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Burdur Mehmet Akif Ersoy Universitesi Fen Bilimleri Enstitiisii Dergisi

The Journal of Graduate School of Natural and Applied Sciences of Mehmet Akif Ersoy University

Mehmet Akif Ersoy Universitesi Fen Bilimleri Enstitiisii Dergisi, yilda iki kez (Haziran ve Aralik) yayimlanan
ve uluslararasi alan indeksleri tarafindan taranan "Uluslararasi Hakemli" akademik bir dergidir. Derginin
amaci, ulusal ve uluslararasi diizeyde fen bilimleri alaninda g¢alisan bilim insanlarinin ve arastirmacilarin
DOI numarali bilimsel arastirma makalelerini tcretsiz olarak yayimlamaktir.

Dergiye sunulan makalelerin degerlendirme slirecinde c¢ift kor hakem degerlendirme sistemi
kullanilmaktadir. Dergide mihendislik ve mimarlik bilimleri, temel bilimler ile tarim ve orman bilimleri
alanlarinda 6zgiin ve yenilikgi bilgiler sunan arastirma makaleleri yayimlanir. Dergimiz Tiirkce veya ingilizce
dilinde makaleleri kabul eden ve yayimlayan agik erisimli bir dergidir. Dergiye yayimlanmak lizere sunulan
makalelerden herhangi bir makale islem Gcreti ainmamaktadir.

The Journal of Graduate School of Natural and Applied Sciences of Mehmet Akif Ersoy University is an
academic journal published twice a year (June and December) and indexed by international field indexes
as an "International Peer-Reviewed" journal. The aim of the journal is to publish scientific research articles
from scholars and researchers in the field of natural sciences at national and international levels, providing
them with DOl numbers.

The double-blind peer review system is used in the evaluation process of articles submitted to the journal.
The journal publishes research articles presenting original and innovative information in the fields of
engineering and architecture sciences, basic sciences, as well as agriculture and forestry sciences. Our
journal is an open access journal that accepts and publishes articles in Turkish or English. No article
processing fee is charged for articles submitted to the journal for publication.
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Degerli Okuyucular,

Ocak 2024’te editérligiini devraldigimiz Burdur Mehmet Akif Ersoy Universitesi Fen Bilimleri Enstitiisii
Dergimizin, Haziran 2024, 15(1) sayisini sizlerle bulusturmanin mutlulugunu yasiyoruz.

Bu sayimizla birlikte dergi yayin kurulunda bazi goérev degisiklikleri olmustur. Kurulumuzdan ayrilan degerli
Uyelerimize tesekkiir eder, calismalarinda basarilar dileriz. Yayin kurulumuza yeni katilan ve glicimize glic
katan yeni liyelerimize ise hos geldiniz diyor, saglayacaklari katkilar icin simdiden tesekkiir ediyoruz.

Dergiyi devraldigimiz glinden bugline DergiPark icerisindeki tim ara ylzimuz glincellenmis, onemli
degisiklikler ve uygulamalar gerceklestirilmistir. Yapilan bu ciddi degisiklikler ve diizenlemeler nedeni ile
de yazarlarimiza yeni degisikleri kontrol etmelerini tavsiye ediyoruz. Yayin kalitesini arttirmayi hedefleyen
dergimizin TR, SCOPUS vd. dizinlerde taranma basvuru siirecleri ise devam etmektedir. Dergimizin bu
sayisinda 16 yazar tarafindan hazirlanmis 6 makale yer almakta olup, 1 adette dizeltme vyazisi
bulunmaktadir.

Bu sayinin yayininda emegi gecen basta Fen Bilimleri Enstitiisi Mudurd Prof. Dr. Yasin ARSLAN’a ve yayin
kurulunda bulunan tim dergi ekibine katki ve emeklerinden o6tiirli tesekkiir ederiz. Ayrica dergimize
yayinlarini gondererek katki veren yazarlarimiza oldugu kadar yayinlarin degerlendiriimesinde degerli
gorislerini ve zamanlarini paylasan hakemlerimize de stikranlarimizi sunariz.

Dear Readers,

We are happy to bring you the June 2024, 15(1) issue of the journal of Graduate School of Natural and
Applied Sciences of Mehmet Akif Ersoy University, which we took over the editorship in January 2024.

With this issue, there have been some changes in the editorial board of the journal. We would like to thank
our valuable members who left our board and wish them success in their work. We also extend a warm
welcome to our new members who have joined our editorial board and strengthened our team, and we
thank them in advance for their contributions.

Since the day we took office at the journal, all our interface and forms in DergiPark have been updated,
and significant changes and implementations have been made. Due to these substantial changes and
adjustments, we recommend that our authors review the new changes. Aiming to increase the publication
quality of our journal, the application processes for indexing in TR Dizin, SCOPUS and other indexes are
ongoing. In this issue of our journal, there are 6 research articles prepared by 16 authors and 1 erratum
for a paper published in the previous issue.

We would like to thank Prof. Dr. Yasin ARSLAN, the Director of the Graduate School of Natural and Applied
Sciences, and all the journal team members on the editorial board for their contributions and efforts in the
publication of this issue. We also extend our gratitude to our authors who have contributed by submitting
their publications to our journal, as well as to our reviewers who have shared their valuable opinions and
time in evaluating the publications.

Prof. Dr. Cengiz YUCEDAG Dr. Ogr. Uyesi Bora BINGOL, Dr. Ogr. Uyesi Ali CELIK
Editor / Editor in Chef Yardimci Editorler / Associate Editors

JUNE 2024
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0Z: Kentlesme ile birlikte ciddi bir sorun olarak ortaya cikan vandalizm eylemine en ¢ok
rastlanilan yerlerden olan parklarin korunmasi, stirdiiriilebilirliginin saglanmasi ve bu
alanlarin givenli kullaniminin artirilmasi 6nemli bir konu haline gelmistir. Bu amag
dogrultusunda yapilan calismada; Tekirdag ili Cerkezkoy ilcesinde yer alan parklarda
vandalizm olgusu arastiriimistir. Cerkezkoy ilcesi incelendiginde, ilcede ¢ok fazla parkin
yer aldigi goriilmektedir. Calismaya konu olan parklarin se¢iminde, ilgenin en biyik
mabhallesi olan Kizilpinar semti 6rnek olarak alinmis ve mahalleler igerisinde blyukligu,
yogun kullanimi ve yakin tarihlerde yapilmis olmalari bakimindan segilen 10 park
vandalizm acisindan incelenmistir. Parklarda yer alan donatilar (oturma birimleri, ¢op
kutulari, aydinlatma vb.) zemin désemeleri, sinirlandirici elemanlar, bitkiler vb. yerinde
gozlem yapilarak incelenmis ve fotograflandiriimistir. Secilen parklarda vandalizmin
hangi peyzaj yapilarinda daha ¢ok oldugunu belirlemek igin veri tablolarindan
yararlanilmistir. Sonugta, paklarin yakin tarihte insa edilmelerine ragmen vandal
hareketlerden ¢ok fazla zarar goérdigiu ortaya c¢ikmistir. Calisma sonucunda, vandal
hareketlerin 6nlenmesi ve parklarin yasanabilir alanlar haline gelmesi icin oneriler
sunulmustur.

Anahtar Kelimeler: Vandalizm, park, rekreasyon, Tekirdag, Cerkezkdy

ABSTRACT: It has become an important issue to protect the parks, which are the most
common places where vandalism, which has emerged as a serious problem with
urbanisation, is most common, to ensure their sustainability and to increase the safe use
of these areas. In the study conducted for this purpose; the phenomenon of vandalism
in the parks located in Cerkezkdy district of Tekirdag province was investigated. When
Cerkezkoy district is examined, it is seen that there are many parks in the district. In the
selection of the parks subject to the study, Kizilpinar district, which is the largest
neighbourhood of the district, was taken as an example and 10 parks selected in terms
of their size, intensive use and recent construction were examined in terms of vandalism.
The equipment in the parks (seating units, garbage bins, lighting, etc.), floor coverings,
limiting elements, plants, etc. were examined and photographed by on-site observation.
Data tables were used to determine in which landscape structures vandalism is more
common in the selected parks. As a result, it was revealed that the parks have suffered
a lot of damage from vandalism despite their recent construction. As a result of the
study, recommendations are presented to prevent vandalism and to make parks livable
areas.

Keywords: Vandalism, park, recreation, Tekirdag, Cerkezkoy
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Parklarda Vandalizm Etkileri

| 1. Giris

Kentleri yasanilabilir hale getirmek ve sirekliliklerini
saglamak, o©ncelikle var olan kentsel mekanlarin
korunmasiyla saglanabilmektedir. Bu da kent ile kentli
arasindaki iliskinin dogru olarak kuruldugu ve yuratildaga
durumlarda miimkindir (Sakici, 2022). Toplumun ortak
kullanimina agik alanlar olan kamu mekanlarinda kullanma
olgusu; mekani belirlemekte ve tanimlamaktadir. Ortak
olarak kullanilan kamu mekanlarinda kullanma olgusu ile
birlikte, o alani her zaman igin kétliye kullanma, ona zarar
verme kavrami gindeme gelmektedir (Akyol, 2006). Bilingli
olarak kamu mallarina zarar veren davranislara, insanhk
tarihinin ilk doénemlerinden bu yana rastlanmaktadir.
Oturma birimlerinin, aydinlatma elemanlarinin, ¢op
kutularinin yakilmasi, kirtimasi, Gzerlerinin kazinmasi gibi
eylemler, toplum tarafindan uygun karsilanmayan
davranislardir. Ancak buna ragmen kamu mallarina zarar
verildigine tanik olunmakta ve bu eylemlerin sonuglarina
katlanilmak zorunda kalinmaktadir (Olgun ve Yilmaz, 2015).

Mala zarar verme sugu, llkemizde en g¢ok islenen sug
tiplerinden birisidir. Vandalizm olarak adlandirilan mala
zarar verme fiilleri (Saritas, 2009), peyzaj mimarlig
disiplinince de arastiriimasi gereken énemli konulardandir.
Psikolojik, sosyal ve ekonomik (Ogiilmiis, 2000) ve cevresel
bilesenleri (Fisher ve Baron, 1982) ile dnemli bir sorun olan
vandalizm, ekipman veya binalar gibi mulklere kasith veya
kot niyetli olarak verilen zararlardir (Scott vd., 2007).
Vandalizm ginliik hayatta ¢ok sik kullanilan bir kelime
olmadigl halde maalesef ki ¢ok sik rastlanan ve yasanan bir
eylem haline gelmistir (Tarakci, 2003). Vandalizm kavrami,
insanlarin bile isteye ve bir amaci olmadan esyaya zarar
vermesi olarak tanimlanabilir (Goldstein, 1996). Vandalizm,
anlamsiz bir milk hasari degildir. Bireyler, bir mesaj
iletmek, hayal kirikhgini ifade etmek, intikam almak, para
kazanmak veya bir oyunun parcgasi olmak gibi cesitli
nedenlerle vandallik yapmaktadirlar (Scott vd., 2007).

Vandalizm ile ilgili olarak literatlriin gogunda, vandalizmin
yasla 6nemli bir iliskisi oldugu ve o6zellikle ergen bireylerin
vandal eylemlere daha yatkin oldugu ifade edilmektedir
(Wu vd., 2020). Vandalin amacina veya yapilan eylemin
tirine gore c¢ok farkh tirde vandalizm eylemleri
siniflandirilabilir. Bunlar; maddi kazang elde etmek igin
yapilan yagmaci vandalizm, bir kisiye ya da gruba karsi
beslenen ofkenin ifadesi seklinde ortaya ¢ikan kinci
vandalizm, sirf eglence amagli ya da can sikintisindan
yapilan amagsiz vandalizm seklinde tanimlanmaktadir
(Goldstein, 1996).

Vandalizmin sebepleri; psikolojik etmenler, sosyal ve
fiziksel cevre, egitim, sahiplenme, bakim ve onarim,
kullanim yogunlugu, kullanici tipi, aydinlatma, gorsel
kontrol, renk, doku ve dayanikllik olarak on iki maddede
toplanmaktadir (Saghk vd., 2020). Vandalizm; kamu
mallarinin tahribati, gorsel kirlilik olusturma, ekonomi gibi
pek cok zararin yaninda gilivensizlik, baska suglara zemin
hazirlamak ve toplumsal huzursuzluk gibi sonuglara neden
olmaktadir (Dingtlirk, 2007). Cogu vandalizm hareketleri,

isletmelerin veya cevredeki miilklerin ¢ok az goézetim
altinda oldugu veya hic olmadigi aksam saatlerinde
yapilmaktadir. Bolgeden kimsenin dogrudan sorumlu
olmadig milkler veya daha az korunan miilkler de sik sik
vandalizm veya grafiti hedefi olmaktadir. Trenlerde,
otobislerde, otobus duraklarinda veya istasyonlarda, trafik
isaretlerinde, otoyol kenarlarinda, parklardaki banklarda,
reklam panolarinda, bos binalarda, okullarda veya diger
blylk, diiz, acik renkli ylizeylerde vandalizme rastlanmasi
mimkindir (Scott vd., 2007). Glinimuzde kentsel agik
yesil alanlarda yasanan vandalistik eylemler; kentsel donati
elemanlarina ve bitkisel materyallere verilen zararlar
olarak karsimiza ¢ikmaktadir (Yavuzer, 1998; Olgun, 2013).

Vandallar tarafindan kamusal alanlarda ¢6p kutusu, bank,
sokak lambasi benzeri kent mobilyalarina verilebilecek
zararlar; ¢cizme, boyama, kirma, ezme, bozma, sékme gibi
(Yavuzer, 1998; Olgun, 2013) eylemlere sik
rastlanmaktadir. Bu tiir mekanlarda denetim ve kontroliin
0zel mekanlara kiyasla daha zayif olmasi, bu alanlarda
vandalizmi artirmaktadir. Kentsel yesil alanlardaki; karanlik
alanlar, vandalizm isaretleri, duvar yazilari, yaygin ¢opler,
uyusturucu kullanma araglari, asiri blytimds callar, terk
edilmis araglar insanlarda korkuya sebep olmakta ve bu
alanlarin kullanimini etkilemektedir (Maruthaveeran ve
Bosh, 2015). Rekreasyon faaliyetleri; dogal manzara
izleme, ylriyis ve daga tirmanma, kamp yapma ve dogayi
izleme gibi etkinlikleri kapsamaktadir. Bu etkinliklerinin
gucli gelisimi ile birlikte, rekreasyonel ortamlarda
vandalizm olasiligi da artmistir. Bu nedenle ¢ép atma,
cevreyi bozma ve giirlilti yapma gibi sapkin davraniglarinin
etkin bir sekilde nasil diizenlenecegi ve yonetilecegi 6nemli
bir konu haline gelmektedir (Wu vd., 2020).

Konu ile ilgili literattr tarandiginda, parklarda meydana
gelen vandalizm etkilerinin Gzerinde durulmasi gerekli bir
durum oldugu gorilmistiir. Akyol (2006), Yiicel (2007) ve
Aslan (2018) tarafindan yapilan ¢alismalar incelendiginde;
parklarda yer alan kentsel donati elemanlari, bitkiler,
doéseme elemanlari, cocuk oyun donatilari, spor alanlari ve
donatilari ile ¢evreleme elemanlari vandalizmin en fazla
rastlanildigi yerler oldugu gorilmistir. Bu alanlarda olusan
vandalizm eylemlerinin ne oldugunun ortaya konulmasi ve
sebeplerinin arastirilarak bu eylemlere karsi 6nlem
alinmasi yerlesim alanlarinin 6énemli bir pargasi olan
parklarin yasanabilirligini ve kullanimini artiracaktir. Bu
amagla Tekirdag ili Cerkezkdy ilgesi Kizilpinar mahallesinde
yer alan 10 park lizerinde vandalizm olgusu incelenmistir.
Calisma alani olarak segilen parklar yerinde go6zlem
yapilmis ve vandalizme ugrayan alanlar ve donatilar
fotograflandiriimistir.  Calisma  sonucunda  parklarin
yasanabilir yerler haline gelmesi icin 6neriler sunulmustur.

2. MATERYAL ve YONTEM

Tekirdag ilinde vyer alan Cerkezkdy ilcesi Marmara
bolgesinde bulunmaktadir. ilgenin dogu ve giiney
cephesinde istanbul ilinin Catalca ve Silivri ilgeleri,
glineybati cephesinde Corlu ilgesi, batisinda Kirklareli ilinin
Lileburgaz ilcesi ile kuzeyinde de Saray ilgesi yer
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almaktadir. Yuzélgimi 326 km? olan ilgenin Tekirdag il
merkezine olan uzakligi 56 km, istanbul iline olan uzakligi
ise 110 km’dir. ilgenin 2022 verilerine gére erkek niifusu
116.199, kadin nifusu 106.468 olmak Uzere toplam niifusu

222.667'dir. Cerkezkdy ilcesi 12 mahalleden olusmaktadir
(Tablo 1). Bu mahalleler arasinda nifus bakimindan en
blyik olani Kizilpinar Mahallesidir.

Tablo 1. Cerkezkdy ilgesindeki mahalleler

No Mabhalle adi Nufus Yiuzolglimii No Mahalle adi Nifus Yiuzolglimi
(km?) (km?)

1 Gazi Osman Pasa 15.840 1.138 7  Fatih Mahallesi 16.250 5.479
Mahallesi

2  Gazi Mustafa Kemal 21.297 0,889 8 Yildirim Bayezid Mahallesi 15.654 0,985
Pasa Mahallesi

3  Fevzi Pasa 19.362 0,662 9  Velikdy Mahallesi 10.712  3.351
Mahallesi

4  Istasyon Mahallesi 21.608 8.334 10 Kizilpinar Atatirk Mahallesi 27.560 -

5 Cumbhuriyet 10.810 - 11 Kizilpinar Giltepe Mahallesi 18.621 11
Mahallesi

6 Baglik Mahallesi 21.026 19.776 12 Kizilpinar Namik Kemal 8.087

Mahallesi

' s AR
B Kizipnar Atatiirk Mahallesi

Kuzilpmnar Giiltepe Mahallesi I Kizipmnar Nanuk Kemal Mahallesi

o P

Sekil 1. Calisma yapilan mahalleler ve parklar

Calismaya konu olan Kizilpinar, ilge sinirlarinda bulunan bir
semttir. Cerkezkoy ilce merkezine 10 km uzakliktadir.
1980'lerden itibaren gelisen sanayi nedeniyle basta
Samsun, Sinop, Erzurum, Ordu ve Tokat illerinden ve
ilcelerinden olmak lzere Tirkiye'nin bircok sehrinden ve
ilcesinden gb¢ almistir. Kizilpinar, 29 Aralik 1989 tarihinde
belde belediyesi statlisi almistir. 12 Kasim 2012 tarihli
6360 sayili Bilylksehir Kanunu ile kapatilip beldeden
mahalleye donusturilmistir. Nifusun artmasi ile beraber
Kizilpinar, kendi sinirlari igerisinde Kizilpinar Namik Kemal,
Kizilpinar Giltepe ve Kizilpinar Atatlirk olmak Uzere 3
mahalleye bollinmistir. Mahalleler ve sinirlart Sekil 1'de
verilmistir.

Calismada, bahsi gecen mahallelerde yer alan parklar
incelenmistir. Kullanim yogunluklari, konumlari yakin
tarihte yapilan parklar olmasi kriterleri dikkate alinarak
calisma yapilacak olan parklar tespit edilmistir. Calisilan
parklar Tablo 2’de yer almaktadir.

Tablo 2. Calisma yapilan parklarin listesi

Sira  Park adi Bulundugu

no mahalle

1 Recai Kutan Parki Kizilpinar

2 Fatih Sultan Mehmet Parki Ataturk

3 Turgut Ozal Parki Mahallesi

4 Muhsin Yazicioglu Parki

5 Zeynep Saygin Parki

6 Sehit ligar Ozkan Parki Kizilpinar Namik
7 Hirriyet Caddesi Parki Kemal Mahallesi
8 112. Sokak Parki Kizilpinar

9 Terzi Caddesi Parki Giiltepe

10 Yasar Kemal Parki Mahallesi

Calisma kapsaminda, Tekirdag ili Cerkezkoy ilgesinde yer
alan Kizilpinar semti 6rneginde secilen parklar tzerinde
vandalizm olgusu incelenmistir. Konu ile ilgili onceki
galismalarin (Yavuz ve Kuloglu, 2010; Sahin vd., 2019; Saghk
vd., 2020) yontemleri incelendiginde; parklarda ya da agik
yesil alanlarda vandal eylemlerin gozlem vyolu ile
belirlendigi anlasiimis olup, bu tir calismalarda kullanilan
yaygin bir veri toplama teknigidir. Secilen 10 adet parkta
gozlemler vyapilmis; kent mobilyalarina, duvarlara,
dosemelere, oyun ve spor ekipmanlarina, bitkilere vb
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verilen zararlar vandalizm kapsaminda degerlendirilmis,
alanlara iliskin fotograflar ¢ekilmistir. Ayrica her park icin
Google Earth (zerinden alinan gorseller (zerinde,
vandalizmin yogun olarak goralduga alanlar

3. BULGULAR ve TARTISMA

Bu calismada Tekirdag ili Cerkezkoy ilcesinde secilen 10
adet park vandalizm agsisindan incelenmis ve asagidaki
veriler elde edilmistir.

Recai Kutan Parki: Kizilpinar Atatiirk mahallesinde yer alan
park, 3.000 m? alana sahiptir. Park icerisinde; ¢cocuk oyun
alani, kondisyon aletleri, oturma birimleri, ¢cop kutulari ve
aydinlatma elemanlari bulunmaktadir. Parka iki noktadan
giris-cikis yapilmakta ve gevresinde Kizilpinar Eski Belediye
binasi yer almaktadir. Park genel olarak irdelendiginde;

Cucuk Oyun Alanr
Spor Alani

oy

B

isaretlenmistir. Secilen parklarda vandalizmin etkilerinin
hangi kullanim ve donatilarda daha c¢ok oldugunu
belirlemek icin  veri tablolariyla  bulgular  kismi
desteklenmistir.

vandalizmin yogun oldugu bolimlerin, cocuk oyun alani ve
kondisyon aletlerinin oldugu kisimlar oldugu gérilmektedir
(Sekil 2a). Recai Kutan Parkinda gozlemlenen vandalist
eylemlere o6rnekler Sekil 2b’de yer almaktadir. Park
icerisinde; oturma birimleri, cocuk oyun donatilari ve spor
aletlerinin Gzerinde ¢ok fazla yazi yazildigl ve amagsizca
boyandigi gorilmektedir. Ayrica duvar kenarlarinda ates
yakildigi ve ¢oplerin yere atildig da parkta gézlenen diger
vandalist eylemlerdendir.

Sekil 2. (a) Recai Kutan Parki’nda vandalizmin yogun oldugu yerler, (b) Recai Kutan Parki’ndaki vandalizm ornekleri

Fatih Sultan Mehmet Parki: Park Kizilpinar Atatirk
mahallesinde bulunmaktadir. 4.140 m? alana sahip olan
parkin icerisinde; cocuk oyun alani, kondisyon aletleri, tenis
masalari, futbol ve basketbol sahalari, oturma elemanlari,
¢Op kutulari ve aydinlatma elemanlari bulunmaktadir.
Parka U¢ noktadan giris-cikis yapilmaktadir. Park
cevresinde yerlesim alanlari ile Kizilpinar Eski Belediye
binasi yer almaktadir. Park igerisinde vandalizmin yogun
oldugu alanlar Sekil 3’te gosterilmistir. Vandalizmin,
kondisyon aletlerinin ve c¢ocuk oyun alaninin oldugu
bolgede yogunlastigl goriilmektedir.

R

Sekil 3. Fatih Sultan Mehmet Parki’nda vandglizmin
yogun oldugu yerler

Fatih Sultan Mehmet Parkinda goézlemlenen vandalist
eylemlere 6rnekler Sekil 4’te yer almaktadir. Park igerisinde
vandalizm bulgusu olarak; ¢ocuk oyun ekipmanlarinda
kiriklar,  catlaklar ~ve  Uzerinde vyazilar oldugu
gozlemlenmistir.  Ayrica doésemelerin sokalduga,
sinirlandirici elemanlarin kirildigi, ¢op kutularinin kinldig
ve oturma birimlerine yazilarin yazildigi da goérilen diger
vandalizm eylemleri arasindadir.

ornekleri
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Turgut Ozal Parki: 1.410 m? alana sahip olan park,
Kizilpinar Atatiirk mahallesinde yer almaktadir. Park
icerisinde; ¢ocuk oyun alani, kondisyon aletleri, oturma
elemanlari, ¢op kutulari ve aydinlatma elemanlari
bulunmaktadir. Tek giris-¢ikisi bulunan parkin g¢evresinde
yerlesim alanlari  yer almaktadir. Park icerisinde
vandalizmin yogun oldugu bolim, kondisyon aletlerinin
oldugu kisimdir (Sekil 5a).

(a)

Muhsin  Yazicioglu Parki:  Park, Kizilpinar Atatirk
mahallesinde bulunmaktadir. 1.615 m? alana sahip olan
parkin icerisinde; ¢ocuk oyun alani, kondisyon aletleri,
oturma elemanlari, ¢op kutulari ve aydinlatma elemanlari
yer almaktadir. iki giris-cikisi olan parkin cevresinde
konutlar bulunmaktadir. Park igerisinde vandalizmin yogun
oldugu kisimlar, kondisyon aletlerinin ve ¢ocuk oyun
donatilarinin oldugu bolgedir (Sekil 6).

yogun oldugu yerler

Bu park o6rneginde vandalizm incelendiginde, ozellikle
kondisyon aletlerinin  verilen zararlar nedeniyle
kullanilamaz durumda oldugu goérilmistiir. Cocuk oyun
donatilarinda ¢atlaklarin ve kiriklarin oldugu, désemelerin
sokaldugi goralmektedir (Sekil 7).

Turgut Ozal Parkinda gdzlemlenen vandalist eylemlere
ornekler Sekil 5b’de yer almaktadir. Bu park érneginde de
benzer vandalist eylemlere rastlanilmistir.  Kent
mobilyalari Uzerine yazilmis yazilar, ¢cOp
kutularindaki kiriklar, dosemelerin  sokilmesi  ve
doseme Uzerindeki  kirlilik, kondisyon aletlerindeki
kiriklar ve paslanmalar parkta karsilasilan sorunlardir.

(b)

Sekil 7. Muhsin Yazicioglu Parki’ndaki vandalizm
ornekleri

Zeynep Saygin Parki: Kizilpinar Atatiirk mahallesinde yer
alan park, 750 m? alana sahiptir. Parkin icerisinde; oturma
elemanlari, ¢o6p kutulari ve aydinlatma elemanlari
bulunmaktadir. U¢ noktadan giris-gikisi  olan parkin
cevresinde, Kizilpinar Eski Belediye binasi yer almaktadir.
Parkin icerisinde vandalizmin yogun olarak goraldugi
yerler, oturma alanlari ve ¢6p kutularinin bulundugu
bolgelerdir  (Sekil 83a,8b). Parktaki  vandalizm
incelendiginde, aydinlatma elemanlarina ve ¢op kutularina
zarar verildigi goriilmistir. Bu parktaki en blyiik vandalizm
ise ¢oplerin sert zemine ve yesil alanlar lzerine atilmasidir
(Sekil 8b).
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Sehit ligar Ozkan Parki: Park, Kizilpinar Namik Kemal
mahallesinde bulunmaktadir. 2.540 m? alana sahip olan
parkin icerisinde; oturma elemanlari, ¢ocuk oyun alani,
tenis masalari, basketbol ve futbol sahalari, ¢6p kutulari ve
aydinlatma elemanlari yer almaktadir. Parka iki noktadan
giris-cikis  saglanmaktadir ve park konutlar ile
cevrelenmistir. Park igerisinde vandalizmin yogun oldugu
kisimlar, kondisyon aletlerinin oldugu bolgedir (Sekil 9).

t—;“...h_‘-v-:-- = :
Sekil 9. Sehit ligar Ozkan Parki’'nda vandalizmin
yogun oldugu yerler

Park icerisindeki vandalizm eylemleri incelendiginde; ¢6p
kutusunun yaninda ates yakilarak donatiya zarar verildigi,
dosemelerin sokildigl, spor alanlarinin sinirlandirma
elemanlarinin zarar gordiigi ve basketbol potasinin islevsiz
birakildigr gorilmustir. Ayrica ¢ocuk oyun alaninda
salincak sokulerek yerine ip baglanmasi da parkta gorilen
diger vandalistik eylemdir (Sekil 10).

(b)

Sekil 8. (a) Zeynep Saygin Parki’'nda vandalizmin yogun oldugu yerler, (b) Zeynep Saygin Parki’'ndaki vandalizm 6rnekleri

zkan Parki’ndaki vandalizm
ornekleri

Sekil 10. Sehit llgar

Hiirriyet Caddesi Parki: Kizilpinar Namik Kemal
mabhallesinde bulunan park, 740 m? alana sahiptir. Parkin
icerisinde; oturma elemanlari, cocuk oyun alani, ¢op
kutulari ve aydinlatma elemanlari yer almaktadir. Tek giris-
¢ikisi bulunan parkin ¢cevresinde Kizilpinar kapal pazar yeri
ve okul yer almaktadir. Park icerisinde vandalizmin yogun
oldugu bolge, cocuk oyun alanidir (Sekil 11a).

Hirriyet Caddesi Parkindaki vandalizm incelendiginde;
oturma birimlerine zarar verildigi, aydinlatmalarin kirilldigi,
agac govdelerinin kazindigi, cocuk oyun donatilarin kirildigi
ve Uzerine yazilar yazildigi gozlemlenmistir (Sekil 11b).

(b)

Sekil 11. (a) Hiirriyet Caddesi Parki’'nda vandalizmin yogun oldugu yerler, (b) Hurriyet Caddesi Parki’ndaki
vandalizm 6rnekleri
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112. Sokak Parki: Kizilpinar Giltepe mahallesinde bulunan
park 1.010 m? alana sahiptir. Parkin iginde; oturma
elemanlari, gocuk oyun alani, kondisyon aletleri, ¢op
kutulari ve aydinlatma elemanlari yer almaktadir. Giris-
cikisi tek noktadan saglanmakta olan parkin gevresinde
yerlesim alanlari bulunmaktadir. Park icerisinde en yogun

vandalizm hareketlerine bakildiginda, ¢cocuk oyun alaninin
oldugu bolgede yogunlastigi gortlmektedir (Sekil 12a).
Park igerisinde Ozellikle duvarlarda yazilarin yazilmasi,
¢ocuk oyun donatilarin kirilmasi, bazilarinin kullanilamaz
hale gelmesi ve parkta ates yakilarak dosemelere zarar
verilmesi gozlenen vandalistik eylemleridir (Sekil 12b).

(b)

Sekil 12. (a) 112. Sokak Parki’'nda vandalizmin yogun oldugu yerler, (b) 112. Sokak Parki’'ndaki vandalizm 6rnekleri

Terzi Caddesi Parki: Park, Kizilpinar Giiltepe mahallesinde
bulunmaktadir. 690 m? alana sahip olan parkin igerisinde;
oturma elemanlari, ¢ocuk oyun alani, ¢op kutular ve
aydinlatma elemanlari bulunmaktadir. Tek noktadan giris-
ctkisi  saglanan parkin ¢evresinde cami ve okul
bulunmaktadir. Park icerisinde vandalizmin, oturma

"\\

birimleri ve c¢ocuk oyun alaninin oldugu boélgede
yogunlastig gortlmektedir (Sekil 13a). Park icerisinde
ozellikle oturma birimlerinin zarar gordiigi, ¢op kutularinin
kirildigi, donatilara yazilarin yazildigi ve c¢oplerin park
icerisine atildigi gozlenen vandalistik eylemlerdir (Sekil
13b).

1 “""“-

\ ==

Sekil 13. (a) Terzi Caddesi Parki’'nda vandalizmin yogun oldugu yerler, (b) Terzi Caddesi Parki’ndaki
vandalizm &rnekleri

Yasar Kemal Parki: Park, Kizilpinar Gilltepe mahallesinde
bulunmaktadir. 9.630 m? alana sahip olan parkin igerisinde;
oturma elemanlari, ¢ocuk oyun alani, futbol sahasi,
basketbol sahasi, kondisyon aletleri, ¢op kutularn ve
aydinlatma elemanlari bulunmaktadir. Uc¢ giris-cikisi
bulunan parkin gevresinde yerlesim alanlari ve Kizilpinar
Aile Sagligi Merkezi yer almaktadir. Park igerisinde
vandalizmin, spor alaninin oldugu bdlgede yogunlastigi
gorulmektedir (Sekil 14a). Yasar Kemal Parki icerisindeki
Vandalizm incelendiginde; ¢ocuk oyun alanindaki, yuriyis
yolundaki ve kondisyon aletlerinin altindaki désemelerin
soklldugil, spor sahalarinin sinirlandirma elemanlarinin

tahrip edildigi tespit edilmistir (Sekil 14b).
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Sekil 14. (a) Yasar Kemal Parki’'nda vandalizmin yogun oldugu yerler, (b) Yasar Kemal Parki’ndaki vandalizm
ornekleri

Tablo 3. Calisma alanlarindaki vandalizm eylemleri

Park adi Cocuk oyun

alani

Recai Kutan Parki

Fatih Sultan Mehmet Parki
Turgut Ozal Parki

Muhsin Yazicioglu Parki
Zeynep Saygin Parki

Sehit ligar Ozkan Parki
Hiirriyet Caddesi Parki
112. Sokak Parki

Terzi Caddesi Parki

Yasar Kemal Parki

Tablo 3’te ise calisma alani olarak secilen parklarda goérilen
vandalizm etkileri verilmistir. Yapilan gézlemler sonucunda
calisma alani olan parklarin timiinde oturma alanlarinda
kirma yakma, sokme gibi zararlara; parklarin ¢ogunda ise
¢ocuk oyun alanlart ve ¢6p kutularinda, zemin
dosemesinde kirma, karalama, sékme seklinde vandal
hareketlere rastlanilmistir. En az vandalizm etkisi ise
aydinlatma elemanlarinda gézlemlenmistir.

Topaloglu (2021) kent parklarinda peyzaj tasarimi ve
vandalizm iliskisini inceledigi calismasinda tarimcilarin,
plancilarin ve yoneticilerin vandalizm olgusunu ortadan
kaldirmak veya sinirlamak i¢in neler yapabilecekleri ortaya
koymus ve arastirma sonucunda ortaya c¢ikan bilgiler
Isiginda  peyzaj tasarimi agisindan ¢6zim Onerileri

4. SONUCLAR

Kamuya ya da bir baskasina ait olan mallarin bilgisizce veya
zevk icin bilerek, kotl bir amagla tahrip edilmesi, gérinim
veya seklinin bozulmasi ve hasara ugratilmasi olarak
tanimlanan vandalizm; gorsel anlamda kirlilik meydana
getirmek, erisimi kisitlamak, maliyeti artirmak, givenlik
sorunu olusturmak gibi kent yasamini olumsuz yoénde
etkileyen pek ¢ok problem ortaya ¢ikarmaktadir.

Tekirdag ili Cerkezkdy ilcesi parklarinda cok fazla gog
almasi, egitim seviyesi, bazi parklarin mahalle merkezine ve
yerlesimlere olan uzakligi, denetim-bakim eksikligi
vandalizmin sebepleri arasindadir. Ortaya ¢ikan sonuglarda

Kugatma
elemanlari

Aydinlatma
elemanlan

Oturma Zemin Cop kutulan

birimleri ddésemeleri

gelistirilmigtir.

Boessen ve Hipp (2018) calismalarinda
parklarin toplumsal suglar lizerindeki rolini
incelemiglerdir. Olgun ve Yilmaz (2015) tarafindan
ylratilen calismada, Antalya kentindeki parklarda
vandalist eylemlere maruz kalmis vyapilarin veya
donatilarin  bulunmasinin yeni vandalist eylemleri de
beraberinde getirdigi sonucuna varilmistir. Sahin vd.
(2019) tarafindan yapilan g¢alismada Isparta ilinde yer
alan mesire  alanlarindaki  vandalizm eylemleri
incelenmis ve g¢ocuk oyun alani, oturma birimleri gibi
¢ogu donatida vandal hareketlere rastlaniimistir.
Yapilan galismalarda goérildugu gibi parklarda vandalizm
olgusu yaygin  ve incelenmesi gereken ve
sardirilebilirlik agisindan 6nlem alinmasi bir kavram
olarak gorilmektedir.

da gorildugu gibi parklarda vandalizm eylemleriyle siklikla
karsilasilmaktadir. Bu durumda parklarin tasariminda sz
sahibi olan peyzaj mimarhgi meslek disiplinine 6nemli
gorevler diasmektedir. Genel olarak calsilan parklarda
vandalizmi o6nlemek icin alinmasi gerekli tedbirler ve
oneriler ile peyzaj mimarlarina diisen goérevler asagida
maddeler halinde verilmistir.

e Aydinlatma elemanlari  vandalizme ugradiklarinda
islevlerini yerine getiremedigi icin yakin cevresi de
vandalizme maruz kalabilmekte ve bu alanlarda endise ve
korku artmaktadir. Aydinlatma elemanlarini vandal
hareketlerden korumak icin yer secimine, kullanilan
malzemeye, dizenli bakimlarinin yapilmasina 0zen
gosterilmelidir.
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e Parklarda c¢oplerin ¢evreye atilmasi, ¢op kutularinin
tahrip edilmesi diger vandal eylemlerdir. Cop kutularinin
her turll etkiye karsi dayanikli malzemelerden yapilmasi
ve alandaki ¢éplerin uzaklastiriimasi estetik agidan alana
katki saglayacagi gibi vandalizmin 6niline gececektir.

e Parklarda yogun bir sekilde kullanilan bitkiler de
vandalizm eylemlerine maruz kalmaktadir. Bitkisel
tasarim yapilan alanlarin ya da bitki kasalarinin
bakimlarinin  yapilmasi,  eksikliklerinin  giderilmesi,
cevresindeki ¢oplerin  uzaklastirlmasi  6énem arz
etmektedir.

Bu alanlarda mevsimlik cigeklerin Uzerlerine basiimak
suretiyle zarar verilmesi, ilan veya reklam amagli agaglara
kagit ve afis yapistiriimasi veya zimbalanmasi vb. sekilde
vandalistik eylemler goriilmektedir. Ayrica kuru gida
atiklarinin ¢im alan Uzerine atilmasi bitkilere zarar
vermekle birlikte koti bir gorinti olusturmaktadir.

Vandalizme sik rastlanan alanlardan birisi de ¢cocuk oyun
alanlaridir. Bu alanlarda donatilarin kirildigi, sokildiga,
zemin malzemesinin yer yer kaldirildig1 gériilmektedir. Bu
durumlar kazalara, yaralanmalara sebep olacagindan
alan igin uygun malzemelerin segilmesi, duzenli
bakimlarinin yapilmasi vandalizmi 6nleyecektir.

Parklarda; asiri 1si farkhliklarina, yetersiz drenaja, agir
trafik yikiine ya da hatali uygulamalara maruz kalmis
zemin elemanlarinin bakimi yapilmaldir. Aksi takdirde
ortaya c¢ikan kot gorinimler vandalist eylemleri tesvik
etmektedir.

e Duvarlarin Gzerine yazi ve resim kazinarak ve boyanarak
zarar verilmesi, sinirlama elemanlarinda en fazla
rastlanilan  vandalistik hareketlerdir. Bu yizden
cevreleme elemanlarin dogru 6lgiide ve dogru yerlerde,
beton veya ¢elik birimler, trafigi engelleme ve sinirlama
acisindan oldugu kadar, vandalizm ile miicadelede de
onemlidir.

Yukarida yer alan maddelerde de gorildigi gibi parklarin
planlanma ve tasarim asamalarinda sehir bolge plancilari

ve peyzaj mimarlari basta olmak Uzere ilgili tim
mesleklerin bir arada galisip ortak karar almasi dogru yer
secimi ve en iyi tasarim kararlari ile vandalizmin en basta
onlenmeye calismasi dogru bir yaklasim olacaktir. Bu
tasarim kararlar kullanimlarin yerlerinin belirlenmesi,
dayanikli malzeme segimi, bitkisel tasarimla olusturulacak
mekanlarin gizlilik hissi vermemesi, alanda her vyerin
yapilan tasarimla glivenli ve gevreden gorilebilecek sekilde
olmasidir. Uygulama asamasindan sonra ise kentsel donati
elemanlarinin, ¢cocuk oyun donatilarinin, bitkilerin, zemin
elemanlarinin, spor alanlarinin ve donatilarin dizenli
bakim-onarimlari yerel yénetimlere dismektedir. Bunun
icin de yerel yonetimlerin bakim ve onarim galismalari igin
bltce ayirmalari ve personel egitmeleri gerekmektedir.
Ayrica bu alanlari kullanan kisilerde farkindalik olusturmak
amaciyla vandalizmin verdigi zararlari anlatan yauzilar,
uyarici bilgiler parklardaki bilgilendirme panolarinda yer
almahdir. Son olarak ise kamu kurumlari tarafindan Vandal
hareketlerde bulunanlar tespit edilip cezalandiriimasi
vandalizmin engellenmesinde 6nemli bir adim olacaktir.

| Yazar Katkilarn

Blisra ONAY: (a) Fikir, (b) Calisma Tasarisi, (h) Metin Yazma,
(g) Analiz, yorum

Beyza SAVA: (c) Literattir Taramasi, (f) Veri Toplama

Candan KUS SAHIN: (d) Danismanlik, (i) Elestirel inceleme,
(g) Analiz, yorum

| Etik Beyani

Bu c¢alismada, “Yiksekogretim Kurumlari  Bilimsel
Arastirma ve Yayin Etigi Yonergesi” kapsaminda uyulmasi
gerekli tiim kurallara uyuldugunu, bahsi gecen yonergenin
“Bilimsel Arastirma ve Yayin Etigine Aykiri Eylemler” bashgi
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gerceklestiriimedigini taahhit ederiz.
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0z: Sigir yetistiriciligi konusunda bilgisi sinirli olan ve yetistirme zorluklarini dikkate alan damizlik sigir
yetistiricileri icin tasarlanan uygulamamiz, sigir segiminde yardimci olmaktadir. Bu uygulama, g¢ok
kriterli karar verme sireglerini dinamik bir sekilde ele alarak her sektérde kullanilabilir niteliktedir.
Uygulamanin arka kisminda Bulanik Analitik Hiyerarsi Sureci (BAHS) hesaplamalari kullaniimis,
olgeklendirme igin ise Chang yontemi adimlari uygulanmistir. Gelistirilen uygulamada PHP, Vue.js
teknolojileri kullaniimis, verilerin kaydedilmesi icin MySQL veritabani tercih edilmistir. Yetistiricilerin
gorusleri gbz onlinde bulundurularak belirlenen kriterler Gzerinde matematiksel hesaplamalar
yapilarak karmasik karar verme siiregleri, gelistirilen uygulama lizerinden ¢6ztilmektedir. Calismada,
yetistiricilerin uygulamaya kaydettigi modeller izerinden segim testleri yapmalarina ve istedikleri
alternatifleri yeni modeller olusturarak degerlendirmelerine olanak taninmistir. Bu sayede belirlenen
oncelik degerleri agisindan bulanik agirlik degeri en ylksek olan alternatif secilerek en uygun damizlk
sigir tercih edilmektedir. Uygulama sayesinde yetistiriciler, maliyeti ve iretim agisindan 6nemli verim
elde edecekleri en uygun damizlik sigiri secebilecektir. Bu uygulama, sigir yetistiriciligi alaninda bilgi
eksikligini gidermeye ve karar verme siireglerini kolaylastirmaya yardimci olacaktir.

Anahtar Kelimeler: BAHS, damizlik sigir segimi, cok kriterli karar verme yontemleri.

ABSTRACT: Our growth application assists breeders aiming to raise breeding cattle, addressing
challenges in the breeding process for those with limited knowledge about current cattle quantities.
This application handles multi-criteria decision-making processes dynamically and ensures its
performance is consistent. Fuzzy Analytic Hierarchy (FAHP) programming in the back part of the
application was used, and the Change method steps were applied for scaling. PHP and Vue.js
technologies were used during the development, and MySQL database was preferred to save the
records. Consistent programming on recorded intervals with growers in mind, complex decision-
making parts are solved through separate application. The study allows breeders to conduct
selection tests on the models in which they have recorded their applications and to evaluate the
desired alternatives to create new models. In this way, suitable breeding cattle are preferred by
choosing the alternative with the highest gloss value and weight value. Thanks to the application,
breeders will be able to choose the most suitable breeding stock to achieve significant efficiency in
terms of cost and production. This application will help fill the gap in knowledge in yield areas and
facilitate decision-making processes.

Keywords: FAHP, breeding cattle selection, multi-criteria decision making methods.
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| 1. GiRiS

Hayvansal dretimin arttiriimasinin temel hedefi, her bir
hayvan icin elde edilen Uriin veya hizmetin miktarini ve
kalitesini ylikseltmek, ayni zamanda yiksek verimli irklarin
sirdardlebilirligini  saglamaktir  (Demirel vd., 2008).
Hayvancilik sektord, insanlarin beslenmesinde temel bir rol
oynayan hayvansal Urlnleri lireten bir sektér olmasinin
yani sira, istihdam olusturma ve ulke ekonomisine katkida
bulunma agisindan énemli bir tarimsal faaliyet alanidir (Xu
ve Liao, 2013). Sigirlarin yetistirilmesi, dogru beslenme,
uygun barinak kosullari, veteriner bakimi ve genetik se¢im
gibi faktorleri iceren dikkatli bir yonetim gerektirir (Géksu
ve Glingor, 2008). Sigirlarin yetistiriciligi, saglkh bir hayvan
popiilasyonu ve sirdirilebilir bir tarim sistemi igin buyik
bir sorumluluk gerektiren énemli bir faaliyettir (Adar vd.,
2016). Sigir yetistiriciliginde tahmin edilebilirlik, en
karmasik ve 6nemli konulardan biridir. Tim seleksiyon
yontemlerinin temel amaci, damizlik adaylarinin genetik
degerlerini kolay ve vyuksek bir dogrululukla tahmin
edilebilmektedir (Harianja ve Lumbantoruan, 2019).

Geleneksel damizlik sigir yetistirme yontemleri, yeni
teknolojilerin uygulanmasi ile daha verimli, saglikh ve karli
hale getirildi. ilk olarak, genetik ireme ve ireme
programlarinda kullanilan teknolojik yenilikler, damizhk
sigirlarin  korunmasini ve sinirlandirilmasini  artirmakta
onemli bir rol oynamaktadir (Mulubrhan vd., 2014).
Hayvanlarin saglk izlemelerini takip etmek icin kullanilan
sensorler, sigir yetistiricilerine hayvanlarin hareketlerini,
vicut koruma, yem tiiketimini ve stt tiketimini takip etme
imkani sunmaktadir. Boylece, temizligi erken yikama ve
tedavisi saglanarak sigirlarin  saghgini korumakta ve
Uretimleri artinlmaktadir (Tukimin vd., 2021). Yeni
teknolojiler, damizlik sigir vyetistiriciliginin  verimliligini
artinrken ayni zamanda saglk takibini ve hastahk
kontrolini gelistirmektedir (Naghadehi vd., 2009).

Damizlik sigir seciminde yanhs verilebilecek karari en aza
indirgeyerek, belirlenen kriterler haricinde yetistiricinin de
kisisel fikirlerini géz ardi etmemek igcin Bulanik Analitik
Hiyerarsi Sureci (BAHS) yonteminin karar verme sirecine
uygun olacagl soéylenmektedir (Hu vd., 2009). Analitik
Hiyerarsi Sireci (AHS) yonteminin tercih edilme
sebeplerinden biri, yetistiricinin belirsizligini tolere
edebilmesidir. (Dagdeviren, 2007). AHS yonteminde kesin
degerler ele alinarak ¢6zimleme saglanirken BAHS
yonteminde ikili kriter karsilastirmasi sonucundaki
belirsizlik, kullanilan iggen bulanik sayilari sayesinde yok
edilmektedir (Dagdeviren, 2005).

Tiretilen kriterlerle birlikte objektif degerlendirmenin yani
sira  tuketicinin  duslncelerini  de  matematiksel
hesaplamaya dokerek karmasik problemleri ¢oziimleyen
BAHS, diger karar verme yontemlerine gore onceliklidir
(Bulut vd., 2012). BAHS, matematiksel ifade yetenegi
sayesinde soyut kriterleri ©6nem sirasina  gore
karsilastirabilen bir yontemdir. Bu g¢alismada BAHS
yontemini kullanarak damizlik sigir segimi yapmak isteyen

bir yetistirici ele alinarak 6rnekleme yapilmistir. Bu sekilde
yetistiricinin alternatifleri arasindan yanhs karar vermesini
minimize ederek bitcesi ve hedeflerine uygun en etkili
karari vermesi icin hesaplamalar yapilmaktadir (Mikhailov
ve Tsvetinov, 2004). BAHS yontemi, yetistiricinin kisisel
tercihlerini  ve  Onceliklerini  matematiksel  olarak
hesaplamaya dokerek objektif bir degerlendirme
yapmasina yardimci olmaktadir (Noorollahi vd., 2016).

Bulanik AHS yaklasiminin literatlrde siklikla kullanilmasina
ragmen gerceklestirilen uygulamalar lizerinde formiillerle
birlikte agiklanan makalenin fazla olmadigi tespit edilmistir
(Ahmed ve Kilic, 2019). Yapilan bazi ¢alismalar;

Tirkiye ‘de otomotiv ana sanayisinde faaliyet gésteren bir
isletmenin sac parca tedarigi icin calisma yapmis ve bu
calismada bulanik AHS ve Bulanik Kalite Fonksiyon
Gogerimi yardimiyla bulunmasi amaglanmistir (Uckun vd.,
2023). Cok kriterli karar verme yontemini; tekstil
sektoriinde tedarik¢i  seciminin  6nemini, tedarik
zincirlerinde dis risklerin esas kaynaginin tedarikgiler
oldugunu, tedarik seg¢iminde BAHP kullanilarak uygulama
ile dnemi anlatiimaya calisiimistir (Calik, 2022). isletmeler,
rekabet avantajini elde etmek ve kar marjlarini artirmak
amaciyla uygun 3PL (Uglinch parti lojistik) firmalari ile is
birligi yapmalari gerekmektedir. 3PL firma seciminde
birden fazla kriter géz 6niinde bulundurularak yapilmasi
gerektigini Bulanik AHS ve Ortalama Co6zim Uzakhgina
Dayali degerlendirme yontemi kullanilarak ¢alisma
gergeklestirilmistir (Yirlyen ve Ulutas, ). Kiresellesme ve
teknolojik gelismeler pazar kosullarini Griinlerin tedarigi
icin kullanilan yollarda gelismistir. Kargo hava tasimacilig
o6nemli alternatiflerden biridir. Kargo ucagi seciminde ayni
anda birden fazla kriter goéz oniinde bulundurulmasi
gerekmektedir. Cok kriterli kargo ucak seciminde Bulanik
AHS ve Bulanik Gri iliskisel analiz yontemleri ile galismalar
gerceklestirilmistir (Akyurt ve Kabadayi, 2020). Ginumiiz
firmalar arasindaki market payinda surdirilebilirligini
saglamak ve kar oranini arttirmak igin tedarik zincir
yonetimini bulanik mantiktan faydalanarak; Gic misteri, ¢
Grin ve dort tedarikgiden olusan problem ele alan bir
calisma gergeklestirilmistir (Aydin ve Cagil, 2020). Holstayn
irki sigirlarda bazi verim o6zelliklerini ele alarak Burdur ili
merkezinde yetistirilen siyah alaca sigirlara ait bazi sit ve
dol verim ozellikleri ile ilgili ¢alismasini gergeklestirmistir
(Akkas ve Sahin, 2008). Damizlik bir boganin hangi
yontemlerle segcildigi ve kullanima sunulan spermalarin
degerlendirilmesi ile ilgili c¢alisma gerceklestirilmistir
(Tirpan ve Tekin, 2018).

Calismada, damizlik sigir segimine yonelik BAHS ’in adim
adim formdulleriyle detayh bir sekilde agiklandigi ve hem
damizlik sigir se¢imi hem de BAHS ‘in bakimina biyiik katki
saglandigl belirtiliyor. BAHS igin ayri uygulama, farkl
sektorlerde kullanim kolayligi sunmaktadir. Uygulama,
coklu secim kriterlerinde dinamik olarak kriter belirleme
degerlendirmesini yaparak, kullanicilarin girdigi kriter ve
degerleri en iyi sonuglara dayanarak sunabilmektedir.
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2. MATERYAL ve YONTEM

2.1. Materyal

Bulanik kiime, streklilik dereceleri olan bir nesne sinifidir
ve Uyelik matematiksel olarak belirsizlikleri ve belirsizligi
temsil etmek igin "0" ile "1" arasindaki deger araligini
kullanir.  Bulanik kiime teorisi, AHP yontemiyle
karsilastinldiginda klasik kiimeler teorisinden daha genis
bir bilgi saglar ve belirsiz verileri temsil etmede, gercek
dinyayl yansitmada daha kullanishidir. Tablo 1'de
belirlenen 6nem kriterlerinin degerleri gdsterilmistir.

Tablo 1. Bulanik 6nem degerleri

Dilsel 6lgek Bulanik sayi Bulanik sayi
Olcegi karsilik olgegi

Ayni 0. s. (1,1,3) (1/3,1,1)

Az 6. s. (12,3,5) (1/5,1/3,1)

Kuvvetli 6. s. (3,5,7) (1/7,1/5,1/3)

Cok kuvvetli (5,7,9) (1/9,1/7,1/5)

derece 6. s.

Asiri derecede (7,9,9) (1/9,1/7,1/7)

0. s.
0.S.: Olcege Sahip

Tiketici, genellikle karar vermesi zor oldugu durumlarda
belirli deger araliklarini tercih eder. Bu ¢alismada, Chang
tarafindan  Onerilen  Genigletilmis  Analiz  Yontemi
kullanilarak diger yontemlere gére daha az hesaplama
gerektiren, daha anlasilir ve daha az zaman alan bir
yaklasim benimsenmistir (Chang, 1996).

Bulanik Uggen sayir degerleri Sekil 1'de o6rnek olarak
gosterilmistir;

a degeri; olasi en kigik degeri,
b degeri; en olasi deger,
c degeri; olasi en yliksek degeri,

BAHS hesaplamalari yapilirken Gggen bulanik sayilari igin
dort temel isleme ihtiya¢ duyulmaktadir;

Toplama: S1+ S2 = (ai+ay, bi+by, c1+cy),
Clkarma: S1-S2 = (31-32, b1-bz, C1-C2),
Carpma: S1*S2 = (a;*ay, b1*b,, c1*c,),
Bolme: 51/52 = (al/az, bl/bz, C1/C2),

Bulanik sentez hesaplamalari vyapilirken; a, b, c
degiskenlerine sahip olan Chang’in genisletilmis analizinde
asagidaki adimlar izlenerek yapilacaktir:

a b c

Sekil 1. Bulanik icgen degerleri

2.2.Yontem
Mgil, Mgiz, Mgi3, ....... Mgim, i= 1,2,3, .............. n, buradaki Mgim
degeri I,m,u degiskenlerine karsilik gelmektedir.

BAHS yontemine gore bulanik blyiklik degeri hesaplama
i. Nesneye gore Forml 1 ‘deki gibi hesaplanir;

m . Lo —1
So= 0, Ma (Bl = B, ) w

ifadesinin  m degerler (zerindeki toplami islemi
gerceklestirilir. Ardindan olusan denklemin vektori Formal
2 'deki gibi hesaplanir.

Emmam)” = (fr e t) (2)

)on ) on
=1 Ui Ljma M Xiqli

Kriterler igin vektorin tersi hesaplandiktan sonra
sonuglarin olasilik degerleri hesaplanma islemi yapilir.
Hesaplama da olasilik degerleri ile her bir kriter icin agirlik
degeri hesaplanir (Kahraman vd., 2004). Normalize edilmis
hali W olarak hesaplanir. Burada W degeri normalize
islemine tabi tutuldugu icin bulanik sayr olmaktan gikar
(Kubler vd., 2016). Hesaplanan bulanik agirliklari ile segime
tabi tutulan kriterler tek tek ele alinarak bulanik éncelik
degerleri  hesaplanir. Chang'in  6nerdigi dilbilimsel
parametreler ve bu parametreler icin tanimlanan bulanik
Gggen sayilarin kullanilacag, alternatiflerin kriterlere gore
degerlendirilmesi planlanmaktadir.

Alternatifler icin hesaplanan bulanik 6ncelik degerlerinin
durulastirlmasi  igcin  asagida  adimlari  belirtilen
durulastirma algoritmasi kullanilacaktir. Bu algoritma,
bulanik sayilarin farkli a-kesme seviyelerinde isleme tabi
tutulmasini icerir ve bu islemler sayesinde durulastiriimis
oncelik degerinin bulanik saylyi temsil etme derecesi
arttirihr. Bulanik 6lgme degerlendirme skalasi Tablo 2’de
gosterilmistir.
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Tablo 2. Bulanik degerlendirme skalasi
Dilsel degisken Ucgensel bulanik sayi

Gok iyi (3,3,5)

iyi (1,3,5)

Orta (1,1,1)
Diisiik (0,2,0,33,1)
Gok diisiik (0,2,0,2,0,33)

Durulastirma islemi sirasinda a-kesme islemi igin sirasiyla
0,1, 0,2, 0,3, 04, 0,5 0,6, 0,7, 0,8, 0,9 degerleri
kullanilmistir. Ayrica, A iyimserlik indeksi icin uygun bir
karar verebilmek amaciyla 0.5 degeri tercih edilmistir. a-
kesmeleri sonucunda alt ve st sinirlar hesaplanir.

Wia= k, alternatife ait birlestirilmis alt sinir 6ncelik degeri,

W= k, alternatife ait birlestirilmis st sinir dncelik degeri,
Hesaplamalar sonucunda birlestirilmis alt ve Gst dncelik
degerleri asagidaki ifade ile k. adaya ait durulastiriimis
oncelik degeri belirlenir;

Wai: k. Adaya ait durulastiriimis dncelik degeri
A: iyimserlik indeksi
Wik =A Wi+ (1-A) Wia A€[0,1]

Pratik uygulamalarda A iyimserlik indeksi icin farkli degerler
olan A=1, A=0,5 ve A=0, karar vericinin sirasiyla iyi diisiinen,
ihmh disinen ve koth distnen gorislerini belirlemek
amaciyla kullanilmaktadir. Son asamada, durulastirma
islemi uygulanan bulanik o6ncelikler normallestirilir ve
boylece alternatif dncelikler belirlenir. En ylksek dncelige
sahip olan alternatif, sigir yetistiricisi icin en uygun karar
olarak 6ngoralir.

BAHS akis semasi Sekil 2’de gosterilmistir. BAHS ilk islem
olarak kriter ve kriterlere baglh olarak alt kriterler
belirlenerek devam edilir. Akis semalari asagidaki gibidir;

Kriterlerin ve Alt Kriterlerin Belirlenmesi: Karar verme
surecini yonlendiren kriterler ve bu kriterlere bagh alt
kriterler belirlenir. Karar agaci seklinde diizenlenir.

iliskisel Agirliklarin Verilmesi: Kriterler arasindaki iliskiler,
uzmanlarin veya karar vericilerin subjektif
degerlendirmeleriyle agirliklarla ifade edilir.

Fuzzy Cift Karsilastirma Matrisinin Olusturulmasi:
Kriterlerin birbirine gére goreceli olarak onem dizeyleri
belirtilir.

Bulanik Cift Kargilastirma Matrisinin Doniistiiriilmesi:
Olusturulan cift karsilastirma matrisleri, bulanik ¢ift
karsilastirma matrisine dénustardlir.

Bulanik Cift Karsilastirma Matrisinin Agirliklandiriimasi:
Matrislerdeki bulanik degerler, kriterlerin birbirine gore
goreceli 6nemini ifade eden agirliklara donugstaralir.

Bulanik Oncelik Degerlerinin Hesaplanmasi:
Agirliklandirilmis  bulanik  ¢ift karsilastirma matrisleri
kullanilarak kriterlerin bulanik 6ncelik degerleri hesaplanir.

Durulastirma islemi: Durulastirma, bulanik sayilari net
sayllara donustiirme islemidir.

Alternatiflerin Onceliklerinin Belirlenmesi: Son adimda,
durulastirma  islemi  yapilan  bulanik  6ncelikler
normallestirilir ve boylece alternatif 6ncelikler belirlenir.

Bu adimlar, BAHS isleminin temel siireglerini agiklar. BAHS,
bulanik ve karmasik karar verme problemlerinde etkili bir
sekilde kullanilabilir ve sonuglari kullanicilar tarafindan
daha kolay anlagilabilir hale getirir.

Kriterlerin ve alt kriterlerin
belilenmesi

v

iligkisel agjirliklarin verilmesi

Fuzzy cift kargilagtirma
matrisinin olugturulmasi

Bulanik ¢ift kargilagtirma Alternatifierin Gnceliklerin
matrisinin déndgtdrdimesi belilenmesi

A

Bulanik dncelik degerlerin
hesaplanmasi

h 4

Durulagtirma iglemi

Sekil 2. BAHS akis semasi

3. BULGULAR ve TARTISMA

Gelistirdigimiz uygulama da seg¢imi yapilmak istenen
damizlik sigir vyetistiricilerin, belirledikleri 6ncelikler
dogrultusunda BAHS vyardimiyla en uygun segimin
yapilmasina yardimci olmasini hedefleyen bir uygulama
gelistirilmistir. Bu c¢alismada sigir vyetistiricilerin karar
asamasinda iken dinamik olarak 6nceliklerini belirleyip
gerekli veriler girildikten sonra en uygun kararin sonucunu
gosteren web tabanh uygulama gelistirilmistir. Web
tabanli uygulamamizda acik kaynakli programlama
dillerinden PHP ile yazilmistir. Veritabani olarak MySQL
kullanilmistir.

Gelistirilen uygulamada kullanicilarin 6nceliklerini dinamik
bir sekilde girilmesi, kullanicilar yapilacak olan segimde
ana kriterleri ekleyerek kriter girisinin alt tarafina
listelenmesi, listelenen kriterlerin  yaninda bulunan
carpl ikonu ile belirlenmis olan kriter silinebilmektedir.
Uygulamamizda 6rnek olarak damizlik sigir segimi igin
dort ana kriter belirlenmistir (Sekil 3).
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Anasayfa FAHE hesaplanmalidir.
Kriterler
A fa | Listelem
Ciome S Anasayfa nasayfa | Listeleme
Kriterler #  AnaFaktorler Alt Faktorler/Olugtur Sonuglar
* Genel GO'W?. 1 Genel Gériiniig Irk Ozellii-bag
Omuz-sirt-bel-sadr
+ Siitgiiliik Karakterleri . Bacaklar-ayaklar
+ Beden Kapasitesi 2 Siitglilik Karakterleri Boyun
@ c v
e 3 Beden Kapasitesi Enéus
arn

Sekil 3. BAHS “de ana kriterlerin belirlenmesi

BAHS  hesaplamasi  yapilirken  oncelikle  kriterler
belirlenmesi gerekmektedir. Hesaplamanin yapilabilmesi
icin devaminda belirlenen kriterlere ait alt kriterlerin
girilmesi gerekmektedir. Sekil 4‘de girilen kriterlere ait alt
kriterlerden bazilari girilerek gosterilmeye cahlsiimistir.
Ornek olarak “Genel Goriiniis” kriterinin kendine ait (¢ alt
kriteri bulunmakta, “Sttculik Karakteri” bir alt kriterden
olusmakta, “Beden Kapasitesi” ise iki farkl alt kriterden
olusmaktadir, “Meme sistemi” kriterinde ise heniz alt
kriterin belirlenmedigini belirleyebilmek icin “Alt Faktor
Olustur” butonu ile alt kriterlerin girilebilecegi ekrana
yonlendirmektedir. Alt kriter girilmedigi sirece kriter
agirhginin hesaplanamadigi Sekil 4’de gosterilmistir. BAHS
isleminin devam etmesi igin kriterlere ait olan alt kriterlerin
girilmesi  ve alt kriterlere ait BAHS agirlklar

rk Dzlii-biy 1

Omuz-srt-bel-sadn

Bacakiar- ayutiar

4 Meme Sistei Alt Faktdr Olustur Hesaplayabilmek icin alt faktdr giriniz

Sekil 4. BAHS kriterlerin listelenmesi

kullanici secimde 6ncelikleri belirlenmesi ve ardindan alt
kategorileri belirlenmesinden sonra 6nceliklerin sirasiyla
bulanik tggen yontemiyle agirliklari hesaplanarak segme
islemlerine devam edilmektedir. Sekil 5'te Genel Gorlnus
onceligine sahip (¢ farkh alt faktéri bulunmaktadir.
Uygulama lizerinden kullanicilara alt faktorlerin birbirlerine
gore olan degerlerini girilecegi alanlar lzerinden bulanik
lggen agirliklari uygulama lizerinden hesaplanmaktadir.
Sekil 5’de sag Ust tarafta 6lcek degerleri kullanicilara bilgi
olarak gosterilmistir; 1,3,5,7,9 sayilari ana degerler, 2,4,6,8
degerleri ise ara degerler olarak gosterilmistir.

Butani ek dederen
JS—

Omuz-tart-bal-sagn Bacakiar-ayaiiar

02 [ox 08 T

1 02 nE 08

Sekil 5. Agirlik degerinin hesaplanmasi

Gelistirdigimiz uygulama lizerinden bulanik deger agirliklar
hesaplanmaya calistigimiz alt faktorlerin ikinci asama
olarak geometrik deger sonuglari Sekil 6 ‘da gosterilmistir.
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Dulaek ek dedurier

Fuzzy AHP Deferleri

"
Oreilh-  Oswzsrt Bacakiar
[ bay bt aysklns

ik 111 0202505 0202505

omu- 245 1 0202505

Geometik 0.

(0.24,0.4,063)

(0.78,1,1.38)

(1.59,2.52,2.92)

(267382481

Sekil 6. Geometrik degerlerinin hesaplanmasi

Geometrik degerlerin hesaplamanin ardindan arka planda
yapilan islemlerle her bir alt faktoriin bulanik agirliklari ve
bulanik agirliklarina karsilik gelecek agirlik ortalamasi Sekil

Fuzzy AHP Agirlik Degerleri

i Ayrbk Dejorterl

e (0.088,0.104,0.233)
[

™
Ot 10:148,0.26,0.50)
wrt-bel-

g
Racsilar- 10.318,0.608,1.08)

Enyi Segim : Bacaklar-ayaklar, Deger = 0.684

Bularak sk degerian
«Votwi=>1

7'de gosterilmistir. Hesaplamalar sonucu segimde en etkili
olacak olan faktori (etkeni) alt kisma bilgi olarak
yazdirilmigtir.

Afprik Ortalamass

018

LT

Sekil 7. Bulanik agirliklari hesaplanmasi

Agirhiklarin ortalama degeri, bulanik licgen olarak yazilan
agirhk  degerlerin  toplaminin  ortalamasi  alinarak
hesaplanmaktadir. Asagida agirlik ortalama hesaplanmasi
gosterilmistir.

Irk Ozelligi-bas adirlik ortalamasi:

SA = (0,068 + 0,104 + 0,233) /3 = 0,135 olarak
hesaplanmaktadir.

0,068 degeri; Olasi en kiigik degeri simgeler,

0,104 degeri; En olasi degeri simgeler,

0,233 degeri; Olasi en blylik degeri simgelemektedir.
Yukarida Irk Ozelligi-bas agirlik degerleri ve agirlik degerleri
detayll bir sekilde anlatilmaya calisiimistir. Diger alt

faktorler icin islemler sirasi ile yapilarak Sekil 8deki
sonuglar elde edilmistir.
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Anasayfa
1] Ara Fatérier At Faktérter{Ohytur
Gendl Grindy ik Chaeii-tug
Grmuz-ur-bek-
B Jyly
Ui Marakteriert Boyun
i fladen Kapandpu G
K
L) M Sisti e G
Gy
A van
erme gl
Torma damarin

Krasayts

I k4 b sl

Somuglar

(1088,01080.233
6140380800
03180655100

wm

GBAIM0AE
[hB03,0883,0.083

005100880103
(0880088 2.104
0N 01340.234
(185,0.341,0.358
0.392,0394,0.428

Sekil 8. Alt kriterlerin agirlik degerleri

Gelistirdigimiz uygulama ile dinamik olarak belirlenen ana
faktorlere ait alt faktorlerin degerleri hesaplanmistir.
Siradaki yapilacak islemde ise ana faktorlerin birbirleri
arasindaki  bulanik  agirliklari  hesaplanma islemi
yapilacaktir. Sekil 8’de bulanik agirliklari hesapla butonu ile
ana kriterlerin alt kriterlerde oldugu gibi ilk olarak
geometrik ortalamasi daha sonra agirlik degerleri ve

Anasayfa

] Ana Faktérlar LUl FlHMhr,iﬁiqlur

i Garel By ik Cii-bay
DFTh ST -4
Bucailar-gyklar

Stk Karakterier Boyun

1 Beden Kigaidail [0
Kams

4 Weme Sistim Meme Genel
Gnyan
ks an
M [laian
Mémie darmarian

devaminda ise agirlik ortalamalari bulunacaktir. Sekil 9‘da
hesaplamalarin nihai sonucu gosterilmistir. Ana faktor ve
alt faktorlere ait hesaplamalar uygulama (zerinden
hesaplanmistir.  Agirhk  degerlerinin  hesaplamasinda
degerlerin  durulandirma islemi icin 0,5 degeri
kullaniimistir.

Anasayta

9 sk b Hrsapla

Seruglar

Q088,0104,0.233
0U148,0.26,0.503
CETETRAT ]

a8

02150334040
55308830083

Q0S1 0080010
LG, 0086, 104
QIER01340778
LALEEREATE
03920396 0425

Sekil 9. Bulanik agirliklari hesaplanmasi

Gelistirdigimiz uygulama Uzerinden damizlik sigir segimi
icin BAHS kullanilarak sonuglar elde edilmistir. islemler
sonucunda damizlik sigir segiminde faktorlerin segiminde
ne kadar etkili olacagi hesaplanarak sigirlar Gzerinden test
edilebilmektedir. Gelistirilen uygulama damizlik sigir secimi
Ozelinde tim coklu kriter secimlerinde
kullanilabilmektedir. Uygulamaya kullanici girisi yapilarak
kaydolundugu takdirde hesaplanan model (zerinden

sisteme daha sonra girilerek gegmiste kaydettiginiz model
Uzerinden yeni testler yapilabilmektedir.

Sekil 10’da sag alt tarafta bulunan test ile secime tabi
tutmak istediginiz sigirlara ait istenen veriler girilerek
damizlik igin uygun olup olmadigi test edilerek damizlik igin
en uygun olanin secilmesi saglanmistir.

Alt faktérler icin global bulamk agirhiklar

" Ana Fuktisrier A Fuktibeler ve Bulind Afirbilar
Genel Goriinisy i Crmiii-nag
10.09,0.088,0117) 10.008,0.104,0.233)

Q- fort-Bal-aadn
10.148;0.28,0.503)
Bacaidlar-ryakiar
[0.218,0.655.1.08)
Stk Karaktarber Boyun
{0.68.0.084,0133) [LRA]
Beden Kapasites) 58l
(B.253,0.10,0.482) [0.215,0.334.0.818)
Kaen
10.503,0.663,0.983)

4 Heme Sisiel Vieme Genes

1D386,0.637,0.449) [0.051,0,088,0.403)

n yan
(0.068,0.066,0.104)
Ak
[0.458,0:434,8 234)
Meme Baglan
(0.185,0:341,0.356)
heme damarian

[0.302,0.395,0.428)

A Fabetde Glakal Bulaeik Agirskisn

(0,008, 0,008, 0.027)

(0.013, 0015 , 0.058)

(0.029, 0.038 , 0.126)

(0368, 0,094, 0133)

(0,084, 0.083 , 0.103)

0427, 0126 , D.458)

(0,019, 0,068 , 0.045)

(0.024, 0,042, 0.047)

[0.058, 0.085 , 0.105)

(0.068, 0.7, 0.5}

0.3, 0.282, 8.901)

Sekil 10. Bulanik agirliklari degerleri
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B At Faltdrier Glabal Bulank

Sekil 11

(0008, 0,004, 0.027) 000 000

10,073, 0.015, 0.080) ae 000

0,029, 0.034, 0.126) 000 080

(0,188, 0.004, 0.133) 00 0o
[0.054, 0,063, 0.182) 000 000
0127, 0128, 0.854) 000 0
(0,019, Q.064, 0.046) 000 000
{0024, 0.042, 0.047) a0 a0
(0,084, 0,086, 0.108) 000 000
0,080, 0,217, 0.18) 000 000
(0,143, 0,282, 0.101) 000 000

. Model testi veri girisi

Sekil 11'de damizhk sigir seciminde etkili olacak tim
faktorlere ait global bulanik degerleri bilgi amagli
gosterilmistir. Teste tabi tutulacak olan sigirlar icin degerler
girilerek hesaplamalar sonucunda en uygun segimi
yapilmasinda biyuk bir katki saglanmustir

Gelistirilen uygulamada girilen veriler sonucu Sekil 12’de
hesaplama islemleri gergeklestirilmistir. Hesaplamalar
sonucunda model testini kaydetmek icin Sekil 12 ‘de en
asagida test ismi veya kodu kaydedilerek diger damizliklar
arasindan ayirt edilmesi saglanmistir.

Uygulama da teste tabi tutulan sigirlarin sonuglari sonug
ekraninda gosterilmistir. Hesaplamalar sonucu damizhk
secimine en uygun olan adayin hangisi oldugunu listenin
sonuna bilgilendirme amagli olarak yazdirilmistir. Listede
yalniz bir adayin sonucu oldugundan dolayr deneme testi

isimli aday en iyi sonug olarak gosterilmistir. Birden fazla
aday olmasi halinde damizlik segimine en uygun olan en iyi
sonug kisminda yazdiriimigtir.

Gelistirilen uygulamada ¢oklu se¢im yapmak isteyen herkes
tarafindan kullanilabilmektedir. Ana faktor ve alt faktorler
dinamik olarak degerler girilebilmektedir. Bulanik mantik
licgeni, geometrik hesaplamalar, bulanik agirlik degeri ve
son olarak bulanik agirlik ortalama degerleri bulunarak
model olusturulmaktadir. Olusturulan modeller Gizerinden
onlari segim kriterlerine tabi tutarak en iyi se¢cim sonucu
elde edilmesi saglanmistir. Uygulamaya kullanici girisi
yapilarak  model olusturuldugu takdirde  model
kaydedilebilmektedir daha sonra tekrardan uygulamaya
giris yapildiginda ge¢mis modellerim kismindan yeni bir
adayi secime tabi tutularak gegmis adaylar arasinda kiyas
yapilabilmektedir.

' A Faiiaiar Dbl Bularsk

| ek by {0,008, 0.008, 0.027)
i Omus-art-bel-aagn o813, 0008, 0.0898)
3 Bacablar-aykir (0028, 0,028, 0.136)
] Byn (01188, Dubd, 6.13%)
] Goguy (0084, 0083, 0192}
L] ' (0327, D426, DA54)
1 Merma Gen 10,019, 0.056, 0.048)
B On yan (0074, 04, 04T
] A Yan (0:058, 0,088, 0.505)
w Meme Bagan 0088, 0.277, 0.0}
n T T (043, 0.262, 191}

‘aplam

Puaanlama

{asonan)

[03,0308)

{a3n2an)

(a50308)

(asonas)

(0303,05)

{asomnez)

(R30N08)

(050.30)

{asenas)

(an0307)

Tast Socwglin

Sekil 12. Model test hesaplamalari

[ 0.0018,000068,0,00287 |

{0.0026,0.0044,0.0208 )

| Qp0R7,0.0076,0.01384 )

| 0084 0028200885 |

[0.027,0.00690.096 |

(054 00378,0.227 )

| Q0057,0.00816,0,0092 )

| 000720.00462,0.0235 )

(002000085000 )

[0:034,0023870.048 |

(| Q.01573,0.0756,0.0337 )

[0.24113, 0.32144, 067123 )

Gelistirdigimiz web sitesi uygulamasinin akis semasi Sekil
13’'de gosterilmistir. Kriterli se¢cim icin yapilan islemlerde
kullanilabilecek  uygulamamizda sisteme kaydolarak
modellerini kaydedebilir ve akabinde tekrardan uygulama
Gzerinden gegmis modeller lizerinden modeli test edebilir
veya kullanici sisteme kaydolmadan da uygulamayi
kullanabilmektedir.

Coklu kriter se¢ciminde uygulamada ilk olarak kullanici
kriterleri ve kriterlere bagli alt kriterleri belirleyerek sistemi

kullanmaya baslamaktadir. Akis semasinda da gorildugi
gibi kriterlerden sonra her bir kriterin bulanik agirlik
degerleri hesaplanmaktadir. Tim kriterlerin  bulanik
degerleri hesaplandiktan sonra tiim kriterlere ait bulanik
agirhk degerleri bulanik Giggen say1 modelinde bulunur.

Model olusturma islemi tamamlandiktan sonra kullanici
secim alternatiflerini test eder ve test sonucunda en uygun
damizlik sigir secimini elde etmesine yardimci olur. Sisteme
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e

kullanici girisi yaparak kaydoldugu takdirde modeli
sistemine kaydederek tekrar uygulamaya giris yaptiginda
kaydettigi modeller Gzerinden hizlica test eder ve gegmiste

yaptiklari testler ile kiyas edilebilmektedir.
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Sekil 13. Uygulama akis semasi

4. SONUCLAR

BAHS yontemi, damizlik sigir yetistiriciligi gibi karmasik ve
¢ok kriterli karar verme problemlerine uygulandiginda
degerli sonuglar sunabilir. Damizlik sigir vyetistiriciligi,
verimli ve kaliteli hayvanlarin elde edilmesi icin dnemli bir
sektordir ve bu alanda yapilan kararlar biliyik etkilere
sahiptir. BAHS kullanilarak damizlik sigir yetistiriciligi icin
kriterler ve alt kriterler belirlenir. Ornegin, hayvanlarin
saghk durumu, genetik oOzellikleri, verimlilikleri, 1rk
ozellikleri ve bakim maliyetleri gibi faktorler degerlendirilir.
Uzmanlar veya yetistiriciler tarafindan saglanan subjektif
degerlendirmeler, kriterlerin 6nem dereceleri olarak
agirhklarla ifade edilir.

Hesaplanan bulanik o6ncelik degerleri ve agirliklar
kullanilarak, damizlik sigir yetistiriciligi icin en uygun
alternatifler belirlenir. Bu sonuglar, damizhk sigir
yetistiricilerinin daha bilingli ve akilci kararlar almasina
yardimci olur. En ylksek 6ncelige sahip olan alternatifler,
sektorde daha verimli ve kaliteli hayvanlarin yetistirilmesini
saglar. BAHS, damizlik sigir yetistiriciligi gibi karmasik tarim
alanlarinda, karar vericilere ve uzmanlara 6nemli bir
analitik ara¢ sunarak sektorin surdirilebilirligine ve
verimliligine katki saglayabilir. Bu ydontem sayesinde, karar
verme slreci daha sistematik ve agik bir sekilde
yonetilebilir, bdylece en uygun stratejiler ve yontemlerin
benimsenmesiyle damizlik sigir yetistiriciligi sektort dnemli
gelismeler kaydedebilir.

Gelistirdigimiz uygulamaya ek ozellikler olarak BAHS
yonteminin etkinligini artirmak igin dizenli olarak veri
toplanmasi ve izlenmesi 6nemlidir. Bununla birlikte daha
dogru sonuglar elde edilmesine yardimci olacaktir.
Toplanan verilerin analiziyle yapay zekd ve makine
o6grenmesi teknikleriyle birlestirilerek daha karmasik ve
blylk veri kiimeleri isleyerek daha isabetli sonuglar elde
edilmesi saglanabilir. Uygulamada kullanilan teknolojiler
sirekli glincel versiyonlari tutulmasi kullanishhk ve
popdlerligini arttirmasini saglanabilir.

Gelistirdigimiz uygulamada, BAHS yodntemi kullanilarak
coklu kriterli segimlerde kullanilabilecek bir web sitesi
uygulamadir. Damizlik sigir seciminde, sigir yetistiricilerin
kriterlerini  belirleyerek BAHS hesaplamalari yapilr,
hesaplamalar sonucunda olusan modelde, sektorleri
acisindan en uygun ve karli olan sigirn damizlik olarak
secebilmesi saglanmistir. Maliyetlerin artmasiyla dogru
se¢cim  yapilmasina  yardimci  olunmustur.  Sigir
yetistiricilerin segimlerinde en iyi sonucu verecek damizlik
sigir segiminde uygulamamiz kullanilarak yatirimini daha
dogru ve isabetli yapilabilmektedir. Uygulamada damizhk
sigir yetistiriciligin yaninda c¢oklu kriter secimli olan her
alanda kullanilabilmektedir.

Gelistirdigimiz damizlik sigir segimi uygulamasi, n sayida
ana faktor ve bunlara bagli alt faktorlerin esnek bir sekilde
eklenmesini saglayarak kullanicilara genis bir kullanim alani

Mehmet Akif Ersoy Universitesi Fen Bilimleri Enstitiisii Dergisi, 2024, 15(1), Sayfa: 11-21



e

Bulanik Analitik Hiyerarsi Algoritmast ile Sigirlarda Damizlik Segimi

sunmaktadir. Calismada dort ana faktor ve bunlara sirasiyla
Ug, bir, iki ve bes alt faktor eklenmistir. Her alt faktor igin
yapilan  hesaplamalar, bulanik agirhk  degerlerini
belirleyerek segim siirecini desteklemistir. Olusturulan test
modeli, belirlenen o6rnek sigirlara ait bulanik puan
degerlerini kullanarak, kullaniciya en uygun damizlik sigirin
secilmesini saglamistir.
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Bu makale Biisra SENSOY GUN'lin
“Yesil sentez ile sentezlenen ZnO@YK
nanokompozitinin antimikrobiyal
aktivitesinin degerlendirilmesi ve
ZnO@YK nanokompoziti kullanilarak
hazirlanan merhemin yara iyilestirme
kapasitesinin in vivo deneylerle
arastiriimas!” baslikl doktora tezinden
Uretilmistir.

0Z: Bu ¢alismada toksik olmayan yesil sentez yontemi ile yumurta tozu kullanilarak metal oksit
nanokompozitleri sentezlenmistir. Burdur yéresinden toplanan Althaea officinalis (A. officinalis-
hatmi) bitkisinin kirmizimsi-pembe ¢icek kisimlarindan farkli g¢ozictlerle (etanol, metanol,
aseton ve ultra saf su) bitki 6zitleri hazirlanmistir. Hazirlanan bu bitki 6zutlerinin kuersetin ve
gallik asit miktarlari Yuksek Performansli Sivi Kromatografisi (HPLC) analizi ile tespit edilmistir.
HPLC analiz sonuglarina gore segilen bitki 6ziitu ile toz hale getirilen ve temel inorganik bileseni
CaCOs3 olan yumurta kabugu tozu metal ¢ozeltilerine eklenerek nanokompozit yapilar
sentezlenmistir. Elde edilen nanokompozit yapilarin Zayiflatiimis Toplam Yansima- Fourier
Donuslimlu Kizilotesi Spektroskopisi (ATR-FTIR), X-1sini Difraksiyon Spektroskopisi (XRD) ve Enerji
Dagihmli  X-Ray Dedektorli Taramali Elektron Mikroskobu (SEM-EDX) analizleri ile
karakterizasyon galismalari gergeklestirilmistir. Calisma sonucunda MgO ve Al,O nanopartikulleri
(NP) iceren nanokompozitler sentezlenmistir. Sentezlenen nanokompozitlerin hemoliz deneyleri
sonucunda hemouyumlu olduklari tespit edilmistir.

Anahtar Kelimeler: Yumurta kabugu, nanokompozit, yesil sentez, metal nanopartikdller,
Althaea officinalis

ABSTRACT: In this study, metal oxide nanocomposites were synthesized using eggshell powder
with a non-toxic green synthesis method. Plant extracts were prepared with different solvents
(ethanol, methanol, acetone and ultrapure water) from the reddish-pink flower parts of the
Althaea officinalis (A. officinalis - marshmallow) plant collected from the Burdur region.
Quercetin and gallic acid amounts of these prepared plant extracts were determined by HPLC
High Performance Liquid Chromatography (HPLC) analysis. According to the HPLC analysis
results, nanocomposite structures were synthesized by adding eggshell powder, the main
inorganic component of which is CaCOs, which was pulverized with the selected plant extract,
to metal solutions. Characterization studies of the obtained nanocomposite structures were
carried out by Attenuated Total Reflectance- Fourier Transform Infrared Spectroscopy (ATR-
FTIR), X-ray Diffraction Spectroscopy (XRD) and Scanning Electron Microscope with Energy-
Dispersive X-ray Detector (SEM-EDX) analyses. As a result of the study, nanocomposites
containing MgO and Al,O nanoparticles (NP) were synthesized. It was determined that the
synthesized nanocomposites were hemocompatible as a result of hemolysis experiments.

Keywords: Eggshell, nanocomposite, green synthesis, metal nanoparticles, Althaea officinalis
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| 1. GiRiS

Giderek artan niifusa bagh olarak mevcut dogal kaynaklarin
azalmasi ve artan cevre sorunlarina iliskin endiseler
cogalmaktadir. Dogal kaynak atiklar  kullanilarak
biyotemelli malzemelerin Gretimi bu sorunlarin 6niine
gecmek icin iyi bir ¢6zim yodntemi olarak kabul
edilmektedir. Disiik maliyetli dogal atiklarin kullaniimasi
maliyetlerin azalmasini da saglamaktadir. Kalsiyum
karbonat yaygin olarak kullanilan bir inorganik dolgu
maddesidir. Son zamanlarda bu inorganik (kireg tasi gibi)
dolgu maddeleri yerine yiksek kalsiyum karbonat icerigi
bulunan tavuk yumurta kabuklar gibi atik biyomateryaller
tercih edilmektedir (Owuamanam ve Cree, 2020). Ayrica,
dinya capinda atik tavuk yumurtasi kabuklari, gevresel
sorunlara neden olan ¢opliklere atilmaktadir. Bu atiklarin
ayrismasi amonyak, hidrojen sulfiir ve koti kokulara neden
olan aminler Uretmektedir. Bu kot kokuya ise fare, sigan,
sinek ve bocek gibi canlilar gelerek Escherichia coli ve
Salmonella  gibi  patojenlerin  yayilmasinda  etkili
olmaktadirlar (Bee ve Abdul, 2020; Owuamanam ve Cree,
2020). Batin bunlarin yaninda yumurta kabugunun
makro/mikro  gbzenek vyapisina ve zar kisminin
antimikrobiyal 06zellige sahip olmasi bircok alanda
kullanilmasina avantaj sunmaktadir (Martel vd., 2012). Son
yillarda yapilan galismalarda yumurta kabugu kullanilarak
sentezlenen  nanokompozitler adsorban, katalizor,
fotodegradasyon, doku iskelesi, antimikrobiyal ozellikte
nanomalzeme yapiminda kullaniimistir (Li vd., 2018; Ding
vd., 2020; Huang vd., 2020a; Gupta vd., 2021; Turkoz Altug,
2022; Kaya Kinaytiirk vd., 2021; Kalayci vd., 2023).

Son yillarda ilgi goren disiplinler arasi arastirma
alanlarindan biri olan nanoteknoloji, nano vyapilarin
gelismis ve essiz 6zelliklere sahip olmasi, daha az malzeme
ve enerji kullaniminin yaninda nanomalzemelerin sentez
yontemlerinin gelistiriimesiyle saylsiz uygulama
alanlarinda kullanimi hizla ilerlemektedir. Bu
nanoyapilardan biri de farkli boyut ve sekilde
sentezlenebilen  metalik  nanopartikillerdir.  Metal
nanopartikiller essiz optik, elektronik 6zelliklere ve daha
blyik ytzey alan/hacim oranina sahip olduklari igin
goruntileme teknikleri, tip sektord, ilag salinimi,
biyosensor ve biyomedikal malzemeler dahil bircok alanda
kullanilmaktadir (ljaz vd., 2020). Nanomalzemelerin
cevresel olarak sirdirilebilir sekilde sentezlenmesi icgin
yesil kimyaya ihtiya¢ duyulmustur. Son zamanlarda giderek
artan yesil sentez, diger nanomalzeme sentez yollarina
gore toksik olmayan, giivenli, cevre dostu, strdirulebilir,
tekrar edilebilirligi yiiksek, daha hizli, buyik 6lgekli Giretim
ve siklikla daha kararli malzemelerle sonuglandigi igin daha
¢ok tercih edilmektedir (El-Borady vd., 2021; Palithya vd.,
2021; Oves vd., 2022). Kimyasal olarak sentezlenen
materyallerin insan saghgini olumsuz etkilemesi ve cevresel
toksisitesi bulundugu icin sentezlenen nanomalzemelerin
biyo-uyumluluguna dikkat edilmelidir (Bindhu vd., 2020;
Rohaizad vd., 2020; Renuka vd., 2020). Bitkiler, diger
biyolojik sentetik yontemlere gére daha avantajli oldugu
icin  kullanilmaktadir.  Clinki  bitkiler, nanopartikl
sentezlemek igin kullanilan mikroorganizmalara kiyasla

uzun siren bakteri/mantar kultar Uretimini ve bu
kiltarlerin koruma ihtiyacini ortadan kaldirmaktadir. Ek
olarak bitki ile nanopartikiil sentezinde kontaminasyon
riski de bulunmamaktadir (Barakat vd., 2020; Swilam ve
Nematallah, 2020). Bitki o6zutlerinin  kullaniminin
nanopartikil boyutunu, seklini ve dagilimini diizenlemede
daha segici ve etkili oldugu bilinmektedir (Muthu ve Priya,
2017). Bitkilerin kok, yaprak, govde ve meyve gibi
kisimlarinda hem indirgeyici hem de stabilize edici ajan
olarak islev goren flavonoidler, tanenler ve fenolik
bilesikler gibi fitokimyasallar icerikler nanopartikiil
sentezlemek icin kullaniimistir (Maisa ve Awwad, 2021).
Ayrica nanopartikillerin stabil kalmasi igin antioksidan
bilesiklerden yararlaniimistir (Saribugra, 2014). Yaygin bir
flavonoid olan kuersetin ile fenolik bilesik olan gallik asit
bircok ¢alismada nanopartikil sentezinde o6nemli
antioksidan bilesikler olarak belirtilmistir. Gallik asit ve
kuersetin bircok metal ile kolayca kompleks olusturarak
parcacigin oksitlenmesini engelleyerek stabilize ederken
parcaciga antibakteriyel 6zellik de katmaktadir (Mittal vd.,
2014; Lunkov vd., 2020).

Kompozit malzemeler birbirinden farkl ozelliklerdeki iki
veya daha fazla materyalin bir araya gelmesi ile Uretilen
hibrit materyallerdir. Nanokompozitler ise nano boyutta iki
farkh materyalin birlesmesiyle olusmaktadir. Genelde
makro ylzeye sahip bir malzeme ile nano boyutta bir
malzemenin hibritlesmesi ile meydana gelmektedir.
Nanokompozitler tasarlanabilir essiz  6zellikleri  ve
degistirilebilir fonksiyonlari nedeniyle bircok endistride
kilit rol oynamaktadirlar (Adeosun vd., 2012). Cok sayida
nanokompozit Uretim yodntemi bulunmaktadir. Fakat
yapilan son galismalarda artik yesil sentez ile nanokompozit
tek bir basamakta uretilebilmektedir (Huang vd., 2020b).

Althaea officinalis bitkisi Malvaceae ailesine aittir ve diinya
capinda vyetistirilmektedir. Cicekler terminal ve aksiller
yapida olup; her biri bir, iki veya Ug¢ cicek tasiyan kisa
pedinkiillere sahiptir. Yapraklar soluk pembe, kirmizimsi
pembe ve nadiren beyaz renklidir. Terapoétik 6zellige sahip
olan bu bitki geleneksel olarak agiz ve faringeal mukozanin
(kuru oksurik ile iligkili olan) tahrisinin tedavisi igin, hafif
gastrit, cilt yaniklari, bocek 1siriklari, gastrointestinal
sistem, idrar yolu sikayetlerinde, iltihaplanma, Ulser, apse,
yanik, kabizlik ve ishal icin yaygin olarak kullaniimaktadir.
Bu bitki antimikrobiyal, antienflamatuar,
imminomodiilatér etki gibi bircok farmakolojik etkiye
sahiptir (Snafi, 2013). Yiiksek oranda antioksidan bilesik
icerigine sahip bitkilerin nano partikll sentezi igin en iyi
adaylardan biri oldugu bilinmektedir. A. officinalis bitkisinin
cicek kisimlarinin kirmizimsi pembe cicekleri daha fazla
antioksidan aktiviteye sahiptir ve antioksidan aktivitenin
gict  kirmizimsi pembe> pembe> beyaz seklindedir
(Sadighara vd., 2012). A. officinalis bitkisi dogada
kendiliginden yetisen, maliyeti dlistk ve gicek kisimlarinin
antioksidan igerigi yiksek oldugu bilindigi icin
¢alismamizda tercih edilmistir.

Bu calismada, ¢evrede atik olarak bol miktarda bulunan bir
inorganik dolgu malzemesi olan yumurta kabuklari toz
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haline getirilerek; A. officinalis bitkisinin  ¢icek
kisimlarindan  hazirlanan  bitki ekstrakti ve metal
soltsyonlari kullanilarak farkh nanokompozitler
sentezlendi. Bitki ozltlerindeki kuersetin ve gallik asit
miktarlari HPLC yontemi ile belirlendi. Biyosentez yontemi
ile  sentezlenen nanokompozitlerin  karakterizasyon
¢alismalari ATR-FTIR, XRD spektroskopisi ve SEM-EDX
goriintileme cihazlar kullanilarak gergeklestirildi. Ote
yandan malzemelerin hemolitik aktiviteleri hemoliz testiile
biyokimyasal olarak belirlendi.

2. MATERYAL ve YONTEM

2.1. Materyal

Bu calismada A. officinalis bitkisinin kirmizimsi pembe ¢icek
kisimlari  Burdur yoresinden toplanmistir. Yumurta
kabuklari marketlerden temin edilmistir. Etanol Indosaw,
aseton, metanol Isolab marka kullanilmistir. Bitki 6ziti ve
cOzeltiler Human Corparation, Zener 900
(UP:=18,3MQcm) cihazindan alinan ultra saf su ile
hazirlanmustir.

2.2. Yontem

2.2.1. Althaea officinalis bitkisinin kirmizimsi
pembe cicek kisimlarindan farkl ¢oziculerle bitki
6zUutl eldesi

Bitki Ozutleri Kiselev vd. (2007) metodunun modifye
edilmesi ile hazirlanmigtir. Burdur yoresinden toplanan A.
officinalis (hatmi) bitkisinin kirmizimsi pembe ¢icek
kisimlari ultra saf suda yikandiktan sonra oda sicakliginda
kurutuldu. Kurutulup ince toz hale getirilen c¢icek
kisimlarindan 0,5 gram tartilarak tzerlerine 2,5 ml etanol,
metanol, aseton ve ultra saf su eklenmistir. 2 dakika
homojenizatorde karistirildiktan sonra, 1 gece 45°C’deki su
banyosunda bekletilmistir. Su banyosundan alinan
orneklere 8 ml ¢ozlclleri eklenerek 2 dk homojenizatérde
karistirildiktan sonra 4.500 rpm de 5 dk santrifiij edilmistir.
Supernatant kisimlari alinarak 45°C’deki etiivde ¢oziicller
ucana kadar bekletildi. Elde edilen ekstraktlara HPLC analizi
yapilmistir (Kiselev vd., 2007).

2.2.2. HPLC analizi

Hazirlanan bitki ekstraktlarindaki kuersetin ve gallik asit
miktarlarina, HPLC kullanilarak, Gomes vd. (1999)'nun
HPLC metodu modifiye edilerek analiz gergeklestirilmilstir.
Analiz Shimadzu Prominence Marka HPLC-DAD cihazi,
LC20 AT pompasi ve Zorbax C18 (250*4,6 mm, 5 mikron)
kolonu ile yapilmistir. Gradient programi: %93 A (3%
Formik asit) + %7 B(metanol) 3 dakika, %72 A + %28 B 25
dakika, %67 A + %33 B 32 dakika, %58 A + %42 B 2 dakika,
%50 A + %50 B 8 dakika, %30 A + %70 B 5 dakika, %93 A
+ %7 B 15 dakika olarak toplam 90 dakika slirmustir.
Elde edilen sonuglara gore kuersetin ve gallik asit
miktarlarinin ortalama olarak en iyi olan 6rnek segilerek
devam edilmistir. Bu ylzden nanokompozit sentezine
ultra saf su ile hazirlanan bitki o6zith ile devam
edilmistir.

2.2.3. Althaea officinalis bitkisinin kirmizimsi
pembe cicek kisimlarindan bitki 6zutl eldesi

A. officinalis bitkisinin kirmizimsi pembe ¢icek kisimlari
toplanip ultra saf su ile yikandiktan sonra oda sicakhginda
kurutularak Sekil 1’de gosterildigi gibi bitki 6zUtlu sentezi
gerceklestirilmistir. Agat havanda ince toz hale getirilen
gicek kisimlarindan ikiser gram alinarak 200 ml ultra su
iceren 250 ml'lik 2 ayn siseye aktarildiktan sonra 60°C'lik
bir su banyosunda 4 saat isitilmistir. Olusan bitki
ekstraktlari, Whatman 1 no.lu filtre kagiti ile stzildikten
sonra 4.000 rpm de 5 dk santrifiij yapildi ve 4°C’de
nanokompozit sentezlemek igin saklanmistir (Abdallah vd.,
2020).

2.2.4. Yumurta kabugu tozunun hazirlanmasi
Marketlerden toplanan yumurta kabuklari ilk olarak kir
parcaciklarini temizlemek icin musluk suyu altinda yikanmis
ve ardindan mikrobiyal kontaminasyonun giderilmesi icin
saf suda 120°C'de 3 saat sirekli karistirilarak kaynatilmistir.
Kaynatilan yumurta kabuklari bir giin streyle kil firininda
(~150°C) kurutulmustur. Kurutulan yumurta kabuklari agat
havan kullanilarak ince toz haline getirilmistir (Choudhary
vd., 2021).

Althaea officinalis bitkisi

Bitki Oziiti

= — !i 2

o |

3

Filtrasyon +Santrifiij

Sekil 1. Burdur yoresinden toplanan A. officinalis bitkisinin kirmizimsi pembe gicek kisimlari kullanilarak hazirlanan bitki
Ozutlinlin agamalari
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2.2.5. Nanokompozitlerin hazirlanmasi

Yesil sentez yontemi ile nanokompozitlerin elde edilmesi
icin ultra saf su ile hazirlanan 0,2 M’lik AICl;.6H,0 ve
MgCl,.6H,0 c¢ozeltilerinin igerisine 1’er gram yumurta
kabugu tozu eklenerek 6 saat boyunca karistirildiktan sonra
¢ozeltilere bitki 6zutl ilave (1:1 v/v) edilmistir (Sajadi vd.,
2018; Honarmand vd., 2020). Elde edilen g¢ozeltiler 12 saat
boyunca oda sicakliginda karistirildiktan sonra 3.500 rpm 5
dk santriflij edilmistir. Supernatant kisimlari atilarak ultra
saf su ile 4 defa yikanan nanokompozitler gece boyunca
60°C'de etivde kurumaya birakilmigtir.  Kuruyan
nanokompozitler ~ Tablo  1’deki gibi  adlandirilip
karakterizasyon galismalari gergeklestirilmistir (Huang vd.,
2020b).

Tablo 1. Elde edilen nanokompozitlerin isimlendirilmesi
Yumurta kabugu + AlCl;.6H,0 Al/YK
Yumurta kabugu + MgCl,.6H,0 Mg/YK

2.2.6. Nanokompozitlerin karakterizasyonu

XRD analizi, karakteristik dalga boyu A =1.54 nm olan Cu Ka
radyasyonlu Malvern panalytical empyrean cihaz
kullanilarak yapiimis ve veriler 5°<26<90° tarama araliginda
elde edilmistir. ATR-FTIR spektrumlari, 4.000-400 cm™
araliginda, 4,0 cm™ ¢6zlnirlikte bir Spektrometre (Perkin
Elmer Spectrum 100) cihazi ile  olgllmustdr.
Nanokompozitler, ZEISS SUPRA 40VP GEMINi cihazi
kullanilarak Taramali elektron mikroskobu (SEM) ile
morfoloji gorintileri ve enerji dagilimli X-i1sin1 analizi (EDX)
Bruker marka bir dedektor yoluyla elemental
haritalamalari elde edilmeden 6nce platin puskirtmeyle
QUORUM —Q ISORES cihazinda kaplanmistir.

2.2.7. Hemoliz testi

Nanokompozit numunelerinin  hemolitik  aktivitesini
belirlemek icin Choudhary vd. 2021 metodu optimize
edilmistir. Deney icin insan kirmizi kan hicreleri (KKH)
kullanilmistir EDTA K3 tiipline alinan kan 6rneginden 1 ml
alinarak Uzerine 25 ml steril fosfat tamponlu salin (PBS)
konulmus ve 1.000 rpm de 5 dk santrifij edilmistir.
Ardindan l¢ defa 5ml PBS ile yikama islemi gerceklestirilmis
ve 50 ml PBS te ¢ozilmistir. Nanokompozit
numunelerinden 6 mg kadarlari 1,5 ml KKH
siispansiyonuna eklenerek ardindan 37°C'de 1 saat
inklibasyona birakilmistir. Karisim santrifljlenerek ve
siipernatanlar UV kuvetine aktarilarak hemoglobin
salinimi, 540 nm'de absorbans (A) olarak UV
spektrofotometriile 6lgllmustdir. Sirasiyla pozitif ve negatif
kontroller olarak deiyonize su ve fosfat tamponlu salin
(PBS) kullaniimistir (Choudhary vd., 2021). Yizde hemoliz
oranlari asagidaki denklem 1'e gére hesaplanmistir;

(A)testsample—(A)negativecontrol

x100 % (1)

(A)positivecontrol—(A)negativecontrol

2.2.8. istatistiksel Analizler

istatistiksel analizler GraphPad Prism 8,01 (GraphPad
Software, San Diego, California) adli yazihm kullanilarak
gerceklegtirilmistir. Gruplar arasindaki sayisal
degiskenlerin istatistiksel anlamliligini belirlemek igin tek-
tarafli bagimsiz 6rneklem t testi uygulanmis ve sonuglar,
ortalama * ortalama standart sapma (SEM) degerleri olarak
sunulmugtur. Anlamhhk diizeyi her zaman %95 glven
araliginda, p < 0,05 olarak belirlendi.

3. BULGULAR ve TARTISMA

Nanokompozit sentezinde kullanilacak bitki 6ziitli, HPLC
analiz sonuglarina gore farkh ¢oziicilerle hazirlanan bitki
ozutlerindeki gallik asit ve kuersetin miktarlarina (Tablo 2)
gore segilmistir.

Bircok calismada hem kuersetin hem de gallik asit ile
sentezlenen nanopartikillerin stabilite, antimikrobiyal,
antikanser o6zelliklerinin daha fazla oldugu yapilan
optimizasyon ¢alismalari sonucu tespit edilmistir (Mittal
vd., 2014; Saribugra, 2014; Shah vd., 2017). HPLC analiz
sonucuna gore iki bilesiginde en wuygun (optimal)
miktarlarda bulundugu ultra saf su ¢o6zliclisi nanokompozit
sentezi i¢in tercih edilmistir.

Tablo 2. HPLC analizi sonrasi bitki ekstraktlarindaki
kuersetin ve gallik asit miktarlari

Coziicii adi Gallik asit Kuersetin
(ppm) (ppm)
Etanol 0,013 4,589
Metanol 0,203 4,502
Aseton 0,117 1,297
Ultra saf su 1,049 2,898
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Sekil 2. Nanokompozitlerin FTIR spektrumlari, (a) Nanokompozitlerin ve yumurta kabugu tozunun 4.000-400 cm-1 arasl
tim kizilotesi spektrumlari, (b) Mg/YK nanokompoziti ve Al/YK nanokompozitinin metal oksit (M-O) bant degerleri

Biyosentez yontemi ile A. officinalis ekstrakti kullanilarak
sentezlenmis olan nanokompozitlerin 4.000-400 cm™ arasi
ATR-FTIR spektrumlari Sekil 2a’da verilmistir. Calismamizda
yumurta kabugu ve membrani ayrilmadan yumurta tozu
elde edilmistir. Buradaki ama¢ membran kisimda bulunan
kollajen benzeri yapilarin ve proteinlerin nanokompozit
sentezi sirasinda bozulmadan yapiya katilabilmesidir. Bu
sayede, Uretilen nanopartikiiller sadece yumurta kabuguna
degil membran kismindaki lifli yapilara da tutunmasi
saglanmistir. Yumurta tozunun ATR-FTIR spektrumundaki
bantlardan da gorildigu Uzere membran kismindaki
protein vyapilari muhafaza edilmistir. Yumurta tozu
spektrumunda 1.393 cm™,1.040 cm™, 872 cmve 712 cm~
1 pozisyonlarinda, yapidaki kalsitle iliskili sirasiyla asimetrik
gerilme, diizlem disi egilme ve dizlem igi titresimlere ait
absorpsiyon bantlar gozlemlenmistir (Mittal vd., 2014;
Tunali vd., 2021). Ote yandan, 3.402 cm™ ve 1.646

cm™Vdeki bantlar yumurta kabugunun membran
yapisinindaki amid baglarina karakteristiktir (Torres-
Mansilla ve Delgado-Mejia, 2017; Chen vd., 2022).

Bozulmamis membrandaki sisteinin tiyol baglarini 2515 cm-
Ydeki adsorpsiyon bandi gostermektedir
(Bhagavatheswaran vd., 2019). Spektrumdaki 2.957 cm™

ve 2.828 cmdeki bantlar ise hem kabuk kismindaki
minerallerden hem de membran yapisindaki protein ve
lipitlerden kaynaklanan simetrik ve asimetrik karbon
hidrojen baglarindan gelmektedir (Mittal vd., 2014; Torres-
Mansilla ve Delgado-Mejia, 2017; Parvin vd., 2019).
Spektrumlar incelendiginde magnezyum oksit ve
aliminyum oksit nanopartikilerinin yumurta tozuna
immobilize olma durumu, yumurta kabugunda bulunan
kalsit ve membran yapilari ile iliskili yukarida bahsedilen
absorpsiyon bantlarinda zirve yogunluklari disinda
herhangi bir degisiklik olmadigindan anlasilmaktadir
(Nasrollahzadeh vd., 2016; Yorseng vd., 2020). Ayrica, Sekil
2b’de gésterilen 660 cm™ ve 560 cm™ civarindaki bantlar,
M-O gerilme modunun dagilimina aittir (He vd., 2019;
Ruhaimi ve Aziz, 2021).

Mg/YK ve Al/YK nanokompozitlerinin SEM gérintuleri Sekil
3’de gosterilmektedir. Sekil 3a’da yumurta kabugunun SEM
goruntusiinde ylzeyin makro gozenek yapisi agikga
goziikmektedir. Yumurta kabuguna yapilan islemler makro
gozenek yapisini ortaya cikarmistir. Sekil 3b’de yumurta
kabugunun yizeyinin ve gdzeneklerinin aliminyum oksit
nanopartikili ile kaplandigi gorilmektedir. Fakat, yumurta
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kabugunun alliiminyum oksit nanopartikili ile ¢ok
miktarda ylklenmesi Sekil 3a’ya kiyasla SEM gorintisiinin
bir o6lgclide bozulmasina neden olmustur. Sekil 3c’de
magnezyum oksit nanopartikillerinin  yumurta kabuk
ylzeyini ve gbzenek yapilarini kapladigi gorilmektedir.
Magnezyum oksit'in bazi bdlgelerde yiginti seklinde
biriktigi ~ gortlmektedir. SEM  goruntlleri  metal
nanopartikillerin yumurta kabugunun yizeyi ve makro
gozenekli yapisi ile konjuge oldugunu gostermektedir

(Huang vd., 2020a).

Mg/YK ve Al/YK nanokompozitlerinin yesil sentezle elde
edildiklerini daha fazla dogrulamak icin elektron dagihmli
spektroskopi (EDX) analizi gergeklestirildi. Yumurta
kabugunda bulunan elementlere oranla
nanokompozitlerin igerdikleri elementel farkliliklar Sekil
4’'te gorilmektedir. EDX sonuglari nanokompozitlerin
basarili bir sekilde sentezlendigini desteklemektedir.

(c)
Sekil 3. Nanokompozitlerin SEM gériintuleri, (a) Yumurta kabugu, (b) Al/YK nanokomporziti, (c) Mg/YK nanokompoziti
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Sekil 4. Nanokompozitlerin EDX analizleri (a) Yumurta kabugu, (b) Mg/YK nanokompoziti, (c) Al/YK nanokompoziti

Numunelerin kristal yapisini belirlemek icin XRD olgimleri
yapilmistir. Sekil 5'te yumurta kabugunun 26= 23,0, 29,3,
31,4, 35,9, 39,4, 43,1, 47,5, 48,5, 57,4 ve 64,7 CaCOs'lin
karakteristik tepe noktalarini belirtir (CaCOs, kart no 96 702
0140). Mg/YK nanokompozitinin XRD kirinim deseninde
20= 43,2, 47,3, 69,2 MgQ’in tepe noktalarini, Al/YK
nanokompozitinde 26= 38,8, 56,2, 62,7 Al,O'nin tepe
noktalarini gostermektedir. Ayrica, nanokompozitlerin XRD

modellerinde MgO, Al,O ve CaCOs'lin saf fazini gosteren ek
kirinim tepe noktalari gézlenmemistir. Nanokompozitlerin
XRD desenlerinde bazi yerlerde yumurta kabugunun XRD
desenine gore farkliliklar goézlenmistir. Sonuglar, yesil
sentez sirasinda olusan MgO ve Al,O nanopartikillerinin
yumurta kabugu yilzeyinde basarili bir sekilde konjuge
oldugunu gostermistir.
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Sekil 5. Yumurta kabugu ve nanokompozitlerin XRD kirinim desenleri

Tablo 3. Nanokompozitlerin ve yumurta kabugunun hemoliz degerleri (Sonuglar ortalama * ortalama standart hatasi olarak

gosterilmistir)
Ornek Hemoliz (%)
YK 1,66 + 0,19
Mg/YK 2,00+0,38
Al/YK 2,66 0,38

Tablo 3'te Mg/YK ve Al/YK nanokompozitlerinin ve
yumurta kabugunun hemoliz deneyi sonrasi elde edilen
hemoliz ylizdeleri verilmistir.

Sentezlenen nanokompozitlerin insan kan dokusu ile
uyumlulugu biyomedikal ve farmasotik uygulamalarda
biyomalzeme olarak kullanilabilecegini gosteren bir
kriterdir. Sekil 6'da gosterildigi gibi, nanokompozitlerin
kirmizi kan hiicresi lizizi %2,7'den azdir. Bu 6lgiimlere gore,

YK ve Mg/YK hemolitik 6zellik gostermeyen, Al/YK ise hafif
hemolitik madde olarak ele alinabilir (Dobrovolskaia vd.,
2008). Tum orneklerin biyogivenli malzemeler igin
belirlenen hemoliz oranini (%5) asmamasi ise hemo-
uyumlu olduklarini géstermektedir (Xu vd., 2016). Bu
hemoliz sonuglarina gore, elde edilen nanokompozit
malzemeler saglk alaninda kullanilabilir biyomalzeme
potansiyeli tasimaktadir.
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Sekil 6. Orneklerin hemoliz degerleri (Sonuglar ortalama deger + ortalama standart hatasi olarak gésterilmistir. *:istatistiksel anlamhilik
derecesi (p < 0.05); ns istatistiksel olarak anlamii degil)

| 4. SONUCLAR

Bu arastirmada, inorganik atik malzeme olan yumurta
kabugu kullanilarak A. officinalis bitkisinin kirmizimsi
pembe cicek kisimlarindan ultra saf su kullanilarak
hazirlanan bitki 6zt ile nanokompozitler, yesil sentez
yontemi kullanilarak basarili bir sekilde sentezlenmistir. Bu
sentez yontemi, atik malzeme kullanimi ve toksik
kimyasallarin kullanilmadan sentezin gergeklestirilmesi
avantajlarina sahiptir. Yesil sentez sonucunda elde edilen
nanokompozitlerin karakterizasyon cahismalari,
nanopartikillerin yumurta kabuguna en iyi sekilde konjuge
olaninin sirasiyla magnezyum oksit ve aliminyum oksit
oldugunu gostermistir.  Sentezlenen  nanokompozit
orneklerinin hemolitik aktiviteleri incelendiginde, her iki
nanokompozitin de hemouyumlu oldugu, ancak Mg/YK
nanokompozitin en yiksek hemouyumluluguna sahip
oldugu belirlenmistir. Yesil sentez yontemi ile elde edilen
Mg/YK ve AI/YK nanokompozitlerinin  hemouyumlu
olmalar, saghk alaninda biyomalzeme  olarak
kullanilabilirligini gostermektedir.
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0z: Calismada, Tirkiye’de meydana gelen deniz kazasi olasiligi Ana Arama Kurtarma
Koordinasyon Merkezi tarafindan arsivlendigi sekilde bélgeler bazinda incelenmistir. inceleme
sirasinda her bolgenin ve Tlrkiye’nin deniz kazasi olasihigi hesaplanmistir. Deniz kazasi
olasiliginin yillara gore degisimi gosterilmis ve normal dagilima uygunlugu test edilmistir.
Oncelikle 2001 ile 2018 yillari arasinda meydana gelen deniz kazasi verileri derlenmistir.
Verilerde deniz kazalari belirlenmis ve Antalya, Canakkale, istanbul, izmir, Mersin, Samsun,
Trabzon olmak tzere 7 bolge ve Tirkiye icin kaza olasiliklari hesaplanmistir. Daha sonra kaza
olasiliklarinin 2001 ile 2018 yillari arasindaki degisimi sunulmustur. Degisim incelendiginde
Tirkiye’de, Canakkale, izmir, Samsun ve Trabzon bdlgesindeki kaza olasiiginin azaldigs;
Antalya, Istanbul, Mersin bélgesindeki kaza olasiliginin neredeyse degismedigi yéniinde bir
egilim gorilmustlr. 7 bolge ve Turkiye igin kaza olasiliginin ortalama, standart sapma, basiklik
ve carpiklik degerleri hesaplanmistir. Normal dagihm grafikleri sunulmustur. Dagilimin normal
dagilma uygunlugu Kolmogorov-Smirnov ve Shapiro-Wilk testleri  kullanilarak
degerlendirilmistir. Kolmogorov-Smirnov testine gére Antalya, Canakkale, izmir, Mersin,
Samsun, Trabzon bolgesinde ve Tirkiye icin dagilimin normal dagilima uygun oldugu
gorilmektedir. Shapiro-Wilk testine gére Antalya, Canakkale, izmir, Mersin bolgesinde ve
Tirkiye icin dagihmin normal dagilima uygun oldugu degerlendirilmektedir.

Anahtar Kelimeler: Deniz kazasi, olasilik, normal dagilim

ABSTRACT: The probability of marine accidents occurring in Tlrkiye was examined on the
basis of regions as archived in Main Search and Rescue Coordination Center. The probability
of marine accident was calculated for each region. The change of probability according to the
years was shown and its compatibility to the normal distribution was tested. Marine accidents
data between the years 2001 and 2018 were compiled. Maritime accident was determined in
the data and accident probabilities were calculated for 7 regions, namely Antalya, Canakkale,
istanbul, izmir, Mersin, Samsun, and Trabzon. Then, the change in accident probabilities
between years 2001 and 2018 is presented. When the change is examined; a decreasing trend
has been observed in Canakkale, izmir, Samsun and Trabzon regions; no trend has been
observed in Antalya, Istanbul, Mersin regions. Mean, standard deviation, kurtosis and
skewness values of maritime accident probability are calculated and normal distribution
graphs are presented. The suitability of the distribution to the normal distribution was
evaluated via Kolmogorov-Smirnov and Shapiro-Wilk tests. The distribution is in accordance
with the normal distribution according to the Kolmogorov-Smirnov test for Antalya,
Canakkale, izmir, Mersin, Samsun, Trabzon regions. The distribution is suitable for the normal
distribution for only Antalya, Canakkale, izmir and Mersin regions according to the Shapiro-
Wilk test.
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Deniz Kazasi Olasiligi

| 1. GiRiS

Deniz tasimacihg, uluslararasi ticaretin ve ekonominin bel
kemigidir. Uluslararasi ticaretin %80'den fazlasi deniz
yoluyla tasinmaktadir ve gelismekte olan tlkelerin cogunda
bu oran daha da yuksektir (UNCTAD, 2022). Denizyolu
tasimacihgi; demiryolu tasimaciligina gore 3,5 kat, karayolu
tasimaciligina gore 7 kat ve havayolu tasimaciligina gore 22
kat daha ucuzdur (DPT, 2007).

Her sektorde oldugu gibi denizyolu tasimaciliginda da
kazalar meydana gelmektedir. Bir deniz kazasi oldugunda,
kurtarma calismalarina hizli bir sekilde baslamak icin acil
miidahale birimleri olusturulmasi gerekir. Turkiye’deki acil
miidahale birimi, T.C. Ulastirma ve Altyapi Bakanhgi

Literatlirde yapilmis olan kaza olasiliklari ve risk ¢alismalari
dzellikle istanbul Bogazi’'nda yogunlagsmaktadir. Gérgiin ve
Burak (2015) calismasinda Uluslararasi Denizcilik Orgiitii
(ImO) tarafindan Onerilen Resmi Guvenlik
Degerlendirmesini (FSA) gemi o6zelliklerini, kaza yerlerini,
kaza zamanini, kaza tiplerini ve nedenlerini géz oniine
alarak istanbul Bogaz’'na uygulamistir. Diger bir
arastirmada Emecen Kara (2016) gecen gemilerin
bayraklarina gore istanbul Bogazi risk degerlendirmelerini
yapmistir.

Uluslararasi kabul géren yontemler disinda arastirmacilarin
gelistirdigi ve uyguladigi yontemler de bulunmaktadir.
Ozbas vd. (2013) yapmis olduklari calismalarinda, daha
onceki calismalarinda gelistirdikleri modelleri kullanarak 16
senaryo olusturmus ve risk degisimini incelemislerdir.

Ayrica bogazda uygulanan gecis sistemi kaza risklerini
etkilemektedir. istikbal (2020) ¢alismasinda Istanbul
Bogazi'nda iskele seyrinin (soldan seyir) uygulandig
dénemde 1960, 1966 ve 1979 yillarinda meydana gelen (g
bilyik deniz kazasini analiz etmistir.

GiUnUmuzde, kaza olasiligini azaltmak icin bogazdan gegen
gemilerin gecis saatleri dizenlenmektedir. Korcak ve Balas
(2020) calismasinda Istanbul Bogazi'ndan kuzey-giiney
yoniinde gecen gemiler ile bogazi dogu-bati yoninde
gecen yerel vapurlar arasinda olasi g¢arpisma kazalarini
similasyon  modellemesi  kullanarak incelemistir.
Karsilasma noktalarini tanimlayarak, istanbul Bogazi igin

Denizcilik Genel Mdudarligt Ana  Arama  Kurtarma
Koordinasyon Merkezi’dir. Bu olusum Tiirk arama kurtarma
sahasinda (AAKKM, 2022) meydana gelen acil ihbarlara,
deniz ve hava kazalarina midahale edebilmektedir (Sekil
1).

Tirk arama kurtarma sahasinda meydana gelen kazalar,
Ana Arama Kurtarma Koordinasyon Merkezi tarafindan
kayit altina alinmaktadir ve talep lzerine uygun gorilmesi
halinde kurum tarafindan paylasiimaktadir. Kayit altina
alinan deniz kazalar verileri Antalya, Canakkale, istanbul,
izmir, Mersin, Samsun, Trabzon ve uluslararasi olmak lizere
8 bolgeye ayrilarak derlenmistir. Calismada uluslararasi
bolge hari¢ olmak lzere 7 boélge icin kaza olasiliklari
belirlenmistir.

s

Sekil 1. Tiirk arama kurtarr.nlé sahasi (AAKKM, 2022)

risk olusturan carpma olasiligini hesaplamis ve risk azaltma
secenegi olarak gemi gecis saatleri degisikliginin etkisini
degerlendirmislerdir.

Bogazda meydana gelen kazalarda transit gegen gemilerin
disinda, yerel trafigin de etkisi bulunmaktadir. Altan ve
Otay (2017) calismasinda istanbul Bogazi navigasyon
paternini Otomatik Tanimlama Sistemi (AlS, Automatic
Identification System) verilerini kullanarak incelemistir.
Hareket halindeki 309.000 gemiden bir yilda toplanan 1,5
milyar AIS mesajini yapilandiriimis sorgu dili (SQL) veri
tabaninda saklamis ve vyerel trafigin, ozellikle keskin
donuslerin oldugu sektérlerde, navigasyon paternini giigli
bir sekilde etkiledigini ortaya koymuslardir.

istanbul Bogazi, morfolojik yapisi nedeniyle kaza riskinin
yiksek oldugu dar bir su yoludur. istanbul Bogazi disinda;
istanbul ve Canakkale Bogazlarinda (Bolat ve Yongxing,
2013), Canakkale Bogaz’nda (llgar, 2015) ve izmir
Korfezi'nde (Nas, 2011) vyapilmis cahsmalar da
bulunmaktadir.

Ancak literatiirde Tirkiye’de meydana gelen deniz
kazalarini  bolgesel agidan inceleyen bir yayina
rastlanmamistir. Bu c¢alismada Tirk arama kurtarma
sahasinda kayit altina alinan deniz kazalari derlenerek
Antalya, Canakkale, istanbul, izmir, Mersin, Samsun ve
Trabzon olmak Gzere 7 bélge icin kaza olasiliklari
incelenmistir.
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| 2. MATERYAL ve YONTEM

2.1. Materyal

Calismada Ana Arama Kurtarma Koordinasyon Merkezi
(AAKKM) tarafindan kayit altina alinan, 2001 ile 2018 yillari
arasinda meydana gelen kaza verileri derlenmistir. Kaza
verileri Antalya, Canakkale, Istanbul, izmir, Mersin,
Samsun, Trabzon ve Uluslararasi olmak lzere 8 bolgeye
ayrilarak kaydedilmektedir. Calismada uluslararasi harig
olmak Uzere 7 bolge ve Tirkiye icin kaza olasiliklari
belirlenmistir.

Kaza olasiliklari belirlenirken denklem 1 kullanilarak kaza
sayisl, bolge limanlarina gelen gemi sayisina bélinmustar.

Kaza Olasilig1 = Kaza Sayisi / Gemi Sayisi (1)

2001 ile 2004 vyillari arasindaki bolge limanlarina gemi
sayllari doktora tezi “Sizinti Miktarinin Deniz Kazalar Risk
Modeli (MaRisk) ile Arastirilmasi” kullanilarak elde
edilmistir (Kuglikosmanoglu, 2008). 2011 ile 2018 yillar
arasindaki bolge limanlarina gelen gemi sayisi “Liman
Bagkanhklari Bazinda Limanlarimiza Ugrayan Gemi
istatistikleri” (T.C. Ulagtirma Altyapi Bakanlgi, 2022)
kullanilarak derlenmistir. 2005 ile 2010 yillari arasindaki
bolge limanlarina gemi sayilar icinde interpolasyon
yontemiyle tahmin yapilmistir.

AAKKM tarafindan arsivlenen kaza verileri; alabora,
bogulma, ceset bulma, ¢atisma, ¢atma, deniz aracindan
tahliye, deniz haydut saldirisi, deniz olayr (kazayla
sonuglanmamis tehlikeli olay), denize adam dismesi, gemi
veya ekipman hasari, hava araci kazasi, kayip, makina
arizasi, oturma, patlama, su alma, striklenme, teknede
hasar/ su gecirmez boélmelerde hasar vs., temas, tibbi
tahliye, yan yatma, yangin, yardim talebi, yasa disI go¢ ve
digerleri olmak Uzere 25 baslikta kaydedilmektedir. Bu
basliklardan alabora, ¢atisma, g¢atma, digerleri, oturma,
patlama, siriklenme, temas, yan yatma ve yangin, deniz
kazasi olarak 6ngorilmis ve bu degerler ile 2001 ile 2018
yillari arasindaki kaza olasiliklari hesaplanmistir.

Her ne kadar 2001 ile 2018 vyillari arasindaki kaza
olasiliklari, bolgelerdeki kaza olasiligi dagilimiicin az bir veri

p(x)

seti olsa da, her bolgede normal dagihm degerleri
belirlenmis ve uygunluk testi gerceklestirilmistir.

2.2.Yontem

Uygulamalarda en c¢ok karsilasilan dagilimlardan birisi
Normal Dagihm veya Gauss Dagilimi olarak bilinen
dagihmdir. Dogal ve beseri olaylar sonucundaki
dagihmlarin ¢ogu normal dagilima uygundur ve merkez
limit teoremi ile acgiklanmaktadir (Blacher, 2007). Bu
teoreme gore oOrneklem sayisi artikga verilerin dagilimi
normal dagihma yaklagsmaktadir. Denklem 2’de normal
dagilimin olasilik yogunluk fonksiyonu:

1 =)’
p(x)=———exp 2 (2)
oN2m

seklinde tanimlanmaktadir. Burada; u ortalama deger,
o standart sapmadir. Normal dagilim simetrik bir
dagilimdir ve garpiklik katsayisi 0, basiklik katsayisi 3'dir.

Dagilimin ortalama degeri (aritmetik ortalama, beklenen

deger), xo,=0 noktasina gore olasilik yogunluk
fonksiyonunun 1.mertebeden momenti  alinarak
belirlenmektedir (Denklem 3).

+00
VlzyzExzjx.p(x).dx (3)

Ortalama deger fonksiyonun altinda kalan alanin agirhk
merkezinin —x eksenindeki degeridir.

Verilerin ortalama deger etrafindaki yayihmini belirlemek
icin, olasilik yogunluk fonksiyonunun 2. mertebeden
merkez momenti alinarak varyans (Var) elde edilmektedir
(Denklem 4):

Var, = E(x=E,)" = [(x=E,)" . p(x).dr ()

Varyansin karekokiine standart sapma denir. Standart
sapma dagihmin yayginhgini ifade etmektedir (Sekil 2).

o,

7

0,

e

X

Sekil 2. Standart sapmanin dagilima etkisi (Kiiglikosmanoglu, 2008)
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Carpikhk katsayisi (Cs); bir 6rneklemdeki verilerin merkez
etrafinda (ortalama deger) saga veya sola dogru

p(x)

C>0

/

yogunlasmasini géstermektedir (Sekil 3).

Cs<0

0

X

Sekil 3. Carpiklik katsayisinin dagilima etkisi (Kiigiikosmanoglu, 2008)

Dagilimin simetrik olmasi durumunda carpikhk katsayisi
sifir olmaktadir. Carpikhk katsayisi olasilik yogunluk
fonksiyonunun 3. mertebeden merkez momentinin (ms),
2. mertebeden merkez momentinin (mz) 3/2 kuvvetine
orani ile bulunmaktadir:

H ms
c =f = (5)
o’ m

Basiklik katsayisi (k) olasiik yogunluk fonksiyonunun
tepesinin sivri veya diz olmasini gostermektedir.

p(x)

=

Fonksiyonun 4. mertebeden merkez momenti kullanilarak
hesaplanabilmektedir:

=t (6)

Dagilimin  basikhgl genelde normal dagilima gore
tanimlanmaktadir. Normal dagilim icin basikhk (k) 3’tdr.
Basiklik katsayisi 3’'ten blyik ise dagihm sivri, basiklik
katsayisi 3’ten kiiglik ise dagihm diiz olmaktadir (Sekil 4).

k>3

7

k=3

k<3

SS 0

X

Sekil 4. Basiklk katsayisinin dagilima etkisi (Ktigikosmanoglu, 2008)

Bu c¢alismada kaza olasiliklarinin  normal dagihima
uymasinin kontrolii icin Kolmogorov-Smirnov
(Kolmogorov, 1933) ve Shapiro-Wilk (Shapiro ve Wilk,
1965) testleri kullaniimustir.

| 3. BULGULAR ve TARTISMA

Calismada Antalya, Canakkale, istanbul, izmir, Mersin,
Samsun ve Trabzon olmak lzere 7 bélge igin 2001 ile 2018

Testlerde anlamhlik diizeyi p>0,05 olarak alinmis ve bu
deger elde edilmisse, dagihmin normal dagihmdan anlamli
bir farkhhk géstermedigi, dagiimin normal dagilima uygun
oldugu kabul edilmistir.

yillari arasindaki 1.000 gemi basina kaza olasiliklari
belirlenmistir (Tablo 1). Ayrica Tirkiye'deki 1.000 gemi
basina kaza olasiligi son siitunda sunulmustur.

Mehmet Akif Ersoy Universitesi Fen Bilimleri Enstitiisii Dergisi, 2024, 15(1), Sayfa: 33-41



Kiigiikosmanoglu ve Arli Kiigiikosmanoglu

e

Tablo 1. Bolgelerin kaza olasiliklari (1.000 gemi basina)

Yillar Antalya Canakkale istanbul izmir Mersin Samsun Trabzon Toplam Olasilik
2001 2,48 3,38 1,44 2,66 0,99 4,34 4,15 19,44
2002 1,18 1,97 1,27 1,79 0,50 0,46 0,00 7,17
2003 1,77 2,72 1,29 3,16 0,36 1,91 0,53 11,74
2004 2,67 2,26 1,54 1,85 0,76 1,15 0,51 10,73
2005 1,40 2,62 1,80 1,32 0,32 1,69 1,96 11,12
2006 1,19 1,64 1,55 1,40 0,62 1,21 0,00 7,61
2007 2,51 2,43 1,46 1,38 0,61 0,82 1,39 10,61
2008 3,34 2,95 2,68 1,30 0,60 1,50 0,45 12,81
2009 3,56 1,37 1,92 2,01 0,29 1,38 0,87 11,41
2010 3,82 2,18 3,10 1,22 0,57 1,06 0,00 11,95
2011 2,06 1,29 1,78 1,28 0,37 0,40 0,83 8,00
2012 3,14 1,64 1,66 1,64 0,28 1,59 0,38 10,33
2013 4,62 0,78 1,42 1,42 0,55 0,64 0,38 9,81
2014 1,66 1,41 0,97 1,77 0,27 0,43 1,42 7,93
2015 2,17 1,12 0,65 0,82 0,35 1,14 0,00 6,26
2016 1,24 1,00 0,56 0,76 0,45 0,49 0,00 4,50
2017 0,00 2,70 3,75 2,58 0,60 0,00 0,00 9,63
2018 1,89 1,55 1,54 2,55 0,34 0,00 0,58 8,44

Tlrkiye’deki kaza olasiliginin 2001 ile 2018 yillari arasindaki
degisimine bakildiginda

olasiliginin azaldigi yoninde bir fikir vermektedir.

(Sekil 5), egilim bize kaza
25,00
E 20,00 1944
73
& |
(=]
2
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21000 \ 0,73 ” i 544
o 7.7 761 .
© ' £i%0 S
N
3 800 <
4,50
0.00 T T T T T T T T T T T T T T T T T
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Yillar

Sekil 5. Turkiye’deki kaza olasiliginin yillara gore degisimi

Antalya bolgesindeki kaza olasiliginin 2001 ile 2018 yillar
arasindaki degisimine bakildiginda (Sekil 6a), egilim kaza
olasihginin neredeyse degismedigi yoniinde bir fikir
vermektedir. Canakkale bolgesindeki kaza olasiliginin 2001
ile 2018 yillari arasindaki degisimine bakildiginda (Sekil 6b),
egilim kaza olasiliginin azaldigi yoénidnde bir fikir
vermektedir. istanbul bolgesindeki kaza olasiliginin 2001 ile

2018 yillar arasindaki degisimine bakildiginda (Sekil 6c)
egilim kaza olasiliginin neredeyse degismedigi yoniinde bir
fikir vermektedir. 2008 ile 2010 yillari arasinda gorilen
dalgalanmanin, 2008 vyilindaki kiresel krizin etkiledigi
bilinen sektdrlerden biri olan denizcilik sektérindeki
etkisini yansittigi diisintlmektedir.
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Sekil 6. Bolgelerdeki kaza olasiliginin yillara gére degisimi [(a) Antalya; (b) Canakkale; (c) istanbul; (d) izmir; (e) Mersin; (f)
Samsun; (g) Trabzon]

izmir bélgesindeki kaza olasiiginin 2001 ile 2018 vyillari
arasindaki degisimine bakildiginda (Sekil 6d) kaza
olasiliginin azaldigi yoninde bir fikir vermektedir. 2003
yilindaki dalgalanma bélgesel gemi trafigini de inceleyerek
daha detayli inceleyerek ancak ortaya konulabilir. 2009
yilindaki dalgalanma da istanbul bélgesindeki duruma
benzer sekilde kiresel krizin bir yansimasi olabilir. Mersin
bolgesindeki kaza olasihiginin 2001 ile 2018 yillan
arasindaki degisimine bakildiginda (Sekil 6e) kaza
olasiliginin neredeyse degismedigi yoninde bir fikir

vermektedir. Samsun bélgesindeki kaza olasiliginin 2001 ile
2018 vyillari arasindaki degisimine bakildiginda (Sekil 6f)
egilim cizgisi bize kaza olasiliginin azaldigi yoninde bir fikir
vermektedir. Trabzon bolgesindeki kaza olasiliginin 2001 ile
2018 yillar arasindaki degisimine bakildiginda (Sekil 6g)
kaza olasiliginin azaldigi yoniinde bir fikir vermektedir.

Her bolge ve Tirkiye (toplam) igin kaza olasiliklarinin
ortalama, standart sapma, basikhk, carpiklik degerleri
belirlenmis ve tabloda sunulmustur (Tablo 2).

Tablo 2. Kaza olasilklari dagihm degerleri (1.000 gemi basina)

Degerler Antalya  Canakkale istanbul izmir Mersin  Samsun  Trabzon  Toplam
Ortalama 2,260 1,945 1,688 1,717 0,491 1,123 0,747 9,972
Standart Sapma 1,135 0,744 0,795 0,657 0,192 0,983 1,022 3,225
Carpikhk 0,225 0,255 1,246 0,719 1,027 2,083 2,421 1,222
Carpikhigin Standart Sapmasi 0,536 0,536 0,536 0,536 0,536 0,536 0,536 0,536
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Tablo 2. Kaza olasiliklari dagihm degerleri (1.000 gemi basina) (Devam)

Degerler Antalya  Canakkale istanbul  izmir Mersin  Samsun  Trabzon  Toplam
Basiklik kurtosi 0,036 -0,941 1,872 -0,067 1,206 6,420 7,013 3,624
Basikligin Standart Sapmasi 1,038 1,038 1,038 1,038 1,038 1,038 1,038 1,038
Minimum 0,000 0,780 0,560 0,760 0,270 0,000 0,000 4,500
Maksimum 4,620 3,380 3,750 3,160 0,990 4,340 4,150 19,440
Antalya bolgesi icin kaza olasiliginin normal dagilim grafigi sunulmustur. 1000 gemi basina ortalama 0,49 kaza

Sekil 7a’da sunulmustur. 1000 gemi basina ortalama 2,26
kaza (standart sapma 1,135) gorilmektedir. Canakkale
bolgesi icin kaza olasiliginin normal dagihm grafigi Sekil
7b’de sunulmustur. 1000 gemi basina ortalama 1,95 kaza
(standart sapma 0,744) gériilmektedir. istanbul bolgesi igin
kaza olasiiginin normal dagilim grafigi Sekil 7c’de
sunulmustur. 1000 gemi basina ortalama 1,69 kaza
(standart sapma 0,795) gériilmektedir. izmir bélgesi icin
kaza olasiliginin normal dagilim grafigi Sekil 7d’de
sunulmustur. 1000 gemi basina ortalama 1,72 kaza
(standart sapma 0,657) gortlmektedir. Mersin bolgesi icin
kaza olasiliginin normal dagihm grafigi Sekil 7e’'de

(standart sapma 0,192) gérilmektedir. Samsun bolgesi igin
kaza olasihginin normal dagiim grafigi Sekil 7fde
sunulmugtur. 1000 gemi basina ortalama 1,12 kaza
(standart sapma 0,983) gorilmektedir. Trabzon bolgesi icin
kaza olasiliginin normal dagihm grafigi Sekil 7g’'de
sunulmustur. 1000 gemi basina ortalama 0,75 kaza
(standart sapma 1,022) goriilmektedir.

Tirkiye icin kaza olasiliginin normal dagilim grafigi Sekil
7h’de sunulmustur. 1000 gemi basina ortalama 9,97 kaza
(standart sapma 3,225) goriilmektedir.
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Sekil 7. Bolgelerdeki ve Tiirkiye geneli kaza olasiliginin normal dagihimi [(a) Antalya; (b) Canakkale; (c) istanbul; (d) izmir;
(e) Mersin; (f) Samsun; (g) Trabzon; (h) Tirkiye Geneli]

Tlrkiye ve tum bolgeler icin sunulan (Sekil 7) kaza
olasiliklarinin normal dagilima uygunlugu incelenmistir.

Kaza olasiliklarinin normal dagilima uygunlugunun kontroli
icin  Kolmogorov-Smirnov ve Shapiro-Wilk testleri
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kullaniimistir (Tablo 3).

Tablo 3. Kolmogorov-Smirnov ve Shapiro-Wilk test sonuglari

Bolgeler Kolmogorov-Smirnov® Shapiro-Wilk
Test istatistigi p degeri Test istatistigi p degeri

Antalya 0,115 0,200 0,982 0,966
Canakkale 0,157 0,200 0,965 0,690
istanbul 0,224 0,018 0,877 0,024
izmir 0,173 0,164 0,929 0,186
Mersin 0,172 0,169 0,897 0,052
Samsun 0,170 0,181 0,809 0,002
Trabzon 0,233 0,011 0,717 0,000
Toplam 0,158 0,200 0,906 0,074

Dagilmin normal dagilima uygun kabul edilebilmesi igin
test sonuglarindaki p degerinin 0,05’den biyiik olmasi
gerekmektedir. Kolmogorov-Smirnov testine gore Antalya,
Canakkale, izmir, Mersin, Samsun, Trabzon ve Tirkiye igin
p degeri 0,05’ten blylktiir. Shapiro-Wilk testine gore
Antalya, Canakkale, izmir, Mersin ve Tirkiye icin p degeri
0,05’ten buyuktur. Tablo 3'te her iki yontemle de
hesaplanan degerler 18 o6rneklem icin c¢ahsilimistir.
Orneklem sayisi az oldugunda Kolmogorov-Smirnov
testinin sonucunun Shapiro-Wilk testine gore disik
degerler gostermesi beklenen bir sonugtur. Clnki

| 2. sonucLAR

Bu calismada, T.C. Ulastirma ve Altyapi Bakanligi Denizcilik
Genel Mudirlagli Ana Arama Kurtarma Koordinasyon
Merkezi (AAKKM) tarafindan arsivienen, 2001 ile 2018
yilllari arasinda meydana gelen deniz kazasi verileri
derlenmistir.

2001 ile 2018 yillari arasindaki kaza olasiliklarinin degisimi
incelendiginde Tiirkiye’de Canakkale, izmir, Samsun ve
Trabzon bolgesindeki kaza olasiliginin azaldigi; Antalya,
istanbul, Mersin bdlgesindeki kaza olasiliginin neredeyse
degismedigi yoninde bir egilim goérilmistir.

Kolmogorov-Smirnov testine goére Antalya, Canakkale,
izmir, Mersin, Samsun, Trabzon ve Tirkiye icin dagilimin
normal dagilima uygun oldugu goérilmektedir. Shapiro-
Wilk testine gbre Antalya, Canakkale, izmir, Mersin ve
Tirkiye icin dagilimin normal dagilima uygun oldugu
degerlendirilmektedir.

ilerleyen calismalarda diger istatistiki yo&ntemlerden
yararlanarak  hangi dagilimlarin uygun oldugu
degerlendirilebilir. Olaganustl ve/veya afet durumlari igin
yaygin  kullanilan  dagilimlar da  arastirmacilarin
deneyebilecegi yontemlerdendir.

Kolmogorov-Smirnov testinde, drnek dagilim fonksiyonu
ile teorik dagilim fonksiyonu arasindaki sapmayi temel
alarak hesaplama yapilmaktadir. Goézlem sayisinin kigik
oldugu (n<50) durumlarda Shapiro-Wilk testi daha iyi
sonuglar vermektedir. Shapiro-Wilk testinde ise, gozlem
degerleri ile bunlara tekabil eden normalize degerler
arasindaki  korelasyonu temel alarak hesaplama
yapilmaktadir. Bu sonuglara gore deniz kazasi olasiliginin
Antalya, Canakkale, izmir, Mersin ve Tirkiye i¢in normal
dagihma uygun oldugu gorilmektedir.

| Tesekkiir

Deniz kazas! verilerini paylastigl icin, T.C. Ulastirma ve
Altyapi Bakanligi Denizcilik Genel MudurlGgi Ana Arama
Kurtarma Koordinasyon Merkezi'ne tesekkiir ederiz.

| Yazar Katkilari

Alp KUCUKOSMANOGLU: (a) Fikir, (b) Calisma Tasaris, (c)
Literatiir Taramasi, (i) Elestirel inceleme, (g) Analiz, Yorum,
(h) Metin Yazma

Ozen ARLI KUCUKOSMANOGLU: (f) Veri Toplama, (g)
Analiz, Yorum, (h) Metin Yazma, (i) Elestirel inceleme

Etik Beyani

Bu calismada, “Yiksekoégretim Kurumlarn Bilimsel
Arastirma ve Yayin Etigi Yonergesi” kapsaminda uyulmasi
gerekli tim kurallara uyuldugunu, bahsi gegen yonergenin
“Bilimsel Arastirma ve Yayin Etigine Aykiri Eylemler” bashigi
altinda belirtilen eylemlerden hicbirinin
gerceklestiriimedigini taahhit ederiz.

| Cikar Catismasi

Yazarlar g¢ikar catismasi bildirmemislerdir.
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ABSTRACT: Hot and mineral waters in thermal areas may interact with other water resources in the
region. When such a situation occurs, it is possible for hot water to negatively affect the chemical
structure and quality of cold-water resources. This limits the use of drinking and/or irrigation water
in water resources. In the scope of this study, geothermal fields in the Central Anatolia region of
Tirkiye were examined in detail and the quality and usability characteristics of the water resources
in these fields were examined. Thus, the environmental effects of geothermal in terms of water
resources were tried to be revealed. The geological, hydrogeological and hydro geochemical
properties of 18 different geothermal fields located in 5 different cities (Aksaray, Yozgat, Kirsehir,
Nigde, and Nevsehir) were examined and their similarities and differences with each other were
revealed. In addition, the quality and usability features of hot and cold-water resources in each field
were examined and the possible negative effects of these geothermal fields on water resources were
investigated. According to the results obtained, thermal energy causes pollution of both freshwater
resources and soil, especially due to their high ion content.

Keywords: Geothermal, groundwater, drinking water, environmental effects, Central Anatolia
Region

0z: Termal alanlardaki sicak ve mineralli sular bélgedeki diger su kaynaklariyla etkilesime
girebilmektedir. Boyle bir durum olustugunda sicak suyun, soguk su kaynaklarinin kimyasal yapisini
ve kalitesini olumsuz etkilemesi mumkindur. Bu durum su kaynaklarinda igme ve/veya sulama
suyunun kullanimini sinirlamaktadir. Bu galisma kapsaminda Tirkiye'nin i¢ Anadolu bélgesindeki
jeotermal sahalar detayli bir sekilde incelenerek bu sahalardaki termal sularin kalite ve kullanilabilirlik
ozellikleri incelenmistir. Boylece termal akiskanin su kaynaklari agisindan gevresel etkileri ortaya
koyulmaya calisiimistir. Bes farkli ilde (Aksaray, Yozgat, Kirsehir, Nigde ve Nevsehir) yer alan 18 farkli
jeotermal sahanin jeolojik, hidrojeolojik ve hidrojeokimyasal 6zellikleri incelenerek birbirleriyle
benzerlik ve farklliklari incelenmistir. Ayrica her sahadaki sicak ve soguk su kaynaklarinin kalite ve
kullanilabilirlik 6zellikleri tespit edilerek bu jeotermal sahalarin su kaynaklari tizerindeki olasi olumsuz
etkileri arastiriimistir. Elde edilen sonuglara gére termal sular, 6zellikle iyon igeriginin yiiksek olmasi
nedeniyle hem tatli su kaynaklarinin hem de topragin kirlenmesine neden olmaktadir.

Anahtar Kelimeler: Jeotermal, yeralti suyu, igme suyu, gevresel etkiler, ic Anadolu Bolgesi
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Environmental Impacts of Geothermal Fields on Water Resources

| 1. INTRODUCTION

In behalf of fulfill the rapidly increasing energy
requirement as a result of the increase in the world
population, the demand for developing industry and
technology, the countries of the world are in search of new
energy sources. While most of the energy needs are met
by fossil fuels in the current order, knowing that these fuels
will run out faster and the environmental problems they
cause has led us to seek cleaner, renewable and more
economical energy sources. Research and use of
geothermal energy resources are rapidly becoming
widespread in the world because it is environmentally
friendly and renewable, a resource that can be used
without being dependent on foreign sources and being
economical, and most importantly, its utilization is wide.

Geothermal energy, which is a cleaner and more
sustainable energy source than the other types of energy,
has some effects on the environment. It is a benign energy
source compared to nuclear and fossil fuels, but it does
cause some gas and wastewater emissions that must be
disposed of. Geothermal energy is about the same size as
most other renewable energy sources such as hydro and
solar energy. The main environmental problems related to
this energy source are surface degradation, consequences
of liquid extraction on a physical level, noise pollution, heat
effects, biological and chemical effects and degradation of
natural structure. Hence, a comprehensive examination of
the environmental impacts associated with the utilization
of geothermal energy is warranted, and power conversion
and geothermal area selection should be made carefully
(Kristmannsdéttir and Armannsson, 2003). Reinjection,
which is an important process for reservoir pressure and
the environment, has a very important role in reducing the
mentioned problems. In addition, the availability of the
resource in different processes at gradually decreasing
temperature steps increases sustainability: for example;
such as industrial uses, heating for buildings, agricultural
utilization, and aquaculture respectively. Many countries
are at different stages in terms of legislation related to
environmental protection during geothermal development
(Rybach, 2003).

When taking into account the geological diversity of
Tirkiye, it becomes apparent that geothermal resources
are situated in particular regions. Geothermal systems

primarily form as a result of young tectonic movements
and volcanic activities. Turkiyes geothermal resources are
especially concentrated in Western Anatolia. After that
Central Anatolia comes, followed by the Marmara, Eastern
Anatolia, Southeastern Anatolia, Black Sea, and
Mediterranean regions. Western Anatolias graben systems
host high-temperature geothermal fields in Tirkiye,
Different from the geothermal fields in Western Anatolia,
Central and Eastern Anatolia have regions falling into the
low and medium-temperature categories (Akkus and Alan,
2016; Sener and Baba, 2019). The distribution of
geothermal systems in Central Anatolia closely aligns with
the pattern of faults (Sener, 2019). In terms of potential,
geothermal fields in the Central Anatolia Region come after
the geothermal fields in Western Anatolia in the country.
However, with the increase in the need for energy and the
advancement of technology, geothermal studies in this
region have also accelerated. This study encompasses
geological, hydrogeological structure and hydro
geochemical features of the important geothermal area in
the Central Anatolia Region, which are increasing in
importance day by day have been compiled using previous
studies and the similarities and /or differences of these
fields have been examined. In the evaluations, samples
from cold water, springs and wells as well as hot and
mineral groundwater were also surveyed. Furthermore,
possible negative effects of geothermal formations on the
quality and usage characteristics of existing water
resources were discussed.

2. MATERIALS and METHODS

In Central Anatolia, which constitutes 9% of Turkiyes
geothermal potential, geothermal systems are associated
with volcanic and tectonic activities (Davraz et al., 2022).
The existence of recent tectonic activity in the area
suggests that the thermal gradient in the region is higher
compared to other areas (Yilmaz Tural et al., 2016). In the
present study, geological, hydrogeological and hydro
geochemical characteristics of the different geothermal
fields in Yozgat, Kirsehir, Nigde, Nevsehir and Aksaray
regions are discussed in detail, along with the general
characteristics such as location, potential and intended use
(Figure 1). In addition, the stratigraphic column cross-
section of the geological units cropping out in the
examined regions is given in Figure 2.
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Figure 1. Location of the study area
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Figure 2. Stratigraphic column cross-section of the study area (Akcay et al., 2008)

3. RESULTS and DISCUSSION

3.1. Geothermal Fields in the Central Anatolia
Region

3.1.1. Yozgat region

In Yozgat region, there are 28 production wells, 2
reinjection wells and 10 natural springs operating in 7
geothermal fields, namely Sorgun, Saraykent, Sarikaya,
Bogazliyan, Yozgat—Merkez, Yerkdy, Akdagmadeni (Davraz
et al.,, 2022).

Sorgun Geothermal Field: In the Sorgun geothermal field,
located in the Sorgun district, 40 km east of Yozgat, wells
were drilled for the first time by General Directorate of
Mineral Research and Exploration (MTA) in 1988 for
geothermal research, and geothermal research in the
region is still being carried out by private companies in the
following years. However, some wells were closed due to
some technical problems caused by the coal mines. Today,
there are 12 geothermal wells with depths ranging from 90
m to 444 m in the field. After 2005, 5 production wells and
1 reinjection well were drilled.

As of 2007, the water extracted from the region is used for
residential heating, thermal tourism, greenhouse
cultivation and balneological purposes. The water
temperature in the region varies between 50 and 85.4°C
(Yilmaz Turah, 2017). The geothermal wells in the field
meet the thermal water needs of 1,000 houses and
thermal facilities and the greenhouses of 10,000 m?
(Simsek et al., 2003). Some of the water returning from the
heating is transferred to thermal spas and greenhouses,
and the remaining part is injected underground through
the reinjection well (Yilmaz and Simsek, 2013). According

to the data obtained, Sorgun geothermal system is a
shallow and low temperature geothermal system. Since
the level has decreased due to too many wells of coal mine
in the region, thermal resources are extracted by drilling
(Simsek, 1993). Geothermal reservoir units are Paleocene
granodiorites in the area (Simsek 1993). Fracture, fault and
altered zones of granodiorites are permeable. Geothermal
water accumulated in the fractured and altered parts of
granodiorite and Eocene conglomerates rises along the
faults. While the lower boundary of the granodiorites is
unclear, the upper boundary is formed by the Eocene cover
rock. Normal and strike-slip faults have developed in the
region depending on the tension tectonics in the Neogene
and Quaternary (Yilmaz and Simsek, 2013).

The bedrock (granodiorites) in the upper 30-50 meters and
the deep fault/joint zones are permeable. The units in the
lower parts have tight fracture intervals and are
compacting. The alluvium covering surrounding of Egritz
and Domuz Stream and containing fluvial sediments (clay,
sand and gravel) is an important aquifer for thermal and
cold waters with its bed thickness reaching 40 m. Pliocene
sediments, which are mostly impermeable, consist of
conglomerate, marl, sandstone and claystone. Permeable
loose cemented sandstone and conglomerate units are of
local importance as aquifers. Eocene deposits, consisting of
claystone, marl, limestone, and clay levels, are mostly
impermeable and form the cover rock of the region.
However, the fracture zones of the units and the basal
conglomerate may be permeable (Simsek et al., 2003).
When the chemical characteristic of water samples taken
from the geothermal field were examined, it was
determined that hot waters were NaCl water type, cold
waters were CaHCO3 water type and mineral spring waters
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were CaSO, water type (Table 1). When the semi-
logarithmic Schoeller diagram is examined, it is seen that
the chemical properties of hot water samples with
relatively high Na and Cl ions are similar. According to the
Cl-SO4,—HCO; diagram (Giggenbach, 1988), hot waters are
located in the Cl region and cold waters are located in the
HCO; region. When the mineral saturation index is
examined, it indicates that the hot waters are highly
saturated with carbonate minerals such as calcite and
dolomite. Therefore, the thermal waters that come out
have a corrosive effect (Yilmaz Turali and Simsek, 2017).
According to KOP (2021a), the reservoir temperature was
calculated using a cation geothermometers and a
temperature between 79 and 155°C was determined.
Considering the environmental isotope values, it is seen
that the hot waters are of meteoric origin and are more
dilute than the cold spring waters (Table 2). Like cold water
sources, hot waters are fed by precipitation from higher
elevations. In the Sorgun geothermal field, meteoric
waters infiltrate underground and the groundwater
infiltrating deep is heated by the heat source and thermal
gradient. Periodic changes in environmental isotope values
and the presence of tritium show that thermal water with
a long circulation time mixes with relatively shallow cold
spring water (Simsek, 2003; Yimaz Turali and Simsek,
2017).

Saraykent Geothermal Field: In Saraykent geothermal field
in Saraykent district, 70 km east of Yozgat, there are 4
geothermal wells, only one of which is operational (KOP,
2021a). According to the geological characteristics of the
area, the basement rocks are Paleozoic—Mesozoic
metamorphic, also called Kirsehir Metamorphic, which are
mainly composed of marble, schist, gneiss and Upper
Cretaceous—Paleocene-aged ophiolite unit.
Metamorphoses are overlain by Eocene aged sedimentary
units and volcanic units (Simsek, 1993; Burgak et al., 2002;
Akcay et al., 2008; Dalkilig et al., 2008). These Eocene units
are unconformable overlain by Middle Miocene - Pliocene-
aged terrestrial sediments, Pliocene volcanic and Plio-
Quaternary clastic units. The Upper Cretaceous ophiolitic
unit (mélange) located in the north of the study area was
emplaced with a tectonic contact on the Eocene
sedimentary unit. All of these lithological units are
unconformable covered by the Quaternary aged alluvium,
which is the youngest unit in the study area and located in
the center of the geothermal field along the Saray Stream
(Ozulukale and Simsek, 2016). In order to determine the
hydrogeochemical properties of the field samples were
taken from precipitation, surface water, geothermal and
cold water resources in the Saraykent geothermal field; the
major ion analysis results of the geothermal and cold water
sources were evaluated using Schoeller (Schoeller, 1977)
and Piper Diagrams (Piper, 1944) (Table 1). According to
these diagrams, cold water samples are Ca-HCO; and
Ca-S0O, water type, geothermal water samples are Na-Cl
and Na-SO; water type (Ozulukale and Simsek, 2015,
2016). The reason why the thermal waters in the Saraykent
geothermal field are rich in Na, K, Cl, SO, ions is due to a

deep circulation or the interaction of the marble
orlimestone in the field and the water.

580, 8%H and 63H analyzes were made in thermal and cold
water samples in order to make the origin interpretations
of the waters in the Saraykent geothermal field (Table 2).
The cold water sampling points are located along the Local
Meteoric Waterline (LMWL), while the geothermal waters
have a significant 50 shift from the LMWL. This shows
that the geothermal system is fed by meteoric
precipitation and has deep circulation of groundwater with
high temperatures in the study area. Saraykent geothermal
waters have almost zero tritium content. The low tritium
contents of geothermal waters indicate that the springs are
fed by groundwater with a relatively long transit time and
have a deep circulation groundwater flow system in the
study area (Ozulukale and Simsek, 2016). According to the
mineral saturation index values calculated with the
PhreeqC (Parkhurst and Appelo, 2013) program, it has
been determined that Saraykent geothermal waters are
saturated with aragonite, calcite, dolomite, quartz,
chalcedony, and talc minerals. It is seen that these
minerals, which tend to precipitate, cause crusting, and
tend to dissolve anhydrite, gypsum, halite, and sylvan
minerals. This situation suggests that the waters came into
contact with the marbles and volcanites belonging to the
metamorphic for a long time during their circulation.
According to these results, it has been determined that the
hot waters coming to the surface have crusting properties.
Heat transfer takes place between geothermal fluids and
the rock until the geothermal fluids rise to the surface.
Consequently, the reservoir temperature is higher in
geothermal systems. The probable reservoir temperature
in Saraykent geothermal field is calculated as 108-132°C
according to the chalcedony geo thermometer (Ozulukale
and Simsek, 2015).

Sarikaya Geothermal Field: Sarikaya district is located at
80 km southeast of Yozgat province. In the Sarikaya
geothermal field, 9 wells were drilled for thermal heating,
but cooling occurred in many wells due to too much water
withdrawal. Inefficient wells are not used. Active wells in
Sarikaya-Center are used for thermal tourism purposes.
The most important unit forming the aquifer in the study
area is the Kalkanhdag and Bozgaldag formations, which
contain Paleozoic-aged marble and quartzite forming the
foundation. Fault and fracture zones are hydro-geologically
permeable and are of great importance for the geothermal
system. Alluviums, consisting of gravel, sand and clay and
reaching up to 40 m in thickness, located in the
Bogazliyan6zii stream and Domuz stream bed, are an
important aquifer for both thermal and cold waters. The
sediments forming the Eocene-aged Beycedere formation
in the region are composed of impermeable units
containing succession of claystone, marl, clayey limestone,
and sandstone. However, it is thought that the
conglomerate and limestone at the base and the fault and
fracture zones may be permeable. The units that make up
the Pliocene-aged Kizihrmak formation consist of
succession of sandstone, claystone and conglomerate, and
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these units are generally impermeable. However, loosely
cemented sandstone and conglomerate levels may have
aquifer characteristics of local hydrogeological importance
(Seymen, 1981, 1982; Tolluoglu, 1986; Kurt et al., 1991;
Ozen Tiirker, 2006). Ozen Tiirker (2006) examined hot and
mineral water sources and wells, cold water springs and
wells and precipitation waters by sampling for 2 periods in
order to reveal the physical and chemical properties of
underground and surface waters in the Sarikaya
geothermal field and to understand the groundwater
system to which they are connected. The temperatures of
hot and mineral water springs and wells in Sarikaya
geothermal field vary between 25-50.9°C. The periodic
temperature changes of the hot water springs in the study
area are between 2-4°C. These temperature differences
are due to the seasonal variation of the local groundwater
level as a result of the change in the proportion of cold
water mixed with hot water. While the pH values of the hot
and mineral water sources in the study area are slightly
acidic in the range of 6.19-6.95, the cold waters have pH
values in the range of 6.90-7.87. Hot and mineral waters
are of CaCOs type according to cation (Ca>Na+K>Mg) and
anion (HCO3>CI>S0,) sequences and it is thought that the
dominant water type is related to Paleozoic marbles. On
the other hand, cold water sources are generally in the
category of Ca+Mg-HCOs type waters (Table 1). The low
ion content of cold waters indicates shallow circulation
groundwater. When the hot springs, cold water springs and
surface waters in Sarikaya geothermal area are evaluated,
according to Wilcox diagram, cold spring and well waters
have low salinity (EC: 200-800 uS/cm) and low sodium
percentage, therefore Very Good — Good as irrigation
water feature has been determined. However hot water
spring take place in class of Good waters with relatively
high EC and sodium percentages. According to the
saturation index calculations of the minerals (Parkhurst
and Appelo, 1999), it was determined that the hot water
resources in the region were not saturated with carbonate
minerals, but were oversaturated with iron minerals.
According to this result, it has been determined that the
hot waters coming to the surface are not in crusting
feature. According to the environmental isotope values,
the isotopic displacement process, which is an indicator of
the high temperature in the hot water sources, was
observed in which the geothermal system was fed by
meteoric precipitation. The low tritium content of hot
water springs indicates that the waters are fed by
groundwater with a relatively long-term (30-40 years)
circulation time (Table 2). According to chalcedony
geothermal calculations and drilling studies, the reservoir
temperature in Sarikaya geothermal area is expected to be
between 53 and 69°C (Ozen Tiirker, 2006).

Bogazliyan Geothermal Field: Bogazliyan geothermal area
is located at 110 km southeast of Yozgat province. The
geothermal wells and springs in the region are located in
the Cavlak locality of Bahariye village, to the west of
Bogazliyan district center. Meteoric origin waters leaking
underground in the region are stored in Bozgaldag

formation, which is the reservoir unit of the system, after
being heated in the depths. The heat source of the
geothermal system in the region is geothermal gradient
and magmatic rock intrusions. The cover unit of the system
consists of impermeable Eocene, Miocene, and Pliocene
units (Barakli, Cayraz, incik formations and Central Anatolia
group). According to the hydro geochemical studies, the
dominant cations in the Bogazliyan geothermal field are
sodium (Na*) and calcium (Ca*?), respectively (Table 1). Na
increase is associated with rock-water interaction with
minerals such as alkali feldspars and plagioclase in schists
and granites. Dominant anions are listed as Cl, HCO3 and
SO, respectively (KOP, 2021a). According to Fournier
(1977), Arnorsson et al. (1983), D’Amore and Arnorsson
(2000) calculations, the reservoir temperature of the
Bogazliyan geothermal field was calculated as 92°C with a
chalcedony thermometer and 85°C with a quartz geo
thermometer, respectively. There are many geothermal
wells in Bogazliyan geothermal area. However, since the
log information of these wells is not available, the depth of
the well and the units cut by the well are not known. For
this reason, uncertainties about the field are quite high. In
order to evaluate the field correctly, first of all, this
information must be obtained, and in the light of this
information it is necessary to carry out geological, active
tectonic and geophysical researches in the areas. It is
important to carry out Vertical Electric Drilling (DES) and
MT studies in order to suggest new well locations (KOP,
2021a).

Yerkdy Geothermal Field: Yerkdy is located 35 km
southwest of Yozgat, 5 km from the Ankara-Yozgat
highway. Between 1992 and 1997, seven shallow wells
with a depth of 59 to 262 m and a maximum temperature
of 47°C were drilled in order to develop spa tourism. In
addition, two exploration/production wells, varying
between 550 m and 750 m, respectively, were drilled in
2006 to investigate the geothermal potential of the region
and to develop district heating. The temperatures in these
wells were measured between 67°C and 72°C, respectively
(Simsek et al., 2006). The reservoir units of the geothermal
field are altered granodiorite, rhyolite and
fractured/faulted zones. Eocene and Oligocene deposits
are cover rocks and unconformable overlie rhyolites and
granodiorites. Quaternary alluviums unconformable
overlie these deposits. NW-SE and NE-SW oriented normal
fault systems were developed in the region due to the
tension tectonics in the Neogene and Quaternary. Thermal
springs emerge from the intersection points of these faults.

In addition, sedimentary rocks in the fault zone and
alluviums consisting of sand and clay in the Delice stream
bed are important aquifers for cold water (Yilmaz Tural et
al., 2016). Thermal and cold waters in the geothermal field
were investigated to determine the physical, chemical and
isotopic compositions of the waters (Table 1). According to
the chemical analysis results, thermal waters are of Na—Cl
type. In cold waters, three types of water were
determined, namely Na—Cl, Na —HCO3 and Na-SO, types
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(Yilmaz Tural et al., 2016). According to the environmental
isotope analyzes given in Table 2, thermal waters are of
meteoric origin and are fed by precipitation from higher
elevations than cold waters. The average tritium values of
cold waters are 5.53 tritium units. These waters are
modern waters. The tritium values of the thermal waters
are close to zero, indicating that the thermal waters were
fed by precipitation before 1952 (Clark and Fritz, 1997). In
the KOP (2021a) report, cation geothermometers were
used to calculate the reservoir temperatures and it was
determined that the reservoir temperature was between

87 and 144.8°C.

3.1.2. Kirgehir region

Geothermal resources in Kirsehir are especially
concentrated in the center of city, Cicekdagi, Bulamagl,
Mahmutlu, Savcili, Karakurt, Akpinar and Kaman regions.
The usage areas of geothermal resources in the city are for
agriculture (greenhouse heating, drying of fruits and
vegetables), tourism, health and energy (housing heating).
Kirsehir geothermal fields are very important for Tirkiye
with approximately 1,800 residential heating and 226
decares greenhouse heating potential.

The base of the study area is formed by Paleozoic-aged
metamorphic, ophiolitic, and plutonic rocks and comprises
several distinct structural blocks, known as the Kirsehir
Continent (Sengér and Yilmaz, 1981) / Kirsehir Massif
(Seymen, 1981), or the Central Anatolian Crystalline
Complex (Goncuoglu et al., 1991). Metamorphic schists in
the Kirgehir Massif are generally not permeable.
Nevertheless, cracks, karstification, fractures and cracks in
marbles provide permeability. For this reason, marbles are
considered the primary reservoir where geothermal water
can be stored (Pasvanoglu and Chandrasekharam, 2011).
Kirsehir geothermal field, located in the Central Anatolia
region, is controlled by NE-SW and NW-SE oriented faults
belonging to the Seyfe fault zone, and all geothermal fields
in Kirsehir are associated with young volcanic activity and
block faulting (Kogyigit and Beyhan, 1998; Sener, 2019).
Sener (2019) pointed out that the hot and cold waters in
the geothermal field in Kirsehir are of Ca—Na—HCO3—Cl and
Ca—Mg—-HCO; water type, respectively. In the Giggenbach
diagram, it is seen that cold waters are located in the partly
equilibrated water region and hot waters are located in the
immature water region. According to the semi-logarithmic
Schoeller diagram, hot and cold waters come from
different aquifers. According to cation and silica
geothermometer calculations, the probable reservoir
temperature is between 58 and 98°C. When environmental
isotope values are examined, the 60 and 62H values of
geothermal water are between the Mediterranean
meteoric water line and the global meteoric water line.
Therefore, geothermal water is of meteoric origin and is
fed by precipitation at higher elevations than cold waters
(Sener, 2019).

Terme and Karakurt Geothermal Field: Located at the
center of Kirgehir, the Karakurt and Terme geothermal
fields are found. 14 geothermal wells, including one

reinjection well, were drilled in the Terme geothermal
field. However, today, some wells are not used because
their flow rates have decreased. The geothermal water in
the field is used for residential heating, spa, and
greenhouse heating. In the Karakurt geothermal field,
there are 4 wells used for heating and drying purposes. The
reservoir rocks of thermal water in Terme and Karakurt
geothermal fields are Bozgaldag marbles belonging to the
Paleozoic-aged Kirsehir massif, as in the surrounding areas.
Since the thermal and mineral waters coming to the
surface from normal faults are supersaturated with calcite,
these hydrothermal channels may have been completely
closed by carbonate precipitation. These long-lasting
events have led to the gradual decrease of resource drains
and the depletion of some of them (Pasvanoglu and
Gliltekin, 2012). The physicochemical properties of hot and
cold waters in the field are given in Table 3. Terme and
Karakurt waters are generally supersaturated with
carbonate (Pasvanoglu and Chandrasekharam, 2011).
Thermal waters are rich in Ca—Mg—HCOs, while cold waters
are of Ca—HCO; type. The similarity of the chemical
composition of the cold waters discharged along the
contact between the metamorphic rocks and the
sedimentary rocks above them and the thermal waters of
Terme is remarkable. Current travertine accumulations
around thermal wells and springs continue. In the KOP
(2021b) report, the reservoir temperatures were
calculated as 130-218°C in the Terme geothermal field and
109°C in the Karakurt geothermal field using silica
geothermometry. The formation of carbonate minerals
takes place at lower temperatures. The reason is that the
water rebalances with this mineral in the upstream where
it cools. Chemical results show that Terme and Karakurt
geothermal waters are oversaturated with calcite and the
water is not balanced. This shows that the geothermal fluid
has a rapid circulation between fractures and cracks. While
the hydrogeochemical composition of Karakurt hot and
cold waters is different from each other, Terme waters are
similar (Table 3). Environmental isotope values indicate
that hot waters have a meteoric origin and are fed from
higher elevations than cold waters (Table 2). The presence
of carbon in low-temperature waters is attributed to
organic matter, whereas in high-temperature waters, it
results from the dissolution of marine carbonates. This
indicates that cold waters interact with shallow carbonate
rocks, while thermal waters interact with deep-sea
carbonates and metamorphic rocks in the region
(Pasvanoglu and Chandrasekharam, 2011).
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Environmental Impacts of Geothermal Fields on Water Resources

Savcili Geothermal Field : The Kaman-Savcili geothermal
field is located in Central Anatolia, approximately 150 km
southwest of Ankara, 56 km west of Kirsehir. 5 geothermal
water exploration wells were drilled by MTA between 1986
and 2005 in the Savcili geothermal field. However, only one
of these wells is productive today (Yurteri et al., 2015). The
foundation of the study region is composed of Kirsehir
Massif rocks from the Paleozoic era, including gneiss,
schist, amphibolite, quartzite, and marble. Metamorphic
rocks of the Kirsehir Massif are tectonically overlaid by
ophiolitic mélange units consisting of Late Cretaceous
pelagic sediments and intercalated mafic volcanoclastic
rocks and these formations were cut by the Baranadag
granitoids (Late Cretaceous—Paleocene), which is assumed
to be the primary reservoir rock. The Eocene units and
Miocene—Pliocene-aged Kizilirmak formation, consisting of
terrestrial sediments (intercalation of conglomerate and
sandstone), unconformable overlie the Mesozoic units.
The Tertiary sedimentary layers with low permeability
serve as the overlaying strata for the Savcili-Bliylkoba
geothermal system.

The physicochemical properties of hot and cold waters in
the field are given in Table 3. The ion concentrations of the
waters show that the thermal waters are of the NaCl type
and the cold waters are of the Ca—HCOs; type. The
outcomes from mineral saturation index calculations
indicate that thermal waters, in particular, exhibit
saturation with respect to quartz, chalcedony, calcite,
aragonite, and dolomite. Hence, the possibility of
calcification in thermal waters is suggested. The reservoir
temperature was determined to be within the range of 68
—74°C utilizing a silica geothermometer. The thermal
waters in the field are located on the Local Meteoric Water
Line (LMW.L), suggesting that the geothermal waters have
meteoric origin. The minimal tritium presence in the
thermal waters suggests that the thermal aquifer in the
Savcili geothermal field is supplied by groundwater with an
extensive and enduring circulation mechanism (Yurteri and
Simsek, 2017) (Table 2).

Table 2. Isotopic properties of thermal and cold waters in the Central Anatolia Region

5 180 (%o SMOW) ***

52H (%0 SMOW)

Tritium unit (TU)

(min — max) (min- max)
(min- max)

SORGUN - *TW -11.06 _-10.28 -84.36 _-78.83 1.11_3.01
(Yilmaz Turali, 2017)
SORGUN - **Cw -12.06 _-7.17 -84.73 _-61.35 4.75_8.12
(Yilmaz Tural and Simsek, 2017)
SARAYKENT - *TW -10.91 _-9.85 -95.06 _-91.15 0.00 _0.40
(Gzulukule and Simsek, 2016)
SARAYKENT - ¥**CW -11.36 _-10.3 -79.37 _-77.67 6.67 _7.16
(Gzulukule and Simsek, 2016)
SARIKAYA - *TW -11.42 _-10.23 -80.68 _-77.64 1.25 _3.45
(Ozen Tiirker, 2006)
SARIKAYA - **Cw -12.22 _-9.28 -77.78 _-69.36 591 _8.92
(Ozen Tiirker, 2006)
YERKOY - *TW -11.63 _-9.34 -90.02 _-78.09 039 _1.1
(Yilmaz Turali et al., 2016)
YERKOY - **Ccw -9.61_-8.73 -76.84 _-64.22 3.81_6.48
(Yilmaz Turali et al, 2016)
TERME-KARAKURT - *TW -11.12 _-10.02 -83.9_-76.8 -0.52 _2.0
(Pasvanoglu and Gliltekin, 2011)
TERME-KARAKURT - **CwW -8.91_-8.39 -74.7 _-58 0.81-3.97
(Pasvanoglu and Giiltekin, 2011)
SAVCILI (KAMAN) - *TW -12.27 _-12.07 -88.4 _-8.37 0.18 _0.28
(Yurteri et al., 2015)
SAVCILI (KAMAN)- **CW -11.33 _-7.13 -76.58 _-55.77 5.57_8.49
(Yurteri et al., 2015)
KOZAKLI - *TW -10.37_-9.97 -74_-59.2 0.14_0.62
(Pasvanoglu and
KOZAKLI - **CwW -8.91 -68.9 8.87
(Pasvanoglu and
KOZAKLI - *TW -11.91 _-10.89 -78.38_-70.62 -
(Sener and Baba, 2019)
ACIGOL - *TW -11.9 -79 -
(Sener et al., 2017)
ACIGOL - *TW -11.50 _-9.41 -76.39 _-65.60 0_1.40(+1.95)
(Burgak, 2006)
ACIGOL - **cw -11.77 -78.10 3.20+£2.0
(Burgak, 2006)
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Table 2. Isotopic properties of thermal and cold waters in the Central Anatolia Region (Continue)

5 180 (%0 SMOW) ***

52H (%0 SMOW)

Tritium unit (TU)

(min — max) (min- max)
DERINKUYU - *TW -10.7 _
(Sener et al., 2017)
DERTALAN - *TW -11.6 -
(Sener et al., 2017)
DERTALAN - *TW -11.58 -76.33 0.04
Temel (2007)
CiFTEHAN - *TW -10.79 73.32 -0.06

Temel (2007)

*:Thermal water; **:Coldwater; ***:Standard Mean Ocean Water

Cicekdag-Bulamagli Geothermal Field: Cicekdagi is located
approximately 70 km northeast of Kirgsehir province. The
Bulamagh geothermal field is located to the east of
Cicekdagi and to the south of Yozgat—Yerkoy. There are two
natural spring and two geothermal wells in the Bulamacgli
geothermal area, but today, one of the spring has no flow.

The Central Anatolian group, which consists of similar
lithology, and the incikli Barakl and Bogazkdy formations
are named under the same group. Sandstone and
conglomerate levels in these units can contain
groundwater in proportion to their thickness and spread.
In addition, the limestone and travertine units of the
Bozcaldag formation serve as the aquifer of the system as
they can contain groundwater due to karstic melting gaps
and broken-cracked systems. On the other hand, alluvium
has been determined as a granular aquifer due to its
porous structure, which can contain a significant amount
of groundwater (KOP, 2021b).

The physicochemical properties of the thermal and cold
waters in the field are given in Table 3. In the Schoeller
semi-logarithmic diagram, waters with similar origin, same
reservoir and recharge area show similar changes. It is seen
that Bulamacgh spring and well waters have similar major
ion contents in Schoeller diagram. The water type of
Bulamagli thermal water is Na—Cl. Na increase is associated
with rock—water interaction with minerals such as
plagioclase and alkali feldspars in granites and schists. The
increase in Cl is realized by ion exchange depending on the
rock—water interaction with the evaporitic units in this
region (Unsal and Afsin, 1999). In the report of KOP
(2021b), the reservoir temperature of the geothermal
system was calculated between 82 and 147°C with silica
thermometer.

Cicekdag—Mahmutlu Geothermal Field: Cicekdagi—
Mahmutlu geothermal field is located approximately 31 km
northeast of Kirgehir. There are 3 natural springs in the
north of Mahmutlu village. Today, Kiigikhamam spring
does not flow from these sources, whose flow rates vary
between 1-5 I/s. On the other hand, the flow of other
resources changes seasonally. In addition, there are 3
geothermal wells and one reinjection well in the Mahmutlu
geothermal area, and the wells are discharging artesianly.
Incik, Cayrak, and Kiziirmak formations observed in the
field and consisting of similar lithology (conglomerate,

sandstone, claystone, mudstone, etc.) have been
evaluated within the same hydrogeological unit because
they have similar hydrogeological characteristics.
Sandstone and conglomerate levels in these units can
contain groundwater in proportion to their thickness and
spread. Dulkadirli and Kozakli limestone members
observed in and around the Mahmutlu geothermal area
were named as karstic aquifers (KOP, 2021b).

The physicochemical properties of the thermal waters in
the field are given in Table 3. In the Mahmutlu geothermal
field, the dominant cation is Na* followed by Ca*. Na
increase is associated with the interaction of rock—water
with minerals such as plagioclase and alkali feldspars in
granites and schists (Unsal and Afsin, 1999). The dominant
anions are sulfate (S04) and chloride (Cl). The increase in Cl
is realized by ion exchange depending on the rock—water
interaction with the evaporitic units observed in this region
just like in Bulamagh. High SO4 contents can be explained
by the dissolution of minerals such as gypsum in Neogene
sediments. It is seen that Mahmutlu well waters have
similar major ion content in the Schoeller diagram. The
water class of Mahmutlu thermal waters was determined
as Na—Ca—CIl-S04. In the KOP (2021b) report, the reservoir
temperature of the geothermal system was calculated
between 56 and 181°C with silica geothermometers.
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Table 3. Physicochemical properties of thermal and cold waters in Kirsehir Region

Terme-Karakurt Savcili (Kaman) Bulamaglh Mahmutlu
Parameters Pasvanoglu and Yurteri et al. (2015) (Cicekdag) (Cicekdag)
Gultekin (2011) KOP (2021b) KOP (2021b)
*TwW **CW *TW **CW *TW *TW
T(°C) 44-60 13-20 30.0-33.5 7.2-13.6 39.6-43.7 73.1-78.3
pH 6.3-7.0 7.2-7.5 9.4-9.5 6.7-7.7 6.5-6.6 8.0-8.3
EC (uS/m) 1000-2400 478-883 513-527 179-1449 7400-7430 6008-6330
Na (mg/L) 36.6-170.4 9.3-32.3 111.2-111.8 1.5-172.0 1334.4-1497.9 1016.4-1077.6
K (mg/L) 4.5-12.2 0.7-2.4 1.2-1.3 0.4-12.3 0-123.0 0-45.5
Ca (mg/L) 118.1-255.7 64.9-91.8 9.1-9.3 26.7-126.1 257.7-286.8 318.4-349.3
Mg (mg/L) 18.3-38.4 10.4-24.3 0.1-0.3 1.9-35.7 9.7-11.7 46.1-51.4
Cl (mg/L) 47.4-279.3 13.4-45.1 88.2-88.9 1.5-256.5 2332,2-2337,9 1360.9-1434.2
SO4(mg/L) 49.8-269.3 9.9-65.5 48.9-49.3 5.9-388.6 499.5-503.0 1329.9-1438.1
HCOs(mg/L)  438.9-838.0 gg:i 12.6-31.6 94.8-379.2  823.5-902.3 260.7-287.4
SiO, (mg/L) 19.4-50.7 16.9-25.5 47.0-47.4 8.5-28.5 43.4-55.7 25.9-30.6

*:Thermal water; **:Coldwater

3.1.3. Nigde region

There are Narkdy, Ciftehan, and Derdalan geothermal
fields in Nigde province and the geothermal waters here
are used for thermal tourism purposes. Apart from the
existing wells, it is planned to drill new geothermal wells in
two locations in Nigde center, one in Bor and two locations
in Ulukisla.

Narkody Geothermal Field: In the Narkdy geothermal field,
4 wells were drilled by MTA in 1990, but these wells with a
temperature of around 65°C are not used due to the scaling
problem. Today, only a well opened in 2016 is active and is
used for thermal tourism purposes. There is no reinjection
well in the Narkdy geothermal area. For this reason, the
discharge of geothermal waters to the natural
environment after use may cause significant
environmental problems.

Marbles belonging to Bozcaldag formation at the
basement of the Narkdy geothermal area are reservoir
rocks due to their secondary permeability. Travertines
cropping out in small areas in the region have melting gaps
and may contain groundwater. The heat source of the
hydrothermal system is likely volcanic activity. The cover
rock of the system is impermeable Upper Miocene—
Pliocene and Quaternary-aged ignimbrite, tuff, pyroclastic
and sediments formed in terrestrial lacustrine facies
contemporaneous with them. It is thought that shallow
reservoirs developed in the permeable zones within these
units (Burgak, 2006).

The physicochemical properties of the thermal waters in
the field are given in Table 4. The highest cation values in
the NAR-2 well, which is the only active well in the field,
were calcium (Ca*?) and sodium (Na*) ions, respectively,
and the water type was determined as Ca—Na—C|-HCOs.
The dominant anions are bicarbonate (HCO") and chloride
(CI), respectively. The reservoir rock of the geothermal
system around Narkdy is the marbles belonging to the
Bozcaldag formation. The predominance of Ca and HCO;
contents of the thermal waters in this area is due to the

interaction of the thermal water with the reservoir rock.
The reservoir temperature of the geothermal system is
maximum 145°C according to the silica geothermometer
calculations. (KOP, 2021c).

Ciftehan Geothermal Field: Ciftehan geothermal field is
located in Ulukisla district, 77 km southeast of Nigde city
center. There are two natural resource discharges in the
Ciftehan geothermal area. There are two wells drilled in
the 1990s and 6 wells drilled in the 2000s in this region.
These wells are used for thermal tourism purposes. The hot
and mineral waters of Ciftehan are exposed in relation to
the strike-slip and left-sided llica fault and other fracture
systems (Afsin et al., 2007).

Mesozoic and Cenozoic-aged rocks crop out in Ciftehan
and its surroundings. The marbles, which are in the
Bolkardag group of Permo—Triassic age (Demirtash et al.,
1973) and which are located in the basement, have aquifer
characteristics. The Late Cretaceous-aged (Ayan, 1968)
Alihoca ophiolite overlying this unit is impermeable except
for the fractured levels. Above this, the sandstone,
limestone and unfilled cracked levels of Paleocene—Early
Eocene-aged Ciftehan formation (isler, 1988) are
permeable, while the other levels are impermeable. The
Cayirhigedik formation is permeable except for the clayey
limestone levels. Alluvium consisting of gravel, sand, silt
and clay is observed along the Ciftehan stream valley.
Gravel and sands in the unit are permeable, silts are semi-
permeable, and clays are impermeable.

The physicochemical properties of the thermal waters in
the field are given in Table 4. The ion sequence of Ciftehan
thermal and mineral waters is Na+K>Ca+Mg,
Cl+S04>HCO3+C03, and they are non-carbonate waters
with more than 50% alkalinity (Temel, 2007). The thermal
waters in the Ciftehan geothermal field have a chemical
composition belonging to the Na—Ca-S0,—Cl water type.
The constituents of these waters originate from the
following sources: Na comes from the mineral albite, SiO,
from tuff, SO, from the mineral barite (BaSQ,), Ca and HCO3
from carbonate rocks. According to the results of
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environmental isotope analysis, Ciftehan thermal waters
are of meteoric origin and their circulation times in the
aquifer are relatively long and they are deep circulation
sources (Table 2). According to the chalcedony
geothermometer, the reservoir temperature was
calculated as 69 °C (Temel, 2007).

Dertalan Geothermal Field: In the Dertalan geothermal
area, there is a thermal spring with a flow rate of 8 I/s and
a temperature of 29.5°C. Today, there is one operating well
in Hamamli—Kumluca in this geothermal area. The depth of
the well opened in 2016 is 472 m, its flow rate is 25 |/s and
its temperature is 32°C. The well is not currently used. In
the Nigde—Derdalan geothermal area, the Paleozoic Nigde
massif is the basement rock units. The fractured and karstic
cavities of the marbles in these basement rocks are
permeable and constitute the reservoir rock of the
geothermal system. The heat sources of the geothermal
system are the geothermal gradient and the granodiorite
intrusions of the Nigde massif. Thermal water rises along
the fault planes and rises to the surface. The cover rock of
the geothermal system is Upper Miocene—Pliocene-aged
volcanic and sedimentary units (KOP, 2021c).

The physicochemical properties of the thermal waters in
the field are given in Table 4. According to the results of the

chemical analysis of the waters, the thermal waters in the
Dertalan geothermal field are of Ca—Mg—SO, type (Sener,
2015). If the Cl/SO, ratio of the waters is high, the aquifer
temperature is high (Tarcan, 2002). When the thermal
water in the region was examined, the CI/SO, ratio was
found to be high, although the aquifer was not at high
temperature. This situation is explained by the fact that the
Cl content originates from the salty units of the rocks at the
base of the study area, rather than being related to the
temperature (Sener, 2015). According to the chalcedony
and quartz geothermometer calculations of Dertalan
thermal waters, the maximum reservoir temperature that
can be expected is in the range of 150-173°C (Fournier,
1977). In the research conducted by Afsin et al., (2007) and
Temel (2007), it was determined that Dertalan thermal
water source in Nigde Center is saturated with chalcedony,
goethite, hematite and quartz minerals. The isotope
contents of the hot water sample taken from the Dertalan
geothermal field indicate that the waters are of meteoric
origin (Table 2). Dertalan thermal water spring has a deep
and medium-term circulation according to tritium and EC
value.

Table 4. Physicochemical properties of thermal waters in Nigde Region

Parameters Ciftehan Ciftehan Ciftehan Narkdy (Acigol) Dertalan Dertalan
KOP (2021c) Sener et al. (2017) Temel (2007) KOP, (2021c) Sener etal. (2017) Temel (2007)
*TW *TW *TW *TW *TW *TW

T(°C) 32.2-55.1 44.5 52 60.1 29.5 28.5

pH 8.4-8.8 8.6 8.2 6.9 6.7 4.9

EC (uS/m) 2820-3010 - 2770 2740 - 705

Na (mg/L) 365.2-378.6 385 391.0 240.6 23.34 31.9

K (mg/L) 8.19-8.45 7.8 8.34 85.5 7.8 8.7

Ca (mg/L) 220.8-231.7 214 224.2 553.3 66.74 92.58

Mg (mg/L) 0.12-0.2 0.24 0.42 47.6 14.99 14.60

Cl (mg/L) 616.5-624.4 389 358.7 689.2 14.64 12.23

SO4(mg/L) 1165.0-1180.6 86.2 770.3 142.4 371.34 259.06

HCOs (mg/L) 19.8-21.4 12 15.33 768.4 11.16 104.22

Si0; (mg/L) - 83 48.10 - 179 62.1

*:Thermal water

3.1.4. Nevsehir region

Nevsehir has a great potential among the resources in the
Central Anatolia region in terms of geothermal resources.
Especially Kozakh geothermal field is important as a
thermal health and tourism center in the region.

Kozakli Geothermal Region: Kozakli geothermal field is
one of the most important geothermal fields in Tirkiye.
Geothermal studies in this area have been continuing since
1963. The data obtained from the drillings show that it is a
low temperature area and therefore geothermal fluid is
used for regional and greenhouse heating and thermal
tourism purposes. Due to the diversity of uses, geothermal
waters are used in an uncontrolled manner in the region
and this reduces the reservoir pressure (Pasvanoglu et al.,
2012). More than 23 wells with depths ranging from 90 to
205 m have been drilled by MTA, state and private
institutions in the Kozakli geothermal field. Most of these
wells are of artesian type, but water is pumped from the

wells during the summer months (Ozkan and Kogak, 2006).
The temperature range of the waters is 45-96 °C and their
discharge is 2-0 I/s. It is thought that waters hotter than 90
°C coming out of a 150 m deep well may indicate the
presence of magma chambers that are still cooling under
the Kozakl Region. (Kogak, 1997). In addition, there is one
reinjection well at a depth of 3016 m in the region.

The reservoir rock of the geothermal water in the Kozakli
geothermal area is the Bozc¢aldag marbles belonging to the
Paleozoic-aged Kirsehir crystal massif or the Central
Anatolian Crystal Complex (Ketin, 1955; Seymen, 1982;
Goncuoglu et al., 1992, 1993), which is the oldest unit in
the region. Secondary pores formed by the cracked-
fractured levels of Bozgcaldag marbles and Kozakli
limestone member form aquifers in the region (Canik and
Pasvanoglu, 1993). Oligocene aged clayey-marl units have
low porosity and therefore act as cover rock. In the Kozakh
geothermal area and its vicinity, the geothermal fluid
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emerges from the intersection points of the NW-SE and
NE-SW trending faults. The geothermal system in the area
is tectonic controlled. Some of the meteoric water feeds
the shallow aquifers and creates mineral water discharges
in the region. Meteoric waters infiltrating deep by faults
feed the fractured-cracked marbles, which is the reservoir
rock of the geothermal system (Pasvanoglu and
Chandrasekharam, 2011; Pasvanoglu et al., 2012). The
physicochemical properties of the thermal and cold waters
in the field are given in Table 5. The chemical properties of
Kozakl thermal waters are similar to each other and are
represented by higher total ion concentrations and EC
values. The Cl and SO4 concentrations of Kozakli thermal
waters are higher than their HCO3 content while cold
waters are of Ca—HCO3 type (Pasvanoglu et al., 2012).

In the Schoeller semi-logarithmic diagram it is seen that
the waters have similar origin, the same reservoir and
feeding area. In the Piper diagram, it is seen that Kozakli
geothermal waters represent non-carbonate waters with
more than 50% alkalinity and the water classes are
generally Na-Ca-S04-Cl and Na-Ca-Cl-SO4 types
(KOP,2021d). It has been determined that the cold water
springs are also Ca+Mg HCO3 water type. Thermal waters
from springs and wells have much higher salinity than
groundwater and the water type is determined as Na—Cl
(Pasvanoglu and Chandrasekharam, 2011). According to
the studies of Pasvanoglu and Chandrasekharam (2011),
the tritium contents of geothermal waters in Kozakli
geothermal field showed that the waters have a long
circulation time in the reservoir rock. Hot waters from the
geothermal reservoir rise to the surface in relation to the
fracture system that acts as a channel. These waters mix
with the current cold waters during their rise to the
surface.

Although chemical geothermometers cannot predict the
realistic temperatures of the reservoir, oxygen and
hydrogen isotopes geothermometers show temperatures
above 220°C and it is estimated that there is a high
temperature reservoir under the Kozakh geothermal
region (Pasvanoglu and Chandrasekharam, 2011). The
probable reservoir temperature was calculated between
103 and 173°C using a quartz and chalcedony geo
thermometer. 6180 and 62H values for thermal waters
indicate a deep circulating meteoric origin (Table 2). These
waters are probably caused by rainwater seeping into the
deep hot reservoir through fractures and faults
(Pasvanoglu and Chandrasekharam, 2011; Sener and Baba;
2019). According to the KOP (2021d) report, the saturation
index values of thermal water samples show that Kozakl
well waters are saturated with aragonite, calcite,
dolomite, goethite, hematite, and talc minerals. As a
result, it has been determined that calcite, aragonite, and
dolomite scaling may occur in the bearing systems where
water is used in the Kozakli well.

Avanos—Urgiip—Goreme Geothermal Region: The majority
of these wells are located in the north and northeast of
Nevsehir city center. The reservoir rock of the geothermal

water in the region is Boz¢aldag marbles belonging to the
Paleozoic-aged Kirsehir massif. The unit acquires an
aquifer character with the secondary porosity formed by
the fractured-cracked levels of Bozgaldag marbles. The
heat source in the region is high geothermal gradient and
magmatic rock intrusions in close relation with the Erciyes
volcanism. The cover rock of the system is impermeable
Upper Miocene—Pliocene and Quaternary-aged
ignimbrite, tuff, pyroclastic, and sediments formed in
terrestrial lacustrine facies contemporaneous with them
(Canik and Pasvanoglu, 1993; KOP, 2021d).

The physicochemical properties of the thermal and cold
waters in the field are given in Table 5. The dominant
cation in Nevsehir—Merkez-Avanos geothermal area is
sodium (Na+). The highest potassium (K+), calcium (Ca+2),
sulfate (504) and Cl values are found in Goreme spring.
The highest anion in the region is chloride (Cl-). The high
ion contents of Nevsehir—Merkez, Urgiip and Géreme
geothermal waters indicate that the geothermal waters
are fed from the deep reservoir. In the Scholler semi-
logarithmic diagram, it was determined that well and
spring water samples were fed from a similar reservoir.
Also, according to the Piper diagram, Nevsehir Merkez—
Avanos thermal waters represent non-carbonate waters
with an alkalinity of more than 50%. The water class of
well and spring waters is determined as Na-Cl-HCO3
(KOP 2021d).

According to the saturation index calculations, it is
observed that: the Urglip well water is saturated with
aragonite, calcite, chalcedony, dolomite, goethite,
hematite, quartz and talc minerals the Géreme spring is
saturated with aragonite, calcite, dolomite, goethite,
hematite, quartz and siderite minerals, the Nevsehir
center is saturated with goethite-hematite, quartz, and
siderite minerals. The reservoir temperatures calculated
by quartz geo thermometers for the well in Nevsehir
Merkez (Avanos) are between 48-75°C. The reservoir
temperatures calculated by cation geo thermometers of
Géreme spring water and Urgiip well water vary between
93-217°C (KOP, 2021d).

Acigbl-Derinkuyu—Gilsehir Geothermal Region: There are
two boreholes around Acigdél and one borehole in
Derinkuyu. The drilling in Derinkuyu is the deepest well in
the region, at 2,505 m (KOP, 2021d). Paleozoic aged
metamorphic units, Upper Cretaceous ophiolite; fault
zones within volcanic and magmatic units constitute the
main reservoir of the system. Limestone and Plio-
Quaternary basalts observed in places between the
ignimbrite levels are also secondary reservoirs. The cover
rock of the geothermal system is composed of clayey,
ignimbrite and tuffy layers of Miocene, Pliocene, and
Quaternary-aged volcano sedimentary succession. The
feeding direction of the field is thought to be from the S
and SW sections of the region (Kara, 2013). The heat
sources of the geothermal system are young volcanism
and Cretaceous-aged granite and granodiorite intrusions,
which have regionally high geothermal gradients and are
observed around Acigol springs (Sener, et al., 2017).
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In the research carried out around Acigol, Derinkuyu and
Gulsehir districts within the study area, it is thought that
the main tectonic structures are N-S and NW-SE oriented,
and synthetic and NE-SW direction antithetic fault systems
developed depending on these main tectonic lines. It has
been observed that the wells with high temperatures
measured in and around the study area are also
concentrated on these antithetic fault systems (Kara,
2013). It is thought that the Cappadocia volcanic complex
is under the influence of the activity of the Tuzgdlu and
Ecemis Fault systems. These fault systems almost
perpendicularly cut the long axis of the Cappadocia region
volcanic and consist of many faults developed in N-S, NW-
SE and NE-SW directions (Toprak, 1998).

Physicochemical properties of thermal and cold waters in
the field are given in Table 5. According to the results of
chemical analysis of the waters, the cold waters in the area
are Ca—Mg—HCOs3 and Ca—HCO; water types; In hot waters,
while the waters in the first geothermal system are of the
Ca-Na-S0, and Ca—Mg-S0, types, the waters in the second
geothermal system are of the Na—CI-HCO; and Ca—Na-—
HCOs types and are mineral-poor hot waters. §'80 and §%H
stable isotope analyzes were performed on the water
taken from the study area and the results were evaluated
with various graphs and diagrams (Table 2). Accordingly, it
was observed that the water samples were almost above
the Global Meteoric Water Line created by Craig (1961).
Therefore, this shows that the waters are fed by meteoric
waters of the same origin (Sener, 2015). The suitability of
the waters in the Nevsehir area for geothermometer use
was examined in the Na—K-Mg triangle diagram
(Giggenbach, 1991) and it was determined that they were
in the immature water group. Under these conditions,
silica geothermometers give the appropriate reservoir
temperature and the reservoir temperature is calculated
between 90 and 140°C (Kara, 2013).

3.1.5. Aksaray region

In the studies conducted by MTA (2005) in Aksaray
province, four geothermal areas are mentioned: Ziga—
Yaprakhisar, llisu, Tuzlusu and Gilzelyurt=Sivrihisar
(Sahinkalesi). Today, in addition to these areas, there are
geothermal areas in Bekdik village of Sariyahsi district, in
Sofular village of Giilagag district and in Dikmen village,
located in the north of Aksaray. The reservoir rocks of the
geothermal system in Aksaray province are marbles
belonging to the Bozgaldag formation. The cover rocks of
the geothermal system are lacustrine-continental
sedimentary and volcanic rocks of Upper Miocene,
Pliocene and Quaternary age. The heat source of the
hydrothermal system is volcanic activity and geothermal
gradient. Tectonism has an important place in the
formation of hot water resources. Tectonic lineation in the
region is grouped in two directions: NW-SE and NE-SW.
Rainwater in the region filters underground through faults,
fractures and permeable rocks, where it comes into
contact with magmatic intrusions and gets heated (Burgak,
2006; KOP, 2021¢e).

Silica, chalcedony and quartz geothermometers were used
in all areas in Aksaray province. According to these
calculations, reservoir temperatures in the Ziga
geothermal area are between 58.65-106.86°C, 162.6°C in
the Glizelyurt—Sahinkalesi geothermal area, and 90.71°C in
the Tuzlusu geothermal area (KOP, 2021e).

Ziga—Yaprakhisar Geothermal Region: Yaprakhisar Village
and its surroundings, located on the border of Ihlara Valley,
are called Ziga geothermal field. In the Ziga geothermal
field, two wells, one with a depth of 400 m and the other
with a depth of 250 m, are operated for active thermal
tourism purposes. The temperature of both wells is stated
as 47°C.

In the study area, Paleozoic aged Tamadag gneisses and
schists and Bozgaldag marbles are permeable units that
have gained secondary porosity along fractures and
fissures due to faulting, and form the deep (primary)
reservoir. The cap rock of the system is the tuff levels
within the Gostuk toffies; The Selime tuffs, the
hydrothermally altered sections of the Gelveri and
Kizilkaya ignimbrites and the Hasandag ash formation
constitute impermeable rocks (Burcak, 2006).

Physicochemical properties of thermal and cold waters in
the field are given in Table 6. Two different thermal water
types, Na—Ca—Cl and Na—Ca—CI-HCO3, were determined in
the Ziga geothermal field. The cation and anion contents of
group 1 waters are similar to each other. The most
distinctive feature of this group is that the determining
cation is Na and the determining anion is Cl. In the second
group of waters in Ziga, the determining cation is Na+K and
the determining anion is HCOs. According to water
chemistry studies, the cold waters in the area are Ca—Mg—
HCO;5 and Ca—HCOs type waters (Burgak, 2006). According
to the cation maturity diagram of Giggenbach (1988),
thermal waters in the Ziga geothermal area are located in
the immature waters zone. For this reason, since cation
geothermometers would give incorrect results in
calculating reservoir temperatures, silica
geothermometers were used to calculate reservoir
temperatures of waters in the Ziga geothermal area.
According to chalcedony and quartz geothermometer
calculations, reservoir temperatures in the Ziga
geothermal area were determined between 58.65—
106.86°C (KOP, 2021e). There is no reinjection well in the
Ziga geothermal area. Discharging recycled water after use
into the natural environment may cause significant
problems for the environment.

Sahinkalesi—lhsu (Giizelyurt) Geothermal Region: There
are 2 thermal water wells in the Ilisu geothermal field,
located within the borders of llisu village in Glzelyurt
district, and the wells are used for tourism purposes.
Thermal hotels have a very important capacity for the
region.

The cap rock of the system is impermeable, Upper
Miocene—Pliocene- and Quaternary-aged ignimbrite, tuff,
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pyroclastics and sediments formed in continental and
lacustrine facies of the same age. It is thought that a
shallow reservoir developed in the permeable zones within
these units. Marbles of the Bozgaldag formation, one of the
underlying metamorphic rocks in the geothermal system,
are reservoir rocks due to their secondary permeability.
The heat source of the hydrothermal system is probably
volcanic  activity (Burgak, 2006). Physicochemical
properties of thermal and cold waters in the field are given
in Table 6. In the Piper diagram, it has been determined
that all cold water samples taken from the working area,
along with the hot waters of Sahinkalesi, fall into the Ca—
Mg-HCO; type water category based on cations as
Ca+Mg>K+Na and anions as HCO3+CO;>Cl+S0, (Burcak,
2006). In addition, it has been determined that the thermal
waters in the Sahinkalesi geothermal area are saturated
with quartz and chalcedony, but are not saturated with
calcite, dolomite, aragonite, gypsum and anhydrite.

Tuzlusu—Aksaray (Center) Geothermal Region: In the
Tuzlusu geothermal field, located approximately 5 km
northwest of Aksaray city center, Tuzlusu thermal and
mineral water resources are exposed at three points at an
average altitude of 1,040 m above sea level, at the
intersections of the NE-SW oriented main fault and the
faults oblique to it. However, only one of these sources is
active today (Afsin and Elhatip, 2000).

The fractured, fissured and karst-cavity units of the
marbles belonging to the Bozc¢aldag metamorphics located
in the east of the Tuzlusu geothermal field are permeable
and constitute the main reservoir of the geothermal
system. The schists belonging to the Tamadag

metamorphite (Seymen, 1981) are impermeable and the
evaporites and lacustrine sediments in the area are the
cover rocks. Tuzlusu thermal water source emerges from
the intersection point of the NE-SW oriented main fault
and the fault that cuts obliquely to it. Tuzlusu springs

reaches the earth by washing the granites and evaporite
units intruding along the circulation path and lost their
temperature to a certain extent (Afsin and Elhatip, 2000).
Physicochemical properties of thermal and cold waters in
the field are given in Table 6. In the study conducted by
Afsin and Elhatip (2000), it was determined that Aksaray—
Merkez Tuzlusu spring waters were in Na—Ca—CI-HCO3 and
Na—Cl type water chemistry facies. In addition, it has been
stated that this aquifer system, which has medium-deep
circulation, generally contains groundwater that moves
slowly and therefore has high ion content. It was
determined that the Tuzlusu thermal water was saturated
with calcite and quartz minerals, but not saturated with
anhydrite, aragonite, chalcedony, dolomite, fluorite,
gypsum, halite, quartz and talc minerals. This shows that
calcite crusting may occur in carrier systems where spring
waters are used. This content shows that the aquifer of hot
waters is marble and that highly soluble evaporitic rocks
along the circulation path also have an effect (Afsin and
Elhatip, 2000; KOP, 2021e). There are generally two
different interrelated circulatory systems in Tuzlusu hot
springs. The first of these is the medium-deep circulation
system in which Ca—Na—-Cl-HCO3; and Na—Ca—-CI-HCO;
water facies are observed, where hot waters mix with cold
waters during the rise of the Eski Hamam Spring to the
surface. The second is a deep circulation system in which
Na—Ca—Cl-HCOs; and Na—Cl water facies are observed,
where the Hamam source mixes less with cold waters.
These waters are underground waters with slow circulation
and increased ion content as a result of prolonged contact
with the rock. Silica geothermometers were used to
calculate reservoir temperatures of Tuzlusu spring waters.
According to chalcedony and quartz geothermometer
calculations, the maximum reservoir temperature that can
be expected in the Tuzlusu geothermal area has been
determined as 90.71°C.

Table 6. Physicochemical properties of thermal and cold waters in Aksaray Region

Parameters Sahinkalesi-Glizelyurt Ilisu-Giizelyurt Ziga- Yaprakhisar Ziga Tuzlusu
Burcak (2006) KOP (2021e) Burcak (2006) KOP (2021e) Afsin and Elhatip (2020)
*TW *ECW *TW *TW **CW *TW E. Hamam (*TW)  H. Kaynagi (*TW)

T(°C) 21-44.1 10.9-12 34.1 29.6-51 14.3-16.8 54.2 21.6 32
pH 6.8-8.3 7.3-7.8 7.1 6-7.4 7.6-8.8 6.64 6.6 6.6
EC (uS/m) - - 485 - - 6720 4800 19800
Na (mg/L) 12.2-47.5 2.9-7.7 48 12225: 11.7-12.7 803.8 24.96 256.2
K (mg/L) 0.8-16.5 1.1-6.6 19 11772 2.0-8.6 128.5 0.64 5.5
Ca (mg/L) 22-52 12.9-26 30 3316%- 59.1-65.9 561 14.5 26.5
Mg (mg/L) 3.2-83 1.6-5.0 10 36-162 12.2-19.4 48.5 2.8 9.29
Cl (mg/L) 3.2-14.6 1.2-2.8 24.4 i8097- 7.1-7.4 1473.0 22.8 260
S04 (mg/L) 1.79-16.8 1.7-7.6 16.5 0.9-78 6.7-11 74.44 1.36 6.37
HCOs (mg/L) 140-296 58-134 2019 22527 244-336 1590.2 18.9 30.97
Si0; (mg/L) 70-146 30-77 - 47-114 52 - - -

*:Thermal water; **:Coldwater
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3.1.6. Evaluation of the usability and environmental
impacts of water in geothermal fields

In order to determine the effect of geothermal waters on
underground and surface waters in terms of their usability
as drinking water, according to their chemical structures,
the analysis results of the waters were compared with the
drinking water limit values determined by TS266 (2005)
and WHO (2017). According to the permissibility limits of
the World Health Organization (WHO, 2017) Drinking
Water Quality Guidelines in the Sorgun and Saraykent
geothermal fields, thermal waters and mineral spring
waters are not suitable for drinking, while cold waters in
the geothermal field are suitable. In addition, according to
the USA Salinity Laboratory irrigation water classification,
thermal waters are not suitable for irrigation due to their
high sodium and high salinity values (McGeorge, 1954).

Major ion analysis results detected in thermal waters in
Bogazliyan, Sorgun and Yerkdy geothermal areas were
compared with the limits set by TS266 (2005) and WHO
(2017). According to these evaluations, it was determined
that the EC, Na, SO; and Cl values of the well water
exceeded the limit values. In Sarikaya geothermal area, the
major ion contents of thermal and cold waters are suitable
according to TS266 (2005) and WHO (2017) limit values. As,
Br and F contents in Bogazliyan geothermal area, B, F, and
Mn contents of Sorgun thermal waters, As, F, Mn, and Fe
contents of Sarikaya well and spring waters, B, Br, Fe and
Mn elements of Yerkoy well waters are above the TS266
(2005) limit values. The EC, Na, Cl and SO, values of the
thermal waters in the Bulamacli (Cicekdag) and Mahmutlu
(Cicekdag) geothermal fields in Kirsehir are not suitable for
use as drinking water because they are above the TS266
(2005) and WHO (2017) permissible limit values for
drinking water.

When the major ion values of Terme and Karakurt thermal
waters are compared with the limit values of TS266 (2005)
and WHO (2017), the Cl and SO4 contents are higher than
the threshold value. Therefore, while thermal waters are
not suitable for drinking water, the ion values of cold
waters in the field are within the appropriate range
according to TS266 (2005) and WHO (2017) values. While
Savcill (Kaman) thermal waters are suitable for use
according to both TS266 (2005) and WHO (2017) limit
values, some of Savcili (Kaman) cold waters are not suitable
because they contain large amounts of Cl and SO,.
Considering the major ion and heavy metal contents of the
thermal waters of Kirsehir province, it is seen that health
problems may occur if the water is used as drinking water
for a long time.

When the major ion analysis results of water samples in the

Nigde geothermal field are compared with the limit values
given in TS266 (2005) and WHO (2017); while the EC, Na

4. CONCLUSIONS

In geothermal fields, more effective changes in the

and Cl values of Narkdy and Dertalan thermal well waters
are high, in addition to these values, the amount of SO, in
Ciftehan thermal waters is also high. Therefore, none of the
thermal waters in the Nigde geothermal field are suitable
for use as drinking water. When the major ion values of
water samples collected from Nevsehir geothermal field
are compared with the values given in TS266 (2005) and
WHO (2017); It has been determined that the EC, Na and
Cl values of thermal water from the Kozakli and Avonos—
Urglip—Goreme wells exceed the limit values. In addition,
the sulfate content in Géreme spring water is above the
limit values. Since the cold waters in the Kozakh
geothermal field contain high amounts of SO, they are not
suitable for use as drinking water according to both TS266
(2005) and WHO (2017) limit values.

While the EC, Na and SO, values of Nevsehir—Acigol
thermal waters are suitable according to TS266 (2005) and
WHO (2017) limit values, some thermal well waters are not
suitable for use as drinking water due to high Cl content.
When the major ion values of cold water samples taken
from the Acigdl thermal area are examined, they are
suitable for use as drinking water according to the limit
values of TS266 (2005) and WHO (2017). According to the
values given in Kara (2013), the EC, Na, Cl and SO, values of
the thermal waters in the Derinkuyu geothermal field are
below the limit values given in TS266 (2005) and WHO
(2017), while according to the values given in Sener et al.
(2017), the Cl content is above the limit value. Major ion
analysis results of samples taken from wells and springs in
geothermal areas in Aksaray province were compared with
the limit values given in TS266 (2005) and WHO (2017).
According to the ion values given in Burgak (2006),
Sahinkalesi thermal and cold waters are suitable for both
limit values, while the EC, Na, Cl values of Ziga—Yaprakhisar
thermal waters were determined above the limit values. In
addition, especially high boron, iron and arsenic contents
of the waters in the Ziga geothermal area may cause
pollution of both fresh water resources and soil. For this
reason, water returning from use should not be discharged
into nature (KOP, 2021e). The cold waters of the Ziga—
Yaprakhisar geothermal field are drinkable according to
TS266 (2005) and WHO (2017) limit values. Although the
Na, Cl and SO4 values of Tuzlusu thermal waters are below
the limit values, they are not suitable for drinking water
because their EC values are quite high. KOP (2021e)
determined that the As content of thermal waters in
Aksaray province is between 3 and 1,087 pg/I. This value is
well above the TS266 (2005) drinking water standards.
Significant health problems may occur in long-term use of
this water as drinking water. In addition, discharging the
recycling waters resulting from the use of thermal waters
into the natural environment may cause significant
problems for the environment.

chemical composition of the water are observed because
the water with higher temperature interacts more easily
with rocks and minerals. These changes can occur either
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through water dissolving minerals or by precipitating these
minerals into the water. This may also affect groundwater
quality. Geothermal fluids in the study areas are used for
thermal tourism, greenhouse cultivation, residential
heating and balneological purposes. Greenhouse activities
are especially common in Bogazliyan, Sorgun, Terme,
Kozakl, and Ilisu geothermal fields. The geothermal fluid in
the Nigde region is currently used only for thermal tourism
purposes. Kozakli geothermal field is the largest
geothermal field in the region with 31 wells, 1 of which is a
reinjection well, and meets 50% of the region's needs with
its thermal tourism and bed capacity. Since the Kozakh
geothermal system is suitable for integrated use, both
greenhouse cultivation and thermal tourism activities are
quite common. Geothermal fluids in the study area are
used for thermal tourism, greenhouse cultivation,
residential heating and balneological purposes.
Greenhouse activities are especially common in
Bogazliyan, Sorgun, Terme, Kozakli, and Ilisu geothermal
fields. The geothermal fluid in the Nigde region is currently
used only for thermal tourism purposes. Kozakh
geothermal field is the largest geothermal field in the
region with 31 wells, 1 of which is a reinjection well, and
meets 50% of the region's needs with its thermal tourism
and bed capacity. Since the Kozakli geothermal system is
suitable for integrated use, both greenhouse cultivation
and thermal tourism activities are quite common.

According to the geological and stratigraphic
characteristics of the study area, the oldest unit in the
region is the Kirsehir Massif, which consists of Paleozoic
metamorphic, ophiolitic and plutonic rocks. The
metamorphic schists of the Kirsehir Massif are mostly
impermeable. However, the fractured, fissured and karst-
cavity units of the marbles, which are among the Bozg¢aldag
metamorphites belonging to the Kirsehir Massif, are
permeable and constitute the main reservoir of the
geothermal system. In the geothermal systems in the
region, impermeable Upper Miocene—Pliocene and
Quaternary-aged ignimbrite, tuff, pyroclastics and
sediments formed in terrestrial and lacustrine facies coeval
with these are cover rocks. The heat source in the region is
the high geothermal gradient and magmatic rock
intrusions, closely related to the Erciyes volcanism, which
is a young tectonism. Geothermal systems in the region are
shallow and have lower temperatures, unlike the systems
common in Western Anatolia. The deepest production well
of the region is located in the Nevsehir—Derinkuyu
geothermal field with 2,505 m, and the deepest reinjection
well is located in the Nevsehir—-Kozakl geothermal field
with 3,016 m. The highest geothermal fluid temperature in
the region is Kozakli geothermal field, with 96°C. Thermal
waters vary from region to region with their
hydrogeochemical properties. Most of the geothermal
waters in the region are classified as NaCl, Na—Ca—CI-SQOa,,
Ca—Mg—HCOs3, Na—Ca—Cl and Ca—Na-S0, type waters. Cold
waters are generally Ca—HCOs, Ca—SO, and Ca—Mg—HCOs3
type waters.

According to Giggenbach (1988) cation maturity diagram,

cation geothermometer gives incorrect results inimmature
waters where water—rock balance is not established.
Therefore, silica geothermometers were generally used to
calculate the possible reservoir temperature of the
geothermal system. The highest reservoir temperatures by
region have been determined as follows: 155°C in the
Yozgat—Sorgun geothermal field, 181°C in the Kirsehir—
Mahmutlu geothermal field, 173°C in the Nigde—Dertalan
geothermal field, 217°C in the Nevsehir-Géreme
geothermal field, and 162°C in the Aksaray-Gizelyurt
geothermal field. Compared to thermal waters in other
geothermal fields in Central Anatolia, trace element
content, especially Sr and As contents in Kozakli thermal
waters are generally high (Gemici and Tarcan, 2002;
Simsek, 2003; Aksoy et al., 2009; Karakus and Simsek,
2009). The reason for this is thought to be the rock—water
interaction between rising thermal waters and Miocene
sedimentary formations (Pasvanoglu and
Chandrasekharam, 2011). Kozakli geothermal field is
significantly different from other geothermal fields
because it contains more sea water than the geothermal
systems in Western and Central Anatolia (Canik and
Pasvanoglu, 2005).

The reinjection of geothermal fluids back into the
geothermal system is crucial for both environmental
conservation and the sustainability of the geothermal
system. It is noteworthy that there are insufficient
reinjection wells in the region to maintain reservoir
pressure. In this context, having 1 reinjection well in the
Kozakl geothermal field, which has 30 production wells, is
quite risky in terms of the sustainability of the geothermal
system and the environment. Geothermal waters cause
pollution of both fresh water resources and soil due to
their high ion content. For this reason, water returning
from use should be conveyed to the reservoir by
reinjection instead of being discharged into nature. Due to
the opening of too many wells and withdrawal of water in
the region in recent years, many geothermal wells have
become inefficient and have been closed. Especially in
recent years, the number of production wells in Yozgat,
Aksaray and Kirsehir regions has decreased compared to
previous years. However, it is also planned to open new
wells in different locations after the closed wells. It is
planned to open 2 more geothermal wells in the Yozgat—
Bogazliyan geothermal field, 2 in Nigde—Merkez, 1 in Bor
and 2 in Ulukisla.
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ABSTRACT: The screening analysis of loss-of-function alleles in Arabidopsis thaliana revealed a
mutation in the At3G20550 gene, called DAWDLE (DDL). The mutation in the DDL gene causes
pleiotropic phenotypes and reduced the levels of several microRNAs. The DAWDLE gene encodes a
protein with a Fork Head-Associated (FHA) domain, found in large range of proteins with significant
cellular processes in prokaryotes and eukaryotes. However, it is not completely known whether the
FHA domain and C-terminal region of the DDL are necessary for its function. The aim of this study
was to determine the function of both regions by conducting a phenotypic analysis of point
mutations spanning the FHA domain and C-terminal region in DDL Targeted Induced Local Lesions IN
Genome (TILLING) screen was performed in the Columbia erecta-105 background of Arabidopsis
resulting in point mutations spanning both regions of DDL. The mutants were phenotypically
characterized. Height of the plant, hypocotyl and root length, and fertility were measured.
Phenotypic analyses of the mutants revealed dd/ phenotypes of varying degrees in different organs.
Reduction in fertility and shortening in root, hypocotyl and stem lengths of the TILLING mutant lines
suggest that the FHA domain and C-terminal region may require for DDL function in Arabidopsis.

Keywords: Dawdle, Fork Head-Associated Domain, Targeted Induced Local Lesions in Genome, Ethyl
Methane Sulfonate, Arabidopsis

0Z: Arabidopsis thaliana'daki gen fonksiyon kaybi alellerinin analizi, DAWDLE (DDL) adi verilen
At3G20550 geninde bir mutasyonu ortaya gikarmis ve DDL genindeki bu mutasyonun pleiotropik
fenotiplere neden oldugu ve birgok mikro RNA seviyesini de distrdigi rapor edilmistir. DAWDLE
geni, prokaryot ve 6karyotlarda énemli hiicresel fonksiyonlara sahip bircok proteinde de bulunan
Catal Basli-iliskili Bélge (FHA) alanina sahip bir proteini kodlar. Ancak, DDL proteinin FHA alaninin ve
C-terminal bolgesinin bu genin islevi icin gerekli olup olmadigi tam olarak bilinmemektedir. Bu
¢alismada, DDL geninin FHA alani ve C-terminal bolgesini kapsayan nokta mutasyonlarinin fenotipik
karakterizasyonu yapilarak her iki bélgenin DDL fonksiyonunda rolii olup olmadigi analiz edilmistir.
Arabidopsis'in Columbia erecta-105 yabanil tipinde ‘Genomda Hedefli indiiklenmis Lokal Lezyonlar’
(TILLING) hat taramasi yapilarak DDL geninin FHA ve C-terminal bdlgesini kapsayan nokta
mutasyonlari tespit edilmis, ardindan bu nokta mutasyonlari tasiyan homozigot mutantlar
belirlenerek bitki boyu, hipokotil ve kok uzunlugu ve tohum sayisi seviyesinde fenotipik olarak
karakterize edilmistir. Mutantlarin fenotipik analizi, farkl bitki organlarinda degisen derecelerde
benzer ddl fenotiplerini ortaya gikarmistir. TILLING mutant hatlarinin tohum sayisindaki dusus, kok,
hipokotil ve gévde uzunluklarindaki kisalma, Arabidopsis'te FHA ve C-terminal bolgesinin DDL geninin
fonksiyonu igin dnemli olabilecegini ortaya koymustur.

Anahtar Kelimeler: Dawdle, Catal Basli-iliskili Bélge, Genomda Hedefli indiiklenmis Lokal Lezyonlar,
Etil Metan Sulfonat, Arabidopsis
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Phenotypic Characterization of Point Mutations Spanning FHA Domain

and C-terminal Region of Dawdle Gene in Arabidopsis

| 1. INTRODUCTION

Many eukaryotic and several prokaryotic proteins have
been identified and categorized with their phosphobinding
domain. Phosphobinding domains typically recognize
specific peptide motifs on their binding partners, in a
fashion that depends on the phosphorylation of a tyrosine
(pTyr), serine (pSer) or threonine (pThr) residues in the
recognition sequence. One of the well-characterized
phospho-threonine (pThr) binding domains is Fork-Head
Associated (FHA) domain (Durocher et al., 1999). FHA is
one such protein-protein interaction domain that was
initially identified and named as a conserved region of
fork-head transcription factor in Drosophila (Kim et al.,
2002). Later, FHA domain has been reported to be present
in more than 2,000 proteins including protein kinases,
DNA-binding transcription factors, RNA-binding proteins,
protein phosphatases, kinesins, proteases, glycoproteins
and zinc-finger proteins from all kingdoms including
bacteria, animals, and plants (Durocher et al., 1999;
Hammet et al., 2000; Liao et al., 1999; Sun et al., 1998).
Thus, FHA domains are not restricted to fork-head
transcription factors (Mahajan et al., 2008). The existence
of FHA domains in a large amount of proteins suggests
that the proteins with FHA domain play an important role
in several cellular processes such as intracellular signal
transduction, transcription, protein transport, DNA
damage response, cell cycle regulation and protein
degradation (Durocher et al., 2000a; Durocher et al.,
2000b; Mahajan et al.,, 2008). FHA domain recognizes
specifically pThr residues on targets. This is a unique
characteristic of FHA domain compared to other
phosphor-binding domains like WW and 14-3-3 that
recognize both pThr and pSer residues (Mahajan et al.,
2008).

There are 18 genes in the Arabidopsis genome that encode
predicted proteins that contain an FHA domain. In a
screen of several T-DNA mutant populations to isolate
loss-of-function alleles in Arabidopsis genes that encode a
protein with a conserved FHA domain, a mutation in the
At3G20550 gene was isolated. The slow and prolonged
growth period of the mutant gave the name DAWDLE
(DDL) to this gene. DDL is located on chromosome 3 of
Arabidopsis, has 10 exons, and code for a protein of 314
amino acids (Supplementary Figure 1 and 2).

DDL is a nuclear localized protein consisting of FHA
domain and arginine-rich (Arg-rich) region. The FHA
domain of DDL is found near to the C-terminus, and
spanning amino acid residues from 218 to 282
(Supplementary Figure 3).

The Arg-rich region of DDL is located near to the N-
terminus, and contains several putative nuclear
localization signals and RNA binding domain (Morris et al.,
2006; Narayanan et al., 2014; Yu et al., 2008). Two
independent T-DNA mutant alleles in dd/ have been
isolated and named as ddl-1 and ddl-2. Since both are in
the Wassilewskija-2 (Ws-2) genetic background of A.

thaliana and do not produce DDL messenger RNA (mRNA)
transcript, ddl-1 and dd/-2 are null alleles of DDL. ddI-1 and
ddl-2 mutant plants are developmentally delayed and
display pleiotropic phenotypes such as defective roots,
shoots and flowers, reduced number of seed and cell
division defect in meristematic tissues. T-DNA insertions in
dld-1 and ddl-2 are located near the intron 3/exon 4
border, and to the upstream of the predicted initiation
codon, respectively (Morris et al.,, 2006). Also, dd/
knockout mutants have demonstrated a reduced
accumulation of small RNAs including several microRNAs,
as well (Narayanan et al., 2014; Yu et al., 2008).

Afterwards, to reveal whether FHA domain and Arg-rich
region of DDL are required for DDL function, two
independent Arabidopsis TILLING (Targeting Induced Local
Lesions IN Genomes) mutant collections, which have been
induced with ethyl methane sulphonate (EMS), and
developed in the Columbia (Col) and Landsberg erecta
(Ler) glabrous1-1 genetic background of A. thaliana,
(Martin et al., 2009; Till, Reynolds, et al., 2003) have been
partially screened and characterized (Morris et al., 2006;
Narayanan et al., 2014). TILLING is a non-transgenic
method based on an endonuclease enzyme activity, which
preferentially cleaves mismatches in heteroduplex
between wild-type and mutant DNAs, for the direct
examination of gene function. Subsequent analysis of
cleaved products on an agarose gel allows for the rapid
identification of induced point mutations producing weak
nonlethal alleles in the genome of A. thaliana. M3 seeds
obtained from M2 plants are used for phenotypic analysis
(Greene et al., 2003; McCallum et al., 2000; Till, Colbert,
et al.,, 2003). One of those TILLING alleles, dd/-3, which
possesses an amino acid change on residues of the FHA
domain, shows the same phenotypes as the null alleles;
ddl-1 and ddI-2 (Morris et al., 2006). The phenotype of dd/
mutant also resembles the phenotype of a mutant in
DICER-LIKE1 (DCL1) (Schauer et al. 2002). In Arabidopsis,
DCL1 is involved in processing of pri-microRNA into pre-
microRNA, and also catalyses the formation of mature
microRNA (miRNA) in the nucleus (Chen, 2005). miRNA is
20 to 24 nucleotide long single stranded RNA that is
involved in the regulation of gene expression by cleavage
or translational repression of its target messenger RNAs
(Bartel, 2004). In dcl-1, miRNAs are not processed leading
to the absence of mature miRNA and the regulation of
gene expression (Kurihara & Watanabe, 2004). To test
whether DDL is involved in miRNA synthesis, the levels of
several miRNAs have been checked in the ddl mutants
(ddI-1, ddl-2, and ddl-3). There is a 2.2 to 3-fold reduction
in the pri, pre and mature miRNA levels in the mutants
compared to the wild type allele (Narayanan et al., 2014;
Yu et al, 2008; Zhang et al.,, 2018). One possible
explanation for reduced levels of miRNAs in dd/ mutants is
that DDL regulates the expression of genes involved in
miRNA biogenesis. Although it has not been observed that
dd/ mutations have an explicit effect on the expression of
genes regulating miRNA processing, it has been shown
that DDL interacts with an N-terminal portion of DCL1 and
DCL3, which is a DCL1 homolog in charge of small
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interfering RNAs (siRNA) production, in Arabidopsis (Yu et
al., 2008; Zhang et al., 2018). Furthermore, data have
shown that DDL is an RNA-binding protein, and that the N
terminal domain of DDL shows conservation with several
proteins involved in mRNA metabolism (Yu et al., 2008).
Therefore, it was pointed out that DDL globally effects
miRNA processing and accumulation, and it is required for
siRNA biogenesis (Zhang et al., 2018). However, it was not
confirmed yet that DDL binds to specifically to pri-miRNAs
in vitro. Also, it is not yet comprehensively understood
which part of DDL is important and indispensable for its
function. In order to understand the function of DDL and
the contribution of different domains towards its function,
it is necessary to characterize the DAWDLE protein.
Therefore, the aim of this study was to identify a few key
amino acid residues for a better understanding of the FHA
domain and C-terminal region of DDL thorough isolation
and characterization of new different TILLING point
mutation alleles of DDL. This study isolated and
phenotypically characterized three different mutants with
an amino acid change in the FHA domain and C-terminal
region of DDL and showed that this change may be
significant for DDL function.

| 2. MATERIALS and METHODS

2.1. Plant Material and Growth Conditions

Seeds for TILLING mutant lines including 2206, 2317, 2182,
955 and 731 were ordered from the Arabidopsis Biological
Resource Center of The Arabidopsis Information Resource
(TAIR SeqViewer, 2021), which is online database of
genetic and molecular biology data for the model plant
Arabidopsis thaliana. The TILLING mutations are located in
the FHA Domain (TILLING 2206 and 2317) spanning the
218th and 282nd amino acid interval, and the C-terminal
region (TILLING 2182, 955 and 731) spanning the 283th and
314th amino acid interval of DDL. In these TILLING 2317,
2206, 955, 2182 and 731 point mutants, Arginine is
replaced by Histidine, Glutamic acid by Lysine, Arginine by
Lysine, Arginine by Glutamine and Valine by Isoleucine,
respectively. Each TILLING mutant line with genetic
characteristics (Table 1) was mapped on DDL cDNA (Figure
1).

Table 1. TILLING mutant lines studied”

TILLING Lines Position in Gene Mutation Functional Effect = Codon Change AA Change
Wild - Mutant Wild - Mutant Wild - Mutant

2182 (10% Exon) 2869 G>A Missense CGA - CAA Arg303GIn
Mutation

2206 (7t Exon) 2386 Go>A Missense GAA > AAA Glu249Lys
Mutation

2317 (6% Exon) 2192 G>A Missense CGT - CAT Arg223His
Mutation

955 (9t Exon) 2674 G>A Missense AGA - AAA Arg286Lys
Mutation

731 (10% Exon) 2877 G>A Missense GTA - ATA Val305lle
Mutation

‘Each mutant line is numbered as shown in the first column. As second and fourth columns display point mutations of each TILLING line at the
nucleotide and codon levels, respectively. Third and fifth column identify the functional effects of those single nucleotide changes on amino acid
level and protein structure, respectively. Position 1 in the gene sequence corresponds to the first nucleotide in ATG (start) codon. (AA; amino acid,
A; Adenine, G; Guanine, T; Thymine, C; Cytosine, Arg; Arginine, GIn; Glutamine, Glu; Glutamic acid, Lys; Lysine, His; Histidine, Val; Valine, Ile;

Isoleucine)

Blue lines in Figure 1 represent the location of each TILLING
mutant line with corresponding exon
regions on DDL cDNA. As TILLING 2317 and 2206 mutant
lines have a point mutation on the exon regions (6 and 7,

TILLING 955 (exon 9)

TILLING 2206 (exon7)

ATG

cDNA

TILLING 2317 (‘i’son_sf)%""" e,

respectively) coding FHA domain of DDL, TILLING 955, 2182
and 731 mutant lines have a point mutation on the exon
regions (9, 10, and 10, respectively) corresponding to C
terminus of DDL. (ATG; start codon, bp; base pair).

TILLING 2182 (exon 9)

“_TILLING 731 (exon 10)

B . Stop

T

[7‘

Exon 6 Exon 7 Exon 9

Figure 1. TILLING mutant lines mapped on DDL cDNA (946 bp from ATG to Stop)
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M3 seeds of Arabidopsis thaliana accessions Ler gl-1,
numbered as 2182, 2206, 2317, 955 and 731, were
sterilized with the solution of 200 milliliter (ml) liquid
bleach (12.5% NaClO) and 3 ml hydrochloric acid (HCI, 6.0
N) for 4 hours in a closed container in the fume hood to
eliminate all microorganisms such as mold, fungi, bacteria
and viruses present on the seed surface. Next, seeds in 1 ml
of sterile distilled water (dH20) were incubated at 4 °C for
a week to break seed dormancy, and then carefully planted
on round plates containing % Murashige and Skoog (MS)
media (Murashige & Skoog, 1962), 0.6% agar and 10 M
gibberellic acid to trigger seed germination. These plates
were placed horizontally at 20 °C under optimum light
conditions (cool white fluorescent) in a plant growth
chamber for at least two weeks. After each seedling was
old enough for planting, the seedlings were carefully
transferred to fully wetted soil and maintained under long-
day conditions (16 h light and 8 h dark) at 24 °C in the
greenhouse. Greenhouse grown plants were watered as
needed to avoid water stress. Growth chamber and
greenhouse conditions were carefully monitored to
maintain healthy growth and development of plants.

2.2. Mutant Isolation

Mutant isolation was achieved by three steps: designing
specific primers for genotyping, extracting DNA from plant
tissues, and genotyping of each mutant line.

2.2.1. Primer design

Two types of molecular marker were used to genotype the
plants. These markers are CAPS; a cleavage of amplified
polymorphic sites, and dCAPS; derived CAPS. CAPS PCR
primers have been first designed for detecting
polymorphisms between two Arabidopsis ecotypes Ler and
Col (Bell & Ecker, 1994), and then for specific single point
mutations (Neff et al., 2002). For all the TILLING alleles, the
mutation is only a change of a single base pairin DDL. These
single changes can be identified using the CAPS or the
dCAPS markers. CAPS and dCAPS are based on the different
pattern of digestion between the wild type and mutant
alleles due to mutation altering an enzyme restriction site.
dCAPS is a modification of CAPS technique that allows
detection of most single nucleotide changes by utilizing
mismatched PCR primers (Michaels & Amasino, 1998; Neff
et al.,, 1998). The mismatches in the PCR primers, in
combination with the single nucleotide change create a
unique restriction site in one of the alleles. Polymorphism
is revealed by the digestion of PCR product with a unique
restriction enzyme, which will cut either the wild type or
the mutant DNA. Agarose gel analysis of the restriction
digestion pattern of PCR products determines the
genotype of each plant. For PCR of TILLING lines, CAPS and
dCAPS primer sets were designed using the web based
program, dCAPS Finder 2.0 (Neff et al., 2002). Primers
designed for each mutant line were listed (Table 2).

Table 2. Primer pair designed for TILLING mutant lines”

TILLING Lines Marker Primer Sequences

Annealing Temp.  PCR Product

Forward (F) Reverse (R) (°C) (bp)

2182 dCAPS F: GGTTTCCCATTATGAATCATACCCC 53 142
R: TTCTCGTGCAACAGTACGTAAGCT

2206 dCAPS F: GAATGTGCTTTTCTCAGGGAGAAG 52 130
R: AAATTTAGCTTAAAGCCAGCAGA

2317 CAPS F: GATCTGATATGTTTGTGACTGTGGC 57 245
R: CCGTAGGAATGTCGGCAATCC

955 CAPS F: AGGAAAGTCCCATTGAGCCAC 53 145
R: TCACAGAGAATAGGCACGGGG

731 CAPS F: CCCATTATGAATCATACCCCGTGCC 57 145

R: TCGGCAGAATTCTCGTGCAACAGGA

“All primer sequences are written from 5’ to 3. Mismatched nucleotides introduced for the dCAPS primers are indicated in red. CAPS
primers were designed to introduce point mutation in the PCR product spanning a restriction enzyme site. dCAPS primers were designed

by generating mismatches to cleave only the wild type PCR product.

2.2.2. DNA isolation

Modified Dellaporta plant DNA extraction protocol was
used to isolate DNA from wild type and mutant plants
(Dellaporta et al., 2007). A 0.5 cm? piece of fresh leaves
from young seedling of mutant and wild type plants
growing on soil were collected, and quickly frozen in liquid
Nitrogen. They were then ground in a centrifuge tube using
a pestle. 400 pl of Dellaporta buffer (100 mM Tris-HCI pH
8,50 mM EDTA, 500 mM NaCl, 350 pl B-Mercaptoethanol,
and 20% SDS) was added to the leaf powder. The samples
were incubated at 65 °C for 20 minutes in a water bath.
During incubation, the contents were mixed a few times by
inverting the tubes gently, and then 155 pl of Solution 3 (5
M potassium acetate, 5 M acetate, 57.5 ml glacial acetic
acid and dH,0) was added. Each sample was mixed well by
vortexing, and then centrifuged at 13,000 g force for 10

minutes at room temperature. The supernatant was
transferred to a new tube. To precipitate DNA, 500 pul of
isopropanol was added, samples were mixed by inverting
gently, and then incubated at -80 °C for 10 minutes. Each
sample was centrifuged at 13,000 g force for 20 minutes at
4 °C, and the supernatant discarded. Samples were dried in
speed vacuum and then dissolved in 100 pl sterile distilled
water (dH,0).

2.2.3. Genotyping: PCR- gel electrophoresis- restriction
digestion

The Polymerase Chain Reaction (PCR) is a technique that is
used to amplify DNA of interest at the detectable levels.
After PCR, products are analyzed by gel electrophoresis to
make sure that correct sized DNA fragments are generated
(Mullis et al., 1992). The DNA isolated from mutant plants
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with point mutation in DDL gene was used as template in
PCR for amplification of the region of interest. As a positive
control, Ler gl-1 genomic DNA was used. As a negative

control, no genomic DNA was used for PCR reaction.
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Figure 2. Isolation of homozygous individuals of TILLING mutant line

All PCR amplifications were performed in 30 pl of reaction
volume containing 1.5 pl of template DNA, 1-unit of Tag
polymerase, 3 pl of 10 mM dNTP, 0.5 pul of 20 mM primers
for both forward and reverse CAPS and dCAPS primers, and
3 pl 10X reaction buffer. The amplification was carried out
using a thermal cycler (Bio-Rad DNA Engine, USA). PCR
cycles were programmed as 5 minutes for the first
denaturation, then following 45 seconds for second
denaturation step at 94 °C, 45 seconds for annealing step
at 50-57 °C (depending on melting temperature of each
primer pair used for mutant lines), and 30 seconds for
elongation step at 72 °C. Each cycle from second
denaturation to elongation step was repeated as 29 times.
Finally, 5 minutes for extension cycle at 72 °C was put into
PCR program to ensure the completion of amplification of
all the target DNA templates. 10 pl of PCR products was
used for initial gel electrophoresis to confirm the DNA
region of interest was well amplified. The remaining PCR
product (20 pl) was used for restriction digestion and gel
electrophoresis. DNA samples were run on 1.5 % agarose
gel (Bartlett, 2003), and visualized under ultra violet (UV)
light (FOTODYNE Transilluminator, USA). After confirming
that PCR worked, appropriate 1 unit of restriction enzyme
for each mutant line (Table 3) and 2 pl of specific enzyme
buffer were added to each 20 ul of PCR products, mixed
well by inverting 2-3 times and then the samples incubated
at 37 °C for overnight.

Table 3. Digestion patterns of each TILLING mutant line”

TILLING Restriction  Restriction Recognition

lines enzyme buffer sequence

2182 HindlIl E 5'...AVAGCTT...3’
3'...TTCGAMA...5’

2206 Mboll NE4 5'...GAAGA(N)gV...3’
3'...CTTCT(N);A...5

2317 Nlalll NE4 5...CATGV...3’
3'..AGTAC...5’

955 Sspl N2 5'...AATVATT...3’
3. TTANTAA..SY

731 Fok1 E 5'...GGATG(N)gV...3’

3’...CCTAC(N)437...5’
‘The indicated restriction enzymes were used to cut genomic DNA
amplified by PCR to identify mutant alleles of each TILLING line. (* and V;
cleavage sites)

Restricted PCR products were run on 2.8% agarose gel due
to smaller DNA fragments cut by the restriction enzyme
(Figure 2). This process was repeated until obtaining
homozygous individuals for each mutant line.

In these agarose gel pictures; digested PCR products of
TILLING mutant lines 955 (A), 2182 (B), 2206 (C), 731 (D),
2317 (E) and wild type plants were run on 2.8% w/v gel to
isolate homozygous mutant individuals. Digested wild type
PCR products were used as positive control. Homozygous
individuals of the TILLING mutant lines are distinguished as
a single cut lower DNA band, as shown in plant sample
number #1 of the TILLING 2182 mutant line, while
heterozygous individuals are recognized as two DNA bands
containing cut lower and uncut upper DNA bands as shown
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in plant samples number #2, #3 and #5 of the same mutant
line. The expected sizes of cut and uncut DNA bands are
confirmed by Mini DNA molecular weight marker
represented in the last line on the right. Arrow shows the
direction of migration of digested and undigested PCR
products through the gel. (WT; wild type, bp; base pair).

2.3. Backcrossing

Because chemical mutagenesis creates background
mutations, backcrossing to the wild type plant was
performed to remove background mutations created by
EMS. For backcrossing, pollen from wild type Ler gl-1 and
pistils from homozygote TILLING lines were used. All young
flower buds and flowers with petals of mutant plants were
removed, and a few large buds were left. These buds were
opened and six anthers were removed without damaging
the pistil. This was performed under low magnification on a
stereo microscope. Anthers with pollen seen as yellow
powder from fresh fully open flowers of wild type plants
were taken, and then the anthers were brushed to the
stigma of mutant plant. Backcrossing steps were done
several times between wild type and for each homozygous
mutant plant. After three or four days, the pistil develops
as a young silique if the backcrossing was successful. Seeds
from backcrossing were named F1, and harvested when
the siliques were brown and not dehisced yet after two or
three weeks.

2.4. Phenotypic Characterization of TILLING Mutant Lines
Because ddl mutant plants displayed pleiotropic
phenotype such as shortened and delayed vegetative
organs and reduced fertility, it is essential to characterize
the TILLING mutants after backcrossing. Homozygous
individuals isolated and genotyped from each TILLING line
were characterized for root and hypocotyl length, seed
number and plant height to identify whether single
nucleotide polymorphic alleles of DDL among the TILLING
mutant lines have an effect on phenotype.

2.4.1. Root and hypocotyl length

To measure root and hypocotyls length of mutant and wild
type plants, seeds of those plants were sterilized, cold
treated, and plated on square plates with % MS agar with
10 M GA (gibberellic acid). After red light treatment of 1
hour following growth in the dark of 23 hours to trigger
simultaneous germination of all seeds, the plates with
seeds were put in growth chamber vertically. After 9 days
of growth, the seedlings of each mutant line and wild type
from the same plate were transferred to a transparency
sheet. Hypocotyls and root lengths of plants were marked
using a black marker, and then these sheets were scanned
for measurement. Scanned picture of each plate was
edited using Adobe Photoshop Elements 2.0 program
(Adobe Systems Incorporated, USA), and the lengths were
measured using Image J program (The Research Services
Branch of the National Institute of Mental Health, USA).
After getting average lengths of hypocotyls and root of
mutant and wild type plants, data were analyzed
statistically to identify whether there is a significant
difference between wild and mutant lines in the length of

root and hypocotyls by performing SAS (Statistical Analysis
System) program (SAS Institute, USA).

2.4.2. Seed number and plant height

For counting seed number and measuring of heights of
mutant and wild type plants, sterilization, cold treatment,
plating of the seeds, and transferring the seedlings from
the MS plates with GA to the soil were done as mentioned
in plant material and growth condition section. After 45
days of growth, the heights of mutant and wild type plants
were determined by measuring the distance between soil
level and apical (terminal) bud. For seed number, total 30
siliques from different individuals of each line were
dissected carefully and magnified under light microscope.
The seeds into each silique were counted. The results of
measurements of plant height and seed number were
analyzed in SAS program to determine whether there was
a significant difference between mutant and wild type
plants in terms of seed number and plant heights.

3. RESULTS

3.1. Isolation of New ddl Alleles

To identify whether FHA domain and C-terminal region of
DDL protein are required for its function, the seeds from
five different TILLING mutant lines having a single
nucleotide mutation created by EMS were ordered. A
homozygote mutant for all of the five TILLING lines was
isolated.

3.2. Backcross of the New ddl Alleles

One backcross has been successfully performed for the
following TILLING lines: 2182, 2206 and 2317. However,
TILLING lines; 955 and 731, did not give any heterozygous
F1 progeny seed from the backcrossing with wild type Ler
gl-1.

3.3. Phenotypic Characterization of the New ddl Allele
Since TILLING lines 955 and 731 did not give any F; progeny
seed from the backcross, TILLING lines; 2182, 2206 and
2317 homozygous plants have been characterized at the
phenotypic level after the first backcrossing. Fs plants of
the first backcross were used for phenotypic analysis.

3.4. Root and Hypocotyl Length

9 days old plants from dd/-1 null mutant and Ws-2 wild type
were used as positive control for analysis. dd/-1 mutant
plants showed an essential difference in the length of root
and hypocotyls compared to Ws-2 wild type. Similarly, 9
days old plants from isolated TILLING mutant lines; 2182,
2206 and 2317 displayed shorter root (Figure 3) and
hypocotyl (Figure 4) lengths having statistical importance
at a-value 0.05, compared to Ler gl-1 wild type plants
under the same growth and environmental conditions.
(When the p-value of the statistical test, the probability of
obtaining a test statistic, is less than a-value 0.05, the result
is said to be statistically significant.
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Figure 3. The average root length of TILLING mutant lines

(The ‘X’ axis indicates the genotypes used for root analysis. The ‘y’ axis
represents the average root lengths in cm. The triangle denotes a
statistical significance of decreased root length of ddI-1 null mutant
plants compared to Ws-2 wild type plants at a-value 0.05. Similarly, the
star denotes a statistical significance in the reduced root lengths of each
TILLING mutant line compared to Ler gl-1 wild type plants. The sample
size was 21 plants for each genotype. ddI-1 null mutant and Ws-2 wild
type were used as positive controls for analysis)

3.5. Plant Height and Seed Number

45 days old plants from dd/-1 null mutant and Ws-2 wild
type were used as positive controls for the analysis. dd/-1
mutant plants showed a significant difference in the height
of plant and seed number per silique compared to Ws-2
wild type. Similarly, 45 days old plants from
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Figure 5. The average height of plants of TILLING mutant

lines

(The x’ axis indicates the genotypes used for the analysis of plant height.
The ‘y’ axis represents the average plant height in cm. The triangle on the
chart indicates a statistical significance of shortened plant height of ddl-1
null mutant plants compared to Ws-2 wild type plants with an a-value of
0.05. Similarly, the star indicates a statistical significance in the decreased
plant heights of each TILLING mutant line compared to wild type Ler gl-1
plants. The sample size was 21 plants for each genotype. ddl-1 null mutant
and Ws-2 wild type were used as positive controls for analysis)

4. DISCUSSION

In this study, structure-function analysis of EMS-induced
point mutations in the FHA domain and C-terminal region
of the DDL gene was performed. 5 different TILLING point
mutants (TILLING 2317, 2206, 955, 2182 and 731) were
isolated, but 3 of it (TILLING 2206, 2317 and 2182) were
characterized at phenotypic level. For each mutant line,
homozygous individuals were isolated and backcrossed
with wild type Ler g/-1. However, TIILLING mutant lines 955
and 731 did not produce any seed when crossed to wild
type Ler gl-1, and therefore have not been characterized to

Figure 4. The average hypocotyl length of TILLING mutant

lines

(The x” axis represents the genotypes used for hypocotyls analysis. The ‘y’
axis indicates the average hypocotyl length in cm. The triangle on the chart
indicates a statistical significance of decreased hypocotyl length of ddI-1
null mutant plants compared to Ws-2 wild type plants at a-value 0.05.
Similarly, the star denotes a statistical significance in the reduced
hypocotyls lengths of each TILLING mutant line compared to wild type Ler
gl-1 plants. The sample size was 21 plants for each genotype. ddl-1 null
mutant and Ws-2 wild type were used as positive controls for analysis)

isolatedTILLING mutant lines; 2182, 2206 and 2317
displayed statistically significant shortening in plant height
(Figure 5) and reduction in seed number per silique (Figure
6) with a a-value of 0.05 when compared to wild type
plants under the same growth and environmental
conditions.
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Figure 6. The average seed number of TILLING mutant lines
(The ‘x’ axis indicates the genotypes used for determining the number of
seeds per silique. The ‘y’ axis represents the average number of seeds
present in a silique. The triangle on the chart indicates a statistical
significance of reduced seed number of ddI-1 null mutant plants compared
to Ws-2 wild type plants with an a-value of 0.05. Similarly, the star denotes
a statistical significance in the decreased seed number of each TILLING
mutant line compared to Ler gl-1 wild type plants. The sample size was 30
plants for each genotype. ddI-1 null mutant and Ws-2 wild type were used
as positive controls for analysis)

date. One possible reason for the failure to obtain F; seed
may be that physical and physiological conditions caused
by genomic differences reduce the probability and success
of fertilization. In previous study, F; seed production from
crossing of different ecotypes of Arabidopsis has not been
fully successful due to ecotype differences and therefore
incompatibility of possible different gene regions in the
genome that could be effective (Burkart-Waco et al., 2011).
In addition, reproduction in flowering plants depends on
the interaction and communication processes between
pollen and floral organs. Failures in this interaction
necessarily impair fertility, embryo and seed formation. In
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Arabidopsis, a mutant called feronia has been isolated that
showed a disruption for this interaction (Huck et al., 2003).
This mutant demonstrated the possibility that mutating of
a gene or gene regions in the genome can interfere with
the formation of the F; seed from a cross with parental
plants. Another possible reason may be the presence of
other background mutations created through EMS
mutagenesis that may negatively affect the structure of
floral organs of TILLING mutant plants, preventing
fertilization or if fertilization takes place, there may be no
growth and development of F; seed from backcrossing.
However, TILLING 2182, 2206, and 2317 mutant lines
successfully produced heterozygous F; progeny seeds.

Phenotypic analyses of the TILLING 2182, 2206 and 2317
mutants revealed significant effects, resulting in reduced
root and hypocotyl length, shortened plant height, and
decreased seed number per silique compared to positive
controls. This effect can be attributed to the fact that a
change in the amino acid sequence of a protein due to a
point mutation can lead to misfolding, structural
deformation and consequently alter the activity of the
protein (Matthews, 1987; Pandey et al., 2023). Therefore,
a structural change in the amino acid sequence can cause
striking or pleiotropic differences at the phenotype level,
which have already been demonstrated in the analysis of
DDL point mutations (Narayanan et al., 2014). A significant
decrease in root and hypocotyl length, a remarkable
reduction in plant height and seed number were two
phenotypes which ddl mutants consistently displayed.
TILLING 2182, 2206 and 2317 point mutants showed
similar phenotypes to two T-DNA insertion mutant lines,
ddl-1 and ddI-2, (Morris et al.,, 2006) and TILLING point
mutants in the FHA domain, ddl-3, ddl-4 and ddl-5
(Narayanan et al., 2014). The most dramatic phenotype in
all TILLING mutants was observed in seed number. All
mutations resulted in significantly reduced seed number as
reported previously (Narayanan et al., 2014), These data
may suggest that the FHA domain and C-terminal region
are essential for function of DDL protein. However,
additional data is required to confirm this conclusion and
to elucidate correlation between mutant phenotypes and
DDL function. For example, a second and further
backcrosses between mutant lines and wild type
background should be carried out to decrease the
possibility of potential functional effect of any other
background mutations created by EMS in different region
of the genome. It is a well-documented phenomenon that
repeated backcrossing results in a 50% reduction in
heterozygosity in each subsequent generation. This implies
that in the F; generation following the second backcross,
approximately 50% of the progeny will exhibit
heterozygosity, while the remaining 50% will be
homozygous for the wild type (Karunarathna et al., 2021).
This can reveal whether point mutations have a direct
impact on DDL function. In addition, mRNA levels of DDL of
each mutant line must be measured by RT-PCR to verify
whether those mutant lines have altered DDL mRNA
transcript levels, and to definitely prove DDL protein is still
present in TILLING mutant lines. It is expected that mRNA

levels of DDL is decreased due to point mutations as
reported by previous studies (Morris et al.,, 2006;
Narayanan et al.,, 2014). Furthermore, because DDL
functions in biogenesis of miRNAs, and dd/-1 mutant has
reduced amount of pri and pre-miRNAs (Yu et al., 2008),
transcripts levels of miRNAs in TILLING mutant lines must
be measured to assess the point mutation effect at the
molecular level, and to elucidate more precisely the role of
FHA domain and C-terminal region in DDL function. Future
experiments that characterize or identify changes in gene
expression patterns in ddl mutants will also help uncover
the role of DDL in plant growth and development. Further
identification and characterization of key residues in the
FHA domain and C-terminal region will serve as an
important tool for elucidating the DDL signalling pathway,
as well.

5. CONCLUSION

To clarify whether the FHA domain and C-terminal region
are necessary for DDL function, five different TILLING
mutant lines were isolated, and three of them (2182, 2206
and 2317) were analyzed at the phenotypic level. After the
identification of homozygote mutant following the first
backcross, the phenotype of F3 plants of the first backcross
was quantified based on the displayed phenotypes of ddI-
1 knockout mutant, and wild type Ws-2 and Ler g/-1 which
were used as a positive control. Phenotypic analysis
involved measuring the height of the plants on soil, the
length of root and hypocotyl on vertical plates, and fertility
assessment by counting the number of seeds per silique.
TILLING mutant lines 2182, 2206 and 2317 displayed
statistically significant shortness in plant height and the
length of root and hypocotyl, and a reduction in seed
number per silique as dd/-1 null mutant does. Isolated and
phenotypically characterized these TILLING mutant lines
carrying a single nucleotide change created by EMS
mutagenesis in different exon regions coding FHA domain
and C-terminal region of DDL protein partially elucidates
whether FHA domain and C-terminal region are required
for DDL function in plant growth and development.
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SUPPLEMENTARIES

atacatatcctttctaccaaacaagatatgacacgtgtcaactaatggaagttttaccataccgtctacaatttgtttgatattgaacccctcagtttcc
7178000 atttatttgcaaaagaggccaaataaatgattcttctegtttiggectctgattcttittatctetpgegattattattattcactctctectettctetec
gccgamgtagtcacagticcggecaccaggtaaaattttictitctcgttatgeagegatttttictcttaacgattcttgeaaccctagactatgeccg
7177800 gaacttctgaatttagtatttgaaatctgtagcttacgttttttggtttagggetttigectecatttetagtttctatgeatttgggaattagggtttac
tgtgttatctggagctcacatgecttttccttctgaccctggtttcaatttgtgatctttccaaaggcaaagaagagagaaaacgaccctgactccaata
7177600 QO CTCCTAGTTCTAGGTCTCCTTCACCACGTACGAAGAGACTGAGAAGAGCTCCAGGAGAGAAGGARATTGGGAGAAGTAGAGAGAGAGAAGATGATG
GTAGAGAAAGGGAGAAGAGAAACAGTAGGGAAAGGGATAGAGATATAGGAAGAGATAGGGATAGGGAGAGAAAAGOAGAAGGAGAAAGAGATAGGGAAGT
7177400 TGGGGATAAGAGAAGACGATCAGGGAGAGAGGATACTGAAAALAGGAGAAGGACAAGAACAGATGATGAGAGATACTCTAGAGGAAGACATGAGAGGTCT
ACTTCACCGTCAGATAGGAGT CACAGGAGTAGTAGGCGTTCACCTGAAAGAGCTATTGCCTCAAGGCATGATGAGgtatttctgettettictttagett
7177200 geatatgttcttaatctcagaagtgtttttttttttgttttgggttttacttgtgcatattcgtattctgctigaaaagatasatgtgattgansattgtt
tagctctgatgtatgctagaaaaggttagectctgetgetigtttegtcacataataaataatiggaatcctgtaatctagettatccatctegtgagte
7177000 tataactagaacctgcagccagecattttttgettactctgttgctaaaggacttaagaaagatagtctecttigtttcccttcagecatgtccagtaacat
cacttctcatgtttctctctttttagtaasagctcattatatagattatggttgettitctgcaaattatcattttctgegagecacagatttitgttact
7176800 tcttcagtcatttttatcgecttttgtcttttcagGGGTCTAATGCAAGAGGGGGLAGCGAGGAGLCgtgagttttcttcttattagattageccgttaca
atttttcagtctttcttttaaccatgttatggpttttcgttaacaghrATGTCGAGGAAGAT TCAGTCGCGAGAATGAGAGCAGTTGAAGAGGCTCTGGL
7176600 AGCGAAGAAAAAGEtattatatcaagecctattgattttcaatttccaatgtcattttgagectcgcttagectcatccatgecataaatgetaacgettcaa
atctaattttgatatatcttgtagGAAGAACCATCATTTGAGCTATCAGGGAAACTTGCTGAAGAAACTAACAGATACAGAGEtgaaacttctgatccgt
7176400 ccatttcatttaagaatatcacctgttaccattaccttgtgectagaaacttttgeccatagtgttttcattgeatgtttgaactgegaaacatctgecttt
gttgtcaggtcatatttacttaattttgtatgcgtacgtgtctgtcactgggtaaaagettictttggtcaatatctaatgagactagaagecttcaatat
7176200 ataagcatctgctatcagcagatatctittgactgccaatccgetttigctcctaggaatggagacggtggtttcicgeattaaatticaccataggeat
gcttagettccttgactgagtgaatcctttgcagGTATCACACTCCTCTTCAATGAGCCCCCAGAGGCTAGAAAACCCAGCGAACGATGGAGACTGTATG
7176000 TTTTTAAGGATGGTGAACCACTGAATGgtgagtctttgacgtettccacatctetatecatetgtctaagtagtggttcatttgtcttctatgtatttea
cttaactatcttactgtggtgaacgtcaattttttgtccacasaatatgcagtaaagcatgtagtggcaatgaaagagatactcaagaaattttgatgea
7175800 ctctagccatgtaaactigaaaactgtggtcattgatggtttagtgtccagataacagegtgattaccgatagtageccaaactatagettgatactictt
agaacttgtcaattticttagaatgaatcttattatgaatgttaatgactcttagaggaaaaatagctcctttgatctgatatgttigtgactgtgectt
7175600 cccgtgtcattcttactttgaacccctgaacattgtatataagattttacattitgittcccatttctgttigctiaataattctgaatgeccctgaatca
gttttcttgatgtatgtttctatgcatgtaaatgtgttggactaacagiGCCACTCTECCTTCACCGCCARAGCTGCTACCTCTTTGGACGTGAAAGAA
7175400 GGAT TGCCGACATTCCTACGGATCACCCATCTTGCAGCAAGCAGCATGCTGTCATTCAGTACCGgtagggttctgacatgtatttctecttttaagtagt
aatatctatgacaatagatttaatgagaataaggtttttagtttaatatttatgtcactgtgaatgtgettttctcaghGAAATGOAAAAGGAGARACCA
7175200 GATGGTATGATGAGGAAGCAAGTGAAgtasaacctatctgetctttcattttgettaaaattigtacctettectggetttaagectaaattttaatttcce
ttaatpgtcactttccagGlCTTACATAATGGATCTTGGTAGTACCAACAAAACTTATAT AATgtaagtgctcaattacattccttcttatgtgettett
7175000 tatcatggttaattcaaacgtttgtgattagaacttcttttactitttcagGArAGTCCCATTGAGCCACAAAGATATTATGAGCTTTTTCAGAAAGACA
CCATAAAGTTTGGCAACAGCAGEtattctaatgaagacacattctagttctggtttcccattatgaatcataccccgtgectattctctgtgattaatct
7174800 ttgcttgectgtgecagttaacatctactttcttetgticttgacatgttttgttettttggttgcagClGAGAGTACGTACTGTTGCACGAGAATTLTGCC
GAEEEEatgaaatcagagtcaagcagaaacgagtaaatcacaagattagatagttgcgtttctcagggtttttagagatgtttgagctgcttcatgtatg
7174600 ctttctaccgtgetggtgataatctcagacatcatttagaaatcttttgetigetigttatataataaatgatgatgaacgattiggtaagagaaaaaggt
taacttttggtataactgtataagatcaatctctactttaaaattgtcgctccctgagggtttcgacctaacttaacgtagaaacatggagacgactgag
7174400 atttcaactagagttaccaaaacggacatcactttcttagtaagataaagctaactctgegattgaaaalTACTTATTTGTCAAGCCTTTAGTGAGGEAT

ATG = Translational Start/Stop _=Exon atgc=Intron atgc=UTR

Supplementary Figure 1. Nucleotide sequence of the complement strand of At3G20550 (DDL) gene located on Chromosome
3 (TAIR SeqViewer, 2021)
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Supplementary Figure 2. Genomic structure of the DDL gene (3005 bp from Start to Stop codon). (Orange arrows represent coding
sequences (exons). Purple lines represent noncoding sequences (introns). The 5' and 3' untranslated regions are shown in green lines)
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Supplementary Figure 3. Domains in the DDL protein. Amino acid residues 218 to 282 towards the C terminus of the protein
form the FHA domain of DDL. (RB: RNA-Binding, FHA: Fork-Head Associated, aa: amino acid, C: C-terminal, N: N-terminal)
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sayisinda yayimlanan “Cetin, N., & Mansuroglu, S., (2023). iklim degisikligi baglaminda halkin
Antalya’daki mevcut parklara bakis acilarinin degerlendirilmesi ve iklim dostu park uygulama
dnerileri. Mehmet Akif Ersoy Universitesi Fen Bilimleri Enstitiisii Dergisi, 14(2): 332-345.” kiinyeli
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