 birbirine
yakin olarak belirlenmis olup, bu g¢alilar mineral besleyicilik agisindan yeterlidirler. Yapilan arastrmalarda mineral
maddelerin bitkilerin temel yapi taglar1 olarak biyokimyasal olaylarda, bitki gelismesinde ve kuru madde iiretiminde ¢ok
onemli rol oynadiklari; bunun yani sira yine mineral maddelerin bitkinin savunma sistemlerinin olusturulmasinda
biyotik ve abiyotik streslere karsi dayanikliliginin artmasinda; bunun yani sira bitkilerin lezzetliliginde ¢ok onemli
fonksiyon iistlendikleri belirtilmistir.

Fosfor fotosentez ve metabolik olaylarda enerjinin aktarimi ve stoklanmasi gereken durumlarda, generatif
gelismede, kuru madde olusumu ve depolanmasinda rol oynamaktadwr. Potasyum bitkinin ozmotik basmcinin
diizenlenmesinde, metabolitlerin ve minerallerin taginmasinda, protein sentezi, stoma ayarlanmasi ve hiicre
boliinmesinde gorevlidir [18]. Kalsiyum ise hiicre boliinmesi ve iyon alimi gibi birgok metabolik olayda gorev yapar.
Buna ilaveten kuraklik dahil biitiin stress sartlarinda kalsiyuma bagli proteinler olan kalmodiilinlerin yapisinda
bulunmakta ve stres sartlarinda stres proteinleri igin sinyal gérevi yapar. Stres ortaminda azalir, ancak bu azaligin diger
mineraller kadar olmadig1 bildirilmektedir [19]. Magnezyum da fotosentetik enerjinin depolanmasi, protein sentezi,
niikleotit olusumu, birgok organik bilesiklerin hidrolizi gibi metabolik olaylarda etkilidir [18]. Bakir bitki gelisiminde
belirli bir konsantrasyonda oldukg¢a yararlidir. Bakir belirli enzimlerin yapisina girerek protein sentezinde rol alir.
Belirli hormonlar i¢in sinyal gérevi yapan Cu fotosentezde, mitokondriyal respirasyonda rol oynar [18]. Mangan, bakir
gibi belirli bir konsantrasyonda bitki gelisimi i¢in dnemlidir. iz element olan Mangan fotosentez, solunum, enzim
aktivasyonunda ve antioksidatif metabolizmada rol oynar [18, 20]. Demir bitkide kuru madde iretimi i¢in hayati olup,
klorofilin esas maddesidir, klorofillerde olugsan fotosentez ve buna bagli enzimatik rekasiyonlarda gorev alir.
Dolayisiyla bitkinin gen¢ kisimlarinin geligimi, kuru madde tiretimi Demir miktar1 ile yakindan iligkilidir [18, 21].
Cinko, bitkilerde degisik metabolik olaylarda yer almakla birlikte, yiiksek pH’da toprakta tutulur ¢inko karbonhidrat
sentezi, enzimlerin yapisinda, membran stabilitesi, fotosentez ve solunum olaylarinda protein sentezinde rol oynar [18].

Ozellikle ¢inko bitkinin gelisimi ve lezzetliligi agisindan ¢cok énemli rol {istlenmis olup, olaganiistii bir mikro
besin elementi olmasi ve tiim enzim simiflarinda eser miktarda dahi olsa bulunan iz elementtir [22]. Cok 6nemli ve farkli
hiicresel fonksiyonlar ve proteinlerin yapisal stabilitesi, biyolojik membranlarin biitiinliigii, reaktif oksijen tiirlerine
karst koruma ¢inkodan etkilenir. Biyolojik sistemlerde aktivite ve yapisal kararliliklart i¢in yaklasik 2800 protein
¢inkoya ihtiya¢ duyar [23]. Cinkonun bitkideki en 6nemli fonksiyonu protein sentezine dogrudan katilmasi ve 300’den
fazla enzimin etkinliginde dogrudan veya dolayli olarak rol almasidir [18]. Dolayisiyla diigiik ¢inko igerigi olan
topraklarda yetisen bitkilerde biiylime ve gelisme bozukluklarinm goriilmesinin sasirtici olmadig: bildirilmistir [24].

Cinko ve mangan yetersizliginde bitkilerde gelisme gerilikleri ve fotosentezde aksamalarin meydana geldigi
belirlenmistir. Cinkonun disiik biyoyararlanimi, sadece bitki verimliligini diisiirmekle kalmaz aymi zamanda
tohum/tahillarda Zn yogunlugunu diisiirerek hasat edilen iriinlerin beslenme kalitesini de distiriir [25]. Bitkilerin
biiyiime noktalar1 Zn’ya yiiksek diizeyde ihtiyag duydugu bunun bir sonucu olarak, Zn noksanlig1 altindaki bitkilerde
hiicre uzamasi, hiicre boliinmesi ve bdliinen hiicrelerin farklilasmasi gibi olaylar olumsuz bir bi¢cimde etkilenmektedir.
Sonug olarak da bitkide biiyiime durmakta ve bigim bozukluklar1 ortaya ¢ikmaktadir [26]. Bitkilerde Zn noksanligi
belirtisi olarak, bogumlar arasi kisalir ve yapraklar kiigiiliir. Yapraklarin kii¢iilmesi, en geng yapraklarda damarlar arasi
klorozla birlikte goriiliir. Monokotiledonlarda, 6zellikle de musirda, klorotik bantlar kirmizi, renksiz leke seklinde ve
yapraklarin damar aralarinda goriiliir. Daha yash yapraklarda Zn noksanligi semptomlar1 esasen fosfor toksisitesi veya
fototoksidasyon kaynaklandigi bildirilmistir [27]. Biiylime olaymin Zn noksanliginda azalmasina neden olarak, protein

Usability of Krascheninnikovia ceratoides, Atriplex canescens, Quercus infectoria and Quercus robur as Feed
Celalettin AYGUN, Murat OLGUN, Ismiihan POTOGLU ERKARA, Onur KOYUNCU, Murat ARDIC, Okan SEZER



214 Biological Diversity and Conservation — 13 / 1 (2020)

sentezinin siirlanmasi ve fitohormon metabolizmasinin bozulmasi olarak gosterilmistir [18]. Cinko, toksik olan O,
radikalllerinin hem sentezini sinirlamakta hem de detoksifikasyonunu saglamaktadwr. Bu yonii ile Zn, hiicre
yaslanmasinda ve tahribatinda belirleyici rolii olan toksik O radikallerine karsi hiicrenin en &nemli koruyucu
unsurlarmdan biridir [28].

Buradan hareketle bitkilerdeki mineral seviyesinin yeterli olmas1 saglikli bitki gelisimi ve birim alandan daha
kaliteli ve yliksek verim agisindan ¢ok 6nemli oldugu goriilmektedir. Minerallerin fonksiyonelligi, alim1 ve bitkideki
miktar1 bitki sagligi ile cok yakindan ilgilidir [29].

Tablo 3.3.’de goériilebilecegi gibi kuru madde yoniinden galilar benzer &zellik gostermesine ragmen,
hazmolunabilirlik agisindan K. ceratoides ve A. canescens’in diger Q. infectoria ve Q. robur’a. gore daha zengin igerige
sahip oldugu belirlenmistir. Yine ham kiil acisindan A. canascens diger ii¢ ¢aliya gore oldukca yiiksek degere sahip
olmustur. Organik madde agisindan K. ceratoides ile Q. infectoria diger iki tiire gére nispi olarak daha yiiksek olmasina
ragmen ham yag acisindan K. ceratoides diger tiirlere gore daha zengin yag icerigine sahiptir. ADF agisindan Q.
infectoria ve Q. robur diger iki ¢aliya gore daha yiiksek igerige sahipken, K. ceratoides NDF agisindan diger ¢ali
tiirlerine gore daha yliksek bir degere sahiptir. Q. infectoria ve Q. robur seliiloz yoniinden daha yiiksek degerlere sahip
olmasina ragmen 48 saatte parcalanabilirlik agisindan K. ceratoides disindaki diger {i¢ tiir daha yiiksek oranda bir
parcalanma gostermistir. (KMS) kuru madde sindirilebilirligi agisindan K. ceratoides ve A. canascens den yiiksek
sonuglar1 vermistir. Sindirilebilir enerji (SE) yoniinden K. ceratoides digerlerine gore daha yiiksek olurken metabolik
enerji (ME) yoniinden K. ceratoides ve A. canascens tiirleri Q. infectoria ve Q. robur gére daha yiiksek sonug vermistir.
Diger taraftan Nispi Yem Degeri (NYD) agisindan A. canascens diger iig tiire gore daha yiiksek bir degere sahiptir.

Bu agiklamalarin 15181 altinda 6zellikle A. canascens ve yakin degerlere sahip olan K. ceratoides’in yiiksek
ham protein, kuru madde, ham kiil, organik madde, ham yag, seliiloz, rumende pargalanabilme, kuru madde
sindirilebilirligi, sindirilebilir enerji, metabolik enerji ve nispi yem degeri bakimindan yiiksek, kaliteli ve ayn1 zamanda
diisiik ADL degerlerinden dolayi tercih edilebilir bitkiler oldugu ortaya ¢ikmaktadir. Kutlu ve ark., (2005) [30]’e gore
bir yemin degeri bu yemin hayvanin viicudunda belli amaglarla degerlendirilme giicii olarak bildirilmektedir. Nitekim
yapilan birgok arastirma da hayvanlar tarafinda tercih edilebilir ve besin degeri agisindan yiiksek kaliteli bir bitkinin
ozellikle ham protein, kuru madde, ham kiil, organik madde, ham yag, rumende parcalanabilme, nispi yem degeri, kuru
madde sindirilebilirligi, sindirilebilir enerji ve metabolik enerji bakimindan istenen seviyede yiiksek degerlere sahip
olmas1 gerekmektedir. Ozellikle ham protein, rumende pargalanabilirlik, kuru madde nispi yem degeri bakimmdan
bitkinin yiiksek igerige sahip olmasi gerektigi yapilan ¢aligmalarda ortaya konusmustur. Aygiin ve ark., (2014) [31] A.
canascens’in, hayvanlar tarafindan tercih edilebilmesi, yine Erdogdu ve ark (2014) [32] A. canascens’in, Estes (2008)
[33] K. ceratoides in marjinal alanlar i¢in, Ozcan ve Burcu. (2005) [34]’e gore Q. robur ve Q. infectoria’nin mikro ve
makro element igeriklerinin hayvancilik i¢in onemli oldugunu bildirmiglerdir. Quercus tiirlerinin PEG igerikleri ile
kiigiikbag beslemeleri i¢in yem potansiyeline sahip olduklarmni bildirmistir [35]. Q. robur yaprak igerikleri, kimyasal
kompozisyonu {izerinde yapilan ¢aligmalarda hayvan yemi olarak kullanilabilecegi bildirilmistir [16].

Sekilde 3.2.’de de goriilecegi gibi Q. infectoria ve Q. robur bir gruba ait iken K. ceratoides ve A. canascens
tek baslarina ayr1 gruplar1 olusturmuslardir. Besin degerleri bakimindan ise bes grup meydana gelmistir. Ilk grubu Ca,
Mg, K, P, olustururken; Fe, Nispi yem deger, organik madde, kuru madde baska bir grubu olusturmustur. Ugiincii diger
bir grubu Seliiloz, KMS, NDF, 48 saatte rumen pargalanabilirligi ve ADF olustururken; dordiincii gurubu ise metabolik
ve sindirilebilir enerji, ham yag olusturmustur. Son grup ise ham kiil, Zn, Mn, Cu, ADL ve Ham proteinden olusmustur.

Sonug olarak, eldeki veriler 1s1imnda hayvan beslemede dnemli yere sahip olan meralarimizin yetersiz oldugu
zamanlarda ve alanlarda ilave yem katkist ve stok yem olarak kullanilabilme 6zelligine sahip K. ceratoides, A.
canascens, Q. infectoria ve Q. robur’un besin madde igerikleri ve yem degerleri ile kullanilabilecek ozellikte ve
yeterlikte olduklar1 belirlenmis olup bu taksonlar 6zellikle marjinal alanlarda ve kurak sezonlarda 6nerilmektedir.
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Abstract

In this study, it was aimed to determine the seed plant diversity of Ankara University 10. Y1l (Besevler) Campus.
As a result of the study, a total of 445 taxa belonging to 281 genera from 79 different families were determined. From
Gymnospermae subdivision, 31 taxa belong to 14 genera of 5 families were determined. From Angiospermae subdivision,
57 taxa from 10 families belong to Monocotyl group, 356 taxa from 63 families belong to Eudicot groups, and 1 taxa from
1 family (Nymphaceae) Non-Eudicot basal group were determined. The eight of the determined 445 taxa are endemic for
Turkey with the ratio of 1,8%. In addition, 151 of the taxa in the campus area are woody (trees or shrubs) and the remaining
294 taxa are annual or perennial herbaceous plants. In addition, 266 of the taxa in the campus area grow naturally, but the
remaining 179 taxa are not natural (plantation or cultivation).

Key words: Ankara University, B4 square, campus, endemic, flora

*

Ankara Universitesi 10. y1l (Besevler) yerleskesinin bitki biyocesitliligi

Ozet

Bu calismada, Ankara Universitesi 10. Y1l (Besevler) yerleskesinin tohumlu bitki cesitliligi belirlenmesi
amaclanmistir. Caligma sonucunda yerlegke icerisinde 79 farkli familyadan, 281 cinse ait tiir ve tiir alt1 diizeyde toplam
445 takson tespit edilmistir. Gymnospermae alt subesinde 5 familyadan 14 cinse ait toplam 31 takson tespit edilmistir.
Angiospermae alt subesi Monokotil gruba ait 10 familyadan 57 takson, Odikotil gruba ait 63 familyadan toplam 356
takson ve Odikotil olmayan bazal gruba ait 1 familyadan (Nymphaceae) 1 takson tespit edilmistir. Tespit edilen 445
taksondan sadece 8 tanesi endemik olup endemizm orani ise % 1,8’dir. Ayrica, yerleske igerisinde belirlenen taksonlardan
151’1 odunlu (agag, agacgik veya gal), geriye kalan 294 takson ise tek veya ¢ok yillik otsu bitkilerdir. ilave olarak,
Kampiis alanindaki taksonlarin 266 tanesi dogal olarak yetismekte fakat geriye kalan 179 takson ise plantasyon veya
yetistirme sonucu alanda bulunmaktadir.

Anahtar kelimeler: Ankara Universitesi, B4 karesi, endemik, flora, kampiis
1. Giris

Universite yerleskeleri, 6zellikle uygulamali bdliimler i¢in dogal laboratuvar 6zelligine sahip olup kendi iginde
onemli bir biyogesitlilige sahiptir [1, 2]. Koklii ve yerlesik bir yapiya sahip iiniversite yerleskeleri, biyogesitliligin
korundugu alanlar olarak kargimiza ¢ikarken, yeni kurulan {iniversitelerde ingaat, plantasyon, peyzaj ve antropojenik etiler
nedeniyle biyogesitlilik kompozisyonu degiskenlik gostermektedir [3, 4]. Bu durumun 6ncelikli etkileri yerleskelerin
floristik yapis1 tizerinde kendini gostermektedir. Bu sebepten dolay: iilkemizde pek cok iiniversite yerleskesinin bitki
biyogesitliliginin ortaya konmasi amaciyla floristik ¢aligmalar yapilmig veya yapilmaya devam edilmektedir [3, 5, 6, 7].
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Ankara tiniversitesi, 1946 yilinda Cumhuriyetin ilanindan sonra resmi olarak kurulan ilk iiniversitedir. Yaklasik
75 yillik bir gegmise sahip Ankara Universitesinin merkez kampiis olarak secilen ve bu ¢alismaya konu olan 10. Y1l
(Besevler) Yerleskesi, gegen 75 yil zarfinda pek ¢ok degisime ugramis ve giiniimiizdeki halini almistir. Sehir merkezi
icerisinde yer almasina kargin kampiis alaninin bazi boliimleri halen dogal yapisini korumaktadir. Bu yilizdendir ki kendine
0zgii bir biyogesitlilige sahiptir. Bunun 6nemli géstergelerinde biri, bu ¢alismanin 6ncesinde yapilan ¢aligmalarda 10. Y1l
yerleskesi igerisinde 162 mantar tiiriiniin belirlenmis olmasidir [8, 9, 10].

Buradan yola ¢ikarak bu c¢alismayla daha onceden floristik a¢idan g¢alisgilmamis olan 10. Yil (Besevler)
Yerleskesinin bitki biyogesitliligi ortaya konmustur.

1.1 Caliyma alaninin cografik durumu

Ankara Universitesi 10. Yil (Tandogan) Yerleskesi Ankara ili Cankaya ilgesi sinirlar1 igerisinde ve cografik
olarak giineyde 39.936800° K ve kuzeyde 39.937350° K paralelleri ile batida 32.826330° D ve doguda 32.835720° D
meridyenleri arasinda yer almaktadir. Kampiis ¢cevresinde Anitkabir, Makine Kimya Endiistrisi Kurumu, Tarihi Ankara
Gar1, Gazi Universitesi gibi cok énemli yerleskeler bulunmaktadir. Onuncu yil yerleskesi yaklasik 195.000 m? lik bir
alana sahip olup yerleske i¢inde Eczacilik ve Fen Fakiiltelerinin yani sira Rektorliik, spor kompleksi ve farkli ydonetim
binalar1 bulunmaktadir. Grid kareleme sistemine gore de B4 karesi igerisinde yer almaktadir (Sekil 1).

Image ©20191DigitalGlobe

Sekil 1. Kampiis alaninin uydu fotografi ve parseller (=== kampiis alani sinir1, — parsel smirlar1)

1.2 Calisma alanminin iklimsel ézellikleri

Kampiis alani, Ankara ili meteoroloji istasyonundan elde edilen verilere gore yar1 kurak, alt Akdeniz iklimi kat1
igerisinde bulunmaktadir. Ankara’nin yillik sicaklik ortalamasi 12.1 °C, yillik yagis ortalamasi 410.5 mm? (Sekil 2) ve
ortalama nispi nem miktart ise % 60.7’dir. Mevsimlere gore ortalama yagis miktarlar1 dikkate alindiginda, ilkbahar
aylarinda toplam 140.9 mm?, yaz aylarinda toplam 64.6 mm?, sonbahar aylarinda toplam 84.5 mm? ve kis aylarinda toplam
120.4 mm?® yagis goriilmektedir. Bu durum dikkate alindiginda, Ankara ili yagis rejimi bakimindan (I.K.S.Y) seklinde ve
Dogu Akdeniz yagis rejimi 2. tipi i¢erisinde yer almaktadir.

2. Materyal ve yontem

Bu ¢alismanin materyali, 2018 ve 2020 yillar1 arasinda Mart-Kasim aylar1 arasma denk gelen vejetasyon
donemlerinde toplanan 750 bitki 6rneginden olugsmaktadir. Arazi ¢aligmalari, alanin kiigiik olmasi sebebiyle haftada bir
ve giiniibirlik olarak yapilmistir.

Toplanan 6rnekler uygun yontemle preslenmis, kurutulmus, kartonlara yapistirilmis ve herbaryum materyali
haline getirilmistir. Ornekler Ankara Universitesi Fen Fakiiltesi Biyoloji Béliimii Herbaryumuna (Herbaryum ANK)
yerlestirilmistir.
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Sekil 2. Ankara ili Merkez (9. Bolge) istasyonuna ait ombrotermik iklim diyagrami; a) istasyon adi, b) istasyon rakimi,
C) rasat siiresi, d) yillik ortalama sicaklik, e) toplam yillik yagis ortalamasi, f) yagis egrisi, g) sicaklik egrisi, h) yagish
donem, i) kurak donem, k) muhtemel donlu aylar, 1) don ihtimali olan aylar

Caligma alanindan toplanan ve dogal yayilisa sahip drnekler “Tiirkiye Floras1” ciltleri kullanilarak [12, 13, 14],
yerleske icerisinde plantasyon veya peyzaj diizenlemeleri sonucu bulunan egzotik tiirler ise konuyla ilgili literatiirlere
[15, 16, 17, 18] gore teshis edilmistir. Ayrica teshisinde giigliik gekilen bazi taksonlarin teshisi, ANK herbaryumunda
bulunan ornekler ile kiyaslanmak suretiyle yapilmistir. Belirlenen taksonlarin otor adlarinin yazinm igin “Authors of
Plants Name” [19] adh eser ile “The Plant List” ve “International Plant Names Index” gibi giincel internet siteleri
temel alinmigtir [20, 21].

Caligma sonucu belirlenen taksonlar ise APG sitemine gore diizenlenmis ve alfabetik diizene goére listelenmistir.
Alanda plantasyon veya peyzaj diizenlenmesi sonucu yayilig gosteren taksonlar “*” isareti ile gosterilmistir. Calisma
alaninda olas1 endemik ve nadir bitkilerin tehlike kategorileri “Tiirkiye Bitkileri Kirmiz1 Kitab1” adli esere gore
belirlenmis [22], ancak kategoriler IUCN version 14’¢ gore yeniden diizenlenmistir [23]. Arastirma alaninin kiigiik
olmasindan dolayi 8 farkl istasyona boliinmiis ve buna bagli olarak tasonlarin lokalite bilgileri uzun sekilde yazilmayip
asagida liste halinde verilen istasyonlara ait kod numaralar1 kullanilmigtir (Tablo 1). Ayrica alanda bulunan endemik ve
nadir 6 adet geofit bitki taksonu igin drnekleme yapilmayip canl 6rnek iizerinden teshisleri yapilmistir.

Calisma alaninin iklimsel dzelliklerinin belirlenmesi amaciyla Tarim ve Orman Bakanlig1 Devlet meteoroloji
Genel Midiirligli Ankara ili Kegioren Meteoroloji Bolge Miidiirliigii istasyonundan elde edilen 45 yillik sicaklik, yagis
ve nem gibi veriler kullanilmustir. Elde edilen verilerin yorumlanmasi igin “Iklim ve Biyoiklim” adli eser temel alinmis
[11] ve bu veriler dogrultusunda da Ankara ili igin ombrotermik iklim diyagramu ¢izilmistir (Sekil 2).

Tablo 1. Calisma alanindaki istasyonlarin listesi

Istasyon kodu Istasyonlar Istasyon kodu Istasyonlar
1 Eczacilik Fakiiltesi ¢cevresi 5 Fen Fakiiltesi C ve F Blok ¢evresi
2 Rektorliik gevresi 6 Fen Fakiiltesi D Blok ¢evresi
3 Fen Fakiiltesi A Blok g¢evresi ve i¢ bahgeler 7 Rekreasyon alani ¢evresi
4 Fen Fakiiltesi B Blok ¢evresi ve i¢ bahgeler 8 Olimpik yiizme havuz ve gevresi

Caligma alani haritasi “Google Earth” programi kullanilarak hazirlanmistir (Sekil 1). Alanin iklimsel verileri ise
Tarim ve Orman Bakanligi Devlet meteoroloji Genel Miidiirliigiinden temin edilmis [24] ve verilerin analizi i¢in “Iklim
ve Biyoiklim” adl eserden yararlanilmigtir [11]
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3. Bulgular

GYMNOSPERMAE

1. CUPRESSACEAE

*Chamaecyparis lawsoniana (A. Murr.) Parl., 5,7,8,
865 m, 22.06.2019, Bagkose-4585.

*Cryptomeria japonica (Thunb. ex L.f.) D.Don, 3, 865
m, 8.07.2019, Baskose-4697.

*x Cupressocyparis leylandii (A.B.Jacks. & Dallim.)
Dallim., 3,4, 865 m, 22.06.2019, Baskose-4622.
*Cupressus arizonica Greene, 3,4, 865 m, 22.06.2019,
Basko6se-4599.

*Cupressus macrocarpa Harw. Ex Gordon, 7, 865 m,
22.06.2019, Bagkose-4600.

*Cupressus sempervirens L., 8, 865 m, 22.06.2019,
Baskose-4601.

*Juniperus chinensis L., 3,57, 865 m, 22.06.2019,
Basgkose-4612.

*Juniperus communis L. var. communis, 8, 865 m,
22.06.2019, Bagkose-4610.

*Juniperus excelsa M.Bieb., 8, 865 m, 28.06.2019,
Bask6se-4657.

*Juniperus horizontalis Moench, 5, 865 m, 22.06.2019,
Basko6se-4613.

*Juniperus sabina L., 2,4, 865 m, 22.06.2019, Basgkdose-
4594,

*Juniperus virginiana L. 3,4, 865 m, 22.06.2019,
Bagkose-4598

*Platycladus orientalis (L.) Franco., 1—6, 865 m,
7.06.2019, Baskdse-4534.

*Thuja occidentalis L., 2,4, 22.06.2019, Bask4se-4602.

2. PINACEAE

*Abies cilicica (Antoine & Kotschy) Carriére subsp.
cilicica, 3,4, 865 m, 22.06.2019, Baskose-4574.

*Abies nordmanniana  (Stev.) Spach.  subsp.
nordmanniana, 8, 365 m, 24.07.2020, Baskose-4938.
*Abies pinsapo Boiss., 5, 865 m, 22.06.2019, Baskose-
4588.

*Cedrus atlantica (Endl.) Manetti ex Carr, 2, 865 m,
22.06.2019, Bagkose-4589.

*Cedrus deodora (Roxb. ex Lamb.) G.Don, 2,4, 865 m,
22.06.2019, Bagkose-4591.

*Cedrus libani A.Rich. var. libani, 1—-7, 865 m,
22.06.2019, Baskose-4597.

*Picea abies (L.) H.Karst., 7, 865 m, 30.03.2020,
Baskose-4898.

*Picea orientalis (L.) Link., 2,4, 865 m, 22.06.2019,
Baskose-4577.

*Picea pungens Engelm., 2—6, 865 m, 22.06.2019,
Bagkose-4623.

*Pinus brutia L. var. brutia, 2, 865 m, 22.06.2019,
Baskose-4590.

*Pinus nigra Arnold. subsp. pallasiana (Lamb.)
Holmboe var. pallasiana, 3—8, 865 m, 16.04.2019,
Bagkdse-4186 ve 4595.

*Pinus nigra Arnold. subsp. pallasiana (Lamb.)
Holmboe var. fastigiata, 2, 865 m, 28.06.2019, Baskose-
4663. Endemik.

*Pinus pinea L. 5, 865 m, 22.06.2019, Baskdse-4587

*Pinus sylvestris L. var. hamata, 3,7, 865 m,
16.04.2018, Baskose-4185.

*Pinus wallichiana A.B.Jacks., 3,4, 865 m, 16.05.2018,
Baskdose-4234.

3. EPHEDRACEAE
*Ephedra major Host., 1, 865 m, 19.06.2019, Baskdse-
4555,

4. GINKGOACEAE
*Ginkgo biloba L., 1,4,5, 865 m, 28.06.2019, Baskdse-
4675.

5. TAXACEAE
*Taxus baccata L., 1,2, 865 m, 19.06.2019, Baskdose-
4553,

ANGIOSPERMAE

6. ADOXACEAE

*Sambucus nigra L., 2,3,5, 865 m, 28.06.2019,
Baskose-4667.

*Viburnum farreri Stearn, 6, 865 m, 28.06.2019,
Baskose-4664.

*Viburnum opulus L., 6,7, 865 m, 22.06.2019,
Baskose-4611.

*Viburnum tinus L., 2,3,4, 865 m, 16.04.2018,
Baskdose-42009.

7. AMARANTHACEAE

Amaranthus albus L., 6, 865 m, 17.07.2018, Baskose-
4382 ve 4383.

Amaranthus blitoides S.Watson, 7, 865 m, 29.06.2018,
Baskose-4354.

Amaranthus retroflexus L., 5,6, 865 m, 29.06.2018,
Bagkdse-4346 ve 4392.

Amaranthus viridis L., 5, 17.09.2018, Baskose-4420.
Atriplex micrantha Ledeb., 6, 865 m, 22.06.2019,
Bagkose-4617.

Atriplex laevis Ledeb., 6, 865 m, 29.06.2018, Baskdse-
4347,

Atriplex patula L., 5,6, 865 m, 22.06.2019, Baskose-
4615.

Atriplex prostrata Boucher ex DC., 5 865 m,
17.09.2018, Baskose-4423.

Atriplex rosea L., 7, 865 m, 22.06.2019, Bask6se-4616.
Atriplex sagittata Borkh., 4,5, 865 m, 28.06.2019,
Baskose-4645.

Beta lomatogona Fisch. & C.A.Mey., 5, 865 m,
21.05.2020, Bagkose-4924.

Chenopodium album L. subsp. album var. album,
5,6,7, 865 m, 17.09.2018, Baskdse-4352, 4397, 4424 ve
4425,

Chenopodium opulifolium Schrad. ex W.D.J.Koch &
Ziz, 5,6, 865 m, 4.09.2018, Baskose-4413 ve 4419,
Chenopodium urbicum L., 5,7, 865 m, 13.08.2018,
Bagkdse-4391 ve 4421.

Chenopodium vulvaria L., 5,6,7, 865 m, 29.06.2018,
Baskose-4352 ve 4422.
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8. AMARYLLIDACEAE

*Allium karamanoglui Koyuncu & Kollmann, 3,
29.04.2020, Baskose-4904, Endemik.

*Allium neopolitanum Cirillo, 1, 865 m, 29.04.2020,
Basko6se-4906.

*Allium orientale Boiss., 1, 865 m, 7.06.2019, Baskose-
4525,

*Allium paniculatum L. subsp. paniculatum, 3, 865 m,
8.07.2019, Bask4se-4737.

Allium scorodoprasum L. subsp. rotundum L., 7, 865
m, 29.06.2020, Baskose-4935.

*Allium sativum L., 5, 865 m, 19.06.2019, Bagksse-
4567.

*Galanthus elwesii Hook.f. var. elwesii, 3, 865 m,
13.03.2020, Bask6se-4889.

*Narcissus pseudonarcissus L., 3, 865 m, 19.03.2019,
Basko6se-4887.

*Sternbergia candida B.Mathew & T.Baytop, 3, 865 m,
14.02.2019, Endemik.

*Sternbergia vernalis (Mill.) Gorer & J.H.Harvey, 3,
865 m, 8.10.2018.

9. ANACARDIACEAE

*Cotinus coggygria Scop., 4,6,7,8, 865 m, 16.05.2018,
Baskose-4260.

*Rhus typhina L. 3,7, 865 m, 16.05.2018, Baskdose-
4295,

10. APIACEAE

Anthriscus caucalis M.Bieb., 3, 865 m, 23.05.2018,
Basko6se-4316.

Anthriscus nemorosa (M.Bieb.) Spreng., 3,4, 865 m,
23.05.2018, Bagkose-4322.

Echinophora tenuifolia L. subsp. sibthorpiana (Guss.)
Tutin, 4, 865 m, 22.07.2019, Baskose-4749.

Daucus carota L., 4, 865 m, 02.07.2018, Bask6se-4373.
Eryngium campestre L., 4, 865 m, 13.06.2019,
Bask6se-4548.

Lisaea papyracea Boiss., 5, 865 m, 865 m, 07.06.2019,
Baskose-4523.

Malabaila secacul (Mill.) Boiss. subsp. secacul, 4,6, 865
m, 23.05.2018, Baskose-4304.

Pimpinella peregrina L., 3, 865 m, 23.05.2018,
Baskose-4324.

Torilis arvensis (Huds.) Link subsp. arvensis, 3,4,6, 865
m, 01.06.2018, Baskose-4334.

Torilis nodosa (L.) Gaertn., 4,6, 865 m, 29.05.2019,
Bagkose-4505

11. APOCYNACEAE

*Cynanchum acutum L. subsp. acutum, 7, 865 m,
28.06.2019, Baskose-4688.

*Vinca major L. subsp. major, 2,3,5, 865 m, 8.07.2019,
Baskose-4694.

*Vinca minor L., 2,3,4, 865 m, 28.06.2019, Baskose-
4672.

12. AQUIFOLIACEAE
*llex aquifolium L., 3, 865 m, 28.06.2019, Baskose-
4659.

13. ARACEAE
Arum rupicola Boiss. var. rupicola, 3, 865 m,
29.04.2020, Baskodse-4903.

14. ARALIACEAE

*Hedera colchica (K.Koch) K.Koch, 6, 865 m,
28.06.2019, Baskodse-4643.

Hedera helix L., 1,3,6,8, 865 m, 8.07.2019, Baskose-
4712,

15. ASPARAGACEAE

*Asparagus officinalis L. subsp. officinalis, 5, 865 m,
13.06.2019, Bagkose-4543.

*Hyacinthus oriantalis L. subsp. orientalis, 3,5, 865 m,
10.02.2019, Bagkose-4894.

*Muscari neglectum Guss. ex Ten., 3,6, 865 m,
17.04.2019, Baskose-4888.

*Ornithogalum lanceolatum Labill., 3, 865 m,
10.02.2019, Baskdse-4890.

*Ornithogalum sphaerocarpum A.Kern., 4, 865 m,
23.05.2018, Bagkose-4311.

*Ornithogalum umbellatum L., 3,45 865 m,
16.04.2018, Bagkose-4201.

*Ruscus aculeatus L. var. aculeatus, 3, 865 m,
28.06.2019, Bagkodse-4634.

*Scilla bifolia L., 3, 865 m, 6.02.2019, Bask(se-4895.
*Scilla luciliae (Boiss.) Speta, 3, 865 m, 6.02.2019,
Endemik.

*Yucca filamentosa L., 2,3,5,8, 865 m, 22.06.2019,
Baskose-4621.

16. ASPHODELACEAE
*Hemerocallis fulva (L.) L. var. fulva, 2,3, 865 m,
22.06.2019, Baskose-4583.

17. ASTERACEAE

Achillea arabica Kotschy, 2,5, 865 m, 16.05.2018,
Baskose- 4240.

Achillea millefolium L. subsp. millefolium var.
millefolium, 2, 865 m, 23.05.2018, Baskose- 4299, 4372
ve 4385.

Arctium minus (Hill) Bernh., 3,5,8, 1.06.2018, 865 m,
Baskdse-4330.

Artemisia vulgaris L., 5, 865 m, 25.09.2018, Baskdse-
4436.

Bellis perennis L., 3,4, 865 m, 19.06.2019, Bagkose-
4558.

Carduus nutans L. (s.l.), 4, 865 m, 23.05.2018,
Bagkose- 4315.

Carduus pycnocephalus L. var. pycnocephalus, 1,3,4,
865 m, 16.04.2018, Bagkose-4206.

Centaurea solstitialis L. subsp. solstitialis, 8,
8.07.2019, Bagkose-4704.

Chardinia orientalis (L.) Kuntze, 4, 865 m, 23.05.2018,
Baskose-4314.

Chondrilla juncea L., 1,2,3,6,7, 865 m, 28.08.2018,
Baskdse- 4409.

Cichorium intybus L., 1,2,3,5,6, 865 m, 1.06.2018,
Baskose-4328 ve 4551.
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Cirsium arvense (L.) Scop. subsp. vestitum, 1,2,4,
23.05.2018, 865 m, Bagkose-4320.

Cirsium vulgare (Savi) Ten., 4,6, 865 m, 1.06.2018,
Baskose- 4331.

Conyza bonariensis (L.) Cronquist, 7, 865 m,
25.09.2018, Bagkose-4440.

Conyza canadensis (L.) Cronquist, 2,3,7, 865 m,
6.07.2018, Baskose-4381 ve 4396.

Crepis alpina L., 1,3,4, 865 m, 16.05.2018, Bagkose-
4218

Crepis foetida L. subsp. rhoeadifolia (M.Bieb.) Celak.,
2,3,4,865m, 16.05.2018, Bagkose- 4229.

Crepis pulchra L. subsp. pulchra, 3, 865 m, 16.04.2018,
Bagkdse-4217 ve 4225.

Crepis sancta (L.) Bornm., 1,3,6, 865 m, 16.04.2018,
Baskose-4219

Crupina crupinastrum (Moris) Vis., 1,4, 865 m,
16.05.2018, Bagkose- 4228.

Cyanus depressus (M.Bieb.) Sojak, 5, 865 m,
2.05.2018, Basgkose-4767.

Filago pyramidata L., 4, 865 m, 13.06.2019, Bagkdse-
4539.

Lactuca serriola L., 1—6, 865 m, 28.06.2019, Baskose-
4648 ve 4708.

Lactuca tuberosa Jacq., 3, 865 m, 19.06.201009,
Baskose-4569.

Lactuca viminea (L.) J.Presl & C.Presl, 4, 865 m,
22.07.2019, Bagkose-4748.

Lapsana communis L. subsp. intermedia (M.Bieb.)
Hayek var. intermedia, 5, 865 m, 29.06.2020, Baskose-
4936.

Onopordum anatolicum (Boiss.) Boiss. & Heldr. ex
Eig, 3,4, 865 m, 2.07.2018, Baskose-4374,

Picnomun acarna (L.) Cass., 3, 865 m, 8.07.2019,
Basko6se-4692.

Pilosella pilisquama (Négeli & Peter) Dostal, 4, 865 m,
28.06.2019, Bagkose-4642.

Pilosella piloselloides (Vill.) Sojak subsp. magyarica
(Peter) S.Braut. & Greuter, 4, 865 m, 8.07.2019,
Baskose-4699.

Santolina chamaecyparissus L., 6, 865 m, 28.06.2019,
Bagkdse-4650.

Scorzonera cana (C.A.Mey.) Griseb. var. jacquiniana,
1, 865 m, 16.04.2018, Baskdse-4221 ve 4227.

Senecio leucanthemifolius Poir. subsp. vernalis
(Waldst. & Kit.) Greuter, 1—6, 865 m, 16.04.2018,
Baskose-4758.

Senecio vulgaris L., 3,4,6, 865 m, 30.03.2020, Baskose-
4896.

Sonchus asper (L.) Hill subsp. glaucescens (Jord.) Ball
ex Ball, 2,3,4,5, 865 m, 28.06.2019, Baskdse-4635.
Sonchus oleraceus (L.) L., 5 865 m, 16.04.2018,
Basgkose-4218.

Tanacetum parthenium (L.) Sch.Bip., 5, 865 m,
9.06.2019, Bagkose-4565.

Taraxacum officinale (L.) Weber ex F.H.Wigg, 18,
865 m, 28.06.2019, Baskose-4687.

Taraxacum serotinum (Waldst. & Kit.) Fisch., 5, 865
m, 28.08.2018, Bagkose-4411.

Tragopogon latifolius Boiss. var. angustifolius Boiss.,
3,4,5, 865 m, 16.06.2018, Baskdse-4239.

Tragopogon porrifolius L. subsp. longirostris
(Sch.Bip.) Greuter, 3,4,5, 865 m, 16.05.2018, Baskose-
4257.

Tripleurospermum tenuifolium (Kit.) Freyn ex Freyn,
2,3, 865 m, 7.06.2019, Baskose-4491 ve 4530.
Xanthium spinosum L., 3,4, 865 m, 26.07.2018,
Baskose-4388.

18. BERBERIDACEAE

*Berberis crataegina DC., 4, 865 m, 16.04.2018,
Bagkdse-4214 ve 4384.

*Berberis x media Groot. ex Boom, 2, 865 m,
8.07.2019, Baskose-4693.

*Berberis thunbergii DC., 1,5, 865 m, 22.06.2019,
Baskose-4614.

*Berberis veitchii C.K.Schneid., 1, 865 m, 7.06.2019,
Baskose-4528.

*Berberis vulgaris L., 4,5, 6.07.2018, 865 m, Baskose-
4378.

*Mahonia aquifolium (Pursh) Nutt.,, 1—8, 865 m,
22.06.2019, Baskose-4609.

19. BETULACEAE

*Betula pendula Roth., 1,3,7, 865 m, 22.06.2019,
Baskdose-4606.

*Carpinus betulus L., 7, 865 m, 28.06.2019, Baskdse-
4687.

*Corylus avellana L. var. avellana, 3,5, 865 m,
22.06.2019, Bagkose-4624.

20. BIGNONIACEAE

*Campsis radicans (L.) Seem., 8, 865 m, 8.07.2019
Baskose-4707.

*Catalpha bignonioides Walter., 6,7, 865 m, 2.06.2019,
Baskose-4575.

21. BORAGINACEAE

Anchusa azurea Mill, 5,6, 865 m, 20.05.2019, Baskose-
4492,

Anchusa leptophylla Roem. & Schult. subsp.
leptophylla, 5,8, 865 m, 16.05.2018, Baskose- 4289.
Asperugo procumbens L., 2,3,5, 865 m, 13.03.2020,
Baskose-4892.

Cynoglossum creticum Miller, 4, 865 m, 29.05.2019,
Baskose-4514.

Buglossoides arvensis  (L.) I.M.Johnst.  subsp.
sibthorpiana (Griseb.) R.Fern., 5, 865 m, 16.04.2018,
Basko6se-4211.

Echium italicum L., 7, 865 m, 1.06.2018, Baskose-
4333.

Echium wvulgare L. subsp. vulgare, 5, 865 m,
29.06.2020, Baskdse-4935.

Heliotropium lasiocarpum Fisch. & C.A.Mey., 5, 865
m, 28.08.2018, Baskose-4406 ve 4561.

Rochelia disperma (L.f.) K.Koch var. disperma, 5, 865
m, 16.04.2018, Baskose-4187.
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22. BRASSICAEAE

Alyssum desertorum Stapf, 4, 865 m, 29.03.2019,
Basko6se-4481.

Alyssum huetii Boiss., 5, 865 m, 16.05.2018, Baskose-
4252.

Brassica nigra (L.) K.Koch, 5,6, 865 m, 16.04.2019,
Baskose-4768.

Calepina irregularis (Asso) Thell, 3, 865 m,
29.03.2019, Bagkose-4480 ve 4484,

Capsella bursa-pastoris (L.) Medik., 2—7, 865 m,
19.06.2019, Bagkose-4560.

Cardamine hirsuta L., 3, 865 m, 4.03.2019, Bagkdse-
4471 ve 4479.

Clypeola jonthlaspi L., 4, 865 m, 12.04.2019, Bagkdse-
4482.

Conringia planisiliqua Fisch. & C.A.Mey., 4, 865 m,
2.07.2018, Bagkdse-4370 ve 4490.

Descurainia sophia (L.) Webb ex Prantl, 3,5, 865 m,
13.04.2020, Bagkose-4899.

Diplotaxis tenuifolia (L.) DC., 3,8, 865 m, 16.05.2018,
Baskose-4286.

Draba verna L., 4,6, 865 m, 8.03.2019, Baskose-4472.
Eruca vesicaria (L.) Cav., 4, 865 m, 16.04.2018,
Bagkose-4210.

Lepidium chalepense L., 1—3,5, 865 m, 16.05.2018,
Baskose-4285.

Lepidium latifolium L., 3,4, 865 m, 23.05.2018,
Bagkdse-4301.

Lepidium perfoliatum L., 1, 865 m, 17.04.2019,
Bagkose-4488.

Noccaea perfoliata (L.) Al-Shehbaz, 3,4, 865 m,
8.03.2019, Baskose-4473.

Rapistrum rugosum (L.) All., 1, 865 m, 23.05.2018,
Bagkose-4323.

Sinapis arvensis L., 6,7, 865 m, 16.04.2018, Baskose-
4181.

Sisymbrium altissimum L., 4, 865 m, 16.04.2018,
Bask6se-4200.

Sisymbrium loeselii L., 3—7, 865 m, 16.04.2018,
Baskose-4216 ve 4249,

23. BUXACEAE

*Buxus balearica Lam., 5,6, 22.03.2019, 865 m,
Baskose-4237, 4516 ve 4477

*Buxus microphylla Siebold & Zucc., 2, 865 m,
10.06.2020, Bagkdse-4931.

*Buxus sempervirens L. subsp. sempervirens, 5, 865
m, 22.03.2019, Baskose-4476.

24. CAMPANULACEAE

Campanula lyrata Lam. subsp. lyrata, 3, 865 m,
20.05.2019, Baskose-4498.

Campanula rapunculoides L., 5, 865 m, 2.07.2018,
Bagkdse-4364 ve 4573.

25. CANNABACEAE
*Celtis australis L. subsp australis, 1,4, 865 m,
19.06.2019, Bagkose-4554.

26. CANNACEAE
*Cannaindica L., 4, 865 m, 22.07.2019, Bask4se-4750.

27. CAPRIFOLIACEAE

*Lonicerax bella Zabel, 5, 865 m, 22.06.2019, Bagkdse-
4618.

*Lonicera caprifolium L., 6, 865 m, 7.06.2019,
Baskd6se-4520.

*Lonicera fragrantissima Lindl. & J. Paxton, 8, 865 m,
22.06.2019, Baskdse-4605.

*LoniceratataricaL., 2,3, 865 m, 28.06.2019, BaskGse-
4665.

*Pterocephalus plumosus (L.) Coult., 4, 865 m,
1.06.2018, Baskose-4336, 4375 ve 4538.

Scabiosa rotata M.Bieb., 4, 865 m, Baskose-4337.
Symphoricarpus albus (L.) S.F.Blake, 2,4,5, 865 m,
Baskose-4570.

Valerianella coronata (L.) DC., 4, 865 m, Baskose-
4268.

Valerianella vesicaria (L.) Moench, 4, 865 m, Baskose-
42609.

28. CARYOPHYLLACEAE

Arenaria sepyllifolia L. subsp. sepyllifolia, 6, 865 m,
29.05.2019, Bagkose-4504.

Bufonia virgata Boiss., 4, 865 m, 28.08.2018, Baskose-
4405.

Cerastium dichotomum L., 4, 865 m, 12.05.2020,
Baskose-4922.

*Cerastium tomentosum L., 1,3, 865 m, 29.04.2020,
Baskose-4905.

Gypsophila viscosa Murray, 4, 865 m, 16.05.2018,
Bagkose-4273.

Holosteum umbellatum L. var. umbellatum, 4, 865 m,
8.03.2019, Baskose-4474.

Minuartia hamata (Hausskn.) Mattf., 6, 865 m,
16.05.2018, Baskose-4270.

Silene dichotoma Ehrh. subsp. dichotma, 6, 865 m,
25.05.2019, Bagkose-4503.

Silene vulgaris (Moench) Garcke subsp. vulgaris, 3, 865
m, 25.05.2019, Baskose-4502.

Stellaria media (L.) Vill, 2—5, 865 m, 28.06.2019,
Baskose-4637.

Velezia rigida L., 6, 865 m, 28.06.2019, Baskose-4678.

29. CELASTRACEAE

*Euonymus japonicus Thunb., 2,3,4,7, 865 m,
28.06.2019, Baskose-4670.

30. COLCHICACEAE

*Colchicum balansae Planch., 3, 865 m, 25.09.2018.

31. CONVOLVULACEAE

Convolvulus arvensis L., 1—8, 865 m, 16.05.2018,
Baskose-4255 ve 4552.

Convolvulus galaticus Rost. ex Choisy, 5,7, 865 m,
16.05.2018, Baskose-4282.

32. CORNACEAE
*Cornus alba L., 7, 865 m, 28.06.2019, Baskose-4690.
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33. CUCURBITACEAE
Bryonia multiflora Boiss. & Heldr., 3,4,5, 865 m,
16.04.2018, Baskdse-4188 ve 4371.

34. ELAEAGNACEAE

*Elaeagnus angustifolia Wahl. var. angustifolia, 2,5,
865 m, 20.05.2019, Baskose- Baskdse-4494.
*Elaeagnus rhamnoides (L.) A.Nelson, 2, 865 m,
1.06.2018, Bagkose-4339.

35. EUPHORBIACEAE

Chrozophora tinctoria (L.) A.Juss., 5, 865 m,
28.08.2018, Baskose-4400.

Euphorbia chamaesyce L., 3,4,5, 865 m, 28.08.2018,
Bagkose-4407 ve 4418.

Euphorbia peplus L. var. peplus, 3,4, 865 m,
16.04.2018, Bagkose-4197.

36. FABACEAE

*Albizzia julibrissin Durazz., 3,5, 865 m, 22.06.2019,
Baskose-4628.

*Amorpha fruticosa L., 4, 865 m, 25.05.2019, Baskose-
4515,

Astragalus beypazaricus Podlech & Aytag, 5, 865 m,
22.06.2019, Baskose-4620. Endemik.

Astragalus hamosus L., 4, 865 m, 16.04.2018, Bagkose-
4190 ve 4194,

Astragalus xylobasis Freyn & Bornm., 6, 865 m,
10.06.2020, Basgkose-4929.

*Cercis siliquastrum L. subsp. siliquastrum, 2,3,4,7,8,
865 m, 28.06.2019, Bagkose-4641.

Coronilla scorpioides (L.) W. D. J. Koch, 4, 865 m,
20.05.209, Baskose-4496.

*Gleditsia triacanthos L., 1,2,3,8, 865 m, 8.07.2019,
Basko6se-4696.

*Laburnum anagyroides Medik, 1, 865 m, 16.05.2018,
Bagkose-4231.

Lotus corniculatus L. var. tenuifolius L., 2,3,4,7, 865
m, 16.05.2018, Baskose-4262.

Medicago brachycarpa M.Bieb., 4, 865 m, 16.05.2018,
Baskose-4267 ve 4310.

Medicago lupulina L., 4,7,8, 865 m, 16.04.2018,
Basko6se-4181 ve 4203.

Medicago minima (L.) L. var. minima, 2,4, 865 m,
2.05.2019, Bask6se-4196.

Medicago monantha (C.A.Mey.) Trautv., 3,4, 865 m,
16.04.2018, Baskdse-4195.

Medicago monspeliaca (L.) Trautv., 4, 865 m,
16.05.2018, Baskdse-4266.

Medicago orbicularis (L.) Bartal., 4, 865 m, 16.05.2018,
Bagkose-4242.

Medicago phrygia (Boiss. & Balansa) E.Small, 3,4, 865
m, 16.05.2018, Baskose-4244.

Medicago polymorpha L. subsp. polymorpha, 3,4,7,8,
865 m, 16.05.2018, Baskose-4253 ve 4305.

Medicago rigidula (L.) All. var. rigidula, 4,7, 865 m,
23.05.2018, Baskose-4309.

Medicago sativa L. subsp. sativa, 1,3,5, 865 m,
16.05.2018, Baskose-4292,

Melilotus officinalis (L.) Pall., 3,456, 865 m,
16.05.2018, Baskose-4248 ve 4340.

Onobrychis oxydonta Boiss. var. armena (Boiss. &
Huet.) Aktoklu, 4, 865 m, 23.05.2018, Bagkdse-4313.
Pisum sativum L., 4, 865 m, 25.05.2019, Bask6se-4509.
*Robinia pseudoacacia L., 2,3,4,8, 865 m, 8.07.2019,
Baskose-4698.

Securigera varia (L.) Lassen., 4, 865 m, 23.05.2018,
Baskose-4307.

Sophora pendula Spach, 4, 865 m, 8.07.2019, Baskdose-
4700.

Styphnolobium japonicum (L.) Schott, 2,3,4,5,7, 865
m, 8.07.2019, Baskose-4706.

Trifolium arvense L. var. arvense, 4, 865 m, 1.06.2018,
Baskose-4335.

Trifolium campestre Schreb. subsp. campestre var.
campestre, 4,5,6, 865 m, 16.05.2018, Bagkdse-4243.
Trifolium pratense L. var. pratense, 3,4,5,7, 865 m,
16.04.2018, Baskdse-4205.

Trifolium repens L. var. repens, 2,4,7,8, 865 m,
16.05.2018, Bagkose-4232.

Trifolium resupinatum L. var. resupinatum, 7, 865 m,
16.05.2018, Bagkose-4283.

Trigonella capitata Boiss., 7, 865 m, 16.05.2018,
Baskose-4281.

Trigonella spruneriana Boiss., 4, 865 m, 23.05.2018,
Baskdose-4308.

Vicia narbonensis L. var. narbonensis, 4, 865 m,
10.05.2019, Baskose-4487.

Vicia sativa subsp. nigra (L.) Ehrh. var. segetalis
(Thuill.) Ser. ex DC., 7, 865 m, 16.04.2018, Baskose-
4183 ve 4286.

*Wisteria sinensis (Sims) Sweet, 4, 865 m, 7.06.2019,
Baskose-4524.

37. FAGACEAE

*Castanea sativa Mill., 3, 865 m, 13.06.2019, Baskdse-
4544,

*Quercus robur L. subsp. robur, 1—6, 865 m,
8.07.2019, Baskose-4695.

38. GERANIACEAE

Erodium cicutarium (L.) L'Hér. subsp. cicutarium,
3—8, 865 m, 28.06.2019, Baskdse-4644.

Geranium robertianum L., 5,6, 865 m, 16.05.2018,
Baskdose-4208.

Geranium rotundifolium L., 3,4,5, 865 m, 16.05.2018,
Baskose-4296.

Geranium tuberosum L., 4, 865 m, 7.04.2019, Bagkse-
4727a.

39. GROSSULARIACEAE
*Ribes aureum Pursh, 8, 865 m, 22.06.2019, Baskdse-
4608.

40. HYDRANGEACEAE
*Philadelphus coronarius L., 4,5, 865 m, 7.06.2019,
Baskose-4531.
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41. HYPERICACEAE
Hypericum perforatum L., 7, 865 m, 12.06.2019.

42. IRIDACEAE

*Crocus sativus L., 5, 865 m, 14.11.2018.

Crocus ancyrensis (Herb.) Mav., 3,5, 865 m, 6.03.2020,
Baskose-4886.

*Iris X germanica L., 1,8, 865 m, 22.06.2019, Bagkose-
4607.

43. JUGLANDACEAE
*Juglans regia L., 4,7, 865 m, 22.06.2019, Baskose-
4603.

44, LAMIACEAE

Ajuga chamaepitys (L.) Schreb. subsp. chia (Schreb.)
Arcang., 4,5, 865 m, 16.05.2018, Baskose-4271.

Ajuga reptans L., 3, 865 m, 17.04.2019, Baskose-4483.
Ballota nigra L. subsp. anatolica P.H. Davis, 1, 865 m,
29.06.2018, Bagkose-4344.

Lamium amplexicaule L. var. amplexicaule, 1,3,4, 865
m, 12.03.2019, Baskose-4757.

Lamium orientale (Fisch. & C.A.Mey.) E.H.L.Krause.,
5, 865 m, 15.05.2018, Baskose-4769.

Lamium purpureum L. var. purpureum, 3,4,5, 865 m,
26.02.2019.

Lavandula angustifolia Mill. subsp. angustifolia, 7,
865 m, 28.06.2019, Baskose-4649.

Marrubium vulgare L., 5, 865 m, 25.05.2019. Baskose-
4500.

Melissa officinalis L. subsp. officinalis, 5, 865 m,
28.06.2019, Bagkose-4657.

Prunella vulgaris L., 4, 865 m, 2.07.2018, Baskose-
4366.

*Rosmarius officinalis L., 6, 865 m, 16.04.2018,
Bagkose-4182.

Salvia aytacii Vural & Adigiizel, 5, 865 m, 22.06.2019,
Bagkose-4619. Endemik.

Sideritis montana L. subsp. remota (d'Urv.) P.W.Ball,
4, 865 m, 13.06.2019, Baskose-4537.

Ziziphora tenuior L., 5, 865 m, 21.05.2020, Baskose-
4923.

45. LILIACEAE

Gagea villosa (M.Bieb.) Sweet var. villosa, 1, 865 m,
13.03.2020, Bagkodse-4893.

*Tulipa armena Boiss. var. armena, 1,3,4,5, 865 m,
30.03.2020, Bagkose-4897.

46. MALVACEAE

Alcea rosea L., 4,5,7, 865 m, 28.06.2019, Bagkose-4654.
*Hibiscus syriacus L., 2, 865 m, 22.06.2019, Baskose-
4592,

Malva neglecta Wallr., 3,4,5, 865 m, 16.05.2018,
Bagkose-4222 ve 4259.

Malva sylvestris L., 3, 865 m, 19.06.2019, Baskdose-
4559,

Malvella sherardiana L., 4, 865 m, 13.06.2019,
Bask6se-4550.

*Tilia cordata Mill., 5, 865 m, 22.06.2019, Baskése-
4626.

*Tilia platyphyllos Scop. var. platyphyllos, 4, 865 m,
16.05.2018, Bagkdse-4293.

*Tilia tomentosa Moench., 1,2,3,7,8, 865 m, 2.07.2018,
Baskose-4368.

47. MORACEAE

*Ficus carica L. subsp. carica, 1,6, 865 m, 28.06.2019,
Baskose-4653.

*Maclura pomifera (Raf.) C.K.Schneid., 1—5, 865 m,
8.07.2019, Bagkdse-4710.

*Morus alba L., 3,4,5, 865 m, 28.06.2019, Bagkose-
4651.

*Morus nigra L., 2,3,4, 865 m, 28.06.2019, Baskose-
4581,

48. NYMPHACEAE
*Nymphaeaalba L., 3,4,8, 865 m, 28.06.2019, Baskose-
4586.

49. OLEACEAE

*Forsythia x intermedia Zebel, 1—8, 865 m,
28.06.2019, Baskdse-4640.

*Fraxinus americana L., 1, 865 m, 13.06.2019,
Bagkose-4527.

*Fraxinus angustifolia Vahl. subsp. angustifolia,
2,5,6,7, 865 m, 23.05.2018, Baskose-4318.

*Fraxinus excelsior L. subsp. excelsior, 7,8, 865 m,
28.06.2019, Baskose-4674.

*Jasminum floridum Bunge, 5, 865 m, 6.05.2018,
Baskose-4251.

*Jasminum fruticans L., 1,3,4, 865 m, 28.06.2019,
Baskose-4633.

*Ligustrum japonicum Thunb., 1,5, 865 m, 28.06.2019,
Baskd6se-4660.

*Ligustrum wvulgare L., 1—8, 865 m, 16.05.2018,
Baskose-4233.

*Syringa vulgaris L., 1—5,8, 865 m, 28.06.2019,
Baskose-4656.

50. ONAGRACEAE

Epilobium hirsutum L., 4, 865 m, 17.09.2018, Bagkose-
4428.

Epilobium minutiflorum Hausskn., 6, 865 m,
6.07.2018, Baskose-4377 ve 4655.

Oenothera biennis L., 1, 865 m, 8.07.2019, Bask{se-
4714.

51. OXALIDACEAE
Oxalis corniculata L., 5,8, 865 m, 28.08.2018, Baskdse-
4402.

52. PAPAVERACEAE

Chelidonium majus L., 3, 865 m, 28.06.2019, Baskose-
4631.

Fumaria asepala Boiss., 1,2,3, 865 m, 16.04.2018,
Baskose-4198.

Fumaria schleicheri Soy.-Will. microcarpa (Hausskn.)
Liden, 1,2,3, 865 m, 16.04.2018, Baskose-4755.
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Glaucium grandiflorum Boiss. & A.Huet subsp.
grandiflorum var. grandiflorum, 5, 865 m, 22.07.2019,
Bagkdse-4751.

Glaucium leiocarpum Boiss., 4,5, 865 m, 16.05.2018,
Bagkose-4224 ve 4302.

Papaver dubium L. subp. dubium, 4, 865 m,
16.04.2018, Bagkose-4184.

Papaver rhoeas L., 4,5, 865 m, 29.04.2020, Baskose-
49009.

53. PAULOWNIACEAE
*Paulownia tomentosa Steud., 6, 865 m, 25.05.2019,
Baskose-4499.

54. PHYLLANTHACEAE
Andrachne telephioides L., 4, 865 m, 10.06.2020,
Bask6se-4932.

55. PLANTAGINACEAE

Kickxia elatine (L.) Dumort. subsp. crinita (Mabille)
Greuter, 3, 865 m, 11.09.2018, Baskdse-4416.

Plantago lanceolata L., 2,3,4,7,8, 865 m, 19.06.2019,
Bagkdse-4557.

Plantago major L. subsp. intermedia (Gilib.) Lange,
3,4,6, 865 m, 28.08.2018, Baskdse-4404 ve 4685.
Plantago major L. subsp. major, 4, 865 m, 1.06.2018,
Baskose-4330.

Veronica arvensis L., 3,6, 865 m, 16.05.2018, Bagkose-
4261.

Veronica cymbalaria Bodard, 1,3, 865 m, 29.03.2019,
Basko6se-4478.

Veronica persica Poir.,, 3,45, 865 m, 16.05.2018,
Bagkose-4278 ve 4417.

Veronica triloba Opiz, 1,3,4, 865 m, 23.02.2019,
Baskose-4470.

56. PLATANACEAE

*Platanus acerifolia (Aiton) Willd.,, 1,8, 865 m,
28.06.2019, Bagkose-4684.

*Platanus orientalis L., 1—8, 865 m, 22.06.2019,
Basgkose-4627.

57. POACEAE

Aegilops biuncialis Vis., 4, 865 m, 16.05.2018, Bagkdse-
4275.

Aegilops cylindrica Host, 4, 865 m, 16.05.2018,
Baskose-4276.

Aegilops triuncialis L. subsp. triuncialis, 4, 865 m,
16.05.2018, Baskdse-4256.

Alopecurus arundinaceus Poir., 5, 865 m, 20.05.2019,
Bagkose-4497.

Alopecurus myosuroides Huds. subsp. myosuroides,
3,5,6, 865 m, 29.04.2020, Baskose-4910.

Avena barbata Pott ex Link subsp. barbata, 4, 865 m,
16.05.2018, Baskose-4279.

Bothriochloa ischaemum (L.) Keng, 4, 865 m,
28.08.2018, Baskose-4399.

Briza humilis M.Bieb., 5, 865 m, 16.04.2018, Baskose-
4191.

Bromus japonicus Thunb. subsp. japonicus, 7, 865 m,
16.05.2018, Baskose-4292.

Bromus sterilis L., 3,4,7, 865 m, 16.04.2018, Baskose-
4207.

Catapodium rigidum (L.) C.E.Hubb. subsp. rigidum
var. rigidum, 4, 865 m, 16.05.2018, Baskose-4291.
Cynodon dactylon (L.) Pers. var. dactylon, 5,6, 865 m,
8.07.2019, Baskose-4705.

Dactylis glomerata L. subsp. hispanica, 1,3,4,5,6, 865
m, 16.05.2018, Baskose-4226.

Digitaria sanguinalis (L.) Scop., 4, 865 m, 26.07.2018,
Baskose-4389,

Echinaria capitata (L.) Desf., 4, 865 m, 16.05.2018,
Baskose-4272.

Echinochloa crus-galli (L.) P.Beauv., 4,6, 865 m,
28.08.2018, Bagkdse-4398.

Elymus hispidus (Opiz) Melderis subsp. hispidus, 4,5,
865 m, 16.05.2018, Bagkose-4247.

Festuca arundinacea Schreb. subsp. arundinacea, 4,5,
865 m, 23.05.2018, Baskose-4306.

Festuca valesiaca Schleich. ex Gaudin, 4, 865 m,
16.05.2018, Bagkose-4274.

Hordeum bulbosum L., 6, 865 m, 1.06.2018, Baskose-
4327.

Hordeum murinum L. subsp. glaucum (Steud.)
Tzvelev, 3,4,5,6, 865 m, 19.06.2019, Baskdse-4556.
Melica ciliata L. subsp. ciliata, 4, 865 m, 1.06.2018,
Baskose-4338.

Phalaris canariensis L., 1, 865 m, 7.06.2019, Bagkose-
4517.

Phleum exaratum Griseb. subsp. exaratum, 5, 865 m,
16.05.2018, Baskose-4250 ve 4312,

Poa bulbosa L., 3,5, 865 m, 8.07.2019, Baskose-4711.
Poa pratensisL., 3,4, 865 m, 16.05.2018, Baskose-4236.
Setaria viridis (L.) P.Beauv., 3,4,5, 865 m, 28.08.2018,
Baskd6se-4403.

Sorghum halepense (L.) Pers. var. halepense, 6,7, 865
m, 6.07.2018, Baskose-4376.

Triticum aestivum L., 1,3, 865 m, 7.06.2019, Baskose-
4526.

58. POLYGONACEAE

*Fallopia baldschuanica (Regel) Holub, 2,4, 865 m,
19.06.2019, Baskose-4564.

Polygonum arenastrum Boreau, 5, 865 m, 17.09.2018,
Bagkose-4426 ve 4563.

Polygonum aviculare L., 1, 865 m, 16.05.2018,
Baskose-4230.

Polygonum cognatum Meisn., 5, 865 m, 16.05.2018,
Baskd6se-4204.

Persicaria lapathifolia (L.) Delarbre., 3,4, 865 m,
28.08.2018, Baskodse-4395.

Rumex conglomeratus Murray, 5, 865 m, 16.04.2018,
Bagkose-4112.

Rumex crispus L., 3,5,6, 865 m, 16.05.2018, Basgkose-
4277 ve 4326.

59. PORTULACACEAE
Portulaca oleracea L., 2, 865 m, 2.07.2018, Baskose-
4365.
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60. PRIMULACEAE

Anagallis arvensis L. var. arvensis, 7, 865 m,
13.06.2019, Bagkose-4545.

Anagallis foemina Mill., 4,5, 865 m, 25.05.2019,
Basko6se-4510.

*Cyclamen hederifolium Aiton, 3, 865 m, 2.10.2019.

61. RANUNCULACEAE

Adonis flammea Jacq., 5, 865 m, 29.04.2020, Bagkdose-
4902.

Anemone blanda Schott & Kotschy, 3, 865 m,
13.03.2020, Bagkose-4891.

Ceratocephala testiculata (Crantz) Besser, 1, 865 m,
11.03.2019, Bagkose-4475.

Consolida orientalis (J.Gay) Schrodinger, 1,4, 865 m,
16.05.2018, Bagkose-4280-4303.

*Ficaria verna Huds., 1, 865 m, 29.04.2020, Bagkdose-
4907.

*Helleborus orientalis Lam., 3, 865 m, 13.04.2020,
Bagkose-4900.

Nigella arvensis L. var. glauca (Boiss.) N.Terracc., 4,
865 m, 2.07.2018, Baskose-4369.

Ranunculu sarvensis L. 4, 865 m, 12.05.2020, Bagkose-
4901.

Ranunculus bulbosus L. subsp. aleae (Willk.) Rouy &
Fouc, 8, 865 m, 16.05.2018, Bask6se-4265.
Ranunculus damascenus Boiss. & Gaill., 8, 865 m,
16.04.2018, Bagkose-4212.

Ranunculus neopolitanus Ten., 3,4, 865 m, 14.11.2018,
Bagkose-4461.

62. RESEDACEAE
Reseda lutea L. var. lutea, 1,3,4,5,6, 865 m, 16.05.2018,
Bagkose-4254.

63. RHAMNACEAE
*Rhamnus rhodopaeus Velen., 6, 865 m, 25.05.2019,
Bask6se-4508.

64. ROSACEAE

*Chaenomeles speciosa (Sweet) Nakai, 4,6, 865 m,
28.06.2019, Bagkose-4680.

*Cotoneaster dammeri C. Schneider, 4, 865 m,
22.06.2019, Bagkose-4625.

*Cotoneaster francbetii Boiss., 4, 865 m, 28.06.2019,
Baskose-4676.

*Cotoneaster horizontalis L., 3,5,7,8, 865 m,
22.06.2019, Bagkose-4571.

*Cotoneaster lacteus W.W.Sm., 1—8, 865 m,
22.06.2019, Bagkose-4576.

Cotoneaster nummularius Fisch. & C.A.Mey., 3,4, 865
m, 20.05.2019, Baskose-4495 ve 4507.

*Crataegus monogyna Jacg. Ssp. monogyna,
1,3,4,5,6,8, 865 m, 16.04.2018, Baskdse-4213 ve 4215.
*Crataegus rhipidophylla Gand. var. rhipidophylla,
3,4,5, 865 m, 28.06.2019, Baskose-4630.

*Cynonia oblonga Miller, 2,4, 865 m, 28.06.2019,
Baskose-4673.

Geum urbanum L., 3,4,5, 865 m, 16.05.2018, Bagkdse-
4235 ve 4566.

*Kerria japonica (L.) DC., 6, 865 m, 25.05.2019,
Baskose-4501.

*Malus domestica Borkh., 3,4, 865 m, 28.06.2019,
Baskose-4671.

*Malus floribunda Siebold., 3,5, 865 m, 22.06.2019,
Baskose-4582.

*Photinia x fraseri Dress., 7,8, 865 m, 28.06.2019,
Bask6se-4686.

Potentilla anglica Laichard., 4, 865 m, 19.06.2019,
Baskose-4562.

Potentilla recta L., 6, 865 m, 29.05.2019, Bask6se-4506
ve 4547,

Potentilla reptans L., 4,8, 865 m, 23.05.2018, Bagkose-
4300.

*Prunus dulcis (Mill.) D. A. Webb, 4, 865 m, 8.07.2019,
Baskdose-4701.

*Prunus armeniaca L., 2,3,5, 865 m, 28.06.2019,
Baskose-4681.

*PrunusaviumL., 4, 865 m, 28.06.2019, Bask(se-4669.
*Prunus cerasifera Ehrh. ssp. pisardi (CarriSre) Dost
1,3,7,8, 865 m, 8.07.2019,Bagkdse-4703.

*Prunus cerasus L., 1,2, 865 m, 28.06.2019, Baskose-
4683.

*Prunus domestica L., 1,3,5, 865 m, 28.06.2019,
Baskose-4662.

*Prunus laurocerasus L., 3,4,5,8, 865 m, 28.06.2019,
Baskdose-4639.

*Prunus mahaleb L. var. mahaleb, 7,8, 865 m,
16.05.2018, Baskose-4287.

*Prunus persica (L.) Batsch., 4, 865 m, 8.07.2019,
Baskd6se-4702.

*Prunus serrulata Lindl., 3,7,8, 865 m, 8.07.2019,
Baskose-4709.

*Pyracantha coccinea M.J. Roemer, 1,3—8, 865 m,
16.05.2018, Baskose-4290.

*Pyrus communis L. subsp. communis, 1, 865 m,
1.06.2018, Bagkose-4328.

Rosa canina L., 4,5, 865 m, 28.06.2019, Bagk6se-4677.
Sanguisorba minor subsp. balearica (Bourg. ex
Nyman) Mucdoz Garm. & C.Navarro., 3—6, 865 m,
13.06.2019, Baskose-4540.

*Sorbus aucuparia L., 4,5 865 m, 24.04.2019,
Basko6se-4486 ve 4532.

*Spiraea x vanhouttei (Briot) Zabel, 1,2,4,5,6, 865 m,
22.06.2019, Baskose- 4578.

65. RUBIACEAE

Galium humifusum M.Bieb., 5, 13.06.2019, Baskose-
4542,

Galium tenuissimum M.Bieb. f. trichophorum (Kar. &
Kir.) Ehrend.& Schénb.-Tem., 4, 865 m, 25.05.2019,
Bagkdse- 4511.

Galium tricornutum Dandy, 1,5, 865 m, 16.05.2018,
Baskose- 4246.

Rubia tinctorum L., 3,5, 865 m, 23.05.2018, Bagkose-
4317.

Sherardia arvensis L., 3,4, 865 m, 19.06.2019, Bagkdse-
4568.
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66. RUTACEAE
*Ptelea trifoliata L., 5, 865 m, 16.05.2018, Bagksse-
4294 ve 4341.

67. SALICACEAE

*Populus alba L. var. alba, 6,7,8, 7.06.2019, 865 m,
Baskose-4519.

*Populus nigra L. subsp. nigra, 5—8, 865 m,
22.06.2019, Bagkose-4604.

*Salix babylonica L. var. babylonica, 3,4, 865 m,
22.06.2019, Bagkose-4584.

*Salix caprea L., 8, 865 m, 7.06.2019, Bagkose-4518.

68. SAPINDACEAE

*Acer campestre L. subsp. campestre, 2, 865 m,
28.06.2019, Bagkose-4668.

*Acer negundo L., 1—8, 865 m, 1.06.2018, Baskose-
4332.

*Acer palmatum Thunb., 2,3,8, 865 m, 7.06.2019,
Bagkose-4521.

*Acer platanoides L., 2,6,7,8, 865 m, 17.07.2018,
Bask6se-4386.

*Acer pseudoplatanoides L., 2,3,4,6,7, 865 m,
17.07.2018, Baskose-4387.

*Acer saccharinum L., 7, 865 m, 7.06.2019, Baskose-
4522.

*Aesculus carnea Hayne, 2,6, 865 m, 28.06.2019,
Bagkdse-4679.

*Aesculus hippocastanum L., 1,2,3,5—-8, 865 m,
28.06.2019, Bagkose-4661.

*Koelreuteria paniculata Laxm., 3,5, 865 m,
28.06.2019, Bagkose-4629.

69. SCROPHULARIACEAE

*Buddleja davidii Franch., 1,4, 865 m, 6.07.2018,
Bask6se-4379.

Scrophularia scopolii Hoppe ex Pers. var. scopoli, 1,
865 m, 23.05.2018, Baskose-4319.

70. SIMAURIBACEAE
*Ailanthus altissima (Mill.) Swingle, 1—8, 865 m,
28.06.2019, Baskose-4646.

71. SMILACACEAE

*Smilax excelsa L., 3, 865 m, 28.06.2019, Bagkdse-
4636.

3. Sonugclar ve tartisma

72. SOLANACEAE

Atropa belladonna L., 1, 865 m, 7.06.2019, Baskdse-
4529,

Datura stramonium L., 5, 865 m, 23.10.2018, Bagkose-
4445a.

Hyoscyamus niger L., 5, 865 m, 29.04.2020, Bagkose-
4908.

*Lycium barbarum L., 4,5 865 m, 22.06.2019,
Baskose-4593.

Solanum dulcamara L., 3,45, 865 m, 2.07.2018,
Baskose-4367.

Solanum americanum Mill., 2,5, 865 m, 17.09.2018,
Baskdose-4766.

73. TAMARICACEAE
*Tamarix smyrnensis Bunge, 1,4, 865 m, 1.06.2018,
Baskose-4329.

74. ULMACEAE
*Ulmus glabra Hudson, 1,3, 865 m, 17.04.2018,
Baskose-4485.

75. URTICACEAE

Parietaria judaica L., 3,5, 865 m, 6.07.2018, Baskose-
4380.

Urtica dioica L. subsp. dioica, 4, 865 m, 25.05.2019,
Baskdose-4513.

76. VERBENACEAE
Verbena officinalis L. var. officinalis, 3,5, 865 m,
29.06.2018, Bask(se-4345.

77. VIOLACEAE
Viola odorata L., 2,3,5,6,7, 865 m, 28.06.2019,
Baskdose-4689.

78. VITACEAE

*Parthenocissus quinquefolia (L.) Planch., 1,2,5—8,
865 m, 22.06.2019, Bagkose-4596.

*Vitis vinifera L., 5,6, 865 m, 28.06.2019, Bask{se-
4638.

79. ZYGOPHYLLACEAE
Tribulus terrestris L., 3,5, 865 m, 28.08.2018, Baskdse-
4408.

Yapilan g¢alisma sonucunda yerleske smirlari igerisinde toplanan 750 bitki orneginin degerlendirilmesi
sonucunda, 79 familyadan, 282 cinse ait tiir ve tiir alt1 diizeyde toplam 445 takson tespit edilmistir. Mevcut taksonlardan
30 tanesi Gymnospermae alt subesine, geriye kalan 415 tanesi (monokotil gruptan 57 takson, Odikotil gruptan 357 takson
ve Odikotil olmayan bazal gruba ait 1 takson) ise Angiospermae alt subesine aittir.

Calisma kapsamida gerekli floristik kiyaslamalarin yapilabilmesi amaciyla, bu ¢alisma ile birlikte yakin
cevrede gergeklestirilmis benzer 5 farkli ¢aligmanin listesi asagida verilmistir. Kiyaslamalar yapilirken ¢aligmalarin

adlarin yerine listedeki kod numaralar1 kullanilmistir.
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1. Ankara Universitesi 10. Y1l (Besevler) Yerleskesi Florasi.

2. Hacikadin Vadisinin Florast (Ankara) [25].

3. Beytepe Kampiisii (Ankara) Florasi [26, 27].

4. Baskent Universitesi Baglica Yerleskesinin (Ankara) Florasi [28].
5. Anadolu Universitesi (Eskisehir) Kampiis Floras [1].

6. Kirikkale Universitesi Kampiis Florasi [4].

Calisma kapsaminda taksonlarm fitocografik bolgelere gore dagilimlari dikkate alindiginda; ilk sirada 41
taksonla temsil edilen Avrupa-Sibirya fitocografik bolge elementleri, ikinci sirada 33’er taksonla temsil edilen Akdeniz
ve Iran-Turan fitocografik bolge elementleri yer almaktadir (Tablo 2). Geriye kalan 338 takson (% 76.0) ya fitocografik
olarak bdlgesi bilinmemekte ya da gok bolgeli yayilisa sahiptir. Normalde I¢ Anadolu bélgesinde yapilan floristik
caligmalarin biiyiik ¢ogunlugunda, taksonlarin fitocografik bolgelere gore dagilimlar: sirasiyla Iran-Turan, Akdeniz ve
Avrupa-Sibirya seklinde ortaya ¢cikmaktadir. Bizim ¢alismamizda bu siralama tam tersi seklinde gergeklesmistir. Bunun
temel sebebi Avrupa-Sibirya elementlerinin biiyiikk ¢ogunlugunun plantasyon sonucu kampiis alani igerisinde
bulunmasindan kaynaklanmaktadir.

Ayrica elde edilen bulgular yakin ¢evrede yapilan diger caligmalarla kiyaslandiginda 2, 3, 4 ve 6 numaral
¢aligmalarda ilk sirada Iran-Turan elementleri, 5 numarali ¢alismada bizim ¢aligmamizda oldugu ilk sirada Avrupa-
Sibirya elementleri ilk siradadir. Ayrica 2 ve 3 numarali ¢aligmalarda ikinci sirada Avrupa-Sibirya ve {igiincii sirada
Akdeniz fitocografik bolge elementleri, 4 ve 6 numarali ¢alismalarda ikinci sirada Akdeniz elementleri ve tiglincii sirada
ise Avrupa-Sibirya elementleri, 5 numarali ¢alismada ikinci sirada Iran-Turan ve tigiincii sirada ise Akdeniz fitocografik
bolge elementleri yer alirken, bizim ¢aligmamizda 33’er taksonla Akdeniz ve Iran-Turan elementleri ikinci sirada
bulunmaktadir.

Tablo 2. Caligma alanma ait fitocografik bolge elementlerinin yakin gevredeki diger ¢aligmalar (yakin kampiisler ve yakin
alanlar) ile kiyaslanmasi

Yapilan cahsmalar » 1 2 3 4 5 6
Takson sayis1 >

Fitocogragk Bolge ¥ 445 | 480 | 510 | 382 | 363 | 371
Akdeniz % | 7.4 8.9 3.0 52 3.3 7.3
Iran-Turan % | 74 | 185 | 27.0 | 312 | 7.7 | 26.9
Avrupa-Sibirya % | 9.2 9.3 6.0 3.9 8.8 2.5
Cok Bolgeli veya Bilinmeyenler % | 76.0 | 63.1 | 63.5 | 59.7 | 80.2 | 63.2

Yapilan bu ¢caligmada en ¢ok taksona sahip familyalar dikkate alindiginda, ilk sirada Asteraceae familyasi, ikinci
sirada ise Fabaceae familyasi yer almaktadir. Bu durum hem diger floristik ¢aligmalar hem de “Tiirkiye Floras1” ile
kiyaslandiginda benzer oldugu goriilmektedir. Bizim ¢aligmamizda Rosaceae familyasi i¢erdigi takson sayis1 bakimimdan
% 7.2 oraninda bir deger ile {igiincii sirada yer almaktadir (Tablo 3). Bunun nedeni, familyaya ait cok sayida agag ve ¢al
tiirlerinin kampiis alaninda plantasyona bagli olarak temsil edilmesindendir. Buna karsilik 2, 3, 4, 5 ve 6 numarali
caligmalarda Rosaceae familyasi ilk 5 familya icerisinde temsil edilmemektedir.

Tablo 3. Calisma alanina yakin kampiisler ve yakin bolgelerde yapilan ¢aligmalarda en ¢ok taksona sahip familyanin
kiyaslanmasi.

Yapilan ¢calismalar » 1 2 3 4 5 6

Takson sayist B 405 | 480 | 510 | 382 | 363 | 371
Familyalar V¥V

Asteraceae % 9.6 11.5 14.7 13.6 9.9 12.9
Fabaceae % 8.3 10.2 12.9 11.5 7.9 12.7
Rosaceae % 7.2

Poaceae % 6.5 6.9 6.9 7.3 4.6 7.8
Brassicaceae % 4.5 6.7 8.0 8.4 4.9 9.7

Ayrica en fazla takson igeren cinsler dikkate alindiginda, ¢alismamizda Medicago ve Prunus cinsleri 10’ar
taksonla ilk siray1 paylasmaktadir. Bunlar1 6’sar takson ile temsil edilen Acer, Atriplex ve Juniperus cinsleri ile 5’er
taksonla temsil edilen Crataegus, Berberis, Pinus ve Trifolium cinsleri takip etmektedir. Bu durum, ne yakin gevrede
yapilan diger ¢alismalar ne de “Tiirkiye Floras1” verileri ile 6rtiismemektedir. Calisma alanimizin sehir merkezi igerisinde
¢ok dar bir alan olarak sinirlanmasi, dogal alan 6zelligi gdstermemesi ve alan igerisinde habitat cesitliligine sahip
olmamasi bu sonucu ortaya ¢ikarmistir.

Caligma alaninda belirlenen taksonlarmn 8 tanesi endemik olup endemizm orani % 1.8’dir. Tablo 4 incelendiginde
en diisitk endemizm orani bizim ¢alismamizda ortaya ¢ikmistir. Bunun temel sebebi ¢aligma alanin hem ¢ok kiigiik olmasi
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hem de endemizm oraninin yiiksek olmasini saglayan habitat cesitliliginin olmamasindan ileri gelmektedir. Bu sekiz
endemik taksondan altis1 ¢esitli donemlerde Fen ve Eczacilik fakiiltelerinden botanikgilerin gurbette koruma galismalari
amaciyla yerleskeye tasidiklari bitkilerdir (Astragalus beypazaricus, Allium karamanoglui, Scilla luciliae, Sternbergia
candida, Salvia aytacii, Crocus ancyrensis). Dolayisiyla kampiis alaninda dogal olarak sadece iki endemik bitki yer
almaktadir (Onopordum anatolicum ve Alyssum huetii).

Endemik taksonlarm TUCN tehlike kategorilerine gore dagilimlar: dikkate alindiginda; 1 taksonun (Astragalus
beypazaricus) CR, 2 taksonun (Allium karamanoglui ve Scilla luciliae) EN, 2 taksonun (Sternbergia candida, Salvia
aytacii) VU ve geriye kalan 3 taksonun (Onopordum anatolicum, Crocus ancyrensis ve Alyssum huetii) ise LC
kategorisinde yer aldig1 belirlenmistir.

Tablo 4. Calisma alanindaki taksonlarin endemizm orani ve ¢evredeki diger ¢alismalar (yakin kampiisler ve yakin alanlar)
ile kiyaslanmasi

Yapilan ¢aligmalar P 1 2 3 4 5 6
Takson sayis1 445 480 510 382 363 371
Caligilan Alanin Biyiikliigi 0.19 km? 27km?* | 12.0km? | 3.6km*> | 0.85km? | 2.3 km?
Endemizm orani | % 1.8 9.3 12.7 16.5 3.0 12.1

Yapilan arazi ¢aligmalari sirasinda Acer platanoides L., Aesculus hippocastanum L., Ailanthus altissima (Mill.)
Swingle, Celtis australis L., Mahonia aquifolium (Pursh) Nutt. ve Quercus robur L. gibi kampiis alaninda plantasyon
sonucu bulunan bazi tiirlerin zaman igerisinde gerek vejetatif gerekse de generatif sekilde ¢ogalarak yerleske icerisinde
dogallastiklar1 gdzlenmistir.

Ayn1 zamanda Cizelge 4.3’e gore 6zellikle ¢aligma alanlarinin biyiikliiklerine gore kiyaslama yapildiginda,
Ankara Universitesi 10. Y1l yerleskesinin en kiigiik yiiz 6lgiime sahip olmasina ragmen birim alana diisen takson sayisi
bakimindan (0.002/m?) ilk sirada oldugu goriilmektedir. Bu durum kampiis alaninin sahip oldugu bitki zenginligini ortaya
koyan diger gostergedir. Birim alana diigsen takson sayis1 bakimidan ikinci sirada 5 numarali (0.00040/m?), {igiincii sirada
2 numarali (0.00020/m?), dordiincii sirada 6 numarali (0.00016/m?), besinci sirada 4 numarali (0.00011/m?) ve son sirada
ise 3 numarali (0.00004/m?) g¢alisma yer almaktadir.

Ankara Universitesi 10. Y1l yerleskesi yakin gegmiste (gegmisteki adiyla Fen Fakiiltesi Bahgesi) botanik bahgesi
ozelligine sahip bir alanken yillar icinde artan ihtiyaglarla orantili olarak artan yapilagma, insan yogunlugu ve sera ve
bahg¢ivanlik hizmetlerine kaynak ayrilamamasi nedeni ile bu 6zelligini giderek kaybetmistir. Tiim bunlara ragmen kisitli
bir alanda bu denli ¢ok sayida tohumlu bitki taksonunun bulunmasi alanin ge¢misteki bitkisel zenginliginin bir
yansimasidir.
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Abstract

In this study, morphologic-micromorphologic, wood, and leaf characteristics of R. depressa, a rare species and
known only from the type locality, were described for the first time and evaluated comparatively with R. microcarpa.
The morphological and anatomical characteristics such as petiole length and leaf sizes, and numbers of bud scale, seed,
and leaf veins, ray characteristics in wood, amphistomatic stomata, horseshoes vascular bundle in the petiole, one
vascular bundle or two vascular bundles with sclerenchymatous cells in the phloem part, as well as micromorphological
characteristics can be used in differentiating R. depressa and R. microcarpa. Especially, stomatal characteristic
(amphistomatic) is significantly important and can be used to differentiate these two closely related species.

Key words: Rhamnus depressa, anatomy, micromorphology, Artvin, Turkey

%

Nadir tiir Rhamnus depressa (Rhamnaceae) iizerine morfolojik ve anatomik cahsmalar: R. microcarpa’dan
farkhhklan

Ozet

Bu c¢aliymada, nadir bir tiir olan ve sadece tip lokalitesinden bilinen R. depressa’nmn morfolojik ve
mikromorfolojik karakterleri, odun ve yaprak o6zellikleri ilk kez tammlanmis ve R. microcarpa ile karsilastirmali olarak
degerlendirilmistir. Yaprak sap1 uzunlugu ve yaprak boyutlari, tomurcuk pullari, tohum ve yaprak damarlarmin sayilari,
odunda o6zgin1 Ozellikleri, amfistomatik stomalar, yaprak sapmnda at nali seklindeki vaskiiler demet, floemde
sklerenkima hiicreleri ile ¢evrili bir veya iki iletim demeti gibi morfolojik ve anatomik 6zellikler, mikromorfolojik
ozelliklerinin yam swa, R. depressa ve R. microcarpa'yr aywt etmede kullanilabilir. Ozellikle, stoma o6zelligi
(amfistomatik) yakin iligkili bu iki tiirii ayirt etmede olduk¢a 6nemlidir ve ayrim igin kullanilabilir.

Anahtar kelimeler: Rhamnus depressa, anatomi, mikromorfoloji, Artvin, Tiirkiye
1. Introduction

The plant family Rhamnaceae Juss. is cosmopolitan in distribution mostly found in tropics and warm temperate
regions and comprises of 11 tribes, 62 genera and 1184 species [1-3]. This family has 6 genera including Atadinus Raf.,
Rhamnus L., Paliurus Mill., Ziziphus Mill., Sageretia Brongn., Frangula Mill. Hauenschild et al. [4] evaluated a total of
five species as Atadinus genus, including R microcarpa and R. depressa, however consideration of this subject
continues to be discussed. The genus Rhamnus is represented by 22 taxa distributed different parts of Anatolia
belonging to three sections (Espinosa DC., Alaternus DC. and Rhamnus L.) and six of them are endemic in Turkey.
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Five Rhamnus species including R. imeretinus Booth, Petz. & Kirchn., R. microcarpa Boiss., R. depressa
Grub., R. catharticus L. and R. pallasii Fisch. & C.A.Mey. have been recorded in NE Anatolia. Three out of five taxa
are shrubs up to 2-6 m., while R. microcarpa and R. depressa are known low shrubs. Both of the two species have
similar distribution of the World; Northern Caucasus, Georgia [Caucasus], Armenia, NE-Turkey. R. depressa spreads in
a local area than R. microcarpa in Turkey. While R. depressa grows only in Artvin and Kars, R. microcarpa shows a
wider distribution (Giresun, Glimiishane, Erzincan, Rize, Artvin) [5-7].

Besides the morphological characteristics, taxonomic importance of anatomical and micromorphological
features are also given in several studies [8, 9]. There are few micromorphological and anatomical studies on Rhamnus
species in the world. In earlier studies, it was determined the wood anatomy characteristics of some Rhamnus species in
Turkey and the world [10-17]. In the family Rhamnaceae, anatomical characteristics of some genera (i.e Rhamnus L.,
Retanilla (DC.) Brongn.) and also some taxa (Frangula alnus Mill. subsp. pontica (Boiss.) P.H.Davis & Yalt.) have
been previously reported by the authors [17-22].

Rhamnus depressa is only known from type locality and evaluated in ‘DD’ (Data Deficient) category [5]. This
species was collected by Eminagaoglu et al. [7]. It has been mentioned in literature that specific distinctness of R.
depressa from R microcarpa needs confirmation [5]. It has minor morphological differences between R. depressa and
R. microcarpa, and no detailed study was performed on the micromorphology and anatomy of R. depressa. In this
context, the present study is aimed to characterize and document the wood and leaf anatomical, and
micromorphological features of this species for the first time and also to distinguish it more precisely from closely
related species; R. microcarpa.

2. Materials and methods
2.1. Morphological examination

Plant specimens were collected between the years 2016 and 2017 in Savsat (Artvin), photographed, and then
GPS coordinates were taken. According to herbarium methods, all samples were dried. Plant identification was
completed by the keys given in Flora of Turkey [23, 24]. Revision of important taxonomic characters was carried out
and measurements of them were performed. Plant samples were stored at the Herbarium of Artvin Coruh University
(ARTH), Artvin, Turkey. The plant name was checked using International Plant Names Index [25], The Plant List [26],
Catalogue of Life [3] and Tiirkiye Bitkileri Listesi-Damarli Bitkiler [27].

2.2. Anatomical preparation

Thin wood sections in three directions, transversal, tangential and radial, were taken by using sliding
microtome. Sections stained with a safranine O and alcian blue combination [28]. Macerations were prepared using
Schultze’s method [29]. All wood terms were determined according to the International Association of Wood
Anatomists Committee on Nomenclature [30].

Fresh specimens used for this study were fixed in FAA (Formal 5 ml + glacial acetic asid 5 ml + %70’lik ethyl
alcohol 90 ml) and stored in 70% alcohol for leaf anatomical studies. Transverse sections were taken from the middle
part of mature leaf, and paradermal sections of upper and lower epidermis of leaves were prepared manually using
commercial razor blades and stained in Haematoxylin for about 15 min. To remove the excess stain, sections were
washed in water several times [31]. Semi-permanent slides were mounted in glycerin and permanent slides were
covered with glycerin-gelatin [32].

Sections were examined under a light microscope and photographs were taken by using an Olympus BX-53
microscope with digital camera attachment DP-73. For all characteristics, mean values were based on 30 measurements
or counts.

2.3. Micromorphological studies

Leaf micromorphological features of R. depressa were characterized using a stereomicroscope and a scanning
electron microscope. The leaves were first examined using a stereomicroscope to determine shape, color and maturity
(Leica M60 with a digital camera attachment DFC 295). For scanning electron microscopy (Zeiss Evo LS 10), dried and
mature upper and lower leaf parts were separately placed on stubs using double-sided adhesive tape, and coated with
gold in a Cressington sputter coater 108 auto coating apparatus for 2 minutes. They were examined and photographed
from the same region (from the middle part and margin of the leaf).

Morpho-micromorphological and anatomical studies on a rare species, Rhamnus depressa (Rhamnaceae) with the comparison of R. microcarpa
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3. Results

In this investigation, wood and leaf characteristics of R. depressa were described and evaluated comparatively
with R. microcarpa. R. depressa has been known only from type locality, till now [5, 7]. In literature, its morphological
description is not sufficient and detailed survey is necessary for this species. Therefore, it could not be exactly
discriminated from R. microcarpa morphological aspects. R. depressa was collected again from the type locality and,
detailed morphological features, micromorphological and anatomical properties of its were given for the first time.

3.1. Morphology

Rhamnus depressa Grubov in Not. Syst. Herb. Inst. Acad. Sci. URSS 12: 126 (1950).

Syn: R. microcarpa Boiss. var. microphylla Trautv. in Acta Horti Petrop. 4: 123(1867); R. microcarpa var.
acutifolia Medw. in Mon. Jard. Bot. Tiflis 25:3(1912); Oreoherzogia depressa (Grub.) Vent in Feddes Rep. 65: 101
(2962)! Ic:FI. Gruzii 6: t. 260(1950).

Low shrub and deciduous, usually much branched. Branches opposite or alternate, unarmed, glabrous; winter
buds with scales. Young twigs puberulent or glabrous, bud scales 2, glabrous, 1.5-2mm.

Leaves alternate, broadly ovate or oval, 0.8-3.2 x 0.4-1.8 cm, acute or obtuse not fasciculate; stipules 2-5.5
mm, mainly subulate, caducous, rarely persistent; leaf blade always undivided, pinnately 5-7 veined, margin crenate-
serrate, upcurved, glabrous on both surfaces, dark green above, yellowish green below, usually attenuate, cuneate or
unequal at base, petiole 2-6.5 mm, puberulent.

Inflorescence of solitary or few fascicled in axillary cymes, flowers 2.5-3 mm, mostly yellowish green, small,
bisexual or unisexual, rarely polygamous, pedicel 3.5-4.5 mm, puberulent. Calyx tube campanulate to cup-shaped;
sepals 4 or 5, ovate-triangular, adaxially + distinctly keeled. Petals 4, rarely absent, shorter than sepals, cucullate to
hooded, often enfolding stamens, base shortly clawed, apex often 2-fid. Stamens 4, surrounded by and shorter than
petals; anthers dorsifixed. Disk thin, adnate and lining calyx tube. Ovary superior, globose, free, 2-4-loculed; styles +
deeply 2-4-cleft. Fruit 3-4 x 2.5-3.5 mm, red-berrylike drupe, obovoid-globose or globose; seeds 3-4 x 1.5-2 mm,
obovoid or oblong-obovoid, unfurrowed or abaxially or laterally with a £+ long, narrow to gaping, often distinctly
margined furrow; endosperm fleshy. Seed 7-8. On dry slopes and adpressed to rocks, 1200-1300 m (Table 1; Figure 1).

Table 1. Some morphological characteristics of R. depressa, differing from R. microcarpa

Characteristics R. depressa R. microcarpa [17]
Bud length 1.5-2 mm 1-4 mm
Number of Bud scale 2 5-7
Petiole length 2-6.5 mm 6-15 mm
Leaf length 0.8-3.2cm 3.0-5.5¢cm
Leaf width 0.4-1.8 cm 1.9-3.9cm
Flower length 2.5-3 mm 2.5-4 mm
Pedicel in flower 3.5-4.5mm 2.5-7mm
Stipule 2-5.5mm 4-7 mm
Fruit length 3-4 mm 3-5mm
Fruit width 2.5-3.5mm 3-5mm
Pedicel in fruit 2-6.5 mm 2.5-7 mm
Number of seeds 7-8 3-4

Seed length 3-4 mm 3-4 mm
Seed width 1.5-2 mm 2-3mm
Number of leaf veins  5-7 7-10

Flowering period: May; fruiting period: July.

Specimens examined: Turkey — Artvin, Savsat, Meydancik, Dutlu to Akdamla, rocky slope, 1221 m, 41° 23'
17" 42° 21' 00", 23.08.2016; O.Emin. 22363 (ARTH 11803); 1165 m, 41° 23' 08" 42° 20' 50", 08.05.2017,
10.07.2017; O.Emin. 22362! 22361!, (ARTH 11802, 11801).
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Figure 1. General morphology of Rhamnus depressa. a: habitus, b: ascending branches, c: male flowers, d: female
flowers, e, f: leaves and fruits

3.2. Micromorphology

Leaf surface sculptures are wavy in the both parts and epidermal cell walls are not distinct. Periclinal surfaces
of upper parts are with many small and irregular protuberances and epicuticular waxes. On the other hand, abaxial leaf
surfaces are densely covered with epicuticular scaly structures/particles especially among the irregular elevations.
Stomata also hide with these elevations. Sparsely simple trichomes can be visible in the lower midrib part of leaf with
different length (Figure 2).
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Figure 2. Leaf SEM micrographs of R. depressa. a, b: Adaxial surface, ¢, d: Abaxial surface, e, f: midrib
3.3. Wood anatomy

Wood diffuse to semi-ring porous. Growth ring boundaries are distinct with partially gelatin-free fiber tissue in
latewood zone and relatively larger earlywood vessels (Figure 3a). Vessels mostly diagonally and in dendritic patterns,
partially radial and tangential small/short multiples, and in clusters, or in solitary forming together with vasicentric
vascular tracheids, rounded to angular in cross-section. Earlywood vessels tangential diameter 35 um and radial
diameter 40 pum, latewood vessels tangential diameter 19.8 um and radial diameter 24.9 pm, vessels ca. 157.2 / mm?,
vessel member length 257.2 um (Table 2). Perforation plates simple. Vessel pits alternate, round to oval, with slit-like
apertures. Vessels and vasicentric vascular tracheids with helical thickening. Libriform fibres 560 pum long, 14.32 pm
wide, thin- to thick-walls 4.43 (3-5.5) um, gelatinous (Table 2). Axial parenchyma apotracheal and paratracheal
marginal bands. Rays heterocellular, composed of slightly upright and square marginal cells and mostly procumbent
cells (Figure 3b). Rays 8 (7-12) / mm, uniseriate, biseriate and multiseriate. Uniseriate ray height 125.4 um and 5 (2-11)
cells, biseriate ray height 163.7 pm, multiseriate ray height 276 pm (max. 33 cells) and multiseriate ray width 58.7 pm,
2-5 (6) cells (Table 2). Perforated ray cells present (Figure 3c). Crystals solitary in ray cells (Figure 3d).
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Table 2. Wood anatomical characteristics of R. depressa compared with R. microcarpa

3.4. Leaf anatomy

3.4.1. Petiole

Characteristics R. depressa R. microcarpa [17]

Tangential diameter of 35 (15-60) 38.8 (20-75)
earlywood vessel (um) '

Radial diameter of 40 (25-60) 53.9 (30-80)

earlywood vessel (um)
Tangential diameter of
latewood vessel (um)
Radial diameter of
latewood vessel (um)
Number of vessels per mm?
Vessel member length (um)
Libriform fibre length (um)
Libriform fibre width (um)
Libriform fibre thickness of
cell walls (um)
Multiserate ray height (um)
Multiseriate ray width (um)
Biseriate ray height (um)
Uniserate ray height (um)
Uniseriate ray height (cell)
Number of rays per mm

19.75 (10-30)

24.9 (10-47.5)

157 (124-210)
257.2 (185-395)
560 (400-700)
14.31 (10-16)

4.42 (3-5.5)

276 (145-480)
58.7 (37.5-90)
163.7 (90-335)
125.4 (45-280)
5 (2-11)
8 (7-12)

22.8 (15-32.5)

27.3 (15-50)

127 (95-156)
242 (145-300)
584.8 (370-850)
11.55 (9-15)

3.75 (3-6)

252.8 (90-515)
49 (22.5-75)
120.6 (55-225)
98.7 (40-230)
5 (2-13)

10 (7-12)

Petiole is more or less rounded shape in outline. Vascular bundle is open arc-shaped. Epidermal cells are
narrow or ovate. Single vascular bundle comprises a wide area in the middle (Table 3). Collenchyma is 3-4 layered and
surround of the petiole. Many parenchymatous cells containing druse crystals cover a large area in the surrounding of
vascular bundle. This species consists of a big vascular bundle in the middle of the petiole. Trichomes are simple,
Uniseriate and unicellular, and cover all petiole, but glandular trichomes are not present. Sclerenchymatous clustered
cells are observed in phloem part of vascular bundles. Druses crystals occur in parenchyma cells surrounding the
vascular bundles (Figure 4 a, b).

Table 3. Petiole anatomical characteristics of R. depressa compared with R. microcarpa

Characteristics R. depressa R. microcarpa [17]
Xylem thickness 163.09+6.33 219.29+05.93
Phloem thickness 222.16+6.16 232.014£5.93

Vascular bundle thickness
Vascular bundle breadth
Trachea size

Cortex thickness

Collenchyma thickness
(upper surface)
Collenchyma thickness
(lower surface)

Petiole thickness
Petiole breadth

481.15+10.19
635.71£21.54
16.91+0.63
245.01+8.78

55.07+£3.36

49.38+11.27

970.96+14.84
1185.70+8.38

623.93+35.56
776.91+24.12
19.57+0.49

247.97+34.67

77.87+£13.03

55.37£11.51

1236.41+£11.20
1432.06+8.53
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Figure 3. Wood anatomy of R. depressa. a: diffuse to semi-ring porous wood, vessels diagonally and in dendritic
patterns, partially radial and tangential multiples, and in clusters, or in solitary, b: uniseriate, biseriate and multiseriate,
heterocellular rays, c: crystals in ray cells, d: perforated ray cells. Scale bars: a, b: 100 um; c: 20 pm.

Morpho-micromorphological and anatomical studies on a rare species, Rhamnus depressa (Rhamnaceae) with the comparison of R. microcarpa
Ozgiir EMINAGAOGLU, Melahat OZCAN, Funda ERSEN BAK, Hayal AKYILDIRIM BEGEN, Emrah YUKSEL



3.4.2. Midrib

Biological Diversity and Conservation — 13 / 3 (2020) 239

It is semi-circle, slightly sulcate and covers a large area. Adaxial part is concave, while abaxial one is convex.
Under the upper epidermis, several layers of collenchyma cells are observed, but not in the lower epidermis. One or
sometimes two collateral and arc -shaped vascular bundles cover a large area. Many sclerenchymatous cells can be
visible in phloem part of vascular bundles (Figure 4 c, d).

Table 4. Leaf anatomical characteristics of R. depressa compared with R. microcarpa

Characteristics R. depressa R. microcarpa [17]
Upper epidermis length 14.33+0.53 13.27+0.40
Upper epidermis width 20.26+2.81 18.88+1.43
Lower epidermis length 13.65+0.20 13.40+0.55
Lower epidermis width 23.57+0.29 24.4441.40
Midrib mesophyll thickness 532.72+8.19 659.23+14.77
Midrib mesophyll breadth 657.23+19.80 775.57422.43
Lamina mesophyll thickness 168.16+2.44 181.84+1.45
Trachea size 11.94+0.22 12.58+0.11
Xylem thickness 149.2543.15 190.06+4.83
Phloem thickness 178.73+2.81 204.43+4.84
Vascular bundle thickness 332.27+5.77 396.38+9.55
Vascular bundle breadth 474.52+9.59 552.89+14.36
Cuticle thickness 7.60+0.06 5.57+0.15
Adaxial  Stomatal length 36.64+0.69 0
surface  Stomatal index 4.71+0.34 0
Stomata number per mm? 40+6.31 0
Abaxial Cuticle thickness 6.54+0.11 6.20+0.15
surface Stomatal !ength 39.23+0.36 27.68+0.48
Stomatal index 3.08+0.41 11.57+084
Stomata number per mm? 32+7.99 30.8+4.22
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Figure 4. Leaf anatomy of R. depressa. a-c: cross section, d: peripheral section (1- adaxial surface, 2- abaxial surface).
a: petiole, b: midrib; c: lamina. cl: collenchyma, dc: druse crystals, le: lower epidermis, ph: phloem, pp: palisade

parenchyma, sh: simple hair (trichome), sp: spongy parenchyma, ue: upper epidermis, vb: vascular bundle, xy: xylem.
Scale bars: 200 um (a1, bl), 100 pm (a2, b2, c1), 50 um (c2, d).
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4. Conclusions and discussion

It was emphasized that these two species, which are very similar to one, should be examined in detail
morphologically. It has been noted that the R. depressa differs from the R. microcarpa only with very small elliptical
leaves with fewer veins on either side without any measurements [5]. In our study, we determined that some
morphological characters are differentiating R. depressa from R. microcarpa [17] (Table 1). Especially, petiole length,
leaf sizes, and numbers of bud scale, seed, and leaf veins have distinguished this species distinctly.

Hui et al. [21] studied micromorphological leaf features of 41 species and four varieties belonging to the
Rhamnaceae family and undulate leaf surfaces were determined. According to surface ornamentation, smooth and
striate adaxial epidermal cells or epidermal cells having scaly structures were also reported. It has been also mentioned
that leaf micromorphological characteristics could be used at the species or subspecies level classifications in
Rhamnaceae. In addition, leaf micromorphological characteristics of R. microcarpa have been reported by Eminagaoglu
et al. [17]. Leaf micromorphological results of this study are in accordance with previous reports mentioned above.

In some of earlier studies, it has been reported that the wood anatomy features of Rhamnus species are very
similar and cannot be clearly differentiated [10, 15], while in others, in some species can be distinguished by the ray
width and height, or marginal axial parenchyma [11, 14, 16]. Schweingruber [11] stated that R. alaternus can be
distinguished by their short rays and R. alpinus by their wide and tall rays from other Rhamnus species. The average
uniseriate ray height is 98.7 pm, the average biseriate ray height is 120.6 and the average multiseriate ray height and
width are 252.8 pm (max. 46 cell) and 49.0 um (2-7 cells, max. 8) for R. microcarpa [17]. In this study, the average
uniseriate ray height, biseriate ray height, multiseriate ray height, and width were detected as an average of 125.4 pm,
163.7 um, 276.0 pum (max. 33 cell), and 58.7 um (2-5 cell, max. 6) in R. depressa, respectively. Although the maximum
width and height of the multiseriate rays was found to be higher in R. microcarpa, it can be said that R. depressa has
longer and wider rays when the other average ray values are considered. The multiseriate ray width of five endemic
Rhamnus species in Turkey was found as 1-3 (max. 3-5) [14]. It has been noted that the height of the rays tends to
change during ray ontogeny, that many of its features may vary in ways that limit their taxonomic usefulness, but differ
significantly in quantitative in different species [33]. Since rays’ height varies depending on ontogeny, it has been
reported that the density of the ray is more effective and useful than the height of the ray in the identification of wood
[33]. The mean ray density of R. depressa (8) was lower than the other taxa (9-16) in Turkey [12, 14, 15, 17].

There is no difference in the length of the fibers and the vessel members in R. depressa and R. microcarpa
(Table 2). The tangential and radial diameters of the vessels of R. depressa are smaller than R. microcarpa, but the
number of vessels per mm is higher [17]. Vessel density and diameter are two of three quantitative vessel features that
are incorporated into the mesomorphy ratio. It has been reported that the calculated low mesomorphy value below 75
indicates xeromorphy [34, 33]. R. depressa is a xerophyte plant and is in the form of dwarf shrub wrapped on rocks, like
R. microcarpa. The mesomorphy value of the R. depressa is 44.19. Though the mesomorphy value of R. depressa is
lower than R. microcarpa (59.07) [17], it is higher than the Mediterranean species in Turkey (11-23) [14, 15]. The
values calculated by Merev [12] for the species growing in the Eastern Black Sea Region are quite high.

In previous studies, petiole anatomical characteristics of Rhamnus microcarpa which is closely related R.
depressa were reported by Eminagaoglu et al. [17] from Turkey and R. wightii Wight & Arn. by Shisode and Patil [22]
from India. In accordance with our results they reported horseshoes petiole, arc-shape vascular bundle and druses
crystals in parenchyma cells. Efe et al. [19] also reported orbiculate petiole for Rhamnus pichleri Schneider and Bornm.
ex Bornm. In addition, Efe et al. [19] observed secretory cavities in R. pichleri. On the other hand, the secretory
cavities mentioned do not observed in our studies species. We determined the dorsivental mesophyll (bifacial leaf) for
R. depressa. Similar to our findings, Varone and Gratani [35] investigated leaf expansion of R. alaternus L. and
reported bifacial leaf mesophyll for this species.

Unicellular trichomes were revealed by Shisode and Patil’s report [22] in R. wightii and by Serdar et al. [20] in
two subspecies of Frangula alnus. Furthermore, it was also mentioned from stellate scales in Pomaderris apetala.
Labill. by Shisode and Patil’s report [22]. We also determined many epicuticular scales in the abaxial surface of leaf of
R. depressa.

In literature, hypostomatic leaf type is usual in most of the species. Efe et al. [19] reported this type leaf in
most of their studied species, except for Rhamnus thymifolius Bornm. with amphistomatic leaf. From previous reports,
Hui et al. [21] found that most species in the family Rhamnaceae have hypostomatic type, with small exceptions
(Colubrina asiatica (L.) Brongn). We found the amphistomatic leaf with stomata in the both surfaces of R. depressa,
differently from closely related species R. microcarpa.

Efe et al. [19] reported calcium oxalate crystals in the palisade cells of five Rhamnus species. Shisode and Patil
[22] reported these types’ crystals in R. wightii. Serdar et al. [20] also mentioned different amount of druse crystals in
petiole of Frangula alnus Mill. The authors also reported secretory cavities in R. wightii and also some other species in
the family Rhamnaceae. Our results are in agreement with these reports except for secretory cavities.

This study reveals several morphological and anatomical characteristics that can be used in differentiating R.
depressa and R. microcarpa, i.e petiole length, leaf sizes, and numbers of bud scale, seed, and leaf veins, ray
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characteristics in wood, amphistomatic stomata, horse shoes vascular bundle in the petiole, one vascular bundle or two
vascular bundles with sclerenchymatous cells in phloem part, as well as epidermis micromorphological characters.
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Abstract

Although nanoparticles synthesized by chemical reactions show a wide range of toxicities in various vertebrates
and invertebrates, they are produced in large quantities to take advantage of their antifungal activities. Due to the
remarkable disadvantages of conventional chemical methods, the green synthesis of metallic nanoparticles has acquire
great attention in recent years. This method is proposed as an alternative to classical chemical methods with its low cost,
environmentally friendly and simple approaches. Our aim in this study is to determine the suitability of Tilia rubra DC.
extract in the extracellular synthesis of silver nanoparticles and characterize the material obtained. T. rubra extract has
been studied for the first time for the biosynthesis of silver nanoparticles, forming surface plasmon resonance at 427 nm
in UV-Vis spectrophotometer. Also, transmission electron microscope (TEM) images showed that nanoparticles have
spherical morphology. According to TEM images, nanoparticles were found to be between 5-15 nm in size. X-ray
diffraction (XRD) analysis, on the other hand, determined that the particles were crystalline with a face centered cubic
geometry. Fourier transform infrared (FTIR) analysis was performed to identify possible biomolecules responsible for
bio-reduction of silver ions. The antifungal effect of the biosynthesis silver nanoparticles on Candida albicans, a
pathogenic yeast, was examined by the agar diffusion method, and as a result, the synthesized silver nanoparticles showed
a significant inhibitory effect on C. albicans. Our results support the potential for future use of biosynthesized silver
nanoparticles for industrial and biomedical applications, thanks to the environmentally friendly synthesis procedure.

Key words: green synthesis, Tilia rubra, silver nanoparticle, characterization, antifungal activity
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_ Tiliarubra DC. ekstrakt1 kullamlarak giimiis nanopartikiiliin hiicre dis1 biyosentezi ve antifungal aktivitesi
Ozet

Kimyasal reaksiyonlarla sentezlenen nanopartikiiller cesitli omurgali ve omurgasizlarda genis bir toksisite
yelpazesi sergileseler de, antifungal aktivitelerinden yararlanmak iizere biiyiik miktarlarda iretilmektedir. Klasik
kimyasal yontemlerin dikkat ¢ekici dezavantajlar1 nedeniyle, metalik nanopartikiillerin yesil sentezi son yillarda biiyiik
ilgi gdrmeye baslamistir. Bu yontem diisiik maliyetli, gevre dostu ve basit yaklasimlari ile klasik kimyasal yontemlere bir
alternatif olarak 6nerilmektedir. Bu ¢aligmada amacimiz, giimiis nanopartikiillerin hiicre dig1 sentezinde Tilia rubra DC.
ekstraktinin uygunlugunu belirlemek ve elde edilen materyali karakterize etmektir. Bunun yanisira biyosentezlenmis
giimils nanopartikiillerinin antifungal etkisi degerlendirilmistir. T. rubra ekstrakti, giimiis nanopartikiillerin biyosentezi
icin ilk kez calisilmig olup UV-Vis spektrofotometresinde 427 nm'de yiizey plazmon rezonansi olusturmustur. Ayrica
gecirimli elektron mikroskop (TEM) goriintiileri nanopartikiillerin kiiresel morfolojiye sahip oldugunu gostermistir. TEM
goriintiilerine gore nanopartikiillerin boyutlarmin 5-15 nm arasinda oldugu bulunmustur. X-1gin1 kirmimi (XRD) analizi
ise partikiillerin yiiz merkezli kiibik geometriye sahip kristal yapida oldugunu belirlemistir. Giimiis iyonlarmnm biyo-
indirgenmesinden sorumlu olas1 biyomolekiilleri tanimlamak i¢in Fourier doniisimli kizilotesi spektroskopisi (FTIR)

’ Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +905308829609; Fax.: +902222394106; E-mail:byozturk@ogu.edu.tr
© Copyright 2020 by Biological Diversity and Conservation Gelis tarihi: 4.7.2020; Yayin tarihi: 15.12.2020 BioDiCon. 911-0720


http://www.biodicon.com/
https://orcid.org/0000-0001-7189-7407

Biological Diversity and Conservation — 13 / 1(2020) 245

analizi yapilmistir. Biyosentezlenmis giimils nanopartikiillerin patojen bir maya olan Candida albicans iizerindeki
antifungal etkisi agar diflizyon metodu ile incelenmis ve sonug olarak sentezlenen giimils nanopartikiilleri, C. albicans
iizerinde 6nemli inhibe edici etki gostermistir. Sonuglarimiz, biyosentezlenmis giimiis nanopartikiillerin gevre dostu
sentez prosediirii sayesinde, gelecekte endiistriyel ve biyomedikal uygulamalar i¢in kullanim potansiyeli oldugunu
desteklemektedir.

Anahtar kelimeler: yesil sentez, Tilia rubra, giimiis nanopartikiil, karakterizasyon, antifungal aktivite
1. Giris

Nanomalzemeler gelismekte olan bir teknoloji olarak giinliik hayatimizin tiim yonlerini etkilemektedir. Cilinkii
nanopartikiillerin (NP’lerin) benzersiz optoelektronik ve fizikokimyasal Ozellikleri ile gok ¢esitli kullanim alanlar
bulunmaktadir. Tip, tarim ve gida endiistrileri, elektronik ve kozmetik bu alanlarin baginda gelmektedir [1; -2] Bunun
yanisira agir metal gibi gevresel kirleticilerin temizlenmesi i¢in de nanoteknoloji tabanli iyilestirme konulari iizerinde ¢ok
sayida arastirma yapilmaktadir [3]. Tek bir nanopartikiil bile ¢esitli sekillerde birgok farkli sentez yontemi kullanilarak
iiretilebilmis ve bunun sonuglar1 ve canlilar iizerindeki etkileri toksikolojik calismalar ile arastirilnustir [4-6]. Ozellikle
glimiis nanopartikiiller (AgNP’ler), entegre devreler, sensorler, biyo-etiketleme, filtreler, hiicre elektrotlar1 ve kozmetik
saglik gibi alanlarda yaygin uygulamalar1 nedeniyle arastirmacilarin dikkatini ¢ekmektedir. Ayrica cesitli tibbi
uygulamalarda ticari kullanimi1 nedeniyle, AgNP {iretimindeki yillik artisin diinya ¢apinda yiizlerce ton oldugu tahmin
edilmektedir. Giimiisiin de i¢inde bulundugu metal NP’ler, termal ayrisma, elektrokimyasal, mikrodalga destekli iglem
ve kimyasal yontemler gibi ¢esitli yaklasimlarla sentezlenir [7]. NP’lerin sentezinde igin tehlikeli kimyasallarin sik
kullanimi, maliyetinin yiiksek olmasi, asir1 sicaklik ve toksik madde acgiga ¢ikmasi gibi dezavantajlar bulunmaktadir.
Ormnegin kimyasal sentez asamalarinda sik¢a kullanilan Sodyum borhidriir (NaBH4) hem maliyeti yiiksek bir iiriin hem de
indirgeyici olarak kullanildiktan sonra giderilemeyen yan iriinler olusturabilmektedir. Olusan yan iriinler 6zellikle
iiretilen nanomalzemelerin uygulama olasiliklarini ve biyouyumluluklarini ciddi sekilde siirlayabilir. Bu yiizden metalik
NP’lerin sentez agamasinda yiiksek verimli, diisiik maliyetli, toksik olmayan ve ¢evresel olarak iyi huylu prosediirler
gelistirmeye ihtiyag vardir. Bu nedenle, NP’lerin sentezi igin biyolojik yaklasim (biyosentez) 6nem kazanmaktadir. Yesil
kimya ya da yesil sentez olarak bilinen bu yontemde bitki ve bitki {iriinleri, algler, mantarlar, maya, bakteriler ve viriisler
dahil olmak tizere dogada bulunan ¢ok cesitli biyolojik kaynaklar kullanilabilir [8, 9] Yesil sentezde kullanilan bu
organizmalarm, hiicre i¢i veya hiicre dig1 inorganik nanomateryaller iirettigi bilinmektedir [1]. Bu tiir biyoprosesler, ¢evre
kirliliginin azaltilmasinda ve metallerin atiklardan geri kazanilmasinda da etkili bir gekilde kullanilmistir [10].

Dogal iiriinler, biyomedikal aragtirmacilar tarafindan yillardir ¢aligilmaktadir. Biyolojik materyallerin igerigi
¢esitli rahatsizliklarin tedavisi i¢in bir¢ok sentetik veya yari sentetik dogal analogun sentezine ilham vermistir. Bitkilerin
ticari uygulama i¢in kullanilmasi, biinyesinde ¢ok ¢esitli biyomolekiilleri bulundurmasi yoniinden ve elde edilmesi kolay
oldugu i¢in nanomalzeme tiretiminde umut verici bir aragtirma alanidir [11]. Bu nedenle, bu ¢alismada, Tilia rubra DC.
(Ihlamur) ekstrakti kullanilarak AgNP sentezi gergeklestirilmistir. T. rubra, Malvaceae familyasimnda yer almaktadir.
Ozellikle dogal olarak yetistigi gibi iilkemizin gesitli yerlerinde kiiltiire de edilmektedir. T. rubra’nmn yatistiricilar,
sakinlestiriciler, diiiretikler ve balgam soktiiriiciiler gibi 6zellikleri bulunmaktadir. Ayrica geleneksel tipta gribal
enfeksiyonu tedavi etme amaci i¢in kullanilan ve tiim diinya ¢capinda taninan bir bitkisel iiriindiir [12]. T. rubra’nin Akyuz
vd., 2014 raporlarma gore 17 farkli fenolik bilesik oldugunu ve bunlardan 14 tanesi tanimlanip giiglii bir antioksidan
oldugu belirlenmistir [13]. Frezza vd., 2020 raporlarina gére ise thlamurda esas olarak flavonoidler, ardindan organik
asitler ve pentasiklik triterpenler tarafindan olustugu bildirilmistir [14].

Bu ¢aligmada amacimiz T. rubra’nin yapisinda bulunan 6zellikle fenolik bilesiklerin gesitliligi AgNP’lerinin
sentezi i¢in umut verici bir kaynak olarak goriilmiis ve biyosentezlenen nanopartikiiller UV-Vis, TEM, XRD, FTIR ile
karakterize edilmistir. Ayrica giimiisiin (Ag*) bitki ekstrakt kaynakl1 indirgenmesini (Ag®) kullanarak firsatc1 bir patojen
olan C. ablicans tiiriine kars1 antifungal aktivitesi de degerlendirilmistir.

2. Materyal ve yontem
2.1. Bitki Ekstraktimin Hazirlanmast

T. rubra ekstraktinin hazirlanmasi i¢in Tippayawat vd., (2016) kullandig1 yontem revize edilerek hazirlanmigtir
[9]. Oncelikle T. rubra yapraklar1 deiyonize su ile 3 kez yikanip ve kurutulduktan sonra toz haline getirilen yapraklardan
5 g kullanilarak hazirlanmistir. Bu yapraklardan bitki ekstraktini hazirlamak i¢in 50 ml deiyonize su i¢inde kaynatilmis
ve sogumaya brrakilmistir. Sogutulan ekstrakt Whatman No 1 filtre kagit1 kullanilarak siiziilmiis ve 4 °C'de bir

buzdolabinda saklanmustir.

2.2. Biyosentezlenmis Giimiis Nanopartikiillerin (T-AgNP) Sentezi ve Karakterizasyonu
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T-AgNP numunelerinin hazirlanmasi i¢in AgNOsz (Sigma Aldrich) stok c¢dzeltisinden 0.1 mM olarak
seyreltilmis ve 1:1 oraninda bitki ekstrakt1 ile oda sicakliginda kuvvetli bir sekilde 24 saat boyunca manyetik karistiricida
karigtirilmigtir. Kahverengi-siyahimsi bir renk olusturan karigim giimiis iyonlarinin indirgenmesi sonucunda olugmus ve
8000 rpm’de santrifiij edilerek elde edilen pellet 3 kez deiyonize su ile yikandi. Nanopartikiilleri toz haline getirebilmek
icin dondurarak kurutma islemi bir liyofilizatér ile gergeklestirilmistic. Toz haline getirilen nanopartikiiller
karakterizasyona kadar -20 °C’de saklanmistur.

AgNP'lerin morfolojik 6zellikleri, 100 kV hizlanma voltajinda bir JEOL JEM-1220 mikroskop kullanilarak
gecirimli elektron mikroskobu (TEM) ile incelenmistir. Kristal yapilar, X-15in1 toz kirmimi Panalytical Empyrean marka
XRD ile analiz edilmistir. Taramalar Cu Ka tiipii kullanilarak bir 45 kV voltaj ve 40 mA akim analiz kosullarinda 5°- 80°
arasinda 20 agisinda yapilmig ve T-AgNP’lerin optik dzellikleri spektral analiz ile incelenmistir. T-AgNP’lerin absorbans
spektrumlari, bir UV-Vis (AE-S90-2D Spectrophotometer, Cin) cihazi ile kaydedildi. Spektrumlari belirlemek igin
6letimler maksimum absorbans dalga boyunda kaydedilmis ve taramalar 190-1100 nm dalga boyunda yapilmistir. Fourier
doniisimii kizil6tesi spektroskopisi (FTIR) calismalar1 bir Perkin Elmer Spectrum Two spektrofotometre kullanilarak
gercgeklestirilmistir.

2.3. Antifungal Aktivite

Sentezlenen maddenin antifungal etkinligini belirlemek i¢in T-AgNP, Klinik ve Laboratuvar Standartlar:
Enstitiisii (CLSI) tarafindan Onerilen kriterlere gore hazirlanmistir [15]. Sentezlenen nanopartikiillerin antifungal
duyarliliklar1 agar difiizyon testi ile degerlendirilmistir. C. albicans (ATCC 14053), ESOGU-ARUM’da bulunan stok
kiiltirden saglanmistir. Caligma Oncesi maya hiicrelerinin ekim ve bilyiime ortamu i¢in maya ekstrakti-pepton-D-glikoz
(YPD) kullanilmistir. Ayn1 zamanda AgNP’lerin antifungal aktivitesinin arastirilabilmesi igin yapilan disk difiizyon
yonteminde de YPD agar besiyeri kullanilmigtir [16]. Aktive edilmis mikroorganizmalar1 McFarland 0.5 degerine
ayarlanmis ve besi ortamina inokulasyonu sonrasi 10, 20, 30 ve 40 ul olacak sekilde T-AgNP’lerle hazirlanmig diskler,
besi ortamina yerlestirilmistir. 37° °C de inkiibasyona birakilarak ve 24 saat sonunda olusan zonlar 6lgiildii. Bu zonlar,
standart antifungal bir antibiyotik olan amfoterisin B’nin zonlari ile kiyaslanmis ve deneyler ii¢ kez tekrar edilmistir.

2.4. Inhibisyon Zon Capi Tayini
Disk difiizyon tahlilleri ile bdlge ¢aplari, biiyiimede belirgin bir azalma olan noktadan ve gozle goriiliir bir
biiylime olan noktaya milimetrik bir dlgek kullanarak 6l¢iilmiistiir. Bu dlgtimler Wayne (2004) tarafindan raporlandigi
gibi 24 saat sonunda degerlendirilmistir [17].
3. Bulgular
3.1. T-AgNP lerin Karakterizasyonu
Biyosentezlenmis T-AgNP'lerin ilk goriiniir isareti, AgNOs ile T. rubra ekstrakt karigimlarinin rengi agik saridan

koyu kahve bir renge degismesidir (Sekil 1). Bu renk degisimi, Ag*'nin Ag”a indirgenmesi saptamak i¢in morfolojik bir
gostergedir [18].

Sekil 1. AgNOs eklendikten sonra bitki ekstraktindaki renk degisikligi A. Tilia rubra ekstrakti1 B. Biyosentezlenmis T-
AgNP

Gilimiis nanopartikiillerinin olusturmus oldugu renk, etkilesen bir elektromanyetik alanin neden oldugu serbest
iletim elektronlarinin kolektif salinimindan dolay1 ortaya ¢ikan yiizey plazmon rezonansina (SPR) baglhidir [19]. SPR
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bandinin olugtugunu gbérmek ig¢in T. rubra igeren reaksiyon karigimmm UV-Vis spektroskopisi ile O6lgimil

gerceklestirilmis, hatta nanopartikiillerin stabilitesini kontrol etmek amaci ile ikinci bir spektrum (300. giin) tekrar
almmustir (Sekil 2).

24 saat

300 gun

Absorbance(Abs)

0
200 300 400 500 600 700 800 900 1000 1100
Wavelength(nm)

Sekil 2. T-AgNP’lerin UV-Vis absorpsiyon spektrumlari

Dalga boyundaki bir degisiklik, pargacik boyutu, sekli ve par¢aciklar arasindaki 6zelliklerin bir dl¢iisiidiir [20].
Bu sonuglara gore giimiis nitrat ile iglenmig T. rubra ekstraksiyonu ile biyosentezlenmis AgNP'ler 24 saatin sonunda 427
nm araliginda 1.933 absorbans olarak bir pik gostermistir (Sekil 2). Daha dnce yapilan ¢alismalara gére SPR bandmin
350-450 nm arahigmma karsilik geldigi bildirilmistir [21]. Boylece T-AgNP’lerin yiiksek bir SPR bandi olusturdugu
goriilmiistiir. 300. Giin (6 ay) sonunda yapilan 6lgiimde yine 427 nm araliginda en yiiksek piki verirken sadece absorbans
degeri diigmiistiir. Bu sonuca gore nanopartikiillerin 6 ay boyunca stabilitesini korudugu goriilmiistiir.

AgNP’lerin diger bir karakterizasyonu i¢in XRD metodu kullanildi ve bu metodla saf kristal halde bulunan
giimiis nanopartikiillerin patterni belirlenmistir. Sekil 3 de goriildiigi gibi elde edilen kirmim sonuglar1 39.02, 44.138,
64.747, 74.983 ve 82.220 acilarinda bantlar gdstermistir. Bu sonug, swrasiyla 111, 200, 220, 311 ve 222 Bragg
diizlemlerine karsilik gelen giimiis kristal olusumunu ortaya koymaktadir. Boylece, giimiis kristalitlerin yiiz merkezli
kiibik (fcc) yapisini dogrulayan bir spektrum elde edilmistir. (referans kod: 04-014-6889). Ayn1 zamanda spektrumda
goriilen diger bantlar ise sekilsiz organik fazlarla iligkili oldugu diisiiniilmektedir.

Counts
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2500 —

(220)

Position [+26] (Copper (Cu))

Sekil 3. T. rubra ile biyosentezlenen kurutulmus T-AgNP’lerin X 1gin1 kirmim profili

T-AgNP'lerin morfolojileri hakkinda bilgi almak i¢in TEM kullanilmis ve kiiresel morfolojide olduklar tespit
edilmigtir. TEM verilerine gore, nanopartikiillerin T. rubra ekstraktmin matrisinde tutundugu gériilmekle beraber, detayli
incelemede monodispers olduklar1 ve pargaciklarin birbirinden iyi ayrildigi gorilmiistiir (Sekil 4). Goriintii analizine
dayanarak, parcaciklarin ortalama boyutunun 5-15 nm oldugunu kanitlanmstir.
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Sekil 4. Biyosentezlenmis T-AgNP'lerin A (100 nm olgegl) ve B' de (20 nm ok;egl) T rubra ekstrakti ile elde edilen TEM
elektron mikrograflar1.

Biyosentezlenmis T-AgNP sulu bitki ekstraktina ait FTIR spektrumlar1 Sekil 5'te sunulmustur. Ag iyonlarim
azaltilmasidan sorumlu metabolitler FTIR spektrumu kullanilarak tespit edilmistir. Serbest OH grubuna sahip fenollerin
ve alkollerin varliginda 3426.12 ve 3421.17 cm™deki genis bantlar: ile ortaya ¢cikmistir. 2930,12 ve 2926,56 cmY'deki
bantlar, lipitlerdeki alkanlarin varh@mi temsil eder [22]. 2344.67 cm™ bolgesi, sadece biyosentezlenmis ¢ozeltide
COO™'nin simetrik olarak gerilme varhgini gosterir. 2240.63 ve 2242.14 cm™deki bantlar C=C grubuna atanir. 1629.45
ve 1631.01 cm™'deki absorpsiyon bantlari, aromatik bilesiklerde ve amid I'de (diizlem disinda NH) C = C'ye karsilik gelir
[23]. 1408.23 ve 1407.54 cm™'deki bantlar S = O (siilfat ester) grubunu gosterir. 1398 cm™'deki bantlar COO- gruplarm
C-O bandi ve proteinlerin CHz ve CH, bandima karsilik gelmektedir [24]. 1123 ve 1150.67 cm™'deki bantlar karboksilik
asit grubunun varhigmi dogruladi. 819.43 cm™, 672.17 ve 670.58 cm™'deki bantlar, bitki 6ziindeki aromatik bilesiklerde
ve T-AgNP'lerde = CH varligini temsil eder [25]. Bu sonuglara gore proteinlerde goriilen serbest karboksilat gruplar
metal nanopargaciklarma baglanabilir ve onlar1 stabil hale getirebilir. Bitki ekstraktmm FTIR spektrumu ile
biyosentezlenmis T-AgNP'leri arasindaki absorpsiyon bantlarmin pozisyonunda degisiklikler goriilmiis ve bu durum
piklerin kaymasiyla teyit edilmistir. Bu durum, degisikliklerin sebebinin biyosentezlenme sirasinda etkili olan bolgeler
oldugunu diistindiirmiistiir.
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Sekil 5. T. rubra ekstrakti ve T. rubra ekstrakti tarafindan biyosentezlenmis T-AgNP'lerinin FTIR spektrumu
3.2. T-AgNP lerin Antifungal Aktivitesi

Kiiresel T-AgNP'lerin antifungal &zellikleri de C. albicans patojenine karsi incelenmis ve Sekil 6'da
gosterilmistir. T-AgNP'lerin C. albicans patojenine kars1 iyi antifungal aktivite gosterdigi amfoterisin B ile karsilastirma
sonucunda goriildi. Biyosentezlenmis T-AgNP’ler igeren her disk tizerine (10-40 pul arasinda degisen oranlarda) T-AgNP
yiiklenmistir (Sekil 6).
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Sekil 6. T. rubra ekstraktinin (T) ve T. rubra ekstraktindan farkli miktardaki biyosentezlenmis T-AgNP'lerin (10, 20, 30
ve 40 ul) C.albicans’a kars1 antifungal aktivitesi, A, amfoterisin B

10 pl etken madde ile muamele edilen C. albicans hiicrelerinin olusturdugu disk zonu, Amfoterisin B ile elde
edilen zon ¢apina benzerlik gostermistir. Doz miktar1 20 pl olarak uygulandiginda ise amfoterisin B muamelesinde elde
edilene gore daha biiyiik bir zon olugsmustur (Tablo 1). Etken madde miktar1 30 ve 40 ul olacak sekilde uygulanan
disklerde ise elde edilen sonug, 20 pl uygulanan doz sonuglar1 ile ¢ok benzerlik gostermistir. Bu sonuglar, uygulanan
nanopartikiil miktarinmn 20 pl den fazla olmasi durumunda etkinin artmayacagini gostermistir (Sekil 6).

Tablo 1. Biyosentezlenmis T-AgNP’lerin ve bitki ekstraktinin CLSI M44-A disk yontemine gore karsilagtirilmasi

Sus Etken madde Zon ¢ap1
(mm)

Amfoterisin B? 92-97
Tilia rubra ekstrakti 0

Candida albicans Biyosentezlenmig T-AgNP (10 ul) 82-90

(ATCC 14053) Biyosentezlenmis T-AgNP (20 pl) 100-105
Biyosentezlenmis T-AgNP (30 pl) 98-102
Biyosentezlenmis T-AgNP (40 pl) 98-105

& CLSI, Amfoterisin B 10 ug
4. Sonuglar ve tartisma

Gliniimiizde nanopartikiilleri sentezlemek i¢in kullanilan kimyasal ve fiziksel iglemlerin ¢ogunda toksik
kimyasal ve yiiksek enerjili bilesikler kullanilmasi, insan saghgi ve ¢evre i¢in ciddi riskler olusturmaktadir. Bu yiizden
arastirmacilar farkli yontem arayisi igerisindedirler. Biyolojik kaynaklar1 kullanan yesil sentez yontemleri zararh
kimyasal yontemlerin yerini alabilir [26]. Yesil sentez, AgNP'lerin sentezlenmesi siirecinde kimyasal ve enerji
bilesiklerinin kullanimini azaltir. Dolayisiyla sentez agamasi ve sonrasi i¢in, ucuz, basit, kimyasal bilesiklerin kullanim1
icin azaltilmig gereksinimler ve en dnemlisi, insan ve ¢evre sagligi i¢in risklerin azaltilmasi yesil sentezi 6ne ¢ikaran
avantajlaridir [8]. Caligmamizda T. rubra (Thlamur), giimils nanopartikiillerinin sentezi i¢in kullanilmigtir. Bu ¢aligmada,
thlamur yapraginin sulu ekstrakt: ile hazirlanan ve Once agik sarimsi renkte olan ekstrakt, AgNO3 c¢ozeltisi ile
karistirildiktan sonra koyu kahverengi renkte bir siispansiyon olusturmustur. Ortaya ¢ikan renk degisimi UV-Vis ile
incelendikten sonra elde edilen emilim spektrumu SPR bandi ile ortaya konulmus ve bu durum Ag* iyonlarmin, Ag°
nanopartikiillerine indirgendigini géstermistir [27].

T. rubra yapragi ekstrakti kullanilarak T-AgNP'lerin olusumu, XRD analizinde gézlenen karakteristik
desenlerle uyumludur ve fce simetrisi ile giimiisle eslestigi tespit edilmistir. Ayrica, elde edilen XRD paternimiz 6nceki
calismalarla benzerlik gostermektedir [28,29]

FTIR analizi, Ag" iyonlarmin azaltilmasindan ve T-AgNP'lerin stabilizasyonundan sorumlu olan T. rubra
yaprak ekstraktinda bulunan fonksiyonel gruplari tanimlamak i¢in yapilmistir. FTIR sonuglaria gore, T. rubra yapragi
ekstraktinda bulunan aminin COO", -OH ve CHj3 gibi fonksiyonel gruplarinin muhtemelen Ag* iyonlarmin metalik
giimiise (Ag?) doniistiiriilmesinden sorumlu faktérler oldugunu gdstermektedir. Bu duruma gére alkoloidler, proteinler ve
aromatik bilesiklerin nanopartikiiliin sekillenmesinde rol aldig1 soylenebilir [30].

Sentezlenmis AgNP'lerin TEM goriintiileri 5-15 nm biiyiikliktedir ve partikiiller yiizey ilizerinde yigilma
yapmaksizin, esit bir dagilimla olugsmus kiiresel bir sekildedir. AgNP'lerin homojen bir sekilde dagilmasi T. rubra
ekstraktinin kalin bir biyomolekiil tabakas ile kapsiillenmesine baglanabilir.
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C. albicans, maya mantar1 {izerinde agar difiizyon testi ile test edilmis ve kontrol ilaci olarak gii¢lii bir antifungal
olan Amfoterisin B kullanilmistir. Biyosentezlenmig T-AgNP'lerin C. albicans lizerinde Amfoterisin B’den daha kuvvetli
bir zon ¢ap1 olusturdugu gorilmiistiir. Ekstraktin ise hi¢ etkisinin olmadigi gériilmiistiir. Biyosentezlenen AgNP’lerin
Jaidev ve Narasimha’nin (2010) raporuna gore AgNP'lerin fungisidal 6zelliginin, fungal hiicre duvarindaki siilfhidril
gruplarinim etkisiz hale getirilmesi ile, ¢6ziinmeyen bilesiklerin olusumuna ve hiicre lizisine yol agan ve bununla birlikte
hiicre zarmna bagli enzimlerin ve lipitlerin varyasyonuna neden oldugunu ileri siiriilmiistiir [31]. Ghojavand ve ark. (2019)
raporuna gore serbest radikallerin olusumu, membran hasari ve hiicre duvari ve zar1 yilizeyinde ¢ukur olusumu antifungal
etkiye yol agmis olabilir.

Dabhasi, serbest radikallerin iiretimi, DNA ve proteinlerin kimyasal yapisina ciddi zararlar verebilir [32].
Antibiyotige direngli enfeksiyonlarin sayisinin artmasi giiniimiizdeki en dnemli problemler arasinda yer almaktadir. C.
albicans, enfeksiyonla iligkili en 6nemli biyofilm iireten mikroorganizmalar arasinda yer almaktadir. Bu nedenle,
alternatif stratejiler tizerinde ayrintili ¢aligmalara ihtiyag vardir ve T-AgNP’ler antifungal etki bakimindan umut verici
sonuglar gostermistir.

Sonug olarak T. rubra yaprak ekstrakti kullanilarak T-AgNP'lerin yesil sentezi ile endiistriyel diizeyde iiriin elde
edilebilecegi gibi, ¢cevre dostu, basit, giivenilir ve temiz bir yontem rapor edilmistir. XRD profilindeki spektrumlar T-
AgNP’lerin kristal yapisinin yiiz merkezli kiibik oldugunu dogrular. Aromatik bilesikler ve protein igerigi muhtemelen
T-AgNP’lerin olusumu i¢in baslica rol oynamistir. Boylece FTIR spektrumu ile elde edilen veriler T. rubra ekstrakti
icerisinde yer alan biyomolekiiller, AgNP'lerinin sentezinden ve nanopartikiillerin son seklinin verilmesinden (capping
ajan), sorumlu oldugunu dogruladi. TEM 6l¢timlerinden, T-AgNP’lerin boyutunun 5-15 nm oldugu goériilmiistiir. UV-Vis
ile 6 ay sonrasinda bile ayni dalga boyunda SPR olusturulmustur. Ayrica, biyosentezlenmis T-AgNP’lerin C. albicans’a
kars1 iyi antifungal aktivite gosterdigi ve biyolojik uygulamalarda daha detayl arastrmalar sonucunda potansiyel
kullanim1 olabilecegini diisiindiirmiistiir.
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Abstract

Soil characteristics of 19 (21 taxa) Silene L. (Caryophyllaceae) species belonging to the sections Italicae
(Rohrb.) Schischk. Giganteae Du Pasquier, Siphonomorpha Otth, Lasiostemones Boiss., Sclerocalycinae Boiss.,
Chloranthae Rohrb., Tataricae Chowdhuri and Otites (Adams.) Otth were investigated in the Flora of Turkey. Soil
characteristics were examined in terms of physical character, water saturation, as chemical characters, salt, organic
matter, lime rates, pH (soil reaction) value, phosphorus (P), potassium (K), magnesium (Mg) and calcium (Ca) amounts
(ppm). Plant specimens of Silene taxa were collected and soil samples were taken from these areas at a depth of 10-30
cm. Soil acidity (pH) with "glass electrode pH meter", Electrical conductivity (ECX103) in the tool "Conductance
Bridge", grain diameter of the soil according to the “Hydrometer method of Bouyoucos”, phosphorus in soil according
to the method “Bray and Kurtz No. 17, in alkaline soils according to "Olsen" method, determination of potassium,
calcium, magnesium in soil was made according to “ammonium acetate method”. In our study, the soil grown in taxa,
clayey, loamy, clayey—loam, most of the taxa are slightly alkaline, all salt—free, very low and high levels of organic
matter, lime—free-too much lime, moderate—good phosphorus, deficient—high potassium, poor-moderate amount of
calcium, poor—very high rate of magnesium was found to grow in soils. After having been examined, Silene species,
except for local endemic, it was seen that Turkey has a growing feature in the very different soil character.

Key words: Silene L., Caryophyllaceae, Turkey, soil characteristics

%

Tiirkiye'de yetisen bazi Silene L. tiirlerinin toprak ozellikleri

Ozet

Lasiostemones Boiss., Sclerocalycinae Boiss., Chloranthae Rohrb., Tataricae Chowdhuri, and Otites (Adams.)
Otth seksiyonlarina ait 19 (21 takson) Silene L. (Caryophyllaceae) tiiriiniin toprak dzellikleri arastirilmistir. incelenen
toprak ozellikleri; fiziksel karekter olarak, suya doygunluk (%), kimyasal karekter olarak ise tuz (%), organik madde
(%), kireg (%) oranlari, pH (toprak reaksiyonu) degeri, fosfor (P), potasyum (K), magnezyum (Mg) ve kalsiyum (Ca)
miktarlar1 (ppm) olmustur. Silene taksonlarinin 6rnekleri toplanmis ve bu alanlardan, 10-30 cm derinlikteki toprak
ornegi alinmistir. Toprak reaksiyonu (pH) “cam elektrotlu pH metre” ile, elektrik iletkenlik (ECX103) “Conductance
Bridge” aletinde, topraklarin tane ¢aplart “Bouyoucos’un hidrometre yontemi”ne gore, topraktaki fosfor (P) “Bray ve
Kurtz No. 1” yontemine gore, alkalen reaksionlu topraklarda “Olsen” yontemine gore, topraktaki potasyum (K),
kalsiyum (Ca), Magnezyum (Mg) tayini “amonyum asetat yontemine gore yapilmistir. Yaptigimiz arastirmada,
taksonlarin yetistigi topraklarn, killi, tinly, killi-tinli, taksonlarin ¢ogunun hafif alkali, tamaminin tuzsuz, organik madde
degerlerinin ¢ok diigiik ve yiiksek, kiregsiz ve ¢ok kirecli, orta-iyi oranda fosfor (P), diislik-yiiksek oranda potasyum
(K), zayif-orta miktarda kalsiyum, zayif-cok yiiksek oranda ise magnezyuma (Mg) sahip topraklarda yetistigi tespit
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edilmistir. incelenen Silene taksonlarinim lokal olanlar endemikler disinda, Tiirkiye’nin ¢ok degisik toprak 6zelliklerine
sahip alanlarda yetisme 6zelligine sahip olduklar1 goriilmiistiir.

Anahtar kelimeler: Silene L., Caryophyllaceae, Tiirkiye, toprak karakterleri
1. Introduction

In Turkey, about 10,000 species of plants (12,000 taxa) are naturally grown and about 3,700 of these taxa are
endemic to Turkey [1-3]. There are approximately 750 species of the genus Silene on earth, and two gene centers of the
genus have been identified, one in the Southern Balkan Peninsula and the other in Southwest Asia. Genus Silene is
represented by 152 species in Turkey [4].

Sen et al. [5] studied on the endemic Silene lycaonica Chowd. and S. anatolica Melzheimer & A. Baytop in
terms of morphological, anatomical and ecological aspects and soil samples taken from the distribution areas of the
species were analyzed. Polat and Bagc1 [6] have identified the ecological characteristics of Silene capillipes Boiss. &
Heldr. Soil (edaphic) characters of some species from the Caryophyllaceae family except for the genus Silene in Turkey
were also researched. Ozgelik and Muca [7] have researched the soil analysis of the three Ankyropetalum Fenzl
widespread species (Ankyropetalum arsusianum Kotschy ex Boiss., A. reuteri Boiss. & Hausskn.

A. gypsophiloides Fenzl), in the flora of Turkey. Korkmaz et al. [8], some species of Turkey's Gypsophila L.
studied on the habitat characteristics of taxa. Soil samples were taken from the area where 22 Gypsophila taxa were
distributed and especially from habitats where plants were intensively grown and analyzed. Korkmaz and Ozgelik [9]
conducted a study on the soil-plant relationship of annual 10 Gypsophila taxa. In this study, effects of soil properties on
plant growth were investigated. Selvi et al. [10] was studied in terms of ecological of Agrostemma githago L. and A.
brachyloba (Fenzl) K. Hammer in Turkey. It was found that the soil structure were almost similar in the environments
where both species were grown. However, while the amount of phosphorus and zinc is sufficient or more in the
environments where A. githago grows, it is observed that these elements are less in the environments where A.
brachyloba grows.

In this study, it is aimed that the physical properties of soils are investigated in terms of the water saturation,
and their chemical properties are determined like salt (1S/cm), organic matter (%), lime (%) ratios, pH (soil reaction)
values and the ratios, and amounts of the most important elements as macro nutrients phosphorus (P), potassium (K),
calcium (Ca), magnesium (Mg).

2. Materials and methods
2.1. Soil material

Samples of the Silene taxa examined in the field studies were collected and soil samples were taken from these
areas at a depth of 10-30 cm (Table 1). Soil samples were stored in the bags and the analysis of these soil samples were
carried out by the following methods at Manisa Provincial Directorate of Agriculture [11].

Table 1. Location of investigated specimens of Silene
Station Localities
number

170 ALE Edirne: Edirne-Lalapasa road, 1,5 km, hills, 150 m 18 vii 2006, K.Y1ldiz 170.

Silene densiflora d’Urv.

508A AL(E) Edirne: Edirne—Lalapasa road, 0.5—1. km, hills, roadside, 150 m, 27.05.2014, K.Y1ldiz 508 A, M.Kuh.

Silene skorpilii Vel.

508B AL(E) Edirne: Edirne-Lalapasa road, 1.5 km, hills, roadside, 150 m, 27.05.2014, K.Y1ldiz 508B, M.Kuh.

Silene densiflora d’Urv.

513 A1(E) Edirne: Kesan, Mecidiye beach, military camp, sea level, 28.05.2014, K.Yildiz 513, M.Kuh.

S. frivadzkyana Hampe

524 C2 Denizli: Babadag, Basalan plateau, 8400 m, 30.06.2014, K.Y1ld1z 524, M.Kuh

S. splendens Boiss.

529 C2 Denizli: Tavas, Kizilcaboliik town, Cakiroluk location, TV Transmitter station area,1550-1650 m, 04.08.2014,

K.Yildiz 529.

S. lycaonica Chowd.

537 C1 Aydin, South of Giizelgamli, 390 m, 01.05.2015, K.Y1ldiz 537, G.Ay, M.Kuh, S.Tan

S. italica (L.) Pers. subsp. italica

541 C2 Mugla: East of the city center, lime cliffs, 02.05.2015, K.Y1ldiz 541, G.Ay.

S. gigantea L. subsp. gigantea

553 C2 Antalya—Elmali, Yayagiftlik village, the cliffs, 1050 m, K.Y1ldiz 553, G.Ay.

S. armena var. serrulata (Boiss.) Coode & Cullen
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554 C2 Antalya—Elmali, Southeastern rocky slopes from Avlan Lake to Finike, 1000 m, 03.05.2015, K.Y1ldiz 554,
G.Ay.
S. gigantea L. subsp. gigantea
S. swertiifolia Boiss.
567 C3 Isparta: Yenisarbademli—Egirdir road, between Pinarg6zii—Yaka village,1800 m, 06.05.2015, K. Y1ldiz 567,
G.Ay.
S. capitellata Boiss.
568-A C3 Isparta: Yenisarbademli—Egirdir road, between Pinargdzii—Yaka village, 1650 m, 06.05.2015, K.Y1ldiz 568A,
G.Ay.
S. lycaonica Chowd.
568-B C3 Isparta: Yenisarbademli—Egirdir road, between Pinargdzii—Yaka village, 1750 m, 06.05.2015, K.Y1ldiz 568B,
G.Ay.
S. lycaonica Chowd.
569 C3 Isparta: Between Yenisarbademli and Aksu, after Yaka village, 1400 m, K.Y1ldiz, 06.05 2015, K. Y1ldiz 569,
G.Ay.
S. lycaonica Chowd.
570 B1 Manisa: Sipil mountain, on Cosmiis the road, rocky hill,1200-1250 m, 09.05.2015, K.Yildiz 570.
S. idaea Hausskn.
571 B1 Manisa: Sipil mountain, Turgutalp village, 850 m, 09.05.2015, K.Y1ldiz 571.
S. chlorifolia Sm.
572A B1 Manisa: Sipil mountain exit, navigation area, 750 m, 09.05.2015, K.Yildiz 572A.
S. italica (L.) Pers. subsp. italica
572B B1 Manisa: Sipil mountain exit, navigation area,800 m, 09.05.2015, K.Y1ldiz 572B.
S. italica (L.) Pers. subsp. italica
573 B1 Manisa: Sipil mountain, 650 m, 09.05.2015, K.Y1ldiz 573.
S. gigantea L. subsp. gigantea
596 C3 Antalya: Giineysu, Morca plateau, over Toptas, 1650—-1750 m, 25.06.2015, K. Yildiz 596, M.Kuh.
S. caramanica Boiss. & Heldr. var. caramanica
598 C3 Antalya:Akseki, Cimi plateau, 1600 m, 26.06.2015, K. Yildiz 598, M. Kuh.
S. isaurica Contandr. & Quézel
599 C3 Antalya: Akseki, Cimi plateau, rocky—stony areas, 1700-1800 m, 27.06.2015, K.Y1ldiz 599, M.Kuh.
S. lycaonica Chowd.
601 C3 Antalya: Akseki—Seydisehir road, 1650 m, 28.06.2015, K.Y1ldiz 601, M.Kuh.
S. caeseria Boiss. & Bal.
603 C4 Konya: Bozkir—Sogucak road, oak openings after Sogucak,1500 m, 28.06.2015, K. Yildiz 603, M.Kuh.
S. phyrigia Boiss., S. chlorifolia Sm.
606 C4 Konya, Hadim-Bozkir road, 1700 m, 29.06.2015, K.Y1ldiz 607, M.Kuh.
S. caramanica Boiss. & Heldr. var. caramanica, S. laxa Boiss. & Kotschy
608 C4 Karaman: Ermenek—Mut road, 4. km, rocky areas, 1300 m, 30.6.2015, K.Y1ldiz 608, M.Kuh.
S. longipetala Vent.
610 C4 Karaman: Tekegati—Damlagal, rocks,1730 m, 30.06.2015, K.Y1ldiz 610, M.Kuh.
S. italica (L.) Pers. subsp. italica
612 C4 Karaman: Karaman—Ermenek road, after 8-9 km after crossing Bucakkigla, 1200 m, 30.06.2015, K. Y1ldiz 612,
M.Kuh.
S. chlorifolia Sm.
615 C4 Karaman: Karaman—Bucakkisla (Ermenek) road is 17 km away from the road, 1300 m, 30.06.2015, K.Y1ldiz
615, M.Kuh.
S. caramanica Boiss. & Heldr. var. caramanica, S. longipetala Vent., S. otites (L.) Vibel
616 CS5 Konya, Eregli, above Yellice village, 1900 m, 01.07.2015, K. Yildiz, M. Kuh
S. armena Boiss. var. armena
617 C5 Konya: Eregli, from Yellice village to Aydos mountain, meadow areas, 2150 m, 01.07.2015, K.Y1ldiz 617,

M.Kuh.
S. italica (L.) Pers. subsp. italica

(K. Y1ldiz: Kemal Y1ildiz, M.Kuh: Mehmet Kuh, G.Ay: Giingér Ay, S.Tan: Segil Tan)

2.2. Soil analysis

Soil reaction (pH): The reaction of soil samples is measured with a "glass electrode pH meter". For the current
acidity, soils with 1-2.5% pure water; for cation exchange acidity was soaked with 1-2.5 nKCI for one night and then
measuring [12-14]. Electrical conductivity (ECX103): The electrical conductivity of the prepared soil saturation extract
at 25 °C was measured as "micron Siemens /cm" on the "Conductance—Bridge" instrument [13, 15]. Total lime: Total
lime was determined by Scheibler calcimetry [16]. Grain diameter (body) (Water saturation): Soil grain diameters
according to "Bouyoucos' hydrometer method"; soil types were determined according to the international class of grain
diameters [12, 14]. Phosphorus in soil (P): According to the modified by Bray and Kurtz No.1” method in acid—reacted
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soils, “Olsen” method in alkaline reacted soils. “Spectronic 20D colorimeter”. Determination of potassium (K), calcium
(Ca), magnesium (Mg) in soil: using “ammonium acetate method” [13, 17]. From the data obtained as a result of these
methods, pH, Saatgi et al. [18] and Oztiirk et al. [19]; Electrical conductivity (salt), amounts of lime and organic matter,
according to Tiiziiner [20] and Jackson [13]; phosphorus in soil, other elements; potassium, calcium, magnesium values
were evaluated according to Cokuysal and Erbas [21]. Reference values are given in Table 2.

Table 2. Reference values of soil analysis data

Physical Chemical properties
properties

Water pH Salt Lime Organic  |Phosphorus | Potassium Calcium | Magnesium

Saturatio (Soil (uS/cm) (%) matter P) (K) (Ca) (Mg)

n (ml) reaction) (%) (ppm) (ppm) (ppm) (ppm)
0-30 <45 0-2000 0-1 0-1 1.30 150 <714 <80
sandy extreme salt—free lime—free very little poor deficient very poor poor

acid

30-50 455 20014000 1-5 1-2 1.30-3.26 150-200 715-1428 80-160
loamy very strong slightly less little moderate low poor moderate

acid salty calcareous
50-70 51-55 4001-8000 5-15 2-3 3.26 200-300 1429- 161-350
clayey— strong acid | moderately moderate moderate good sufficient 2143 high
loamy salty calcareous moderate

70-110 5.6-6.0 8000-15000 15-25 34 300400 2144 350+

clayey moderate too salty much good high 2857 very high
acid calcareous good
110+ 6.1-6.5 15001 > 25+ 4—+ 400+ 2858—
heavy mild acid extreme too much high very high 3571
clayey salty calcareous high
6.6-7.3 3571+
neutral very high
7.4-7.8
slightly
alkaline
7.9-84
alkaline
8.5-9.0
strong
alkaline
9.1+
very strong
alkaline
3. Results

Soil samples from in which 19 species (21 taxa) belonging to the genus Silene were grown, were taken from 33
different areas. Soil analysis taxa are expressed in tables and graphs (Table 3, Figures 1-4).

Table 3. Reference values of soil analysis data (P: phosphorus, K: potassium, Ca: calcium, Mg: magnesium)

Physical Chemical properties

properties
Species Water pH Salt Lime Organic P K Ca Mg
(Station Saturation | (Soil (nS/cm) (%) matter (ppm) (ppm) (ppm) (ppm)
number) (ml)  and | reaction) (%)

Structure
Silene italica (L.) | 93 7.48 445 1.17 8.792 7.55 159 1121 372
Pers. subsp. | clayey slightly salt—free less high good low deficient | very high
italica (537) alkaline calcareous
S. italica subsp.
italica (572A)

49 7.59 281 1.17 2.24 2.06 141 1648 66
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loamy slightly salt—free less moderate | moderate | deficient | moderate | Poor
alkaline calcareous
S. italica subsp. | 37 7.5 369 1.17 0.56 5.32 162 1766 584
italica (572B) loamy slightly | salt—free less very little | good low moderate
alkaline calcareous very high
S. italica subsp. | 49 7.82 369 26.52 4.76 4.16 119 1351 71
italica (610)
loamy slightly salt-free |too much | high good deficient | poor poor
alkaline calcareous
S. italica subsp. |72 6.6 830 1.56 10.08 25.92 238 1314 172
italica (617)
clayey neutral salt—free less high good sufficient | poor high
calcareous
S. splendens | 72 7.37 425 3.12 5.77 16.49 279 1575 146
Boiss. (524)
clayey neutral salt—free less high good sufficient | moderate | moderate
calcareous
S. gigantea L.|53 7.89 381 27.69 1.456 1.94 169 1141 28
subsp. gigantea | clayey— slightly salt—free too much | little moderate | low poor poor
(541) loamy alkaline calcareous
S. gigantea | 42 7.74 181 39 14 6.51 139 1219 23
subsp. gigantea
(554) loamy slightly salt—free too much | little good low poor poor
alkaline calcareous
S. gigantea | 52 7.56 343 6.63 2.24 1.83 184 1338 36
subsp. gigantea | clayey— slightly salt—free moderate | moderate | moderate | low poor poor
(573) loamy alkaline calcareous
S.  longipetala | 77 7.71 503 6.24 5.880 2.75 243 1288 106
Ve (k) clayey slightly salt_free moderate high moderate | sufficient | poor moderate
alkaline calcareous
S.  longipetala | 75 7.77 574 3.12 5.992 13.28 188 1222 198
615 . .
619 clayey slightly salt—free less high good low poor high
alkaline calcareous
S. phyrigia | 42 7.79 530 3.12 1.12 5.31 71 1554 169
TR (B0E) loamy slightly salt_free less little good deficient | moderate | high
alkaline calcareous
S. capitellata | 79 6.26 181 1.17 8.120 13.58 158 1288 204
Boiss. (567) . .
clayey mild acid | salt-free less high good low poor high
calcareous
S. isaurica | 65 7.30 265 1.95 3.640 4.49 108 1158 82
Contandr. & | clayey— neutral salt—free less good good deficient | poor moderate
Quézel (598) loamy calcareous
S.  caramanica | 63 7.54 765 7.8 3.36 3.16 193 1236 136
var.caramanica
(596) clayey— slightly salt—free moderate | good moderate | low poor moderate
loamy alkaline calcareous
S.  caramanica | 55 7.74 415 1.56 4.98 20.13 321 1927 236
Boiss. & Heldr. | clayey— slightly salt—free less high good high moderate | high
var.caramanica | loamy alkaline calcareous
(606)
75 7.77 574 3.12 5.992 13.28 188 1222 198
S.  caramanica | clayey slightly salt—free less high good low poor high
var.caramanica alkaline calcareous
(615)
S. idaea
Hausskn.
(570)
88 7.2 234 7.41 10.856 8.35 194 1169 107

The soil characteristics of some of Silene L. species grown in Turkey
Kemal YILDIZ 1, Mehmet KUH 2, Se¢il TAN 3, Giingor AY




Table 3. Devam ediyor

Biological Diversity and Conservation — 13 / 3 (2020)

257

clayey neutral salt-free moderate high good low poor Moderate
calcareous
S. armena Boiss. | 74 7.6 391 1.56 13.16 4.38 275 1242 467
var. armena
(616) clayey slightly salt—free less high good sufficient | poor very high
alkaline calcareous
S. armena var. |67 7.48 529 31.2 6.16 8.8 173 1638 143
serrulata (Boiss.) | clayey— slightly salt-free too  much | high good low moderate | moderate
Coode & Cullen | loamy alkaline calcareous
(553)
55 7.74 415 0.78 4.98 20.13 321 1927 236
S. laxa Boiss. & | clayey— slightly salt-free lime—free high good high moderate | high
Kotschy (606) loamy alkaline
73 6.75 479 31.2 10.08 7.21 297 1944 229
S. caeseria Boiss. | clayey— neutral salt—free too  much | high good sufficient | moderate | high
& Bal. (601) loamy calcareous
S. chlorifolia Sm. | 50 7.99 108 1.56 2.350 2.93 143 1286 30
(571) loamy alkaline salt—free less moderate | moderate | deficient poor poor
calcareous
S chlorifolia | 42 7.79 530 3.12 1.12 531 71 1554 169
603 less - - -
(eez) loamy slightly salt_free calcareous little good deficient moderate | high
alkaline
S. chlorifolia 45 7.74 766 5.46 1.73 4.48 151 1168 190
612 moderate : :
12 loamy slightly salt—free calcareous little good low poor high
alkaline
S. swertiifolia | 42 7.74 181 39 14 6.51 139 1219 23
Boiss. loamy slightly salt-free too  much | little good low poor poor
(554) alkaline calcareous
S. lycaonica | 86 7.54 370 1.56 13.6 5.63 138 1216 105
Chowd.
(529) clayey slightly salt-free less high good deficient poor moderate
alkaline calcareous
S. lycaonica | 91 7.54 354 0.78 19.32 7.1 116 1284 350
(568A)
Clayey slightly salt-free lime—free high good deficient poor high
alkaline
S, lycaonica | 67 7.02 360 1.56 6.83 4.88 151 1306 113
(568B) clayey— neutral salt-free less high good low poor moderate
loamy calcareous
S. lycaonica (569) | 40 7.88 251 1.56 1.34 1.62 129 1229 64
loamy slightly salt-free less little moderate | deficient poor poor
alkaline calcareous
S. lycaonica (599) | 75 7.53 730 4.29 8.12 26.57 185 1413 125
clayey slightly salt—free less high good low poor moderate
alkaline calcareous
S.  frivadzkyana | 33 7.50 88 0.78 0.39 4.80 114 1119 125
|(_|5a1rg)p ¢ loamy slightly salt_free lime-free very little | good deficient poor moderate
alkaline
S. skorpilii Vel. | 49 7.4 272 0.78 14 3.96 182 1353 277
(508A) lime—free
Loamy slightly salt-free little good low poor high
alkaline
S. otites (L.) Vibel | 75 7.77 574 3.12 5.992 13.28 188 1222 198
(615) less
clayey slightly salt-free calcareous | high good low poor high
alkaline
S densiflora | 49 74 272 0.78 14 3.96 182 1353 277
d’Urv. (170) lime—free
loamy slightly salt-free little good low poor high
alkaline
S. densiflora 37 7.34 347 7.02 1.176 3.85 159 1218 74
(508B) moderate
loamy neutral salt-free calcareous | little good low poor poor
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4. Conclusions and discussion

In terms of physical properties, saturation—body structure was examined (Table 3, Figure 1). The saturation
rate of the studied soils was measured between 33-93%. According to these values, taxa were grown in clayey, loamy,
clayey—loamy soils. Taxa were found to prefer loamy soils in 14 soil samples. Some species have found a growing
environment in different soils. For example, Silene italica subsp. italica clayey and loamy, S. lycaonica clayey, loamy
and clayey—loamy can grow in soils. As the distribution area of taxa increases, it can be seen that they spreads in more
different soils, while other taxa prefer only certain soils.

In terms of chemical properties; (pH), salt, lime, organic matter, P, K, Ca and Mg values were investigated.

Salinity rates vary between 88 (S. frivadzkyana, K. Yildiz 513) and 830 pS/cm (Silene italica subsp. italica, K.
Yildiz 617). According to these measured values, it was determined that all of the studied Silene species were grown on
salt—free soils. Samples with the least salt content are K. Yildiz 571 (S. chlorifolia, 108 puS/cm), K.Yildiz 554 (S.
swertiifolia, S. gigantea subsp. gigantea, 181 uS/cm), K.Yildiz 567 (S. capitellata, 181 pS/cm). Based on the analyzed
habitats, it can be said that other Silene taxa have no tolerance to saline soils (Table 3, Figure 2).

Plants generally grow well between pH 6.5-7.5, on the other hand, if value is below or above of this range, it
causes negativity in plants [22, 23]. In moist soils, pH value starts just under 5 and rises to the maximum of 7. On the
other hand, in arid soil, pH value starts from 7 to 9, and in general terms, pH value is always above 7 in arid soil and
below 7 in humid soil. The pH values of the studied soil samples ranged from 6.26 (Silene capitellata) to 7.89 (S.
gigantea subsp. gigantea). These values are evaluated between mild acid and mild alkaline. The pH of most of the taxa
investigated is between 7.4—7.8 and grows in light alkaline—arid soils (Table 3, Figure 2).

Organic matter has a significant effect on the physical, chemical and biological properties of soils. It has been
reported that the richest soils of organic matter are under forest cover and the lowest value soils are formed on young
alluvial deposits. In addition, organic matter; is the main source of phosphorus, sulfur and nitrogen in the soil. It
accelerates the decomposition of minerals in the soil and affects the uptake of nutrients and also increases the salt
tolerance of the soil [24, 25]. According to the percentage of organic matter in the studied soil samples, Silene taxa were
grown in soils between 0.39-13.32%. Organic matter values are very low and high. The lowest value of organic matter
was measured in K. Yildiz 513 (Silene frivadzkyana, 0.39%) and the highest value was measured in K.Yildiz 568A (S.
lycaonica, 19.32%). Among the investigated taxa, such as S. italica subsp. italica and S. chlorifolia species have been
observed in habitats with very little or little organic matter. Cosmopolitan taxa (S. italica subsp. italica) have been
observed to be grown in very low and high soils by organic matter and other taxa (S. lycaonica, S. caramanica var.
caramanica) in organic soils (Table 3, Figure 2).

When the lime (%) values measured in soil analysis are considered, these values are evaluated between lime—
free and too much calcareous soils (Table 3, Figure 2). When the lime content in soils exceeds 15%, much calcareous
limits crop production [26]. The highest values were measured in Silene gigantea subsp. gigantea (K.Yildiz 554, 39%)
and S. armena var. serrulata (K.Y1ildiz 553, 31.2%) taxa were measured. According to the soil analysis results in the
above areas, S. gigantea and S. armena species have high tolerance to lime. Lime values have the least percentage, the
same percentage (0.78%) and these species: S. laxa (K.Yildiz 606), S. lycaonica (K.Yildiz 568A), S. frivadzkyana
(K.Y1ldiz 513), S. skorpilii (K.Y1ldiz 508A), S. densiflora (K.Y1ldiz 170).

Plants grown in soils with low phosphorus increase the uptake of phosphorus, which is insufficient in the
environment by making more roots. In soils where phosphorus is low, root hairs increase the absorption surface and
penetrate larger soil volumes with a very low radius ratio to significantly increase phosphorus usefulness [27-29]. If the
phosphorus ratio in the soil is low; decrease in flower and seed formation and color changes in leaves are observed. Iron
(Fe), Zinc (zn), Calcium (Ca), Boron (B) and Manganese (Mn) cannot be purchased in excess phosphorous soils [30].

Measured values in terms of phosphorus (P) content measured in soil analysis ranged from 1.62 to 26.57 ppm.
These values are in the moderate—good category. The lowest values among the analyzed samples were in the middle
level and the highest values were measured in K.Y1ldiz 569 (Silene lycaonica, 1.62 ppm) and K.Y1ldiz 573 (S. gigantea.
subsp. gigantea, 1.83 ppm) values were measured in K.Yildiz 599 (S. lycaonica, 26.57 ppm) and K.Yildiz 617 (S.
italica subsp. italica, 25.92 ppm) samples (Table 3, Figure 3).

Potassium in soil plays a role in more than one event in plants. It provides the water balance of the plant and
provides power for the plant to withstand drought. Potassium (K) content measured in soil analysis measured values
vary between 71-321 ppm. These values are in the deficient-high category. In terms of potassium values measured in
the analysis, the lowest value was found in K.Y1ldiz 603 (Silene phyrigia, 71 ppm) and the highest value was found in
K.Yildiz 606, S. laxa and S. caramanica var. caramanica was measured as 321 ppm. The majority of taxa studied grow
on soils with low and deficient potassium (Table 3, Figure 4).

Calcium (Ca) is the third most used plant nutrient. Calcium adjusts pH of soil and plays a role in the uptake of
plant nutrients and in the deposition of toxic substances in plants and soil. In terms of calcium content measured in the
analyzes, the measured values ranged from 1119-1944 ppm. All taxa are grown in soils with calcium—poor category.
The lowest calcium values were measured in K.Y1ldiz 537 (Silene italica subsp. italica, 1119 ppm) and the highest
value was measured in K.Y1ldiz 601 (S. caeseria, 1944 ppm) (Table 3, Figure 4).
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High amounts of aluminum ions in soils with a pH value of 5 or less also reduce magnesium intake and cause
deficiency [31]. Magnesium (Mg) content measured in soil analysis ranged from 23-584 ppm in this study. These
values are in the poor—very high category. The lowest magnesium value measured in soil analysis was measured in
K.Y1ldiz 554 (Silene gigantea subsp. gigantea, 23 ppm) and the highest value was found in K.Y1ldiz 561 (S. italica var.
italica, 584 ppm) samples (Table 3, Figure 4).

Looking at the soil analysis obtained from more than one locality, one of the two most examined species is
Silene italica subsp. italica (5 different localities). S. italica subsp. italica is among the most common species of Silene
in the Flora of Turkey. It is loamy in three localities, clayey in two localities, slightly alkaline soils in four localities,
neutral soils in one locality, salt—free soils in all localities in terms of salinity properties, less calcareous in four
localities in one locality, and more calcareous in three localities in terms of organic matter properties high, in one
locality of moderate and much organic matter soils, phosphorus (P) in terms of properties moderate in one locality,
good in four localities, in terms of potassium (K) properties sufficient in one locality, low in two localities and again in
two localities, calcium (Ca) properties two poor, three localities in the middle value of soils, magnesium (Mg)
properties in two localities poor, high in one locality and very high in two localities were found to grow. As seen, S.
italica subsp. italica, a cosmopolitan species, can grow in soils with very different characteristics (Table 3, Figures 1-4).

Likewise, soil samples of the most studied species, Silene lycaonica (5 different localities), clayey, loamy and
clayey—loamy, slightly alkaline at four locations, neutral soils in one locality, all salt—free soils, four localities less and
one locality in lime—free soils, high in four localities, in terms of organic matter properties in soils with little organic
matter in one locality, in phosphorus (P) properties high in four localities, good and moderate in one locality, deficient
and low value soils in potassium (K) properties, calcium (Ca) properties in poor soils, in terms of magnesium (Mg)
poor, moderate and high value of the soils were found to grow (Table 3, Figures 1-4).

According to the soil analysis, Silene gigantea subsp. gigantea in different two localities, they were grown in
soils, in terms of water saturation in two localities clayey—loamy, loamy soil in one locality, the alkaline soils in all
localities, salt—free soils in all localities, moderate calcareous in one locality, in two localities very much calcareous,
moderate organic matter in a locality, in terms of phosphorus (P) properties good in one locality, good in two localities,
potassium (K) properties low in all localities, calcium (Ca) and magnesium (Mg) properties in all localities in poor
value soils. As can be seen, S. gigantea species can grow on soils with less different characteristics than S. italica
species spread over larger areas (Table 3, Figures 1-4).

Silene chlorifolia (three different locations), loamy in all soils, alkaline and slightly alkaline in terms of pH
properties, all in salt—free soils, in low and moderate calcareous soils in term of lime properties, organic matter in little
and moderate soils, in terms of phosphorus (P) properties moderate and good soils, potassium (K) properties in deficient
and low value soils, calcium (Ca) properties in poor and moderate value soils, magnesium (Mg) properties in poor and
high value soils were found to grow (Table 3, Figures 1-4).

Silene longipetala (two different localities) clayey, slightly alkaline, salt—free, less calcareous and moderate—
calcified, high—value organic matter in the soils, phosphorus (P) properties in middle and good soils, potassium (K), in
sufficient and low value soils, calcium (Ca) in poor soils, magnesium (Mg) in high and moderate value soils have been
identified that they grow (Table 3, Figures 1-4).

Soil samples from three different localities of the species which have two different varieties, Silene
caramanica var. caramanica and S. caramanica var. ilarslanii, were analyzed. Both varieties grows in clayey—loamy
and var. caramanica clayey soil in terms of water saturation. It was determined that both varieties were grown in light
alkaline and salt—free soils, var. ilarslanii were moderate—calcareous soils, var. caramanica were grown in less
calcareous soils, var. ilarslanii good organic matter and var. caramanica was grown in high value soils. In terms of
phosphorus (P) properties, var. ilarslanii moderate, var. caramanica in good value soils, potassium (K) properties low
and high soils, calcium (Ca) properties poor and moderate soils, in terms of magnesium (Mg), it was found that var.
ilarslanii were grown on moderate soils and var. caramanica were grown on high soils (Table 3, Figures 1-4).

Silene densiflora (2 different localities), loamy, slightly alkaline and neutral, salt—free, lime—free and
moderate—lime soils with little organic matter, phosphorus (P) good, potassium (K) low, calcium (Ca) poor, magnesium
(Mg) in poor and high value of soils were found to grow (Table 3, Figures 1-4).

Sen et al. [5] have made the soil analysis Silene anatolica and S. lycaonia. In the study, S. lycaonica soil is
clayey, pH almost neutral (6.99), trace amounts of salts and moderate—lime were encountered in the soil, the soil was
good for the determination of organic matter. It is stated that in terms of mineral content of phosphorus (P) moderate,
potassium (K) very high, magnesium (Mg) high and calcium (Ca) sufficient. It is stated that the soil structure in which
both species are distributed shows some different features. S. anatolica prefers clayey—loamy and slightly alkaline soils,
while S. lycaonica spreads only in clayey and neutral soils. The element potassium is abundant only in the soil where S.
lycaonica is grown.

In the present study, soil samples of S. lycaonica species from 5 different localities (K.Y1ldiz 529, 568A, 568B,
569 and 599) were analyzed (Table 3, Figures 1-4). In our study, it was found that S. lycaonica had clayey—loamy in
three localities, clay—loamy in one locality and loamy in one locality. As in the study of Sen et al. [5], grow is seen that
preferred clay soil. In our study, the soil pH value of S. lycaonica is between 7.02—7.88 and between neutral and slightly
alkaline, in the study of Sen et al. [5], it is seen that grow in soils with similar pH characteristics. Trace amounts of salt
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are present in the soil, but also in the salt—free and middle lime has been found and are in parallel with the work of Sen
et al. [5]. In terms of organic matter determination, the soils where the species grows are high value except for one
sample (K.Yildiz 569, 1.34 ppm) and like the study of Sen et al. [5], except for one sample, grows in with more organic
matter soils. Values of S. lycaonica species in five different localities and data from Sen et al. [5] study were compared
in terms of soil minerals. In our study, it was determined that the amount of phosphorus (P), which is one of the mineral
contents in the soil, excep for just one sample, (K.Y1ldiz 569, 1.62 ppm) is good, on the other hand, potassium (K)
amount is low and deficient, magnesium (Mg) amount is poor, moderate and high, and lastly calcium (Ca) amount is
poor. According to our findings, phosphorus (P), one of the soil mineral content in Sen et al. [5] study, is higher,
potassium (K) is less, magnesium (Mg) is different in values, and lastly calcium (Ca) is less (Table 3, Figures 1-4).

According to the analysis results of the soil samples of Silene capillipes Polat and Bagc:1 [6], they were found
that the soil structure was heavy clay, pH showed a weak acidity with 6.40, salt—free was present in the soil and the
amount of lime was very high. In the determination of organic matter, it was determined that the organic matter content
of the soil was moderate humus, the mineral contents in the soil were high in phosphorus (P), high in potassium (K),
high in magnesium (Mg) and calcium (Ca). As a result of soil analysis, the plant habitat of S. capillipes was found to be
heavy clayey. The species in our study were grown in clayey, loamy, clayey and loamy soils, but no species were grown
in heavy clayey soil. Silene capillipes is an endemic species with a narrow area distribution and the areas where it grows
are around Ermenek (Karaman).

Aktas et al. [32] in their ecological study on the Petrorhagia taxa, physical properties in terms of soil, seven
taxa on clayey—loamy, two of them loamy and only a species are grown in clayey soils and soils found that the
saturation value of the water varies between 34-95%. The chemical properties of the soil, the total salt values of the soil
36-868 uS/cm, pH values between 6.62—7.76, lime values between 0.07-30.04% and the average P values between
2.13-14.64 (0.0002-0.0014) ppm and K values were analyzed between 32-277 (0.0032-0.0277%) ppm. According to
these results, Petrorhagia species are grown in salt—free soils, mostly in slightly basic and neutral soils in terms of pH,
mostly in moderate-calcareous soils and some in lime-rich soils. When the genus Petrorhagia and Silene were
compared, it was determined that both genera were very similar in terms of physical and elemental values, all salt—free
in soils and Silene taxa were grown on more calcareous soils.

Korkmaz et al. [8] investigated the soil properties of 22 taxa belonging to genus Gypsophila which is the third
largest genus of the family Caryophyllaceae in Turkey. Studied Gypsophila soils are moderate and generally coarse,
more or less salty, salt—free, slightly alkaline, very high and moderately calcareous, low in phosphorus (P), low in
organic matter, moderate and rich in potassium (K). In terms of micro elements, it has been determined that they are of
different grades and a significant part of them are grown in gypsum fields.

In general, when compared to the soil characteristics of the same number of Silene taxa we studied, it has been
found to grow in soils, the soils belonging to the genus Silene (Table 3, Figures 1-4) are clayey, loamy, clayey—loamy
(moderate group—moderate), most of the taxa are slightly alkaline, all are salt—free, very low and high organic matter
values, lime—free and much lime, moderate—good phosphorus (P), deficient-high potassium (K), poor-moderate
category of calcium (Ca), poor—very high magnesium (Mg). According to this evaluation, Gypsophila and Silene soil
properties are generally similar. Korkmaz and Ozgelik [9] examined the soil properties of the annual Gypsophila taxa.
Soil samples examined in this study are mostly moderate textured (sand and loamy-sandy soils), salt content is very
low, generally slightly alkaline and lime content is low to very high. Phosphorus (P) and potassium (K) concentrations
of soil samples are generally low. The organic matter content ranges from low to high. In the habitats of taxa, the
dominant vegetation type is steppe. Soil characteristics of Silene species in our study compared with soil properties of
Gypsophila taxa, Korkmaz and Ozgelik [9]'s study, although only phosphorus (P) and potassium (K) concentrations are
generally low, Silene taxa, moderate—good phosphorus (P) differs from the lack—high—potassium (K).

When the studies on different genera similar to the above studies are examined; in the study on two species of
the genus Agrostemma [10] and in the study on three species of the genus Ankyropetalum [7], little differences were
observed in terms of soil properties. This is to show the similarity of character, showing us that one of the five most
widespread in the Flora of Turkey family, of the family Caryophyllaceae, except endemic species, especially shows that
cosmopolitan species usually grows in similar areas.

As a result of our study; the analysis of 33 different soil samples of 21 taxa belonging to 19 species of the
genus Silene were determined and the values of living environments were determined. Silene taxa are resistant to lime,
in terms of water saturation, clayey—loamy, loamy and clayey soils, moderate—good level forfor (P), deficient—high
potassium (K), poor—moderate calcium (Ca), poor—very high magnesium (Mg), in terms of organic matter, in very
little—high values have been found in the areas. According to these data, it was found to be of the species of genus
Silene that can be grown in almost every region in Turkey.
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The names of the Silene species (taxa) belonging to the line numbers in the figures 1-4. 1. 537-Silene italica subsp.

italica,

italica

573-S.

2. 572A-S. italica subsp. italica, 3. 572B-S. italica subsp. italica, 4. 610-S. italica subsp. italica, 5. 617-S.
subsp. italica, 6. 524-S. splendens, 7. 541-S. gigantea subsp. gigantea, 8. 554-S. gigantea subsp. gigantea, 9.
gigantea subsp. gigantea, 10. 608-S. longipetala, 11. 615-S. longipetala, 12. 603-S. phyrigia,13. 567-S.

capitellata,14. 598-S. isaurica,15. 596-S. caramanica var. caramanica, 16. 606-S. caramanica var. caramanica, 17.

615-S.

caramanica var. caramanica, 18. 570-S. idaea, 19. 616-S. armena var. armena, 20. 553-S. armena var.

serrulata, 21. 606-S. laxa, 22. 601-S. caeseria, 23. 571-S. chlorifolia, 24. 603-S. chlorifolia, 25. 612-S. chlorifolia,
26. 554-S. swertiifolia, 27. 529-S. lycaonica, 28. 568A-S. lycaonica, 29. 568B-S. lycaonica, 30. 569-S. lycaonica, 31.

599-S.

lycaonica, 32. 513-S. frivadzkyana, 33. 508A-S. skorpilii, 34. 615-S. otites, 35. 170-S. densiflora, 36. 508B-S.

densiflora.
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Figure 1. Water saturation (ml) and salt (uS/cm) graph.
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Abstract

This study was routed to analyze the connections between alpha species diversity, species richness and
environmental variables of black pine (Pinus nigra Arn. subsp. pallasiana (Lamb.) Holmboe) forests. For this reason,
the plant species were recorded by the Braun-Blanquet cover-abundance scale and changed over into fractional values
extending from 0-1 in the test territories taken from the common black pine remains in the Siit¢iiler district. In addition,
plant species, the slope position, soil depth, land surface form, soil stoniness were recorded in each sample plots. The
maps of elevation, slope, and aspect were acquired from the Digital Elevation Model (DEM) of the region whereas heat
and radiation index maps were obtained from aspect and slope maps. Alpha diversity was determined by Shannon,
Brillouin, Simpson, and Berger-Parker indices and species richness was determined for each sample plot. To illustrate
the connections between all diversity values and ecological site factors in the area, Pearson Correlation Analysis and
Principal Component Analysis were implemented. Species diversity resulting from all alpha indices indicated a negative
correlation with altitude and percentage of stoniness as a consequence of statistical studies, although it was positively
correlated with slope degree and mean temperature levels of the plots As indicated by the outcomes from this
investigation, although alpha diversity indices are addressed to natural factors, there is no substantial association
between ecological site conditions and species abundance. This has resulted in that the consideration of species richness
would not be enough in the studies on the relationship between diversity and the environment. Moreover, the results
derived from various diversity indices are slightly different. Hence, it is additionally vital to consider this circumstance
in the studies to be carried out.

Key words: biodiversity, climate, black pine, shannon index, site factor

*

Siitciiler yoresi karacam ormanlarinda bitki tiir cesitliligi ve yetisme ortamu iliskileri

Ozet

Bu ¢aligmada Pinus nigra Arn. subsp. pallasiana (Lamb.) Holmboe mescerelerinde alfa tiir ¢esitliligi ve tiir
zenginligi ile ekolojik ortam kosullar1 arasindaki iliskilerin ortaya konulmasi amaglanmistir. Bu amagla Siitgiiler
Yoresi’nde yayilis gosteren dogal karagam mescerelerinden alinan 6rnek alanlarda bitki tiirlerine ait bolluk verileri
Braun-Blanquet yontemine gore kayit edilerek, 0-1 arasinda degisen ortiig-bolluk degerlerine doniistiiriilmiistiir. Her bir
ornek alanda bitki tiirlerinin yan1 sira yama¢ konumu, toprak derinligi, arazi yiizey formu, toprak tasliligi verileri
envanter karnesine kayit edilmistir. Yo6renin es yiikselti haritasindan elde edilen Sayisal Yiikseklik Modeli (SYM)
yardimiyla g¢evresel degiskenlerden yiikselti, egim ve baki haritalar1 elde edilmistir. Elde edilen baki ve egim
haritalarindan faydalanilarak, sicaklik indeksi ve radyasyon indeksi haritalar1 olusturulmustur. Ornek alanlara ait alfa
cesitlilik degerlerinin hesaplanmasi i¢in Shannon, Brillouin, Simpson ve Berger-Parker indislerinden yararlanilmakla
birlikte, ayrica her bir 6rnek alan i¢in dogrudan tiir zenginligi hesaplamasi yapilmistir. Calismada c¢esitlilik degerleri ile
cevresel degiskenler arasindaki iligkilerin tespitine yonelik sirasiyla Pearson Korelasyon Analizi ve Temel Bilesenler
Analizinden yararlanilmistir. Uygulanan analizler neticesinde farkli alfa indislerine goére hesaplanan g¢esitlilik

: Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +902462146483; Fax.: +902462146599; E-mail: alisenol@isparta.edu.tr
© Copyright 2020 by Biological Diversity and Conservation Gelis tarihi: 20.09.2018; Yayin tarihi: 15.12.2020 BioDiCon. 772-0918


http://www.biodicon.com/

Biological Diversity and Conservation — 13/ 3 (2020) 265

degerlerinin karacam ormanlarindaki yiikselti ve topraktaki taslilik oranmin artmasiyla birlikte azaldigi, egim ve
sicakligin artmasiyla ise arttig1 seklinde bir sonuca varimistir. Caliymada tiir zenginligi ile ¢evresel degiskenler
arasinda onemli bir iligki tespit edilemezken, bolluk verilerine dayali indisler ile hesaplanan cesitlilik degerlerinin
yiikselti, sicaklik, egim ve toprak tagliligi degiskenleri ile 6nemli iligkileri belirlenmistir. Bu durum tiir ¢esitliligi-
yetisme ortamu iligkilerinin ele alindig1 ¢alismalarda sadece tiir zenginliginin dikkate almmasmin yeterli olmayacagi
sonucunu ortaya ¢ikarmistir. Ayrica hesaplamalarda kullanilan farkli alfa gesitlilik indislerinin ¢evresel degiskenlerle
iligkilerinin ortaya koyulmas: asamasida da kismi farkliliklar olusmustur. Dolayisiyla yapilacak olan ¢alismalarda bu
durumunda ayrica gdz 6niinde bulundurulmasi 6nem arz etmektedir.

Anahtar kelimeler: biyolojik gesitlilik, iklim, karagam, shannon indeksi, yetisme ortami
1. Giris

Insanlarin yasamlarmi devam ettirebilmeleri igin gerekli olan gida, yap1 malzemesi, ilag ve enerji gibi gesitli
hammadde gereksinimlerinin ¢ogu orman ekosistemlerinden elde edilmektedir [1]. Orman ekosistemleri bu faydalarmimn
yani sira ekonomik, kiiltiirel ve sosyal yonden de insanogluna hizmet etmektedir. Insanlar; is stresinden, sehrin
giriiltiistinden, hava kirliliginden ve kalabaliktan uzaklasip, rahatlamak ve stres atabilmek amaciyla dogal alanlara
ihtiyag duymaktadirlar. Bunun i¢in sessizlik, dogal giizellikler ve temiz hava barmdiran alanlarin rekreasyon amaclt
kullanilmas1 orman ekosistemlerinin sosyal faydalar1 arasinda yer almaktadir. Bunun yani sira orman kaynaklarmim
isletilmesiyle bircok is kolu ortaya ¢ikmakta ve boylece ormanlar insanlara ekonomik yonden de fayda saglamaktadir.
Insanoglunun ihtiyaglarmi gesitli yollarla karsilayan orman ekosistemlerinin devamliligi saglanmali, nitelikleri
iyilestirilmeli ve alan bakimindan arttirilmasi gerekmektedir.

Ulkemizde 2015 yili itibariyle yapilan ¢aligmalar sonucunda ormanlik alanlarin iilke yiizol¢iimiiniin yaklagik
olarak %28’ini kapladig1 tespit edilmistir. Genel ormanlik alanlarin %35’ini genis yaprakli ormanlar, %54’{inii igne
yaprakli (ibreli) ormanlar, %11’ini ise ibreli ve genis yaprakli karisik ormanlardan olusmaktadir. Ulke ormanlarinda en
fazla yayilig gosteren tiirler igerisinde sirasiyla kizilgam, mese, karagam, kaym ve saricam tiirleri en basta gelmektedir
[2].

Tiirkiye’de 4,2 milyon ha yayilisiyla ibreli tiirler igerisinde kizilgamdan sonra yer alan karagam, hem yayilis
alan1 hem de odununun kullanilis kosullar1 bakimindan énemli bir tiir olarak on plana ¢ikmaktadir. Ulkemizde bozkira
en ¢ok sokulan karacam tiirii deniz iklimini alan ve lokal olarak nemli olan yetisme ortamlarinda olduk¢a diisiik
yiikseltilere inmekle birlikte, 700-1400 m yiikseltiler arasinda genis alanlarda saf ormanlar, 1400-1700 m’ler arasinda
ise Sarigam ve Ardig gibi tiirlerle lokal karigik megcereler kurmaktadir [3]. Bu tiir yazin en sicak dénemlerde yasanan
kurakliga ve siddetli kis soguklarma dayanikli olup, yetisme ortamindaki c¢esitli toprak 6zelliklerine karsi tolerans
seviyesi oldukga esnektir [4]. Karagamin dayanikli ve ekololojik anlamda ortam kosullarina toleransli olmasi ve genis
alanlarda yayilis gostermesi dolayisiyla oldukga farkl bitki tiirleriyle birliktelik gosterdigi bilinmektedir. Dolayisiyla
hem genis 6lgekte hem de lokal alanlarda farkli ekolojik kosullara sahip karagam mescerelerinde biyolojik gesitlilik
bakimimdan farkliliklarin oldugu tahmin edilmektedir. Fakat s6z konusu bu farkli yetisme ortami kosullarinda mescere
ici g¢esitlilik dagiliminin nasil sekillendigi ve bu duruma hangi ekolojik ortam kosullarinin daha fazla etkili oldugu
hususunda detayli bir bilgi mevcut degildir.

Buradan hareketle gergeklestirilen bu ¢aligmada Isparta-Siitgiiler Yoresi sinirlart icerisinde farkli yetigme
ortami kosullarinda yayilis gosteren dogal karagam mescerelerinde bitki tiirlerinin bolluk verilerine dayali alfa tiir
cesitliligi ile ekolojik ortam kosullar1 arasindaki iligkilerin ortaya konulmasi hedeflenmistir. Bdylece karagam
mescerelerinde yayiliga sahip bitki tiirleri, bunlarin dagilim frekanslar, alfa ¢esitlilik durumlar1 ve bu ¢esitlilik degerleri
iizerinde bazi ekolojik ortam kosullarinin etkisinin tespit edilmesi amaglanmaistir.

2. Materyal ve yontem
2.1. Materyal

Biyolojik ¢esitlilik denildiginde genel olarak cesitliligin genetik, tiir ve ekosistem diizeyleri akla gelmekle
birlikte, farkli caligmalarda gesitli yazarlar tarafindan degisik tanimlamasmin yapildigi gériilmektedir. Ornegin
Magurran [5], biyolojik ¢esitliligi temel olarak “belirli bir alanda bulunan tiirlerin farkliligi ve bollugu” olarak ifade
etmistir. Thompson vd. [6] ise, ¢esitli ekosistemler ile bu ekosistemler igerisindeki farkli ekolojik yapilar iizerindeki
canli organizmalarin farklilagmasini genel olarak biyolojik ¢esitlilik seklinde tanimlamigslardir.

Orman ekosistemlerinde biyolojik cesitlilik hesaplamalarmni iceren ¢aligmalarin, daha ¢ok bitki tiir ¢esitliligi
lizerine yogunlastigini sdylemek miimkiindiir [7,8]. Yapilan bu ¢alismalarda belirli bir toplum igin, gesitli toplumlar
arasi ya da tiim alani kapsayacak sekilde toplam g¢esitlilik hesaplamalar1 yapilmistir. Bunlardan belirli bir toplumun
kendi i¢inde yapilan gesitlilik hesab1 alfa, toplumlar arasi olan hesaplamalar beta, bir ekosistem bolgesinin tiimii i¢in
yapilan hesaplamalarin toplami ise gama cesitliligini ifade etmektedir [9]. Bunlar igerisinde tiir gesitliligi-yetisme
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ortami Ozellikleri arasindaki iliskilerin belirlenmesi asamasinda alfa tiir c¢esitliliginin daha fazla tercih edildigi
bilinmektedir [8].

Alfa cesitliliginin hesabinda kullanilan geleneksel yontemler genel olarak tiir zenginlik hesaplamalari, bolluk
verilerinin oransal veya sayisal degerlerine dayali indisler (heterojenlik indisleri) ve tiir bolluk modelleri seklinde
siniflandirilmaktadir [9]. Bunlardan bolluk verilerinin oransal veya sayisal degerlerine dayali veri tipine uygun ¢esitlilik
hesaplamalarinda ¢ogunlukla Shannon-Wiener, Simpson ve Margalef indisleri kullanilmaktadir. Bu indislerin yani sira
Berger-Parker ve McIntosh indisleri ise yine yaygin olarak kullanilan diger formiilleri igermektedir [9].

Bu bilgiler dogrultusunda yiiriitiilen bu ¢aliymada, Isparta ili’nin giineyinde bulunan Siitgiiler Y6resi’nde,
orman igletme midirliigii sinirlart igerisinde yer alan saf Anadolu karagami (Pinus nigra Arn. subsp. pallasiana
(Lamb.) Holmboe) mescereleri galisma materyali olmustur (Sekil 1).
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Sekil 1. Siitgiiler Yoresi’ne ait yer gosteri haritasi

Caligma alan1 Akdeniz Bolgesi’nin Goller Yoresi sinirlart igerisinde yaklasik 128000 hektarlik bir alani
kaplamakta olup, denizden yiiksekligi ise 250 m ile 2500 m arasinda degismektedir [10]. Y6renin yillik ortalama toplam
yagist 950 mm, ortalama sicaklik ise 13,1 °C civarindadir [10]. Yo6rede karstik arazi yapisi iizerinde oldukga egimli ve
girintili ¢ikintili sarp bir arazi yapisi mevcuttur. Yaygin kayag tiirleri olan kiregtasi, konglomera ve kumtaglar1 {izerinde
toprak olusumu oldukca yavas seyretmekte olup, arazi yiizey sekillerinin etkisi altinda ¢ogunlukla s1§ toprak kosullari
mevcuttur. Diger yandan kayacglarin catlakli yapisina bagh fizyolojik derinligin yer yer olduk¢a derinlere ulastig1 bir
topografya mevcut olup bu durum yoredeki bitki tiirlerinin varligi ve verimliligine etki eden en 6nemli ekolojik ortam
kosullarindan birisidir [10]. Orman i¢i alanlarda mevcut klimatik toprak tipleri terra-rosa ve esmer orman topraklaridir.
Yorede gergeklestirilen kapsamli bir flora degerlendirmesi sonucunda 63 familyaya ait 225 cins igerisinde 478 farkl: tiir
kayda ge¢mis olup, bunlardan 118 tanesinin endemik bitki tiirli oldugu belirtilmistir [11]. Dolayisiyla yoredeki tiir
zenginligi ve endemik bitki tiir yogunlugunun oldukga fazla oldugunu s6ylemek miimkiindiir.

2.2. Yontem

Caligmada Siitciiler Yoresi’'ndeki farkli ekolojik ortamlarda yayilis gosteren dogal karagam mescerelerinde
alfa cesitlilik degerleri hesaplanip, biyolojik ¢esitlilik ile ¢evresel degiskenler arasindaki iligkilerin belirlenmesi
amaglanmistir. Bu dogrultuda 37 farkli 6rnek alanda arazi ve biiro caligmalar: gerceklestirilmistir. ilk olarak &rnek
alanlarda arazi ¢aligmalari ile hedef tiir karagam haricinde diger bitki tiirleri Braun-Blanquet yontemiyle arazi envanter
karnesine kayit edilmistir. Ayrica yine arazide 6rnek alanlarin yamag¢ konumu, arazi yiizey formu, ortalama toprak
derinligi ve toprak tagliligi (%) tespit edilerek Ol¢iim karnelerine kayit edilmistir [12]. Daha sonra 6rnek alanlarin
koordinatlarma gore biiro ortaminda olusturulan sayisal altliklar yardimiyla her bir 6rnek alan igin cesitli ¢evresel
degiskenlere ait veriler temin edilmistir. Bu asamada sirasiyla sayisal yiikseklik modeli iizerinden; yiikselti, egim,
topografik pozisyon indeksi [13], radyasyon indeksi [14], sicaklik indeksi [15] haritalar1 elde edilmistir. Ayrica yine
nokta bazli koordinat sistemi ile Fick ve Hijmans [16] tarafindan hazirlanan kiiresel iklim verileri
http://www.worldclim.org adresinden indirilip, buradan yoreye ait yillik toplam yagis (mm) ve yillik ortalama sicaklik
(°C) haritalar1 temin edilmistir.

Calismanm bir sonraki asamasinda arazide Braun-Blanquet yontemiyle her bir drnek alanda arazi envanter
karnesine kayit edilen tiirlerin 6rtiis bolluk degerleri Fontaine vd. [17]’de kullanilan sekli ile 0-1 araliginda degisen
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rakamsal degerlere doniistiiriilmiistiir. Bu asamada kullanilan 6lgek sirasiyla r:0,01; +:0,02; %1-4:0,04; %5-24:0,15;
%25-49:0,375; %50-74:0,625; %75-100:0,875 seklinde olmustur. Bu islemin ardindan biiro ¢aligmalarinda son olarak
her bir ornek alanda cesitlilik hesaplamalari i¢in sirasiyla Shannon-Wiener [18], Simpson [19], Brillouin [20] ve
Berger-Parker [21] indislerinden yararlanilarak alfa cesitlilik degerleri tespit edilmistir [9]. Bunlar igerisinde Berger-
Parker indisi (d) bir dominantlik indeksi olup, 1/d formuna doniistiiriiliip istatistiksel analiz i¢in veri uygun hale
getirilmistir. Ayrica her bir 6rnek alan igin tiir zenginligini dogrudan hesaplamak i¢in 3 =X} S; [22] formiiliinden
yararlanilarak 6rnek alanlarda bulunan farkl tiirlerin sayisinin dogrudan hesabi gergeklestirilmistir.

2.3. Istatistiksel degerlendirme
Caligmada tiir zenginligi ve alfa gesitlilik degerlerinin, ¢evresel degiskenler ile iligkilerini ortaya koyabilmek
amaciyla Pearson Korelasyon Analizi ve Temel Bilesenler Analizi (TBA)’nden yararlamlmistir [23]. Istatistiksel

degerlendirme siirecinde yer alan tiim degiskenlere Tablo 1°deki kodlar verilmistir.

Tablo 1. Calismaya dahil olan degiskenler ve kodlar1

Degiskenler Kodlar Degiskenler Kodlar Degiskenler Kodlar

Yiikselti (m) yukslt  Yillik ort. sicaklik (°C) sicaklik  Tiir zenginligi turzen

Egim (%) egim Yillik toplam yagis (mm)  yagis Simpson indeksi simpson

Radyasyon indeksi radind  Yamag konumu yamkon  Shannon indeksi shannon

Topografik pozisyon indeksi tpi Toprak derinligi (cm) topder  Berger-Parker indeksi  berger

Sicaklik indeksi Si Toprak taslilig1 (%) toptas Brillouin indeksi brillouin
3. Bulgular

Gergeklestirilen ¢aligmalar neticesinde 6rnek alanlarin yiikselti aralig1 yaklasik 1100 m ile 1800 m arasinda
degismekte olup, rnek alanlar aras1 700 m’lik bir yiikselti farkhligi mevcuttur. Ornek alanlarda egim % 8 ile %70
arasinda degisim gostermekte olup, az egimli (%3-%9) arazilerden sarp (%58-%100) arazilere kadar farkli egim
siiflarinda mescereler mevcuttur. Ornek alanlarda yillik ortalama sicaklik degeri 10,1 °C, yillik toplam yagis miktar
ise 610 mm civarinda olmustur. Mutlak toprak derinlikleri bakimindan 6rnek alanlarin % 48’1 orta derin (30-100 cm
arasi), %52’si ise derin (100 cm’den fazla) niteliktedir. Bu topraklarda profil bazinda ortalama tashlik yiizdesi %2-%55
arasinda degisim gostermistir. Ayrica 6rnek alanlarda sirasiyla radyasyon indeks degerleri 0-0,98 arasinda, topografik
pozisyon indeks degerleri -1,47 ile 2,49 arasinda, sicaklik indeks degerleri ise -1 ile +1 arasinda degisim gdstermistir.

Yapilan envanter neticesinde 54 farkl bitki tiirli kayit edilmis olup, bunlar igerisinde %97 oranla karacam ile
en ¢ok birliktelik gosteren bitki tiiriintin siitlegenler (Euphorbia sp.) oldugu belirlenmistir. Siitlegenlerden sonra her
ikisi de %78,3’liikk orana sahip olan kadintuzlugu (Berberis crataegina DC.) ve diken ardi¢ (Juniperus oxycedrus L.)
tlirleri yine yorede karagam ile en ¢ok birliktelik gdsteren bitki tiirleri olmustur. Sadece %2,7 lik bulunma oranma sahip
olan Acantholimon acerosum (Wild.) Boiss, Fraxinus ornus subsp. cilicica, Hedera helix L., Mespilus germanica L.,
Myrtus communis L., Ostrya carpinifolai Scop., Phlomis grandiflora H.S. Thompson, Paliurus spina-christi Miller.,
Quercus ithabureensi Decn subsp. macrolepis (Kotschy ) Hedye & Yalt., Rhus coriaria L., Scabiosa columbaria L.
subsp. ochroleuca (L.) Celak var. webbiana (Don) Matthews., Silene caryophyllodes (Poiret) etth., Sorbus torminalis
L.(Crantz)., Sorbus umbellata (Desf) Feritsch var. umbellata. ve Urtica dioica L. tiirleri ise karagam ile sadece lokal
alanlarda en az birliktelik gésteren tiirler olmustur.

Ornek alanlarda dogrudan tiir zenginligi hesaplamalar1 neticesinde elde edilen cesitlilik degerleri 6 ile 20
arasinda degisim gostermistir (Sekil 2).

Sekil 2. Karagam mescerelerinde drnek alanlara ait tiir zenginligi dagilim grafigi
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Ornek alanlarda tespit edilen tiirlerin bolluk verilerine gére Shannon, Simpson, Brillouin ve Berger-Parker
geleneksel ¢esitlilik indislerine gore yapilan hesaplamalar neticesinde elde edilen bulgular ise Sekil 3’te verilmistir.

Shannon Simpson

Brillouin Berger-Parker
0,6 3
05 25
0,4 2
0.3 15
0,2 1
01 05
0

Sekil 3. Ornek alanlarda tiirlerin bolluk verilerine gére hesaplanan gesitlilik indisi degerleri

Sekil 3 incelendiginde farkl indislerde kismi farkliliklar goriilse de genel olarak tiim indislerin birbirleri ile
benzer sonug verdigi goriilmektedir.

Alfa gesitlilik indislerinden elde edilen degerler ve tiir zenginliginin ¢evresel degiskenlerle olan ikili dogrusal
iligkilerini ortaya koymak i¢in uygulanan Pearson Korelasyon Analiz sonuglar1 ise Tablo 2’de verilmistir.

Analiz sonucunda ¢esitlilik indislerinden Simpson, Brillouin ve Berger-Parker indisleri ile yiikselti arasinda
negatif yonde, egim ile Shannon ve Berger-Parker indisleri arasinda pozitif yonde, yillik ortalama sicaklik ile Shannon,
Simpson, Brillouin ve Berger-Parker indisleri arasinda pozitif yonde ve son olarak toprak tasliligi ile Shannon, Simpson
ve Brillouin indisleri arasinda negatif yonde bir iligski oldugu tespit edilmistir.

Tablo 2. Tiir zenginligi ve alfa ¢esitlilik indisleri ile ¢evresel degiskenler arasinda uygulanan Pearson Korelasyon
Analizi sonuglar1

yukslt egim radind tpi si sicaklik yagis yamkon topder toptas turzen simpson shannon brillouin berger
yukslt 1 -0,116 0,230 -0,096 0,359" -0,891™ 0,360" -0,152 -0,012 0,060 -0,128 -0,408" -0,271 -0,333" -0,398"
egim 0,116 1 0,187 0,391" -0,643™ 0,127 0,299 0,243 0,103 0,036 0,201 0,319 0,336" 0,323 0,428
radind 0,230 0,187 1 -0,024 0,483 -0,280 0,251 0,170 -0,285 0,154 0,277 0,206 0,253 0,247 0,260
tpi -0,096 0,391" -0,024 1 -0,349" 0,014 0,259 -0,132 0,115 -0,019 -0,046 0,058 0,064 0,065 0,162
si 0,359" -0,643" 0,483  -0,349" 1 -0,370" -0,123 -0,142 -0,217 0,036 0,105 -0,110 -0,057 -0,070 -0,112
sicaklik -0,891™ 0,127 -0,280 0,014 -0,370" 1 -0,339" 0,105 -0,030 -0,233 0,166 0,550™ 0,406" 0,446™ 0,522
yagis 0,360" 0,299 0,251 0,259 -0,123 -0,339" 1 0,188 -0,090 0,084 0,007 -0,061 0,041 -0,004 0,010
yamkon -0,152 0,243 0,170 -0,132 -0,142 0,105 0,188 1 -0,081 0,048 0,155 0,043 0,090 0,015 0,091
topder -0,012 0,103 -0,285 0,115 -0,217 -0,030 -0,090 -0,081 1 -0,048 -0,174 -0,099 -0,140 -0,056 -0,100
toptas 0,060 0,036 0,154 -0,019 0,036 -0,233 0,084 0,048 -0,048 1 -0,256 -0,344" -0,354" -0,333" -0,280
turzen -0,128 0,201 0,277 -0,046 0,105 0,166 0,007 0,155 -0,174 -0,256 1 0,683 0,810 0,731 0,690
simpson -0,408" 0,319 0,206 0,058 -0,110 0,550 -0,061 0,043 -0,099 -0,344" 0,683 1 0,968" 0,967 0,949
shannon -0,271 0,336 0,253 0,064 -0,057 0,406 0,041 0,090 -0,140 -0,354" 0,810™ 0,968 1 0,965 0,940™
brillouin -0,333" 0,323 0,247 0,065 -0,070 0,446™ -0,004 0,015 -0,056  -0,333" 0,731 0,967 0,965 1 0,926™
berger- -0,398" 0,428" 0,260 0,162 -0,112 0,522™ 0,010 0,091 -0,100 -0,280 0,690 0,949™ 0,940 0,926™ 1

* %S5 diizeyinde 6nem seviyesine sahip; ** %1 diizeyinde 6nem seviyesine sahip
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Temel Bilesenler Analizi sonucunda bulunan eksen degerleri tizerinde yorum yapilabilmesi i¢in eksene ait 6z
deger kat sayisinin 1°den, varyans yiizdesinin ise 10’dan biiyilik olmas1 gerekmektedir. Tablo 3’e bakildiginda Eksen 1,
Eksen 2 ve Eksen 3’iin bu kosulu sagladig1 goriilmektedir. Eksenl’in toplam varyansm % 35,3’tnii, Eksen 2’nin %
16,28’ini ve Eksen 3’iin % 13,59’luk kismi agikladig1 goriilmektedir.

Tablo 3. Temel bilesen eksenlerine ait 6zdeger katsayilar1 ve varyans yiizdeleri

Ozdegerler Varyans(%bo)
Eksenl 5,295 35,3
Eksen2 2,442 16,283
Eksen3 2,038 13,587

Bu eksenler iizerinde bagimli ve bagimsiz degiskenlerin korelasyon katsayilar1 Tablo 4’te, degiskenlerin
eksenler lizerindeki konumlar1 ise Sekil 4’te verilmistir.

Tablo 4. Temel bilesen eksenleri iizerinde bagimli ve bagimsiz degiskenlere ait korelasyon (r) degerleri

Bagimsiz Degiskenler

Eksen 1 Eksen 2 Eksen 3
r r r
yukslt -0,497 0,635 0,250
egim 0,431 -0,170 0,757
radind 0,189 0,751 0,188
tpi 0,130 -0,241 0,586
si -0,208 0,727 -0,521
sicaklik 0,607 -0,607 -0,302
yagis -0,035 0,327 0,714
yamkon 0,144 0,028 0,254
topder -0,107 -0,389 0,131
toptas -0,366 0,064 0,225
Bagimh Degiskenler
Eksen 1 Eksen 2 Eksen 3
r r r
turzen 0,745 0,372 -0,070
simpson 0,967 0,074 -0,085
shannon 0,956 0,216 -0,014
brillouin 0,947 0,152 -0,044
berger 0,961 0,091 0,037

PC2(%163)

48

PC1(%35.3)

Sekil 4. TBA analiz eksenleri iizerinde degiskenlerin konumu
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Tablo 4 ve Sekil 4 birlikte yorumlandiginda Eksen 1 tizerinde Simpson, Berger-Parker, Shannon ve Brillouin
indislerinin timii yiikselti ve toprak tashlig: ile negatif, sicaklik ve egim ile de pozitif yonde iligki gostermistir. Bu
indisler ile tiir zenginligi ayn1 yonde iliski géstermesine ragmen, hem iliski katsayisi (r: 745) daha diisiik olmus, hem de
bu duruma bagli temel bilesenler ekseni iizerinde daha bagimsiz bir yerde konumlanmustir.

4. Sonugclar ve tartisma

Biyolojik ¢esitliligin ekosistemlerde siireklilik, tiretkenlik, hareketlilik ve dayaniklilik gibi parametreler ile
onemli iliskilerinin oldugu ifade edilmekte olup, 6zellikle ortamda olusabilecek kirlilik, bocek ve yangin gibi gesitli
tahribatlara kars1 ekosistemlerin dayanim gdstermesi agisindan ortamda dengeli bir dagilima sahip yiiksek biyolojik
¢esitlilik kogulunun 6neminden bahsedilmektedir [24]. Bununla birlikte yine ortamdaki ¢esitliligin karbon dengesi ve
buna baglh kiiresel iklim degisim olaylari, temiz su ve oksijen, iirlin potansiyeli, genetik materyal, ekoturizm ve
rekreasyon gibi pek cok ekosistem unsurlar1 iizerine dogrudan ve dolayli katkilarmin oldugunu séylemek miimkiindiir
[24]. ifade edilen tiim bu unsurlar neticesinde iilkeler sahip olduklar1 biyolojik cesitliligi daha fazla nemsemekte olup,
bu konuda dogru adimlarin atilmasi ve yerinde politikalarin uygulanmasi agisindan ulusal ve uluslararas: dlgekte cesitli
sozlesmeler, anlagmalar, arastirmalar ve bilimsel faaliyetler gibi farkli girisimlere daha ¢ok yonelim gostermiglerdir.

Biyolojik ¢esitliligin ana merkez noktalarindan birisi orman ekosistemleri olup, burada konuya iliskin olarak
yapilan ¢alismalarin daha ¢ok bitki tiirlerine yonelik oldugunu séylemek miimkiindiir [7]. Ormanlarda mevcut bitki tiir
cesitliligi iizerinde ise dzellikle yetisme ortami kosullarinm énemli etkisinin olduguna deginilerek, bu konuda yapilacak
olan bilimsel ¢aligmalara ihtiya¢ oldugu ifade edilmektedir [7]. Zira konuyla alakali olarak iilkemizde son yillarda
gergeklestirilen ¢aligmalarin daha ¢ok alfa ¢esitlilik indisleri {izerinden kurgulandigr ve bu ¢aligmalarda 6zellikle
biyolojik ¢esitlilik-yetisme ortamu kosullari arasinda 6nemli iligkilerin tespit edildigi goriilmektedir [8,25]. Fakat
konunun 6nemi ve iilkemizin jeomorfolojik, toprak ve iklim kosullar1 géz oniine alindiginda bu konuda daha fazla
caligma yapilarak, 6zellikle ormanlarda yiiksek cesitlilik durumuna sahip ya da bu agidan potansiyel arz eden alanlarin
yetisme ortami kosullarmin tespiti i¢in yapilacak ¢aligmalara ihtiya¢ duyulmaktadir. Buradan hareketle gerceklestirilen
bu c¢aligmada, iilkemiz i¢in 6nemli asli orman agag tilirlerimizden biri olan karagam mescerelerinde bitki tiirlerinin
bolluk verilerine dayali alfa tiir cesitlilik indisleri ve dogrudan tiir zenginlik degerlerinin ekolojik ortam kosullar1 ile
iligkilerinin tespit edilmesi amaglanmistir.

Caligmada ilk asamada uygulanan Pearson Korelasyon Analizi neticesinde karagam mescerelerinde sirastyla
Simpson, Berger-Parker ve Brillouin indislerine gore hesaplanan ¢esitlilik degerleri yiikselti ile negatif korelasyon
gosterirken, dogrudan tiir zenginligi ve Shannon indisi ile hesaplanan ¢esitlilik degerlerinin yiikselti ile istatistiksel
anlamda 6nemli bir iligkisi bulunamamustir. Fakat ikinci asamada uygulanan Temel Bilesenler Analizi neticesinde
Shannon indisi ve tiir zenginliginin yiikselti ile negatif iliskisi tespit edilmistir. Atalay, [26] tarafindan yapilan bir
calismada yiikseltinin tiir ¢esitliligini etkileyen en 6nemli yetisme ortami faktdrlerinden biri oldugu ifade edilmistir. Bu
durumu destekler nitelikte yapilan pek ¢ok arastirmada yiikselti ve tiir ¢esitliligi arasinda istatistiksel anlamda 6nemli
iliskiler belirlenmistir. Ornegin Chang-Fu vd., [27] yapmis olduklar1 bir ¢aligmada tipki bu calismada oldugu gibi
yiikselti ile tiir gesitliligi arasinda negatif iligkiler tespit etmislerdir. Pausas ve Austin [28] tarafindan yapilan bir
aragtirmada ise c¢aligilan alandaki odunsu bitki tiir gesitliligi ile yiikseltinin yine negatif iligkili oldugunu tespit
etmislerdir. Yiikselti ile tiir ¢esitliliginin negatif iligkisinin bulundugu benzer bir ¢alisma Sherman vd., [29] tarafindan
gerceklestirilmistir. Yine son yillarda yapilan bir ¢aligmada Oguzoglu vd., [24] yiikselti ile ortamda taksonomik
gesitliligin istatistiksel olarak anlamli negatif iligkisini tespit etmis olup, 6zellikle alfa gesitliligi ile yiikselti arasinda
bulunan negatif iligkilerin daha 6nceki yapilmis olan ¢aligmalarla uyumundan bahsetmislerdir.

Diger yandan yiikselti ile bitki cesitliligi arasindaki iliskiler bolgelere gore farkliliklar gosterebilmektedir.
Zira Joseph vd., [30] yapmis olduklar1 ¢galigma neticesinde ortamda tiir ¢esitliligini etkileyen en dnemli yetisme ortami
faktorlerinin basinda yiikseltinin oldugunu belirtmisler ve yiikseltinin deniz seviyesinden itibaren artmasi ile bitki
gesitliliginin de arttigini ifade etmislerdir. Yine Iberian yarimadasinda ¢igeksiz bitki tiir gesitliligi [31] ve Giineybati
Afrika (Nama Karoo)’da damarl bitki tiir ¢esitliligi [32] nin yikselti ile istatistiksel anlamda 6nemli pozitif iligkileri
tespit edilmistir. Bu ¢aligmalarin haricinde yine son yillarda konuya iliskin olarak yiikselti ile tiir ¢esitliligi arasinda
O6nemli pozitif iligkilerin oldugu sonucuna ulasilan benzer ¢aligmalarin bulundugunu da ifade etmek miimkindiir [7,8].

Tiim bu c¢aligmalar ortamda yiikseltinin tiir ¢esitliligini etkileyen olduk¢a dnemli bir yetisme ortami kosulu
oldugunu ortaya koymaktadir. Fakat burada iligkinin yOniiniin ne olacagmni sdylemenin pek miimkiin olmadigi
anlagilmaktadir. Zira Lundholm ve Larson [33] Bruce Yarmmadasi Milli Parki’nda (Ontario, Kanada) gergeklestirdikleri
bir caligmada, damarli bitki tiir ¢esitliliginin yiikseltiye bagli olarak dnce zenginlesen, daha sonra ise azalan bir iliskisini
belirtmiglerdir. Burada bilinmesi gerecken durum aslinda yiikseltinin ortamda iklim kosullarini etkiledigi ve yiikseltiye
bagli degisen iklim kosullarinin, ortamdaki bitki tiirlerinin ekolojik tolerans araliklarina gore ¢esitliligi
sekillendirdigidir. Nitekim bu c¢aligmada yillik ortalama sicaklik degerlerinin yiikselti ile birlikte karagam
mescerelerindeki tiir gesitliligi ile olan iliskisi ise bu durumdan ileri gelmektedir.

Yoredeki karagcam mescerelerinde tiir gesitlilik degerlerinin yillik ortalama sicaklik artisi ile arttigt
goriilmektedir. Fakat ¢alismada diger bir iklim parametresi olan yagisin ise tiir ¢esitliligi ile istatistiksel anlamda onemli
bir iligkisi tespit edilememistir. Bu durum aslinda beklenen bir sonuctur. Cilinkii yorede karagam mescereleri yaklagik
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1100 m ile 1775 m arasinda degisim gostermekte olup, aradaki yiikselti farki 675 m’dir. Bu yiikselti farkinda 3,9 °C’lik
bir sicaklik degisimi tespit edilirken, yagis farkinin ancak 50 mm ile sl kaldig1 gériilmiistiir. Daha agik bir ifade ile
bu caligmada belli bir yiikseltinin tstiindeki karagam mescerelerindeki ekstrem iklim kosullarinda, yagisin yiikselti
artigina baglh diigiik varyasyona, sicakligim ise daha yiiksek varyasyona sahip olmasi durumu, ortamda yiikselti-sicaklik-
tiir ¢esitliligi iliskisini ortaya ¢ikarirken, yagisin bu durumda 6nemsiz kalmasina sebep olmustur. Burada yine bilinmesi
gereken her ortamda boyle bir sonucun beklenmesinin dogru olmayacagi, yiikselti ve ortamdaki tiir gesitliligi
iliskilerinin genel olarak yiikseltiye bagl iklim parametrelerindeki varyasyonla agiklanabilecegidir. Zira konuya iliskin
yapilan bir ¢aliysmada bitki cesitliligi bakimmdan zengin olan alanlarin yagisin yiiksek, yillik ortalama sicakligin ise
diisiik oldugu yerler olarak tespit edilmesi bu durumu desteklemektedir [30].

Diger yandan yine bu ¢aligma kapsaminda uygulanan Pearson Korelasyon Analizi neticesinde Shannon ve
Berger-Parker indisleri ile hesaplanan alfa tiir ¢esitliligi ile egim arasinda pozitif yonde bir iligki tespit edilmistir.
Lorenzo vd. [34]’nin Italya’da yapmis olduklar1 bir calismada Alpin zon bdlgelerinde bitki tiir zenginligi iizerinde
yetisme ortami faktorlerinin etkisini aragtirmislardir. Calisma sonucunda yiikselti ve egimin en 6nemli yetigme ortami
faktorii oldugunu belirlemislerdir. Ayrica burada oldugu gibi ortamda egim artismimn alfa tiir gesitliliginin artmasimna
sebep oldugunu belirten bagka caligmalar mevcuttur [35]. Fakat yine yiiksek egim derecesine sahip her alanda tiir
cesitliliginin artacagini sdylemek pek miimkiin degildir. Zira egim ile olan iligkiler ortamda sicaklik, toprak derinligi, su
ve besin ekonomisi gibi durumlar1 etkilemekte olup tiir ¢esitliligi {izerinde olduk¢a karmasik iliskilere sebep
olabilmektedir.

Pearson Korelasyon Analizi sonuglarina gore yorede karagam mescerelerinde toprak tasghliginin arttig:
durumlarda ise Berger-Parker haricindeki diger indislerden hesaplanan alfa tiir ¢esitlilik degerleriyle negatif bir iliski
bulundugu tespit edilmistir. Cesitlilik indisleri ile diger gevresel faktorler arasinda istatistiksel anlamda bir iligki tespit
edilememistir.

Caligmada ikinci asamada uygulanan Temel Bilesenler Analizinde yine benzer sonuglar elde edilmesine
ragmen, Korelasyon Analizinde istatistiksel olarak 6nemli sonu¢ vermeyen bazi degiskenlerin burada iliski durumlari
tespit edilmistir. Ornegin Korelasyon Analizinde istatistiksel olarak anlamli sonug vermeyen tiir zenginliginin Temel
Bilesenler Analizi sonucunda g¢evresel degiskenler ile iliskili oldugu gorilmiistiir. Dolayisiyla bu tip ¢aligmalarda
iliskilerin Korelasyon Analizi gibi sadece ikili dogrusal iligkileri baz alan yontemler {izerinden yorumlanmasimnin dogru
olmayacagi, bu asamada Temel Bilesenler Analizi gibi ¢ok degiskenli analiz yontemlerinden faydalanilmas: gerektigi
anlagilmaktadir. Diger yandan Temel Bilesenler Analizinde bolluk verilerine dayali indisler ile hesaplanan cesitlilik
degerlerinin gevresel degiskenlerle olan iligki katsayilarinm, dogrudan tiir zenginligi ile olan iliski katsayilarindan daha
yiiksek sonuglar verdigi goriilmektedir. Bu durum ise yukaridaki yorumlari destelemekte olup, gesitlilik-yetisme ortami
iliskilerinin ele alindig1 caligmalarda sadece tiir zenginliginin dikkate almmasmin yeterli olmayacagi ve iliskilerin
yorumlanmasi asamasinda ise farkli istatistiksel yontemlerden faydalanilmasi gerektigi sonucunu ortaya ¢ikarmaktadir.

Son olarak bu calismada iliskiler ikili dogrusal iligkiler ve cok degiskenli analiz yontemleri {izerinden
aciklanmaya g¢alisilmig olup kismi farkliliklarin oldugu goriilmiistiir. Fakat tiir ¢esitliligi-yetisme ortamu iligkilerinin
olduk¢a kompleks oldugu diisiiniildiigiinde, iliskilerin daha net ortaya konulmasi asamasinda ayrica ¢esitli modelleme
tekniklerinin de kullanilmasinin uygun olacagni dnermek miimkiindiir.

Tesekkiir

Bu calisma; Siileyman Demirel Universitesi Bilimsel Arastirma Projeleri Koordinasyon Birimi (Proje No:
1161-YL-05) tarafindan desteklenmis ve Uluslararast Ekoloji 2018 Sempozyumu (International Symposium of Ecology
2018)’nda 6zet bildiri olarak yaymlanmistur.

Kaynaklar

[1] Leemans, R. (1999). Modelling for species and habitats: new opportunities for problem solving. The Science of
the Total Environment, 240, 51-73.

[2] OGM, (2015). Tiirkiye Orman Varligi—2015. Orman ve Su Isleri Bakanligi, Orman Genel Miidiirliigii, Orman
Idaresi ve Planlama Dairesi Baskanlig1 Yayinlari, Ankara, 32 s.

[3] Giiner, S., Comez, A., Ozkan, K., Karatas, & R., Celik, N. (2016). Tiirkiye’deki karacam agaclandirmalarinmn
verimlilik modellemesi. Istanbul Universitesi Orman Fakiiltesi Dergisi, 66(1), 159-172.

[4]  Saatgioglu, F. (1976). Silvikiiltiir I, Silvikiiltiiriin Biyolojik Esaslar1 ve Prensipleri, I.U. Yaymn No: 2187, Orman
Fak. Yaym No: 222, Sermet Matbaasi, Istanbul, 423 s.

[5]  Magurran, A. E. (2004). Measuring Biological Diversity. Blackwell Publishing, U.K.

[6] Thompson I. D., Mackey B., McNulty S., & Mosseler A. (2009) . Forest Resilence, Biodiversity and Climate
Change. A synthesis of the biodiversity/resilence/stability relationships in forest ecosystems - Secretariat of the
Convention on Biodiversity, Montreal, 43, 67-73.

Relationships between plant species diversity of black pine forests and site factors in the Siitgiiler district of Turkey
Merve BAS, Ali SENOL, Serkan GULSOY, Kiirsad OZKAN



272

[7]

(8]

[9]

[10]

[11]
[12]
[13]

[14]

[15]
[16]

[17]

[18]
[19]
[20]
[21]
[22]
[23]
[24]

[25]

[26]

[27]
[28]

[29]

[30]

Biological Diversity and Conservation — 13 / 3 (2020)

Ozkan, K. (2006). Beysehir Golii Havzasi Cariksaraylar Yetisme Ortamu Yoreler Grubunda Fizyografik Yetisme
Ortanu Faktorleri ile Agag¢ ve Cali Tiir Cesitliligi Arasindaki Iliskiler Analizi. Anadolu Universitesi Bilim ve
Teknoloji Dergisi, 7(1), 157-166.

Negiz, M. G., Kurt, E. O., & Sentiirk, O. (2017). Isparta-Yenisarbademli Yoresi ormanlik alanlarinda tiir
merkezli tibbi ve aromatik bitki tiir zenginliginin hesab1 iizerine 6rnek bir ¢aligma. Turkish Journal of Forestry,
18(4), 282-288.

Ozkan, K. (2016). Biyolojik Cesitlilik Bilesenleri (a, B ve y) Nasil Olgiiliir? Siileyman Demirel Universitesi,
Orman Fakiiltesi Yayinlari, No:98, 142 s., Isparta, Tiirkiye.

Ozkan, K., & Kuzugiidenli, E. (2010). Akdeniz Bolgesi Siitciiler Yoresinde kizilgamin (Pinus brutia Ten.)
verimliligi ile yetisme ortamu dzellikleri arasindaki iliskiler. Siileyman Demirel Universitesi Orman Fakiiltesi
Dergisi, 1, 16-29.

Ozgelik, H., & Korkmaz M. (2002). Contributions to the flora of Sutculer- Isparta (Turkey). Bulletin of Pure and
Applied Sciences, 21(1), 1-19.

Zech, W., & Cepel, N. (1972). Giiney Anadolu’daki Bazi Kizilgam Mesgerelerinin Geligimi ile Toprak ve
Reliyef Ozellikleri Arasindaki Iliskiler, Istanbul Matbaas, Istanbul.

Weiss, A. (2001). Topographic position and landforms analysis. Poster presentation, ESRI user conference, San
Diego, CA. Vol. 200.

Aertsen, W., Kint, V., Van Orshoven, J., Ozkan, K., & Muys, B. (2010). Comparison and ranking of different
modelling techniques for prediction of site index in Mediterranean mountain forests. Ecological Modelling, 221,
1119-1130.

Beers, T. W., Dress, P. E., & Wensel, L. C. (1966). Notes and Observations: Aspect Transformation In Site
Productivity Research. Journal of Forestry, 64(10), 691-692.

Fick, S. E., & Hijmans, R. J. (2017). WorldClim 2: new 1- km spatial resolution climate surfaces for global land
areas. International Journal of Climatology, 37(12), 4302-4315.

Fontaine, M., Aerts, R., Ozkan, K., Mert, A., Giilsoy, S., Siiel, H., ... Muys, B. (2007). Elevation and Exposition
Rather Than Soil Types Determine Communities and Site Suitability in Mediterranean Mountain Forests of
Southern Anatolia, Turkey. Forest Ecology and Management, 247, 18-25.

Shannon, C. E. (1948). A mathematical theory of communication. The Bell System Technical Journal, 27, 379-
423.

Simpson, E. H. (1949). Measurement of diversity. Nature, 163(4148), 688-688.

Pielou, E. C. (1975). Ecological Diversity, New York, Wiley InterScience.

Berger, W. H., & Parker, F. L. (1970). Diversity of Planktonic Foraminifera in Deep Sea Sediments. Science,
168, 1345-1347.

Peet, R. K. (1974). The Measurement of Species Diversity. Annual review of ecology and systematics, 5, 285-
307.

Ozdamar, K. (2002). Paket Programlar le Istatistiksel Veri Analizi. Eskisehir, Kaan Kitabevi.

Oguzoglu, S., Sinpari, G., & Ozkan, K. (2013). The relationships between taxonomic diversity and some
environmental factors: A case study of Yazili Canyon Nature Park. GeoMed 2013 The 3rd International
Geography Symposium, Eds: Efe, R., Atalay, I., Ciirebal, 1., 10-13 June, 2013, Kemer Antalya, pp. 509-518.
Sentiirk, O., & Ozkan, K. (2017). Calculating landscape diversity with alpha diversity indices. Journal of
Environmental Biology, 38, 931-936.

Atalay, 1. (2006). The Effects of Mountainous Areas on Biodiversity: A Case Study From The Northhern
Anatolian Mountains And The Tauros Mountains. 8th International Symposium on High Mountain Remote
Sensing Cartograph, Band, 41, 17-26.

Chang-Fu, H., Zueng-Sang, C., Yueh-Mei, H., Kuoh-Chieng, Y., & Tsung-Hsin, H. (1998). Altitudinal Zonation
of Evergreen Broad-leaved Forest on Mount Lopei, Taiwan. Journal of Vegetation Science, 9, 201-212.

Pausas, J. G., & Austin, M. P. (2001). Patterns of Plant Species Richness in Relation to Different Enviroments:
An Appraisal. Journal of Vegetation Science, 12, 153-166.

Sherman, R. E., Martin, P. H., & Fahey, T. J. (2005). Vegetation-Environmental Relationships in Forest
Ecosystems of the Cordillera Central, Dominican Republic. Journal of the Torrey Botanical Society, 132(2),
293-310.

Joseph, S., Reddy, S. C., Pattanaik, C., & Sudhakar, S. (2008). Distribution of Plant Communities along Climatic
and Topographic Gradients in Mudumalia Wildlife Sanctuary (Southern India). Biological Letters, 45(1), 29-41.

Relationships between plant species diversity of black pine forests and site factors in the Siit¢iiler district of Turkey
Merve BAS, Ali SENOL, Serkan GULSOY, Kiirsad OZKAN



[31]
[32]
[33]
[34]

[35]

Biological Diversity and Conservation — 13/ 3 (2020) 273

Pausas, J. G., & Saez, L. (2000). Ptheridophyte richness in the NE Iberian Peninsula: Biogeographic patterns.
Plant ecology, 148(2), 195-205.

Burke, A., Esler, K. J., Pienaar, E., & Barnard, P. (2003). Species richness and floristic relationships between
mesas and their surroundings in southern African Nama Karoo. Diversity and Distributions, 9(1), 43-53.
Lundholm, J. T., & Larson, D. W. (2003). Relationships between spatial environmental heterogeneity and plant
species diversity on a liestone pavement. Ecography 26, 715-722.

Lorenzo, M., Michele, S., Sebastian, K., Johannes, I., & Angelo, P. (2007). Effects of local factors on plant
species richness and composition of Alpine meadows. Agriculture, Ecosystems and Enviromental, 119, 281-288.
Shaltout, K. H., EI-Keblawy, A. A., & Mousa, M. T. (2008). Vegetation Analysis of Some Desert Rangelands in
United Arab Emirates. Middle-East Journal of Scientific Research, 3 (3), 149-155.

Relationships between plant species diversity of black pine forests and site factors in the Siitgiiler district of Turkey
Merve BAS, Ali SENOL, Serkan GULSOY, Kiirsad OZKAN



www.biodicon.com Biological Diversity and Conservation

ISSN 1308-8084 Online ISSN 1308-5301 Print

Research article/Arastirma makalesi
DOI: 10.46309/biodicon.2020.756267
13/3 (2020) 282-289

Pollen morphology of the some taxa belonging to Veronica L. (Plantaginaceae) and Its taxonomic importance

Birol BASER ™, Sedat KOCAMAN?, Murat KURSAT?
ORCID: 0000-0002-9305-8759; 0000-0002-4227-5171; 0000-0002-0861-4213

1 Bjtlis Eren Universitesi, Biyoloji Boliimii, 13000, Bitlis, Turkey
2 Bitlis Eren Universitesi, Fen Bilimleri Enstitiisii Biyoloji ABD, 13000, Bitlis, Turkey

Abstract

In this study, the genus Veronica L. (Plantaginaceae) from the Plantaginacae family Veronica bozakmanii
M.A.Fisch., Veronica triphyllos L., Veronica persica Poir., Veronica triloba Opiz., Veronica anagallis-aquatica L.,
Veronica oxycarpa Boiss., Veronica cinerea Boiss. & Balansa., Veronica macrostachya Vahl. subsp. mardinensis
(Bornm.) M. A. Fisch., Veronica orientalis L. subsp. orientalis, Veronica orientalis L. subsp. nimrodi (Richt. ex Stapf)
M.A. Fisch taxa were investigated in terms of palynological features. The specimens of this taxa were collected during
the field surveys were investigated using Light Microscope (LM) and Scanning Electron Microscope (SEM). As a result
of this study some common traits of the taxa found out such as pollen tectate, the pollen shapes being subprolate,
prolate and the symmetry being heteropolar. Also, the type of the aperture is tricolpate. The SEM microphotographs
shows that the ornamentations are reticulate, scabrate-perforate and striate-microreticulate.

Key words: Plantaginacae, pollen morphology, SEM, Veronica

%

Veronica L. (Plantaginaceae) cinsine ait bazi taksonlarin polen morfolojileri ve onun sistematik 6nemi

Ozet

Bu c¢alismada Plantaginacae familyasindan Veronica L. (Plantaginaceae) cinsine ait Veronica bozakmanii
M.A.Fisch., Veronica triphyllos L., Veronica persica Poir., Veronica triloba Opiz., Veronica anagallis-aquatica L.,
Veronica oxycarpa Boiss., Veronica cinerea Boiss. & Balansa., Veronica macrostachya Vahl. subsp. mardinensis
(Bornm.) M. A. Fisch., Veronica orientalis L. subsp. orientalis, Veronica orientalis L. subsp. nimrodi (Richt. ex Stapf)
M.A. Fisch taksonlarinin palinolojik ozellikleri agisimdan incelenmistir. Bu taksonlara ait ornekler yapilan arazi
caligmalarinda toplanmistir. Bu cinse ait taksonlar IM ve SEM kullanilarak incelenmistir. Bu ¢aligma sonucunda
polenin tektat, polen sekillerinin subprolat, prolat olmasi ve simetrinin heteropolar olmasi gibi bazi 6zellikler
bulunmugtur. Ayrica SEM mikrofotograflart da ormentasyon yapilarinin retikulat, skabrat-perforat ve striat-
mikroretikulat oldugunu géstermistir.

Anahtar kelimeler: Plantaginacae, polen morfoloji, SEM, Veronica
1. Introduction

Plantaginaceae includes 94 genera and 1900 species throughout the world [1]. Veronica L. is a multifarious
genus of Veronicaceae sensu Angiosperm Phylogeny Group with approximately 450 species in the world. It is
commonly distributed throughout the North and South Hemispheres. The taxa of this genus have a high ecological
variety and they exist in many different habitats from arid steppes to freshwaters and from sea level to high alpine
regions [2]. Veronica L. genus is a member of Plantaginaceae sensu APG previously included in Scrophulariaceae [3]
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and in addition, they have transferred Antirrhinum L., Calceolaria L., Digitalis L., Gratiola L., Limnophila R., Linaria
Mill., Lindernia All., Nemesia Vent., Penstemon Schmid., Scoparia L. and Veronica L. genera, which were included in
Scrophulariaceag, to Plantaginaceae family based on molecular criteria [4; 5].

Veronica was represented with 89 taxa in Turkey before [6]. However, the taxon number of Veronica has
reached to 107 by the addition of several new taxa; 35 of these taxa are endemic, so the endemism rate is 33% in
Turkey [7; 8; 9; 10; 11].

The first description of Veronica pollen has been performed by Risch [12]. Also, recent studies have given an
idea about the morphological variety in Veronica pollen and the genera belonging to it [13; 14]. 19 species of
Veroniceae family, including 49 species, has been examined using SEM and LM [15]. The pollen morphology of 13
species of Veronica genus in southwest Spain has been examined using LM and SEM. This study demonstrates the
eurypalinous structure of the genus. Due to exine ornamentation of pollens, two morphological types have been
identified: rugulate and scabrate [16]. The pollen morphology of 17 species has been examined and three different outer
shell ornaments (rugulate-perforate, microreticulate and psilate) have been defined [17].

Purpose of this study is to provide detailed palyno-morphological properties of 10 taxa belonging to the genus
Veronica L. by using SEM and LM.

2. Materials and methods

In this article, the samples used are taxa belonging to Veronica genus collected from Elazig and Bitlis
provinces.

Specimens investigated: Veronica bozakmanii; B8-Bitlis, eastern slopes of mount Kambos, 27.03.2014, 38°
19' 29.58" K, 42° 00' 33.33" D, 1400-1600 m, M. Karatag 1594, Det. M. Kiirsat. Veronica triphyllos; B7-Elazig:
Baskil, Yukarimahalle hamlet, slopes, 1650-1800m. 1650 m, M. Karatas 1522, Det. M. Kiirsat. Veronica anagallis-
aquatica; B8-Bitlis, northern slopes of mount Kambos, Step, 38° 19' 23.26" K, 41° 59 42.29" D, 1800-1950 m, M.
Karakag 1500, Det. M. Kiirsat. Veronica oxycarpa; B8-Bitlis, Northern Slopes of Mount Kambos, Agackdprii village,
stream edges, 38° 20' 11.95" K, 42° 00' 10.88" D, 1350-1450, M. Karakas 1963, Det. M. Kiirsat. Veronica orientalis
subsp. orientalis; B7-Baskil, Bolucuk hamlet and surroundings, garden interiors, 1580 m, M. Kiirsat 7002, Det. M.
Kiirsat. Veronica cinerea; B7-Elazig: Sivrice, Gozeli Plain, between Sirinyazi-Kamislik Mountain and Field Edge,
1600-1650 m, M. Kiirgat 7005, Det. M. Kiirsat. V. triloba; B7 Elazig: Baskil, Bolucuk hamlet sub-places, Quercus area,
1410-1480 m, M. Kiirsat 7004, Det. M. Kiirsat. V. persica; B7- Elazig: Baskil, Hacimustafa south of village, hillsides,
1750-1950 m, M. Kiirsat 7007, Det. M. Kiirsat. Veronica orientalis subsp. nimrodi; B7- Elazig: Sivrice, Reeds
Mountain, Tarlatepe Village Surroundings, Slopes, 1450-1760 m, M. Kiirsat 7003, Det. M. Kiirsat. Veronica
macrostachya subsp. mardinensis; B7- Elazig: Baskil, Bolucuk hamlet and surroundings, garden interiors, 1580 m, M.
Kiirgat 7008, Det. M. Kiirsat.

Pollen slides were prepared using Wodehouse [18]. The pollen in the preparations prepared by using
wodehouse method was examined morphologically with x100 immersion objective magnification in Olympus BX-3
light microscope. The microphotographs of the pollens were taken with an Olympus BX-41 microscope by taking their
equatorial and polar views. SEM microphotograhing performed to view the surface of pollens in detail and examine
their apertures was performed in ZEISS supra 55 Electron microscope. The terminologies of Hesse et al. [19] were
followed.

3. Results

Palynomorphological features of Veronica in Tables 1 and Figures 1-2-3. Veronica are monad, radially
symmetrical, isopolar, prolate-spheroidal, prolate and subprolate with the polar axes 21.95-45.26 um and the equatorial
diameters 15.61-35.58 um (Table 1). Their dimensions are smaller in V. orientalis L. subsp. orientalis and larger in V.
triloba Opiz. The outline of all pollen grains is circular in equatorial view and triangular in polar view; intersemiangular
(Table 1; Figures 1-2-3). The pollen grains of Veronica are trizonocolpate. Colpus is long (18.69-38.32 pm) and narrow
or broad (4.75-7.60 um); margins distinct, regular and ends acute. Aperture membrane ornamented (Table 1; Figures 1-
2-3). The exine ranges from 0.90 to 0.99 pum. The intine is 0.36-0.51 um thick. V. bozakmanii M.A.Fisch. exine
sculpturing is reticulate. The number of lumina per 1 um? is 8-9, the size of the lumina of the pollen grains is
approximately 0.77 um, and the average thickness of the muri is 0.37 um The reticula are heterobrachate. V. triphyllos
L. exine sculpturing is scabrate-perforate. The number of scabrae per 1 um? is 5; scabrae width 0.13 um, scabrae length
0.20 um. The number of perforae per 1 um? is 4. Exine sculpturing is striate-microreticulate in all investigated other
species (Table 1; Figures 1-2-3).
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Table 1. Palynomorphological parameters of Veronica Genus

Taxon P (um) E (um) PE  Ex(um) = In(um)  clt(um) clg (um) Qr.
ratio,
V. bozakmanii 4016299 3135254 5 008=011 051+019 591=100 31433356 Re
V. triphyllos 32742377 1530+353 S | 090£019 | 049016 600109 | 2525224 §gper
V. persica 34372267 2278246 P 002:013  038:013  649=079 2778+422 Stmr
V friloba 4526=303  3558+337 S 000=011 043018 742+084 3832+336 Stmr
V. gnagailis - 27652402 2202+455 S | 097£012 | 037016 538139 | 2261349 Sty
 qguatica
V. oxicarpa 2306=105 1706=123 P | 004=013  042+013 475051 1984=075 Stmr
V. cinereq 2826=419 2126312 P | 005012  042:017  555=077  2334=327 Stmr
V. magrostacivg 3662=317 2587248 P 004=013 | 043:017 603102 3230+3354 Stmr
subsp. mgrdlinensiy,
V. griemtalis subsp. | 2195=159 | 1561120 P | 093013 | 036+0.13 | 475068 1869+135 Stmr
ot
V. oriemtalis subsp. | 3326=301 | 2051+258  Ps | 095012  045:015 | 760+131 2667+205 Stmr
tizmradli

P: Polar axis, E: Equatorial diameter, P-s: Prolate-spheroidal, S: Subprolate, clg: Colpus longitude(length), clt: Coplus
latitude(width), Ex: Exine thikness, In: Intine thikness, Or: Ornamentation, Sc-per: Scabrate-perforate, St-mr: Striate-
microreticulate, Re: reticulate

Figure 1. Pollen morphology of Veronica by light microscopy. (1-2) V. bozakmanii, (3-4) V. triphyllos, (5-6) V. persica,
(7-8) V. triloba, (9-10) V. anagallis-aquatica (11-12) V. oxicarpa, (13-14) V. cinerea, (15-16) V. macrostachya subsp.
mardinensis, (17-18) V. orientalis subsp. orientalis, (19-20) V. orientalis subsp. nimrodi (scale bar 10 pm)
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Figure 2. Pollen morphology of Veronica by scanning electron microscopy (General view). 1-V. bozakmanii, 2-V.
triphyllos, 3-V. persica, 4-V. triloba, 5-V. anagallis-aquatica, 6-V. oxicarpa, 7-V. cinerea, 8-V. macrostachya subsp.
mardinensis, 9-V. orientalis subsp. orientalis, 10-V. orientalis subsp. nimrodi (scale bar 1 pm)
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Figure 3. Pollen morphology of Veronica by scanning electron microscopy (Ornamentation). 1-V. bozakmanii, 2-V.
triphyllos, 3-V. persica, 4-V. triloba, 5-V. anagallis-aquatica, 6-V. oxicarpa, 7-V. cinerea, 8-V. macrostachya subsp.
mardinensis, 9-V. orientalis subsp. orientalis, 10-V. orientalis subsp. nimrodi (scale bar 1 pm)

4. Conclusions and discussion

The pollen morphology of the 10 taxa of Veronica genus included in Plantaginaceae was studied in detail using
light microscope and SEM. Some authors have emphasized that there is a close relationship between Plantaginaceae and
Scrophulariaceae [20; 21].

In the first studies conducted on the pollens of Plantaginaceae stenopalynous family, they have not associated
pollen characteristics with the taxonomy of the family [22; 23]. Pollen grains of Plantaginaceae are generally
characterized by having medium-sized or small, radial symmetry, apolar, polypantaporate (periporate) 4-15 apertures;
being porate, spheroidal, prolate-spheroidal shaped; being with or without operculum, with or without annulus, having
scabrate, verrucate, verrucate-granulate and areolate ornamentation without costa, and being anemophilous [24; 25; 26].

As a result of the study we conducted using light microscope, it was determined that the pollen grains of
Veronica taxa had exine of 0.92-0.99 um, intine of 0.36-0.51 pm, polar axis of 21.95-45.26 pum, equatorial axis of
15.61-35.58 pm, colpus length of 18.69-38.32 um, and colpus width of 4.75-7.60 um. As a result of the study we
performed with SEM, it was found that the pollens of Veronica taxa had prolate, subprolate and prolate-spheroidal
pollen shapes and their ornamentations were reticulate, striate-microreticulate and microecinate-perforate and their
exine structure was tectate. Also, the lumina number in 1 pm? was 9 on average, the scabrate number in 1 pm? was 10.5
on average, the muri thickness was 0.23 pm in pm?, and the lumina diameter was 0.43 pm (Table 1 Figure 1-2-3).
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Inceoglu & Karamustafa [27] studied on 6 taxa of Veronica genus with Wodehouse and Erdtman methods. The
pollen grains of Veronica genus are tricolpate, oblate-spheroidal and spheroidal and their exine ornamentation is
granulate. The average values of the pollen size of the examined species were 33.3 x 33.7 um according to Wodehouse.
According to Erdtman, the average values were measured to be 32.8 x 24.2 um. In the present study, only Wodehouse
method was used. The average (P) was 32.4 um and (E) was 24.7 um. The pollens of Veronica genus were prolate,
subprolate, prolate-spheroidal and their exine ornamentation was reticulate and striate-reticulate.

Martinez-Ortega et al. [28] studied 30 taxa of Veronica using light and scanning electron microscopes. Their
pollen was averagely 30.8 um (P) and 28.7 um (E) and their pollen shapes are tricolpate and occasionally 2-4 colpate.
Their ornamentation is rugulate-perforate or verrucate. Also, two types of ornamentation were determined: rugulate-
reticulate and striate-microreticulate. The average values of the pollens of the common taxa (V. triphyllos L., V. persica
Poir., V. triloba Opiz, V. anagallis subsp. aquatica L.) in the present study were 30 x 26.4 pm. The pollen shapes were
tricolpate and unlike this study, their ornamentation was striate-reticulate.

Four species of Veronica genus were examined using light and scanning electron microscope [29]. In a
previous study, the pollen type was found to be tricolpate in V. persica pollens, perprolate in V. officinalis L., subprolate
in V. multifida L. and oblate-spheroidal in V. beccabunga L. In terms of size, the examined Veronica pollen had 27.38 x
19.40 pm on average. The sizes of the pollens varied between 16.7 x13.3 pm in V. multifida L. and 39.5 x 19.5 pm in V.
persica Poir. Operculum ornamentation was mostly rugulate-perforate in V. multifida L. and verrucate-perforate in
Veronica persica Poir., Veronica beccabunga L. and Veronica officinalis L. species. Ornamentation were striate-
reticulate and striate-microreticulate.

In the present study, the pollen size in V. persica was between 34.37 um (P) and 22.78 pum (E) and the pollen
type was found to be tricolpate and unlike this study, ornamentation was determined to be striate-reticulate. Martine-
Ortega et al. [28] and Kaplan et al. [29] found that the taxonomic value of pollen characters in Veronica species
examined by them was limited and remarkable and the differences between the pollen were not a very important
character for the taxonomy of this genus and stated that striate-reticulate ornamentation was the most frequent
ornamentation in Veronica.

Studies have been conducted to demonstrate and assess the taxonomic importance of the palynological
characteristics of 6 genera and 9 species of Scrophulariaceae [30]. The equatorial and polar axis sizes of the pollens in
V. anagallis-aquatica L. species are 25 um and 21 pm on average, respectively and their pollen shape are sub-prolate.
The pollen size in V. melissifolia Poir. species is 34.5 x 25 um on average and their pollen shape is prolate. The pollen
Size in V. persica is 25.83 x 27.5 um and their pollen shape is oblate-spheroidal. In the present study, the pollen size of
V. anagallis-aquatica L. was 27.65 x 22.02 um and their pollen shape was sub-prolate and their ornamentation was
striate-reticulate and it had similarity with this study. The pollen size in V. persica was 34.37 x 22.78 pm and we found
the pollen shape to be prolate unlike this study.

In the study conducted by EI- Amier [31] in 25 species of different genera, it was observed that the apertures of
the researched pollens were mostly colporate, colpate, porate and rarely inaperturate. V.anagallis-aquatica, one of the
studied species, was determined to be tricolporate and subprolate. In the present study, the pollen of V. anagallis-
aquatica L. species was tricolparate, its exine ornamentation was striate-reticulate and its pollen shape was subprolate
and it was different from this study.

Yaylaci et al. [32] performed measurements with the published species (V. ersin-yucelii Yaylaci, O. Koyuncu
& Ocak) V. caespitosa Boiss. and V. multifida L. species using Wodehouse and Erdtman Methods and they compared
them. As a result, the pollens of these species had radial symmetry, was isopolar, prolate-subprolate and tricolpate,
operculum was rugulate-perforate and the ornamentation was striate-reticulate.

It was determined that the data obtained on Veronica genus was compatible with the previous studies and the
pollen shapes of this species were prolate and subprolate, exine was 0.92-0.98 um, exine ornamentation was reticulate
and striate-reticulate, and its size was averagely 32.42 um (P) and 24.73 um (E).

A study was conducted on the pollen morphology of 25 taxa of Veronica genus included in Plantaginaceae
family. As a result of the study, the pollen size was measured to be averagely 10-25 pm in two species (V. alpina L., V.
arvensis L.) and averagely 26-50 um on average in the other species. The ornamentation was observed to be
microreticulate in V. allionii Vill., V. anagallis-aquatica, V. barrelieri H.Schott ex Roem. & Schult., V. spicata L.
species; striate-perforate in V. cinerea Boiss. & Balansa, microgemmate and perforate in V. hederifolia L. species,
microreticulate and microechinate in V. praecox species, microechinate and perforate in V. sublobata M.A.Fisch. and V.
triloba Opiz species and striate-microreticulate in the other species [33]. In the present study, the pollen sizes of the
common species (V. anagallis-aquatica L., V. cinerea Boiss. & Balansa, V. persica Poir., V. triloba Opiz) were 33.88-
25.41 pm and their ornamentation was observed to be striate-reticulate. While the ornamentation of V. triloba species in
the present study was striate-reticulate, it was observed to be microechinate and perforate in this study.

In this study, morphological characteristics of pollen of 10 taxa belonging to Veronica L. (Plantaginaceae)
genus were determined.
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Abstract

In this study, the honey bee diversity existing in Turkey were explained by geometric morphometric methods.
For this purpose, the deviations of the junction points in the right wing veins were analyzed with the Draw Wing
software program. Generalized Procrustes Analysis and Principal Component Analysis were performed to distinguish
the populations according to the deviations in the intersections of the wing vein angles. In the first two canonical planes,
honey bee populations were divided into two main groups, Southeastern Anatolia and others. While honey bees in
Southeastern Anatolia, which differ in terms of shape morphology, formed a separate group in the UPGMA
dendrogram, all the rest grouped closer with each other except Thrace region. This population was not separated from
the others in the scatter graph but unseparated in the UPGMA dendrogram. The proximity of the Thracian honey bee
population to other groups on the Plot supports that there may be a mixture in this region. Also, the fact that the
Southeastern Anatolia population constitutes a separate group in both dendogram and scatter graph showed that there
may be a different race in this region.

Key words: Apis mellifera L., Anatolia, biodiversity, forewing, TpsDig

*
Geometrik morfometrik analiz ile Tiirkiye'deki bal aris1 (Apis mellifera L.) biyogesitliligi

Ozet

Bu calismada, Tiirkiye’deki bal aris1 g¢esitliligini geometrik morfometrik yontemle agiklanmaya caligilmustir.
Bu amagla, sag kanat damarlarindaki kesigim noktalarinin sapmalari Draw Wing yazilim programi ile analiz edildi.
Popiilasyonlar1 kanat damar agilarinin kesigim yerlerindeki sapmalara gore ayirt etmek i¢in Generalize Procrustes
Analizi ve Temel Bilesen Analizi yapildi. ilk iki kanonik diizlemde bal aris1 popiilasyonlar1 Giineydogu Anadolu ve
digerleri olmak {izere iki ana gruba ayrildi. Sekil morfolojisi agisindan farklilik gésteren Giineydogu Anadolu'daki bal
arllar1t UPGMA dendrograminda ayr1 bir grup olustururken, Trakya bolgesi digsinda kalan populasyonlarin tamami
birbirine daha yakin bir grup olusturmustur. Trakya populasyonu UPGMA dendograminda ayr1 bir grup olusturur iken,
sacilim grafiginde diger populasyonlardan belirgin olarak ayrilmamistir. Trakya bal aris1 popiilasyonunun diger gruplara
yakmligt bu bolgede bir karigimin oldugunu desteklemektedir. Ayni zamanda Giineydogu Anadolu populasyonun hem
dendogram hem de sag¢ilim grafiginde ayr1 bir grup olusturmasi bu bdlgede farkli bir irk bulunduguna isaret etmektedir.

Anahtar kelimeler: Apis mellifera L., Anadolu, biyogesitlilik, TpsDig, 6n kanat

1. Introduction

Behavioral complexity, genetic diversity and morphologic distinction methods have been referenced methods
on subspecific classification and phylogeographic inferences in Apis mellifera L. As a genetic tool, especially

: Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +905326885280; Fax.: +905326885280; E-mail: meralkekecoglu@duzce.edu.tr
© Copyright 2020 by Biological Diversity and Conservation Received: 8.8.2020; Published: 15.12.2020 BioDiCon. 914-0820


http://www.biodicon.com/

Biological Diversity and Conservation — 13 / 3 (2020) 291

mitochondrial RFLP and sequence analysis are widespread techniques to explain current status of honey bee diversity.
These attempts are generally share similar and correlative results of morphometric studies which are supported the 4
major dispersal lineages. However, as new information is acquired some controversies revealed about the composition
and validity of branches C, O and supporting new fourth mtDNA lineage. According to mtDNA analysis “C” lineage
combines also “O” morphological lineages [1,2].

Southwest Asia, included Anatolia (Turkey), is a zone of high morphological diversification and evolution
for honey bees. Honey bee races in this region, A. m. anatoliaca, A. m. caucasica, A. m. meda and A. m. syriaca were
considered to form a basal branch “O” of the subspecies by researchers [3,4]. A. m. caucasica populations are spread
throughout eastern Black Sea coast, A. m. meda in the southeastern region and A. m. syriaca in the extreme south, near
the border with Syria. A. m. anatoliaca distribute throughout the rest of Anatolia and Thrace. Later, based on mtDNA, it
was claimed that A. m. carnica have been in European part of Turkey, According to Ruttner’s classification, A. m.
carnica belongs to the branch “C” [5,6,7,8]. In the last, Kandemir, et al., [9] reported the existence of fourth new
mtDNA lineage “O” in the extreme South near the Syrian border of Turkey. mtDNA studies on Anatolian honey bees
showed that A. m. anatoliaca and A. m. caucasica located the Eastern or “C” mitochondrial lineage [5,9,10] as do A. m.
ligustica and A. m. carnica. These results differ from Ruttner’s findings, that A. m. caucasica and A. m. anatoliaca were
diverged in a separate oriental group of subspecies.

Based on mtDNA, it would be difficult to synthesize the results at the European scale. Morphometrical
parameters are universal in contrast to having some difficulties related to interpretations and explanations with graphic
and personal errors. Many of these problems on traditional morphometric methods, can be achieved by alternative
geometric morphometrics model [11,12,13,14,15]. Cartesian coordinate data usually limited to landmark point locations
on the geometric morphometric analysis being a powerful tool in evolutionary studies to explore intraspecific variation
at the population level [16]. From this perspective; geometric morphometrics gain an advantage over traditional
approaches include; (1) using Procrustes distance, to detect differentiation ranks of wing shapes, (2) defining the
description of feature of the multidimensional shape space using distance coefficient, (3) advancement of distinctive
statistical methods for descriptive shape analysis, and (4) the descriptive attitude for new techniques also the graphical
representations of the results [12,13,16,17,18]. By using this approach in the previous studies, three honey bee
subspecies (A. m. carnica, A. m. caucasica, A. m. mellifera) were well separated [19]. Genetic changes with Africanized
honey bees were well identified by using landmark-based geometric morphometrics [11,15,20,21]. Also, this method
was taken place on honey bee subspecies from mainland Grete and lonian Islands to investigate the differentiation
between honey bee population [22]. In the present study landmark-based geometric morphometric method was applied
to investigate Turkish honey bee biodiversity in Anatolia. It was focused on the study was to determine morphometric
variation of honey bees distributed in Turkey using geometric morphometric methods based on landmark and to explain
this diversity with the previous morphometric analysis and mtDNA results.

2. Materials and methods

2.1. Field study and sampling

Field studies were performed in 30 locations belong to the seven regions of Turkey (Fig 1). Samples were
collected from small managed apiaries which are non-migratory beekeeping and requeening of colonies. Five honey bee
colonies were randomly chosen from per apiary, 20-25 colonies from per city, also each colony were represented by 10
worker bees. Preparations of samples for the microscope slides were performed according to method of Kekecoglu [14].
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2.2. Data collection

Using a Leica MZ-7.5 stereo microscope and 300 digital camera system wing slides were photographed. They
were archived and labeled with unique codes. All slides were scored by responsible researcher. Photographs were first
input to tps-UTIL1.28 [17]. Two dimensional Cartesian coordinates (2-D coordinates) of 18 landmarks from the right
front wings (Fig 2) were digitized by tps-DIG1.40 [23]. Analogous systems were not used during this experiment to
keep the digital errors in minimum.

1 mm

Figure 2. Location of the 18 landmarks on the schematic wing of a honey bee
2.3. Statistical analysis

Undeformed 6745 forewings were examined in analyses. Using tps-RELW1.34 [24] and Morpheus [25], all
coordinates were examined and calculate eigenvalues for each principal warp. The landmark configurations were
scaled, translated and rotated against the consensus configuration by Generalized Procrustes Analysis (GPA), formerly
termed Generalize Least superimposition (GLS) method (Fig 3) [16,26,27]. The changeability in the shape space was
evaluated using the scores provide for each figure on the first two relative warps on PCA these relative warps account
for the principal components and define a shape space [27]. Mean front wing configurations of each population were
visualized sensitively. Then, relative warps analysis was performed to per wings for the consensus configurations.
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Figure 3. Generalize Least Superimposition (GLS) of landmarks

To calculate landmark procrustes distances, MANOVA and permutation tests were applied. Using the tps-
RELW, wing deformations were showed on the first two axes of PCA graph [24]. Then IMP CVAGENG6n was used to
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conduct Landmark data for canonical variate analysis [28] also group membership information was calculated to
compare of the populations. Barlett’s test and Goodll’s F test were applied by the software IMP TwoMorphGen6 [28].

The size morphometry and centroid sizes of the wings were evaluated by one-way ANOVA [29]. The square
root of the sum of the variances of landmarks about that centroid in x- and y- direction refers to centroid size [16]. The
differences calculated accordingly were illustrated with graphs (Minitab v13.2).

The principal components were used to obtain an UPGMA dendrogram. Euclid distance was calculated and
then it was used for pooled interval data obtained from the similarity matrix. Procrustes distances were computed by
tpsSMALL [17,23] and visualized according to the UPGMA (Unweighted Pairs Group Method Analysis) dendrogram
by Ntsys-Pc2.1 [17,23].

3. Results

Changeability of shape space was assessed using original coordinates that was conducted for the digitized 18
landmarks. Results of PC analysis (PCA) of the first two relative warps were depicted as a plot (data not shown). The
first two PC explained subsequently 14.06 % and 11.74 % of the variance (25.80 % of the total variance). Principal
component analyses suggested no differences in the relative position of the landmarks. There is no deformation at the
base of the wing.

Out of the five, two statistically significant canonical vectors with eigenvalues were extracted from the matrix.
Axis 1 Lambda 0.8488, X2 = 136.7987, df=81, p< 0.0001; Axis 2 Lambda=0.9109, X2 = 77.8483, df=52, p<0.01. The
CVA based on the shape of front wings showed that there was more overlapping among honey bee populations and no
clear groups patterns could be identified except Southeastern. Population. The clusters plotted on CVA graph relatively
close each other, and no clear intergaps between groups. Although Southeastern part of Turkey was well separated by
two axis. The Aegean and Marmara population were placed mainly in the upper half of the plot. Thrace population
mainly in lower-right-hand quadrant and small set of samples from Southeastern in more lower-left hand of the plot
(Fig 4).
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Figure 4. Two-dimensional clustering in Canonical Variates Analysis of individuals’ data from 9 different geographic
regions

UPGMA dendrogram based on euclidean distance showed higher resolution among the populations. In the
UPGMA dendrogram Southeastern honey bee populations were clustered separately and remained as distinct units
within this phenogram. Thrace population is coherent groups discriminated from the rest ones. Aegean and Marmara
samples clustered very closely. Mediterranean and East Anatolian were overlapped and made up a larger cluster with
Central Anatolia Eastern Black Sea and western Black sea samples (Fig 5).
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Figure 5. Phylogenetic tree according UPGMA (Un-weighed Pair Group Method) method based on standardized
Euclidean distance.

Oneway ANOVA was conducted to test the centroid size differences. Single classification of ANOVA showed
a significant difference of centroid size (F= 16.61, p< 0.0001) among honey bee populations (Fig 6). Out of the Thrace
population, generally all honey bee populations showed the expected classification schema by means of their centroid
sizes. There were significant size differences between Southeastern and Thrace regions. Honey bees from central
Anatolia and Eastern Anatolian Region were not different significantly from each other.
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Figure 6. Plot of the centroid size in honey bee populations from nine different regions. (From the data of centroid size
from the wings. Group means are indicated by lines and dot plots). Location codes; 1-Thrace, 2-Marmara, 3-Central
Anatolia, 4-Aegean, 5-Western Black Sea, 6-Eastern Black Sea, 7-East Anatolia, 8-Mediterrianean, 9-Southeastern
Anatolia

4. Conclusions and discussion

In the present study, geometric morphometric method has been used as a tool to investigate relationship of
honey bees in Turkey. Geometric morphometric is relatively provide explicit results in many fields of morphometry
[11,12,13,15,18,20,21].

In our previous traditional morphometric study [30,14] with the current regional populations, the linear
regressions were found between wing size and geographical locations (longitude and latitude). The present analysis
enables comparisons of size independent covariates in wing shape because landmark coordinates of each specimens
were normalized by centroid size.

According to Principal Component Analysis (PCA) and Canonical Variate Analysis (CVA), plot depicted
based on PC1 and PC2 showed that no significant shape variation among honey bee populations in Turkey. On contrast
to PCA, results of CVA analysis revealed strong two main cluster (Southeastern Anatolia, and the rest ones). According
to researchers A.m. syriaca have been distributing in Hatay-Antakya province in South part of the Turkey which is the
border line to Syria [4, 14, 36,37]. Because of this border line honey bee samples in this study also shown distinctions.
Reduction of dimensionality of variability by conducting a CVA would be appropriate to explore shape variability
within homogenous samples such as subspecies [31,32]. Other studies with different species and subspecies came on
also the same conclusion: Relative warp is a useful tool for distinguish more distinct species [12,13,33].

Geometric morphometric technique can extract subtle differences when compared to the traditional
morphometric. In the previous study based on traditional morphometric analysis with these current samples of
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southeastern population (A. m. meda) formed strong close cluster with honey bees (A. m. anatoliaca) from
Mediterranean and Central Anatolia [30]. However, in this study, the small set of specimen belong to Southeastern
Anatolian populations were further resolved and formed a distinct cluster that may be belong to medal in group 2 sensu
Arias and Shapperd [34] or belong to fourth new mtDNA lineage (O*), A. m. syriaca Franck, et al., [2]; or intermediate
group.

It was reported that there were three different subspecies, A. m. meda, A. m. anatoliaca and A. m. syriaca, in
the southeastern part of Turkey [4,5,9,10,35] Kandemir [9,35]. However, some unanswered questions with Ruttner’s [4]
and Kekecoglu’s [14] were remained: Is there direct contact with the A. m. syriaca or are there intermediate. How far to
the east, A. m. syriaca extend and is there any borderline to the population of A. m. meda in South Eastern Anatolia.
Kandemir, et al. [35] claimed that fourth new lineage have been in only Hatay city in the southeastern part of Turkey. In
the present study it is proposed that fourth new lineage not only have been in Hatay, also may extends to further eastern
drawn included Urfa, or there was hybrid zone where comprise A. m. meda, syriaca and anatoliaca. This information
obtained using new method reveal specific patterns of honey bee biodiversity that cannot be readily discerned by more
traditional morphometric methods. There were needed to detailed studies to explain current taxonomic status of these
honey bees and population diversity on southeastern part of Turkey.

Honey bees of the Western part of Turkey seemed like a separate group. But on account of its closeness to the
general anatoliaca cluster, it was reported as a local population of A. m. anatoliaca [4]. The previous research results of
the traditional morphometric study [30] and the results of the current study agree with Ruttners’ [4] findings. Honey
bees taken from Thrace slightly resolved from both central Anatolia and western part (Marmara and Aegean regions) of
Turkey. This current result based on geometric morphometric, disagree with the opinion that Thracian honey bee
populations may belong to A. m. carnica ecotype in lineage C. However, there is also opposite views on methodologies,
such as Smith, et al. [5] on mtDNA, Kandemir, et al. [7,8] on alloenzyme and morphometric, Bodur, et al. [6] on
microsatellite.

It is interesting that there was no more compatibility between results from the current geometric morphometric
and previous mtDNA studies. To clarify this incomprehensible difference there should be more specific researches
which compare mtDNA and morphometry of Sout Easthern Anatolia honey bees.

Modern geometric morphometric can be immensely powerful in exploring phylogenetic relationships and
discrimination of populations combining with other approaches, molecular (microsatellite) and mtDNA analysis. The
present accurate description of honey bees’ variability offers an important basis for future comparative research with
neighboring population (from Iran, Irag, and Syria) to better clarify the origin and characteristics of southeastern
population of Turkey.

There are intensive migratory beekeeping and commercial queen bee activities in the beekeeping sector. As
long as these activities continue, it will be inevitable that the Anatolian honey bee biodiversity will enter the process of
extinction [14,37]. For this reason, the genetic and morphometric differences of honey bee races and ecotypes in
Anatolia should be defined and studies to protect the biodiversity of the Anatolian honey bee must be started urgently.
Therefore, detailed biodiversity studies conducted with different methods are extremely important in terms of protecting
local gene resources.
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Abstract

This study aimed to reduce the use of chemical fertilizers and to reach sufficient yields and fiber quality with
natural soil conditioners in 2019 growing season in Amik Plain, Hatay, Turkey. The experiment was carried out using
randomized complete block design with split-plot arrangement in 3 replications. The treatments consisted of two soil
conditioners (leonardite and zeolite, 1000 and 2000 kg ha™) allocated in the main plots, and 5 nitrogen doses (0, 50,
100, 150 and 200 kg ha) applied in the subplots. Soil conditioners and applied nitrogen doses had no significant effect
on plant height, number of monopodia, number of sympodia, number of boll, seed cotton weight per boll, fiber fineness,
fiber strength and 100 seed weight. However, ginning percentage was the only parameters that significantly affected
from nitrogen doses. The soil conditioner and nitrogen interaction was significant for yield and fiber length. Further
studies are needed to determine the effects of soil conditioner and nitrogen application on yield and fiber properties
under different soil and climate conditions.

Key words: sustainable agriculture, cotton, nitrogen, leonardite, zeolite

k

Toprak diizenleyicileri ve azot uygulamalarinin pamukta (Gossypium hirsutum L.) verim ve lif teknolojik
ozelliklere etkisi

Ozet

Bu ¢alisma, Hatay, Amik Ovasi'nda 2019 yetistirme sezonunda kimyasal giibre kullanimmin azaltilmasi ve
dogal toprak diizenleyiciler ile yeterli verim ve lif kalitesine ulasilmasmni amaglamaktadir. Deneme tesadiifi tam blok
tasarimi ile boliinmiis arsa diizenlemesi kullanilarak 3 tekerriirlii gerceklestirilmistir. Islemler, ana parsellerde tahsis
edilen iki toprak diizenleyiciden (leonardit ve zeolit, 1000 ve 2000 kg ha) ve alt parsellerde uygulanan 5 nitrojen
dozundan (0, 50, 100, 150 ve 200 kg hal) olusuyordu. Toprak diizenleyiciler ve uygulanan azot dozlarmin bitki boyu,
monopodi sayisi, semptom sayisi, koza sayisi, koza bagina pamuk ¢ekirdegi agirligi, lif inceligi, lif mukavemeti ve 100
tohum agirlig1 tizerinde 6nemli bir etkisi olmamistir. Bununla birlikte, ¢irgirlama yiizdesi, nitrojen dozlarindan 6nemli
olctide etkilenen tek parametredir. Toprak iyilestirici ve nitrojen etkilesimi verim ve lif uzunlugu i¢in 6nemliydi. Farkli
toprak ve iklim kosullarinda toprak diizenleyici ve azot uygulamasinin verim ve lif 6zelliklerine etkilerinin belirlenmesi
icin daha ileri ¢aligmalara ihtiyag vardir.

Anahtar kelimeler: siirdiiriilebilir tarim, pamuk, azot, leonardit, zeolit
1. Giris
Tarmmin endiistriyellesmesi ile birlikte tarimsal iiretimde tek amag her ne kosulda olursa olsun azami verim

elde etmek olmustur. Verimi arttirmak amaciyla kullanilan kimyasal giibreler ve pestisitler gibi girdiler tarimin kaynagi
olan toprak ve suya ciddi zararlar verebilmektedir. Bu kosullarda yalnizca toprak-su degil tim ekosistemi goz oniinde
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bulundurmak gerekir. Ekosistemlerin zarar gérmesi ile rutin iklim degerleri, toprak ve su ozellikleri ve en 6nemlisi
genetik ¢esitlilik degisebilir. Bu nedenle kimyasal girdilerin azaltilmasi gerekmektedir. Ne var ki kimyasal giibreler ve
pestisitlerin kullanimindan geri durmak endiistriyel tarim i¢in yalnizca ekonomik parametrelerle ilgilidir. Azami verime
ulasabilmek i¢in kimyasal girdilerin kullanilmasi durumu ise her anlamda kéarli olamamaktadir. Kimyasal giibrelerin
asriligl sonucu cevreye verilen zarar géz Oniine alindiginda ekonomik karlilik 6nemini yitirmektedir. Endiistriyel
tarimin ¢evreye olan zararlar1 gozlenmeye baslandiktan sonra ortaya atilan fikirler, tarimsal uygulamalarin ¢cevre dostu
olmast yoniinde etkiler olugturmustur. Bu gelismeler i¢inde belki de en 6nemli kavram siirdiiriilebilir tarimdir.

Stirdiiriilebilir tarimm en 6nemli amaglarindan biri toprakta geriye doniilemez degisimleri olusturmayacak
veya Onleyecek tedbirler alinmasidir. Bu degisikliklere en biiyilk 6rnek erozyondur. Benzer sekilde tarimsal
uygulamalarin bolgenin flora ve faunasina olan etkileri goz 6niinde bulundurulmasi konusu da siirdiiriilebilir tarimin
konusudur. Siirdiiriilebilir tarima ait diger degerler ise kaynak kullaniminda asiriligim engellenmesi, ekolojik dengeye
katki saglanmasi ve iiriinlerin sagliga zarar1 olmamasidir.

Genel olarak siirdiiriilebilir tarim ilkeler halinde tanimlanacak olursa iireticilerin, tarim ¢aliganlarmnin, tarim
alanlar1 ve tiim dogal kaynaklarm korunmasi; yeterli {irlinlerin ekonomik sekilde iiretilmesidir. Bu ilkeler 1g1g1nda kisa
vadede karhilig1 yitirmeden yeterli iiretim saglanirken uzun vadede ekolojik dengeyi ve cift¢i refahini koruyarak
iretimin devamliligini sekteye ugratmamaktir. Bu sayede kimyasal kalintilarm insan ve diger canlilar {izerinde
olusturdugu olumsuzluklarin azaltilabilecegi diisiiniilmektedir. Genel bir yaklasim olan siirdiiriilebilir tarim ile organik
tarim ve iyi tarim uygulamalar1 kavram olarak karisiklik gosterebilmektedir. Daha keskin kurallar1 olan organik tarim
tarimsal ilag, bitki biiylime diizenleyici, kimyasal giibre vb. kullanimmi kati bir sekilde engellerken iyi tarim
uygulamalar1 bu girdilerde kisitlama amaglamistir. Bilinmesi gereken bir bagka husus ise iyi tarim uygulamalar1 ve
organik tarim, sirdiiriilebilir tarim ¢atis1 altinda toplanabilecek alt basliklardir. Bu durumda ekonomik karhihigin
devamimi saglayabilmek, kimyasal girdi kullanimin1 azaltmak veya daha cevreci iiriinlerin tercih edilmesi, iiretim ve
iireticinin devamliligini saglamak, tarimsal {iretim ve tarimsal sanayinin modernlesmesi ve hatta ekonomiklesmesi dahi
stirdiiriilebilir tarim kavrami igerisindedir.

Azaltilmig giibre, kisitli sulama, miinavebe ve yesil giibre gibi konularda yapilan bilimsel g¢aligmalar
stirdiiriilebilir tarim desteklemektedir. Bu ve benzeri ¢aligmalarin tarimi yaygin olarak yapilan bitkiler iizerinde
yapilmasi ve siirdiiriilebilir tarimin bu bitkiler {izerinde yayginlagmasi daha biiyiik alanlarda doga dostu uygulamalar
olmas1 demektir. Bilyiik iiretim alanlarima sahip olan musir, bugday, pamuk gibi bitkilere ihtiya¢ her gegen giin
artmaktadir. Bu ihtiya¢ yalnizca tarimsal kaynakli temel gida iiriinlerinde degil, diger tarimsal iirlinler icin de s6z
konusudur. Bu iiriinler i¢inde ilag, kozmetik, boya, yem ve tekstil gibi cesitli sektorlere hammadde saglayacak bitkiler
mevcuttur. Ozellikle pamukta oldugu gibi ana {iriin ve yan iiriinleriyle yiiksek ekonomik degeri olan [1] ve birgok
sektore hammadde saglayan bitkiler biiyiik 6nem tasimaktadir. Pamuk bu degerlendirilme yontemleri ve destek verdigi
sanayi dallar1 ile tretildigi bolgelerde katma deger kazanirken yore insanina da istthdam ve ekonomik getiri
saglamaktadir.

Tropikal ve subtropikal iklimlere adapte olup, yetistiriciliginin yapildig1 her iilke gibi iilkemiz i¢in de
stratejik degere sahip olan pamuk, Amik Ovasi’nda yetistiriciligi yapilan baslica tarla bitkilerinden birisidir.

Amik Ovasi’'nda, genellikle pamuk-pamuk veya pamuk-bugday ekim ndbeti uygulanmaktadir. Ust iiste
pamuk ekimi toprakta, organik maddenin azalmasma, topragm tek tarafli sOmiiriilmesine ve yogun bir sekilde
sulamayla birlikte toprakta, coraklagsmaya neden olmaktadir [2]. Boylece azalan toprak verimliligini tekrar artrmak i¢in
basta azotlular olmak iizere yogun giibre uygulamasi yoluna gidilmektedir. Artan giibre dozlar1 ise topragin ¢oraklagma
stirecini de hizlandirmaktadir.

Pamuk ana iiriinii olan lifleri ile ¢ok farkli sekilde degerlendirilmektedir. Bunlar i¢inde lifleri ile dokuma
sanayi [ 1], tekstil, patlayici madde, dolgu, kompozit yapim1 ve teknik tekstil; tohumundan elde edilen yag ile kozmetik,
gida vb. ve artan kiispesi ile de yem olarak degerlendirilmektedir [3]. Pamuk bu katma degeri ile vazgegilmez bir lif
bitkisi konumundadir. Tohumlarinda yiiksek yag (%12-25), protein (%22-26) [4] ve liflerindeki yiiksek seliiloz orani ile
stratejik bir iirlin olan pamukta {iretimin siirdiiriilebilirligi i¢in dncelikle topragi korumak gerekir.

Tarimsal siirdiiriilebilirlik i¢in 6nemli bir konu ise topraklarin organik madde dengesidir. Bitkilerin topraktan
besin elementi alimmda en O6nemli faktorlerden biri toprak reaksiyonudur. Hafif asidik ve notr topraklar pamuk
yetistiriciligi i¢in en uygun sartlardir. Bu pH degerleri i¢inde optimum besin elementi alimini gergeklestiren pamuk
alkali ya da asidik topraklarda beklenen verimi veremez.

Bu nedenledir ki topragin fiziksel ve kimyasal dzellikleri bitki bilylime ve gelismesine yani tarimsal iiretime

dogrudan etki etmektedir. Tarmmsal {iretimde siirdiiriilebilirligi saglamak i¢in tarla tarimmm temeli olan topragi
korumak gerekir. Uretimde maksimum verimi alabilmek icin topragmn da durumunun gozetilmesi gerekir. Bu amagla,
son yillarda toprak diizenleyicilerinin kullanimi artmaktadir. Bunlarin arasinda da en yaygin olanlardan bazilar1 zeolit
ve leonardittir. Leonardit hiimik asit ve fulvik asit igermesi ile yalniz toprakta degil bitkilerde de diizenleyici bir rol
almaktadir.
Tarimsal tiretimde siirdiiriilebilirligi saglamak amaciyla dogal kaynakli toprak diizenleyicilerin kullanilmasinm verim ve
kalite iizerine etkileri bilinmeli ve verim ve kalite iizerine bu toprak diizenleyicilerin kiyaslanmasi gerekmektedir. Bu
amagla Amik Ovasi kosullarinda yiiriitiilmiis olan bu ¢alismayla dogal kaynakl toprak diizenleyiciler olan leonardit ve
zeolit uygulamalarinda farkli azot dozlarmin pamuk verimi, verim 6geleri ve lif kalite unsurlarina etkisi incelenmistir

Toprak diizenleyicileri ve azot uygulamalarimin pamukta (Gossypium hirsutum L.) verim ve lif teknolojik ozelliklere etkisi
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2. Materyal ve yontem

Dogal kaynakl toprak diizenleyici olarak leonardit ve zeolit, azot kaynagi olarak iire (%46 N) kullanilmustir.
Toprak diizenleyicilerin tedarik edildigi firmadan alinan bilgilere gore zeolit 1-5 mm tane biyiikliigi, 7-9 pH araligmma
sahipken leonardit ise 0-12 mm tane bilyiikligi, 3-4 pH ve % 40-50 hiimik+fulvik asit igerigine sahiptir.

Bitki materyali olarak Gossypium hirsutum L. tiiriine ait Edessa ¢esidi kullamilmistir. Arastirma Akdeniz
ikliminin goriildiigi Amik Ovasi’nda yiiriitiilmiistiir. Bolgenin tiretim yilina ait ve uzun yillara ait iklim verileri Tablo
1’de belirtilmistir.

Tablo 1. Uretim yilina ait iklim verileri ve uzun yillar ortalamalar1 (UYO)

Ay  Maksimum Sicaklik (°C) Ortalama Sicaklik (°C) Minimum Sicaklik (°C) Toplam Yagis (mm)
2019 uyo 2019 uYyo 2019 uyo 2019 uyo
1 17.7 20.7 9 8.2 -0.6 -14.6 259.4 193
2 19.3 26.6 10.5 9.9 15 -6.8 45 167.6
3 24.9 30.5 13 13.1 2.5 -4.2 80 142.3
4 30.2 375 16.4 17.2 53 15 81.6 102.7
5 41.8 425 23.9 21.2 9.6 7.7 0.4 80.1
6 39.5 43.2 27.7 24.8 14.1 11.6 0 24.2
7 37.2 44.6 28.4 27.1 16 15.9 0.4 6.7
8 39.6 43.9 29.1 27.8 20.5 154 0 6.6
9 37.6 42.6 26.7 25.6 12.8 7.9 1 385
10 36.5 39.2 22.7 20.6 10.8 2.3 8.8 78
11 28.6 325 14.9 14.2 0.8 -3 454 101.6
12 19.8 24 12.3 9.5 3.4 -6.6 9.8 183.7

Deneme, tesadiif bloklarinda bolinmiis parseller deneme desenine gore 3 tekerriirde yiirtitilmiistiir.
Denemede ana parsellere bir kontrol (higbir toprak diizenleyici olmadan), iki doz leonardit (100 ve 200 kg da™) ve iki
doz zeolit (100 ve 200 kg da?) uygulannustir. Bu uygulamalar sirasi ile kontrol, 100L, 200L, 100Z, 200Z olarak
isimlendirilmistir. Alt parsellere ise azot dozlar1 (0, 5, 10, 15, 20 kg da™) uygulanmustir ve sirasi ile NO, N5, N10, N15
ve N20 olarak isimlendirilmistir. Deneme arazisinden 6rneklenen toprak analiz sonuglar1 Tablo 2’de verilmistir.

Tablo 2. Deneme alanina ait toprak analiz sonuglari

Parametre Birim Sonug

pH - 7.31
[letkenlik uS em’? 2200
Fosfor (P) kg da’ 5.43
Potasyum (K) kg da* 116.4
Kalsiyum (Ca) Ppm 11400
Sodyum (Na) Ppm 358
Organik Madde % 1.54
Kireg % 44.35
Saturasyon % 69.3 (Killi-Tinl1)

Hatay Mustafa Kemal Universitesi Teknoloji ve Ar-Ge Uygulama ve Arastirma Merkezi

Ekim islemi 2019 yili Haziran aymin ilk haftasinda yapilmistir. Cenek yapraklar goriilip ilk gercek
yapraklarin olustugu donemde toprak diizenleyiciler ve azot dozlari sira iizerine uygulanmistir. Aphis gossypii ve
Spodoptera litura tiirlerine karsi ilaglama yapilmigtir. Tiim kiiltiirel islemler ¢ift¢i kosullarinda gergeklestirilmistir. Bu
kiilttirel uygulamalarin sonucunda 9 Ekim tarihinde (Etephon + Cyclanilide) ve (Thidiazuron + Diuron) etken maddeli
koza agtiric1 ve yaprak doktiiriicii ilaglar uygulanmistir. Defoliyant uygulamasindan bir hafta sonra hasat baglamistir.

Lif teknolojik &zellikleri HVI (High Volume Instrument) kullanilarak bolgede faaliyet gdsteren Progen
Tohum A.S.’de tayin edilmistir.

Calismada elde edilen veriler IBM SPSS Statistics 24 isimli istatistiksel analize yonelik bilgisayar
programinda degerlendirilerek varyans analizine tabi tutulmustur. Uygulama ortalamalari Tukey ¢oklu karsilagtirma
testi ile %5 olasilikla gruplandirilmistir.
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3. Bulgular

Bitki Boyu

Yapilan varyans analizi sonucunda bitki boyuna dogal kaynakli toprak diizenleyicileri ve azot dozlarmmn
etkisinin olmadig1 ayrica toprak diizenleyici x azot dozlar1 interaksiyonunun 6nemli olmadig1 goriilmektedir (Tablo 3).

Farkli dogal kaynakli toprak diizenleyiciler ve azot dozlarma gore bitki boyu degerleri incelendigi zaman NO
uygulamasindan N15 uygulamasina kadar azot dozlar1 bitki boyunu olumlu etkilemistir. Azot dozlar1 icinde en diisiik
bitki boyuna neden olan uygulama ise N20 uygulamasi olmustur. Toprak diizenleyicileri bitki boyu i¢in azot gibi sirali
olarak artan veya azalan bir etki gostermezken en yliksek deger 100Z uygulamasinda (82.46+1.37 cm) gdzlenmistir.
Ancak tiim bu degerler istatistiksel olarak dnemsiz bulunmustur.

Kahramanmaras kosullarinda azot dozlarindaki artism bitki boyunu olumlu etkiledigi ve en yiiksek bitki
boyuna 15 ve 20 kg da™ uygulamalariyla ulasildig: bildirilmistir[5]. Benzer sekilde Durkal ve Mert [6]’in Amik Ovasi
kosullarinda 3 farkli pamuk ¢esidi ile yaptigi ¢alismada azot dozlari ile beraber artan bitki boyunu rapor etmislerdir
ancak cesit x azot dozu interaksiyonu 6nemli bulunmustur. Bu nedenle c¢esitlerin azot dozlarina verdikleri tepkilerin
farklilig1 ortaya konmustur. Karademir [7] azot dozlarinin bitki boyuna etkisinin olmadigimni belirttigi ¢caligmada azot
dozlarmin ekim zamani ile interaksiyonuna dikkat ¢ekmistir. Boman ve ark. [8] ve Main ve ark. [9] artan azot dozlar1
ile bitki boyunun artacagini bildirmistir.

Odun Dali Sayisi

Odun dal1 sayisina iliskin varyans analiz sonuglarina gore toprak diizenleyicilerin, azot dozlarinin ve toprak
diizenleyici x azot dozlar1 interaksiyonunun etkisi goriilmemistir (Tablo 3).

Odun dali sayisina iligkin ortalama degerler incelendiginde iki faktoriin ve bu faktorlere ait interaksiyonun
istatistiki olarak onemli bir fark gdstermemis olmasiyla beraber en yiiksek deger 0.65+0.13 adet bitki? ile N10
uygulamasindan elde edilmistir. En diisiik deger ise 0.38+0.04 adet bitki ile 200Z uygulamasindan elde edilmistir. Her
iki faktoriin ve bu faktorlere ait interaksiyonun istatistiki olarak onemli birer fark gdstermemis olmasi dikkate
alinmalidir.

Karademir [7], Genger ve Oglak¢t [10], Berberoglu ve Karaltin [11] ve Karademir ve ark. [12] tarafindan
bildirildigi tizere pamukta odun dali sayis1 farkli azot ve fosfor dozlarindan etkilenmemekte ve farkli odun dali sayilari
arasinda istatistiki bir fark goriillmemektedir.

Pamukta genellikle odun dali sayis1 0-6 adet bitki® arasinda degismektedir. Odun dali sayismi etkileyen
faktorler arasinda toprak nemi, hastalik-zararli etkileri, bitkinin yatmasi ve tepe tomurcugunun zarar goérmesi gibi
fiziksel etkiler ve ekim normu yer alir [3].

Durkal ve Mert [6] ve Cevheri [13]’ye gore artan azot dozlar1 odun dali sayisi lizerinde istatistiki bir etkiye
sahiptir ve artan azot odun dali sayisini1 artirmaktadir. Azot miktarmin bitkide odun dali sayisi iizerine etkisinin genetik,
gevresel ve uygulanan kiiltiirel yontemlerle ilgisi olabilir [6].

Meyve Dali Sayisi

Meyve dali sayisina iliskin varyans analiz sonuglarina gore toprak diizenleyicilerin, azot dozlarinin ve toprak
diizenleyici x azot dozlar1 interaksiyonunun etkisi goriilmemistir (Tablo 3).

Meyve dali sayisina iliskin ortalama degerler incelendiginde en yiiksek degerlere 9.43+0.23 ve 9.43+0.28
adet bitki? ile N5 ve N20, en diisiik degere ise 8.96+0.28 adet bitki? ile Kontrol uygulamasindan elde edilmistir.

Karademir [7], azot dozlarindaki degisimin pamukta meyve dali sayisina istatistiki bir 6neminin olmadigini
belirtirken bu durumun aksine meyve dali sayisinin azot dozundan etkilendigini belirten ¢aligmalar mevcuttur [6], [10],
[117, [12], [13], [14], [15], [16], [17]. Azot dozlarinin meyve dali sayisi lizerine etkisinin arastirildigi ¢alismalarda farkli
sonuglarin elde edilmesinin sebebi gesit farkliliklar1 olabilmektedir [6].

Koza Sayisi

Koza sayisma iliskin varyans analiz sonuglarina gore toprak diizenleyicilerin, azot dozlarinin ve toprak
diizenleyici x azot dozlar1 interaksiyonunun etkisi goriilmemistir (Tablo 3).

Koza sayisina iliskin ortalama degerler incelendiginde en yiiksek deger 10.13+0.76 adet bitki! ile 200Z, en
diisiik deger ise 9.45+0.69 adet bitki? ile 100Z uygulamasindan elde edilmistir.

Koza sayismi 6ngérmek icin yalnizca ¢igek sayisina ya da yeni olusmus kozalara bakmak dogru degildir.
Pamukta silkme (meyve dokiimii) olarak bilinen fenomen bu yaklagimi biiyiik 6l¢lide etkilemektedir. Meyve tutumunu
etkileyen en 6nemli faktorler kiiltiirel iglemlerdir [1]. Koza sayisinin etkilenmesinde bitkinin biiylimesi ve gelismesi
kavramlar1 6nemlidir. Pamuk generatif doneminde dahi uygun sartlar1 buldukg¢a vejetatif biiyiime egilimi gdsterecektir.
Koza sayisini etkileyen faktorler iginde bakim iglemleri ve ekim normu optimum degerler igerisinde olmalidir.
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Mert ve ark. [2], Karademir [7] ve Karademir ve ark. [12] azot dozlarindaki degisimin koza sayis1 {izerinde
istatistiki bir fark olusturmadigi belirtmislerdir. Fakat kimi aragtirmalar koza sayisinin azot dozlarindan etkilendigini
bildirmislerdir [S], [11], [13], [14], [15], [16], [18], [19], [20], [21], [22].

Koza sayisi iizerinde toprak diizenleyiciler ve azot dozlarinin etkisinin olmamast bu 6zellik bakimindan
Edessa ¢esidinin kararli bir yapiya sahip olma ihtimali gbz 6niinde tutulmalidir. Ciinkii koza sayisinin azot dozlarina
olan tepkisi genetik, cevresel ve yetistiricilik sartlarina gore farklilik gosterebilir [6].

Demir [23]’e gore leonardit uygulamasi ile kontrol parsellerine gore daha fazla koza sayisi elde edilmistir
ancak bu farklilik istatistiki olarak 6nemli bulunmamustir.

Tablo 3. Bitki boyu, odun dali, meyve dali ve koza sayisina iligkin ortalama degerler.

Azot Dozlar1 Bitki Boyu Odun Dali Sayisi Meyve Dali1 Sayist Koza Sayisi
(cm) (adet bitki™) (adet bitki™?) (adet)
NO 80.07+1.27 0.45+0.08 9.26+0.22 9.84+0.36
N5 80.18+1.50 0.46+0.08 9.43+0.23 9.55+0.54
N10 80.65+0.86 0.65+0.13 9.01+0.21 9.89+0.58
N15 80.67+1.04 0.53+0.08 9.19+0.30 10.04+0.74
N20 79.15+1.22 0.534+0.08 9.434+0.28 9.56+0.70
Toprak Diizenleyiciler
Kontrol 80.47£1.19 0.58+0.09 8.96+0.28 9.77+0.50
100L 78.50+1.19 0.60+0.13 9.38+0.22 9.81£0.45
100z 82.46+1.37 0.61+0.09 9.33+0.31 9.454+0.69
200L 79.38+1.11 0.45+0.08 9.27+0.21 9.71+0.54
200z 79.91+0.83 0.38+0.04 9.39+0.20 10.13+£0.76
% C.V. 5.67 67.11 10.34 23.24
Azot (N) 0.35% 0.67% 0.50% 0.10%
Toprak Diizenleyici (TD) 2.48% 0.40% 0.29% 0.15%
N x TD 0.76% 1.83% 1.16% 1.57%

0d: 6nemli degil, C.V.: Varyasyon katsayis1

Koza Kiitlii Agirhg

Koza kiithi agrhigma iligkin varyans analiz sonuglarina gore toprak diizenleyicilerin, azot dozlarinin ve
toprak diizenleyici x azot dozlar1 interaksiyonunun etkisi goériillmemistir (Tablo 4).

Koza kiitlii agirligna iliskin ortalama degerler incelendiginde en diisiik deger 4.57+0.09 g ile N20, en yiiksek
deger ise 4.74+0.06 g ile 200L uygulamasindan elde edilmistir.

Durkal ve Mert [6], Berberoglu ve Karaaltin [11], Cevheri [13], Hassan ve ark. [19] ve Bibi ve ark. [21] ’a
gore azot miktarindaki degisiklik koza kiitlii oranini artirmaktadir. Ancak bilinmelidir ki ¢aligmalar i¢inde koza kiitlii
agirhiginin azot dozlarindan etkilenmesi g¢esit farkliliklarindan kaynaklanmaktadir. Durkal ve Mert [6] koza kiitlii
agirligina ait azot dozu x gesit interaksiyonunun istatistiki olarak 6nemli oldugunu rapor etmislerdir.

Lif Inceligi

Lif inceligine iliskin varyans analiz sonuglarina gore toprak diizenleyicilerin, azot dozlarmin ve toprak
diizenleyici x azot dozlar1 interaksiyonunun etkisi goriilmemistir (Tablo 4).

Lif inceligine iliskin ortalamalar incelendiginde en diisiik deger 5.15+0.05 mic ile 100Z, en yiiksek deger ise
5.35£0.07 mic ile N10 uygulamalarindan elde edilmistir.

Elde edilen sonuglar, azot dozlarinin lif inceligine etki etmedigini belirten diger arastirmalarla paralellik
arzetmektedir [2], [7], [8], [10], [20], [24], [25], [26], [27]. 3.5-4.9 mikroner arasinda degigen Upland pamuklari igin
ideal lif inceligine [7] nazaran, ¢alismamizdan elde edilen sonuglar ideal smirlarin tizerinde seyretmistir.

Lif Mukavemeti

Varyans analizi sonucunda mukavemet bakimmdan dogal kaynakli toprak diizenleyicilerin, azot dozlarmm
ve toprak diizenleyici x azot dozlar1 interaksiyonunun dnemli bir etkisine rastlanmamigtir (Tablo 4).

Mukavemete iliskin ortalamalar incelendiginde en diisiik deger 29.01£0.51 g tex? ile N5, en yiiksek deger ise
30.69+0.60 g tex? ile 100L uygulamalarmdan elde edilmistir.

Calismadan elde edilen veriler degerlendirildiginde azot dozlarindaki degisimin lif mukavemeti {izerine
etkisinin olmamasi hususunda 6nceki aragtirmalarla benzerlik gostermektedir [2], [7], [8], [10], [13], [14], [16], [20],
[22], [24], [25], [26], [27].
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Varyans analizi sonucunda 100 tohum agirligi bakimindan dogal kaynakli toprak diizenleyicilerin, azot
dozlarinin ve toprak diizenleyici x azot dozlar1 interaksiyonunun 6nemli bir etkisine rastlanmamustir (Tablo 4).
100 tohum agirligina iligkin ortalamalar incelendiginde en diisiik deger 8.94+0.08 g ile N20, en yiiksek deger

ise 9.10+0.09 g ile N5 uygulamalarindan elde edilmistir.

Cesur [5], Karademir [7] ve Gencer ve Oglak¢i [10] azot dozlarindaki degisimin 100 tohum agirlig1 iizerine
etkisinin olmadigmi rapor etmislerdir. Ancak 100 tohum agirlig1 lizerinde farkli azot dozlarmin istatistiki bir fark
olusturdugunu belirten ¢aligmalar da mevcuttur [13], [15], [16], [17], [20].

Tablo 4. Koza kiitlii agirligs, lif inceligi, lif kalmligi ve 100 tohum agirligina iliskin ortalama degerler.

Azot Dozlar1 Koza Kiitli Agirhgr  Lifinceligi  Lif Mukavemeti 100 Tohum Agirlig:
(9) (mic) (g tex) (9)
NO 4.70+0.07 5.254+0.05 30.33£0.53 8.98+0.08
N5 4.59+0.08 5.214£0.05 29.01+0.51 9.10+0.09
N10 4.72+0.09 5.35+0.07 30.01+0.40 9.07+0.10
N15 4.69+0.07 5.2840.04 29.71+0.42 9.04+0.09
N20 4.57+0.09 5.20+0.04 30.15+0.56 8.94+0.08
Toprak Diizenleyiciler
Kontrol 4.63+0.09 5.3240.03 29.85+0.49 9.04+0.09
100L 4.65+0.09 5.234+0.05 30.69+0.60 9.03+0.09
1002 4.64+0.09 5.15+0.05 29.39+0.35 9.08+0.11
200L 4.74+0.06 5.344+0.04 29.49+0.45 9.03+0.08
200Z 4.60+0.07 5.25+0.07 29.79+0.51 8.95+0.07
% C.V. 6.75 3.80 6.36 3.71
Azot (N) 0.645 1.41% 1.42°% 0.47%
Toprak Diizenleyici (TD) 0.37% 3.01% 0.95% 0.29%
N xTD 0.85% 1.09% 0.83% 1.04%

0d: dnemli degil, C.V.: Varyasyon katsayis1

Cir¢ir Randimani

Circir randimanina iligkin varyans analiz sonucglarina gore toprak diizenleyicilerin ve toprak diizenleyici x
azot dozlart interaksiyonunun etkisi goriilmemistir. Bununla beraber ¢ir¢ir randimanma iligkin ortalamalarda azot

dozlarinin istatistiki 6nemi gézlenmistir (Tablo 5).

Tablo 5. Cir¢ir randiman, verim ve lif uzunluguna iligkin ortalama degerler

Azot Dozlar Crr¢ir Randimani (%) Verim (kg da?) Lif Uzunlugu (mm)
NO 43.404+0.18 a 208.27+8.02 27.53+0.24
N5 43.03+0.14 ab 207.37+14.29 27.10£0.19
N10 43.46+0.23 a 199.91+12.44 27.01+0.30
N15 43.2940.16 a 199.17+£14.70 27.14+£0.26
N20 42.74+0.22 b 216.06+9.67 26.82+0.19
Toprak Diizenleyiciler

Kontrol 43.3140.19 195.25+14.04 27.25+0.22
100L 43.30+0.14 196.68+6.84 27.40+0.24
100z 43.2040.20 200.38+15.52 26.93+0.28
200L 43.14+40.18 219.3149.51 27.03£0.22
200Z 42.97+0.26 219.17+11.39 27.00+£0.26
HSD (0.05) 0.4661 26.9978 0.5857
% C.V. 1.76 36.07 3.45
Azot (N) 4.12* 0.26% 0.75%
Toprak Diizenleyici (TD) 0.19% 0.60% 0.27%

N x TD 1.07% 2.11* 2.18*

0d: dnemli degil. *: p<0.05

Cir¢ir randimanina iligkin azot dozlarinin etkisi incelendiginde en yiiksek deger % 43.46+0.23 ile N10, en
disiik deger ise % 42.74+0.22 ile N20 uygulamasindan elde edilmistir.
Gencer ve Oglakei [10], Karademir ve ark. [12], Cevheri [13], Karaaltin ve ark. [14], Akyol [17], Toklu [20],
Hakoomat ve Raheel [22] ¢ir¢ir randimaninin azot dozlarindan etkilendigini belirtirken Mert ve ark. [2], Durkal ve Mert
[6], Karademir [7] ve Varshney [18], bu durumun aksine ¢ir¢ir randimanmin azot dozlarindan etkilenmedigini
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belirtmistir. Yolcu [16] ve Orucoglu ve ark. [24] ise azot dozlariyla ¢ir¢ir randimani arasinda ters orantiya dikkat
¢ekmislerdir. Cir¢ir randimanmin azot dozlarindan etkilenip etkilenmemesi ve farkli tepkiler vermesi durumu genetik
ve gevresel farkliliklardan ve bunlarin interaksiyonundan kaynaklanmaktadir [6].

Kiitlii Pamuk Verimi

Verime iligkin varyans analiz sonuglarma gore toprak diizenleyicilerin ve azot dozlarinin etkisi
goriilmemistir. Bununla beraber verime iliskin ortalamalarda toprak diizenleyici x azot dozlar1 interaksiyonunun
istatistiki onemi gézlenmistir (Tablo 5).

Verime iliskin ortalama degerler incelendiginde en yiiksek degerin 256.52+3.15 kg da™ ile N20 x 200L, en
diisiik degerin ise 139.18+42.74 kg da? ile N10 x 100Z kombinasyonlarindan elde edildigi goriilmektedir. Azot
uygulamasi yapilmayan yani NO uygulamasi iginde toprak diizenleyicilerin etkisi incelendigi zaman zeolit
uygulamalarinin verimde artisa neden oldugu sdylenebilir fakat bu durum azot faktorii goz ardi edildigi zaman sz
konusudur ve toprak diizenleyicilerin etkisi anlamli degilken her iki faktore ait interaksiyonun istatistiki olarak anlamli
fark1 unutulmamalidir (Tablo 6).

Tablo 6. Toprak diizenleyiciler ve azot dozlarmin verime iliskin interaksiyonu.

Verim NO N5 N10 N15 N20 Ortalama
Kontrol 200.;0;%0.44 175.0B7:tl):§1.12 212.1\7;:52.32 196£§ﬂ;6b7.76 191.i2éci3.97 195.25414.04
100L 192.7;;)1 1.33 163.4§iClO.01 203.27;;)2.37 199£§i;b5.51 224.’36\9:56.66 196.68:6.84
1002 216/.:éialb8.20 199.1;1:)51.52 139.1§ic42.74 216.22;21.97 230.&5;;2.92 200.38+15.52
200L 190.188119.19 242.8;\218.98 212.56;)4.99 194.?30?55.99 256.5A2§3.15 2193149 51
2007 241.7A7§9.80 256.32215.58 231.6iial9.93 188.798’1:)28.40 177.3E3;iCZS.30 219 17411.39
Ortalama 208.27+8.02 207.37+£14.29 199.91+12.44 199.17+14.70 216.06+9.67

Her bir toprak diizenleyici dozu i¢inde azot dozlar1 biiyiik harfle, her bir azot dozu iginde toprak diizenleyici dozlari
kiigiik harfle gruplandirilmigtir.

Karademir [7], degisen azot dozlari ile pamuk kiitli veriminde istatistiksel olarak 6nemli olmadigini
belirtmistir. Azot dozlarindaki artigla beraber kiitlii veriminde artis saglanacagini belirten ¢aligmalar da bulunmaktadir
[2], [5], [6], [11], [12], [13], [14], [16], [17], [18], [19], [21], [22], [27]. Bu farklilik pamuk ¢esitlerin verim konusunda
azot dozlarma olan tepkilerinin farkliligindan kaynaklanabilmektedir [28].

Demir [23], pamukta leonardit uygulamasi yapilan parsellerin leonardit uygulanmayan parsellerden daha
yiiksek verime sahip oldugunu bildirmistir.

Lif Uzunlugu
Lif uzunluguna iliskin varyans analiz sonuglarina gore toprak diizenleyicilerin ve azot dozlarinin etkisi
goriilmemistir. Bununla beraber lif uzunluguna iliskin ortalamalarda toprak diizenleyici x azot dozlar1 interaksiyonunun
istatistiki onemi gézlenmistir (Tablo 5).
Lif uzunluguna iligkin ortalamalar incelendiginde en diisiik deger 25.58+0.86 mm ile N10 x 100Z, en yiiksek
deger ise 28.27+0.36 mm ile NO x 100L kombinasyonlarindan elde edilmistir (Tablo 7).

Tablo 7. Toprak diizenleyiciler ve azot dozlarmnin lif uzunluguna iliskin interaksiyonu.

Lif Uzunlugu NO N5 N10 N15 N20 Ortalama

Kontrol 26.7&0,66 27.4220.17 27.9220.14 27.6A9j;8.18 26.3881:)0.58 27 2540.22
L00L 28.2;20.36 26.5C0ibo.33 27.3310.63 28.02:;0. 19 26.BSéi;)b.43 27 40£0.24
1002 27.5;2;8.31 27.%5;:8.38 25.5?;0.86 27%31(;.52 26.883:8.04 26.9340.28
200L 27.15:;2.55 27.0A6ZS.75 27.3'65\10.19 26.4éi00.74 27.02\20.1 L 50031000
2002 27.5'67;0.68 27.12§2.27 26.88620.68 26.1 gico.29 27.2(?;2.79 57.00£0.26
Ortalama 27.53:0.24 _ 27.1080.19 __ 27.01£0.30 __ 27.14:0.26 __ 26.82%0.19

Her bir toprak diizenleyici dozu i¢inde azot dozlar1 biiyiik harfle, her bir azot dozu iginde toprak diizenleyici dozlar1
kii¢iik harfle gruplandirilmistir.
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Lif uzunlugunun degisen azot dozlarindan etkilenmedigini belirten ¢aligmalar mevcuttur [2],[10], [13], [14],
[16], [20], [22], [25], [26], [27]. Lif uzunlugu genotipe bagli oldugu gibi [29], Durkal ve Mert [6] de yaptiklari
galismada azot dozlarmm lif uzunluguna etkisinin oldugunu ve azot dozlar1 ile ¢esit interaksiyonuna dikkat
¢ekmislerdir. Bu nedenle sadece azot dozlarmin etkisi degil bu etkinin g¢esitten ¢eside farklilik gosterebilecegi
unutulmamalidir.

4. Sonugclar ve tartisma

Mineral besin maddelerinin toprakta bulundugu miktar verim ve kalite tizerinde etkili olmaktayken 6zellikle
azot ve fosfor yogun tarim yapilan alanlarda eksiklik gostermektedir [30]. Teknik bir uygulama olan giibreleme ile
besin madde yoniinden fakirlesen yogun kullanimdaki topraklar beslenir ve verimli hale getirilir [31]. Kimyasal
giibrelerin asir1 kullaniminin sonucu olarak toprakta tuzluluk [32] gibi sorunlar olugmaktadir. Topraklari tuzdan
armdirmak i¢in gereken drenaj yontemi yalnizca tatli suyun bulundugu alanlar i¢in gegerlidir [33]. Ne var ki toprak ve
su kirliliginde tek etmen bilingsiz tarimsal uygulamalar degildir. Su sistemlerine verilen aritilmamis sanayi atiklari, asir
pestisit kullanimi ve hizli sehirlesme bu duruma neden olabilmektedir [34]. Tim bu zararlar g6z Oniine alindiginda
kimyasal giibre kullanimindaki asiriliklarin engellenmesi elzemdir. Bitkiler i¢in temel besin elementlerinden biri olan
azotun bu nedenle dogal kaynaklardan elde edilmesi daha ¢evreci olacaktir.

Kimyasal giibre kullanimin1 azaltmay1 ve dogal kaynakli toprak diizenleyiciler ile yeterli verim ve kaliteye
ulagmay1 amaglayan bu g¢aligmada pamukta (Gossypium hirsutum L.) bazi verim ve kalite dgeleri incelenmistir.
Incelenen 6zellikler igerisinde bitki boyu, odun dah sayisi, meyve dah sayisi, koza saysi, koza kiitlii agirligi, lif
inceligi, mukavemet ve 100 tohum agirlig1 her iki faktdrden de etkilenmemis, ortalamalar arasindaki fark istatistiki
olarak 6nemsiz bulunmustur. Farkli azot dozlar1 yalmzca ¢ir¢ir randimani iizerinde istatistiki 6neme sahip bir etki
olusturmustur. Bu etki sonucunda % 43.46 degeri ile en yiiksek sonu¢ N10 uygulamasindan, en diisiikk sonug ise %
42.74 ile N20 uygulamasindan elde edilmistir. Toprak diizenleyiciler herhangi bir 6zellik {izerinde tek basma etki
gostermezken verim ve lif uzunlugu iizerinde toprak diizenleyiciler ve azot dozlarmin ikili interaksiyonu istatistiki
olarak anlamli bulunmustur. Dekara verim incelendiginde en yiiksek degerin 256.52 kg da® ile N20 x 200L, en diisiik
degerin ise 139.18 kg da? ile N10 x 100Z kombinasyonlarindan elde edildigi gézlenmistir. Lif uzunlugu igin en yiiksek
deger 28.27 mm ile NO x 100L, en diisiik deger ise 25.58 mm ile N10 x 100Z kombinasyonlarindan elde edilmistir.
Tarimsal iiretimde temel amaglardan biri olan yiiksek verim ve kalite hedefi dikkate alindiginda ¢aligmada bahsi gegen
iki faktoriin ikili interaksiyonunun hem verim hem lif uzunlugu parametrelerinde anlamli etki gostermeleri bu hususta
iimitvar goriilebilmektedir.

Daha onceki calismalarda da bildirildigi iizere, bu c¢alismada kullanilan dogal kaynakli toprak
diizenleyicilerin farkli iklim kosullarinda ve farkli bitkilerde de verim ve kalite parametreleri {izerinde 6nemli etkileri
kaydedilmektedir. ~ Siirdiiriilebilir tarimin amacina uygun olarak tarmmsal iretimde kimyasal kaynakli girdilerin
engellenmesi/kisitlanmasi veya dogal kaynakli olup ekolojik dengeye etki etmeyecek tiirde olmasi gida giivenligi, insan
ve diger canlilarin saghgmi ve dahi gelecek on yillarin tarimsal iiretiminin garantorliigii anlammna gelecektir. Bu
nedenle dogal kaynakli toprak diizenleyicilerin kimyasal giibrelere ikame olmas1 elzemdir.

Bu calismanimn sonuglar1 dnceki aragtirma bulgulari ile karsilastirildiginda bir¢ok parametre yoniinden genel
bir uyum igerisindedir. Verim yoniinden genel diisiiklik 2019 yili iiretim sezonunda iklim verilerinin irdelenmesi ile
aciklanabilmektedir. Gelisim donemi boyunca 6zellikle generatif donemdeki gece sicakliklarinin ve giinliik sicakliklarin
uzun siireli diisiisii sebebiyle bu iiretim sezonunda Amik Ovasi’nin tamaminda pamuk iiretiminde diigiis gdzlenmistir.
Bu durum caligmanin farkli yillarda ve farkli lokasyonlarda ve/veya farkli gesitlerle tekrarlanabilecegini ve olasi ¢evre
etkilesimlerinin degerlendirilebilecegini gdstermektedir.

On bitkinin bugday olmas1 ve bugdaym sacak koklii yapis1 nedeniyle topraga uygulanan azotun tamamini
kullanamamas: ve bitkilerde gdzlenen diisiik sicaklik stresi nedeniyle bitkilerin girdilere olan gereksinimlerinin daha az
olmast uygulamalarin gergek etkilerini gésterememesine neden olabilmektedir.

Verim ve lif uzunlugu yoniinden gozlemlenen interaksiyonlarn nedenini anlayabilmek igin daha detayl
toprak ve bitki analizleri ve fizyolojik gozlemler daha etkili bir rol oynayabilecektir. Caligmanin 2019 yilinda Amik
Ovasi kosullarinda ve Edessa ¢esidi ile yirdtildigi, tretim yilma ait iklim verileri, toprak ozellikleri ve 6zellikle
pamuk cesitlerinin azot dozlarina olan tepkisinin farklilig1 dikkate alinmalidir..
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Abstract

In this study, antimicrobial and antioxidant activities as well as total phenolic content of dried leaf extracts of
Corchorus olitorius grown in North Cyprus were determined. The total phenolic content, antioxidant and antimicrobial
activity of the extracts were determined using the Folin-Ciocalteu, DPPH free radical and broth dilution methods,
respectively. The antimicrobial activity of the extracts was tested against eight different microorganisms (Bacillus
subtilis ATCC 6037, Listeria monocytogenes Scott A, Enterococcus faecalis ATCC 29212, Staphylococcus aureus
6538P, Bacillus cereus No 8, Escherichia coli O157:H7 ATCC 43895, Escherichia coli ATCC 1103, Salmonella
Typhimurium NRRL-B-4420). The highest phenolic content was obtained from ethanol extract as 24.61 mg GAE/qg.
Water, ethanol and methanol extracts of C. olitorius were inhibited the DPPH radical by 17.50%, 87.10% and 86.00%,
respectively. MIC values of ethanol and methanol extracts of C. olitorius against test cultures were varied between
50.00% and 6.25%, while no inhibitory effect was observed for water extract. The most susceptible microorganisms to
methanol extract of the plant were L. monocytogenes Scott A, E. faecalis ATCC 29212 and B. subtilis ATCC 6037
(MIC value of 6.25%). All these results showed that C. olitorius extracts are important sources showing antimicrobial
and antioxidant properties.
Keywords: Corchorus olitorius, antimicrobial, total phenolic content, antioxidant

%

Kuzey Kibris'ta yetisen Corchorus olitorius L.'nin farkh ekstraktlarimin toplam fenolik madde icerigi, antioksidan ve
antimikrobiyal aktivitelerinin karsilastirilmasi

Ozet

Bu c¢alismada, Kuzey Kibris'ta yetistirilen Corchorus olitorius'un kurutulmus yaprak ekstraktlarinin
antimikrobiyal ve antioksidan aktiviteleri ile toplam fenolik madde miktari belirlenmistir. Ekstraktlarin toplam fenolik
madde miktari, antioksidan ve antimikrobiyal aktivitesi sirasiyla Folin-Ciocalteu, DPPH serbest radikal ve sivi
seyreltme yontemleri kullanilarak belirlenmistir. Ekstraktlarin antimikrobiyal aktivitesi, sekiz farkli mikroorganizmaya
(Bacillus subtilis ATCC 6037, Listeria monocytogenes Scott A, Enterococcus faecalis ATCC 29212, Staphylococcus
aureus 6538P, Bacillus cereus No 8, Escherichia coli O157:H7 ATCC 43895, Escherichia coli ATCC 1103,
Salmonella Typhimurium NRRL-B-4420) karsi test edilmistir. En yiiksek toplam fenolik madde miktar1 etanol
ekstraktindan 24.61 mg GAE/g olarak belirlenmistir. C. olitorius'un su, etanol ve metanol ekstraktlar1 DPPH radikalini
sirastyla %17.50, %87.10 ve %86.00 oraninda inhibe etmistir. C. olitorius'un etanol ve metanol ekstraktlarmm test
kiltiirlerine kars1t MIC degerleri %50.00 ile %6.25 arasinda degisirken, su ekstraktinin herhangi bir engelleyici etkisi
gbzlenmemistir. L. monocytogenes Scott A, E. faecalis ATCC 29212 ve B. subtilis ATCC 6037 (%6.25 MIC degeri),
bitkinin metanol ekstraktma kars1 en duyarli mikroorganizmalar olmustur. Tiim bu sonuglar, C. olitorius ekstraktlarmin
antimikrobiyal ve antioksidan dzellikler gosteren 6nemli kaynaklar oldugunu gostermistir.
Anahtar kelimeler: Corchorus olitorius, antimikrobiyal, toplam fenolik madde, antioksidan

: Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +90232 3113028; Fax.: +902323427592; E-mail: ilkin.sengun@ege.edu.tr
© Copyright 2020 by Biological Diversity and Conservation Received: x.x.2020; Published: 15.12.2020 BioDiCon. 932-1120


http://www.biodicon.com/

Biological Diversity and Conservation — 13 / 3 (2020) 299

1. Introduction

Antimicrobials are commonly used in various areas including food production. Hence, some microorganisms
became more resistant to antimicrobial agents and infectious diseases are generally caused by these resistant
microorganisms, which make treatment difficult [1]. As an alternative to chemically synthesized antimicrobials, there
was a need for effective and reliable antimicrobial agents of plant origin [2]. While many drugs originate from plants,
various medicinal plants have been used for many years because of their curative effects on diseases [1]. The use of
plant-based preservatives instead of chemically synthesized antimicrobials in foods inhibit microbial growth and
prolong the shelf life of foods, as well as providing antioxidant effects due to phenolic contents, and shows positive
effects on consumer health by increasing immunoglobulin synthesis [3].

Phenolics are secondary metabolite produced by plants to defend themselves against external threats
(microbial, physical etc.) [4]. Phenolic contents of plants depend on environmental conditions and endogenous factors
such as salinity, light intensity, bacterial infection, drought, temperature, maturity, organ and genotype [5]. Phenolics
can be classified as flavonoids, phenolic acids, tannins, stilbenes, coumarins, ligands, quinones and curcuminoids,
depending on the amount and position of the carbon element in their chemical structure [6]. Most of the antioxidant
activities of fruits and vegetables are associated with their phenolic compounds. Recently, researches on plants
containing phenolic compounds have been increased and it has been determined that they have various effects such as
antimicrobial, anti-carcinogenic, antioxidant, anti-inflammatory and reducing chronic diseases [7, 8]. For example,
flavonoids protect body cells against the harm brought about by oxygen, delivered as a side-effect of vitality digestion
[9]. Thanks to the ability of gallic acid to rummaging free radicals and suppress-amyloid oligomerization, it can reduce
nerve damage and cerebrum amyloid neuropathology and increase intellectual capacity [10]. In addition to being used
as metal ion chelator and protein-precipitating agent, tannins also have antioxidant properties [11]. Hence, in recent
years, consumers increase the demand for natural herbal products [12].

Corchorus olitorius is a green leafy plant belonging to Malvaceae family. It is commonly grown in Africa,
Europe and Asia and named as molehiya in North Cyprus [13]. Leaves or whole plant are boiled, dried or freshly used
in food [14]. As C. olitorius is rich in substances such as minerals, vitamins, fiber and ascorbic acid that provide cell
renewal and energy production, it is also used in the medical field due to its antimicrobial and antioxidant effects [15,
16]. Studies indicate that this herb is used to cure diseases such as diabetes, asthma, diarrhea, back and stomach pain
[17,18]. There are studies investigating the antimicrobial effect of the extracts of C. olitorius obtained with different
solvents [19, 20]. Compounds such as hexadecanoic Acid, 2,4-di tert-butyl phenol, tetratetracontane, isoheptadecanol,
ethyl palmitate, 1-eicosanol and 8-heptadecene have been identified in C. olitorius extracts [21].

In addition to the limited number of publications in which the phytochemical properties of C. olitorius plant
grown in N. Cyprus, there is no study in the literature investigating the antimicrobial effect of this plant in terms of MIC
(Minimum inhibition concentration) values. Therefore, in this study, antimicrobial and antioxidant activities as well as
total phenolic content of three different extracts obtained from C. olitorius by water, ethanol and methanol were
investigated.

2. Materials and methods
2.1 Collection and Drying of Sample

C. olitorius collected in July 2018 from Famagusta, N. Cyprus. The leaves removed from the branch were
dried using a local conventional method. Fresh leaves allowed to dry for a week on a clean flat surface in the dark room
at 30°C and mixed three times a day until drying took place. The dried leaves were powdered in a mortar and stored in
sterile jars at room temperature.

2.2 Extraction of Sample

In the study, water, ethanol and methanol extracts were obtained. For the preparation of water extract, 500 mg
of C. olitorius leaf was dissolved in 10 mL of distilled water and mixed at 25°C for 24 h. The prepared suspension was
centrifuged at 4000 rpm for 10 min and filtered through a 0.22 um sterile filter (Minisart Syringe Filter, Cellulose
Asetate, Sartorious Stedim Biotech) [22]. For methanol extract, 5 g of C. olitorius were shaken with 100 mL of 85%
methanol solution in the shaker (Memmert GF 4931, Germany) at room temperature for 24 h. After filtration, methanol
was removed by treating the filtered liquid at 40°C. methanol and then the extract was diluted with water to 50 mL [23].
Ethanol extracts were prepared from 10 g of C. olitorius leaves. Extraction was carried out with ethanol and distilled
water (40:60, v/v) in a ratio of 1:50 (m/v-solute/solvent), respectively. The medley liquid was shaken with shaker
(Memmert GF 4931, Germany) at 25°C for 24 h, then centrifuged at 5000 rpm for 25 min. The clear extracts were
taken and dried in a vacuum evaporator at 40°C to eliminate ethanol [24]. Then, the final extract was used in the
analysis as ethanol extract.
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2.3 Total Phenolic Content

Total phenolic content of C. olitorus extracts was determined using the Folin-Ciocalteu method. 5 mL of Folin-
Ciocalteu solution (10%, v/v) and 1 mL filtered sample were transferred into tube and stored in the dark for 3 min. Then
10 mL of saturated NaCOs; was added and the mixture was filled to 100 mL with distilled water. The resulting mixture
became ready to be analyzed after being kept at 25°C for 90 min in a non-light environment. Finally, absorbance of the
sample was measured by using a spectrophotometer (Agilent Technologies, Carry60 UV-Visible) at 760 nm. The results
were taken as mg gallic acid equivalents (GAE)/L [25].

Using the equation below, the results were converted from mg GAE/L to mg GAE/g [26].

T (mg GAE/g) = (C x V)IM

In this formulation, C is the concentration of the acid in which the results are expressed (gallic acid) (mg/mL), V is the
volume of the extract solution (mL), and M is the weight of the plant extracted (g).

In this formula, C is the concentration of gallic acid established from the calibration curve in mg/mL, V is the volume of
the extract solution in mL, M is the weight of the extract in g.

2.4 Antioxidant Capacity

DPPH radical scavenging activity method was used to determine the antioxidant activity of C. olitorus extracts.
4 mL of DPPH solution dissolved in methanol was mixed with 0.1 mL of the filtered sample in a tube. The mixture
obtained was kept in non-light environment for 15 minutes before being analyzed in the spectrophotometer (Agilent
Technologies, Carry60 UV-Visible) at 517 nm [27]. The control sample was methanol (1 mL). The obtained DPPH
radical scavenging activity results converted to percentage using by this formula:
DPPH scavenging activity (%) = (Ac-As)/Ac x 100
In this formula, As and Ac are defined as absorbance of sample and control, respectively.

2.5 Antimicrobial Activity

The antimicrobial activity of three different extracts of C. olitorus was tested on eight microorganisms
including 5 Gram positive (Bacillus subtilis ATCC 6037, Listeria monocytogenes Scott A, Enterococcus faecalis ATCC
29212, Staphylococcus aureus 6538P, Bacillus cereus No 8) and 3 Gram negative (Escherichia coli O157:H7 ATCC
43895, Escherichia coli ATCC 1103, Salmonella Typhimurium NRRL-B-4420) bacteria using broth dilution method.
Test cultures obtained from University of Ege, Department of Food Engineering, Laboratory of Food Microbiology
Research. Tryptic Soy Broth (TSB, pH 7.3£0.2, Oxoid) was used for the activation of glycerol stock cultures and the
cultures were activated by incubating at 37°C for 24 h. Then, activated cultures were used in the analysis after being
adjusted to 0.5 Mc Farland turbidity grade using DEN-1 Mc Farland Densitometer.

To determine MIC (Minimum Inhibitory Concentration) value of each C. olitorius extracts, the broth-dilution
method was performed by using 96 well “°U’’ type sterile microplates [28]. Firstly, a hundred puL of Mueller Hinton
Broth (MHB, pH 7.3 + 0.2, Oxoid) turned into brought to all wells, then a hundred pL of extract turned into brought to
all wells in horizontal alignment. The amount of the extract was diluted to contain half of the previous well. The
extraction rates from the first well were 50%, 25%, 12.5%, 6.25%, 3.125%, 1.563%, 0.781%, 0.391%, 0.195%, 0.098%
(v/v), respectively. 10 pL of the culture to be tested was added to the homogenized mixed wells and incubated at 37°C
for 18 h. After incubation period, each well filled with 20 pL of 0.5% 2,3,5-triphenyltetrazolium chloride and incubated
at 37°C for 30 min. The lowest concentration that does not cause color change on test cultures was determined as MIC
value. The sample taken from the well containing the lowest concentration of extract without growth was used to
determine the MBC (Minimum Bactericidal Concentration) value by spreading to Mueller-Hilton Agar (MHA, pH 7.3 =
0.2, Oxoid).

2.6 Statistical analysis

The statistical analysis was applied using the one-way ANOVA method, with SPSS 20 package program, at the
significance level of P<0.05. Results are given as mean and standard deviation [29].

3. Results

Solvents such as methanol, acetone, hexane, chloroform, ethyl acetate, ethanol and water are used to obtain
extracts from various plants. During extraction, the dissolution of phytochemicals varies according to the type of
solvent used. In the other studies, it has been determined that although solvents are recommended for the extraction of
phenolic compounds and saponins, water can dissolve non-phenolic antimicrobial substances and also the best option
for the extraction of trypsin inhibitors [30]. Besides, water extraction could be preferred due to the safety and
environmental concerns. In the study, the total phenolic content of water, ethanol and methanol extracts of C. olitorius
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was the highest (24.61 mg GAE/g) in ethanol extract, while it was the least (9.86 mg GAE/g) in water extract (P<0.05)
(Table 1). Besides, no statistical difference was observed between phenolic contents of ethanol and methanol extracts
(P>0.05). Hence, ethanol appears to be the most suitable solvent for the dissolution of phenolic compounds of C.
olitorius. Ademiluyi et al. [31] reported that the total phenolic amount of the water extract of dried leaves of C. olitorius
grown in Nigeria was determined as 5 mg GAE/g.

Table 1. Total phenolic content of C. olitorius extracts

Extracts Total phenolic content (mg GAE/Q)
Water extract 9.86 £2.078
Ethanol extract 24.61+1.97°
Methanol extract 21.14+0.69

*The capital letters (A, B) in the table show the statistical difference between samples (P<0.05).

It was determined that water, ethanol and methanol extracts of C. olitorius inhibited the DPPH radical in the
range of 17.50% - 87.10% (Table 2). The highest value was observed in ethanol extract, while there were no statistical
differences between ethanol and methanol extracts (P>0.05). These results were in parallel with the total phenolic
content results. In the study of Yakoub et al. [32] antioxidant activity of water and ethanol extracts of dried leaves of C.
olitorius grown in Tunisia was 77.64% and 91.65%, respectively. Obeng et al. [33] investigated the antioxidant activity
of C. olitorius grown in Ghana after drying the leaves in an oven at 55°C for 6 h. The results showed that methanol
extract of C. olitorius inhibited the DPPH radical by %22.20, which is very low than our results.

Table 2. Antioxidant activity of C. olitorius extracts

Extracts DPPH (%)

Water extract 17.50 +2.598
Ethanol extract 87.10+1.414
Methanol extract 86.00+0.544

*The capital letters (A, B) in the table show the statistical difference between samples (P<0.05).

Antimicrobial activities of the extracts obtained from C. olitorius had been decided against 8 different
microorganisms by using broth dilution method. The water extract of C. olitorius showed no antimicrobial effect
against any of the microorganisms tested. All test cultures had MIC value of 25.00% against ethanol extract. The results
showed that antimicrobial activity of methanol extract is higher than ethanol extract (P<0.05). In addition, the extracts
did not show bactericidal effect against any of the microorganisms tested.

Table 3. Antimicrobial activity of C. olitorius extracts

MIC value (%, V/v)
Test Microorganisms

Water Ethanol Methanol
extract extract extract
L. monocytogenes Scott A >50 25.00 6.25
E. faecalis ATCC 29212 >50 25.00 6.25
B. subtilis ATCC 6037 >50 25.00 6.25
S. aureus 6538P >50 25.00 12.50
E. coli O157:H7 ATCC 43895 >50 25.00 12.50
S. Typhimurium NRRL-B-4420 >50 25.00 12.50
E. coli ATCC 1103 >50 25.00 12.50
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B. cereus No 8 >50 25.00 12.50

There is no study in the literature in which the antimicrobial effect of C. olitorius extracts was determined by
MIC analysis. In the study performed by Mohammed [34], C. olitorius was extracted in 96% ethanol and its
antimicrobial effect was examined for four different concentrations (1.00, 0.75, 0.50, 0.25 mg/mL) by agar diffusion
using 10 mm discs against B. subtilis, E. coli and E. faecalis. Zones formed against B. subtilis, E. coli and E. faecalis
are reported as in the range of 18-20 mm, 14-20 mm and 13-15 mm, respectively. In another study, the antimicrobial
effects of methanol petroleum ether and ethyl acetate + water extracts of C. olitorius harvested in N. Cyprus were
determined against twelve different bacteria (B. cereus NRRL B-3711, S. aureus ATCC 25923, Pseudomonas gingeri
3146, B. subtilis NRRL B-209, Enterococcus faecium NRRL B-3502, Micrococcus luteus NRRL-B 1018, E. faecalis
ATCC 29212, E. coli ATCC 25922, Enterobacter aerogenes NRRL-B 3567, Proteus vulgaris NRRL B-123, Yersinia
enterocolitica, S. Typhimurium ATCC 14028) using agar diffusion method with 10 mm discs and it was observed that
the extracts were formed inhibition zones ranging from 10 to 20 mm [35]. All these results showed that C. olitorius
have antimicrobial activity in various ranges depending on the test cultures used.

According to the results, the antioxidant and antimicrobial effects of the C. olitorius extracts were different, as
well as the total phenolic substance content. This difference is thought to be due to the solvent’s ability to dissolve
different compounds of the plant.

4. Conclusions and discussion

Various compounds found in plants can be extracted by different methods. The performance of extracting
process varies according to the solvent and the type of plant used. In the current study, it was observed that as the
amount of phenolic content increased, the antimicrobial effect also increased. As similar with our results, the inhibitory
effect of C. olitorius ethanol extract against test microorganisms was observed in another study [34], which also shows
that ethanol is a suitable solvent for extracting the antimicrobial effective compounds from the plant. However, the total
phenolic content of C. olitorius water extract obtained in another study [31] was almost half of our result. This result
may be due to the geographical difference in which the plant grows.

In this study, it was determined that C. olitorius extracts have antimicrobial and antioxidant activities as well as
rich in total phenolic content. The total phenolic content and antioxidant activity results showed that ethanol extract was
the most efficient sample when compared to water and methanol extracts, while antimicrobial activity was the highest
in methanol extract against all test cultures. Hence, C. olitorius has the potential to be used as an alternative to chemical
antimicrobial and antioxidant agents. The results showed that the antimicrobial and bioactive properties of C. olitorius
may change depending on the geographical region where the plant is grown, the drying processes applied to the plant,
as well as solvent type used during plant extraction. In the future studies, C. olitorius will be used in various foods for
detecting its effect on food quality and safety.
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Abstract

In this study, the lichen diversity of Biiyiikkorhan and Harmancik districts in the city of Bursa were investigated.
94 lichen taxa belonging to 54 genera were determined by evaluating samples collected from 64 different localities in
field studies conducted between 2014 and 2015. 10 taxa for Bursa province are new records. In addition, 41 taxa for
Biiyiikorhan district, 67 taxa for Harmancik district are new records. The richest genera in terms of the number of taxa
included in the study area were found as Lecanora, Ramalina, Physcia, Physconia and Rinodina, respectively.

Key words: biodiversity, Biiyiikorhan, Harmancik, lichenized fungi, Turkey

*

Bursa ili Biiyiikorhan ve Harmancik ilgelerinin likenleri iizerinde taksonomik incelemeler

Ozet

Bu c¢alismada Bursa ilinin Biiyiikorhan ve Harmancik ilgelerinin liken ¢esitliliginin belirlenmesi
amaglanmigtir. 2014-2015 yillar1 arasinda yapilan arazi c¢alismalarmda 64 farkli lokaliteden toplanan Orneklerin
degerlendirilmesi ile 54 cinse ait 94 liken taksonu tespit edilmistir. Bu taksonlardan 10 tanesi Bursa ili igin yeni kayzttir.
Ayrica, 41 tanesi Biiylikorhan ilgesi, 67 tanesi Harmancik ilgesi i¢in yeni kayit durumundadir. Calisma alaninda igerdigi
takson sayis1 bakimindan en zengin cinsler sirasiyla Lecanora, Ramalina, Physcia, Physconia ve Rinodina olarak
bulunmustur.

Anahtar kelimeler: biyogesitlilik, Biiyiikorhan, Harmancik, lichenized fungi, Tiirkiye
1. Giris

Bursa iline ait ilk liken kayitlar1 1900’li yillarin baslarinda yabanci arastiricilar tarafindan verilmistir. Bu
caligmalarin, genellikle yabanci arastiricilarin {ilkemizin farkli bolgelerinde yaptiklari geziler sirasinda topladiklar
ornekleri degerlendirdigi ve az sayidaki liken kaydmin verildigi listeler seklinde oldugu goriilmektedir. Daha sonraki
yillarda Tiirk arastrmacilar tarafindan Bursa ili, ilgeleri ve Uludag’n liken zenginligi ile ilgili daha detayl1 floristik
caligmalar yapilmaya basglanmistir. Bursa iline ait liken kayitlarinin verildigi ¢cok sayidaki yaym iilkemizde yayilisi
bulunan liken tiirlerinin belirlenmesi amaciyla hazirlanan “Tiirkiye Liken Listesi” adli kitapta yer almaktadir [1]. Bu
tarihten sonra Bursa ilinden yapilmis birkag biyogesitlilik ¢aligmasi1 bulunmaktadir [2, 3, 4, 5].

Bursa ilinden giiniimiize kadar yapilan calismalar incelendiginde Harmancik ilgesine ait liken kaydinin
bulunmadigi, Biiyiikorhan ilesinden ise bir ¢aligma oldugu goériilmektedir. Bu ¢aligmada iki ilgede yayilis gosteren liken
tiirlerinin belirlenmesi amaglanmaistir.

1.1. Calisma alani
Bursa ili, Tiirkiye’nin kuzeybatisinda, Marmara bolgesinin ise giineybatisinda yer almaktadir. Caligma alani
olarak secilen Biiyiikorhan ve Harmancik ilgeleri ise Bursa’nin giineyinde yer almakta olup yaklasik 1060 km?’lik bir
alan1 kaplamaktadir. Kuzeyden Orhaneli, kuzeybatidan Mustafakemalpasa, dogudan Keles, giineybatidan Balikesir’in
Dursunbey, giineydogudan Kiitahya’nin Tavsanl ilgeleri ile g¢evrilidir. Biiyiikorhan ilgesinin Bursa gehir merkezine
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uzakhg1 86 km, denizden yiiksekligi 830 m, yiizolciimii 672 km?’dir. Harmancik ilgesinin Bursa merkezine uzaklig1 96
km, denizden yiiksekligi 650 m, yiizdlgiimii 389 km?’dir [6, 7].

Caligma alaninda Pinus nigra J. F. Arnold. ve P. brutia Ten.’dan olusan kurak ormanlar hakim durumdadir. Bu
ormanlarin tahrip oldugu alanlarda Juniperus oxycedrus L. subsp. oxycedrus, Quercus infectoria Oliv. subsp. infectoria,
Phyllirea latifolia L., Paliurus spina-christii Mill., Cistus creticus L., C. salviifolius L., Arbutus andrachne L., Rhus
coriaria L., Pistacia palaestina Boiss.’dan olusan maki vejetasyonu bulunmaktadir. Biiyiikorhan ilgesinde Quercus
cerris L. yer yer saf ormanlar olusturmaktadir. Harmancik ilgesinde ¢gam ormanlarmnin tahrip edildigi kayalik alanlarda
Juniperus excelsa M. Bieb., J. foetidissima Willd. topluluklar1 yaygindir. Alanda su kenarlar1 ve nemli vadi iglerinde
Populus, Salix tiirleri ile, Platanus orientalis L., Alnus glutinosa (L.) Gaertn. subsp. glutinosa, Ulmus minor Mill.,
Fraxinus ornus L. subsp. ornus, Tilia tomentosa Moench, Vitex agnus-castus L. goriilmektedir [7].

T.C. Devlet Meteoroloji Isleri Genel Miidiirliigii, Bursa Meteoroloji 11 Miidiirliigiinden alman meteorolojik
verilere gore Bursa’da yillik ortalama sicaklik 14,5 °C iken, Biiyiikorhan’da 10,5 °C ve Harmancik’ta 11,8° C’dir. Yillik
ortalama yagis, Bursa’da 56,4 mm iken, Biiyiikorhan’da 29,6 mm ve Harmancik’ta 45,6 mm’dir [8, 9, 10]. Emberger
metoduna gore her {i¢ istasyonda da Akdeniz iklimi goriilmektedir. Bursa merkezde Az-yagisli Akdeniz, Biiyiikorhan
ve Harmancik’ta ise Yari-kurak Akdeniz iklim tipi hakimdir [11].

2. Materyal ve Yontem

Liken ornekleri, ¢alisma alanindaki 64 farkli lokaliteden toplanmistir (Sekil 1). Toplanan drneklerin morfolojik
ve anatomik ozelliklerinin incelenmesi igin 11k mikroskobu (Nikon Eclipse E100) ve diseksiyon mikroskobu (Leica
MZ6) kullanilmistir. Tallus korteksi, medulla, apotesyum diski ve apotesyum kenari igin standart kimyasal spot testleri
(C, K, KC, N, Pd) uygulanmis ve renk reaksiyonlar1 gézlenerek tiir tayininde degerlendirilmistir. Anatomik kesitler su,
% 10 luk KOH yada Liigol ¢ozeltisi i¢cinde incelenmistir. Tiirlerin tayininde tayin anahtari i¢eren revizyon ve gesitli
flora kitaplarindan yararlanilmustir [12, 13, 14, 15, 16, 17, 18, 19]. Hazirlanan herbaryum 6rnekleri, Bursa Uludag
Universitesi Fen Fakiiltesi Biyoloji Boliimii Herbaryumu (BULU)’nda muhafaza edilmektedir.

Caligma alanindaki lokaliteler:

1. Biiyiikorhan; Aktas koyii ¢evresi, 780 m, 39° 48' 32,5" K 28° 48' 53,0" D, 13.07.2014.

2. Biiyiikorhan; Armutguk kdyii, 720 m, 39° 47' 33,4" K 28° 53' 20,8" D, 15.07.2014.

3. Biiyiikorhan; Durhasan koyii ¢evresi, 757 m, 39° 49' 32,0" K 28° 53' 15,3" D, 15.07.2014.

4. Biiyiikorhan; Cakiryenice koyii ¢evresi, 770 m, 39° 50' 46,7" K 28° 53' 15,2" D, 15.07.2014.

5. Biiyiikorhan; Gedikler kdyii, 890 m, 39° 43' 33,9" K 29° 00' 36,5" D, 16.07.2014.

6. Biiyiikorhan; Ismetiye - Ozliice koyleri arasi, meselik alan, 790 m, 39° 48' 22,0" K 28° 55' 38,5" D, 17.07.2014.

7. Biiyiikorhan; Ceribasi koyii girisi, meselik alan, 808 m, 39° 44' 27,0" K 28° 56' 39,7" D, 17.07.2014.

8. Biiyiikorhan; Pinarkdy, 850 m, 39°43' 51,1" K 28° 58' 13,5" D, 17.07.2014.

9. Biiyiikorhan; Per¢in kdyii, 840 m, 39° 44' 07,5" K 28° 59' 16,7" D, 17.07.2014.

10. Biiyiikorhan; Danacilar kdyii ¢evresi, 846 m, 39° 45'36,7" K 28° 58' 53,9" D, 17.07.2014.

11. Biiyiikorhan; Haciahmetler kdyii, 780 m, 39° 46' 33,7" K 28° 58' 14,6" D, 18.07.2014.

12. Biiyiikorhan; Kayapa - Balaban koyleri arasi, kayalik-meselik alan, 767 m, 39° 46' 05,2" K 28° 56' 16,7" D, 18.07.2014.
13. Biiyiikorhan; Hacilar ve Derecik kdyleri ¢evresi, 700 m, 39° 45' 53.4" K 28° 55' 07,6" D, 18.07.2014.

14. Biiyiikorhan; Yenice kdyii, 756 m, 39° 45' 37,6" K 28° 54' 44,0" D, 18.07.2014.

15. Biiyiikorhan; Hemseriler kdyii mezarligi, 782 m, 39° 44' 25,9" K 28° 54' 57,4" D, 18.07.2014.

16. Biiyiikorhan; Kinik beldesi mezarligi, 780 m, 39° 42' 10,3" K 28° 56' 00,3" D, 18.07.2014.

17. Biiyiikorhan; Kinik - Akg¢asaz arasi, camlik alan, 781 m, 39° 40' 23,0" K 28° 54' 59,1" D, 18.07.2014.

18. Biiyiikorhan; Tekerler ve Cokene kdyleri ¢evresi, 780 m, 39° 39' 16,8" K 28° 52' 14,6" D, 18.07.2014.

19. Biiyiikorhan; Veletler koyii, 594 m, 39° 38'22,5" K 28° 51' 05,7" D, 18.07.2014.

20. Biiyiikorhan; Demirler kdyii ¢cevresi, 640 m, 39° 38' 37,9" K 28° 50' 34,4" D, 18.07.2014.

21. Biiyiikorhan; Piribeyler koyli mezarlig1 ve ¢evresi, camlik alan, 458 m, 39° 38' 26,3" K 28° 48' 06,2" D, 18.07.2014.
22. Biiyiikorhan; Osmanlar ve Mazlumlar koyleri ¢evresi, 564 m, 39° 39' 18,8" K 28° 47' 47,6" D, 18.07.2014.

23. Biiyiikorhan; Karaagiz koyii, 930 m, 39° 41' 23,2" K 28° 52' 56,4" D, 18.07.2014.

24. Biiyiikorhan; Karaagiz - Biiyiikorhan yolu, Karaagiz koyii ¢ikisi, mese ormani, 890 m, 39° 42' 05,7" K 28° 53' 40,7" D,

18.07.2014.

25. Biiyiikorhan; Burunca koyli mezarligi, 647 m, 39° 47' 56,9" K 28° 43'45,4" D, 19.07.2014.

26. Biiyiikorhan; Burunca - Sarni¢ kdyleri arasi, ormanlik ve agiklik alan, 682 m, 39° 48' 34,6" K 28° 45' 17,3" D, 19.07.2014.
27. Biiyiikorhan; Sarni¢ koyii cevresi, 804 m, 39° 47' 09,7" K 28° 48' 02,9" D, 19.07.2014.

28. Biiyiikorhan; Orencik kdyii girisi, 820 m, 39° 46' 24,3" K 28° 45' 44,8" D, 19.07.2014.

29. Biiyiikorhan; Danagali koyii mezarligi, 887 m, 39° 45' 30,3" K 28° 46'42,3" D, 19.07.2014.

30. Biiyiikorhan; Elekgali kdyli mezarligi, 790 m, 39° 45' 06,4" K 28° 45' 16,0" D, 19.07.2014.

31. Biiyiikorhan; Digiinciiler kdyii ¢evresi, 590 m, 39° 42' 51,7" K 28° 44'33,9" D, 19.07.2014.

32. Biiyiikorhan; Bayindir kdyii merkezi, 707 m, 39° 43' 15,4" K 28° 46' 34,2" D, 19.07.2014.

33. Biiyiikorhan; Karagukur kdyii mezarligi, 874 m, 39° 43' 40,3" K 28° 48' 30,3" D, 19.07.2014.

34. Biiyiikkorhan; Geynik ve Ericek koyleri ¢evresi, 766 m, 39° 42' 17,8" K 28° 49'49,6" D, 19.07.2014.
35. Biiyiikorhan; Karalar koyii, 778 m, 39° 41' 44,2" K 28° 50'41,5" D, 19.07.2014.

36. Biiyiikorhan; Kuslar koyii mezarligi, 992 m, 39° 43'47,1" K 28° 51' 32,9" D, 19.07.2014.

37. Biiyiikorhan; Zaferiye koyii mezarligi, 931 m, 39° 45' 21,3" K 28° 49'42,6" D, 19.07.2014.
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Biiylikorhan; Zaferiye koyii - Biiylikorhan arasi, megelik alan, 870 m, 39° 46' 07,3" K 28° 52'29,9" D, 19.07.2014.
Biiyiikorhan; Biiyiikorhan Baraj1 batisi, yol kenari, 717 m, 39° 47' 27" K 28° 54' 45" D, 20.04.2015.

Harmancik; Ece mahallesi mezarligi, 670 m, 39° 41' 03,2" K 29° 10' 20,6" D, 12.08.2014.

Harmancik; Ballisaray mahallesi, mezarlik ¢evresi, 770 m, 39° 41' 10,4" K 29° 12' 32,3" D, 12.08.2014.
Harmancik; Okgular kdyii girisi, 865 m, 39° 42' 07,8" K 29° 12' 54,2" D, 12.08.2014.

Harmancik; Giilozi koyii ¢evresi, 1000 m, 39° 42' 18,8" K 29° 14' 21,9" D, 12.08.2014.

Harmancik; Nalbant ve Hobandanigsment kéyleri ¢cevresi, 890 m, 39° 43' 14,8" K 29° 13'30,0" D, 12.08.2014.
Harmancik; Yesilyurt koyli mezarligi ve ¢evresi, 950 m, 39° 44' 12,5" K 29° 13' 53,2" D, 12.08.2014.

Harmancik; Akalan koyii girisi, 755 m, 39° 45' 13,4"K 29° 11' 22,9" D, 12.08.2014.

Harmancik; Kogekler mahallesi gevresi, 878 m, 39° 43'28,5" K 29° 12'29,3" D, 12.08.2014.

Harmancik; Yayabagi ve Kilavuzlar mahalleleri ortak mezarligi, 780 m, 39° 42'41,1" K 29° 11' 21,5" D, 12.08.2014.
Harmancik; Kepekdere mahallesi girisi, 680 m, 39° 40' 13,4" K 29° 10' 04,8" D, 12.08.2014.

Harmancik; Bekdemirler kdyii, 701 m, 39° 39' 20,0" K 29° 09' 33,5" D, 12.08.2014.

Harmancik; Karaca mahallesi mezarligi, 720 m, 39° 38' 06,3" K 29° 09' 37,3" D, 12.08.2014.

Harmancik; Balatdanisment kdyii mezarligi, 750 m, 39° 37' 54,6" K 29° 10' 23,3" D, 12.08.2014.

Harmancik; Kozluca koyii ¢evresi, gamlik alan, 850 m, 39° 36' 22,9" K 29° 09' 27,7" D, 12.08.2014.

Harmancik; Ishaklar koyii cevresi, 810 m, 39° 37' 44,2" K 29° 08' 09,0" D, 12.08.2014.

Harmancik; Kismanlar kdyii mezarligi, 782 m, 39° 38' 23,1" K 29° 07' 54,2" D, 12.08.2014.

Harmancik; Akpmar kdyii ve Ulu mahallesi ortak mezarligi, 800 m, 39° 37' 59,3" K 29° 09' 07,0" D, 12.08.2014.
Harmancik; Gedikoren koyii gevresi, 840 m, 39° 38' 10,8" K 29° 04' 54,8" D, 12.08.2014.

Harmancik; Dutluca koyii ve Koyak mahallesi ortak mezarligi, 620 m, 39° 40' 09,2" K 29° 03' 12,7" D, 12.08.2014.
Harmancik; Dedebali koyii girisi, 640 m, 39° 39' 33,0" K 29° 21' 59,6" D, 12.08.2014.

Harmancik; Gokgeler koyii ve Cinar mahallesi ortak mezarligi, 542 m, 39° 38' 43,0" K 29° 01' 33,9" D, 12.08.2014.
Harmancik; Alutga kdyi girisi, 590 m, 39° 37' 51,8" K 28° 58' 00,3" D, 12.08.2014.

Harmancik; Ilicaksu ve Delicegiiney koyleri ortak mezarligi, 530 m, 39° 40' 00,8" K 29° 02' 27,1" D, 12.08.2014.
Harmancik; Cakmak koyili mezarligi, 770 m, 39° 44' 26,6" K 29° 07' 32,1" D, 12.08.2014.

Harmancik; Catalsogiit koyii, 705 m, 39° 44' 57,0" K 29° 09' 53,4" D, 12.08.2014.
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Sekil 1. Caligma alanmin haritas1 ve 6rneklerin toplandigi lokaliteler

3. Bulgular

Caligma alaninda belirlenen liken taksonlar1 alfabetik olarak siralanmis olup, bulundugu ilge, lokalite numaras,

substrat ve parantez i¢inde herbaryum (BULU) kayit numaralari ile birlikte verilmistir. Bursa ili i¢in yeni kayit olan
taksonlar (*) isareti ile belirtilmistir.

Anaptychia ciliaris (L.) Korb. ex A. Massal.

Biiyiikorhan - 1, Quercus sp., (16525).

Aspicilia cinerea (L.) Korb.

Harmancik - 61, silisli kaya, (17670).

Aspicilia desertorum (Kremp.) Mereschk.

Biiyiikorhan - 28, silisli kaya, (17427).

Athallia holocarpa (Hoffm.) Arup, Frodén & Sechting
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Biiyiikorhan - 2, 5, 24, Quercus sp., (16905, 17038, 17374), Harmancik - 44, Kkalkerli kaya, (17552), Quercus sp.,
(17548), 61, Quercus sp., (17666).
* Athallia inconnexa (Nyl.) S.Y. Kondr. & L6kos
Harmancik - 43, kalkerli kaya, (17538).
* Bagliettoa calciseda (DC.) Gueidan & CI. Roux
Harmancik - 44, kalkerli kaya, (17554).
Blastenia ferruginea (Huds.) A. Massal.
Biiyiikorhan - 6, 9, 10, Quercus sp., (17178, 17250, 17265), 21, Pinus sp., (17363), Harmancik - 53, Pinus sp., (17617).
Bryoria fuscescens (Gyeln.) Brodo & D. Hawskw.
Harmancik - 47, Quercus sp., (17572).
Buellia griseovirens (Turner & Borrer ex Sm.) Almb.
Biiyiikorhan - 39, Quercus cerris, (17949).
Caloplaca cerina (Hedw.) Th. Fr.
Biiyiikorhan - 13, Prunus avium (17307), 27, Morus sp., (17407), Harmancik - 54, Pyrus sp., (17629).
* Caloplaca haematites (Chaub. ex St.-Amans) Zwackh
Biiyiikorhan - 2, Morus sp., (16897).
Candelaria concolor (Dicks.) Stein
Biiyiikorhan - 4, Platanus sp., (16938), 8, Prunus dulcis, (17237), Pyrus sp., (17238), 11, Morus sp., (17274), 12,
Morus sp., (17284), Pyrus sp., (17283), 13, 19, 35, Prunus dulcis, (17306, 17351, 17461), 14, Quercus sp., (17312), 16,
Cedrus sp., (17327), Quercus sp., (17325), Harmancik - 40, Cedrus sp., (17502), 50, 54, Pyrus sp., (17603, 17630).
Candelariella aurella (Hoffm.) Zahlbr.
Harmancik - 41, kalkerli kaya, (17504).
Chrysothrix candelaris (L.) J.R. Laundon
Biiyiikorhan - 1, Quercus sp., (16726).
Circinaria calcarea (L.) A. Nordin, Savi¢ & Tibell
Biiyiikorhan - 27, kalkerli kaya, (17404), Harmancik - 43, 52, 53, kalkerli kaya, (17539, 17613, 17624).
* Circinaria hoffmanniana (S. Ekman & Froberg ex R. Sant.) A. Nordin
Harmancik - 45, 46, kalkerli kaya, (17562, 17567).
Cladonia fimbriata (L.) Fr.
Biiyiikorhan - 3, 17, Pinus sp., (16924, 17329), 26, silisli kaya, (17392), 38, Pinus sp., (17481), silisli toprak, (17480).
Diplotomma alboatrum (Hoffm.) Flot.
Biiyiikorhan - 32, Morus sp., (17448).
Diplotomma epipolium (Ach.) Arnold
Harmancik - 43, kalkerli kaya, (17540).
Evernia prunastri (L.) Ach.
Biiyiikorhan - 2, Pyrus sp., (16914), Quercus sp., (16906), 3, 17, 21, Pinus sp., (16925, 17330, 17364), Quercus sp.,
(16932, 17337, 17359), 5, 6, 7, 11, 12, 14, 18, 24, 25, 26, 30, Quercus sp., (17039, 17179, 17229, 17275, 17287, 17313,
17343, 17375, 17387, 17396, 17435), 9, Malus sp., (17243), Populus sp., (17240), Quercus sp., (17251), 20, Prunus
dulcis, (17354), 28, 38, Pinus sp., (17414, 17482), 39, Quercus cerris (17951), Harmancik - 41, Prunus sp., (17511),
Quercus sp., (17515), 47, Pinus sp., (17568), Quercus sp., (17573), 48, 52, 56, 61, Quercus sp. (17590, 17608, 17643,
17667), 53, 63, Pinus sp., (17618, 17677), 55, Juniperus sp., (17637), Quercus sp., (17640).
Gallowayella fulva (Hoffm.) S.Y. Kondr. et al.
Biiyiikorhan - 4, Platanus sp., (16940), 10, Quercus sp., (17269), 11, Populus sp., (17280), Harmancik - 54, Prunus sp.,
(17635).
Hafellia disciformis (Fr.) Marbach & H. Mayrhofer
Harmancik - 53, Pinus sp., (17616), 55, Juniperus sp., (17636).
Hyperphyscia adglutinata (Florke) H. Mayrhofer & Poelt
Biiyiikorhan - 2, Morus sp., (16898), 3, Populus sp., (16930), 4, Cedrus sp., (16943), 16, Quercus sp., (17326).
Hypogymnia farinacea Zopf
Biiyiikorhan - 12, Quercus sp., (17288), 17, Pinus sp., (17331), 34, Prunus dulcis, (17457), 48, Juniperus sp., (17588),
Quercus sp., (17591), Harmancik - 39, Quercus cerris, (17952), 63, Pinus sp., (17678).
Hypogymnia physodes (L.) Nyl.
Biiyiikorhan - 3, 17, Pinus sp., (16926, 17332), 21, 26, Pinus sp., (17365, 17393), Quercus sp., (17360, 17397), 39,
Quercus cerris, (17953), Harmancik - 43, Quercus sp., (17534), 47, Pinus sp., (17569).
Hypogymnia tubulosa (Schaer.) Hav.
Biiyiikorhan - 2, Pyrus sp., (16915), 9, Malus sp., (17244), 17, 21, 26, Pinus sp., (17333, 17366, 17394), 39, Quercus
cerris, (17954), Harmancik - 43, 47, Quercus sp., (17535, 17574), 53, Pinus sp., (17619).
Lasallia pustulata (L.) Mérat
Biiyiikorhan - 7, 12, silisli kaya, (17235, 17299).
Lathagrium cristatum (L.) Otalora, P.M. Jorg. & Wedin
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Harmancik - 43, kalkerli kaya, (17541).

Lathagrium fuscovirens (With.) Otalora, P.M. Jerg. & Wedin
Biiyiikorhan - 34, kalkerli kaya, (17460).

Lecania naegelii (Hepp) Diederich & van den Boom
Biiyiikorhan - 10, Quercus sp., (17266).

Lecania rabenhorstii (Hepp) Arnold
Harmancik - 45, kalkerli kaya, (17563).

Lecanora argentata (Ach.) Malme
Biiyiikorhan - 27, 31, Morus sp., (17408, 17445).

Lecanora campestris (Schaer.) Hue
Harmancik - 46, kalkerli kaya, (17566).

Lecanora carpinea (L.) Vain.
Biiyiikorhan - 2, Juglans sp., (16901), Morus sp., (16899), Quercus sp., (16907), 3, 4, 5, 6, 11, 14, 24, 26, 29, 33, 36,
Quercus sp., (16933, 16947, 17040, 17179, 17276, 17314, 17376, 17398, 17429, 17451, 17464), 10, Morus sp.,
(17262), 22, Prunus dulcis, (17370), 25, Juglans sp., (17384), 30, Cydonia oblonga, (17432), Quercus sp., (17436),
Harmancik - 47, 52, 56, 62, 63, Quercus sp., (17575, 17609, 17644, 17673, 17681), 53, Pinus sp., (17620).

Lecanora chlarotera Nyl.
Biiyiikorhan - 2, 5, 6, 9, 15, 17, Quercus sp., (16908, 17041, 17180, 17253, 17319, 17338), 25, Juglans sp., (17385),
Quercus sp., (17388), 27, Morus sp., (17409), 39, Quercus cerris, (17955), Harmancik - 42, Salix sp., (17522), 44,
Juniperus sp., (17545), Quercus sp., (17549), 45, 48, Quercus sp., (17559, 17598), 55, Juniperus sp., (17638), 64,
Juglans sp., (17686).

* Lecanora handelii J. Steiner
Harmancik - 44, silisli kaya, (17555).

Lecanora pulicaris (Pers.) Ach.
Harmancik - 47, 58, Quercus sp., (17576, 17655).

Lecanora subcarpinea Szatala
Biiyiikorhan - 18, Quercus sp., (17344), 39, Quercus cerris, (17956).

Lecidea fuscoatra (L.) Ach.
Biiyiikorhan - 28, silisli kaya, (17423).

Lecidea lapicida var. lapicida (Ach.) Ach.
Biiyiikorhan - 7, 28, silisli kaya, (17236, 17424).

Lecidella carpathica Korb.
Biiyiikorhan - 22, 37, silisli kaya, (17369, 17474).

Lecidella elaeochroma (Ach.) M. Choisy
Biiyiikorhan - 1, 5, 14, 18, 24, 26, 28, 30, 36, Quercus sp., (16727, 17042, 17315, 17345, 17377, 17399, 17416, 17437,
17465), 4, Cedrus sp., (16941), 10, Morus sp., (17264), Quercus sp., (17267), 11, Populus sp., (17281), Quercus sp.,
(A7277), 12, 27, 31, 32, Morus sp., (17285, 17410, 17446, 17449), 23, Acacia sp., (17372), 29, 35, Prunus dulcis,
(17430, 17462), 39, Quercus cerris, (17957), Harmancik - 40, Cedrus sp., (17503), 44, 55, Juniperus sp., (17546,
17639), 47, 52, 58, 62, 63, Quercus sp., (17577, 17610, 17656, 17674, 17682), 49, Populus sp., (17601), 60, Prunus
dulcis, (17663).

Lepra albescens (Huds.) Hafellner
Biiyiikorhan - 15, 28, Quercus sp., (17321, 17418), Harmancik - 45, 48, Quercus sp., (17560, 17494).

Lepra amara (Ach.) Hafellner
Harmancik - 45, Quercus sp., (17561).

* Leproplaca cirrochroa (Ach.) Arup, Frodén & Sechting
Biiyiikorhan - 14, kalkerli kaya, (17318), Harmancik - 41, kalkerli kaya, (17506).

* Lobothallia recedens (Taylor) A. Nordin, Savi¢ & Tibell
Biiyiikorhan - 6, silisli kaya, (17189).

Melanelixia subaurifera (Nyl.) O. Blanco et al.
Biiyiikorhan - 2, 9, Malus sp., (16902, 17245), 6, Quercus sp., (17182), 39, Quercus cerris, (17958), Harmancik - 41,
Prunus sp., (17512), Quercus sp., (17516).

Melanohalea elegantula (Zahlbr.) O. Blanco et al.
Biiyiikorhan - 1, 10, 12, Quercus sp., (16728, 17268, 17289), 6, silisli kaya, (17190), Harmancik - 39, Quercus cerris,
(17960), 41, Quercus sp., (17517).

Melanohalea exasperata (De Not.) O. Blanco et al.
Biiyiikorhan - 12, silisli kaya, (17300), 24, Quercus sp., (17378), Harmancik - 42, Prunus sp., (17521).

Melanohalea exasperatula (Nyl.) O. Blanco et al.
Biiyiikorhan - 39, Quercus cerris, (17961), Harmancik - 47, 55, Quercus sp., (17578, 17641).

Myriolecis crenulata (Ach.) Sliwa, Zhao Xin & Lumbsch
Harmancik - 41, kalkerli kaya, (17505).
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Myriolecis hagenii (Ach.) Sliwa, Zhao Xin & Lumbsch
Biiyiikorhan - 2, 10, 13, Morus sp., (16900, 17263, 17310), Harmancik - 64, Morus sp., (17684).

Parmelia sulcata Taylor
Biiyiikorhan - 2, Pyrus sp., (16916), 5, 7, 10, 11, 12, 14, 18, 30, Quercus sp., (17043, 17230, 17254, 17278, 17290,
17316, 17346, 17438), 9, Malus sp., (17246), Quercus sp., (17254), 17, Pinus sp., (17334), Quercus sp., (17339), 34,
Prunus dulcis, (17458), 39, Quercus cerris, (17962), Harmancik - 41, Prunus sp., (17513), Quercus sp., (17518), 45,
Prunus sp., (17557), 47, 48, 55, 56, Quercus sp., (17579, 17592, 17642, 17645).

Parmelina carporrhizans (Taylor) Hale
Harmancik - 41, 47, Quercus sp., (17519, 17580).

Parmelina quercina (Willd.) Hale
Biiyiikorhan - 5, 12, 24, 30, 38, Quercus sp., (17044, 17291, 17379, 17439, 17485), Harmancik - 41, 48, Quercus sp.,
(17520, 17593).

Parmelina tiliacea (Hoffm.) Hale
Biiyiikorhan - 1, 12, 15, 25, 28, 29, 33, 36, Quercus sp., (16729, 17292, 17320, 17389, 17417, 17428, 17452, 17466),
39, Quercus cerris, (17963), Harmancik - 45, Prunus sp., (17558), 47, Pinus sp., (17570), 54, Morus sp., (17632), 56,
Quercus sp., (17646), 58, Juniperus sp., (17658), Quercus sp., (17657), 60, Prunus dulcis, (17664).

Pertusaria flavida (DC.) J.R. Laundon
Biiyiikorhan - 39, Quercus cerris (17964).

Phaeophyscia orbicularis (Neck.) Moberg
Harmancik - 54, Morus sp., (17633), 64, Juglans sp., (17687).

Physcia adscendens (Fr.) H. Olivier
Biiyiikorhan - 1, silisli kaya, (16736), 2, Malus sp., (16903), Quercus sp., (16909), 3, 4, 7, 24, 30, 36, 37, Quercus sp.,
(16934, 16945, 17231, 17380, 17440, 17467, 17477), 9, Malus sp., (17247), 13, Morus sp., (17311), 39, Quercus cerris,
(17965), Harmancik - 41, 53, kalkerli kaya, (17507, 17625), 43, Juniperus sp., (17528), 51, Pinus sp., (17604), Prunus
sp., (17606), 62, Quercus sp., (17675).

Physcia aipolia (Ehrh. ex Humb.) Fiirnr.
Biiyiikorhan - 1, 9, Populus sp., (16734, 17242), 2, Malus sp., (16904), 6, 10, 12, 24, 37, Quercus sp., (17183, 17271,
17293, 17381, 17478), 13, Prunus avium, (17308), 27, 34, Morus sp., (17411, 17455), Harmancik - 41, Prunus dulcis,
(17509), 42, Juglans sp., (17524), Populus sp., (17526), Quercus sp., (17550), 59, Morus sp., (17661), 60, Quercus sp.,
(17665), 64, Juglans sp., (17688).

Physcia leptalea (Ach.) DC.
Biiyiikorhan - 2, Pyrus sp., (16917), Harmancik - 47, 61, Quercus sp., (17581, 17668), 53, silisli kaya, (17628).

Physcia tenella (Scop.) DC.
Biiyiikorhan - 36, Quercus sp., (17468).

Physconia distorta (With.) J.R. Laundon
Biiyiikorhan - 10, Quercus sp., (17272), Harmancik - 42, Salix sp., (17523).

Physconia enteroxantha (Nyl.) Poelt
Biiyiikorhan - 1, 18, 28, 36, Quercus sp., (16731, 17347, 17419, 17469), 4, Platanus sp., (16939), 19, 29, Prunus dulcis,
(17352, 17431), 39, Quercus cerris, (17966), Harmancik - 48, Quercus sp., (17595).

Physconia grisea (Lam.) Poelt
Biiyiikorhan - 12, Morus sp., (17286), Harmancik - 42, Juglans sp., (17525).

Physconia perisidiosa (Erichsen) Moberg
Biiyiikorhan - 27, Pyrus sp., (17405), 36, Quercus sp., (17470), Harmancik - 54, Pyrus sp., (17631), 58, Juniperus sp.,
(17659).

Placynthium nigrum (Huds.) Gray
Harmancik - 52, kalkerli kaya, (17614).

Platismatia glauca (L.) W.L. Culb. & C.F. Culb.
Biiyiikorhan - 3, 17, 38, Pinus sp., (16927, 17335, 17483), 39, Quercus cerris, (17967).

Pleurosticta acetabulum (Neck.) Elix & Lumbsch
Biiyiikorhan - 2, Juglans sp., (16922), Pyrus sp., (16918), Quercus sp., (16910), 3, Pinus sp., (16928), 5, 6, 7, 9, 10, 11,
12, 14, 15, 17, 18, 24, 25, 26, 28, 30, 33, 36, Quercus sp., (17045, 17184, 17232, 17255, 17273, 17279, 17294, 17317,
17322, 17340, 17348, 17382, 17390, 17400, 17420, 17441, 17453, 17471), 27, Morus sp., (17412), Pyrus sp., (17406),
39, Quercus cerris, (17968), Harmancik - 43, 44, 47, 48, 56, Quercus sp., (17536, 17551, 17582, 17596, 17647), 46,
Prunus sp., (17565), 64, Juglans sp., (17689).

Protoparmeliopsis muralis (Schreb.) M. Choisy
Biiyiikorhan - 6, 31, 37, silisli kaya, (17191, 17447, 17475), Harmancik - 43, kalkerli kaya, (17542), Pinus sp., (17531),
57, 61, silisli kaya, (17651, 17671).

Pseudevernia furfuracea var. ceratea (Ach.) D. Hawksw.
Biiyiikorhan - 18, Quercus sp., (17349), 28, Pinus sp., (17415), Quercus sp., (17442), Harmancik - 43, 47, 63, Pinus sp.,
(17532, 17571, 17679), 48, Juniperus sp., (17589).
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Pseudevernia furfuracea var. furfuracea (L.) Zopf.
Biiyiikorhan - 2, 5, 6, 7, 9, 12, Quercus sp., (16911, 17046, 17185, 17233, 17256, 17295), 3, 17, 30, 38, Pinus sp.,
(16929, 17336, 17434, 17484), 20, 34, Prunus dulcis, (17355, 17459), 21, 26, Pinus sp., (17367, 17395), Quercus sp.,
(17361, 17401), 39, Quercus cerris, (17969), Harmancik - 43, Juniperus sp., (17529), Pinus sp., (17533), Quercus sp.,
(17537), 47, 48, 52, 56, Quercus sp., (17587, 17597, 17611, 17648), 53, 63, Pinus sp., (17621, 17680).

Ramalina canariensis J. Steiner
Biiyiikorhan - 39, Quercus cerris, (17970).

Ramalina capitata (Ach.) Nyl.
Biiyiikorhan - 12, Quercus sp., (17296), silisli kaya, (17301).

Ramalina farinacea (L.) Ach.
Biiyiikorhan - 2, Pyrus sp., (16919), 3, 5, 6, 12, 15, 18, 21, 26, 30, Quercus sp., (16935, 17047, 17186, 17297, 17323,
17350, 17362, 17402, 17443), 9, Malus sp., (17248), Quercus sp., (17257), 20, Prunus dulcis, (17356), 39, Quercus
cerris, (17971), Harmancik - 41, Prunus sp., (17514), 47, 48, 52, Quercus sp., (17583, 17600, 17612), 53, Pinus sp.,
(17622).

Ramalina fastigiata (Pers.) Ach.
Harmancik - 47, 63, Quercus sp., (17584, 17683).

Ramalina fraxinea (L.) Ach.
Biiyiikorhan - 1, 3, 5, 7, 15, 17, 25, 26, 33, 36, Quercus sp., (16732, 16936, 17048, 17234, 17324, 17341, 17391, 17403,
17454, 17472), 2, Pyrus sp., (16920), Quercus sp., (16912), 9, Malus sp., (17249), Quercus sp., (17258), 20, Prunus
dulcis, (17357), 30, Cydonia oblonga, (17433), Quercus sp., (17444), 39, Quercus cerris, (17972), Harmancik - 47, 56,
Quercus sp., (17585, 17649).

Rhizocarpon geographicum (L.) DC.
Biiyiikorhan - 28, silisli kaya, (17425), Harmancik - 44, 57, silisli kaya, (17556, 17652).

Rhizocarpon reductum Th. Fr.
Biiyiikorhan - 37, silisli kaya, (17476).

Rinodina exigua Gray
Biiyiikorhan - 28, Quercus sp., (17421), 39, Quercus cerris, (17973).

Rinodina lecanorina (A.Massal.) A.Massal.
Harmancik - 43, kalkerli kaya, (17543).

Rinodina pyrina (Ach.) Arnold
Biiyiikorhan - 1, 6, Quercus sp., (16733, 17188).

Rinodina sophodes (Ach.) A.Massal.
Biiyiikorhan - 4, Cedrus sp., (16942), 23, Acacia sp., (17373), 32, Morus sp., (17450), Harmancik - 58, Acacia sp.,
(17660).

* Scytinium parvum (Degel.) Otalora, P.M. Jorg. & Wedin
Harmancik - 44, kalkerli kaya, (17553).

* Staurothele hymenogonia (Nyl.) Th. Fr.
Harmancik - 53, kalkerli kaya, (17626).

Strangospora moriformis (Ach.) Stein
Biiyiikorhan - 39, Quercus cerris (17974).

Tephromela atra (Huds.) Hafellner
Biiyiikorhan - 6, 12, silisli kaya, (17192, 17303), 28, Quercus sp., (17422).

Umbilicaria polyphylla (L.) Baumg.
Biiyiikorhan - 12, silisli kaya, (17304).

Usnea hirta (L.) F.H. Wigg.
Biiyiikorhan - 2, Pyrus sp., (16923), 9, 12, Quercus sp., (17259, 17298), 21, Pinus sp., (17368), 39, Quercus cerris,
(17975), Harmancik - 47, 56, Quercus sp., (17586, 17650), 53, Pinus sp., (17623).

Usnea subfloridana Stirt.
Harmancik - 48, Quercus sp., (17599).

Verrucaria nigrescens Pers.
Harmancik - 45, 52, 53, kalkerli kaya, (17564, 17615, 17627).

Xanthoparmelia pulla (Ach.) O. Blanco et al.
Biiyiikorhan - 28, silisli kaya, (17426), Harmancik - 61, silisli kaya, (17672).

Xanthoparmelia tinctina (Maheu ve A.Gillet) Hale
Biiyiikorhan - 12, silisli kaya, (17305), Harmancik - 57, silisli kaya, (17653).

Xanthoria parietina (L.) Th. Fr.
Biiyiikorhan - 1, 8, 10, 11, Populus sp., (16735, 17239, 17261, 17282), 2, Pyrus sp., (16921), Quercus sp., (16913), 3,
Prunus sp., (16931), 4, Cedrus sp., (16944), Prunus sp., (16937), Quercus sp., (16946), 9, 24, 36, 37, 38, Quercus sp.,
(17260, 17383, 17473, 17479, 17486), 13, Prunus avium, (17309), 16, Cedrus sp., (17328), 18, 19, 20, 22, Prunus
dulcis, (17342, 17353, 17358, 17371), 25, Juglans sp., (17386), 27, 34, Morus sp., (17413, 17456), Harmancik - 41,
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kalkerli kaya, (17508), Prunus dulcis, (17510), 42, Populus sp., (17527), 43, Juniperus sp., (17530), kalkerli kaya,
(17544), 44, Juniperus sp., (17547), 49, Malus sp., (17602), 51, Pinus sp., (17605), Prunus sp., (17607), 54, 58, 64,
Morus sp., (17634, 17662, 17685), 57, Juglans sp., (17654), 61, 62, Quercus sp., (17669, 17676).

4. Sonugclar ve tartisma

Bu caligmada Bursa ilinin ve Tiirkiye nin liken c¢esitliligini belirlemeye yonelik galismalara katki saglamasi
amaciyla, 64 farkli lokaliteden toplanan liken 6rneklerinin degerlendirilmesi sonucunda, 54 cinse ait 94 liken taksonu
belirlenmistir. Biiyiikorhan ilgesinden 70, Harmancik il¢esinden 67 takson kaydedilmistir. Literatiir bilgilerine gore
Harmancik ilgesinden daha 6nce liken kaydi verilmedigi igin belirlenen taksonlarin tamami yeni kayit durumundadir.
Biiyiikorhan ilgesinden ise 41 takson ilk kez kaydedilmistir.

Caligma alaninda takson sayis1 bakimindan en zengin cinsler; Lecanora (7 takson), Ramalina (5 takson),
Physcia (4 takson), Physconia (4 takson) ve Rinodina (4 takson) olarak bulunmustur. Evernia prunastri, Lecanora
carpinea, L. chlarotera, Lecidella elaeochroma, Parmelia sulcata, Parmelina tiliacea, Physcia adscendens, P. aipolia,
Pleurosticta acetabulum, Pseudevernia furfuracea var. furfuracea, Ramalina farinacea, R. fraxinea ve Xanthoria
parietina ¢aligma alaninda en genis yayilish taksonlardir.

Bu ¢alismada liken 6rnekleri 12 genis yaprakl (yaprak doken) agac tiirii, 3 igne yaprakli (herdem yesil) agag
tiirii, 2 kaya tiirli ve 1 toprak olmak iizere toplamda 18 farkli substrat iizerinden toplanmistir. Quercus cinsine ait agac
tiirleri iilkemizde genis bir yayilisa sahiptir ve govde kabuk yapilar1 epifitik likenlerin gelisimine olduk¢a uygundur
[20]. Calisma alanininda da en fazla 6rnek toplanan ve buna bagli olarak en ¢ok sayida liken taksonu belirlenen
substratlarin Quercus agaglari oldugu goriilmektedir.

Caligma alaninda belirlenen taksonlar morfolojik yapilarina gore degerlendirildiginde; 48 takson ile kabuksu
yapidaki likenlerin ilk sirada yer aldigi goriilmektedir. Bunu 32 taksonla yapraks: tiirler, 13 takson ile dals1 tiirler
izlemekte olup, 1 takson ise leproz formdadir.

Tayin edilen taksonlar substrat tercihleri bakimindan degerlendirildiginde epifitik olarak geligsenler 54 takson
ile ilk sirada iken, saksikol tiirler 30 takson sayisi ile ikinci siradadir. Hem epifitik hem de saksikol olan 9 takson,
epifitik, saksikol ve terrikol olarak ii¢ farkli substrat tizerinde gelisen ise 1 takson bulunmustur.

Saksikol yapidaki taksonlarm silisli ve kalkerli kayalar {izerinde gelisimi % 47,5 ile esit oranda iken, her iki
kayag tipi iizerinde geligenler ise % 5 lik bir oranda bulunmustur. Epifitik olarak gelisen taksonlarin dagiliminda genis
yaprakli (yaprak doken) agaclar iizerinde geligsen likenlerin % 62,5 ile dominant oldugu goriilmektedir. Buna karsin,
igne yaprakli (herdem yesil) agaglar iizerinde bulunan taksonlarm orani % 31,25, her iki tip substrat iizerinde geligim
gosteren taksonlar ise % 6,25 oraninda oldugu tespit edilmistir.

Xanthoria parietina, Phaeophyscia orbicularis, Physcia adscendens, P. leptalea, P. tenella, Physconia
enteroxantha, P. grisea ve P. perisidiosa gibi nitrofil tirler [13] ¢alisma alaninda siklikla gézlenmistir. Liken
orneklerinin toplandigi lokalitelerin mezarlik ¢evresi, yol kenar1 ve tarimsal alanlara yakinligi bu nitrofil tiirlerin yaygn
bir sekilde gelisimine imkan saglamaktadir.
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Abstract

To determine the effect of different row spaces on the yield, yield component and quality characteristics of
Pimpinella anisum L., the field experiments were carried out in University of Eskisehir Osmangazi, Agricultural
Faculty using randomized complete block design with three replications in 2017 and 2018. The row spaces used in the
field experiments were 10, 20, 30, 40, 50 and 60 cm. The effect of different row spaces on plant height (cm), number of
branches with umbels per plant, 1000 seed weight (g), seed yield (t ha™*), essential oil content (%), essential oil yield (L
ha?) and essential oil composition of anise was determined in this study. Generally, increasing row spaces reduced the
plant height while increasing number of branches with umbels per plant. The highest seed and essential oil yields were
determined in 30 cm and 20 cm row spaces as 0.79 t ha® and 21.08 L ha, respectively. Essential oil contents obtained
from the experiment varied between 2.37% and 3.06%, and it was observed that essential oil contents are above the 2%
limit stated in the European pharmacopoeia. The anise essential oil samples were characterized by the occurrence of 17
various components, of which cuminaldehyde (33.745-37.098%), p-cymene (14.643-16.865%), y-terpinene-7-al
(10.590-13.407%), y-terpinene (9.587-11.986%) and B-pinene (8.606-10.461%) were the main components. When the
results obtained from the experiment were evaluated, it was observed that the most appropriate row spacing for anise
cultivation under Eskisehir Ecological condition was 30 cm.

Key words: Anise (Pimpinella anisum L.), essential oil composition, quality, row spacing, yield

*

Eskisehir ekolojik kosullarinda farkl sira araliklariin Anason (Pimpinella anisum) verimi ve kalitesi iizerine
etkisi

Ozet

Farkli sira araliklarmin Pimpinella anisum L.'nin verim, verim komponentleri ve kalite 6zellikleri tizerindeki
etkisini belirlemek i¢in arazi calismalari, Eskisehir Osmangazi Universitesi Ziraat Fakiiltesi'nde 2017 ve 2018 yillarinda
Tesadiif Bloklar1 Deneme Desenine gore ii¢ tekerriirli olarak yiiriitiilmiistiir. Tarla denemelerinde kullanilan sira
araliklar1 10, 20, 30, 40, 50 ve 60 cm’dir. Bu ¢alismada, farkli sira araliklarinin anasonun bitki boyu (cm), bitki basina
semsiyeli dal sayis1, 1000 tohum agirligi (g), tohum verimi (t ha), ugucu yag orani (%), ugucu yag verimi (L ha) ve
ucucu yag kompozisyonu belirlenmistir. Genel olarak, artan sira araliklar1 bitki bagina semsiyeli dal sayisini artirirken,
bitki boyunu azaltmistir. En yiliksek tohum ve ugucu yag verimleri 30 cm ve 20 cm sira araliklarindan sirastyla 0.79 t ha
! ve 21.08 L ha?l olarak belirlenmistir. Calismadan elde edilen ugucu yag oranlar1 % 2.37 ile % 3.06 arasinda
degismekte olup, ugucu yag oranlarmin Avrupa farmakopesinde belirtilen % 2 sinirmin {izerinde oldugu goriilmiistiir.
Anason ugucu yag orneklerinde 17 farkli komponent tespit edilmis olup, ana komponentler cuminaldehit (% 33.745-
37.098), p-cymene (% 14.643-16.865), y-terpinen-7-al (% 10.590-13.407), y-terpinen (% 9.587-11.986) ve B-pinen (%
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8.606-10.461)’dir. Calismadan elde edilen sonuglar degerlendirildiginde, Eskisehir Ekolojik kosullari altinda anason
yetistiriciligi i¢in en uygun sira araligimin 30 cm oldugu goézlenmistir.

Anahtar kelimeler: Anason (Pimpinella anisum L.), ugucu yag kompozisyonu, kalite, sira aras1 mesafe, verim
1. Introduction

Anise (Pimpinella anisum L.), belonging to the Umbelliferae (Apiaceae) family with around 300 genera and
3000 species, is an annual aromatic herb [1, 2]. Anise is a plant with natural distribution in the Mediterranean basin and
Southwest Asia [1, 3]. It is an herbaceous plant with a height of about 90 cm. The leaves on the lower part of the stem
are simple, 1.3-5.1 cm long and shallow lobed, while the leaves on the upper part of the stem are hairy pinnate and
divided into numerous leaflets. The plant with umbellate inflorescences has flowers with approximately 3 mm in
diameter and white in color. Schizocarp fruits are 3-5 mm long [1, 4].

Plants have been the source of many medicines used in the treatment of both humans and animals since
ancient times. This showed that throughout history, people's relationship with plants has been not only about using them
as a source of food, but also as a source of medicine. Many scientific studies in recent years have shown that there were
many plant species used as a source of medicine. One of these plants used for medicinal purposes was anise (Pimpinella
anisum L.) belonging to the Umbelliferae family. The plant has been used in the folk medicine of many countries
(especially the fruits of the plant) as carminative, gastric protection, aromatic, disinfectant and galactagogue. To date,
numerous different scientific studies have been conducted on anise seeds and have been reported to have antimicrobial,
antifungal, antiviral, antioxidant, muscle relaxant, painkiller and anti-spasmodic effects as well as different effects on
the digestive system [3, 5]. Today, anise is an important raw material used in pharmacy, perfumery, food and cosmetic
industries [1]. It also has the effect of reducing of morphinism and is effective against menstrual pain in women and
high fever in menopausal women. For diabetics, anise seeds not only decrease glucose value and lipid level in blood but
also decrease lipid peroxidation [5]. In addition, anise is used to impart flavor and aroma to different products such as
seafood, ice cream, desserts and chewing gum in the food industry [3]. Anise essential oil and its tea are used as a
natural asthma medication as well as being used to relieve the shortness of breath in aromatherapy. Also, anise essential
oil is used in the treatment of itching caused by lice and other insects, as well as to eliminate head and body lice.
Ointments derived from the essential oil of the plant are used externally in the treatment of scabies [1].

The quality of the anise seed is determined by the proportion of the essential oil and the composition of the
essential oil [1]. The composition of the anise seed varies significantly depending on the origin and cultivation method.
These values for anise seed were as follows; moisture: 9-13%, protein: 18%, oil ratio: 8-23%, essential oil: 1.5-7.0%
(on average around 2-3%), starch: 5%, N-free extract: 22-28%, crude fiber: 12-25% [2, 3]. According to European
pharmacopoeia, anise seeds to be used as medicines must contain at least 2% of essential oil [1]. The most important
compounds of the essential oil that make up 1.5-7% of the anise seed were trans-anethol, estragolle, y-hymachalene,
paraanisaldehyde and methyl cavicol [4, 5, 6]. Some studies showed that the most important compound of anise
essential oil, trans-anetholhe, constituted 80-90% of essential oil [1, 3].

In cultivated plants, optimum plant density varies widely depending on the environment conditions,
agronomic practices and cultivars used. The optimum number of plants in the unit area and the uniform distribution of
these plants are of great importance in obtaining sufficient yield and high quality products. Row spacing is one of the
important factors affecting the yield and quality of medicinal aromatic plants [7]. Scientific studies had shown that the
content and chemical composition of the essential oil of medicinal and aromatic plants was influenced by a number of
factors such as genetic, ontogenetic and environmental factors, as well as agronomic (plant density, fertilization,
irrigation, cultivation and harvesting methods) applications [8, 9, 10].

The aim of this study was to determine the most suitable row spacing for anise cultivation under Eskisehir
ecological conditions.

2. Materials and Methods

The study was carried out at the experimental fields of Eskisehir Osmangazi University Agricultural Faculty
during crop growing period of 2017 and 2018. The plant material used in the experiment was obtained from a farmer
cultivating anise in Burdur province. The plant material containing plants with different genetic makeup was not
cultivar and had a population characteristic. The properties of the experimental soils were given in Table 1. Soil
characteristics in 2017 and 2018 were: loamy, pH 7.18 and 7.53, lime 5.55% and 5.32%, salt 0.035 ds m™ and 0.042 ds
m, organic matter 2.43% and 2.82%, phosphorus 59.6 kg ha* and 66.1 kg ha® and potassium 1952.8 kg ha* and
2482.7 kg hat. There are no restrictions on the growth of the anise plant in the soil of the experiment area.
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Table 1. Some physical and chemical properties of soils in experimental fields*

Lime Salt Available Available Organic
Structure (%) (ds mY) Phosphorus Potassium pH Matter
(P205s) (kg ha't) (K20) (kg ha®)) (%)
Loamy (2017) 5.55 0.035 59.6 1952.8 7.18 243
Loamy (2018) 5.32 0.042 66.1 2482.7 753 282

*Soil analyze was carried out in Transitional Zone Agricultural Research Institute Soil-Plant-Water analysis and
Physiology laboratories

Mean temperature and total precipitation data were presented in Table 2. Total annual precipitation in long-
term period was 338.8 mm, whereas this value was higher both in 2017 (374.4 mm) and in 2018 (411.8 mm). Also, the
mean temperature for long-term period was lower than the mean temperature values for both 2017 and 2018. Mean
temperature in 2017 and 2018 were 11.29 °C and 12.50 °C, respectively.

Table 2. Meteorological data of the experiment years*

Months Total Precipitation (mm) Mean Temperature (°C)
2017 2018 LYA** 2017 2018 LYA**

January 33.00 30.00 30.6 -2.00 1.40 -0.2
February 9.20 28.80 26.1 1.90 5.60 0.9
March 16.20 49.80 27.6 7.60 8.90 4.9
April 62.00 16.80 43.1 9.60 13.60 9.6
May 50.80 72.00 40.0 14.40 16.40 14.9
June 44.80 60.60 23.7 19.10 19.30 19.1
July 13.40 42.00 13.1 23.10 21.90 22.1
August 31.40 19.30 9.2 22.00 22.70 21.8
September 3.00 3.80 18.1 19.60 18.30 16.7
October 46.60 30.10 32.8 10.80 13.00 11.7
November 27.80 18.60 34.0 5.50 7.40 5.6
December 36.20 40.00 40.5 3.90 1.7 1.7
Total/Mean 374.40 411.80 338.8 11.29 12.50 10.7

*Eskisehir Regional Meteorological Service; ** Long Year Mean

The experimental design was a randomized complete block design with three replications. Seeds were sown
by hand, with different row spaces (10, 20, 30, 40, 50 and 60 cm) at 2-3 cm depth on 15 April of 2017 and 23 April of
2018. Seeding was performed with a sowing rate of 20 kg ha™.

Each plot length was 5 m and consisted of 6 rows [11]. Weed control was made by hand when needed. No
irrigation was applied. The experimental plots were fertilized with a dose of 50 kg N and 40 kg P>Os per ha. A row was
removed from both sides of the plots as side effect and then the plants in the plots were harvested by hand on 9 July
2017 and 12 July 2018.

In order to determine the essential oil content, 100 g drug seed samples in 1.0 | water from each sample were
extracted by hydro-distillation for 3 hours using Clevenger apparatus according to the standard procedure described in
European Pharmacopoeia [12] for determining the oil content (v/w, %). Samples of essential oil obtained by water
distillation were stored in refrigerator at 4 © C until the composition analysis.

The essential oil compositions of the oil samples were analyzed by gas chromatography (Agilent 5975C)
coupled to mass spectrometry (Agilent 5975C) using capillary column (HP Innowax Capillary; 60.0 m x 0.25 mm x
0.25 pum). Helium was used as carrier gas at 0,8 ml min® flow rate. Essential oils were diluted 1:100 ratios with hexane
to analyze its composition. GC-MS analysis was carried out at split mode (40:1). The samples injection volume was
adjusted as 1 pl and injection temperature as 250 °C. The oven temperature was programmed as 60°C for 10 minutes,
increased at 4°C per minute to 220°C, and held at 220°C for 10 minutes. MS spectra were monitored between 35-450
amu and the ionization mode used was electronic impact at 70 eV. The relative percentage of the components was
calculated from GC-MS peak areas and components were identified by WILEY, and OIL ADAMS libraries. The
percentage ratios of the results were determined by using FID detector, the identification of the components were
determined by using MS detector.

The results obtained from the field experiments were subjected to analysis of variance using SPSS statistical
software program, and differences between mean values were compared via the Tukey (Tukey’s Honest Significant
Difference test) test.
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3. Results and Discussion

As with other cultivated plants, the yield and quality of the product to be obtained in medicinal aromatic
plants results from the interaction of the genetic makeup of the plant material with the ecological conditions of the
region and agronomic applications [13, 14, 15, 16, 17, 18]. For this reason, it is of great importance to determine the
most appropriate agronomic applications by the researches that will be carried out in order to produce high yield and
quality products in a region.

Plant height is mainly controlled by the genetic structure of the plant material. However, it can also be
affected by environmental factors and agronomic applications [13]. Years and different row spaces had a significant
impact on plant height values. However, row spaces x year interaction has not had a significant effect on this parameter.
The higher plant height value (48.89 cm) was obtained in 2018 compared to the mean value (46.77 cm) obtained in
2017. Compared with row spaces according to the mean value of two-year, the highest plant heights (53.93 and 52.17
cm) were counted in 10 and 20 cm row spaces, respectively. In general, a decrease in plant height values was detected
due to increasing row spacing (Table 3). This can be explained by the increased light competition between plants
depending on the decreasing row spacing [19].

Table 3. The effects of years and row spacing factors on mean values of yield components of anise

Plant Height Number of branches with
Row spaces
(cm) (cm) umbels per plant
2017 2018 Mean 2017 2018 Mean
10 52.23 55.62 53.93a 3.09 3.24 3.16d
20 50.93 53.41 52.17 ab 4.12 4.33 422 ¢
30 48.60 50.09 49.35 bc 4.99 5.27 5.13b
40 47.07 49.42 48.24 ¢ 5.72 6.09 5.90 a
50 43.90 45.70 44.80d 6.19 6.38 6.28 a
60 37.90 39.13 38.51e 6.35 6.50 6.43 a
Mean 46.77 B 48.89 A 47.83 5.08 B 530 A 5.19
E value Year: 453.586**; Row space: 58.510**; Year: 51.435*; Row space: 116.717*%;
Year x Row space: 0.291ns Year x Row space: 0.126ns
CV (%) 11.37 23.84
Row spaces 1000 seed weight (g) Seed yield (t ha)
(cm) 2017 2018 Mean 2017 2018 Mean
10 3.43 3.77 3.60 0.33 0.36 0.35¢c
20 3.50 3.72 3.61 0.72 0.76 0.74 a
30 3.32 3.63 3.47 0.76 0.82 0.79a
40 3.03 3.32 3.17 0.50 0.56 0.53b
50 3.12 3.42 3.27 0.28 0.29 0.28 cd
60 3.48 3.65 3.56 0.20 0.21 0.20d
Mean 3.31B 3.58 A 3.45 0.46 B 0.50 A 0.48
E value Year: 62.736*; Row space: 1.4950d; Year Year: 183.211**; Row space: 140.498**;
X Row space: 0.045ns Year x Row space: 0.208ns
CV (%) 11.72 47.73
Row space Essential oil content (%0) Essential oil yield (L ha't)
(cm) 2017 2018 Mean 2017 2018 Mean
10 2.40 2.73 2.57 be 8.05 9.83 8.94c
20 2.77 2.96 2.87 ab 19.73 22.43 21.08 a
30 2.37 2.58 248 ¢ 18.04 21.14 19.59 a
40 2.70 291 2.8lab 13.57 16.28 1493 b
50 2.83 2.96 290a 7.84 8.58 8.21 cd
60 2.73 3.06 2.90a 5.34 6.48 5.91d
Mean 2.63B 2.87 A 2.75 12.09 B 14.12 A 13.11
E value Year : 46.661*; Row space: 6.890**; Year Year. 93.061*; Row space: 119.670**;
X Row space: 0.319ns Year x Row space: 0.680ns
CV (%) 9.20 46.46

*: significant at the p<0.05 probability level, **: significant at the p<0.01 probability level, ns: not significant. a, b-
means for years and row spacing factors denoted with the same letter do not differ significantly acc. to the Tukey’s T
test.

The years and row spaces had a significant impact on the number of branches with umbels per plant and a
higher value (5.30) was determined in 2018 compared to 2017 (5.08). As the mean of two-year, the number of branches
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with umbels per plant ranged from 3.16 to 6.43 and the highest value was determined in 60 cm row space. However,
40, 50 and 60 cm row spacings were statistically in same post-hoc group (Table 3). Our findings in this parameter can
be explained by the increase in the space between the rows for the plants depending on the increasing row spacing.
Because the increasing gap between rows had an encouraging effect on branching in plants.

Only a significant difference between years was detected in terms of 1000 seed weight. As the mean of row
spaces, the 1000 seed weight was 3.31 g in 2017 and 3.58 g in 2018 (Table 3). The 1000 seed weight values obtained
from the study showed us that the changing row spacing did not have a significant effect on this parameter.

The years and row spaces had a significant effect on seed yield (t ha*). While mean seed yield was 0.46 t ha™
in 2017, It was 0.50 t ha™ in 2018. According to the mean of two-year, the seed yield ranged from 0.20 to 0.79t ha* and
the highest value was determined in 30 cm row space. However, in terms of seed yield, there was no statistically
significant difference between 20 cm and 30 cm row space (Table 3). These results are in agreement with those
obtained by [26].

Table 4. The effect of different row spaces on essential oil composition of anise

Row spaces

10 cm 20cm 30cm

R.T.  Composition % R.T. Composition % R.T. Composition %
11.10 a-Pinene 0.55 11.10 a-Pinene 0.41 11.10  a-Pinene 0.48
14.46  B-Pinene 10.46 14.46 pB-Pinene 8.61 14.46  B-Pinene 9.53
15.03  Sabinene 0.48 15.03  Sabinene 0.40 15.03  Sabinene 0.44
16.83  B-Myrcene 0.74 16.83 B-Myrcene 0.61 16.83  B-Myrcene 0.67
16.98 a-Phellandrene 2.85 16.98  a-Phellandrene 2.44 16.98  a-Phellandrene 2.65
18.47 Limonene 0.70 18.47 Limonene 0.66 18.47  Limonene 0.68
18.92  B-Phellandrene 0.76 18.92  B-Phellandrene 0.68 18.92  B-Phellandrene 0.72
20.48 y-Terpinene 11.99 20.47 y-Terpinene 9.59 20.47  y-Terpinene 10.79
21.57 p-Cymene 16.87 2157 p-Cymene 14.64 21.57 p-Cymene 15.75
32.67  B-Cyclocitral 1.19 32.67 B-Cyclocitral 1.07 32.67 B-Cyclocitral 1.13
36.38  p-Acoradiene 0.41 36.38  p-Acoradiene 0.35 36.38  B-Acoradiene 0.38
39.12 Cuminaldehyde 37.10 39.11 Cuminaldehyde 33.75 39.11 Cuminaldehyde 35.34
39.53 y-Terpinene-7-al 10.59 39.53 y-Terpinene-7-al 12.86 39.53 y-Terpinene-7-al 13.22
40.20  Anethole 1.69 40.19  Anethole 10.85 40.19  Anethole 6.27
45.21  Carotol 0.54 4521 Carotol 0.43 45.21  Carotol 0.48
46.84  Cumin alcohol 0.47 46.84  Cumin alcohol 0.44 46.84  Cumin alcohol 0.46
49.26  Carvacrol 0.52 49.25 Carvacrol 0.45 49.25 Carvacrol 0.49
Unidentified 211 1.78 0.53
Total 97.8 98.2 99.4

The most important quality criterion of anise plant, which is an important aromatic plant, is the essential oil
content. Because the essential oil rate is of great importance together with the composition of the essential oil in
determining the market price of anise product. Industry, which uses anise as raw material, wants the desired product to
have an essential oil ratio over a certain value. According to the European pharmacopoeia, this rate should contain at
least 2% essential oil for the anise seeds to be used as medicines [1]. It was determined that all the essential oil ratio
values obtained in this study were above the 2% level stated in the European pharmacopoeia. According to the mean of
two-year, the essential oil content values ranged from 2.48 to 2.90% and the highest value was determined in 50 and 60
cm row spaces. Although the essential oil contents obtained from 20 and 40 cm row spaces were slightly lower than the
values taken from 50 and 60 cm row spaces. The essential oil contents in 2017 and 2018 were determined as 2.63% and
2.87%, respectively (Table 3). Plant density, an important agronomic practice, affects the essential oil content by
changing the micro ecological conditions present for each plant [20, 21]. Our findings for the essential oil content are in
line with the others reported by [2], [3] and [6].

Years and row space had significant effects (P <0.05 and P <0.01, respectively) on essential oil yield. The
essential oil yield value (14.12 L ha) obtained in 2018 was higher than the data (12.09 L ha™) of 2017. According to
the mean of two-year, the essential oil yield ranged from 5.91 to 21.08 L ha™* and the highest value was determined in
20 cm row space that is in the same group with 30 cm row space (Table 3).

Results indicated that the effect of years was significant on plant height (cm), number of branches with
umbels per plant, 1000 seed weight (g), seed yield (t ha), essential oil content (%), essential oil yield (L ha'l). This can
be explained by the fact that climate factors such as precipitation, temperature and solar radiation change from year to
year. Because changing climate conditions affecting plant growth and development determine the yield and quality of
the product [15, 22]. In addition, the effect of row spacing was found to be significant on plant height (cm), number of
branches with umbels per plant, seed yield (t hal), essential oil content (%), essential oil yield (L ha). This can be
attributed to the change in plant microclimates due to varying row spacing [23, 24]. In the study, the sowing rate of 20
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kg ha! did not change. For this reason, increasing inter-row spaces increased the density of the plants on the row.
Excessive density occurring in the plants on the row affects the yield and quality negatively by increasing the
competition between plants. Inadequate plant density, on the other hand, affects the yield negatively since it prevents
obtaining sufficient plant stands. The highest yield and quality can be obtained from the plant density, which provides
the most suitable growth and development environment for each plant.

The peculiar smell and aroma therapeutic properties of each essential oil vary depending on the components
of the essential oil and the ratio of these compounds in the essential oil [25]. Therefore, knowing the composition of
essential oils is of great importance to determine the commercial value and using area of the essential oil.

In this experiment, the anise essential oils were characterized by the occurrence of 17 various components, of
which cuminaldehyde (33.745-37.098%), p-cymene (14.643-16.865%), y-terpinene-7-al (10.590-13.407%), y-terpinene
(9.587-11.986%) and B-pinene (8.606-10.461) were the main components. In anise essential oil, the main components
made up 79.438-87.00% of the total essential oil. The content of cuminaldehyde, which was found to be the highest
component in anise essential oil, was observed to change by 9.34% depending on the changing row spaces. Similarly,
depending on the changing row spaces, the changes in p-cymene, y-terpinene-7-al, y-terpinene and B-pinene ratios were
determined as 15.17%, 26.60%, 25.02% and 21.55%, respectively (Table 4).

Table 4. continued

Row spaces

40 cm 50 cm 60 cm

R.T.  Composition % R.T.  Composition % R.T.  Composition %
11.11  a-Pinene 0.51 11.11  a-Pinene 0.44 11.11  a-Pinene 0.47
14.47  B-Pinene 10.00 14.46 B-Pinene 9.07 14.46  B-Pinene 9.53
15.04  Sabinene 0.46 15.03  Sabinene 0.42 15.03  Sabinene 0.43
16.84  B-Myrcene 0.71 16.84 B-Myrcene 0.64 16.84  B-Myrcene 0.67
16.98 a-Phellandrene 2.75 16.98 a-Phellandrene 2.54 16.98  a-Phellandrene 2.64
18.48 Limonene 0.69 18.47 Limonene 0.67 18.47 Limonene 0.67
18.93  B-Phellandrene 0.74 18.92  B-Phellandrene 0.70 18.92  B-Phellandrene 0.71
20.48  y-Terpinene 11.39 20.47 y-Terpinene 10.19 20.47 y-Terpinene 10.78
21.57 p-Cymene 16.31 2157 p-Cymene 15.20 21.57 p-Cymene 15.75
32.68 p-Cyclocitral 1.16 32.67  B-Cyclocitral 1.10 32.67  B-Cyclocitral 1.12
36.39  B-Acoradiene 0.39  36.38 B-Acoradiene 0.37  36.38 B-Acoradiene 0.38
39.12  Cuminaldehyde 35.63 39.12 Cuminaldehyde 35.05 39.12 Cuminaldehyde 35.33
39.54  y-Terpinene-7-al 13.41 39.53 y-Terpinene-7-al 13.04 39.53 y-Terpinene-7-al 13.22
40.20  Anethole 3.98 40.19  Anethole 8.56 40.19  Anethole 6.27
45.21  Carotol 0.51 4521 Carotol 0.45 45.21  Carotol 0.48
46.84  Cumin alcohol 0.46 46.84  Cumin alcohol 0.45 46.84  Cumin alcohol 0.45
49.26  Carvacrol 0.50 49.26  Carvacrol 0.47 49.26  Carvacrol 0.48
Unidentified 0.41 0.65 0.61
Total 99.5 99.3 99.3

Many previous scientific studies have shown that besides agronomic applications, genetic and environmental
factors were effective on the chemical composition of essential oil of medicinal and aromatic plants [8, 9, 10]. The
results obtained from this study showed us that row space change, which was an important agronomic application in
medicinal aromatic plant cultivation, had an effect on the essential oil composition. The difference in the values of the
anise essential oil components obtained from the study compared to the composition determined in the previous studies
can be explained by the genetic differences of the plant materials used in the studies and the climatic differences of the
regions where the studies were conducted [1, 3, 5]. The difference between this study and previous studies, especially in
terms of the main component values of essential oil, can be explained by the difference in chemotype of the plant
materials used in the studies.

4. Conclusions and discussion

According to result of this research; mean of the two-years, the highest seed yield (0.79 t ha™') was determined
in 30 cm row spacing and highest essential oil yield (21.08 L ha') was obtained from the 20 cm row spacing
application. Although there was no statistically significant difference between the 20 and 30 cm row spacing in terms of
seed yield and essential oil yield; It may be recommended to sow in 30 cm row spacing for seed production and in 20
cm row spacing for essential oil production under Eskisehir ecological conditions. However, considering the fact that
the yield of 0.49 L ha® lower essential oil was obtained in the 30 cm row spacing compared to the 20 cm row spacing
and that these two values were statistically in the same group, sowing with 30 cm row spacing may be recommended for
both production purposes.
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Abstract

Jasmine flower (Jasminum flos) is sold in our country market due to its sedative effect and giving good taste to
teas. In this study, firstly, morphological and anatomical features of jasmine flos were determined over standard drog.
Then the use of drugs obtained from the market were compared with the standard sample properties. Morphological and
anatomical features of commercially available samples were compared with standard sample characteristics and jasmine
flower was examined in terms of public health. Jasmine samples were obtained from Ankara (7), Antalya, Edirne and
Tekirdag provinces. Based on the morphological and anatomical features of jasmine flowers, jasmine drugs obtained
from different provinces were compared. As a result of the study, it was seen that jasmine drugs were sold outdoors, not
collected at the right time and leaf pieces were mixed.

Key words: Oleaceae, Jasminum officinale, Jasminum flos, anatomy, morphology
*

Yasemin ci¢ceginin (Jasminum flos) morfolojik ve anatomik olarak incelenmesi, piyasa érneklerinin bilimsel
degerlendirilmesi

Ozet

Ulkemiz piyasasinda yasemin ¢icegi (Jasminum flos), sedatif etkisi ve ¢aylara giizel tat vermesi nedeniyle
satilmaktadir. Bu caligmada oOncelikli olarak standart drog iizerinden yasemin c¢iceginin morfolojik ve anatomik
ozellikleri belirlenmistir. Sonrasinda piyasadan temin edilen droglarin hangi amacla satildig1 tespit edilip bu kullanilis
kaynaklarla karsilastirilmistir. Piyasadan temin edilen 6rneklerin morfolojik ve anatomik dzellikleri standart numune
ozellikleriyle karsilagtirilmis ve yasemin ¢icegi halk sagligi agisindan irdelenmistir. Yasemin numuneleri Ankara (7),
Antalya, Edirne ve Tekirdag illerinden temin edilmistir. Standart olarak Antalya’dan yasemin ¢i¢egi (Jasminum flos)
toplanmistir. Yasemin ¢iceklerinin morfolojik ve anatomik 6zelliklerine dayanilarak farkli illerimizden temin edilen
yasemin droglar1 karsilastirilmistir. Yapilan ¢alisma sonucunda yasemin drogunun agikta satildigi, dogru zamanlarda
toplanmadig1 ve yaprak parcalarinin karistig1 goriilmiistiir.

Anahtar kelimeler: Oleaceae, Jasminum officinale, Jasminum flos, anatomi, morfoloji
1. Giris

Oleaceac familyas: diinyada genis yayilis gosteren 25 cins ve yaklasik 688 tiir ile temsil edilir [1].
“Familyanin 6nemli cinslerinden birisi olan Jasminum L., Asya, Afrika, Avusturalya ve Tropikal Amerika’da yayilmis
yaklasik 200 tiire sahiptir [2]. Cins tropikal ve 1liman bdlgelerde yetismekte olup, tirmanici ya da ¢ali formundadir [3].
Tiirlerin ¢cogu keskin kokulu ¢igekleri nedeniyle ¢icekeilikte, parfiimeride ve bahge bitkisi olarak ¢ok degerlidir. Bu
nedenle bazi tiirlerin kiiltiirii yapilir. Ornegin Hindistan’da biitiin evlerin bahcesinde Jasminum tiirlerine rastlanir.
Jasminum auriculatum Vahl., J. officinale L. ve J. sambac (L.) Aiton tiirlerinin ¢igekgilikte ve parfiimeride 6nemli bir
yeri vardir [4].
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Ulkemizde, Jasminum fruticans L. dogal olarak yetismektedir. Jasminum officinale L. ise kiiltiirii yapilan ve
bahgelerde siis bitkisi olarak yetistirilen tiirdiir [5,6]. Bu tiirler Akdeniz ikliminin gérildigi i¢ kesimlere kadar yayilis
gostermektedir [5-7].

Jasminum officinale (Yasemin) tirmanici, yapraklari karsilikli imparipennat, 3-7 yaprakcikli, en sondaki
yaprakcik kenarlardakilerden daha genistir. Cigekleri; simoz ¢igek durumunda, 4-7 loblu, uzun tiip seklinde ve hos
kokuludur. Meyveleri siyah renkli, bakadir [3,4]. Iran ve Kasmir (Hindistan)’de, 1000-3000 metre civarinda dogal
olarak yetisir. Bu tiiriin kiiltiire alinmas1 diger Jasminum tiirlerine gore daha kolaydir. Iyi bir tirmanici bitki olsa da,
saksida bodur gali olarak yetistirilebilir. Diger Jasminum tiirleri gibi, bu tiir de Subat ayinda budanir. Nisan aymndan
Kasim ayma kadar ¢igekli durumdadir. Yasemin hos kokusu ve giizel goriiniisii nedeniyle bahgelerde siis bitkisi olarak
yetistirilir [4,8].

J. officinale tiirii; Spanish Jasmine (Ingilizce), Jasmine (Hintge), Jaati, Jaatikaa ve Jaatimalli (Ayurvedik
ismi), Jasmine ve Yaasmine (Pakistan) yoresel adlariyla bilinmektedir (Sekil 1). Bitkinin biitiin kisimlar1 (¢igek, yaprak,
kabuk ve kok) geleneksel olarak kronik {ilser ve cilt hastaliklarinda kullanilmaktadir [9-11]. Cigeklerinden hazirlanan
suruplar; gogiis hastaliklarinda, oksiiriikte ve ses kisikliginda onerilir [8, 10]. Cigekleri, MSS (Merkezi Sinir Sistemi)
yatistiricisi, hafif anestezik ve astrenjan etkiye sahiptir [7, 12]. Cigek ve yapraklarinin sular1 diiiretik, antihelmintik ve
emmenagogtur. Yapraklarin ¢ignenmesi ile agiz iilseri tedavisi saglanir. Yapraklar iilser, ates ve cilt hastaliklarmin
tedavisi igin kullanilan regine, salisilik asit, askorbik asit ve alkaloitleri icerir [7]. Ayrica yapilan ¢aligmalarda J.
officinale tiirliniin analjezik, antispazmodik, antibakteriyel ve antimikrobiyal etkilerinin oldugu da kanitlanmistir [8, 13-
15].

J. officinale tiiriinden elde edilen ugucu yaginin ana bilesenleri; benzil asetat, linalil asetat, geraniol, linalol,
ve jasmon olarak tespit edilmistir. J. officinale tiirinden elde edilen ugucu yag oOzellikle parfiimeri sanayinde
kullanilmaktadir [16, 17]. Ayrica elde edilen bu ugucu yag, ¢ok iyi bir antiseptik ve dezenfektan 6zelliktedir. Aroma
terapide kullanilir. Dermatolojide antiseptik ve antienflamatuvar ajan olarak yararlanilir [18].

Ulkemizde yasemin ¢igegi (Jasminum flos) sedatif etkisi ve caylara giizel tat vermesi nedeniyle satilmaktadir.
Yasemin ¢igeginden hazirlanan infiizyon (%S5) halk arasinda gogilis yumusaticy, idrar arttiric1, kurt diisiiriicii, kabizlik
giderici ve sedatif etkisi nedeniyle de kullanilmaktadir [18]. Bu ¢alismada, Ankara, Edirne, Tekirdag ve Antalya
illerimizden yasemin adi ile piyasada bulunan droglar satin alinarak teshisi, kullanisi, morfolojik ve anatomik
ozelliklerinin saptanmasi amaglanmistir. Ayrica bu ama¢ dogrultusunda elde edilen 6zelliklerin ileride bir monograf
olusturuldugunda 6nemli bir faydas1 olacag: diisiiniilmektedir.

Koroglu)

2. Materyal ve yontem

Materyal temini i¢in Ankara (7), Antalya (1), Edirne (1) ve Tekirdag (1) illerimiz piyasasindan toplam 10
farkli 6rnek satin almmistir (Tablo 1). Yasemin ¢icegi drogunun piyasada hangi amacla satiga sunuldugu bilgisi
derlenmistir. Ayrica morfolojik ve anatomik 6zellikleri tiire 6zgii olarak belirlemek igin kiiltiirden elde edilen yasemin
cicegi Ornegi standart olarak kullanilmistir (AEF 26115) (Sekil 2). Calismada oncelikle kiiltiirden topladigimiz
Jasminum officinale ¢igeginin morfolojik ve anatomik yapist belirlenmistir. Morfolojik olarak 6rnegin genel goriinisii,
cigegin rengi, sekli tespit edilmistir. Bulgular Tiirkiye Florasi’nda yer alan Jasminum tiirleri ile karsilagtirilmistir [5].
Yasemin ¢icegini i¢ceren % 70 alkol drneklerinden el ile alinan enine ve yiizeyel kesitlerde ¢icegin anatomik 6zellikleri
tespit edilmis, mikro fotograflar1 (Leica CME) ¢ekilerek karakteristik yapilar1 gorsellenmistir. Ayrica standart drog
olarak kullandigimiz kiiltiir 6rneklerin karakteristik anatomik elemanlarmin belirlenmesi i¢cin toz edilen drneklerden,
Sartur Cozeltisi (TFR) [19, 20] ile hazirlanan preparatlar mikroskopta (Leica CME) incelenmis ve karakteristik
elemanlar fotograflanmistir. En son olarak piyasada satilan 6rnekleri teshisleri yapilmis, droga ait olamayan parcalarm
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orani belirlenmis ve fotograflar1 ¢ekilmistir (Canon IXUS 120150) (Sekil 3, 4, 5, 6, 7, 8, 9, 10, 11, 12). Ayrica bu
orneklerden hazirlanan toz droglarin anatomik ozellikleri belirlenmis ve standart drogun anatomik verileriyle

karsilagtirilmistir.

Sekil 2. Jasminum officinale L. herbaryum 6rnegi

Tablo 1. Caligma sirasinda materyal olarak kullanilan 6rneklerinin satin alindigi merkezler.

Materyal Aktar numunelerinin satin alindig yer Sekil no

Ankara-2 Kizilay Sekil 4
Akare3  Cemkee sedls
Ankara-4 Cankaya Sekil 6
Aker5  SWhye 0 sekl7
Ankara-6 Eryaman Sekil 8
ka7 Evemen  Seky
Antalya Merkez Sekil 10
e ke S
Tekirdag Merkez Sekil 12
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|

Sekil 6. Ankara numune 4

Sekil 9. Ankara numune 7 Sekil 10. Antalya numune
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Sekil 11. Edirne numune Sekil 12. Tekirdag numune

3. Bulgular
3.1 Drogun kullanilist ile ilgili bulgular

Ankara, Antalya, Edirne ve Tekirdag’da 6rnekleri satin alirken yaptigimiz gorlismeler sonucunda, drogun
genel olarak dahilen demleme (= inflizyon) seklinde sakinlestirici, rahatlatici ve ¢aylara giizel koku verici amagla
satildig1 bilgisi elde edilmistir. Ayrica, Tekirdag’daki 6rnek alimi sirasinda yasemin ¢igeginin gdgiis yumusatici ve yesil
cay ile beraber zayiflatict etkisi Ankara (Kizilay)’da bagirsaklara yardimeci olmasi nedeniyle satildigi bilgisi
derlenmistir. Sakinlestirici, g6glis yumusatic1 ve bagirsaklara yardimci olarak kullanimi kaynak verileriyle uyumludur
[12-14, 17].

3.2. Morfolojik bulgular

Herbaryum Ornegi incelendiginde, karsilikli imparipennat yapraklardan olusan (Sekil 13A), 1.5- 2 cm
uzunlugunda tiip olusturan beyaz renkli korollanin oldugu (Sekil 1-13B), stamenlerin epipetal (petale bagl) (Sekil
13C), kaliks kampanulat (¢an seklinde), 5 loblu ve bu 5 lobdan 5 dis olustugu (Sekil 13D) goriilmiistiir. Calisgmamizda
incelenen piyasa drneklerinin morfolojik 6zellikleri Tablo 2°de verilmistir.

C D
Sekil 13. A. Imparipennat yapraklar, B. Tiip olusturan korolla, C. Petale bagl stamenler, D. Can seklinde kaliks

Morphological and anatomical studies on Jasminum flos, scientific evaluation of market
Derya CICEK POLAT, Aysegiil KOROGLU



Biological Diversity and Conservation — 13 / 1(2020) 327

3.3 Organoleptik bulgular (Standart 6rnek icin)

Kiiltirden topladigimiz Jasminum officinale ¢iceklerin bir kismi golgede agik havada kurutulmus ve toz
edilmistir. Acik sari-yesil renkli, hos kokusu ve tadi olan, heterojen bir goriiniime sahip toz drog standart olarak
kullanilmustir.

3.3.1 Anatomik bulgular

Antalya’dan topladigimiz ve standart olarak kullandigimiz yasemin ¢igeginin karakteristik elemanlarinin
ozelliklerini belirlemek amaciyla kaliks ve korolla kisimlarinin ayr1 ayr1 enine ve yiizeyel kesit anatomisi ¢aligiimustir.
Ayrica toz drog incelemesi de yapilarak karakteristik yapilar belirlenmis ve fotograflari ¢ekilmistir.

3.3.2 Korolla anatomisi

Jasminum flos korollasindan alinan enine kesitde; iist epidermanin papilli yapiya sahip oldugu ve tek sira,
kalin geperli, dikddrtgen seklinde hiicrelerden olustugu gériilmiistiir. Korollada stomaya rastlanmamustir. Ust ve alt
epidermanin arasinda gevsek dizilisli, ¢eperleri ince, yuvarlagimsi parankima hiicrelerinden olusan mezofil yer
almaktadir. Mezofil parankima hiicrelerinin aralarinda iletim demetleri yerlesmistir. Korolla enine kesitinde nigastaya
rastlanmamustir (Sekil 14).

Ust epidermadan ve alt epidermadan alinan yiizeyel kesitlerde; iist epidermada kutikula kivrimlarmin yogun
oldugu goriilmiis, alt epidermada bu kivrimlarin daha az oldugu ve buradaki epiderma hiicrelerinin dalgali ¢eperli
oldugu saptanmistir. Korollanin {ist ve alt epidermasinda stoma ve tiiylere rastlanmamustir (Sekil 15).
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Sekil 14: Jasminum flos korolla enine kesit, k: kutikula, piie: papilli {ist epiderma, id: iletim demeti, ae: alt epidermis

3.3.3 Kaliks anatomisi

Jasminum flos’da kaliks 5 dislidir (Sekil 13D). Sepallerden alinan enine kesitlerde salgi tilyii ve ortii tliylerinin
oldugu goriilmiis ve epiderma hiicrelerinin dikdortgenimsi, kalin ¢eperli olduklart saptanmistir (Sekil 16). Kaliks enine
kesitinde epiderma iginde genellikle yuvarlak ve geperleri kalin parankima hiicreleri ile iletim demetlerinin yeraldig:
gorlilmiistiir.  Ayrica, kaliks de parasitik tip stoma (Sekil 17) ve kii¢iikk druzlarin varligi belirlenmistir. Epiderma
hiicrelerinin dikdortgenimsi ve kaln ¢eperli olmasi, parasitiktip stoma, basi ¢ok hiicreli salg: tiiyii ve druzlarin (kiigiik
kristaller) varligi Oleaceae familyasina ait karakteristik 6zelliklerdendir [21].
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0,05 mm

3

Sekil 17. A. Kaliks yiizeyel kesit stomalar , B. Kalliks yiizeyel kesit druzlar

3.3.4 Toz inceleme

Antalya’dan topladigimiz kuru yasemin g¢igekleri toz edilmis ve Sartur Cozeltisi (TFR) ile hazirlanan
preparatlar1 incelenmis ve fotograflari ¢cekilmistir.
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F

Sekil 18. A. Sepalde ¢ok hiicreli ortii tilyii, B. Sepalde tek sapli gok baslh salg: tiiyli, C. Sepalde stoma, D. Sepalde
druzlar, E. Petalde papilli epiderma, F. Polen

Toz drog incelemesi sonucunda, sepal ve petal enine kesit caligmalariyla ortiisen sepalde ¢ok hiicreli ortiiyii,
tek sapli cok basl salgi tiiyii, parasitik tip stoma, druzlar ile petal epidermasimin papilli olusu ve trikolpat polen taneleri
karakteristik olarak gdriilmiistiir (Sekil 18).

3.4 Piyasa orneklerinin morfolojik ézellikleri

Bu ¢alismada incelenen piyasa Orneklerden elde edilen morfolojik ozellikler Tablo 2 ‘de verilmistir.
Antalya’dan topladigimiz ve standart olarak kullandigimiz yasemin ¢icegi ile piyasadan temin edilen 10 yasemin ¢igegi
orneginden elde edilen toz droglarin, Sartur Cozeltisi (TFR) ile hazirlanan preparatlari incelenmistir. Standart olarak
kullandigimiz yasemin ¢i¢eginde karakteristik elemanlarin 6zellikleri tanimlanarak fotograflari ¢ekismistir (Sekil 18).
Elde edilen bulgular piyasadan satin aliman numulerin karakteristik Ozellikleriyle karsilastirilmis, standart 6rnek
iizerinden bu 6rneklerin anatomik agidan uygunlugu tespit edilmistir.

4. Sonugclar ve tartisma

Ulkemizde genellikle siis bitkisi olarak yetistirilen Jasminum officinale tiiriirniin 6zellikle cigekleri
piyasamizda sakinlestirici, rahatlatici, gogiis yumusatic1 ve bagirsaklara yardimci olarak satilmaktadir. Bu ¢aligmada
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Jasminum flos drogunun morfolojik ve anatomik ozelliklerinin tespit edilmesi ve piyasa orneklerinin dogru olup
olmadiginin belirlenmesi amaglanmustir.

Ulkemiz piyasasinda yasemin ¢icegi adi altinda satilan numunelerin J. officinale bitkisine ait oldugu
yaptigimiz morfolojik ve anatomik caligmalar ile tespit edilmistir. Ancak piyasada numunelerin genelinin agikta
satildig1 ve ¢igeklerin tamamen agilmig sekilde kurutuldugu goriilmiistiir. Morfolojik olarak incelendiklerinde ise bazi
numunelere kendisine ait yapraklarmn karisti§1 goriilmustiir. Tiirk Farmakopesi’ne gore baska sekilde belirlenmedikce ve
izin verilmedikge, bitkisel droglarda yabanct madde miktari en fazla %2 (k/k) olmalidir [20].

Yaptigimiz ¢aligma sonucunda elde ettigimiz tespitler, piyasamizda satisa sunulan yasemin ¢igeginin bagka
droglarla karistirilmadigmin ancak ¢igeklerin dogru zamanlarda toplanmadigi, halk sagligi agisimdan uygun sartlarda
kurutulup, ambalajlanmadigi ve kontaminasyona agik ortamlarda satisa sunuldugu i¢in giivenilir nitelik tasimadigini
gostermistir.

Tablo 2. Aktarlardan alinan 6rneklerin morfolojik 6zelliklerinin karsilastirilmasi.

Materyal Genel goriiniis Renk Droga ait olmayan
kisimlar (Safsizhiklar)
Ankara-1 Cogunlugu agmis cigekler; Sarimmsi kahverengi, -
Kaliks ve korolla ayrilmig yesil
durumda
Ankara-2 Cogunlugu agmis ¢icekler; Sarims1 kahverengi, Yapraklarina ait parcalar
Kaliks ve korolla ayrilmis yesil
durumda
Ankara-3 Cogunlugu tomurcuk ¢igekler; Sarims1 kahverengi, Yapraklarina ait parcalar
Kaliks ve korolla ayrilmis yesil
durumda
Ankara-4 Cogunlugu agmis cigekler; Sarmmsi kahverengi, Yapraklarina ait pargalar
Kaliks ve korolla ayrilmis yesil
durumda
Ankara-5 Cogunlugu agmis ¢icekler; Sarims1 kahverengi, Yapraklarina ait parcalar
Kaliks ve korolla ayrilmis yesil
durumda
Ankara-6 Cogunlugu agmis ¢icekler; Sarims1 kahverengi, Yapraklarina ait parcalar
Kaliks ve korolla ayrilmig yesil
durumda
Ankara-7 Cogunlugu agmis cicekler; Sarims1 kahverengi, -
Kaliks ve korolla ayrilmig yesil
durumda
Antalya Cogunlugu agmis cigekler; Sarimsi1 kahverengi, -
Kaliks ve korolla ayrilmis yesil
durumda
Edirne Cogunlugu agmis ¢icekler; Sarims1 kahverengi, Yapraklarina ait parcalar
Kaliks ve korolla ayrilmis yesil
durumda
Tekirdag Cogunlugu agmus gigekler; Sarims1 kahverengi, Yapraklarina ait parcalar
Kaliks ve korolla ayrilmig yesil
durumda
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Abstract

In this study, potential plant taxa with the invasive character that spread in Bingdl (Center) and surrounding
areas were determined and EUNIS Habitat types were revealed according to the environment in which these taxa live.
In addition, an invasive species inventory has been created in based on literature carried out in Bingdl province As a
result of the research; It has been observed that 107 genera and 158 taxa belonging to 27 families that spread in Bingol
(Center) and surrounding areas can be included in the potential plants class with invasive characteristics. Among these,
the families with the most taxa are; Fabaceae (36 taxa, 22.8%), Asteraceae (34 taxa, 21.5%) and Poaceae (26 taxa,
16.5%). The most taxa containing genera; Trifolium L. (15 taxa, 9.5%) followed by Centaurea L., Lathyrus L., Poa L.
and Vicia L. with 4 taxa each, respectively. During the study, 11 different EUNIS habitat types where invasive taxa
spread were identified. In the distribution of taxa according to EUNIS habitat types, the first three habitats are; “I1.5
Bare tilled, fallow or recently abandoned arable land” (62 taxa, 17.9%), “El. Dry grasslands” (53 taxa, 15.4%) and “12
Cultivated areas of gardens and parks” (51taxa, 14.8%).

Key words: Bingol, EUNIS, flora, habitat, invasive species

*

Bingol (Merkez) ve cevre alanlarda istilaci1 karaktere sahip bitki taksonlari iizerine bir arastirma

Ozet

Bu ¢alismada, Bing6l (Merkez) ve ¢evre alanlarda yayilis gosteren istilaci karaktere sahip potansiyel bitki
taksonlar1 belirlenerek, bu taksonlarin yasadigi ortama gére EUNIS Habitat tipleri ortaya konulmugtur. Ayrica Bing6l
ilinde daha once yapilmus literatiirlere dayali olarak ilin istilaci tiir envanteri olusturulmustur. Arastirma sonucunda;
Bing61 (Merkez) ve gevre alanlarda yayilis gosteren 27 familyaya ait 107 cins ve 158 takson’ un istilaci karaktere sahip
potansiyel bitkiler sinifina dahil edilebilecegi goriilmiistiir. Bunlar igerisinde en fazla takson igeren familyalar sirasiyla;
Fabaceae (36 takson, %22.8), Asteraceae (34 takson, %21.5) ve Poaceae (26 takson, %16.5)‘dir. En fazla takson igeren
cinsler ise; Trifolium L. (15 takson, %9.5) olup onu 4’ er taksonla Centaurea L., Lathyrus L., Poa L. ve Vicia L. takip
etmektedir. Calisma siiresince istilact taksonlarin yayilis gosterdigi 11 farkli EUNIS habitat tipi blirlenmistir.
Taksonlarin EUNIS habitat tiplerine gore dagiliminda ise ilk ti¢ habitat; “I1.5 Ciplak ya da nadasa birakilmig ekilebilir
alanlar” (62 takson, %17.9), “El. kuru otlaklar” (53 takson, %15.4) ve “I2 Bahgelerin ve parklarm ekili alanlar” (51
takson, %14.8) seklindedir.

Anahtar kelimeler: : Bingol, EUNIS, flora, habitat, istilact tiirler
1. Giris

Istilac1 tiir; dogal bitki ortiisiine 6nemli zararlar vererek ekosistemleri kolayca istila eden bitki tiirlerini
tanimlamak i¢in kullanilan bir terimdir [1-3]. Ekosistemin 6nemli bir pargasi olan istilaci tiirler, degisik iklim ve toprak
sartlarina uyum saglayabilen, zor ekolojik sartlar altinda bile yasamlarini devam ettirebilme ve lireme yetenegine sahip
olan kozmopolit tiirlerdir [4]. Bir organizmanin belirli bir alani istila etmesi; organizmalarin o yere taginmasi, tasmdigi
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ortama uyum saglamasi, yerlesmesi ve yerlestigi alanda yayilmasimi igeren bir dizi olaydan olusmaktadir [5]. Istilac
taksonlar sahip olduklar1 rekabet giigleri ve genetik cesitlilikleri sayesinde tarimsal alanlardan ¢ayir-mera alanlarina,
parklardan arkeolojik alanlara, sulak habitatlardan spor alanlarina, tarla ve yol kenarlarindan demiryollarina kadar
cesitli ortamlara kolaylikla adapte olabilirler [6]. Ayn1 zamanda istilaci tiirler, dnemli ekolojik ve ¢evre sorunlarina da
yol acarlar. Bu tiirler, yeni tasindiklari alanlarda; ekosistemin diizenini olumsuz yonde etkileyerek dogal bitki
taksonlarmin say1 ve yogunlugunun azalmasimna yol agmakta ve bu da ekosisteminin biyotik ve abiyotik cesitliligini
olumsuz yonde etkilemektedir [7]. Istilac1 kavrami yeryiiziinde yasayan ¢ogu canlilarda gdzlenebilen bir olay olmasmimn
yaninda; bitkiler aleminde, 6zellikle kiiltiir bitkilerine verdikleri ekonomik zararlardan dolayr 6nem arz etmektedir.
Istilac1 yabanci otlar (IYT), genel olarak disaridan tasinan ve iizerlerinde bir baski unsuru olan dogal diismanlari
olmadigindan yeni tasindiklar: alanlarda hizla ¢ogalan ve yayilan tiirlerdir. Bu tiirler gesitli faktorlerin etkisiyle dogal
ortamlar iizerindeki istilaci baskilarini her gegen giin daha da goriiniir hale getirmektedir [8-11]. Gelisen ulagim
teknolojisi ile gesitli cografik bolgeler arasinda yeni koridorlar kurulmasi, birgok canlinin bir ekosistemden digerine
geeme hizini dnemli 6lgiide artrmugstir. Giliniimiizde, iilkemiz i¢in de 6nemli bir ¢evre sorunu olan kiiresel iklim
degisikliginin de etkisiyle, istilact tiirler, bitki biyogesitliligini tehdit edecek boyutlara ulagsmistir [12-15]. Tiirkiye’ nin
farkli bolgelerinde istilact bitki taksonlar: ile ilgili bir¢ok calisma bulunmaktadir. Boz [16], Aydin ili pamuk ekim
alanlarindaki, Tiire ve Kdse [17] ise Eskisehir ve ¢evresindeki bazi tarim alanlarinda yayilis gosteren yabanci ot florast
iizerinde ¢alismalar yapmuslardir. Dogal ve egzotik istilaci tiirlerin envanter ¢alismasina yonelik; Yildirim ve Ekim [4]
tarafindan Orta Anadolu Bélgesinde; Gider [18] tarafindan Aydin, Denizli, Mugla ve izmir’deki tek yillik otlaklarda ve
yol kenarlarindaki istilaci tiirler iizerine; Siirmen ve ark. [14], Samsun ili ¢ayir ve mera alanlarindaki istilaci tiirlerin
tespiti ile ilgili caligmalar yapilmistir. Karakdse ve ark. [19] tarafindan yapilmis “’Espiye (Giresun) Orman planlama
birimi’ nin istilact yabanci tiirleri’” baglikli bir ¢alisma bulunmaktadir. Satil ve ark. [3], Balikesir yoresinde istilaci
karaktere sahip bitkiler iizerine oldukca genis kapsamli bir calisma yapmislardir. Karaer ve ark. [20]” da Tiirkiye’ nin
istilac1 yabanci bitki biyogesitliligi, tehdit faktorleri ve alinmasi gerekli tedbirler iizerinde bir caligma yapmustir. Ayrica
Onen [21] editorliigiinde hazirlan ve gok sayida arastirmacmin katki yaptigi Gida Tarim ve Hayvancilik bakanlig
tarafindan desteklenen Tiirkiye Istilac1 Bitkiler Katalogu da alanda yapilmis 6nemli calismalardan biri nitelegindedir.

Bu c¢alismada, dogal ortamlari zorlanmadan iggal etme kabiliyetinde olan, komiinite igerisinde insan
miidahalesinin de etkisiyle hizla yayilan ve orada daha 6nce var olan diger tiirlere iistiinliik saglayarak s6z konusu
ortamda baskin hale gelen tiirler ‘istilac1 karaktere sahip potansiyel tiir’ olarak kabul edilmistir. Bu kapsamda, Bingol
(Merkez) ve ¢evre alanlarda istilaci karaktere sahip yerli tiirlerin envanterini ¢ikartmak amaciyla il genelinde yapilan
arazi caligmalarina ek olarak daha once ¢alisma alaninda yapilmig bazi botanik igerikli ¢aligmalarda istilaci taksonlar
acisindan degerlendirilmistir [22-24].

2. Materyal ve yontem

Arastirmanm materyalini, 2018-2020 yillar1 arasinda Bingdl (Merkez) ve ¢evre alanlarda yapilan arazi
gezileri kapsaminda toplanan, istilac1 potansiyeli olan bitki 6rnekleri olusturmaktadir. Buna ek olarak, Bing6l ve yakin
cevre alanlarda daha Once yapilmig floristik c¢alismalardan [22-24] elde edilen veriler de bu kapsamda
degerlendirilmistir. Bing61 (Merkez) ve ¢evre alanlarda istilac karaktere sahip potansiyel bitki taksonlarini tespit etmek
amactyla il genelinde, bos araziler, yol kenarlari, sulak alanlar, cayrr ve meralar gibi farkli habitatlarda dért mevsim
floristik ve ekolojik gézlemler yapilarak istilaci bitki envanteri ¢ikartiimistir (Tablo 3). Sekil 1’ de Bingdl (Merkez) ve
cevre alanlarda yiiriitiilen arazi calismalarinda 7 farkli ¢alisma noktasi harita iizerinde isaretlenmistir. Tablo 1’ de ise bu
¢aligma noktalarinm bulundugu mevki ve koordinatlari ile yiikseltileri gdsterilmistir.

Tablo 1. Arazi ¢aligmalarinin yiiriitiildiigii caligma noktalar1 ve lokalite bilgileri

Cahsma Cahsma alam Koordinatlar ve rakim

1 Bingdl-Geng Yolu 38°50'43.56"K, 40°32'46.18"D, 1034 m
2 Bingdl Univ. Kampiis Alan1 ve Cevresi  38°54'3.77"K, 40°28'35.40"D, 1185 m
3 Solhan Yolu 38°54'13.86"K, 40°36'7.19"D, 1049 m
4 Asagi carst 38°5327.03"K, 40°29'14.56"D, 1138 m
5 Elazig yolu 38°54'9.95"K, 40°27'59.34"D, 1211 m
6 Merkez 38°52'53.61"K, 40°29'34.08"D, 1160 m
7 Bingdl Otogar ve gevresi 38°52'42.59"K, 40°30'46.42"D, 1108 m

Tespit edilen bitkilerin habitat siniflandirmasi, EUNIS Habitat tipleri [25] dikkate alinarak yapilmigtir. Bitki
teshislerinde, basta Flora of Turkey [26] olmak iizere gesitli komsu iilkelerin floristik eserlerinden faydalanilmistir [27-
29]. Teshisi yapilan bitkilerin Tiirk¢e isimleri “Tirkiye Bitkileri Listesi” ne gore adlandirilmistir [30]. Araziden
toplanmis herbaryum orneklerine toplayict numaralari verilmis ve drnekler Balikesir Universitesi Altmoluk Meslek
Yiiksekokulu Botanik Laboratuvar’ nda saklanmstir. Istilact tiirlerin belirlenmesinde “Istilact Bitkiler Katalogu” [21]
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ve bu konudaki ilgili data banklardan yararlanilmigtir [31-32]. Ayrica, istilact tiir kategorisine giren ¢ayir ve mera
bitkileri ise “Tiirkiye’ nin Cayir ve Mera Bitkileri” [9] kaynagindan kontrol edilmistir.

i <

Sekil 1. Bing6l (Merkez) ve ¢evre alanlarda yiiriitillen ¢aligma noktalar1 (Google Earth Pro (Temmuz-2020)

3. Bulgular

Bingdl merkez ve gevresinde yapilan arastirma sonucunda; 27 familyaya ait 107 cins ve 158 takson’ un
istilac1 karaktere sahip potansiyel bitkiler sinifina dahil edilebilecegi goriilmiistiir (Tablo 3). Bu istilac1 karaktere sahip
taksonlar, familya bazinda ele alindiginda Fabaceae’ nin 36 taksonla (%22.8) en biiyiik familya oldugu goriilmektedir.
Bu familyay1 34 taksonla Asteraceae (%21.5) ve 26 taksonla Poaceae (%16.5) familyalari takip etmektedir (Sekil 2). En
fazla takson igeren cinsin ise 15 takson ile Trifolium oldugu; bunu 4’ er taksonla Centaurea, Lathyrus, Poa ve Vicia’ nin
sirastyla takip ettigi tespit edilmistir (Sekil 3). Calisma siiresince Bing6l merkez ve gevresindeki bitkilerin dogal olarak
yetistigi 11 farkli habitat tipi ortaya ¢ikarilmistir (Tablo 2).

Tablo 2. Bingdl ve ¢evre alanlarda gbzlenen habitat tipleri ve EUNIS kodu

Habitat tipi

EUNIS Kodu
Su kaynaklari, dereler ve gayzerler C21
Bitki Ortiisiiniin Olmadig1 ya da Seyrek Bitki ortiilii alanlar C3.6
Yiizey suyu olmayan sazliklar, kamig yataklart D5
Kuru otlaklar El
Kalict mezotrofik meralar ve sonradan otlatilan gayirlar E2.1
Antropojenik bitki durumlari E5.1
Ciplak ya da nadasa birakilms ekilebilir alanlar 11.5
Bahgelerin ve parklarin ekili alanlari 12
Sehir merkezleri, siirekli bina yapilart J1.1
Koyler ve kirsal alanlardaki bina yapilart J1.2
Yol yiizeyi ve kenarlarindaki bitkiler J4.2

Taksonlarin habitat tiplerine gére dagiliminda ise ilk {i¢ habitat; “I1.5 Ciplak ya da nadasa birakilmis
ekilebilir alanlar” (62 takson, %17.9), “E1 Kuru otlaklar” (53takson, %15.4), ve “I2 Bahgelerin ve parklarin ekili
alanlar” (51 takson, %14.8) seklindedir (Tablo 2, Sekil 6). Alanda tespit edilen taksonlar, hayat formlarma gore
simiflandirildiginda; 74 taksonun (%47) tek yillik, 10 taksonun (%06) iki yillik ve 74 taksonun da (%47) ¢ok yillik hayat
formunda oldugu goriilmistiir (Sekil 4). Taksonlarin fitocografik bolgelere gore dagiliminda ise; Avrupa-Sibirya (%9),
fran-Turan (%8), Akdeniz (%4) ve Dogu Akdeniz (%2) elementlerinden olustugu goriilmektedir. %77’ sinin ise
fitocografik bolgesi bilinmemekte ve bunlarin ¢ogunlugunu kozmopolit taksonlar olusturmaktadir (Sekil 5).
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Familyalar

Sekil 2. En fazla taksona sahip olan familyalar ve takson sayilar1
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Sekil 4. Istilac1 taksonlarmn yasam dongiisiine gore gruplandiriimasi

i Akdeniz
Iran-Turan 4:‘(:"7 Avrupa-Sibirya

Dogu Akdeniz 8% 9%

2% V
! I l = Akdeniz

= Bilinmiyor

= {ran-Turan

Bilinmiyor
77%

Avrupa-Sibirya

= Dogu Akdeniz

Sekil 5. Istilac1 taksonlarim fitocografik elementlere gore yiizdelik dagilimi
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Tablo 3. Bing61 ve yakin ¢evresindeki istilact karaktere sahip bitki taksonlar1

No Familya Bilimsel isim Tiirkce Adi EUNIS Kodlar Hayat Cigeklenme Fitocografik  Toplayi
Formu Zamani Element No
1 Amaranthaceae ~ Amaranthus albus L. Komiis Mancari E1,jl.1 Tek yillik Haziran-Temmuz  Bilinmiyor SV 1601
2 Amaranthaceae  Chenopodium album L. Aksirken E5,J1.1 Tek yillik Mayis-Agustos Bilinmiyor SV 1577
3 Amaranthaceae ~ Chenopodium botrys L. Kizilbacak J1.2 Tek yillik Mayis-Temmuz Bilinmiyor RP 1482
4 Apiaceae Conium maculatum L. Baldiran C2.1,J1.2,)4.2 iki y1llik Nisan-Agustos Bilinmiyor RP 1438
5 Apiaceae Eryngium campestre L. var. virens Link Yerkestanesi E1, 12,115 Cok yillik Temmuz-Eyliil Bilinmiyor SV 1618
6 Apocynaceae Cionura erecta (L.) Griseb. Babrik C2.1,]1.2,)4.2 Cok y1llik Nisan-Eyliil Dogu Akdeniz RP 1431
7 Apocynaceae Cynanchum acutum L. subsp. acutum Bacirgan 11.5,J4.2 Cok yillik Haziran-Eyliil Bilinmiyor RP 1433
8 Asteraceae Achillea millefolium L. subsp. millefolium Civanpergemi E1, 12 Cok yillik Haziran-Eyliil Avrupa-Sibirya  RP 1490
9 Asteraceae Bidens tripartita L. Ugsuketeni C2.1,D5 Tek yillik Temmuz-Eylil Bilinmiyor SV 1617
10 Asteraceae Carduus nutans L. subsp. nutans Esekdikeni 115, 12 Iki yallik Mayis-Temmuz Bilinmiyor RP 1481
11 Asteraceae Carduus pycnocephalus L Eseksoymaci C36, 115 Tek yillik Nisan-Haziran Bilinmiyor RP 1421
12 Asteraceae Carthamus dentatus (Forssk.) Vahl. Kinadikeni C3.6,E1,J1.2 Tek yillik Temmuz-Agustos  Bilinmiyor SV 1622
13 Asteraceae Carthamus lanatus L. Saridiken E1, 115,12 Tek yillik Mayis-Agustos Bilinmiyor SV 1574
14 Asteraceae Centaurea behen L. Zerdalidikeni E1, 12 Cok yillik Haziran-Agustos Iran-Turan RP 1330
15 Asteraceae Centaurea iberica Trev. ex Sprengel Delig6z Dikeni 11.5,J1.1,J1.2,4.2 Iki y1llik Haziran-Agustos Bilinmiyor RP 1328
16 Asteraceae Centaurea solstitialis L. subsp. solstitialis Cakirdikeni E1,E5.1,)4.2 Tek yillik Haziran-Agustos Bilinmiyor RP 1329
17 Asteraceae Centaurea virgata Lam. Acisiiplirge E1,11.5,14.2 Cok yillik Haziran-Eyliil fran-Turan RP 1338
18 Asteraceae Chondrilla juncea L. Karakavuk 115,12 Iki yallik Temmuz-Eyliil Bilinmiyor SV 1615
19 Asteraceae Cichorium intybus L. Hindiba E2.1,115,12 Cok yillik Nisan-Eyliil Bilinmiyor RP 1435
20 Asteraceae Cirsium arvense (L.) Scop. Koygoeiiren E1,11.5,12,J4.2 Cok yillik Mayis-Ekim Bilinmiyor RP 1503
21 Asteraceae Chnicus benedictus L. Topdiken C3.6,E2.1,04.2 Tek yillik Nisan-Haziran Bilinmiyor RP 1420
22 Asteraceae Conyza canadensis (L.) Cronquist Selviotu 11.5,J1.1,J1.2,34.2 Tek yillik Temmuz-Aralik Bilinmiyor SV 1620
23 Asteraceae Cota tinctoria (L.) J.Gay var. tinctoria Boyacipapatyasi E2.1,11.5 Cok yillik Mayis-Eyliil Bilinmiyor RP 1495
24 Asteraceae Crepis sancta (L.) Bornm. Yabankiskis1 C3.6,11.5 Tek yillik Subat-Agustos Bilinmiyor SV 1626
25 Asteraceae Echinops pungens Trautv. var. pungens Bongil E5.1,11.5,J1.2,J4.2 Cok yillik Haziran-Agustos fran-Turan RP 1334
26 Asteraceae Gundelia tournefortii L. var. armata Haskenger C3.6,E2.1 Cok yillik Mayis-Haziran Iran-Turan RP 1486
27 Asteraceae Helichrysum plicatum DC. subsp. plicatum Mantuvar El,E2.1 Cok yillik Haziran-Agustos Bilinmiyor RP 1326
28 Asteraceae Lactuca serriola L. Esekhelvasi 11.5,12,J1.1,J1.2 Iki yallik Temmuz-Eyliil Avrupa-Sibirya SV 1616
29 Asteraceae Lapsana communis L. Deli Sebrek C2.1,115 Tek yillik Mayis-Ekim Bilinmiyor RP 1500
30 Asteraceae Onopordum acanthium L. Galagan C3.6,11.5,12.,J4.2 Iki y1llik Haziran-Agustos Bilinmiyor RP 1323
31 Asteraceae Onopordum turcicum Danin. Bozkangal C3.6,11.5,12.,,J4.3 Iki yillik Temmuz-Agustos  Iran-Turan SV 1621
32 Asteraceae Picnomon acarna (L.) Cass. Kilgikdiken C2.1,EL 115 Tek yillik Temmuz-Ekim Akdeniz SV 1619
33 Asteraceae Pilosella piloselloides (Vill.) Sojak Kosetirnakotu E2.1 Tek yillik Haziran-Agustos Bilinmiyor RP 1331
34 Asteraceae Scorzonera mollis M.Bieb. Iskorgina C36,E2.1 Cok yillik Nisan-Haziran Bilinmiyor RP 1418
35 Asteraceae Senecio vernalis Waldst. & Kit. Kanaryaotu E1, 115,12 Tek yillik Subat-Agustos Bilinmiyor SV 1627
36 Asteraceae Tragopogon porrifolius L. Helevan 115, 12,04.2 Tek yillik Nisan-Haziran Akdeniz RP 1430
37 Asteraceae Tussilago farfara L. Oksiiriikotu E5.1,J4.2 Cok yillik Mart-Nisan Avrupa-Sibirya SV 1585
38 Asteraceae Xanthium spinosum L. Pitrak E5.1,11.5,J1.1,J1.2 Tek yillik Agustos-Ekim Bilinmiyor RP 1318
39 Asteraceae Xanthium strumarium L. subsp. strumarium Koca Pitrak J1.1,J1.2 Tek yillik Haziran-EKim Bilinmiyor RP 1336
40 Asteraceae Xeranthemum annuum L. Kagitcigegi E2.1,12 Tek yillik Haziran-Eyliil Bilinmiyor SV 1455
41 Asteraceae Xeranthemum longipapposum Fisch. & C.A.Mey.  Uslukagit¢icegi E2.1,12 Tek yillik Haziran-Agustos [ran-Turan RP 1333
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Tablo 3. (Devam ediyor)
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Boraginaceae
Boraginaceae
Boraginaceae
Boraginaceae
Boraginaceae
Boraginaceae
Boraginaceae
Boraginaceae
Brassicaceae
Brassicaceae
Brassicaceae
Brassicaceae
Brassicaceae
Brassicaceae
Brassicaceae
Brassicaceae
Caprifoliaceae
Caprifoliaceae
Caprifoliaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Convolvulaceae
Convolvulaceae
Convolvulaceae
Cyperaceae
Cyperaceae
Cyperaceae
Cyperaceae
Datiscaceae
Elaeagnaceae
Euphorbiaceae
Euphorbiaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae

Alkanna orientalis (L.) Boiss. var. orientalis
Anchusa azurea Mill. subsp. azurea
Asperugo procumbens L.

Echium italicum L.

Heliotropium dolosum De Not.
Heliotropium europaeum L.

Myosotis alpestris F.W.Schmidt subsp. alpestris
Rochelia disperma (L.f.) K.Koch var. disperma
Calepina irregularis (Asso) Thell.

Capsella bursa-pastoris (L.) Medik.
Descurainia sophia (L.) Webb ex Prantl
Draba verna L.

Lepidium campestre (L.) Aiton

Lepidium draba L.

Lepidium latifolium L.

Sinapis arvensis L.

Dipsacus laciniatus L.

Pterocephalus plumosus (L.) Coulter
Scabiosa columbaria L.

Agrostemma githago L.

Herniaria hirsuta L.

Herniaria incana Lam.

Stellaria media (L.) Vill.

Vaccaria hispanica (Mill.) Rauschert
Convolvulus arvensis L.

Convolvulus scammonia L.

Cuscuta campestris Yunck.

Carex cuprina (Sandor ex Heuff.) Nendtv. Kern.

Carex distans L. subsp. distans

Carex divisa Huds.

Eleocharis palustris (L.) Roem. & Schult.
Datisca cannabina L.

Elaeagnus angustifolia L. var. angustifolia
Chrozophora tinctoria (L.) A.Juss.
Euphorbia aleppica L.

Astragalus gummifer Labill.

Astragalus lineatus Lam. var. lineatus
Coronilla scorpioides (L.) W.D.J.Koch
Glycyrrhiza glabra L.

Hippocrepis unisiliquosa L. subsp. unisiliquosa
Lathyrus annuus L.

Lathyrus cicera L.

Sarisormuk
Sigirdili
Nevazilotu
Kurtkuyrugu
Bambulotu
Akrepotu
Boncukotu
Kuscirnagi
Top Hardal
Cobancantasi
Sadirotu
Cirgirotu
Horozcuk
Dignik
Nujdar
Hardal
Fesgitaragi
Gokectictikotu
Sar1 Uyuzotu
Bugday Karamugu
Deli Yaran
Kaba Yaran
Kusotu
Ekinebesi
Tarlasarmagigi
Bingdzotu
Kafirsagi
Kurusaz

Sina Ayakotu
Zevzirgimeni
Delisaz
Renkotu

igde

Sigilotu
Hasul
Sakizligeven
Aksakgeven
Akrep Burgagi
Meyan
Atnah
Dagdirilcasi
Colpan

C3.6
E2.1,115,12
115, 12
E5.1,11.5,12,J1.2
11.5,12.,J4.2
115, 12

El, E2.1
E1l,E5.1,12
C2.1,J4.2
11.5, 12
E5.1, 12
C3.6,E5.1
E2.1,12
E2.1,11.5/12
D5, 11.5
C3.6,J4.2
E5.1,04.2
C3.6,J4.2
11.5,12,J4.2
11.5, 12
C3.6,E1
C3.6,El
E2.1

115, 12
C2.1,115,12
C3.6

11.5, 12
C2.1,D5
C2.1,D5
C2.1,D5
C2.1,E2.1
C2.1,C3.6
c21
E1,11.5,12,)4.2
C2.1,115,)4.2
El E2.1

El E2.1
E5.1,12
C3.6,J4.2
11.5, 12
C2.1,C3.6, 12
115, 12
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Cok yillik
Cok yillik
Tek yillik
iki y1llik

Tek yillik
Tek yillik
Cok yillik
Tek yillik
Tek yillik
Tek yillik
Tek yillik
Tek yillik
Tek yillik
Cok yillik
Cok yillik
Tek yillik
Iki yillik

Tek yillik
Cok yillik
Tek yillik
Tek yillik
Cok yillik
Tek yillik
Tek yillik
Cok yillik
Cok yillik
Tek yillik
Cok yillik
Cok yillik
Cok yillik
Cok yillik
Cok yillik
Cok yillik
Tek yillik
Tek yillik
Cok yillik
Cok yillik
Tek yillik
Cok yillik
Tek yillik
Tek yillik
Tek yillik
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Nisan-Agustos
Nisan-Temmuz
Nisan-Haziran
Mayis-Agustos
Mayis-Eyliil
Haziran-Eyliil
Nisan-Agustos
Mart-Haziran
Mart-Mayis
Ocak-Aralik
Nisan-Haziran
Mart-Haziran
Nisan-Haziran
Nisan-Mayis
Mayis-Temmuz
Nisan-Haziran
Temmuz-Eylil
Mayis-Agustos
Mayis-Eyliil
Nisan-Temmuz
Mart-Temmuz
Mayis-Agustos
Nisan-Haziran
Nisan-Temmuz
Nisan-Eyliil
Nisan-Temmuz
Haziran-Eyliil

Mart-Eylil
Haziran-Agustos
Nisan-Haziran
Mart-Eyliil
Nisan-Eyliil
Haziran-Agustos
Mayis-Agustos
Mart-Temmuz
Haziran-Temmuz
Mart-Mayis
Nisan-May1s
Nisan-Mayis

Iran-Turan
Bilinmiyor
Avrupa-Sibirya
Akdeniz
Bilinmiyor
Akdeniz
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
bilinmiyor
bilinmiyor
Bilinmiyor
Dogu Akdeniz
Bilinmiyor
Avrupa-Sibirya
Avrupa-Sibirya
Avrupa-Sibirya
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Iran-Turan
fran-Turan
Bilinmiyor
Bilinmiyor
Bilinmiyor
Akdeniz
Bilinmiyor

RP 1437
SV 1435
RP 1429
SV 1579
RP 1499
SV 1493
RP 1439
SV 1592
SV 1586
SV 1630
RP 1426
SV 1591
RP 1425
RP 1413
RP 1474
RP 1422
SV 1614
SV 1573
RP 1498
SV 1436
SV 1582
Sv 1571
RP 1423
SV 1437
RP 1433
SV 1576
RP 1434
RP 1315
RP 1316
RP 1317
SV 1594
RP 1321
RP 1416
SV 1596
RP 1434
RP 1327
SV 1568
SV 1584
SV 1599
SV 1589
RP 1415
RP 1414
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84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126

Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Geraniaceae
Geraniaceae
Hypericaceae
Hypericaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lythraceae
Malvaceae
Onagraceae
Plantaginaceae
Plumbaginaceae
Poaceae
Poaceae

Lathyrus sativus L.

Lathyrus sphaericus Retz.

Lotus corniculatus L. var. corniculatus
Lotus gebelia Vent. var. gebelia

Medicago orbicularis (L.) Bartal.
Medicago polymorpha L. var. polymorpha
Melilotus albus Desr.

Melilotus officinalis (L.) Desr.

Robinia pseudoacacia L.

Securigera varia (L.) Lassen

Trifolium campestre Schreb. subsp. campestre
Trifolium dubium Sibth.

Trifolium fragiferum L. var. fragiferum
Trifolium globosum L.

Trifolium hybridum L. var. hybridum
Trifolium leucanthum M.Bieb.

Trifolium pauciflorum d'Urv.

Trifolium physodes Steven & M.Bieb.
Trifolium pratense L. var. pratense
Trifolium purpureum Lois. var. purpureum
Trifolium repens L. var. repens

Trifolium resupinatum L. var. resupinatum
Trifolium scabrum L.

Trifolium subterraneum L.

Trifolium sylvaticum Gérard & Loisel.
Vicia cracca L. subsp. cracca

Vicia peregrina L.

Vicia sativa L. subsp. sativa

Vicia villosa Roth subsp. villosa

Erodium cicutarium (L.) L Hér. subsp. cicutarium

Geranium pyrenaicum Burm.f
Hypericum scabrum L.

Hypericum triquetrifolium Turra
Lamium album L.

Lamium amplexicaule L. var. amplexicaule
Teucrium polium L. subsp. polium
Lythrum salicaria L.

Malva sylvestris L.

Epilobium hirsutum L.

Plantago lanceolata L.

Acantholimon acerosum (Willd.) Boiss.
Aegilops caudata L.

Aegilops umbellulata Zhuk.

Miirdiimiik
Camburgagi
Gazalboynuzu

Giilgazalboynuzu

Paralik
Kirkyonca
Aktagyoncast
Kokulu Yonca
Yalanciakasya
Korigen
Uggiil

Tatlt Yonca
Cilek Uggiilii
Yumakyonca
Meleziiggiil
Yapisik Uggiil
Siiliintiggiili
Mesetiggiilii
Cayrgiili
Mortiggiil

Ak Uggiil
Anadoluii¢giilii
Hiyar Diiclik
Yeraltiiiggiilii
Orman Uggiilii
Kus Figi

Kavli

Fig

Tiiylifig
Ignelik
Gelingarsafi
Karahasancay1
Pirpirotu
Kovanlik
Baltutan
Actyavsan
Hevhulma
Ebegiimeci
Hiiseyin Cigegi
Damarlica
Pisikkeveni
Karaot

Hanim Bugday1

115, 12

C3.6

E2.1

El

11.5, 12

E1, 115
E5.1,11.5
E5.1, 115
J1.1,J4.2
C3.6,11.5,12
E1, 115,12
El

E2.1
C3.6,El
E2.1
C36,E2.1
E2.1,115,12
E1l,E2.1,115
C36,E2.1,)4.2
El,E2.1,)42
El E2.1
11.5,12,J4.2
C3.6,El
C3.6
C3.6,El
E2.1

11.5, 12

E1, 115
C3.6, 12
E1l,E2.1,12,)4.2
El,E2.1

El

C3.6,11.5
C21,12,)42
El,J4.2

E1, 12

ca21
C3.6,J4.2
C2.1,D5
C2.1,E2.1,J4.2
El

C21El

El

Tek yillik
Tek yillik
Cok yillik
Cok yillik
Tek yillik
Tek yillik
Tek yillik
Tek yillik
Cok yillik
Cok yillik
Tek yillik
Tek yillik
Cok yillik
Tek yillik
Cok yillik
Tek yillik
Tek yillik
Cok yillik
Cok yillik
Tek yillik
Cok yillik
Tek yillik
Tek yillik
Tek yillik
Tek yillik
Cok yillik
Tek yillik
Tek yillik
Tek yillik
Tek yillik
Cok yillik
Cok yillik
Cok yillik
Cok yillik
Tek yillik
Cok yillik
Cok yillik
Cok yillik
Cok yillik
Cok yillik
Cok yillik
Tek yillik
Tek yillik
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Nisan-Haziran
Nisan-May1s
Haziran-Agustos
Mayis-Temmuz
Mart-Mayz1s
Mart-Mayis
Haziran-Eyliil
Mayis-Eyliil
Nisan-Haziran
Mayis-Agustos
Subat-Nisan
Mayis-Eyliil
Nisan-Agustos
Subat-Haziran
Mayis-Eyliil
Nisan-Haziran
Nisan-Mayis
Mayis-Temmuz
May1s-Eyliil
Ocak-Temmuz
Mart-Eyliil
Mayis-Haziran
Ocak-Haziran
Nisan-Haziran
Nsan-Mayis
Nisan-Agustos
Mart-Haziran
Mart-Nisan
Mart-Temmuz
Mart-Mayis
Mayis-Temmuz
Mayis-Agustos
Mayis-Eyliil
Mayis-Agustos
Subat-Kasim
Haziran-Eyliil
Haziran-Agustos
Mayis-Ekim
Temmuz-Eyliil
Nisan-Ekim
Haziran-Agustos
Mayis-Haziran
Mayis-Haziran

Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Dogu Akdeniz
Akdeniz
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Avrupa-Sibirya
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
fran-Turan
Bilinmiyor
Avrupa-Sibirya
Avrupa-Sibirya
Bilinmiyor
Avrupa-Sibirya
Bilinmiyor
Bilinmiyor
Bilinmiyor
[ran-Turan
Akdeniz
Iran-Turan

RP 1427
RP 1412
RP 1332
RP 1475
SV 1590
SV 1588
SV 1459
RP 1496
RP 1428
SV 1572
SV 1623
RP 1493
RP 1441
SV 1625
RP 1494
RP 1419
SV 1575
RP 1484
RP 1491
SV 1628
SV 1595
SV 1581
SV 1629
RP 1417
SV 1631
RP 1443
SV 1593
SV 1597
SV 1583
SV 1587
RP 1478
RP 1504
RP 1492
SV 1578
SV 1624
SV 1456
RP 1320
RP 1501
SV 1612
RP 1436
RP 1324
RP 1489
RP 1487
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127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158

Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Polygonaceae
Polygonaceae
Polygonaceae
Rosaceae
Rosaceae
Urticaceae
Urticaceae
Zygophyllaceae

Agrostis stolonifera L.

Bromus japonicus Thunb. subsp. japonicus
Bromus squarrosus L.

Chrysopogon gryllus (L.) Trin. subsp. gryllus
Cynodon dactylon (L.) Pers. var. villosus Regel
Dactylis glomerata L. subsp. glomerata
Echinochloa crus-galli (L.) P. Beauv.
Festuca arundinacea Schreb.

Festuca callieri (Hack.) Markgr. subsp. callieri
Hordeum bulbosum L.

Hordeum murinum L.

Koeleria nitidula Velen.

Melica ciliata L. subsp. ciliata

Phalaris arundinacea L.

Poa angustifolia L.

Poa bulbosa L.

Poa pratensis L.

Poa trivialis L.

Psilurus incurvus (Gouan) Schinz & Thell.
Setaria viridis (L.) P.Beauv.

Sorghum halepense (L.) Pers var. halepense
Stipa holosericea Trin.

Stipa pulcherrima K.Koch

Vulpia ciliata Dumort. subsp. ciliata
Polygonum lapathifolium L.

Rumex acetosella L.

Rumex crispus L.

Potentilla recta L.

Rosa canina L.

Parietaria judaica L.

Urtica dioica L. subsp. dioica

Tribulus terrestris L.

Tavusotu
fyeotu
Kirpiklidamiye
Buzagiotu
Kopekdisi
Domuzayrig:
Darican
Kamisyumagi
Carsak Yumagi
Boncuk Arpa
Duvar Arpasi
Kose Kirnal
Kirpikliinci
Kanyas

Dar Salkimotu
Yumrulusalkim
Cayirsalkimotu
Kaba Salkimotu
Egrikuyrukotu
Yesilsicansact
Ekin Siipiirgesi
Dirgenkilag
Zarifkilag
Kirpikligim
Tirson
Kuzukulag1
Labada
Suparmakotu
Kusburnu
Duvarfeslegeni
Isirgan
Cobangokerten

C21,E21
E1, 115, 12
C3.6,E1
El
C2.1,El
115, 12
C2.1,11.5
C21,E21
C3.6,11.5
C3.6,11.5
115, 12

El

El

c21

El, E2.1
El

E2.1

E2.1
E2.1,E5.1
E5.1,11.5
C2.1,115,12
El

El
E1,J4.2
c21
C21El
C2.1,El
E2.1
C3.6,J1.2
J1.1,J1.2
C2.1,115,12
ES5.1,11.5,J1.1,J1.2
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Cok yillik
Tek yillik
Tek yillik
Cok yillik
Cok yillik
Cok yillik
Tek yillik
Cok yillik
Cok yillik
Cok yillik
Tek yillik
Cok yillik
Cok yillik
Cok yillik
Cok yillik
Cok yillik
Cok yillik
Cok yillik
Tek yillik
Tek yillik
Cok yillik
Cok yillik
Cok y1llik
Tek yillik
Tek yillik
Cok yillik
Cok yillik
Cok yillik
Cok yillik
Cok yillik
Cok yillik
Tek yillik

Haziran-Agustos
Mayis-Temmuz
Mayis-Temmuz
Mayis-Temmuz
Nisan-Eyliil
Mayis-Temmuz
Haziran-Ekim

Haziran-Temmuz

Mayis-Temmuz
Mayis-Temmuz
Nisan-Temmuz
Mayis-Haziran
Haziran-Agustos
Mayis-Eyliil
Mayis-Ekim
Mayis-Temmuz
Mayis-Agustos
Mayis-Agustos
Nisan-Haziran
Temmuz-Eyliil
Mayis-Kasim
Mayis-Temmuz
Mayis-Haziran
Nisan-Agustos
Agustos-Eyliil
Mayis-Agustos
Mayis-Agustos
Mayis-Temmuz
Mayis-Temmuz
Nisan-Agustos
Haziran-Eyliil
Mayis-Eyliil

Avrupa-Sibirya
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Avrupa-Sibirya
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
fran-Turan
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Bilinmiyor
Avrupa-Sibirya
Bilinmiyor

RP 1322
RP 1479
RP 1470
RP 1476
RP 1432
RP 1483
RP 1335
SV 1598
RP 1471
RP 1472
SV 1439
SV 1580
RP 1325
RP 1490
RP 1502
RP 1477
SV 1575
SV 1576
RP 1424
SV 1613
RP 1485
Sv 1571
RP 1488
RP 1440
RP 1319
SV 1569
SV 1570
RP 1480
RP 1473
RP 1442
RP 1337
RP 1497
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4. Sonugclar ve tartisma

Aragtirma alaninda en yaygin gozlenen familyalarin Fabaceae ve Asteraceae oldugu tespit edilmistir (Sekil 2).
Bu durumun nedenlerinden birisi, bu familyalarin diyasporlarin dagilimmni kolaylastiran 6zel mekanizmalara sahip
olmasi, diger bir nedeni de bu familya iiyelerinin ruderal stratejiyi benimsemis olmalari, miidahale edilmis ortamlarda
kolayca topluluk olusturarak hizla ortami istila edebilme o6zellikleri olmalaridir (Satil ve ark. 2020). Trifolium
(Fabaceae) 15 taksonla en fazla potansiyel istilaciy1 igeren cinstir. Bu taksonlar habitat olarak daha ¢ok kuru otlaklar
(EL), cayir ve meralar (E2.1), nadasa birakilmis (I1.5) ya da karigik tarim alanlarinda (I2) tespit edilmistir. Arazi
caligmalainda tespit edilen bitkilerin gigeklenme donemleri incelendiginde g¢ogu bitkinin ilkbahar aylarmda (%66) az
kismmin ise (%8) yaz aylarinda ¢iceklendigi goriilmiistiir (Tablo 2). Taksonlarin EUNIS habitat tiplerine gore
smiflandirildiginda ilk ii¢ habitat; “I1.5 Ciplak ya da nadasa birakilmis ekilebilir alanlar” (62 takson, %17.9), “E1. kuru
otlaklar” (53 takson, %15.4) ve “I2 Bahgelerin ve parklarin ekili alanlar’” (51takson, %14.8) seklindedir. En az
rastlanan habitat tipleri ise D5 ve J1.1 oldugu goriilmiistiir (Sekil 6).
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Sekil 6. Istilac1 taksonlarm EUNIS habitat tipleri

Tablo 4’te Bingdl merkez ve ¢evresinde 11 farkli habitat tiplerinde goriilen baskin cinsler gosterilmistir. C2.1
habitat tipi genellikle dere ya da suyun ¢iktig1 kaynak yerler gibi sulak alanlarin kenarlarinda yetisen istilaci tiirleri
temsil etmektedir. Bu habitat tipinde Cyperaceae ve Poaceae familya iiyeleri baskin gézlenmektedir. Bu habitat tipinde,
Eleocharis palustris en yogun gozlenen tiirlerden birisidir. C3.6 habitat tipinde bitki ortiisii oldukga seyrek ya da ¢iplak
alanlar1 temsil etmektedir. Bu habitat tipinde Fabaceae, Poaceae ve Asteraceae familyalar1 baskin olup Onopordum
acanthium, alanda yogun olarak rastlanan tiir olarak kaydedilmistir. D5 habitat tipi daha ¢ok sazlik ve kamiglarm
bulundugu habitat ortamlaridir. Asteraceae, Brassicaceae, Cyperaceac ve Onagraceae familyalarina bu habitat tipinde
yogun rastlanmaktadir. Lepidium latifolium tiirii bu habitat ortamlarinda yogun gézlenen tiirlerden birisidir. E1 habitat
tipi en yogun gozlenen habitatlardan birisidir. Bu habitatlar daha ¢ok step alanlarda, corak alanlar ile kuru otlaklarmn
bulundugu alanlar1 temsil etmektedir. Apiaceae, Asteraceae, Fabaceae, Polygonaceae ve Poaceae en yaygin gozlenen
familyalar olup Cirsium arvense tiriiniin baskin oldugu goézlenmistir. E2.1 habitat tipi ¢ayirhik ve meralik alanlari
icermektedir. Bu habitat tipinde Fabaceae ve Poaceae familyalar1 baskin oldugu goriilmektedir. Trifolium tiirleri bu
habitat tipinde oldukga baskin olarak gozlenmektedir. E5.1 habitat tipi, insan etkisiyle olusturulmus habitat ortamlarini
temsil etmektedir. Bu habitat tipinde Asteraceae familyasi baskin olarak gériilmektedir. Echinops pungens var. pungens
bu habitat tipinde en yogun rastlanan tiirlerden birisidir. I1.5 habitat tipi Bingdl merkez ve ¢evresinde en yogun
rastlanan habitat tipidir. Bu habitat tipinde ¢iplak ya da nadasa brrakilmig tarla ya da ekilebilir araziler
degerlendirilmistir. Asteraceae, Fabaceae ve Poaceae en yaygin rastlanan famlyalardir. 12 habitat tipi yine ¢alisma
alaninda en fazla gézlenen 2. habitat tipidir. Bu habitat tipinde bahgelerin ve parklarin ekili alanlar1 degerlendirilmeye
almmustir. Fabaceae ve Brassciceae familyalar1 bu habitat tipinde yaygin rastlanmaktadir. Ozellikle Sinapis arvensis
tliri bu habitat ortamlarinda yogun tespit edilmistir. J1.1 habitat tipinde, sehir merkezlerindeki bina ve yerlesim yerleri
etraflarinda yetigen istilaci tiirler olarak ele alinmistir. Bu habitat tipinde; Amaranthaceae, Asteraceae, Urticaceae ve
Zygophyllaceae familyalar1 baskin olarak goriilmektedir. J1.2 habitat tipinde ise kdyler ve kirsal alanlardaki bina ve
yerlesim yerlerinde yetisen istilaci tiirler dikkate alinmistir. Amaranthaceae, Apiaceae, Asteraceae ve Zygophyllaceae
familyalarina bu habitat tipinde yogun rastlanmaktadir. Son habitat tipi olan J4.2 habitatinda ise yol kenarlarinda yetisen
istilac1 bitkiler degerlendirmeye alinmistir. Bu habitat tipinde Asteraceae’ nin en baskin familya oldugu goriilmektedir
(Tablo 4).
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Tablo 4. EUNIS habitat tipinde gbzlenen baskin cinsler

EUNIS kodu ve habitat tipleri Baskin cinsler

C2.1 (Su kaynaklari, dereler ve gayzerler) Carex, Convolvulus, Cynodon, Eleocharis Phalaris
C3.6 (Bitki ortiisiiniin olmadig1 ya da seyrek bitki Bromus, Crepis, Hordeum, Gundelia, Onopordum, Trifolium
ortiilii alanlar)
D5 (Yiizey suyu olmayan sazliklar, kamig yataklarr) Bidens, Epilobium, Carex, Lepidium
E1 (Kuru otlaklar) Eryngium, Centaurea, Poa, Stipa, Rumex, Trifolium
E2.1 (Kalic1 mezotrofik meralar ve sonradan otlatilan Aegilops, Astragalus, Bromus, Lotus, Trifoium, Vicia
cayirlar)
Melilotus, Setaria, Tribulus, Coronilla, Dipsacus, Xanthium
ES5.1 (Antropojenik bitki durumlart)
Eryngium, Carduus, Centaurea, Dactylis, Heliotropium, Hordeum,

Lathyrus
11.5 (Ciplak ya da nadasa birakilmus ekilebilir alanlar)
12 (Bahgelerin ve parklarin ekili alanlarr) Trifolium, Sinapis, Urtica, Vicia
J1.1 (Sehir merkezleri, siirekli bina yapilari) Chenopodium, Centaurea, Parietaria, Tribulus, Xanthium
J1.2 (Koyler ve kirsal alanlardaki bina yapilari) Chenopodium, Centaurea, Cionura, Conium, Tribulus
J4.2 (Yol yiizeyi ve kenarlarindaki bitkiler) Cirsium, Centaurea, Conyza, Onopordum

Calismada, Bingol ilinde istilaci tiirler {izerine yapilmis benzer ii¢ arastirma tespit edilmistir [22-24]. Ancak bu
arastirmalarm hepsinde de habitat tipi olarak ¢ayir ve meralik ortamlarda yetisen (E2.1 habitat tipi) habitatlar ile ¢iplak
ya da nadasa birakilmis tarlalarda (I1.5) yayilis gdsteren istilac tiirlerin kompozisyonu iizerine yapilmistir. Basbag ve
ark. [22]’ nin ¢aligmalarinda 76 tiir, Cagan ve Basbag [23]" in ¢alismalarinda 133 tiir ve Tutar ve Kokten [24]’ in
galismalarinda ise 36 tiir tespit edilmistir (Sekil 7). Dactylis glomerata subsp. glomerata ve Hordeum bulbosum
taksonlar1 hem bizim gézlemlerimizde hem de diger ii¢ ¢alismada ortak olan istilaci tiirlerdir (Tablo 5, Sekil 7). Tablo
5’ te hem arazi gozlemleri hem de Bingél ilinde yapilmis ¢alismalara dayali karsilastrmali istilact tiirler tablosu
verilerek; Bingdl ilinin istilaci tiir potansiyeli ortaya konulmustur (Tablo 5).

B
13
8
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116 <20 105
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16 A
A 5
41
D

Sekil 7. Arazi ¢aligmalar1 (gézlem) ve literatiirlerde tespit edilen taksonlarmn kiimeleme yontemi ile gdsterilmesi. A:
Gozlem; B,C,D: Literatiir (B:Tutar ve Kokten [24], C: Cagan ve Bagbag [23], D:Bagbag ve ark. [22])

Sonug olarak; Bingdl merkez ve ¢evresinde yapilan floristik gézlemlere dayanilarak; istilaci tiirlerin daha ¢ok Fabaceae,
Asteraceae ve Poaceae familyalarini icerdigi tespit edilmistir. Calisma alaninda tespit edilen istilac1 karaktere sahip yerli
tiirlerin botanik ve ekolojik dzelliklerine bakildiginda; hizli biiylime gosterdigi, yasam dongiilerinin kisa siirdiigi,
¢ogunlugunun derin kok sistemlerine sahip olduklar1 ve ¢ok sayida tohum irettikleri goriilmiistiir. Bu 6zelliklerinde
dolay1 istilaci tiirler, bulundugu ortama hemen adapte olabilen ve kontrolsiizce ¢ogalarak cevresinde yetisen ¢ogu
tiirlere zarar veren ve biyogesitliligi tehdit eden en 6nemli faktorlerden birisidir.
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Tablo 5. Gozlem ve literatiirlere dayali Bing06l ilinin potansiyel istilact taksonlari listesi

Tespit Tiirii
No Familya Takson Tiirkge isim Gozlem Literatiir i
Tutar ve Cagan ve Bagbag ve
ark. [24] Bagbag [23] ark. [22]
1 Acanthaceae Acanthus dioscoridis L. var. dioscoridis Lokmanayipengesi +
2 Amaranthaceae Amaranthus albus L. Komiis Mancart +
3 Amaranthaceae Chenopodium album L. subsp. album var. album Aksirken +
4 Amaranthaceae Chenopodium botrys L. Kizilbacak +
5 Amaranthaceae Chenopodium murale L. Salmanca +
6 Amaryllidaceae Allium kharputense Freyn & Sint. Harputsogani
7 Apiaceae Conium maculatum L. Baldiran +
8 Apiaceae Eryngium campestre L. var. virens Link Yerkestanesi + +
9 Apiaceae Torilis leptophylla (L.) Rchb.f. Incedercikotu +
10 Apiaceae Bunium paucifolium DC. Kockuzu +
11 Apiaceae Bunium verruculosum C.C.Towns. Cayirgdmezi +
12 Apiaceae Ferula communis L. Atkasnagi +
13 Apiaceae Turgenia latifolia (L.) Hoffm. Karaheci +
14 Apiaceae Foeniculum vulgare Mill. Rezene
15 Apocynaceae Cionura erecta (L.) Griseb. Babrik +
16 Apocynaceae Cynanchum acutum L. subsp. acutum Bacirgan +
17 Asparagaceae Muscari comosum (L.) Mill. Morbas +
18 Asparagaceae Ornithogalum narbonense L. Akbaldir +
19 Asteraceae Achillea millefolium L. subsp. millefolium Civanpergemi +
20 Asteraceae Bellis perennis L. Koyungozii +
21 Asteraceae Achillea schischkinii Sosn. Delicivanper¢cemi +
22 Asteraceae Achillea vermicularis Trin. Plisan
23 Asteraceae Bidens tripartita L. Ugsuketeni +
24 Asteraceae Carduus nutans L. subsp. nutans Esekdikeni +
25 Asteraceae Carduus pycnocephalus L. subsp. albidus (M.Bieb.) Kazmi Eseksoymaci +
26 Asteraceae Carthamus dentatus (Forssk.) Vahl Kinadikeni +
27 Asteraceae Carthamus lanatus L. Saridiken +
28 Asteraceae Centaurea bruguierana (DC.) Hand.-Mazz. Akcakavgalaz +
29 Asteraceae Centaurea iberica Trev. ex Sprengel Delig6z Dikeni +
30 Asteraceae Centaurea solstitialis L. subsp. solstitialis Cakirdikeni + +
31 Asteraceae Chardinia orientalis (L.) Kuntze Caglaotu +
32 Asteraceae Centaurea saligna (K.Koch) Wagenitz Hol +
33 Asteraceae Centaurea behen L. Zerdalidikeni +
34 Asteraceae Centaurea virgata Lam. Acisiipiirge +
35 Asteraceae Chondrilla juncea L. Karakavuk +
36 Asteraceae Cichorium intybus L. Hindiba +
37 Asteraceae Cirsium arvense (L.) Scop. Koygoeiiren +
38 Asteraceae Chnicus benedictus L. Topdiken +
39 Asteraceae Conyza canadensis (L.) Cronquist Selviotu +
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40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Boraginaceae
Boraginaceae
Boraginaceae
Boraginaceae
Boraginaceae
Boraginaceae
Boraginaceae
Boraginaceae
Boraginaceae
Boraginaceae
Boraginaceae
Boraginaceae
Boraginaceae
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Cota tinctoria (L.) J.Gay ex Guss. var. tinctoria
Crepis armena DC.

Crepis commutata (Spreng.) Greuter

Crepis foetida L. subsp. rhoeadifolia (M.Bieb.) Celak.
Crepis sancta (L.) Bornm.

Crupina crupinastrum (Moris) Vis.

Echinops pungens Trautv. var. pungens

Filago arvensis L.

Filago pyramidata L.

Gundelia tournefortii L. var. armata

Lactuca serriola L.

Lapsana communis L.

Matricaria chamomilla L.

Onopordum acanthium L.

Onopordum turcicum Danin

Picnomon acarna (L.) Cass.

Garhadiolus hedypnois Jaub. & Spach

Pilosella piloselloides (Vill.) Sojak

Scorzonera laciniata L. subsp. laciniata
Scorzonera mollis M.Bieb.

Senecio vernalis Waldst. & Kit.

Tragopogon porrifolius L.subsp. longirostris Greuter
Xanthium spinosum L.

Xanthium strumarium L. subsp. strumarium
Xeranthemum annuum L.

Xeranthemum longipapposum Fisch. & C.A.Mey.
Tussilago farfara L.

Helichrysum arenarium (L.) Moench
Helichrysum plicatum DC. subsp. plicatum
Anchusa azurea Mill. subsp. azurea

Echium italicum L.

Heliotropium dolosum De Not.

Heliotropium europaeum L.

Myosotis alpestris F.W.Schmidt subsp. alpestris

Paracaryum cristatum L. subsp. cristatum (Schreb.) Boiss.

Alkanna orientalis (L.) Boiss. var. orientalis
Anchusa strigosa Banks & Sol.

Asperugo procumbens L.

Onosma sericea Willd.

Onosma trachytricha Boiss.

Rochelia disperma (L.f.) K.Koch var. disperma
Myosotis discolor Pers.

Boyaci Papatyasi
Dagkiskisi
Deli Kiskis
Kohum
Yabankiskis1
Gelindondiiren
Bongil
Kegeotu
Atespamugu
Haskenger
Esekhelvasi
Deli Sebrek
Almanpapatyasi
Galagan
Bozkangal
Kilgikdiken
Bostankiskisi
Kdsetirnakotu
Parim
Iskorgina
Kanaryaotu
Helevan
Pitrak

Koca Pitrak
Kagitcigegi
Uslukagitcicegi
Oksiiriikotu
Olmezgicek
Mantuvar
Sigirdili
Kurtkuyrugu
Bambulotu
Akrepotu
Boncukotu
Anagarsakotu
Sarisormuk
Gelezan
Nevazilotu
Kagitemcek
Kabasgircan
Kuscirnagi
Alacaboncuk

+ +

+

+ 4+ + + + ++ o+

+ 4+ + + + +

+

+
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82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
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Brassicaceae
Brassicaceae
Brassicaceae
Brassicaceae
Brassicaceae
Brassicaceae
Brassicaceae
Brassicaceae
Brassicaceae
Brassicaceae
Brassicaceae
Brassicaceae
Brassicaceae
Brassicaceae
Campanulaceae
Caprifoliaceae
Caprifoliaceae
Caprifoliaceae
Caprifoliaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Cistaceae
Convolvulaceae
Convolvulaceae
Convolvulaceae
Crassulaceae
Cyperaceae
Cyperaceae
Cyperaceae
Cyperaceae
Cyperaceae
Cyperaceae
Cyperaceae
Datiscaceae

Alyssum contemptum Schott & Kotschy

Alyssum hirsutum M.Bieb. subsp. hirsutum

Brassica elongata Ehrh.

Calepina irregularis (Asso) Thell.

Capsella bursa-pastoris (L.) Medik.

Descurainia sophia (L.) Webb ex Prantl subsp. sophia
Draba verna L.

Fibigia macrocarpa (Boiss.) Boiss.

Lepidium campestre (L.) Aiton

Lepidium draba L.

Lepidium latifolium L.

Sinapis arvensis L.

Sisymbrium loeselii L.

Thlaspi arvense L.

Legousia pentagonia (L.) Thell.

Dipsacus laciniatus L.

Pterocephalus plumosus (L.) Coulter

Scabiosa columbaria L. subsp. ochroleuca (L.) Célak
Valerianella coronata (L.) DC.

Agrostemma githago L.

Herniaria hirsuta L.

Herniaria incana Lam.

Stellaria media (L.) Vill.

Holosteum umbellatum L. var. umbellatum

Silene spergulifolia (Desf.) M.Bieb.

Silene supina M. Bieb. subsp. pruinosa (Boiss.) Chowdhuri
Vaccaria hispanica ( Mill. ) Rauschert

Gypsophila elegans M.Bieb.

Silene arguta Fenzl

Helianthemum ledifolium (L.) Mill.

Convolvulus arvensis L.

Convolvulus scammonia L.

Cuscuta campestris Yunck.

Sedum album L.

Carex cuprina (Sandor ex Heuff.) Nendtv. ex A.Kern.
Carex distans L. subsp. distans

Carex divisa Huds.

Carex stenophylla Wahlenb.

Cyperus rotundus L.

Eleocharis palustris (L.) Roem. & Schult. subsp. palustris
Carex nigra (L.) Reichard subsp. nigra

Datisca cannabina L.

Tarlakevkesi
Killikuduzotu
Uzungalgam
Top Hardal
Cobancantasi
Sadirotu
Circirotu
Kocasikkeotu
Horozcuk
Dignik
Nujdar

Hardal
Biilbiilotu
Ekindagarcig1
Kadinaynast
Fescitarag:
Gokeciiciikotu
Sar1 Uyuzotu
Taglikuzugevregi

Bugday Karamugu

Deli Yaran
Kaba Yaran
Kusotu
Seytankiipesi
Ananakili
Frratnakili
Ekinebesi
Hosc¢oven
Samannakili
Kurugiingiilii
Tarla Sarmasig1
Bing6zotu
Kafirsag1
Cobankavurgast
Kurusaz

Sina Ayakotu
Zevzirgimeni
Colayakotu
Topalak
Delisaz
Karaayakotu
Renkotu

+ 4+ + + o+ ++ o+

+ +

+ + + +

+

+
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124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165

Elaeagnaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
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Elaeagnus angustifolia L. var. angustifolia
Chrozophora tinctoria (L.) A.Juss.

Euphorbia aleppica L.

Euphorbia cheiradenia Boiss. & Hohen.
Euphorbia denticulata Lam.

Euphorbia esula L. subsp. tommasiniana Kuzmanov
Astragalus adustus Bunge

Astragalus cephalotes Banks & Sol. var. cephalotes
Astragalus compactus Lam. subsp. compactus
Astragalus gummifer Labill.

Astragalus hamosus L.

Astragalus kurdicus Boiss.

Astragalus lineatus Lam. var. lineatus

Astragalus szovitsii Fisch. & C.A.Mey.

Cicer echinospermum P.H.Davis

Cicer anatolicum Alef.

Coronilla valentina L.

Coronilla scorpioides (L.) W.D.J.Koch
Glycyrrhiza glabra L.

Laburnum anagyroides Medik.

Hippocrepis unisiliquosa L. subsp. unisiliquosa
Hippocrepis emerus (L.) Lassen

Lathyrus annuus L.

Lathyrus cicera L.

Lathyrus sativus L.

Lathyrus sphaericus Retz.

Lotus corniculatus L. var. corniculatus

Lotus gebelia Vent. var. gebelia

Medicago orbicularis (L.) Bartal.

Medicago polymorpha L. var. polymorpha
Medicago sativa L. subsp. sativa
Medicago x varia Martyn

Melilotus albus Desr.

Melilotus officinalis (L.) Desr.

Onobrychis fallax Freyn & Sint. ex Freyn var. fallax
Ononis spinosa L. subsp. leiosperma (Boiss.) Sirj.
Robinia pseudoacacia L.

Securigera orientalis (Mill.) Lassen subsp. orientalis
Securigera varia (L.) Lassen

Trifolium arvense L.

Trifolium campestre Schreb. subsp. campestre
Trifolium angustifolium L.

Igde

Sigilotu

Hasul

Sirker
Karastitliik
Eseksiitlegeni
Isligeven
Bagligeven
Guni
Sakizligeven
Kogboynuzu
Ahirgeveni
Aksakgeven
Simalgeveni
Kirpinohutu
Nakage
Tagotu

Akrep Burgagi
Meyan
Sarisalkim
Atnall
Gevrecik
Dagdirilcasi
Colpan
Miirdiimiik
Camburgagt
Gazalboynuzu
Gtilgazalboynuzu
Paralik
Kirkyonca
Karayonca
Yabanyoncast
Aktagyoncast
Kokulu Yonca
Yalancikorunga
Demirdelen
Yalanciakasya
Alakdrigen
Korigen
Tavsanayagi
Uggiil

Nefel
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166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
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Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Geraniaceae
Geraniaceae
Hypericaceae
Hypericaceae
Hypericaceae
Juncaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae

Trifolium dubium Sibth.

Trifolium fragiferum L. var. fragiferum
Trifolium globosum L.

Trifolium hirtum All.

Trifolium hybridum L. var. hybridum
Trifolium leucanthum M.Bieb.

Trifolium pauciflorum d'Urv.

Trifolium nigrescens Viv. subsp. nigrescens
Trifolium pratense L. var. pratense
Trifolium purpureum Lois. var. purpureum
Trifolium physodes Steven & M.Bieb. var. physodes
Trifolium repens L. var. repens

Trifolium resupinatum L. var. resupinatum
Trifolium scabrum L.

Trifolium subterraneum L.

Trifolium sylvaticum Gérard & Loisel.
Trigonella foenum-graecum L.

Vicia cracca L. subsp. cracca

Vicia peregrina L.

Vicia sativa L. subsp. sativa

Vicia villosa Roth subsp. villosa

Trifolium spumosum L.

Vicia balansae Boiss.

Erodium cicutarium (L.) L Hér. subsp. cicutarium
Geranium pyrenaicum Burm.f

Hypericum scabrum L.

Hypericum triquetrifolium Turra
Hypericum retusum Aucher

Juncus effusus L. subsp. effusus

Lamium album L.

Lamium amplexicaule L.

Salvia syriaca L.

Teucrium polium L. subsp. polium
Lallemantia iberica (M.Bieb.) Fisch. & C.A.Mey.
Lamium macrodon Boiss. & Huet
Origanum acutidens (Hand.-Mazz.) letsw.
Origanum vulgare L.

Phlomis bruguieri Desf.

Phlomis linearis Boiss. & Balansa
Phlomis pungens Willd. var. pungens
Phlomis rigida Labill.

Salvia macrochlamys Boiss. & Kotschy
Salvia multicaulis Vahl
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Tath Yonca
Cilek Uggiilii
Yumakyonca
Deli Yonca
Meleziiggiil
Yapisik Uggiil
Siilintiggiilii
Yanikii¢giil
Cayirgiili
Mortiggiil
Meseiicgiilii
Ak Uggill
Anadoluti¢giili
Hiyar Diiciik
Yeraltiiiggiilii
Orman Uggiilii
Cemenotu
Kus Figi
Kavli

Fig

Tiylifig
Keseyonca
Pisikfigi
Ignelik
Gelingarsafi
Karahasangay1
Pirprrotu
Aran
Haskofa
Kovanlik
Baltutan
Cevlikotu
Actyavsan
Ajdarbasi
Balbasi
Zemul
Karakinik
Kabagalba
Yaylaotu
Silvanok
Dirigalba
Gevreksalba
Kiirtreyhan
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209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251

Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Liliaceae
Linaceae
Lythraceae
Malvaceae
Malvaceae
Onagraceae
Orchidaceae
Orchidaceae
Paeoniaceae
Papaveraceae
Papaveraceae
Papaveraceae
Papaveraceae
Papaveraceae
Plantaginaceae
Plantaginaceae
Plumbaginaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
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Salvia trichoclada Benth.
Scutellaria orientalis L.
Stachys lavandulifolia Vahl

Thymus kotschyanus Boiss. & Hohen. subsp. kotschyanus

Ziziphora capitata L.

Ziziphora clinopodioides Lam.

Salvia candidissima Vahl

Gagea villosa (M.Bieb.) Sweet var. villosa
Linum mucronatum Bertol.

Lythrum salicaria L.

Malva sylvestris L.

Alcea biennis Winterl

Epilobium hirsutum L.

Dactylorhiza iberica (M.Bieb. ex Willd.) So6
Orchis mascula (L.) L.

Paeonia arietina G.Anderson

Fumaria officinalis L.subsp. officinalis
Papaver dubium L. subsp. dubium

Papaver rhoeas L.

Glaucium grandiflorum Boiss. & A.Huet
Papaver fugax Poir.

Plantago lanceolata L.

Veronica orientalis Mill. subsp. orientalis
Acantholimon acerosum (Willd.) Boiss.
Aegilops caudata L.

Aegilops triuncialis L. subsp. triuncialis
Aegilops umbellulata Zhuk.

Agrostis stolonifera L.

Alopecurus myosuroides Huds. subsp. myosuroides
Alopecurus arundinaceus Poir.

Bromus hordeaceus L. subsp. hordeaceus
Bromus sterilis L.

Bromus arvensis L.

Alopecurus pratensis L.

Bromus tomentellus Boiss. subsp. tomentellus
Bromus danthoniae Trin. subsp. danthoniae
Bromus erectus Huds.

Bromus tectorum L.

Bromus japonicus Thunb. subsp. japonicus
Bromus squarrosus L.

Chrysopogon gryllus (L.) Trin. subsp. gryllus
Cynodon dactylon (L.) Pers. var. villosus Regel
Dactylis glomerata L. subsp. glomerata

Mesesalbasi
Sarikaside
Tiyliicay
Kekik

Anuk
Dagreyhant
Galabor
Tiyliyildiz
Sariketen
Hevhulma
Ebeglimeci
Fatmaanagiilii
Hasanhiiseyin Cicegi
Kirimsalebi
Ersalebi
Sakayik
Sahtere
Kopekyagi
Gelincik
Develalesi
Gelingiilii
Damarlica
G6zmumcugu
Pisikkeveni
Karaot
Uckilgik
Hanim Bugday1
Tavusotu

Tarla Tilkikuyrugu
Kamustilkikuyrugu
Basakotu
Sagirilcan
Tarlabromu
Cayirtilkikuyrugu
Bozkirbromu
Ibubukotu
Dikbrom

Kir Bromu
Iyeotu
Kirpiklidamiye
Buzagiotu
Kopekdisi
Domuzayrigi

+ + + + +
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252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275

276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
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Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae

Poaceae
Poaceae
Polygonaceae
Polygonaceae
Polygonaceae
Polygonaceae
Polygonaceae
Polygonaceae
Ranunculaceae
Ranunculaceae
Ranunculaceae
Rosaceae
Rosaceae
Rosaceae
Rosaceae
Rosaceae
Rubiaceae
Rubiaceae
Rubiaceae

Echinochloa crus-galli (L.) P. Beauv.

Festuca arundinacea Schreb. subsp. arundinacea

Festuca pratensis Huds.

Festuca callieri (Hack.) Markgr. subsp. callieri

Hordeum bulbosum L.

Hordeum murinum L. subsp. glaucum (Steud.) Tzvelev

Hordeum spontaneum K.Koch

Melica ciliata L. subsp. ciliata

Koeleria nitidula Velen.

Lolium rigidum Gaudich var. rigidum
Lolium temulentum L. var. temulentum
Phalaris arundinacea L.

Phleum pratense L.

Phleum boissieri Bornm.

Poa angustifolia L.

Poa bulbosa L.

Poa pratensis L.

Poa trivialis L.

Psilurus incurvus (Gouan) Schinz & Thell.
Setaria viridis (L.) P.Beauv.

Sorghum halepense (L.) Pers var. halepense
Taeniatherum caput-medusae (L.) Nevsk.
Vulpia ciliata Dumort. subsp. ciliata
Zingeria biebersteiniana (Claus) P.A.Smirn

Stipa holosericea Trin.

Stipa pulcherrima K.Koch
Polygonum arenastrum Boreau
Polygonum lapathifolium L.

Rumex acetosella L.

Rumex crispus L.

Polygonum cognatum Meissn.
Rumex alpinus L.

Ranunculus arvensis L.
Ranunculus cuneatus Boiss.
Ranunculus kotschyi Boiss.
Potentilla recta L.

Crataegus orientalis Pall. Ex M. Bieb.
Crataegus azarolus L.

Rosa canina L.

Sanguisorba minor L. subsp. minor
Callipeltis cucullaris (L.) Steven
Galium aparine L.

Galium murale (L.) All.

Darican
Kamisyumagi
Cayiryumagi
Cargak Yumagi
Boncuk Arpa
Duvar Arpast
Yabaniarpa
Kirpikliinci
Kose Kirnal
Sert Cim
Delicegim
Kanyas
Cayrritkuyrugu
Yaylaitkuyrugu
Dar Salkimotu
Yumrulusalkim
Cayirsalkimotu
Kaba Salkimotu
Egrikuyrukotu
Yesilsigansagi
Ekin Siipiirgesi
Kilgikarpast
Kirpiklicim
Oyalisalkim

Dirgenkilag
Zarifkilag
Bezmeceotu
Tirson
Kuzukulagi
Labada
Madimak
Sortah
Mustafagigegi
Koriikotu
Giritlalesi
Suparmakotu
Koyunalici
Miizmiildek
Kusburnu
Cayirdiigmesi
Nermik
Cobansiizgeci
Duvariplikgigi

+ o+ + + + + o+

+
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Tablo 5. (Devam ediyor)

295  Rubiaceae Asperula arvensis L. Tarlabelumotu

296  Rubiaceae Asperula xylorrhiza Nabelek Siirtbelumotu

297  Rubiaceae Cruciata taurica (Pall. ex Willd.) Ehrend. Kirimgiizeli

298  Rubiaceae Galium consanguineum Boiss. Altiniplik¢ik

299  Rutaceae Ruta suaveolens DC. Tagsedefotu

300  Scrophulariaceae Verbascum speciosum Schrad. Zelve

301  Scrophulariaceae Scrophularia nodosa L. Tavuksiracast

302  Simaroubaceae Ailanthus altissima (Mill.) Swingle Kokaragag

303  Solanaceae Datura stramonium L. Borugigegi

304  Typhaceae Typha latifolia L. Cil

305  Urticaceae Parietaria judaica L. Duvarfeslegeni +
306  Urticaceae Urtica dioica L. subsp. dioica Isirgan +
307  Xanthorrhoeaceae Eremurus spectabilis M.Bieb. Ciris

308  Zygophyllaceae Tribulus terrestris L. Cobangokerten +
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Abstract

In this study, the freshwater fish diversity of the Nilufer stream basin is investigated. Nine families, 16 genera,
and 19 fish species were recorded. The most representative families are Leuciscidae with five species (27.7 %),
followed by Cyprinidae with five species (27.7 %). Overall, 17 sampling localities were studied among 2014-2015 to
inventory fish species in the area. No fish was found at five stations representing the middle and downstream parts of
the Nilufer stream. The most common species were detected, Barbus niluferensis, Squalius cii, Oxynoemacheilus
angorae, and Oxynoemacheilus simavicus, respectively.

Keywords: biodiversity, Kernel density analysis, Susurluk basin, Niliifer Stream, Bursa

*
Niliifer Cayr Tath Su Baliklar1 Giincel Durumu -(Kuzey-bati Tiirkiye)

Ozet

Bu caligmada Niliifer ¢ay1 havzasinin tatl su baliklari cesitliligi arastirilmistir. Calisma sonucunda 16 cinse ve
9 familyaya ait 19 balik tiirii tespit edilmistir. Calisma alaninda, bes tiirle (% 27,7) Leuciscidae, bes tiirle (% 27,7)
Cyprinidae en yogun takson igeren failyalardir. Bolgedeki balik faunasmi tespit etmek igin 2014-2015 yillar1 arasinda
17 érnekleme noktasindan drnekleme yapilmistir. Niliifer Cayinin orta ve mansap kismina ait bes 6rnekleme noktasinda
balik tiiriine rastlanmamistir. En yaygm bulunan tirler sirasiyla Barbus niluferensis, Squalius cii, Oxynoemacheilus
angorae ve Oxynoemacheilus simavicus’tur.

Anahtar kelimeler: biyogesitlilik, Kernel yogunluk analizi, Susurluk havzasi, Niliifer Cayi, Bursa
1. Introduction

In Turkey, the research on freshwater fish goes back to the early 18th century[1]. Until today, many researchers
have investigated freshwater fishes. In Turkey, new species have been reported by the different researchers, and
distribution areas of these species are given [i.e. 2-3-4-5-6-7]. Researchers have determined the distribution areas of the
species by doing fauna studies in different basins [1-8-9-10-12-11-11]. These studies continue to increase day by day. In
Turkey, there are 409 freshwater fish species [12]. The number of species is increasing day by day with new studies,
and some species are reported synonym [13].

Bursa province is an important industrial center in Turkey. Niliifer Stream passing through the city center of
Bursa province is affected by industrial, agricultural, and domestic waste pollution [14]. These increasing anthropogenic
pressures will adversely affect the fish biodiversity of the stream. The data on the fishes of the Niliifer Stream date back
to the beginning of the century, and it was stated that the fish caught from the Niliifer Stream were sold in the Istanbul
fish market [15]. Many researchers conducted studies on the fish of the Niliifer Stream at different times, and 14 species
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were reported in these studies [5-6-15-16-17-18-19-20-21]. There is no comprehensive faunistic study to cover the
entire stream basin.

Uludag served as a shelter for northern faunal elements from Thrace during the glacial and interglacial periods
[21]. The stream passes through the city center of Bursa and joins the Susurluk Stream. The length of Nilufer Stream is
203 km and covers a 1540 km? watershed area. Basin is used for agricultural purpose (53.8%), forests (33.9%),
meadows (5.0%) and settlements (6.4%) [22]. Almost 70% of the drinking water of the province of Bursa is being
provided from the dams and ponds on the Nilufer Stream. There is eight organized industrial zone in the region [22].
Niliifer Stream Basin was affected by agricultural, industrial, and domestic wastes [14-22]. The tributaries pass through
the center of Bursa. Arrangements are made in the residential areas within the stream structure. These arrangements
have cut off connections with the water source points.

This study is aimed to determine the current status of Niliifer stream fish fauna in detail. The study's findings
will help overcome the information gap in determining the diversity and distribution areas of fish fauna in inland
waters.

2. Materials and methods

The Niliifer Stream is located in north-western Anatolia and an essential source of potable water in Bursa. The
primary origin of the water is the glacial lakes in Uludag. The study was carried out at 17 sampling points to cover the
entire stream, representing all zones, including Trout, Barbus, Abramis-Cyprinid, and Downstream (Figure 1, Table 1).

Species identification was carried out with the help of literature [4-5-17-21-23-24]. The valid scientific names
of the species were obtained from the Catalog of fishes and Fishbase database [25-26]. Specimens collected using
SAMUS 725MP electrofishing device and by hand nets and preserved in 4 % formaldehyde solution and then stored in
70% ethanol.

The distribution of the Niliifer Stream fish species was analyzed. The presence and diversity of the species is
mapped and an exploratory interpolation statistical method based on the Kernel Density Estimate (KDE) was used to
establish a density based on the distribution points Bandwidth (influence radius) and K (Kernel) functions was predicted
for each species at stations [27-28]. The KDE analyzes included types made in the same way at each station and whose
coordinates were given, and samples were found. We included samples captured in the same method and at the same
time in KDE analyzes.
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Figure 1. The map of the Nilufer stream basin, Bursa, Turkey
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Table 1. Sampling locations

No Stations Longitude Lattitude

1 Orhaniye Pond 28.759.690  40.321.568
2 Yoriikyenicesi 28.665.585  40.286.296
3 Kazikli village 29.150.059  40.254.424
4 Barakfakih 29.277.274  40.231.340
5 Gdlbas1 pond 29.314.990  40.224.576
6 Narlidere 29.297.480  40.246.244
7 Aksu creek 29.323.456  40.176.374
8 Deligay creek 29.256.632  40.153.444
9 Misi village 28.970.266  40.179.108
10  Upper Nilufer dam 29.150.838  40.001.959
11  Arasdere 29.172.297  40.053.748
12 Ericek creek 29.209.271  40.041.448
13 Downstream 28.458.813  40.296.172
14 Hiirriyet village 28.647.388  40.292.092
15 Buttim(Bursa International Textile and Trade Center) Kopri altt 29.064.396  40.240.319
16  Samanli neighbourhood 29.139.357  40.230.164
17 Samanli neighbourhood 29.132.342  40.233.664

3. Results

353

As a result of the study, 19 species of fishes belonging to 9 families were identified. Leuciscidae and
Cyprinidae are the dominant families in the region (Table 2). As a consequence of the literature review, 14 species of
fish were reported from the Niliifer Stream [5-6-15-16-17-18-19-20-21] (Table 3). In the study area, the Leuciscidae
family (46.51%), Cyprinidae (33.2 %) have the highest number of individuals, and Siluridae, Esocidae (0.22%) have the
lowest number of individuals (Table 2). The most species diversity is in Golbas1 pond outlet (10) and Misi village (6),
and the species with the highest distribution are B. niluferensis, S. cii, R. amarus and O. angorae (Figure 2). B.
Niliiferensis A. manyasensis and S.cii species have the highest number of individuals (Table 2).
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Figure 2. Kernel density anafysw of Nilufer stream fish speC|es
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Table 2. Distribution, density and IUCN criteria of fishes identified from Niliifer Stream in this study

Sampling sites
Familia Species IUCN % 13,14,
112|3[4[5(6|7|8|9]10 |11 |12 | 15,16,
17
Cobitidae Cobitis taenia LC 3,28 +| +| +
Acheilognathidae Rhodeus amarus, LC 8,52 +| |+ ]+
Barbus niluferensis NT 17,4 |+ |+ +
Barbus oligolepis LC 7,86 +| + +
Cyprinidae Capoeta tinca LC 3,28 +
Carassius gibelio NE 1,09 +| +| +
Cyprinus carpio VU 0,22
AIburn0|de_s LC 15.2 +
manyasensis
Petroleuc!scus LC 415 + +
Leuciscidae boryst_henlcus
Scardinus LC 306 + I\_Io
erythrophthalmus ' fish
Squalius cii, LC 14,6 +|+| +| +|+ +
Vimba vimba, LC 0,87 +
- Oxynoemacheilus
Nemacheilidae angorae NE 6,05 +l |+ +]| +] + +
Oxynoemacheilus
simavicus CR 4,95 LTI *
Esocidae Esox lucius, LC 0,22 +
Gobiidae Neogobius fluviatilis LC 2,84 + + +
Salmonidae Salmo cf. coruhensis NE 2,18 +
Salmo cf. rizeensis NE 4,80 + +
Siluridae Silirus glanis LC 0,22 +
Table 3. Fish species from Niliifer Stream
[4]. [21]. [5-6-17]. [15]. [16-18-19-20]. This study
Salmo trutta Alburnoides . . . . . .
labrax bipunctatus A. manyasensis  Anguilla anguilla Carassius carassius  C. taenia
B. _ tauricus B. niluferensis Esox lucius Esox lucius A. manyasensis
escherichi
(C;:hhjlccgldbeusrnus B. oligolepis Leuciscus cephalus  S. erythrophthalmus  B. niluferensis
Capoeta tinca C. tinca Tinca tinca Vimba vimba B. oligolepis
Nemacheilus - . .
Silirus glanis C.tinca
angorae
Leuciscus cephalus C. gibelio
S. . trutta C. carpio
macrostigma
P. borysthenicus
R. amarus,
S. erythrophthalmus
S. cii
V. vimba
O.angorae.
O.simavicus
E. lucius,
N. fluviatilis

S. cf. coruhensis

S. cf. rizeensis

S. glanis

3.1 Fish fauna

Order: Cypriniformes

Family: Acheilognathidae

Rhodeus amarus (Bloch, 1782)

(Figure 3A, Table 2)

Material Examined: Golbasi pond (5), Yoriikyenicesi (6), Kazikli Village (3). 14 specimens, 15-50 mm SL
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Meristic Characters: D: 111 8-9%, P: I 8-10, V: 1 6-7, A: 11l 8-9%, LL: 34-37, L.trans.: 5/4-5

Distribution: Central and Eastern Europe, Caspian Sea basin, Black Sea, on some streams and lakes in the Marmara and
Aegean regions [23].

Family: Cobitidae

Cobitis taenia Karaman, 1928

(Figure 3B, Table 2)

Material Examined: Barakfakih (10); G6lbast pond (3), Misi village (2). 15 specimens, 53-65 mm SL

Meristic Characters: D: 8%, P: 7-8, V: 5-6, A: 5'%

Distribution: Marmara Region and Asian waters [31-32].

Remarks: Cobitis vardarensis was reported to distribute in the Susurluk Stream basin [8], but treated C. vardarensis in
the Susurluk Stream basin as C. taenia [29-30].

Family: Cyprinidae

Barbus niluferensis Turan, Kottelat & Ekmekgi, 2009

(Figure 3C, Table 2)

Material Examined: Misi Village;(15), Deli¢ay (8), Nilifer Dam (30), Aksu Creek (6), Narlidere (15), G6lbag1 pond (6)
80 specimens, 99-160 mm SL,

Meristic Characters: D: IV 7-8%, P: 110-13, V: 1 7-9, A: III 5%, LL: 65-69, L. trans.: 12-15/8-11

Distribution: Susurluk Stream basin [5].

Barbus oligolepis Battalgil, 1941

(Figure 3D, Table 2)

Material Examined:Misi Village (10), Barakfakih (30), Golbas1 pond (2) 36 specimens, 48-269 mm SL

Meristic Characters: D: IV 8', P: 1 13-14, V: | 8-9, A: III 5%, LL: 54-58, L.trans.: 12-14/8-9

Distribution: Barbus oligolepis is known from the drainages of streams Niliifer, Koca (= Kocasu; entering Lake
Ulubat), Kocachay (entering Lake Manyas, a tributary of Koca or Susurluk Stream), Hanchay (a tributary of Gonen)
and Narlica Stream in Iznik (flowing to Lake Iznik), All are draining to the southern shore of the Marmara Sea [5].
Capoeta tinca (Heckel, 1843)

(Figure 3E, Table 2,)

Material Examined: Misi Village (15), 15 specimens, 75-151 mm SL

Meristic Characters: D: lI-1V 7-9'%, P: 116-17, V: 1 8-9, A: III 15%, LL: 79-83, L.trans.: 15-16/10-11

Distribution: Capoeta tinca is known from the streams draining to the southern Marmara basin to the southwestern
Black Sea [11-17-31]

Carassius gibelio (Bloch, 1782)

(Figure 3F, Table 2)

Material Examined: Kazikli village (1), Yoriikyenicesi (1), Orhaniye pond (3), 5 specimens, 97-141 mm SL

Meristic Characters: D: HI-1V 16-17%, P: 115, V: I-119, A: 111 5 %, LL: 29-31, L.trans.: 6-7/5

Distribution: Widespread in Europe and Asia [25].

Figure 3. Freshwater Fishes of Nilufer Stream (A-F)
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Cyprinus carpio Linnaeus, 1758

(Figure 4A, Table 2)

Material Examined: G6lbasi pond (1), 1 specimen, 130 mm SL

Meristic Characters: D: 111 19%, P: 114, V: 17, A: TI1 5 %, LL: 37, L.trans.: 6/5

Distribution: Asia and Europe [25].

Family: Leuciscidae

Alburnoides manyasensis Turan, Ekmekg¢i, Kaya & Giiclii, 2013

(Figure 4B, Table 2)

Material Examined: Upper Nilufer Dam (70), 70 specimens, 50-90 mm SL

Meristic Characters: D: 111 8-9%, P: 11-13, V: | 7-8, A: 11l 11-13%, LL: 47-53, L.trans.: 9-11/4

Distribution: Alburnoides manyasensis is widespread in the Simav/Koca Stream, drainage of Lake Manyas [6].
Petroleuciscus borysthenicus (Kessler, 1859)

(Figure 4C, Table 2)

Material Examined: Gélbasi pond (14), Yoriikyenicesi (4), 18 specimens, 43-75 mm SL

Meristic Characters: D: 111 8-9%, P: 1 10-11, V: 1 8, A: 111 8-9 ', LL: 35-37, L. trans.: 7/3

Distribution: Western, northern and eastern Black Sea and Sea of Azov basins, Bulgaria, northern-central Turkey,
Aegean Sea basin, from Strma drainage eastward in Europe; north-western Turkey [24].

Scardinius erythrophtalmus (Linnaeus, 1758)

(Figure 4D, Table 2)

Material Examined: Orhaniye pond (14), 14 specimens, 67-126 mm SL

Meristic Characters: D: |11 8-9%, P: 1 12-14, V: 11 8-10, A: 111 10-12%, LL: 40-42, L.trans.: 7-8/4-5

Distribution: It is widespread in Europe and around the basins of the Baltic, Black, Caspian, North and Aral seas in Asia
[24].

Squalius cii (Richardson, 1857)

(Figure 4E, Table 2)

Material Examined: Yoriikyenicesi (8), Kazikli village (3), Barakfakih (10), Go6lbasi pond (10), Misi Village (16),
Narlidere (20), 67 specimens, 77-242 mm SL

Meristic Characters: D: 1ll 7-8'%, P: 14-16, V: 8-9, A: 111 8 ', LL: 43-47, L.trans.: 8/4

Distribution: Squalius cii distributed in north-western Anatolia, and is known from Lake Iznik basin, Simav, Biga
Peninsula and Lesbos Island (Greece) [32]

Vimba vimba (Linnaeus, 1758)

(Figure 4F, Table 2)

Material Examined: Barakfakih (3), 3 specimens, 56-73 mm SL,

Meristic Characters: D: III 8'%, P: I 13-14, V: 119, A: 11l 14-15 %, LL: 52-55, L.trans.: 3/5-6

Distribution: Caspian, Black, Marmara, and Baltic Sea basins [25].

Figure 4. Freshwater Fishes of Nilufer Stream (A-F)
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Family: Nemacheilidae

Oxynoemacheilus angorae

(Figure 5A, Table 2)

Material Examined: Orhaniye pond (1), Yoriik yenicesi (5), Niliifer Dam (5), Misi Village (3), Narlidere(5), Barakfakih
(6), 25 specimens, 35-66 mm SL

Meristic Characters: D: 7- 8 14, P: 8-9, V: 6, A: 5 4

Oxynoemacheilus simavicus

(Figure 5B, Table 2)

Material Examined: Niliifer Dam (8), Misi Village (4), Narlidere(6), Barakfakih(4), 22 specimens, 57-67 mm SL
Meristic Characters: D: 7- 8 ¥, P: 8-10, V: 6, A: 5 %

Order Esociformes

Family: Esocidae

Esox lucius Linnaeus, 1758

(Figure 5C, Table 2,)

Material Examined: Barakfakih (1), 1 specimen, 192 mm SL

Meristic Characters: D: 111 8-9%, P: 11-13, V: 1 7-8, A: Il 11-13%, LL: 115, L.trans.18/15

Distribution: Black, Azov, North and Aral seas drainages, Europe, North and West Asia [25].

Order Gobiiformes

Family: Gobiidae

Neogobius fluviatilis (Pallas, 1814)

(Figure 5D, Table 2)

Material Examined: Orhaniye pond (4), G6lbasi pond (1), 5 specimens, 51-74 mm SL

Meristic Characters: D1: VI, D2: 1 15-16%, P: 117, V: 15, A: 1 13-14%, Sq: 57-59

Distribution: Azov and Black Sea basin streams [25].

Order Salmoniformes

Family: Salmonidae

Salmo cf. coruhensis

(Figure 5E, Table 2)

Material Examined: Derekizik village, Deligay (6), 6 specimens, 148-200 mm SL

Meristic characters: D: IH1-1V 9-11%, P: 1 12-13, V: 19, A: 111 8-9%, LL: 110-114, L.trans.: 26-30/19-21
Distribution: Salmo coruhensis is known from streams flowing to the south-eastern Black Sea coast in Turkey, from the
Yesilirmak drainage and Coruh Stream drainage [4].

Salmo cf. rizeensis

(Figure 5F, Table 2)

Type Locality: Coruh Stream

Material Examined: Aras creek (8), Ericek creek (14), 23 specimens, 75-182 mm SL

Meristic characters: D: I1-1V 8-11%, P: 111-12, V: 1 8-9, A: Il 7-9'%, LL: 113-117, L.trans.: 26-30/17-21
Distribution: Salmo rizeensis is known from the headwaters and upper reaches of the streams, entering the Black Sea
[4].

Order Siluriformes

Family: Siluridae

Silurus glanis Linnaeus, 1758

(Figure 5G, Table 2)

Material Examined: Nilufer Stream, G6lbasi pond (1), 1 specimen, Bursa

Meristic Characters: D: 1 4, P: 115, V: 111, A: | 86

Distribution: Europe and Asia [25].
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Figure 5. Freshwater Fishes of Nilufer Stream (A-G)
4. Conclusions and discussion

C. carassius [18], A.anguilla, and T.tinca [15] reported in Niliifer Stream, but these species are not present in
the Niliifer Stream basin. There are trout populations on the northern and southern slopes of Uludag. Arasdere and
Ericek creek populations differ morphologically from the Delicay creek population. Arasdere and Ericek creek
populations do not share habitats with another species and show distribution alone. Delicay population shares its habitat
with B. niliiferensis in the lower part of the stream. Trout populations distributed in the Niliifer River have been stuck in
limited areas due to anthropogenic pressures (i.e., riverbed arrangements, agricultural irrigation, drinking water use, and
housing). The IUCN red list category of B. niluferensis is NT [33]. In our study, B. niluferensis observed to be the most
frequently distributed species in all stations (Table 2). Niliifer Stream is under pressure by several anthropogenic factors
such as pollution. Pollution has deteriorated water quality in the sub-basin of Nilufer Stream [14-22]. It reduces
dissolved oxygen levels in the sub-basin to below 2 mg/L [14]. Dissolved oxygen levels experienced by Cyprinids are a
minimum of 4 mg / L [34]. Low oxygen levels in the downstream region prevent fish migration to the Niliifer Stream.
In the early 1900s, the presence of (T.tinca, L.cephalus (S.cii), A.anguilla, C.carpio, S. glanis, E. Lucius) species from
the Nilufer Stream was reported, and approximately 5000 kg of these fishes were sold in the Istanbul fish market
annually [15]. In this study, we have not been able to found T. tinca and A. anguilla from the Nilufer Stream. Alburnus
alburnus, A. chalcaoides, Blicca bjorkna, Rutilus rutilus Alosa maeotica, and Mugil cephalus are being caught
commercially utilized in the Uluabat lake [35]; however, these fishes are not present in the Niliifer Stream. Anguilla
anguilla was reported from Uluabat Lake [35], however, this species is known to exist in the Niliifer Stream at the
beginning of the century. In our study, A. anguilla species were not found in the Niliifer Stream. Alosa maeotica,
Alburnus carinatus, Blicca bjoerkna species are distributed in Simav Stream and Uluabat lake [1-35], but these species
do not exist in the Niliifer Stream.

In this study, some inland fish species distributed in the Susurluk Stream basin, their distribution, and some
morphological characteristics were investigated. The identified fish species were compared with the current literature.
Conservation and sustainability of biodiversity are possible by monitoring this diversity. Accurate identification of
species is essential for the accuracy of monitoring studies. These results will then provide necessary information to
support all studies conducted with the relevant species.
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Abstract

Climate change is expressed as one of the most important problems of the last century. The main reason of the
problem is due to fact that the effects of global warming become increasingly apparent. In recent years, many
researchers from various disciplines have begun to do considerable studies on this issue. However, many of them were
generated in the area of nature science (i.e. forestry, ecology, biology). Because, as stated by many researchers, plant
species and wild animals are more easily affected by climate change. Moreover, both plant species and wild animals
drift in an adaptation process due to abnormalities in the climate. As a result of this situation the species need to adapt to
their habitat to be able to survive. But all species are not able to succeed it easily. That is why, it is important to estimate
the potential distribution areas of species current climate and simulated climate change. Climate change simulations
make it possible to get accurate results in planning for sustainable of the species. Climate data needs to be used in order
to be able to carry out future simulations. This climate data is produced by the IPCC (Intergovernmental Panel on
Climate Change) and used to determine and simulate the potential distribution areas. The IPCC provides climate data
for both present and future with the reports issued with certain periods. The mentioned climate data are shared with
researchers in the WorldClim database. Various scenarios for the future are presented through continuous updating of
these data. When the history of the reports prepared by the IPCC is examined, it is seen that SRES (Special Report on
Emissions Scenarios) scenario groups, which are set up under the 4th Evaluation Report between 2007-2013, are used.
However, this approach was changed in the 5th Assessment Report submitted in 2013 and the RCP (Representative
Concentration Pathways) scenarios were put forward. Within the context of the RCP scenario, four different scenarios
have been put forward. Currently, the 6th evaluation report is being prepared. Data from the Shared Socio-Economic
Pathways (SSP) scenario groups have been shared recently. In the present study, differences of the scenarios were
asserted by informing about SRES, RCP and SSP scenario groups. In addition, information on the ecological evaluation
of the data is presented.

Keywords: IPCC, climate change, climate scenarios, global warming, RCP, SRES, SSP

%

Ekolojik bakis acisi ile iklim degisimi senaryolari

Ozet

Iklim degisikligi son yiizyilm en 6nemli sorunlarmdan birisi olarak ifade edilmektedir. Bu durumun baslica
nedenleri arasinda kiiresel 1sinmanin etkilerinin her gecen giin artmasi1 gosterilmektedir. Hal boyle olunca, son yillarda,
cesitli disiplinlerden birgok arastirmact iklim degisikligi iizerine caligmalar yapmaya baglamistir. Bu caligmalar
icerisinde de doga bilimleri {izerine (ormancilik, ekoloji, biyoloji, vd.) yapilanlar dikkat ¢ekmektedir. Bu durumun
sebebi olarak ise bitki tiirleri ve yaban hayvanlarinin iklim degisikliginden etkilenme noktasinda kirilgan bir yapiya
sahip olmalar1 isaret edilmektedir. Soyle ki, hem bitki tiirleri hem de yaban hayvanlari, iklimdeki anormallikler
nedeniyle bir adaptasyon siirecine siiriilklenmektedir. Tiirlerin ise hayatta kalabilmek i¢in, iklim degisikligi neticesinde
karsilasilan kosullara uyum saglamalar1 gerekmektedir. Ancak tiim tiirler bunu kolayca bagaramamaktadir. Bu noktada,
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tiirlerin potansiyel dagilim alanlarini belirlemek ve bu alanlar1 gelecek i¢in simiile etmek dnem arz etmektedir. Cilinkii
bu simiilasyonlar tiirlerin siirdiiriilebilirligini planlamada pratik ve etkin sonuglar almayr miimkiin kilmaktadir.
Gelecekteki simiilasyonlar1 gerceklestirebilmek icin ise iklim verilerinin kullanilmas: gerekmektedir. iklim verileri
hususunda IPCC (Hiikiimetleraras1 iklim Degisikligi Paneli) tarafindan onemli ¢ahismalar gerceklestirilmektedir. Bu
galigmalar neticesinde ge¢mis, giiniimiiz ve gelecek igin iretilmis iklim verileri WorldClim veri tabaninda
arastirmacilara sunulmaktadir. Bu veriler tiirlerin potansiyel dagilim alanlarmi belirlemek ve simiile etmek igin
kullanilabilmektedir. IPCC, belirli donemlerde yayinlanan raporlarla gegmis, gliniimiiz ve gelecek i¢in iklim verileri
saglamaktadir. Bu veriler s6z konusu raporlarda belirli periyotlar ile giincellenmektedir. IPCC tarafindan hazirlanan
raporlarm gegmisi incelendiginde, 2007-2013 yillar1 arasinda 4. Degerlendirme Raporu altinda olusturulan SRES
(Emisyon Senaryolar1 Ozel Raporu) senaryo gruplarmmn kullamldig1 goriilmektedir. Ancak bu yaklagim 2013 yilinda
sunulan 5. Degerlendirme Raporunda degistirilmis ve RCP (Temsilci Konsantrasyon Yollar1) senaryolar1 ortaya
konulmustur. RCP senaryosu kapsaminda dort farkli senaryo ortaya konmus ve calismalarda bu senaryolarin
kullanilmasmin gerekliligi ifade edilmistir. Su an ise 6. degerlendirme raporu hazirlanmaktadir. Gegtigimiz giinlerde de
Ortak Sosyo-Ekonomik Rotalar (SSP) senaryo gruplarmna ait veriler paylagilmistir. Bu ¢alismada, SRES, RCP ve SSP
senaryo gruplar1 hakkinda bilgi verilerek senaryolarin farkliliklar: ileri siiriilmiistiir. Ayrica, bu senaryolara ait verilerin
ekolojik anlamda degerlendirilmesine yonelik bilgiler sunulmustur.

Anahtar kelimeler: IPCC, iklim degisimi, iklim senaryolari, kiiresel 1sinma, RCP, SRES, SSP
1. Giris

Iklim degisimi son yiiz yilin en 6nemli problemlerinden birisi olarak gésterilmektedir. Iklim degisikliginin
baslica sebebi artan niifus, sanayilesme faaliyetleri ve gelisen teknoloji siiregleri igerisinde ekolojik odakli diisiince
yapisina gerektigi kadar egilimin olmamasi ya da iklim degisiminin engellenmesine yonelik plan ve programlarin
uygulanmast noktasinda yetersiz kalimmasidir. Antropojenik faaliyetlerin hiz kazanmasi iklim de istenmeyen
anormalliklerin meydana gelmesine yol agmustir. Ozellikle CO; salmimmin giderek normal seviyelerin iistiine ¢ikmasi
sera etkisinin kritik seviyelere gelmesine neden olmustur (McNutt, 2013).

Sera etkisi, karbondioksit (CO.), metan (CH.), klorflorkarbonlar (CFCs), diazotmonoksit (N2O) gibi gazlarin
ve su buharmin atmosferde birikerek yeryiiziinden yanstyan isinlarin bir kismini absorbe etmesi, bunun neticesinde de
yeryliziine yakm kisimlarda sicakligin artmasi seklinde tamimlamaktadir (Kirk-Davidoff, 2018; Ollila, 2019).
Sicakliktaki bu istenmeyen artis, buzullarin erimesi, okyanus sularmin sogumasi, buna bagli olarak okyanus
akintilarinin degiserek hakim riizgarlar iizerinde etkili olmasi, akabinde ozellikle okyanusa kiyisi olan bolgelerde
vejetasyon yapisinin degismesi, ardindan mikro iklimler tizerinde degisikliklerin meydana gelmesi ve meydana gelen bu
degisimlerin tekrar sera etkisini tetiklemesi seklinde bir dongiiye neden olmaktadir. Bu dongii icerisine bir de
antropojenik baski eklenince basta bitki tiirleri olmak iizere canli tiirlerinin yayilis karakterlerinde degisikliklerinin
olmasini hatta nesillerinin tiikenmesini kaginilmaz bir son haline getirmistir (Tiirkes vd., 2000; Aksay vd., 2005).

iklimde meydana gelen degisimlerin basta insan olmak {izere biyosfer igerisindeki tiim canli toplumlarin
olumsuz etkilemesi ve biyolojik ¢esitliligin kritik seviyeye ulagmasi bu hususta birtakim énlemlerin alimmasini zorunlu
kilmistir. Bu amagla Birlesmis Milletler (BM)’e bagli olan Diinya Meteoroloji Organizasyonu (DMO) ve Birlesmis
Milletler Cevre Programu (BMCP) ortakliginda insan faaliyetlerinden kaynaklanan iklim degisikliginin muhtemel
sonuglarmi degerlendirmek i¢in 1988 yilinda Hiikiimetleraras: iklim Degisikligi Paneli (IPCC) kurulmustur. Bu kurulus
yapmis olduklar1 c¢aligmalar neticesinde ortaya koyulan raporlar ile iklim degisikliginin gelecekteki muhtemel
sonuglarmni ve alinmasi gereken tedbirlere yonelik dnerileri sunmaktadirlar. Su ana kadar ilki 1990 yilinda olmak tizere,
1995, 2001, 2007 ve 2013 yillarinda olmak iizere bes kez rapor sunulmustur. 2016 yilinda 6n ¢aligmalar1 baglayan 6.
degerlendirme raporunun ise 2022 yilinin ikinci yarisinda sunulmasi planlanmaktadir. IPCC’nin raporlarim
olustururken esas aldig1 ii¢ temel dayanak noktasi bulunmaktadir. Bunlar bilimsel temel, uyum caligmalar1 ve 6nleme
tedbirleri olarak ifade edilmektedir. Bu noktada 6zellikle sahip oldugumuz biyolojik ¢esitliligin muhafaza edilmesi
acisindan Onleme tedbirleri 6nem arz etmektedir. Bu denli 6nemi olan tedbirlerin alinabilmesi ve gelecege yonelik
ongoriilerin yapilabilmesi i¢in kiiresel 6lgekte olusturulan senaryolardan ve bu senaryolar temel alinarak olusturulan
modellerden faydalanilmaktadir (Akg¢akaya vd., 2013; MGM, 2015). Dolayis1 ile iklim senaryolarinin kavramsal
gercevesinin bilinmesi ve ongoriilerin altinda yatan temel sebepler ile farkliliklarm anlasilmasi yapilacak caligmalar
acisindan 6nem arz etmektedir. Buradan hareketle de s6z konusu ¢alismada senaryolarin temel hatlarinin ifade edilmesi
ve farkli donemlerde sunulan senaryolarin farkliliklariin ortaya koyulmasi amaglanmustir.

2. Kiiresel iklim Senaryolar
2.1. Emisyon Raporlari Ozel Senaryolar: (SRES: Special Report on Emissions Scenarios)

Iklim modeli ¢alismalarnm en énemli kismmi kullanilan senaryolar olusturmaktadir. Senaryolar gelecege
yonelik bazi durumlari resmetmek i¢in kullanilan hikayeler olarak tanimlanmaktadirlar (Gregory ve Duran 2001). Farkli
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bir agidan tanimlamak gerekirse de iklim bilimciler tarafindan olusturulan senaryolar giliniimiizde almman kararlarin
gelecekteki durumlarint inceleyebilmek igin kullanilabilen dokiimanlar olarak ifade edilebilir. Bu noktadan hareketle
IPCC’nin 2007 yilinda yaymlamis oldugu 4. degerlendirme raporu kapsaminda ortaya atilan SRES senaryolar1 bir¢ok
caligma i¢in altlik olusturmus ve gelecege yonelik birtakim kestirimlerde bulunabilmesi igin firsat yaratmistir. SRES
senaryolar1 dort ana senaryo (Al, A2, Bl, B2) ve bunlarin kendi iglerindeki alt senaryolardan olusmaktadir. Bu
senaryolar ilk olarak 1997 yilinda olusturulmaya baslanmstir ve yaklasik {i¢ yillik bir siirede tamamlanabilmistir. Tlk
sonuglar 2001°’de yayinlanmasma ragmen nihai degerlendirmeler ancak 2007 yilindaki 4. degerlendirme raporunda
ortaya koyulabilmistir. Bu senaryolarin olusturulmasinda sirali yaklasim olarak isimlendirilen bir sistem kullanilmistir.
Soyle ki; bu sisteme gore, siireg birbirini takip eden fazlar seklinde ilerlemektedir. Bu yaklasimda ilk olarak sosyo-
ekonomik senaryolar olusturulmakta, daha sonra sosyo-ekonomik gelismelere bagli olarak meydana gelen emisyon
salinimlar1 i¢in senaryolar olusturulmaktadir. Ardindan ise emisyon seviyelerine gore, emisyonlarin neden olacagi
1smimsal zorlamalar hesaplanarak iklim modellerinde kullanilmaktadir (Cayan vd., 2008, Ozkan, 2010; Ozkan ve Mert,
2010; MGM, 2015). SRES senaryolar1 kapsamindaki 4 ana emisyon senaryosu incelenecek olursa;

Al senaryo grubu hizli bir ekonomik biiyiimenin oldugu, yiizyilin sonunda teknolojinin hem gelistigi hem de
daha etkin kullanildigi, daha yogun sosyo-kiiltiirel etkilesimlerin hakim oldugu ve diinya niifusunun en yiiksek
seviyesine ulastigi homojen bir diinya goriisii kabuliine dayanmaktadir. Bu senaryoya gére CO2 emisyonunun 2000
yilindaki degerine gore (380 ppm) artacagi ve 2080 yilinda 800 ppm’e ulasacagi, buna bagli olarak da ortalama
sicaklikta 3 °C’lik bir artis olacagini ongdrmektedir. Al senaryo ailesi kendi igerisinde ii¢ gruba ayrilmaktadir. Bunlar
fosil yakitlarin yogun olarak kullanildig1 bir sisteme vurgu yapan A1F1, fosil yakitlari kullanilmadigi bir sistemi ifade
eden A1T1 ve enerji kaynaklarmin dengeli bir sekilde kullanildig1 bir yapiy1 6ngoren A1B senaryolaridir (IPCC, 2007;
Bernstein vd., 2008; Ozkan, 2010; Ozkan ve Mert, 2010).

A2 senaryosuna gore, yerel kimliklerin korundugu, kisi basina diigen gelirin ve teknolojik gelismenin daha
yavas oldugu heterojen bir diinya s6z konusudur. Niifus artisinin devam ettigi bu 6ngoérii kapsaminda 2000 yilinda 380
ppm olan CO; miktarmnm 2080 yilinda 700 ppm’e yiikselecegine ve sicaklikta 2080 yili itibariyle 2.8 °C’lik bir artigin
olacagna yonelik kestirimde bulunulmaktadir (IPCC, 2007; Bernstein vd., 2008; Ozkan, 2010; Ozkan ve Mert, 2010).

B1 senaryosu, SRES senaryolari i¢erisindeki en iyimser senaryo olarak karsimiza ¢ikmaktadir. Bu senaryoya
gore ekonomik gelismelerin artacagi, fakat yiizyilin sonlarma yaklastik¢a ekolojik tedbirlerin 6n plana ¢ikacagi ve
kirletici kaynaklara yonelik bir azalmanin vuku bulacagi bir durum Ongdriilmektedir. En iyimser degerler ile ifade
edilen B1 senaryosuna gore CO> konsantrasyonunun 2080 yilinda, 2000 yilinda 380 ppm olan degerine gore nispeten
daha az artig gosterecegi ve 580 ppm olacagi, sicaklik degerinin ise yaklagik 1.8 °C artacagi tahmin edilmektedir (IPCC,
2007; Bernstein vd., 2008; Ozkan, 2010; Ozkan ve Mert, 2010).

SRES senaryo gruplarinin sonuncusu olan B2 senaryosunda, A2 senaryosuna benzer sekilde heterojen bir
diinya goriisli 6ngoriilmektedir. A2 senaryosuna oranla daha az artigin olacagi bir niifus yapismin s6z konusu oldugu bu
senaryoda ekonomide orta seviyede bir gelisme tahmin edilmektedir. Bunun yaninda teknolojik olarak Bl ve Al
senaryolarindan daha yavas bir ilerleme olacagi kestiriminde bulunulmustur. Ayrica yine 2000 yilinda 380 ppm olan
CO; miktarmim 2080 itibari ile 550 ppm olacagi, sicaklikta ise 2.1 °C’lik bir artis olacagi dngériilmektedir (IPCC, 2007;
Bernstein vd., 2008; Ozkan, 2010; Ozkan ve Mert, 2010).

2.2. Temsili Konsantrasyon Rotalari (RCP: Representative Concentration Pathways)

SRES senaryolar1 kapsaminda gelecege yonelik farkli kestirimlerde bulunulmustur. Bu senaryolar IPCC
tarafindan bahsetmis oldugumuz periyodik ¢aligmalar ile revize edilmektedirler. Bahsi gegen senaryo grubu IPCC’nin 5.
Degerlendirme Raporu’nda (2013) ortaya koyulmustur. Ancak bu iklim degisikligi senaryolarinin olusturulmasinda,
SRES senaryolarinda esas alman sirali yaklagim metodundan farkli bir sekilde paralel degerlendirme metodu
kullanilmistir. Bu yaklagim ile sunulan yeni konsantrasyon senaryolart Temsili Konsantrasyon Rotalar1 (RCP:
Representative Concentration Pathways) olarak isimlendirilmistir. Raporda SRES senaryolarma benzer sekilde
1smmimsal zorlama seviyelerine gore 4 farkli senaryo (RCP2.6-RCP4.5-RCP6.0-RCPS8.5) ifade edilmistir (IPCC; 2013;
Osipova ve Sangermano, 2016). RCP senaryolar1 muhtemel konsantrasyon ve sicaklik artis degerleri itibariyle
incelenecek olursa;

RCP2.6 senaryosu RCP senaryolari igerisindeki en iyimser olanidir ki, bu senaryoya gére CO; miktarinin artis
gosterecegi ve 2050 yili itibariyle (442 ppm) zirveye ulasacagi ardindan ise ekolojik ve g¢evre odakli koruma
onlemlerinin 6n plana ¢iktig1 bir diinya goériisiiniin benimsenmesi ile CO2 miktarmimn 2050 yilindan itibaren azalan trend
gostererek yiliz yilin sonlarina dogru 421 ppm’e diisecegi tahmin edilmektedir. Bunun yaninda yiizyilin sonlarina dogru
sicaklikta ortalama 1.0 °C’lik (min: 0,3 °C /mak: 1,7 °C ) bir artis olacag1 6ngoriilmektedir (Demircan vd., 2014; MGM,
2015; Ayala vd., 2016; Shresta ve Lohpaisankrit, 2016).

RCP4.5 senaryosuna gore gelisen teknoloji ve artan niifusa bagli olarak CO, miktarindaki artisin yiizyilin
sonuna kadar devam edecegi ve 2100 yilinda 538 ppm’e ulasacagi, sicakligin ise 1.8 °C’lik (min: 1.1 °C /mak: 2.6 °C)
artig gosterecegi kestiriminde bulumulmugtur (Demircan vd., 2014; MGM, 2015; Ayala vd., 2016; Shresta ve
Lohpaisankrit, 2016).
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RCP6.0 senaryosunda da RCP4.5’de oldugu sekilde giderek artan niifus ve endiistrilesmeye paralel olarak CO-
miktarmin ylizyilin sonuna kadar artacagi, 2100 yili itibariyle degerin 670 ppm’e ulasacagi ongoriilmiistiir. Sicaklikta
ise 2.2 °C’lik (min: 1.4 °C /mak: 3.1 °C) artig gosterecegi tahmin edilmektedir (Demircan vd., 2014; MGM, 2015;
Avyala vd., 2016; Shresta ve Lohpaisankrit, 2016).

RCP8.5 senaryosuna gore de niifusun giderek artacagi, gelisen teknoloji ile beraber endiistrilegsme
faaliyetlerinin nispeten daha fazla olacagi, tim bunlarin neticesinde de, meydana gelen ciddi artisla beraber CO,
miktarmimn 2100 y1l itibariyle 936 ppm’e kadar ulasacagi sicakligin ise yaklasik 3.7 °C’lik (min: 2.6 °C /mak: 4.8 °C)
bir artis gosterecegi ongorillmektedir (Demircan vd., 2014; MGM, 2015; Ayala vd., 2016; Shresta ve Lohpaisankrit,
2016).

Gorildiigii tizere yeni olusturulan RCP senaryolar1 ile SRES senaryolar1 arasinda bazi farkliliklar
bulunmaktadir (Sekil 1).

1000 ¢ - v
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— RCP4.5 g

900 RCP6
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300! . . " 4 J
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Sekil 1. SRES ve RCP senaryolarinin atmosferik karbondioksit (CO2) konsantrasyonlar1 (IPCC, 2014)

Iklim senaryolar1 (SRES-RCP) itibariyle ifade edilen farkliliklar hem senaryolarmn olusturulmasindaki
metodolojide hem de genel goriistedir. Ornegin 4. degerlendirme raporunda “iklim degisimi muhtemelen vardir”
seklinde bir goriis s6z konusu olmustur. Ancak 5. degerlendirme raporunda ise degisiklik yapilarak “iklim degigimi
kesinlikle vardir ve insan kaynaklidir” seklinde bir ifadeye yer verilmistir. Basit bir sekilde disiiniildiigiinde bile bu
ifadeler arasindaki farktan iklim degisikliginin etkilerinin nedenli artmakta oldugu ortaya ¢ikmaktadir (IPCC, 2013).

2.3. Ortak Sosyo-Ekonomik Rotalar (SSPs: The Shared Socio-Economic Pathways)

SSP senaryo gruplar1 IPCC tarafindan hazirlanan 6. Degerlendirme raporu kapsaminda hazirlanmaktadir ve 21.
yiizy1l senaryolar1 olarak ifade edilmektedir. Raporun sonug¢ raporunun 2022 yilinin ikinci yarisinda yaymlanacagi
ongoriilmektedir (O'Neill vd., 2016; Carbonbrief, 2018).

Yeni senaryo grubu igerisinde diinyanin alabilecegi bes farkli yol sunulmaktadir. RCP senaryo grubunun
hazirlanmas1 asamasinda, bir grup senaryolarin olusturulmasi siirecinde 1smimsal zorlama seviyelerini dikkate alarak
caligmalar1 yiiriitiilmiistiir. Ikinci bir grup ise sosyo-ekonomik olarak nasil degisimlerin olabilecegini modellemeye
¢aligmaktadir. Bahsi gegen sosyo-ekonomik parametreler niifus, ekonomik biiyiime, egitim, kentlesme ve teknolojik
gelisme oranlarini kapsamaktadir. SSP senaryolari ise sosyo-ekonomik modellemeler ile RCP senaryolarinin hedeflerini
birlestirerek iklim degisikligine yonelik olarak diinyanin gelisebilecegi bes farkli yol sunmaktadir. Esasinda baslangigta
bu iki modelleme siireci tamamlayici olarak tasarlanmistir. S6yle ki, RCP senaryolar1 sera gazi konsantrasyonlari igin
ve ylizyilin sonunda ulagilabilecek 1sinma miktarinin etkin bir sekilde kestirilebilmesi i¢in rotalar olusturmaktadir.
Sosyo-ekonomik senaryolar ise emisyonlardaki azalma hedeflerine ulasilip ulagilamayacagi noktasinda kestirimler
sunmaktadir (O'Neill vd., 2016; Carbonbrief, 2018).

SSP senaryolar1 farkli temel diinyalar Ongoriisii ile bes farkli temel yaklasim sunmaktadir. Bu temel
yaklagimlar 6 farkli kiiresel iklim modeline ait olarak (AIM-CGE, GCAM, IMAGE, MESSAGE-GLOBIOM,
REMIND-Magpie ve WITCH-GLOBIOM) 1simimsal zorlama degerlerine gore alternatif alt gruplara ayrilmaktadir
(INASA, 2020; WorldClim, 2020).

Senaryo gruplar1 ifade edilen temel yaklasimlar itibariyle incelenecek olursa; SSP1 siirdiiriilebilir odaklh
biliyiime ve esitlik diinyasi, SSP2 trendlerin tarihsel Oriintiilerini biiyiik 6lglide takip ettigi yolun ortasinda bir diinya,

An ecological perspective on climate change scenarios
Serkan OZDEMIR, Kiirsad OZKAN, Ahmet MERT



Biological Diversity and Conservation — 13/ 3 (2020) 365

SSP3 parcalanmis ve yeniden dirilen milliyet¢ilik diinyasi, SSP4 siirekli artan esitsizligin oldugu bir diinya, SSP5 ise
ekonomik ¢ikt1 ve enerji kullaniminda hizli ve kisitlamasiz biiyiimenin oldugu bir diinya olarak ifade edilmektedir.
Asagida bu senaryo gruplarina ait bilgilere daha detayli olarak yer verilmistir.

SSP1: Siirdiiriilebilirlik — Yesil Yolun Izlenmesi (Azaltma ve Adaptasyon I¢in Diisiik Derecede Zorluklar)

Bu senaryoya gore diinya ¢evresel unsurlara saygi duyan giderek daha siirdiiriilebilir bir yaklagimi esas olan bir
yola dogru kaymaktadir. Kiiresel 6lgekte halkin yonetimi yavas yavas gelismekte, ekonomik biiyiimeye verilen
onemden insan refahma verilen dneme gegis olmaktadir. Diinya capinda (iilkeler i¢i ve iilkeler arasi) esitsizlik
azalmaktadir. Tiikketimde enerji ve kaynak kullanimi giderek azalmaktadir (O'Neill vd., 2016; Carbonbrief, 2018).

SSP2: Yolun Ortasi (Etkilerin Azaltilmast ve Adaptasyon i¢in Orta Derecede Zorluklar)

Diinya sosyal, ekonomik ve teknolojik egilimlerin tarihsel Oriintiilerini takip eden bir yol izlemektedir.
Kalkinma ve gelir artis1 esitsiz bir sekilde ilerlemektedir. Bazi iilkeler nispeten daha iyi diizeyde ilerleme kaydederken,
digerleri beklentilerin altinda kalmaktadir. Ulusal ve uluslararasi kurumlar siirdiiriilebilir kalkinma hedeflerine ulagsmak
icin ¢alisirmaktadirlar ancak siire¢ yavas ilerlemektedir. Baz1 iyilestirmeler olmasina, kaynak ve enerji kullaniminm
yogunlugunun azalmasma ragmen, ekolojik sistemler bozulma yasamaktadir. Kiiresel niifus artis1 tlimh bir sekilde
ilerlemektedir ve yiizyilin ikinci yarisinda azalmaktadir. Gelir esitsizligi devam etmekte veya yavas ilerlemektedir.
Toplumsal ve cevresel degisikliklere karsi kirillganligi azaltmaya yonelik zorluklar devam etmektedir (O'Neill vd.,
2016; Carbonbrief, 2018).

SSP3: Bolgesel Rekabet — Kayalik Bir Yol (Azaltma ve Adaptasyon I¢in Yiiksek Derecede Zorluklar)

Bu senaryoya gore yeniden dirilen bir milliyetgilik, rekabetgilik anlayisi hiikiim siirmektedir. Giivenlikle ilgili
endiseler ve bolgesel gatigmalar, iilkeleri giderek daha ¢ok i¢ ve dig meselelere odaklanmaya zorlamaktadir. Politikalar
zaman icinde giderek daha fazla ulusal ve bdlgesel giivenlik sorunlarma ydnelmektedir. Ulkeler daha fazla gelisme icin
enerji ve gida giivenligi elde etme hedeflerine ulasmaya odaklanmaktadirlar. Egitim ve teknolojik gelisim yatirimlart
giderek azalmaktadir. Ekonomik gelisme yavas ilerlemekte, tiiketim hammadde yogun olarak gergeklesmekte,
esitsizlikler devam etmekte hatta artmaktadir. Niifus artig1 sanayilesmis iilkelerde diigiik, gelismekte olan iilkelerde
yiiksektir. Ekolojik yaklasima uluslararasi bakis agisi azalan egilim gostermekte, bu durum bazi bélgelerde ekolojik
bozulmalara neden olmaktadir (O'Neill vd., 2016; Carbonbrief, 2018).

SSP4: Esitsizlik — Boliinmiis Bir Yol (Azaltmada Diisiik Zorluklar, Adaptasyonda Yiiksek Derecede Zorluklar)

Beseri sermayeye’ olan yatirimlardaki esitsizliklerin ekonomik firsat ve siyasi iktidardaki artan esitsizliklerle
birlesmesi neticesinde iilke i¢inde ve diginda tabakalagmanimn artmasina neden olmaktadir. Zamanla kiiresel ekonominin
bilgi ve sermaye yogun sektorlerine katkida bulunan toplumlar ile emek yogun ve diisiik teknoloji ile ¢alisan az gelirli,
diisiik egitimli toplumlar arasindaki fark biiyiimektedir. Sosyal uyum* azalmakta, toplumdaki ¢atisma ve huzursuzluk
giderek yayginlagsmaktadir. Teknolojiye olan yatirimlar artma egilimindedir. Bununla beraber hem kémiir ve petrol gibi
karbon yogun yakitlara hem de diigilk karbonlu enerji kaynaklarina olan yatiwrimlar desteklenmektedir. Cevresel
politikalar1 ise orta ve yiiksek gelirli alanlardaki yerel konulara odaklanmaktadir (O'Neill vd., 2016; Carbonbrief, 2018).

SSP5: Fosil Yakith Kalkinma — Otoyolun Alinmasi (Etki Azaltmada Yiiksek Seviyede Zorluklar, Adaptasyonda
Diisiik Seviyede Zorluklar)

Bu senaryoda ifade edilen diinyada, siirdiiriilebilir kalkinma yolu olarak hizli teknolojik ilerleme, beseri
sermayenin geligtirilmesi icin rekabet¢i pazarlama, yenilik¢i yaklasima ve katilimer toplumlara artan inang
ongoriilmektedir. Kiiresel pazarlar giderek birlesmektedir. Sosyal sermayeyi artirmak igin saglik ve egitim alanlarinda
onemli yatirimlar s6z konusudur. Ayni zamanda ekonomik ve sosyal kalkinma baskisi fosil yakit kaynaklarinmn

T Bireylerin kisisel gelisimleri i¢in kendilerine yapmis olduklar1 yatirimdir. Bagka bir ifadeyle kisilerin egitim, tecriibe
ve yetenekleriyle kazanmis olduklar1 bilgi ve deneyim birikimi olarak da tanimlanmaktadir.

! Sosyal uyum ifadesi ile toplumdaki bireylerin o topluluga baglihgi ve kendi aralarindaki uyumu anlatilmak
istenmektedir.
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kullanilmas1 ve diinya ¢apinda enerji yogun yasam tarzlarinin benimsenmesi ile birlesmistir. Tim bu faktorler kiiresel
ekonominin hizli biiyiimesine yol agarken, kiiresel niifus 21. yiizyilda zirveye ulagsmakta ve azalmaya baglamaktadir.
Hava kirliligi gibi yerel ¢evre sorunlar1 basariyla yonetilmektedir. Sosyal ve ekolojik sistemlerin etkin bir sekilde
yonetilecegine yonelik inang hakimdir (O'Neill vd., 2016; Carbonbrief, 2018).

Yukarida ifade edilen senaryolar gelecege yonelik alternatif yollari ifade etmektedirler. Bu senaryolar
icerisinde SSP1 ve SSP5 senaryolar1 egitim ve saglik i¢in onemli yatwrimlar, hizli ekonomik biiylime ve iyi isleyen
kurumlar1 6ngdrmektedir. Birbirlerinden farkli olduklari noktalar agisindan bakildiginda ise SSP1°de siirdiiriilebilir
uygulamalara dogru bir gecis soz konusu iken, SSP5 enerji yogun, fosil yakit bazli bir ekonomi tarafindan
yonetilecegini varsaymaktadir. SSP3 ve SSP4 senaryolar1 fakir iilkelerdeki egitim ve saglik alanlarinda yapilan yetersiz
yatirimlar, hizla artan niifus ve esitsizlikler gibi 6ngoriiler ile gelecekte ekonomik ve sosyal gelismeler bakimindan daha
kétiimser bir yapi tezahiir etmektedir. SSP2 ise “yolun ortas1” senaryosunu temsil etmekte ve 21. ylizy1l boyunca
tarihsel geligim Oriintiilerinin devam edecegini 6ngdrmektedir.

Ifade edilen bu degerlendirmeler bakimindan SSP senaryolarmin IPCC’nin iigiincii ve dérdiincii degerlendirme
raporlarinda sunulan SRES senaryolari ile benzerlik tagidig1 goriilmektedir. Ornegin siirdiiriilebilir odakli olan SSP1 ve
SRES Bl olduk¢a benzerken, SSP2 ile SRES B2 benzer 6zellik gostermektedir. Kiiresel dlgekte parcalanmis bir yapi
ongoren SSP3, SRES A2 ile benzer 6zellik gosterirken, yiiksek fosil yakit bagimliligi kestiriminde bulunan SSPS5 ile
SRES AIF1 ortak ozellikler tagimaktadir. Ancak SSP senaryolarinda CO; salinim degerleri agisindan azaltma
(mitigation) SRES senaryolarindan farkli olarak diigiiniilmektedir. Her SSP’nin gelecegi dngéren temel bir senaryosu
vardir ve SSP’ler daha sonra gesitli emisyon azaltma hedefleriyle birlestirilebilir niteliktedir.

2.3.1. SSP senaryolart niifus ongoriileri

SSP'ler arasindaki temel farkliliklar, kiiresel niifus artigi, egitime erisim, kentlesme, ekonomik bilyiime,
kaynaklarm kullanilabilirligi, teknoloji gelismeleri ve yasam tarzi degisiklikleri gibi parametrelere yonelik
varsayimlardan kaynaklanmaktadir.

Asagida yer alan sekilde bes farkli temel SSP senaryosu igin Ongdriilen kiiresel niifus projeksiyonlari
gosterilmektedir.

== SSP1

= SSP2
SSP3
10 SSP4
== SSPS ‘ o mm— ——S
5
=
=
_»:.
€ 6
>
=
=
z
0 - -
2020 2040 2060 2080 2100

Yil
Sekil 2. SSP senaryolarma ait kiiresel niifus 6ngdriileri (Carbonbrief, 2018)
Niifus seviyeleri SSP1 ve SSP5 senaryolarinda en iyimser olarak 6ngoriilmektedir. Soyle ki, 2050 ve 2060
arasinda 8.5 milyarla niifus zirveye ulasiyor ve 2100 yilina kadar giderek azalarak 7 milyar seviyesine diisiiyor. SSP2
SSP4 senaryolarinda niifus 2070-2080 arasinda 9.5 milyar civarma ulastyor. SSP3 senaryosuna gore ise niifus artisi

yiizyil sonuna kadar artarak devam ediyor ve 12.6 milyar seviyesine ulasiyor.

2.3.2. SSP senaryolart emisyon ve sicaklik ongoriileri
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SSP senaryolar1 kapsaminda sera gazi emisyonlarinin kestirimi i¢in daha once ifade edilen alt1 farkli entegre
degerlendirme modeli (IAM) kullanilmistir. Bu modeller niifusun ekonomik biiylimenin ve enerji kullaniminmn iklimi
nasil etkiledigini simiile etmektedir. Ayrica sosyo-ekonomik faktorlere bagl olarak gelecekte sera gazi emisyonlarinin
nasil degisebilecegine ve enerji azaltma hedeflerine ulasmak i¢in enerji kullanimi, iiretim ve ekonomik faaliyetlerin
nasil degisebilecegine dair senaryolar iiretmektedirler (O'Neill vd., 2016; Carbonbrief, 2018).

Asagida yer alan sekillerde her SSP’nin temel senaryosu i¢in dngoriilen emisyon ve sicaklik degerleri yer
almaktadir (Sekil 3).

Gt CO,
Sicakhk (°C)

2020 2040 2060 08l 100 2020 J04A( 2060 JO80 100

Yil Yul
Sekil 3. SSP senaryolarina ait emisyon ve sicaklik dngdriileri (Carbonbrief, 2018)

CO; emisyon degerleri acisindan SSP senaryolar1 arasmda onemli 6lgiide farklar bulunmaktadir. Ornegin
stirdiirtilebilir odakli olan SSP1°de emisyon degerleri 2040 ve 2060 arasinda zirve yapmaktadir. Herhangi bir iklim
politikas1 yiiriitiilmedigi kosulda bile 2100 yilina kadar yaklagik 22 ile 48 gigaton(Gt)® CO;’ye diisiiyor. Sicaklhik artist
bakimindan da 2100 yih itibariyle 3-3.5 °C’lik sicaklik artis1 ongoriilmektedir (Sekil 3).

SSP’2 de ise emisyonlar ylizyilin sonuna kadar artmaya devam ediyor. Yiizyilin sonlarmma dogru 65 Gt CO3 ile
85 Gt CO; arasinda bir artis 6ngoriilmektedir. Sicaklikta ise 3.8-4.2 °C artis olacagi varsayilmaktadir (Sekil 3).

Bolgesel rekabet temali senaryo olan SSP3’te 2100 yilina kadar 76-86 Gt CO,’ ye ulasan emisyon degerleri
ongoriilmektedir. Sicaklik degerlerin agisindan ise 2100 yili itibari ile 3.9-4.6 °C’ lik bir artis olacagi diisliniilmektedir
(Sekil 3).

Bir diger senaryo olan SSP4 i¢in emisyonlar nispeten diisiik olarak gézlemlenmektedir. SSP4 emisyonlar1 2100
itibariyle 34 -45 Gt CO; arasinda degismekte, sicaklik artigi ise 3.5-3.8 °C olarak 6ngoriilmektedir (Sekil 3).

Son olarak yiiksek biiylime oranma sahip bir diinya betimleyen SSP5 senaryosuna gore 2100°de 104-126 Gt
CO; arasinda degisen emisyon degerleri ve 4.7-5.1 °C sicaklik artis1 ongoriilmektedir (Sekil 3).

2.3. Iklim Senaryolarimin Gelecegi

Iklim senaryolarinin son olarak 2013 yilinda sunulmasinin hemen ardindan sonraki ¢aligmalarin siirecinin nasil
isleyecegi ve raporda neler sunulacagi merak konusu olmaya basladi. Ancak ¢ok kisa siirmedi ve IPCC tarafindan bir
sonraki rapora iligkin bir takvim ve isleyis semas1 yaymlandi. Taslagin hazirlandigi ve sunuldugu toplandi 1-5 Mayis
2017 tarihlerin de Etiyopya’da gergeklestirildi. Eyliil aymnda ise toplanti da sunulan taslagin onaylandig: ilan edildi
(IPCC, 2013; IPCC-Calendar, 2019). Taslakta ortaya koyulan bilgilere gore 6. degerlendirme raporu (AR6) kapsaminda
3 6zel rapor sunulmasi planlanmaktadir. Bu raporlarin konu basliklar: ise su sekilde ifade edilmistir.

$ 1ppm CO,=.7.77 Gt CO,

NOAA (National Oceanic and Atmospheric Administration)’ya gore 2019 yil1 mayis ay1 i¢in atmosferdeki ppm degeri
2018 yilma gore 3.5 ppm artarak 411.2 ppm degerine ulasmistir. SSP senaryolar1 i¢in dngdriilen degerler giiniimiiz
emisyon degerinden (411.2 ppm) artis veya azalis miktarlarini ifade etmektedir.
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- Tklim degisikligi

- Okyanuslar ve kriyosferler

- Collesme ve arazi bozulmasi

- Siirdiirtilebilir arazi yonetimi

- Gida giivenligi

- Karasal ekosistemlerin lizerindeki sera gazi akiglar1

Ortaya koyulacak raporda ifade edilen bu temel altliklar esas alinarak iklim degisikligine ait ¢ergevenin
olusturulacagi belirtilmistir. AR6 raporuna iligkin verilen takvimde ilk olarak Ekim 2018’de 1.5 °C’ lik kiiresel 1sinma
ongoriisiine dayanan bir ara rapor yaymlanmistir. 1.5 °C Kiiresel Ismma Ozel Raporu hiikiimetler tarafindan Giiney
Kore’de onaylanmistir. Rapor genel hatlar1 itibariyle incelendiginde su maddelerin 6ne g¢iktigi goriilmektedir (IPCC,
2019).

> Insan etkisi neticesinde sanayi donemi dncesine gore 1.0 °C’ lik bir 1s:nma meydana gelmistir.

> Sera gazi emisyonlar1 bu trend ile devam ederse 2030 — 2050 yillar1 arasinda kiiresel 1sinma degeri
1.5 °C’ yi gegecektir.

> 1.5 °C degeri siirdiiriilebilir kalkinama agisindan kritik bir sinirdir.

> Bu simir1 gegmemek adma kiiresel emisyonlar1 2030 yilinda 2100 yilima gore %45 azaltmak ve 2050
yilinda sifir emisyon degerine ulagsmak gerekmektedir.

> Hali hazwrda Paris Antlagsmasi nezdinde verilen taahhiitler, kiiresel 1smmay1 1.5 °C’ de

siirlandirmaya yetmemektedir.

Daha sonraki kissmda RCP ve SSP senaryolar1 ile uygulanmaya baslanan paralel yaklasim yontemi
kapsaminda farkli gruplar ile gergeklestirilen g¢aligmalarin sonuglari ortaya koyulacagi beklenmektedir. Bu noktada
raporda calismalarm ii¢ farkh grup ile yiiriitiillecegi ifade edilmistir. ilk olarak Nisan 2021°de temel fizik bilimi
kapsaminda katkilarin sunuldugu bir rapor yaymlanacaktir. Ardindan Haziran 2021’ de iklim degisikliginin etkilerinin
hafifletilmesine yonelik ¢aligmalarin yer aldigi rapor sunulacaktir. Son olarak ise Ekim 2021°de iklime dayali etki,
adaptasyon ve hassasiyet siire¢lerini kapsayan {igiincii rapor yayinlanacaktir. Son olarak ise Nisan 2022’ de sentez
raporun sunulacag belirtilmistir. Nihai rapor yaymlandiktan sonra sonuglarin yayginlastirilmasi igin, farkli bolgeler de
konferans, ¢alistay, toplant1 ve sosyal programlarin yapilmasi da planlanmaktadir.

3. iklim Verilerinin Temini

Daha once iklim Ongoriileri esas alan bir¢ok senaryodan bahsedilmistir. Bu senaryolar itibariyle
gergeklestirilmis caligmalar bulunmaktadir. Bu calismalar incelendigin de biiyiik kisminda
www.worldclim.orgadresinde tcretsiz bir sekilde arastirmacilarin kullanimina sunulan verilerden faydalanildig:
goriilmektedir. Su an itibariyle veri tabanin da Versiyon 2.1 yer almaktadir ve internet sitesinde giincellemeler devam
etmektedir. Versiyon 2.1 igerisinde gegmis, giiniimiiz ve gelecek i¢in veriler yer almaktadir. Veri tabaninda gliniimiize
ait olarak dort farkli mekansal ¢oziiniirlikte (10 arc dakika, 5 arc dakika, 2,5 arc dakika ve 30 arc saniye) minimum
sicaklik, maksimum sicaklik, ortalama sicaklik, yagis, solar radyasyon, riizgar hizi, su buharit basinct ve 19 adet
bioiklim (Cizelge 1) verisi bulunmaktadir (Fick ve Hijmans, 2017; WorldClim, 2020).

Cizelge 1. Bioiklim degiskenlerinin agiklamalar1 ve kodlar1

Degiskenin aciklamasi Degiskenin kodu
Yillik ortalama sicaklik BIO1
Giindiiz smif ortalamasi BI02
Es 151 BIO3
Mevsimsel sicaklik BI04
En sicak ayin en yiiksek sicakligi BIO5
En soguk aym en diisiik sicakligi BIO6
Yillik sicaklik BIO7
En nemli ii¢ aym ortalama sicaklig1 BIO8
En kurak {i¢ aym ortalama sicaklig1 B109
En sicak ii¢ ayin ortalama sicaklig: B1010
En soguk {i¢ ayin ortalama sicakligi B1O11
Yillik yagis B1012
En nemli ayin yagist B1013
En kurak ayin yagist B1014
Mevsimsel yagis BIO15
En nemli {i¢ ayin yagis1 BIO16
En kurak ii¢ ayn yagist BIO17
En sicak {i¢ aym yagis1 BIO18
En soguk {i¢ aymn yagist BIO19
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Gliniimiize ait verilerin diginda 1960-2018 yillar1 arasina ait 10 yillik periyotlar seklinde aylik minimum
sicaklik, maksimum sicaklik ve yagis verileri yer almaktadir. Gelecege ait olarak ise ii¢ farkli mekansal ¢oziiniirliikte
veriler yer almaktadir. 30 arc saniye ¢6ziiniirlikklii verinin yaki zamanda eklenecegi veri tabaninda ifade edilmektedir.
Ayrica gelecek verileri dnceki versiyondan (Versiyon 2.0) farkli olarak™ 20 yillik periyotlar i¢in 4 farkli zaman
diliminde (2021-2040, 2041-2060, 2061-2080, 2081-20100) sunulmaktadir. Her bir zaman aralig1 i¢in ise 9 farkli gruba
ait kiiresel iklim modeline ait veri yer almaktadir (Cizelge 2).

Cizelge 2. WorldClim veri tabaninda gelecek i¢in sunulan verilerin dahil oldugu kiiresel iklim modelleri (WorldClim,
2020)

BCC-CSM2-MR Beijing Climate Center Climate System Model Version 2 Mixed Resolution

CNRM-CM6-1 Centre National de Recherches Météorologiques- Coupled Model Intercomparison Project

CNRM-ESM2-1 Centre National de Recherches Météorologiques-Earth System Model

CanESM5 The Canadian Earth System Model version 5

GFDL-ESM4 Geophysical Fluid Dynamics Laboratory-Earth System Model

IPSL-CM6A-LR Institut Pierre-Simon Laplace-Coupled Model Intercomparison Project-Low Resolution

MIROC-ES2L Model for Interdisciplinary Research on Climate-Earth System Version 2 Long-Term
Simulations

MIROC6 Model for Interdisciplinary Research on Climate Phase 6

MRI-ESM2-0 Meteorological Research Institute Earth System Model Version 2.0

4. Ekolojik Acidan iklim Degisimi Senaryolar

Dogal ekosistemlerdeki canlilik faaliyetlerinin devami noktasinda iklim kosullarinin énemi herkes tarafindan
bilinmektedir (Ozdemir, 2018). Ciinkii iklimde meydana gelen degisimlerden insanlarm modern teknoloji imkanlarmna
sahip olmasma ragmen olumsuz bir sekilde etkilenmesi birgok seyin farkina varabilmek adina temsil niteligindedir.
Ozellikle son zamanlarda meydana gelen ve iklimsel anormalliklerin ¢iktilarindan birisi olarak ifade edilen Irma,
Harvey ve Maria kasirgalar1 iklimsel olaylarin verebilecegi zararlar noktasinda fikir sahibi olunmasini saglamistir.
Sadece bu ii¢ kasirganin bir¢ok can kaybi ve 200 milyar dolardan fazla maddi zarara neden oldugu belirtilmektedir
(Independent, 2020; NYT, 2020). Bununla beraber son yillarda zoonoz hastaliklarin arttigi ve bunun baslica nedenleri
arasinda iklim degisikliginin oldugu da belirtilmektedir. iklimsel anormalliklerin etkileri her zaman bu kadar yikic1 ve
kisa siireli olmasa da uzun vade de daha carpici sonuclarinin olabilecegi diisiiniilmektedir (Talu, 2015). Oyle ki bu
diistincelerden o&tiirii iklim degisikligi konusunda paradigma noktasinda farkl gortisler ortaya atilmaktadir. Bu noktada
son yillarda iklim degisikligi ifadesinin yerine “iklim krizi” kavraminin kullanilmasi giindeme gelmektedir (Aron, 2019;
Rinnan and Lawler, 2019).

Daha once ifade edildigi gibi insanoglunun sahip oldugu imkan ve kaynaklara ragmen ¢aresiz kaldigi durumlar
s6z konusu iken dogada yasayan canlilar noktasinda da geri doniisiimii olmayan olumsuzluklarin yasanmasi muhtemel
olmaktadir. Ozellikle canli toplumlarmin iklim degisimine adapte olamayip nesillerinin tiikenmesi durumu bunun en
belirgin Ornegi olarak gosterilmektedir. Bu sebepledir ki, ekoloji, biyoloji, ormancilik gibi canli toplumlarinin
incelendigi bilim dallar1 igerisinde iklim degisikligine yonelik ¢aligmalarin yapilmasi kagmilmaz bir gereksinim
olmustur. Daha spesifik anlamda ifade edilecek olunursa, sadece tiirlerin degil ayni1 zamanda canli toplumlarinin ve
biyolojik ¢esitliliginin gelecekteki potansiyel dagilimlarinin bilinmesi biiyiik nem arz etmektedir. Bu siire¢ neticesinde
elde edilen haritalar ile hem hedef tiirlerin devamliliginin saglanmasi hem de biyolojik ¢esitliligin ekosistem tabanli
planlamalara entegre olabilmesi miimkiin olacaktir (Ozkan, 2014; Gao vd., 2016, Macfadyen vd., 2016; Ozkan, 2016;
Mert ve Kirag, 2017; Ozdemir vd., 2017). Ekolojik anlamda siirecin nasil isleyecegini temsil eden bir sekil asagida
verilmistir.

Yukaridaki sekilde yer alan metodoloji doga bilimleri igerisinde farkli disiplinlerde tiirlerin korunmasi,
planlanmasi, siirdiiriilebilir kullanim1 gibi amaglar dogrultusunda kullanilmaktadir. Bu ¢alismalar igerisinde 6zellikle
iklimsel parametreler kullanilarak canli toplumlarinin gelecekteki muhtemel durumlarina yonelik kestirimlerin yapildigi
caligmalar 6nem arz etmektedir. Ciinkii hedef tiirlerde, canli toplumlarinda veya biyolojik cesitlilikte meydana
gelebilecek olasi degisikliklere yonelik kestirimlerin yapildigi ¢alismalardan elde edilen ¢iktilar, uygulamada saglamisg
oldugu pratik ve etkili yaklagim ile gerek tiirlerin korunmasi gerek ise siirdiiriilebilir faydalanma noktasinda gz ardi
edilemez bir konumdadir. Keza, son yillarda iklimin hizli bir sekilde degismesine bagli olarak Onemi artan
“siirdiiriilebilirlik” ve “ekosistem tabanh fonksiyonel planlama” gibi yaklagimlarin hedefe ulagabilmesinin yolu
bahsi gegen calismalarin dogru metodolojiler kullanilarak yapilmasini gerektirmektedir. Dolayist ile bu dogrultuda
yapilacak olan caligmalar 6zellikle Tiirkiye gibi endemik ve nadir tiir gesitliliginin fazla oldugu yerlerde vazgecilmez
birer arag olarak goriilmektedir.

™ Iklim verileri Versiyon 2.0 kapsaminda 2050 ve 2070 olmak iizere iki farkl1 zamana ait olarak sunulmaktaydi.
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Sekil 5. Ekolojik modelleme siirecinin isleyisi
Tesekkiir

Bu c¢alisma 2017 yilinda Trabzon’da gergeklestirilen Uluslararast Ormancilik ve Cevre Sempozyumu’nda
(International Forestry & Environment Symposium) sozlii bildiri olarak sunulan ¢alismadan iiretilmistir.
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Abstract
Nutrigenomics is one of the upcoming sciences that have the potential to open up new arenas towards health

and disease management. Earlier generalized approach towards health and disease management was employed in the
health sector in which human genetics and its respective environment was taken into account, nevertheless in this
contemporary approach nutrition and its interaction with human genome holds focal position. With regards to nutrition
and human genomics and their interaction two terms as nutrigenetics and nutrigenomics are employed but both of these
terms are distant as well as closely related depending upon the context. According to various different research studies
conducted on the subject revealed that nutrients have the potential of influencing gene and its expression. Nutrients do
serve as qualifying agents that can affect the overall functioning of genes at all levels. In order to uncover the various
aspects and to deepen our comprehension on the subject various different approaches-more precisely ‘OMICS’ sciences
are employed. Transcriptomics, Proteomics, Metabolomics and Epigenomics greatly serve the purpose. Nutrigenomics
has been anticipated as a revolutionary scientific approach that will provide us with more customized, tailor-made and
individual specific approach towards health and disease management.

Keywords: epigenomics, metabolomics, nutrigenomics, proteomics, transcriptomic

*

Nutrigenomik - Transkriptomik, metabolomik, epigenomik ve proteomik gibi modern araglari kullanarak besinler ve
insan genomu arasindaki iliskilerin acikhga kavusmadigi gelisen bir bilim ve teknoloji alam

Ozet

Nutrigenomik, saglik ve hastalik yonetimine yonelik yeni alanlar agma potansiyeline sahip olan gelecek
bilimlerden birisidir. Insan genetiginin ve ilgili ortamim dikkate alindig1 saghk sektériinde saglik ve hastalik yonetimine
daha once genellestirilmis yaklasim uygulanmig, buna ragmen bu cagdas yaklasimda beslenme ve insan genomu ile
etkilesimi odak noktasindadir. Beslenme ve insan genomikleri ve bunlarin etkilesimi ile ilgili olarak, nutrigenetik ve
nutrigenomik olmak {izere iki terim kullanilir, ancak bu terimlerin her ikisi de igerige baglh olarak uzak ve yakindan
iliskilidir. Konuyla ilgili yapilan gesitli farkli arastirmalara gore, besin maddelerinin geni ve ekspresyonunu etkileme
potansiyeli oldugunu ortaya koymustur. Besin maddeleri, tiim seviyelerde genlerin genel isleyisini etkileyebilecek
nitelikli ajanlar olarak hizmet eder. Cesitli yonleri ortaya ¢ikarmak ve konuyla ilgili anlayigimizi derinlestirmek igin
¢esitli yaklagimlar - daha kesin olarak 'OMIK' bilimleri kullanilmaktadir. Transkriptomik, Proteomik, Metabolomik ve
Epigenomik bu amaca biiyiik hizmet eder. Nutrigenomik, bize saglik ve hastalik yonetimine daha 6zellestirilmis, kisiye
ozel ve kisiye 6zel yaklagim saglayacak devrimci bir bilimsel yaklasim olarak 6ngdriilmiistiir.
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Anahtar kelimeler: epigenomik, metabolomik, nutrigenomik, proteomik, transkriptomik
1. Introduction

With the increase in scientific knowledge and advancement in technology it has been unearthed that nutrition
emphatically influences the overall functioning of gene, thus affecting the overall physiological processes occurring in
an individual. Nutrigenomics is the study based on human nutrition and its corresponding effects on its genetic makeup.
Furthermore it uncovers both the useful and the harmful effects of various different nutrients composing ones’ diet and
their influence on the usual functioning of the gene and then on health [1]. Any transformation and variation brought
about by diet in the genomic organization can potentially affect the transcription and DNA composition [54]. Thus, it is
indispensible to understand interaction of nutrition with human genomic organization and its ultimate affect on
phenotype. The influence of diet on an individual’s genomic organization in context of health and disease management
is gaining worldwide scientific recognition. Thus nutrigenomics serves as a sine qua non towards understanding that
how diet actually affects ones’ genomic organization and subsequently influences the overall performance of an
individual in both health and diseased states. Nutrition has a significant contribution towards the maintenance of one’s
health and increased susceptibility to various known diseases such as cancer, osteoporosis, diabetes and cardiovascular
disease. Nutrigenomics studies can be furthered with the help of ‘OMICS’ technologies. By using the vast array of
information available the influence of one’s diet on health can be evaluated further. Erratic responses have been
observed with regards to particular dietary intervention and are the burning topic amongst the scientific community [1].
Various different factors can influence one’s reaction to diet, such as one’s age, gender, lifestyle, habits and genetics
being the significant in this regard [2].

Amongst the various different factors contributing towards gene health, diet in particular, essentially
contributes towards gene health. It is affirmative that a dietary choice is a determining factor towards gene expression.
Therefore, it is apt to opine that a diet of an individual underlines the expression of one’s genes. Custom- made,
scientifically tailored nutritional plan as per ones details can prove beneficial towards achieving the long desired
scientific goals of disease prevention and cure. A diverse collection of naturally sourced victuals are found enriched
with plant based nutrients such as carotenoids, coumarins, and flavonoids, to name a few in recent times have been
found to have been naturally endowed with health promoting and disease preventing attributes. Recently increased
scientific interest in this area of research have demonstrated that various diseases can be lessened by up to 50% or even
more by making appropriate dietary choices and often by adding recommended supplements to ones’ daily routine [3].
It has been reported many a times that same type of dietary plans produces very different responses in different
individuals depending upon their genetic backdrop thus inviting the need to personalized dietary plans [4]. This type of
individualized and targeted dietary plans successfully helps the dietitian to help resolve the issue of congenital
metabolic syndromes caused by single gene mutations and help the sufferer towards normal healthy lifestyle
nevertheless continuous monitoring remains indispensable and obvious in order to avoid any disquieting situation [5].

2. Emerging trends of nutrition, nutrigenomics and nutrigenetics

Due to an ever increasing world population it is the need of an hour to work towards disease prevention so that
the cost on disease management and cure could be reduced. Nutrigenomics and nutrigenetics are intended to achieve the
long standing of goals of health and disease management with the help of diet rather than using external means so that
human beings can have an overall improved quality of life, that’s why it necessitates the need of diet as per ones
requirement based on ones DNA analysis rather than a generalized plan for everyone that can work towards only a
limited no. of health issues [6].

In order to achieve this goal, appropriate scientific research in this regard is essential. Genetic alterations and
modifications in response to various different dietary plans can be evaluated using nutrigenomics and nutrigenetics.
Disease prevention and management cannot be thoroughly established by just relying on the already determined
determiners and neglecting the determiner being under discussion [7].

Nutrigenomics and Nutrigenetics are per se different in context and also how these two recent sciences are
exploited is also unique and distinguishable, nevertheless the ultimate goal of these sciences is improved human health,
disease prevention and disease management by employing the concept of customized, tailor-made and individual
specific dietary plans. Nutrigenomics deals with effect of one’s diet on ones genome, proteome and metabolome, more
precisely at all the levels of one’s regulation and composition. Nutrigenomics aids us in both health and disease for
example unearthing galactosemia a disease that is attributed to inherited genetic deficiency of any one of the three
enzymes that is involved in galactose metabolism comes under the heading of nutrigenomics, while nutrigenetics deals
with differences at single point that focuses on single nucleotide polymorphism rather than a complete set of nucleotides
composing a gene for example Methylene-tetra-hydro folate reductase gene (MTHFR) impressively explain the pattern
of studies conducted under the heading of nutrigenetics as this malady implies to SNP (C677T and A1298C) mutation
rather than a gene itself, owing to this type of mutation the conversion of homocysteine to methionine gets hampered,
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while this conversion is essential for the metabolism of folic acid and also for regulating normal amounts of
hemocysteine in the blood. Those individual that have genetically slow performing MTHFR enzyme fail to maintain the
normal amounts of homocysteine in their blood and increased amounts of homocysteine in blood leads towards various
different health related issues such as inflammation, cardiovascular diseases, congenital defects, complicated
pregnancies, detoxification inabilities to name a few. Nutrient deficit in folate, B6 and B12 are found to be the cause of
elevated levels of hemocyteine in the blood [8].

Contemporary research supports the idea of personalized nutrition plans based on nutrigenetics and
nutrigenomics in order to avoid or at least limit the onset of nutrition related diseases so that we can achieve the age old
scientific goals of health and longevity both in general and in particular amongst the masses [9]. Nevertheless
understanding the phenotype and genotype of an individual in context of one’s personalized attributes and specific
physiological state that the individual is going through such as pregnancy etc. require to be deemed essential while
devising an individualized nutritional plan [10].

3. Modern approaches and Technologies used in nutrigenomics

Variation in genetic information can be observed at various different regulatory points that can influenced by
diet. Advancement in field of ‘OMICS’ sciences have provided more elaborate insight on the subject and have revealed
the fact that how various different bioactive substances influence human health and activities. Bioactive substances that
are thought to be endowed with health promoting and disease alleviating abilities can be tested in the laboratory by
using scientifically advanced techniques such as cell culture. Additionally the research conducted on animals or humans
regarding bioactive compounds duly serve the purpose, nevertheless the various different techniques being employed in
this regard have their own merits and demerits, and the conclusion drawn from the varied results need to be based on
cautious comprehension. Moreover the nature of experiment should always be considered while working with them as
the experiments are either in vitro, clinical or based on epidemiologic studies as the nature of experiment have potential
effects on the conclusion being drawn from them. Furthermore other factors around which human life revolves such as
nutritional habits, clinical and physiological states, ambiance and the respective habitat need to be taken into account.
Moreover recently mico flora of an individual are found to greatly influence one’s genome so having been fully aware
of its state is the pre-requisite and indispensable for drawing practical conclusions [11]. Bioinformatics can also be
employed both in order to generate and process large data sets being obtained as result of these dynamic experiments
[12]. It has been reported that physiological processes occurring in an organism have the potential to influence the
biological effects of biologically active compounds. Different processes such as absorption, transport and
biotransformation are found to influence the effects of biologically active compounds. Additionally the different
mechanism both generalized such as storage and excretion and cellular mechanism such as regulation of transcription
factors have their own influences, as various types of genes are under their influence and thus these can alter or modify
their functional or physiological performance towards different nutritional substances. Thus the nutritional habits and
genes together regulate the homeostasis of an organism [13]. Recently food products have been designed considering
human genetics so that these can conferring health benefits and are also are in line with ethical rulings of society [14].
The notion that nutrients have the potential to alter or modify gene expression at various different levels is in
accordance with various different research studies. These alterations or modifications occur during signal transduction,
or can also happen as consequence of chromatin structure modification or else can potentially change the function of a
protein.

Diet can lead towards epigenetic alterations and thus require scientific attention towards its understanding and
then its management [15]. Epidemiological reports garnered from various research studies also depict some serious
reservations regarding the inclusion of genetic polymorphism into nutrition studies. For instance the research study
conducted on coffee consumption and cardiovascular disease sheds light on nutrigenomics and other unusual dietary
aspects [16]. Research studies provide varying results with regards to coffee, as increased risk, no effect or lessened
threat can be observed [17]. Nevertheless coffee is a complex compound being composed of several different
biologically active constituents, one of them being caffeine which can have a deleterious impact on cardiovascular
system. Here in this regard it is important to note that caffeine enriched coffee negatively affects only those individuals
who have potentially low rate of caffeine metabolism- slow caffeine metabolizers, per contra individuals who have
naturally high paced caffeine metabolism- fast caffeine metabolizers does not involve such risk and are relatively
innocuous towards its consumption [16].

Similarly a research conducted by Norwegian Scientists revealed that both coffee drinkers and cigarette
smokers are less susceptible to some liver diseases such as rare primary sclerosing cholangitis PSC disease in contrast
with those who abstain from them. Surprisingly 20% of those who daily consume coffee and smoke were compared
with 43% healthy controls. It was found that PSC sufferers consumed less coffee at that moment as well as in their past
compared with the healthy control group. Thus coffee consumption was found to be associated as a preventive measure
towards the development of liver cirrhosis and liver cancer. The fact of the matter is that both coffee and cigarettes
possess caffeine and nicotine respectively which are sympathomimetic in nature and thus enhance the amounts of
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intracellular cyclic adeno-monophosphate. This adeno- monophosphate has the potential to prevent the development of
liver cancer or liver cirrhosis [18].

The influence of diet on genetics of an individual is imperative to be considered while analyzing the issues of
human health and its associated problems in order to resolve these issues in a holistic context [19].

Recently the significance of nutrigenomics towards cardio metabolic diseases has revealed that nutrigenomics
in conjunction with micro biome and interactions of gene with its respective environment can help us towards overall
improved disease management [20]. Similar attempt with regards to cancer suggests that cancer is also closely linked
with dietary intake and an individual’s response towards particular diet can be varied depending upon the various other
factors acting at the same time, typical dietary routine and its respective implication on genes is diverse and thus
targeted nutrition using nutritional genomics approach can help us in better management of the disease [21].

As far as regulation of these recent prolific scientific facts and their application is concerned, an organized
body comprising of world’s experts has been established so that systematized evaluation and assessment could be
carried out in near future in order to reap the actual benefits of the knowledge being acquired [22].

4. Nutrigenomics in relation to epigenomics

Nutritional Epigenomics is vital while working on the subject of precision nutrition as epigenetic alterations
caused by nutrients is found to manipulate intracellular signaling pathways [23]. Obesity is one of the leading causes of
various different chronic diseases that human beings suffer from and it is the need of an hour to find the methods
towards its prevention and management. It has been proposed that in order to cope up with the predicament of obesity
that underlines scores of medical issues in addition to nutrigenomics and nutrigenetics, nutriepigenetics should be taken
into account while devising a diet plan- precision nutrition as it is one of the contributing factors like the two discussed
erstwhile [24].

The significance of nutrition over the offspring is both overwhelming and stupendous as until recently it has
been reported in various different studies that nutritional attitudes of an individual not only casts its influence on
somatic cells, but also has an effect on offspring in terms of its action of on the epigenome of germ line cells [25].

5. Nutrigenomics in relation to transcriptomics

Transcriptomics is one of the high throughput technological scientific development that provides us with the
information regarding how different genes perform their functions in response to changing ambiance and therefore in
effect it the study of the expression of genes at the time of transcription more precisely mRNA synthesis [26].

Modern technology and advancement in the field of biological sciences has provided biologists with the
extraordinary aptitude to have an insight into the entire set of genes that an individual is composed of, not just at the
handful of popular ones as it used to be in the near past. Human genome project and its successful completion is big
achievement in this regard. The researchers have gone into the details of even more than the DNA of plant and have
successfully explored the messenger RNA generated as consequence of the transcription of various different genes.
Understanding both DNA and RNA is essentially required because if DNA has potential of developing a tomato plant
than RNA has the set of guidelines to materialize the potential [27].

Transcriptomics studies have been conducted in order to study in detail the effects of different types of
nutritional substances being consumed as well as the varying diet patterns on mammalian liver have been taken into
consideration and it has provided with much needed details on the matter nevertheless further substantiation has been
suggested [28].

Additionally transcriptomics have provided us with the opportunity towards nutritional intervention in the
backdrop of enhancing our understanding of gene, its function, its ambiance and then its affects on gene function when
undergone with some variation [29]. Transcriptomics have been successfully employed to understand the differences in
response to dietary challenges in two different clusters respectively [30].

6. Nutrigenomics in relation to proteomics

Proteomics delineates the overall expression of sum total of proteins in an individual [26]. In the present
context proteomics can help us in both the identification and quantification of biologically important proteins and
peptides and can help us in understanding the potential of them [31]. The effect of nutrition on health has been
understood by mankind since the ancient times. Recent research studies conducted also accentuates and opines to have a
diet that confers health promoting effects, either by preventing the disease onset or else delaying its onset, and overall
better performance Dietary components are actually composed of multitude of constituents with each having varying
patterns of bioavailability and bio efficacy, and their inter- relationships, thus it calls for further research using intricate
analytical tools in order to understand their mode of action precisely [32]. Proteomics is a challenging science and
requires the application of intricate technologies such as mass spectrometry (MS) based proteomic techniques for
protein identification and quantification with reference to nutritional intervention and biological efficacy analysis of
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various components employing proteomics. There are nutrients which are found to alter RNA translation to proteins and
thus the subsequent events. Such events can be analyzed using proteomic analyses. The proteome analysis can serve us
in sorting out various different nutrition linked diseases in human beings for instance obesity, diabetes, cardiovascular
disease, melanoma, senile decay, and pregnancy related complications and can even lead us towards devising practical
solutions to these medical problems [32]. Additionally the use of nutrigenomics and nutriproteomics based knowledge
can help us towards better athletes development employing the concept of personalized nutrition which can help
individual to fully develop its potential, so in addition to serving the health goals, it can serve towards betterment in
other arenas of life [33].

7. Nutrigenomics in relation to metabolomics

Metabolomics is the most recent amongst all ‘OMICS’ sciences and it finds it ways in nutrigenomics as one of
the incredible opted tool for furthering research that in due course will be serving the purpose of Nutrigenomics. It
makes use of several different intricate analytical tools such as mass spectroscopy (MS) and nuclear magnetic resonance
(NMR) to gain complete insight on low molecular weight metabolic products, nutrient substances and other substances
related to human biological fluids which together constitute a metabolome. Metabolomic tools such as mass
spectrometry (MS) and liquid chromatography (LC), GC-MS and NMR are being employed in order to obtain a holistic
picture of variations occurring in food composition both as per its nutritional index and quality are concerned. As far as
nutritional quality of crop plant is concerned it is fairly based on the metabolite content of the crop plant under study
[34]. Metabolomics duly serves us in understanding the process of domestication of a particular crop so that we can
devise strategies for target oriented crop improvement endeavors. Identification of apposite molecular markers can help
us in further development of need based food products in near future [35]. Lenhard et al. [36] used GC-MS based
profiling of both wild and numerous cultivated tomato species in order to comprehend what changes have had occurred
during the entire process of domestication Tools such as nuclear magnetic resonance (NMR) gas chromatography along
with the liquid chromatography-mass spectrometry (LC-MS), and desorption ionization-electro spray ionization-mass
spectrometry are extensively used in metabolomic analysis. Bioinformatics tools are widely used while analyzing the
data obtained by as a result of comparison of different cell conditions. However, metabolomics in spite of being one of
the best approaches so far is not yet a standardized approach owing to its limitations, such as it fails to compute and
work out the entire metabolome or proteome, identification of external food based metabolic products and internal
metabolic products quantification in human samples or to the extent human dietary changes affect the metabolic
profiles. Lipid metabolome quantitative analysis provided data exhibited varied outcomes of dietary fats on cardiac and
liver phospholipid metabolism [37]. The changes have been mapped in the amounts of lipid metabolites to their
biochemical pathways [38]. Similar approach was employed to assess the possible implications of drug rosiglitazone
that is in actual insulin- sensitizer on liver, plasma, heart and adipose lipid metabolism in mice model and thus is being
employed to generate an extensive data base comprising of human lipid metabolite profile based on concentration.
Since various different effects of dietary macromolecules on metabolism of tissue can be revealed in the plasma lipid
metabolomics, thus metabolome can provide us with an approximated controlled variations as per the metabolic
response to dietary intake amongst different individual is concerned. Metabolomic approach can be successfully
employed towards the development of improved crop that could be able to meet the ever increasing demand of food
round the world, as through it identification of the key loci becomes possible and thus enabling us to understand the
basics of complex interactions that occur during metabolism [39]. Nutritional constituents differently interact and
influence the biochemical networks of living organisms and thus these diverse modes of actions and implications of
food, needs to be understood in order to unearth the various different issues pertaining to health, disease prevention and
management, thus nutrigenomics and nutrigenetics via metabolmic analysis attempts to resove the human medical
issues thus providing quality life to world citizens [40].

8. Biomarkers

Novel biomarkers are required in order to determine association between human health and food consumption
as the food being composed of various different nutrient constituents, thus human body in response to them need to
maintain the homeostasis and alterations in it appropriately [41]. The extraordinary vitality of biomarkers in the present
context can be estimated from the fact that recently it has been said that various determining factors known as risk
factors for a disease are not exact and just a clue towards disease onset, progression and exacerbation, rather the precise
determining factors to a particular disease which are rampant in our society like cardiovascular or metabolic diseases
can be biomarkers which will be more exact and reliable and so we should work on these grounds in order to work on
practical terms thus achieving the goal of disease prevention and management [42].

9. Effect of different nutrients on human genome and microbiome in health and disease
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In nutrigenomics the variations which occur in the human genome, and indirectly on the micro-biota that an
individual possess are influenced by dietary choices and thus these have very personalized responses in human beings.

There are various different examples which throw light on the fact that different types of element being found
in food differently interact with human genome and these interactions subsequently causes different types of alterations
and modifications to it for instance a naturally occurring nutrient in the body Coenzyme Q10 (CoQ10) found in human
muscles has been reported to influence nearly 12.000 genes [43]. Furthermore an essential vitamin D, that governs the
absorption of intestinal calcium and phosphate. Research studies have revealed that Vitamin D3 influences nearly
20,000 genes occurring in human prostate cancer cells [44].

Likewise another research study revealed the potential of Zn to cause an influence on human genome, more
precisely Zn was found to have been endowed with inherent potential to either switch on or switch off certain genes
depending upon its concentration in the diet. Some of the genes were switched off by diminished amount of zinc in diet
nevertheless subsequent experiments revealed that these were responsible in activating diverse group of white blood
cells, thus conferring protection to the body against various different types of infections. Nevertheless on increasing the
levels of Zn in body those genes were switched on. This provided scientists with a valuable cue and thus with this
knowledge they were able to devise treatments for various different immune related disorders. They successfully treated
malaria and diarrhea by adjusting the amounts of Zn in accordance with the medical condition [45].

Human micro biome has been considered while employing this concept of customized tailor-made individual
specific diet plan as the micro biome these days has been regarded to be the second- genome of an individual [46].

Increased postprandial blood glucose level suggests high risk towards the development of prediabetes and type
Il diabetes nevertheless the generalized pattern recommended to cope up has not been found efficient to an extent it is
needed, thus it calls for personalized approach in order to deal with situation appropriately, currently the personalized
approach applied on towards the problem has provided us with promising results and suggests more research on the
same line [47]. Furthermore another study using two different types of bread one traditionally prepared sourdough-
leavened whole grain bread and white bread was conducted and the results suggested personalized response regardless
of bread type [48].

Prebiotic diet comprising of dietary fibers and resistant starches which adds roughage to food have been known
to be beneficial for human gut for some time ago, nevertheless until recently are found to maintain the healthy gut micro
biota, which then contributes towards healthy life style of an individual. Very recently in context of personalized
nutrition, personalized approach towards prebiotic diet has been suggested so that one can move towards better
understanding of microbial or host/physiological response that can lead towards better management of problem based
on the individual in particular [49].

Human genome and Micro biome both work synergistically towards individual health and well being,
nevertheless it has been reported that micro biome is more dependent on individuals living together and having
interactions with each other regardless of their genetic ancestry and to some extent also depends on type of diet,
medicine and other activities specific to an individual. It has been found that more reliable information regarding
diabetes and obesity can be garnered while taking it into account in contrast the data obtained on the basis of mere host
genetics and ambiance is not that much reliable, therefore while devising any clinical measures, it should always be
taken into account as an indispensable unit towards disease management [50].

10. Conclusions

In the past decade researchers have provided public with various different types of food that were developed in
order to confer general health benefits to the public. These newly developed foods have nutrients that have the potential
to influence human genome thus having effects that are far from being human comprehension and anticipation. Human
beings are very complex and even more complex are their habits and desires. Thus these artificially designed foods have
raised ethical concerns as well owing to them being totally different from the nature sourced food items. One such
popular and controversial development is the development of genetically modified food (GMO). Joint center of bio-
ethics (JCB) in collaboration with the university of Guelph philosophy, have been established in order to examine,
evaluate and assess the outcomes of nutrigenomics and nutrigenetics based scientific developments. There they analyze
the newly developed foods, their nutrient constituents and their respective influence on human genome.

An important and considerable fact about Nutrigenomics is that despite being valuable there is shortage of
experts and trained individuals in this field. Primary health care professionals at present do not have expertise in this
relatively new area of nutritional science. Similarly there is a lack of geneticists and molecular nutritionists’ experts at
present. More experts are required in this field in order to reap the practical benefits it [51].

Nutrigenomics services can be divided into three classes: Firstly devising genetic tests based on the scientific
knowledge and understanding. Secondly computing the disease susceptibility based on the genetic test results. Thirdly
formulating and devising individual specific dietary plan. These three points are imperative to be considered as these
are the ones which potentially raise ethical, legal and social concerns in the society.

Direct to consumer referred to as DTC is one of the most ominous potential threat encountered these days as
the knowledge pertaining to nutrigenomics is increasing, the common people couldn’t care less to wait for the result
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that can at least adumbrate the potential outcomes of having dietary supplements and consuming them recklessly that
can be even injurious to their health, owing to the grave risk potentials ingrained in any of their constituents [52],
Nevertheless until recently a set of guidelines have been proposed in order to calculate and estimate for such dietary
recommendation and consumption, nonetheless the study is just an initial attempt and will be required to be furthered
further [53].
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