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Yiginlanmis Ozdevinimli Kodlayicilar ile Gogiis Kanserinin Siniflandirilmasi ve Klasik
Makine Ogrenme Metotlari ile Performans Karsilastirmasi
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Anahtar Kelimeler 0z: Gogiis kanseri, her yil cokca éliime sebebiyet veren en tehlikeli kanser tiirleri
Gogus Kanseri, arasinda yer almaktadir. Erken tani durumlar1 kanser tedavilerinde yapici rol
Derin Ogrenme =~ oynamaktadir. Bu nedenle arastirmacilar, hastalara ve saglikli insanlara ait veriler
Yiginlanmis Ozdevinimli lizerinde smiflandirma ve kiimeleme yontemlerini kullanarak deneysel arastirmalar
Kodlayicilar, . .. . o . .
Veri On Isleme, yapmaktadir. G.ell§-(-3{1 teknolou_ ile mak.m.e o6grenme destekli teshis (;vallsmr.allarlnm
Makine Ogrenme Metotlar1 yani sira derin O6grenme yontemlerinin kullaniminda kayda deger bir artis
gorilmektedir. Bu c¢alismada, bir derin 6grenme metodu olan yiginlanmis
6zdevinimli kodlayicilar (stacked autoencoders, SAE) kullanilarak go6giis kanseri
siniflandirilmasinda kullanilmak {izere yeni bir model tasarlanmistir. Tasarlanan
SAE ile performans karsilastirmasi gerceklestirmek iizere en yaygin kullanilan
makine 6grenme yontemlerinden destek vektor makineleri, k-en yakin komsuluk,
naive bayes ve karar agacglari metotlar1 bu ¢calismada ayrica kullanilmistir. Dogruluk
orani metriginin yani sira, egitim ve test asamalarindaki gecen siire (zaman
karmasiklig1) deneysel ¢alismalarda hesaplanmistir. Deneysel ¢alismalarda, veri 6n
isleme adimlarindan normalizasyon stireci uygulanarak, siniflandirma basarimina
etkisi incelenmistir. Deneysel sonuglara gore dogruluk orani kriteri baz alindiginda
%79,31 dogruluk orani ile en basarili sonug veri 6n isleme destekli SAE ile elde
edilmistir. Zaman karmasikligi metrigine gére KNN algoritmasi egitim stirecinde en
hizli algoritma olurken SAE algoritmasi test siirecinde en hizli olan algoritma olarak
tespit edilmigtir.

Classification of Breast Cancer using Stacked Autoencoders and Performance
Comparison with Classical Machine Learning Methods

Keywords Abstract: Breast cancer is among the most dangerous cancer types that cause many
Breast Cancer, deaths every year. Early diagnosis states play a constructive role in cancer
Deep Learning, treatments. Therefore, researchers conduct experimental research on the data that
S})?g‘gi?)ﬁg‘;g?g;‘;ers' belongs to patients and healty peaople using classification and clustering methods.
Machine Learning ’ In addition to machine learning assisted diagnostic studies with the developing
Algorithms technology, there is a significant increase in the use of deep learning methods. In
this study, a new model is designed to be used in the classification of breast cancer
using stacked autoencoders (SAE) which is a deep learning method. Support vector
machines, k-nearest neighborhood, naive bayes, and decision trees methods, which
are the most commonly used machine learning methods to compare performance
with the designed SAE, were also used in this study. In addition to the accuracy rate
metric, the elapsed time (time complexity) during the training and testing stages
was calculated in experimental studies. In the experimental studies, the effect of the
classification performance was examined by applying the normalization process
from the data pre-processing steps. According to the experimental results, the most
successful result with 79.31% accuracy rate was obtained by data pre-processing
aided SAE. According to the time complexity metric, KNN algorithm is the fastest
algorithm in the training process, while the SAE algorithm is the fastest in the test process.

*lgili Yazar, email: tozcan@erciyes.edu.tr
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1. Giris

Kadinlarda en sik goriilen kanser tipi olan gogiis kanseri, gégiis dokusundaki siit kanalint meydana getiren ve siit
yapict hiicrelerin kontrolsiiz olarak ¢ogalmasiyla ortaya cikmaktadir [1]. Go6glis kanserindeki en onemli
hususlardan birisi, kanserin kan ve lenf yoluyla diger organlara yayilmadan teshisi ve tedavisidir. Dolayisiyla
gogus kanserinde erken teshis olduk¢a 6nemlidir. Bu ama¢ dogrultusunda arastirmacilar gogiis kanseri tlizerine
yogun ¢alismalar yapmaktadir.

Bu calismada siniflandirma amaciyla kullanilacak olan Breast Cancer Coimbra (BCC) [2] veri seti {izerine
literatlirde cesitli ¢calismalar gergeklestirilmis bulunmaktadir. Giiltepe ve Kartbaev, BCC veri setini kullanarak
gogis kanseri icin veri madenciligi ¢alismalar: gerceklestirmislerdir [3]. Yaptiklari ¢calismada J48, ¢ok katmanh
algilayicilar (multilayer perceptron, MLP), k-en yakin komsuluk (K-nearest neighbor, KNN) ve destek vektor
makineleri (support vector machines, SVM) algoritmalarini kullanan ekip J48 algoritmasi ile en basarili sonucu
elde etmistir. Calismada veri setinin boliinmesi (egitim ve test olarak) hakkinda bilgi verilmemistir. Bir baska
calismada, Sharma ve Nair 6zellik 6lceklendirme, ¢apraz dogrulama ve torbalama teknigi ile cesitli topluluk
makine 6grenme adimlarini uygulamislardir [4]. BCC veri setini, %90 egitim %10 test olacak sekilde bélen ekip,
karar agaclar1 (decision trees, DT) ve KNN ile en basarili sonucu elde etmistir. Arunadevi ve Ganeshamoorthi
gogis kanseri siniflandirmak icin kullanilan 6znitelikler arasindan dzellik se¢imi icin bir ¢alisma gercgeklestirmistir
[5].- KNN, SVM ve yapay sinir aglar1 (artificial neural networks, ANN) algoritmalarinin siniflandirma, rastgele
orman (random forest, RF) ve genellestirilmis dogrusal model (generalized linear model, GLM) tekniklerinin
ozellik secici olarak kullanildign ¢alismada farkli performans metriklerine goére degerlendirmeler
gerceklestirilmistir. GLM tekniginin 6zellik secici, SVM algoritmasinin siniflandirici olarak se¢ildigi durumda en
basarili sonuglarin elde edildigi gézlemlenmistir. BCC veri seti kullanilarak gergeklestirilen bir diger ¢alismada,
Saritas ve Yasar, ANN ve naive bayes (NB) algoritmalari ile siniflandirma gergeklestirmis ve performans analizleri
yapmistir [6]. Calismada, ANN icin veri seti, egitim (75 6rnek), dogrulama (12 6rnek) ve test (29 6rnek) olarak
ayrilirken NB icin veri seti, egitim (93 6rnek) ve test (23 drnek) olarak ayrilmistir. Deneysel ¢calismalarda her iki
yontem icin basarili sonuclar elde edilmistir. KNN, SVM, DT, RF algoritmalarinin yer aldig1 8 farkli yontemin
siniflandiric1 olarak kullanildig1 ¢alismada Salod ve Singh [7], gogls kanseri tespitinde makine 6grenme
algoritmalarinin performanslarini karsilastirmiglardir. Ozellik se¢imi adiminin da uygulandigi ¢calismada veri seti,
%60 egitim, %30 dogrulama ve %10 test seti olacak sekilde boliinmistir. Deneysel ¢alismalar farkli performans
metriklerine gore degerlendirilmistir.

Makine 6grenme algoritmalarinin yani sira gelisen teknoloji ile derin 6grenme yontemleri farkli problemler [8-16]
icin literatiirde siklikla kullanilmaya baslanmistir. Bir derin 6grenme yontemi olan yiginlanmis 6zdevinimli
kodlayicilar (stacked autoencoders, SAE), birden fazla gizli katman iceren ve birbiri ardinca ¢alisan 6zdevinimli
kodlayicilar (autoencoders, AE) ile olusmaktadir. Giris, gizli ve ¢ikis katmanindan meydana gelen SAE, geri yayillim
algoritmasini egitimde kullanan ve giris verisini ¢ikis etiketi olarak atayan bir yontemdir [10]. Ozellik ¢ikarma,
giirtltii giderme ve siiflandirma gibi farkli amaglarla kullanilabilmektedir.

Siniflandirma yéntemlerinin performanslarini iyilestirmede, modelde kullanilan verinin 6n islemden gegirilmesi
¢ogunlukla pozitif yonde katki saglamaktadir. Girdi olarak kullanilan parametrelerin degerleri arasinda biiyiik fark
olmasi durumunda, girdi degerlerini diizenleyecek ve belirli bir aralia gore giincelleyecek normalizasyon 6n
adimina ihtiya¢ duyulmaktadir. Min-max, z-score, medyan ve sigmoid en sik kullanilan normalizasyon teknikleri
arasinda yer almaktadir.

Bu calismada, veri 6n isleme adimi ile SAE ve softmax siniflandiricinin siniflandirma egitimi asamasinda
kullanildig1 bir model tasarlanmistir. Onerilen modelin performans analizini gerceklestirebilmek icin SVM, KNN,
NB ve DT makine 6grenme algoritmalar1 ayrica kullanilmistir. Biitiin deneysel c¢alismalar BCC veri seti ile
gerceklestirilmistir. Dogruluk orani performans metriginin yaninda modellerin egitimi ve test siirecinde gecen
siireye gore zaman karmasikligl analizi yapilmistir. Deneysel sonuglara gore veri 6n isleme adiminda girdi
degerlerini 0 ile 1 arasina normalize eden min-max normalizasyon tekniginin kullanildig1 6nerilen ydntemle en
basarili sonug elde edilmistir.

Bu ¢alismanin temel ¢iktilar su sekilde siralanabilir:

e Veri 6n isleme ve softmax siniflandiricili SAE kullanilarak bir siniflandirma modeli tasarlanmistir.

e Tasarlanan modelile (normalizasyon destekli) %79,31 dogruluk orani elde edilerek karsilagtirma yapilan
diger algoritmalar geride birakilmis ve en basarili sonug elde dilmistir.

e Zaman karmasikligina gore, egitim siiresi en kisa olan algoritma KNN iken, test siiresi en kisa olan ydntem
Onerilen metottur.
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e Normalizasyon veri 6n isleme adimi ile kullanilan algoritmalardan SVM, KNN ve 6nerilen modelin basari
oranlari artirilmistur.

Bu ¢alismada kullanilan materyal ve metotlar B6lim 2 ile detayli olarak sunulmustur. Boliim 3 ile deneysel
sonuglardan bahsedilmis olup ¢alismanin degerlendirilmesi B6liim 4’ te yapilmistir.

2. Materyal ve Metot

Bu calismada BCC veri seti kullanilarak gogiis kanseri siniflandirmak icin bir SAE tabanli yontem tasarlanmistir.
Kullanilan yontemin performans analizi yapilabilmesi icin en yaygin kullanilan makine 6grenme
algoritmalarindan SVM, KNN, NB ve DT diger simiflandirma metotlar1 olarak kullanilmistir. Simiflandirma
problemlerinde basariy1 artirabilecek veri 6n isleme adimlar: ¢alismalarda yogun bir sekilde kullanilmaktadir.
Degerleri 0 ile 1 arasinda diizenleyen normalizasyon teknigi bu calismada veri 6n isleme adimi olarak
kullanilmistir.

2.1. Breast Cancer Coimbra veri seti

Rutin kan analizinde elde edilebilen, “Age”, “BMI (kg/m2)”, “Glucose (mg/dL)”, “Insulin (pU/mL)”, “HOMA”,
“Leptin (ng/mL)”, “Adiponectin (ug/mL)”, “Resistin (ng/mL)” ve “MCP-1(pg/dL)” nicel 6znitelikleri iceren veri
seti, saglikli (1=Healthy controls) ve hasta (2=Patients) olarak iki etiketten olusmaktadir. Toplamda 116 6rnek
iceren veri setinde 64 ornek hastalara aitken geriye kalan 52 6rnek saglikli bireylere aittir. Deneysel ¢alismalarda
kullanmak tizere veri seti %75 egitim %25 test olacak sekilde rastgele boliinmiistiir. Her bir asamada kullanilacak
olan drnek sayisi Tablo 1 ile gosterildigi gibidir.

Tablo 1. Ornek sayisi dagilimi.

Egitim Test Toplam
Saghkh 39 13 52
Hasta 48 16 64
Toplam 87 29 116

2.2.Veri 6n isleme

Verilerin daha kaliteli hale getirilmesi icin bazi 6n islemlerden gecirilmesi gerekmektedir. Verinin yok sayilmasi,
eksik olanlarin doldurulmasi gibi adimlar veri temizleme 6n islemiyle gerceklestirilirken, farkli kaynaklardan
verilerin bir araya getirilmesi ve kullaniciya doniistiirtilmiis verinin aktarimi veri entegrasyonu on islemiyle
gerceklestirilmektedir. Girdi parametrelerinin degerleri arasinda ¢ok fark olmasi halinde giris degerlerini
indirgemek i¢cin normalizasyon on islemi kullanilmaktadir. Bu ¢alismada degerlerin 0 ile 1 arasina yayildigy,
Denklem 1. ile hesaplanan min-max normalizasyon yontemi, 6n islem olarak kullanilmistir.

X~ Xmin

X' = X" Xmin_ (1)

Xmax = Xmin
2.3. Makine 6grenme algoritmalari

Destek vektor makineleri (support vector machines, SVM), Vapnik ve arkadaslari tarafindan énerilmistir [17].
Regresyon ve smiflandirma problemlerinde kullanilabilen bu yontem, bu ¢alismada siiflandirma islemi icin
kullanilmistir. Yapisal risk minimizasyonu ve istatiksel 6grenme teorisine dayanan bu yéntem uygulamasi kolay
esnek bir algoritmadir. Bir diizlemde bulunan iki grup arasina bir sinir ¢izgisi ¢ekilerek iki grup ayrilabilir. Fakat
bu sinir ¢izgisinin bulunacagi konum iki grubun iiyelerine en uzak olan konumda olmalidir. SVM algoritmas1 bu
sinirin nasil ¢izilecegi konusunda devreye girer. Overfitting (ezberleme) sorunun bulunmamasi ve yiiksek
dogruluk oranlar1 gibi avantajlarinin yani sira olasiliksal tahminler yiirlitememe ve cekirdek fonksiyonlarinin
pozitif tanimli siirekli fonksiyonlar olma zorunlulugu dezavantajlari arasinda sayilabilmektedir [18]. Bu ¢alismada,
SVM yontemi i¢in dogrusal ¢ekirdek fonksiyonunu (linear kernel function) kullanilmistir.

K-en yakin komsuluk (K-nearest neighbor, KNN) algoritmasi, en basit siniflandirma algoritmalari arasinda yer
almaktadir. Algoritmada oncelikle bir K degeri belirlenir. Bu deger, verilen bir noktaya en yakin komsularin
sayisidir. Uzaklik fonksiyonlari yardimi ile verilen noktanin (yeni veri), mevcut verilere gore tek tek uzakligi
hesaplanir. Ozellik degerlerine gére simf atamasi (etiketleme) gerceklesir. Hizli ve basit bir algoritma olmasi
avantajlarinin yaninda biiytik veriler i¢in kullanildiginda biiyiik bellek gereksinimine ihtiya¢ duyma dezavantaji
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bulunmaktadir [19]. Bu ¢alismada, komsuluk sayis1 degeri (K) 10 olarak belirlenmis olup, uzaklik metrigi olarak
‘euclidean’ secilmistir.

Naive bayes (NB) algoritmasi, 1812 yilinda Thomas Bayes tarafindan dnerilmistir. NB’ nin temeli Bayes teoremine
dayanmaktadir. Algoritmada bir 6rnek i¢in her durumun olasilig1 hesaplanir ve olasilik degeri en yiiksek olana
gore siiflandirma islemi gergeklestirilir. Az sayida egitim verisiyle yiiksek basarimli sonuglarin elde edilebilecegi
bu yontemle dengesiz veri kiimeleri iizerinde de ¢alisilabilmektedir [20].

Karar agaclar1 (decision trees, DT), karmasik bir islemin, alt parcalara ayrilip basit kararlar kiimesine
dontstiirilmesi esasina dayanmaktadir. Etiketli giris verileri ile bir veya daha fazla agactan olusan bir model
olusturulur. Test amaciyla yeni bir veri modele gonderildiginde, daha 6nceki egitimden 6grendiklerine gére yeni
verinin sinifin1 tahmin eder. Anlasilmasi, yorumlamasi kolay ve diisiik hesaplama karmasikligina sahip olma, DT’
nin avantajlarindan bazilaridir [21].

2.4. Yiginlanmis 6zdevinimli kodlayicilar

Ozdevinimli kodlayicilar (autoencoders, AE) ciktisinda girisin elde edilmeye calisildig1 bir sinir ag tiiriidiir. Egitim
stirecinde geri yayilim algoritmasini kullanan bu model, egitimsiz 6grenme gerceklestiren ve giris verisini ¢ikis
etiketi olarak tanimlayan bir derin 6grenme metodudur [10]. Ornek bir AE mimarisi Sekil 1 ile sunulmustur. Giris,
gizli ve cikis katmanlarindan olusan AE yapisinda kodlayici (encoder) ve kod ¢o6ziici (decoder) birimler
bulunmaktadir.

Encoder Decoder

X )2'1 —
X X, —
X3 X, —>
xm xm Ea

Sekil 1. Temel bir AE mimarisi [10].

Birden fazla gizli katmani olan AE mimarisi, yi§inlanmis 6zdevinimli kodlayici olarak (stacked autoencoders, SAE)
tanimlanmaktadir [22]. Ornek bir SAE mimarisi Sekil 2 ile gosterildigi gibidir.

P(y=0[x)
P(y=1[x)
P(y=2[x)
P(y=3x)
P(y=4[x)

P(y=5[x)

Giriy Ozellikler 1 Ozellikler 11 Softmax Cikis
Smiflandiric

Sekil 2. Temel bir SAE mimarisi [10].
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2.5. Tasarlanan SAE tabanli siniflandirici

BCC veri setinin siniflandirilmasi icin SAE tabanl bir siniflandirma modeli dnerilmistir. Sekil 3 ile gosterilen
modelde, veri setine 6ncelikle 6n isleme adimi uygulanabilmekte daha sonra veri seti egitim ve test verisi olarak
ikiye béliinmektedir. Tablo 2 ile ifade edilen iki AE’ den olusan SAE modeli (AE1 + AE2) ile egitim seti kullanilarak
egitim islemi gerceklestirilir. Daha sonra SAE ve softmax siniflandiricidan olusan modelin egitimi ile egitilmis
model elde edilir. Egitilmis model, test seti ile degerlendirme asamasina girdikten sonra Denklem 2 ile tanimlanan
dogruluk orani metrigine gore sonug elde edilir.

w—

BCC Veri Seti

On islem

/

X

SAE ve Softmax Siniflandirici

Ozellikler T

Ozellikler IT

Softmax
Siniflandiricr

Saglikli
Egitilmis
Hasta Model
Cikag

Degerlendirme

A

Sekil 3. Onerilen siniflandirma modeli.

Tablo 2. Olusturulan SAE metoduna ait parametreler ve degerleri.

Parametreler
Néron , L.'Z . Seyreklik Encoder Decoder Transfer | Maksimum
Sayisi Diizenlilestirme Orani Transfer Fonksiyonu Epok
y Katsayis1 Fonksiyonu y P
AE1 30 0,001 0,05 "logsig" "purelin” 500
AE2 15 0,001 0,05 "logsig" "purelin” 500

Dogruluk orant =

Dogru tahmin sayist

Test seti toplam 6rnek sayist

(2)

Bir yontemin hesaplama karmasikligi, metodun ¢alismasi icin gerekli siireyi ya da bellek alanini ifade etmek tizere
kullanilan kavramdir. Calismada kullanilan tiim yontemlere ait hesaplama karmasiklig1 Tablo 3 ile sunulmustur.
Burada N d6rnek sayisina, M 6znitelik sayisina, k komsuluk sayisina, H agac yiiksekligine, h gizli ndron sayisina ve
K, AE’ lerin gizli noéronlar sayisi toplamina karsilik gelmektedir [15].

Tablo 3. Yontemlere ait hesaplama karmasikliklar.

Yontem Hesaplama Karmasikhg
SVM O(N?)

KNN O(MLog(k)NLog(N))
NB O(NM)

DT O(H)

Onerilen O(NK + MhN)
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3. Bulgular

Bu ¢alismada BCC veri seti lizerinde SVM, KNN, NB ve DT makine 6grenme algoritmalarinin yam sira SAE tabanl
derin bir siniflandirict model ile gogiis kanseri tespiti yapilmistir. Verilerin daha diizenli, daha anlamli hale
getirilebilmesi i¢in 6n adimlardan gecirilmesi sonucunda problemin ¢6ztimiinde genellikle daha basarili sonuglar
elde edilmektedir. Min-max normalizasyon 6n islemi ile deneysel ¢alismalarda kullanilan siniflandiricilarin
cogunlugunda basari orani artmistir. Kullanilan siniflandirma algoritmalarina ait dogruluk oranlari, egitim ve test
siirecinde gecen zaman (zaman karmasikligl) Tablo 4 ile sunulmustur. Dogruluk orani ve zaman karmasikligi
kriterlerinin yani sira, duyarlilik ve kesinlik metrikleri de performans degerlendirmesinde kullanilmistir. Denklem
3 ile ifade edilen duyarlilik (recall, sensitivity) degeri pozitif olarak tahmin edilmesi gereken durumlarin hangi
oranda pozitif olarak tahmin edildigini ifade etmektedir. Burada TP, hasta olarak tahmin edilen ve ger¢ekte hasta
olan kisi sayisini ifade ederken FN degeri, gercekte hasta olan ama hasta degil olarak tahmin edilen kisi sayisini
ifade etmektedir. Denklem 4 ile ifade edilen kesinlik (precision) degeri pozitif olarak tahmin edilen durumlarin
gercekte ne kadarinin pozitif oldugunu ifade etmektedir. Burada FP, hasta olmayanlarin hasta olarak tahmin
edildigi durum sayisini vermektedir.

_ TP

Duyarlilik = P (3)

Kesinlik = — (4)
TP+FP

Tablo 4 incelendiginde herhangi bir 6n islem yokken, SVM ve NB algoritmalari makine 6grenme tabanh
algoritmalar icerisinde %68,97 dogruluk oraniyla en basarili sonuclar1 verse de 6n islemsiz 6nerilen modelle
%75,86 dogruluk orani elde edilmistir. On islem olarak normalizasyon adimi uygulandifinda SVM, KNN ve
onerilen modelin basari oranlari artarken NB ve DT algoritmalarinin basari oranlari diismiistiir. Dogruluk orani
metrigine gore biitiin tablo incelendiginde normalizasyon 6n isleminin uygulandig1 6nerilen yéntemle %79,31
dogruluk orani ile en basarili sonug elde edilmistir. Bir diger performans metrigi olan zaman karmasikligina gére
normalizasyon destekli KNN algoritmasi en kisa egitim siiresine sahipken, normalizasyon destekli 6nerilen model
en kisa test siiresine sahiptir. Duyarlilik metrigi géz oniine alindiginda normalizasyon destekli SVM, KNN ve
onerilen model %100,00 degerine ulasirken, kesinlik metrigine gore 6n islemsiz NB yontemi ile %88,89 degeri
elde edilmistir.

Tablo 4. Performans degerlendirme tablosu.

On isleme Yontem Dogruluk Orani (%) | Duyarlilik (%) | Kesinlik (%) | Egitim Siiresi | Test Siiresi
SVM 68,97 56,25 81,82 1,6315 0,0446
KNN 51,72 56,25 56,25 0,2608 0,0309
§ NB 68,97 50,00 88,89 1,8347 0,5359
DT 62,07 81,25 61,90 1,8705 0,0392
Onerilen model 75,86 75,00 80,00 1,7143 0,0105
= SVM 72,41 100,00 66,67 0,5528 0,0511
% KNN 72,41 100,00 66,67 0,1626 0,0198
-% NB 65,52 68,75 68,75 0,3085 0,0301
§ DT 51,72 75,00 54,55 0,2599 0,0164
= Onerilen model 79,31 100,00 72,73 1,4843 0,0086

Siniflandirma problemlerinde performans gosteriminin bir diger versiyonu test seti lizerinde dogru ve tahmin
edilen siniflarla olusturulan karmasiklik matrisleridir. BCC veri seti izerinde SVM, KNN, NB ve DT klasik makine
6grenmelerine ait karmasiklik matrisleri Sekil 4 - 7 ile sirasiyla verilmistir.
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Dogru sinif

Dogru sinif

Tahmin edilen simif Tahmin edilen simif

a)On islemesiz b)Normalizasyon destekli

Sekil 4. SVM igin veri 6n islemesiz ve normalizasyon destekli kosmalara ait karmasiklik matrisleri.

f

ogru sini

D

Dogru sinif

Tahmin edilen simif Tahmin edilen simif

a)On islemesiz b)Normalizasyon destekli

Sekil 5. KNN igin veri 6n islemesiz ve normalizasyon destekli kogsmalara ait karmasiklik matrisleri.

f

ogru sing

D

Dogru sinif

Tahmin edilen simif Tahmin edilen sinif

a)On islemesiz b)Normalizasyon destekli

Sekil 6. NB igin veri 6n islemesiz ve normalizasyon destekli kosmalara ait karmasiklik matrisleri.
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1 5 1 E
= =
= c
72} [
=} =]
lE) :En
=) (=]
(=] a

2 3 2 4

1 1

Tahmin edilen simif Tahmin edilen simif
a)On islemesiz b)Normalizasyon destekli

Sekil 7. DT icin veri 6n islemesiz ve normalizasyon destekli kosmalara ait karmasiklik matrisleri.

Derin 6grenme tabanli dnerilen modelle elde edilen sonuglara ait karmasiklik matrisleri Sekil 8 ile sunulmustur.

Dogru sinif
Dodru sinif

Tahmin edilen simif Tahmin edilen simif

a)On islemesiz b)Normalizasyon destekli

Sekil 8. Tasarlanan model igin veri 6n islemesiz ve normalizasyon destekli kosmalara ait karmasiklik matrisleri.

Literatiirde yer alan diger ¢alismalar ile dnerilen yontem icin deneysel kurulum ve sonuglara ait bilgiler Tablo 5
ile 6zetlenmistir. Bu veri seti i¢in cesitli siniflandirma y6ntemlerinin ¢esitli veri seti ayrimi (egitim, dogrulama,
test) teknikleri ile analiz edildigi gériilmektedir.

Tablo 5. BCC veri seti Uizerine literatlrde yer alan galismalara ait 6zet bilgiler.

Calisma Metot Egitim-Test Ayrimi Dogruluk (%)
Giiltepe ve Kartbaev [3] ]48 Bilinmiyor 76,92
Sharma ve Nair [4] DT, KNN %90 Egitim - %10 Test 100,00
Arunadevi ve Ganeshamoorthi [5] GLM, SVM Bilinmiyor 91,30
Saritas ve Yasar [6] ANN 75 Egitim - 12 Dogrulama - 29 Test 86,95
Saritas ve Yasar [6] NB 93 Egitim Verisi - 23 Test Verisi 83,54
Tasarlanan Yontem SAE %75 Egitim - %25 Test 79,31
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4. Tartisma ve Sonug¢

Gogiis kanseri, kadinlarda en sik goriilen kanser tiirtidiir. Hastaligin erken teghisi, tedavisi i¢in olduk¢a 6nem arz
etmektedir. Bu calismada, bir derin 6grenme metodu olan SAE tabanl siniflandirici ile kan degerlerinden olusan
BCC veri seti basarili bir sekilde siiflandirilmistir. Metodun basarisini diger yontemlerle karsilastirmak i¢in en
yaygin kullanilan makine 6grenme algoritmalarindan SVM, KNN, NB ve DT algoritmalar1 BCC veri setini
siniflandirmada kullanilmistir. Metotlarin performansini artirmak i¢in veri 6n isleme adimi literatiirde siklikla
tercih edilen bir yontemdir. Bu ¢alismada siniflandirma metotlarinin performansina etkisini gézlemlemek icin
min-max normalizasyon 6n isleme teknigi tiim siniflandiricilar icin kullanilmistir. Bu 6n islemin SAE, SVM ve KNN
metotlarinin dogruluk oranini artirdig1 gézlemlenmistir. Deneysel sonuglar incelendiginde tasarlanan SAE tabanli
siniflandirict modelin %79,31 dogruluk orani ile en basarili yéntem oldugu goériilmiistiir. Bu ¢alismada ayrica,
yontemlerin zamansal karmasikliklari incelenmis olup, KNN algoritmasinin egitim asamasinda, tasarlanan
yontemin test asamasinda diger yontemlere gore daha hizli ¢alistig1 saptanmistir.

Gelecek calismalarda, farkli veri 6n isleme adimlari kullanilarak yontemlerin performansina etkisi analiz edilebilir.
Ayrica 6nerilen yontem, farkli makine 6grenme algoritmalari ile karsilastirilabilir veya yontemlerin performansini
6lemek icin farkl veri seti kullanilabilir. Son olarak, énerilen yontemde SAE yerine farkli bir derin 6grenme
metodu kullanilarak calismalar gerceklestirilebilir.
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Anahtar Kelimeler 0z: Geometrik agiklamalar problem ¢ézme becerilerini gelistirir. Uzamsal usa vurma,
Altin oran, problem ¢6zmenin 6nemli bir seklidir ve problem ¢6zme matematik calismanin en temel
altin ticgen, . sebeplerindendir. Bu ¢alismada kenar uzunluklar1 arasinda altin oranin gegerli oldugu
dinamik geometri bir ikizkenar iiggen (ki bu iicgene altin iicgen adi verilir) ele alinarak genel 6zelikleri
y;fl_szm‘ incelenmistir. Bir Dinamik Geometri Yazilimi (DGY) olan Geogebra programi ile taban
diizglin besgen.

uzunlugu verilen bir altin tiggenin nasil ¢izildigi gosterilmistir. Bir diizglin besgen alarak
kosegenleri cizilip kesisim noktalari ile olusan tiggenlerden hangilerinin birer altin liggen
oldugu ve bunlarin sayisi arastirilmistir. Bu arastirma sonucu besgenin her bir koése
noktasina baglh yedi farkli altin iiggen oldugu kesfedilmis ve bir diizgiin besgen tizerinde
toplam 35 tane altin liggen olustugu gosterilmistir.

The Golden Triangle and Searching the Golden Triangles on a Regular Pentagon
with a Dynamic Geometry Software

Keywords Abstract: Geometric descriptions improve problem solving skills. Spatial reasoning is an
Golden ratio, important form of problem solving, and problem solving is the most basic reason of
golden triangle, mathematical work in this study, an isosceles triangle (which is called the golden

dynamic geometry
software,
regular pentagon

triangle) in which the ratio is valid between of sides and the edges applies the general
properties. in this study we shown how to draw a golden triangle given a base length by
the Geogebra program, which is a Dynamic Geometry Software (DDY). Taking a regular
pentagon, the diagonals are drawn and the number of the triangles formed by the
intersection points is one of the golden triangles and their number is investigated. This
research has revealed that the pentagon is composed of seven different golden triangles
connected to each corner point, and there are total 35 golden triangles on a regular
pentagon.

*[lgili Yazar, email: recep.aslaner@inonu.edu.tr

1. Giris

Matematik biliminin olusmasiyla ilgili iki temel yaklasim vardir. Bunlardan birincisi, matematigi insanin
kendisinin icat ettigi, ikincisi ise matematigin evrende var oldugu, insanin onu zaman icinde fark ettigidir. Ikinci
goriisii destekleyen dogal kanitlar oldukga fazladir. Altin oran kavrami bu érneklerden biridir. insan yasaminda
onemli bir yeri olan ve insanin bir¢ok bilissel becerisinin gelismesinde rol oynayan matematik, teknolojik
gelismelerin kendine sundugu ortam ve 6gretimleri hi¢ kuskusuz kendini olusturan pargalara da yansitmasini
bilmistir. Bu parcalarin en dnemlilerinden biri de geometridir [1]. Matematigin dnemli yapitaslarindan olmasi,
dogadaki varliklarin bir geometrik sekle sahip olmasi, matematigin yansira fen bilimleri, mithendislik gibi bir¢ok
bilim dalinda kullanilmasi, matematiksel model olusturmada ve problem ¢6zmede kullanilmasi geometriyi daha
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da 6nemli kilmaktadir [2]. Doga, icinde bir geometri oldugu icin mi giizeldir, yoksa geometri, doganin her tarafinda
yer aldig1 icin mi giizeldir? [3] sorusu giizelligin ne oldugu ile agiklanabilir. Matematigin giizelligi, en yiiksek
sanatin gosterebilecegi kesin kusursuzluga uzanan yiice bir giizelliktir. Giizellik ilkin insan beyniyle ilgilidir ve
egitimle gelistirilir. “Giizel géren, giizel diisiintir. Giizel diistinen ise hayatindan lezzet alir.” Degisene bakildiginda
geometrinin insanin maddi hayatini kolaylastirmakla kalmayip manevi hayatini da etkiledigi séylenebilir. Nelerin
beyindeki bu degerlendirmelere etken oldugu konusuna gelince tiim bu diisiiniirler matematikte birlesirler. Ciinkii
oran, oranti, denge, uyum, birliktelik (kompozisyon) ve diizen hep matematigin bigimsel ve ruhsal araclar1 veya
tiirevleridir. Bunlardan yararlanilarak yola ¢ikilan ve erisilen geometrik sekil (matematik) insan beyninde giizellik
duygusu yaratir. Glizellik denetimlenmis geometridir [4].

Matematik (Geometri) + Yetenek ve egitime bagl algi = Giizellik Duygusu

Guizellikleri sayilarla, hatta sayilarin oranlari ile ifade edebiliriz. S6z konusu olan oran dogadaki giizellik 6l¢iisii
olan 1,618... altin orandir. Altin oran bir matematiksel kavramdir. Matematiksel bakis acisi ile analiz edilmesi
oncelikli bir problem olmustur. Fakat uyum ve giizellik 6lciitii olarak sanat ve estetigin bir siniflandirmasini
yapmakta 6nemli bir yer alir. Altin oran, kisitlayic1 degil, tam tersine gesitliligi arttiran ve sonra da bu cesitler
arasinda yakinlastirici bir birligi arayan énemli bir 6l¢iittiir [3].

Johannes Kepler (1571-1630) “geometrinin iki biiylik hazinesi vardir. Bunlardan birisi Pisagor Bagintisi, digeri ise
bir ¢izginin altin oranda béliinmesidir. Birincisini bir dlgek altinla kiyaslayabilir, ikincisine de degerli bir
miicevherdir diyebiliriz.” ifadesini sdylemistir [5].

Giizelligin ve giivenligin sirri olarak Yaraticinin vermis oldugu bir sifre gdziiyle bakilan altin oran bu ¢alismanin odak
noktasidir. Altin orana iliskin bilinen en eski matematik bilgisi ilk kez M.0. 3. yiizyilda Euclid’in Stoikhea Elemanlar
adli kitabinda “extreme and mean ratio (sira disi ve ortalama oran)” adiyla kayda ge¢mistir. Ancak eski Misir'da
M.0O. 3. binyilda bilindigi bile 6éne siiriilmiistiir. Yunanhlara da Pisagor ve égrencileri tarafindan tamtildig
soylenmistir [5].

ilk olarak 1509’da Luca Pacioli tarafindan De Divina Proportione (ilahi Oran), isimli kitapta tanimlanan bu oran,
aymi adli kitap i¢in ¢izimler hazirlayan Lenardo da Vinci tarafindan Sectio Aurea (Altin Oran) olarak
adlandirilmistir. Ayrica Ortagag’in en 6nemli italyan matematikgilerinden biri olan Leonardo Fibonacci Dizisi veya
Sayilari olarak teorideki sayilarin ve bunlara bagli olarak olusan Altin Oran ile ilgili bircok ¢alisma yapilmistir.
1202 yilinda tamamladigl Liber Abaci (Hesaplama Kitab1) adli kitabinda onluk sistemde nasil aritmetik
yapilacagini anlatmaktadir. Kitabin ii¢iincii boéliimiinde yer alan tavsan problemi Fibonacci sayilarini ifade edip,
giiniimiize kadar yol gdsterici olmustur. Tavsan popiilasyonlarinin ¢izelgesinin yapilmasiyla, Fibonacci ardisik
sayilarin birbirine béliinmesiyle, Altin Oran elde edilir. Dizideki bir say1y1 kendinden 6nceki sayiya boldigliniizde
yaklasik olarak 1.618’i elde etmemizi saglayan 1,1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, 233,377,610,987, 1597, 2584
Fibonacci sayilaridir. Ornek: 233/144 = 1.618, 377/ 233 = 1.618, 610/377 = 1.618, ... gibi [6].

19. yiizyilin baslarinda, matematik alaninda irrasyonel sayilarin irdelenmesiyle ilgi odagi olan Altin Oran 6zellikle
plastik sanatlarda kullanilmistir. Yunan heykeltiras Phidias'in Altin Oran uygulayicisi olmasi ve bu oran sistemine
yer vermesi, 1.618 sayisinin isminin ilk iki harfi olan Yunan alfabesindeki Phi (Fi) harfiyle matematikte anilmasina
sebep olmustur [7].

Asagida Sekil 1'de verilen tarih cizelgesinde Altin oran ile ilgili kilometre taslari niteligindeki ¢alismalar
gosterilmistir.
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Sekil 1. Altin oran iizerine yapilmis ¢alismalarin tarih cizelgesi (8)
1.1. Altin oranin 6zelikleri

Gozlemleyebildigimiz biitiin varlik aleminde bu oranin gegerli ve tutarli olarak géze ¢arpmasi, insanlari saskina
cevirecek kadar ciddiye alinmis ve bu alanda bir¢ok ¢alisma yapilmistir. Evrenin var olusundan bu yana tutarh
olarak biitiin varliklarda bu oranin bulunmasi, diinyaca tinlii matematikgilerin de hayranlikla inceledigi ve kendi
calismalarinda kullandiklari bir konu alani olmustur.

1+5

Bu oranin yaklasik degeri, & = = 1.61803398875 ...

Altin oranin ¢arpma islemine gore tersi 1/#£=0,618'dir, yani kendisinin 1 eksigine esittir.

Ayni sekilde altin oranin karesi ise, @2 = (1.618)2 = 2.618’e, yani kendisinin bir fazlasina esittir.

2. Materyal ve Metot

Simdi altin oran, altin oranin geometrik yaklasimi ve altin oran igeren geometrik sekiller kavramlari ele alarak bu

kavramlarla ilgili ifade edilen dnermeleri bir dinamik geometri yazilimi (DGY) olan Geogebra programini
kullanarak dogrudan ispat metodu ile gosterelim.

2.1. Geometride altin oran

“Farkl iki nokta bir dogru pargasi belirtir.” ve bu dogru parcasi lizerinde alinan her bir nokta bu dogru pargasini
iki parcaya ayirir. Bu parcalar esit uzunlukta olabilecegi gibi biri digerinden daha uzun da olabilir. Acaba “iizerinde
alinan bir nokta ile iki parcaya ayrilan bir dogru pargasinin, uzun pargaya orant ile uzun parganin kisa pargaya orani
esit olsa nasil bir bélme elde edilir?” sorusu insanoglunu yillarca mesgul etmistir. Yapilan arastirmalar elde edilen
sonucun sabit bir deger oldugunu ve baslangicta verilen dogru parg¢asinin uzunlugu ile bir alakasinin olmadigim
gostermistir.

Bu problemin matematik dilindeki ifadesi asagidaki sekildedir:

Bir [AC] dogru parcasi ve bu dogru parcasi iizerinde bir B noktas1 alalim. Oyle ki dogru parcasinin biiyiik olan
pargaya orani, biiylik parganin kii¢lik pargaya oranina esit olsun.

Bu 6nermeye ait geometrik sekil ve bu sekle ait matematiksel ifadesi,
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Bir [AC] dogru parcasi ve bu dogru pargasi lizerinde alinan bir B noktas1 i¢in % = % olsun, seklindedir.

Eger burada [AB[=1 ve |[AC|= x olarak alinirsa esitligimiz % = ﬁ esitligine donusiir,

A C
1 B x-1

Sekil 2. Altin bolme

Bu esitlikten elde edilen x? — x — 1 = 0 denkleminin pozitif kokii olan & = % degerine matematikte altin oran

adi verilmistir [6].

Basta insan viicudu olmak lizere dogada bir¢cok yerde rastlanan bu orana, “giizelligin ve giivenligin sirr1 olarak
Yaraticinin vermis oldugu bir sifre” goziiyle bakilmis, Leonardo da Vinci’den Mimar Sinan’a kadar birgok bilim
adami tarafindan eserlerinde kullanilmis ve hala kullanilmaktadir. Altin oran tanimina gore farkl iki say1 ve bu
sayllar1 uzunluk kabul eden iki dogru par¢asina sahip olan geometrik sekillerin bir altin ¢esidi tanimlanabilir. Bu
geometrik sekillerden en yaygin olarak bilineni altin dikdortgendir.

2.2. Altin dikdortgen

Dikdortgen, karsilikli kenarlart ve agilart es olan doértgendir. Bu tanima gore kare bir dikdértgendir. Ancak
dikdortgen denildiginde kareden farkl yani iki farkli kenar uzunluguna sahip olan bir doértgen kastedilir. Buna
gore “uzun kenarin kisa kenara orani altin orana esit olan dértgene altin dikdortgen” adi verilir.

Bir¢cok sanat¢inin bilerek veya bilmeyerek eserlerinde bu dikdortgene yer verdikleri gozlenmistir. Ronesans
dénemi italyan mimari, mithendisi, mucidi, matematikgisi, anatomisti, miizisyeni, heykeltirasi ve ressami olan
Leonardoda Vinci (1452 - 1519) yi sanatinin doruguna ulastiran ve en ¢ok taninmis yapitt Mona Lisa (1503 - 1507)
tablosu buna 6rnek olarak verilebilir.

Altin dikdortgenin kare ile yakin bir iliskisi vardir. Bu dikdortgenin kisa kenar1 tizerine ice dogru bir kare
c¢izildiginde geriye kalan dikdértgen yine bir altin dikdortgendir. O halde kisa kenar uzunlugu verilen bir altin
dikdortgen ¢izilebilir.

Asagida altin dikdortgenin Geogebra yazilimi ile nasil cizileceginin asamalari belirtilmistir.
Kisa kenar uzunlugu /AD/ = a br olan altin dikddrtgenin seklini ¢cizmek icin,

e Bir [AB 1s1n1 alalim.

o Diizgiin cokgen secenegi ile bir ABCD karesini ¢izelim.

e [AB]'nin orta noktasi olan E merkezli r = |[EC| yarigapli cemberin 1s1nla kesisim noktasina F diyelim.

¢ Isina F noktasindan dik, C noktasindan paralel ¢izilen dogrularin kesisim noktasi G olmak iizere
elde edilen AFGD dikdortgeni bir altin dértgendir.

o c G

o .

Sekil 3. Altin dikdoértgen
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Gergekten bu dikdortgen ici LAF|_[FG]
ercekten bu di orgenlgln“:G| 1GC|

oldugu |EC|=|EF] esitliginden faydalanarak gosterilebilir.

B noktasini hareket ettirerek cizilen dikdortgenin bir altin dikdoértgen oldugu dinamik olarak goriilebilir.

A ve B noktalar1 “baglangi¢ nesneleri” dikdortgen “sonug¢ nesnesi” alinarak kisa kenar uzunlugu verilen altin
dikdortgeni ¢izen bir “makro” olusturulabilir.

Dinamik geometri yazilimlari matematigin gorsel algilama merkezini olusturan geometriyi kagit-kalem
surecindeki statik yapidan kurtarip bilgisayar ekraninda dinamik hale getirerek, geometrik nesneler lizerinde
varsayimda bulunmaya ve geometrik nesneler arasinda iliski kurmaya imkan saglar [9].

2.3. Altin iiggen

Her ticgen ii¢ kenar uzunluguna sahiptir. Bu kenar uzunluklarindan ikisi esit olan tiggenlere ikizkenar iicgen adi
verilir. O halde bir Altin licgen tanimlanacaksa bu tiggen bir ikizkenar iicgen olmalidir. Kenar uzunluklarinin orani
altin orana esit olan ikizkenar ticgene Altin Uggen denir.

Buna gore iki farkl altin tiggen tanimlanabilir. Bunlar,
e Es kenarlarin uzunlugu taban uzunlugundan bliyiik olan altin tiggen ve
e Taban uzunlugu es kenarlarin uzunlugundan biiyiik olan altin tiggendir.

Es kenarlarin uzunlugu taban uzunlugundan biiytik olan altin liggen Geogebra ile asagida verilen basamaklar
uygulanarak cizilebilir.

Bir [AB] dogru pargasi alalim.
JAB| = folmak lizere giris alanina f * [:1 + v@)/Z degeri yazilirsa cebir penceresinde bir a degeri olusur.

“Merkez ve yaricapla cember “ secenegini kullanarak A ve B merkezli a yarigapl iki cember cizilir.
Bu ¢emberlerin kesisim noktasi € alinarak elde edilen ABC ii¢geni bir altin tiggendir.

o
F
o
=
—=>a —t 8
] D E

Sekil 4. Tabani verilen Altin liggenlerin ¢izimi

Aracglar meniisiinden yeni arag olustur secenegi ile licgen ¢ikis nesnesi A ve B noktalar1 giris nesneleri alinarak
tabani verilen altin tiggeni ¢izen bir ara¢ olusturulur. Taban uzunlugunun es kenarlarin uzunluklarindan biiytk
olmasi durumunda ise, giris alanina 2f*(1+sqrt(5)) yazilip yukaridaki adimlar tekrarlanir.

2.4. Altin iiggenin 6zellikleri

Bir ABC altin licgeninde B agisinin agiortay dogrusunun, tabanin orta dikme dogrusu ile kesisim noktasi D ve karsi
kenarini kestigi nokta E olmak iizere elde edilen ABD ve BED tiggenleri de birer altin tiggendir.
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l-;

Sekil 5. Altin tiggenler

¢ Buiicgenlerden BDE, ABC tiggeni ile benzer liggenler olup taban agilar1 72° ve tepe a¢is1 36°dir.
e ABD altin liggeninin ise taban ag¢ilar1 36° ve tepe agis1 108°dir.

Ave B noktalar1 “baslangi¢ nesneleri”, ABC liggeni ve E noktasi “sonu¢ nesneleri” alinarak yeni bir makro tanimlanip
bu makro kullanilarak B ve E noktalari, E ve D noktalari ... ve boylece devam edilerek i¢ ice altin licgenlerden olusan
bir fractal olusturulabilir.

2.5. Altin iiggen sarmali

e Sekil 5 de goriilen altin iiggende, D merkezli AB yayini ¢izelim.
A ve B noktalarim “baslangic nesneleri”, ABC iicgenini, AB yayini ve E noktasini “sonug nesneleri” alarak AU Sarmali
isimli bir makro tanimlayalim. Bu makroyu kullanarak CA, (AB zaten var) BE, ED, DX, X_ ... noktalari segilerek iicgen

icin C kosesinden baslayan bir sarmal olusturulabilir (tabani CA olan ilk liggeni gizleyiniz.) Bu sarmala ii¢gen igin
altin sarmal (Logaritmik spiralle) ad1 verilir.

Sekil 6. Altin liggen sarmali
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Baslangi¢ nesnesi olarak sectigimiz A veya B noktalarini siiriikleyerek degisimi gorebiliriz. Benzer diisiinceyle
altin dikdortgen icin de bir sarmal Golden Spiral olusturulabilir. ®’nin kendini tekrarlama 6zelligi vardir. Altin
orana sahip her sekil, altin orani kendi icinde sonsuz sayida tekrarlayabilir [9].

3. Bulgular

Simdi bizi bu arastirmay1 yapmayi1 sevk eden ve ¢alismamizin esas problemini olusturan soruya donelim. Bir
diizgiin besgen alarak kosegenlerini ¢izdigimizde bu besgen tlizerinde birgok iiggenin olustugu goriilmektedir.

Sekil 7. Diizgilin besgen

Acaba bu tiggenlerden hangileri birer altin iicgendir? Bu altin tiggenlerin sayis1 nedir?
Sorularina cevap bulmaya ¢alisalim. Bunun i¢in bir Dinamik Geometri Yazilimi olan Geogebra programu ile bir

diizgiin besgen cizerek kosegenlerin kesisim noktalarini alalim ve elde ettigimiz sekilde kag tane altin iiggen

oldugunu arastiralim.

Bir diizgiin besgenin her bir i¢ agisinin 6l¢iist ? = 108°dir. Buna gore, A kdsesini temel alirsak,

» ABE iiggeninde m(A) = 108%ve |AB| = |AE| oldugundan m(B) = m(E) =(180 - 108)/2= 36° olup bu iiggen
bir altin liggendir.

Benzer diistinceyle BCA, CDB, DEC ve EAD tliggenleri de birer altin tiggendir. Ayni sekilde

> AHD, BIE, CJA, DFB ve EGC ii¢genleri

» AFE, BGA, CHB, DIC ve E]D iicgenleri de birer altin iiggendir.

D

B

) =3

m

-

Sekil 8. Taban uzunlugu biiyiik olan altin iggenler

ABD iiggeninde m(D) = 36%ve m(A ) = m(B)=72°dir. O halde bu liggen bir altin iiggendir.
Benzer diisiinceyle BCE, CDA, DEB ve EAC tiggenleri de birer altin tiggendir. Ayrica

» ABF, BCG, CDH, DEI ve EAG
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» AGE, BHA, CIB, DJC ve EID

» AGF, BHG, CIH, D]I ve EF] liggenlerinin de birer altin iicgen oldugu gosterilebilir.

=

i\ N

$ekil 9. Kenar uzunlugu biyiik olan altin tiggenler

Bdylece asagidaki sonucu ifade edebiliriz:

Sonug: Bir diizgiin besgende kosegenler yardimiyla her bir kdseden 7 farkl altin tiggen olmak tizere toplamda
7 x 5=35 altin tiggen olusur. Bu tiggenlerin,

15’i kenarlar1 arasinda 1 : & : 1 iligkisi bulunan ve i¢ agilar1 369-108°-360 olan (tabani uzun olan) altin iiggen iken
20’si kenarlari arasinda @ : 1: @ iliskisi bulunan ve i¢ agilar1 720-360-720 olan(kenar1 uzun olan) altin tiggenlerdir.

4. Tartisma ve Sonug¢

Bu ¢alismada ilk olarak bir dogru pargasinda altin oran, altin tiggen, altin icgen sarmaly, altin dikd6rtgen ve diizgiin
besgen kavramlari ele alinmistir. Daha sonra bir diizgiin besgen alinarak bu besgenin késegenleri ¢izilince olusan
altin iiggenler bir dinamik geometri yazilimi olan Geogebra programi ile ¢izilmis ve bu yazilim sayesinde yukarida
verilen kavramlar arasindaki matematiksel iliskiler kesfedilmis, iliskilendirilmis ve bir sonuca ulasilmistir. Bu
sonuca gore bir diizgiin besgende her bir kdseden 7 farkl altin iiggen olmak ilizere toplamda 35 altin liggen
olustugu gosterilmistir. Ayrica ¢alismada kenar uzunluklar: arasinda altin oranin gecerli oldugu bir ikizkenar
iicgen (altin iiggen) ele alinarak genel 6zellikleri incelenmis ve Geogebra yazilimi ile taban uzunlugu verilen bir
altin tiggenin nasil ¢izildigi gosterilip altin tiggen sarmali olusturulmustur.

Dogadaki dengeyi ve giizelligi saglayan “Altin Oran (ilahi Oran)”1n diizgiin besgen iizerindeki yansimalari dinamik
olarak gorilmustiir. Dinamik geometri yazilimlari sayesinde bilgisayarda karmasik kavramlar gorsellestirilebilir,
zihinlerde var olan diisiinceler ekranda temsil edilerek somutlastirabilir. Bir kavram ve bu kavramin diger
kavramlarla olan iliskileri hakkinda birtakim tahminlerde bulunulup, bu tahminlerin dogrulugu test edilebilir.
Yine bu yazilimlar sayesinde bilgisayarda farkli sekiller olusturulabilir ve bilgisayarin tirettigi sekillere anlam
vermeye ¢alismak o kavramla ilgili zihinsel goriintiileri zenginlestirir.

Dinamik Yazilimlarla ilgili olarak Berna Cantiirk ve Hatice Ac¢an tarafindan (2016)’da yapilan Bir Meta-Analiz
Calismasinda; 2007-2016 yillar1 arasinda Tirkiye’de uygulanan dinamik geometri yazilimlarinin sonuglari
degerlendirilerek, derslerde DGY kullanilmasinin geometri basarisina nasil bir etkisi oldugunu incelemistir.
Calismaya dinamik geometri yazilimlarinin kullanilmasinin 6grencilerin geometri basarilarina etkisine ait toplam
41 calisma meta-analize alinmis ve bu calismalardan 43 etki biliyiikliigii degeri hesaplanmistir. Gerekli analizler
yapildiktan sonra, Tiirkiye’de yapilan dinamik geometri yazilimlarinin kullanilmasinin geleneksel 68retime gore
oldukga basarili oldugu ve hesaplanan 0,954 etki biiyiikliigiiniin gii¢lii diizeyde oldugu sonucuna ulagilmistir [10].

MEB tarafindan en son yanilanmis olan matematik 6gretimi programlarinda DGY’lerin etkin olarak kullanilmasi
onerilmektedir. Ancak 6gretmenlerin bircogu bu programlardan habersizdir. “Pinar bastan bulanir.” Atas6ziimiize
gore

e Ogretmen yetistiren fakiiltelerde secmeli olarak verilen DGY icerikli derslerin zorunlu hale getirilmesi.
e Gorev yapan 6gretmenlerin de hizmet i¢i egitimlerle egitilmesi 6nerilmektedir.
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Havadan Goriintiileme

0z: insansiz hava araclarindan (IHA) elde edilen goriintiileri yapay zeka sistemleri
ile analiz eden otomatik sistemlerin sayis1 giderek artmaktadir. Bu ¢alismalarin
orneklerini sehircilik ve trafik uygulamalarinda da gérmekteyiz. Bu uygulamalar
icin goriintiide bulunan arabalarin sayisinin belirlenmesi olduk¢a 6nemlidir. Veri
hazirlama ve etiketleme islemi yapildigi yonteme bagh olarak ¢ok zahmetli
olmaktadir. Ozellikle cerceve etiketleme ile verilerin hazirlanmasi uzun zaman
almaktadir. Nokta etiketleme ile verilerin hazirlanmasi cerceve etiketleme ile
hazirlanan siireyi 4 kat azaltmaktadir. Bu ¢calismada nokta etiketleme ile hazirlanan
veri ile IHA goriintillerinden ara¢ sayimi ogrenebilen derin égrenme modeli
onerilmektedir. Nokta etiketleme ile derin modellerin egitilmesi i¢in yeni bir kayip
fonksiyonu énerilmistir. Onerilen yéntemin basariminin degerlendirilmesi amaciyla
CARPK veri seti lizerinde deneysel sonuglar yapilmistir. Elde edilen sonuglar
cerceve etiketleme ile egitilen modeller ile kiyaslandiginda 6nerilen yontemin bu
modeller ile yarisabilecek diizeyde basarim elde ettigi goriilmektedir.

A Car Counting Method in Aerial Images Based on Convolutional Neural Network

Keywords
Convolutional Neural
Networks, Car Counting,
Aerial Imaging

Abstract: Numbers of automated artificial intelligence systems that process images
captured from unmanned aerial vehicles (UAV) are gradually increasing. Examples
of these studies have been performed in urbanization and traffic applications.
Determining the number of cars in the image is very crucial for these applications.
Data preparation and labeling process is very laborious depending on the method it
is performed. It takes a long time to prepare the data, especially with bounding box
annotation. Preparation of data with point annotation reduces the time prepared
with bounding box labeling by 4 times. In this study, a novel deep learning model
that can learn vehicle counting from UAV images with data prepared with point
labeling is proposed. A novel loss function has been proposed for the training of the
model with point annotation. Experiments on the CARPK dataset show the
competitive counting and localizing performance of the proposed method compared
with existing methods that were been trained with bounding box annotations.
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1. Giris

Iinsansiz hava araglarinin (IHA) gelisimi ve yayginlasmasi sayesinde havadan c¢ekilmis gériintiilerin analizi ¢ok
biiylik 6nem kazanmistir. Tarim, hayvancilik, sehir planlamasi, trafik kontrolii, orman yénetimi ve benzeri bircok
alanda yeni uygulamalarin ortaya ¢ikmasina olanak saglamistir [1]. Bu alanlarda yiiriitiilen uygulamalar genellikle
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goriintiinlin analizine ihtiya¢ duymaktadir ve en dnemli problemlerden birisi goriintiide bulunan nesnelerin
sayisinin belirlenmesidir. Yolda ya da park halindeki arabalarin sayilmasi sehir planlamasi ve trafik kontrolii gibi
alanlarda gelistirilen uygulamalarda siklikla karsilasilan bir problemdir [2].

Nesne sayimi problemi, nesne tespiti probleminin nesne tespiti ise nesne segmentasyonu probleminin bir alt
problemi olarak tanimlanabilir. Nesne segmentasyonu, goriintiiniin tiim piksellerinin belirli nesne siniflar ile
etiketlenmesidir. Bu da goriintiide bulunan tiim nesnelerin sinirlarinin detayli bir sekilde bulunmasini
saglamaktadir. Nesne tespiti, goriintiide bulunan belirli nesnelerin konum ve siniflarinin belirlenmesidir.
Genellikle nesne tespitinde, nesneler dikdortgen cerceveler ile temsil edilmektedir. Nesne konumunun bulunmas;,
nesneyi temsil eden ¢ergevenin en az iki noktasinin koordinatlarinin tespitidir. Dolasiyla, nesne segmentasyonu
ve tespiti yontemleri nesne sayimi probleminin ¢6ziimiinde kullanilabilir. Nesne segmentasyonu ve tespitinde
oldugu gibi nesne sayiminda da evrisimli sinir aglar1 (CNN) tabanli yontemler son yillarda en yiiksek basarimi
gosteren yontemlerdir [3, 4, 5]. Gelismis CNN modelleri nesne segmentasyonu ve tespiti problemleriicin denetimli
o6grenme yaklasimi ile egitilmektedir. Bu modellerin egitimi icin piksel etiketleme, ¢erceve etiketleme gibi yiiksek
seviyede imge etiketlemeye ihtiya¢ duyulmaktadir.

Imge etiketleme genellikle 4 farkh sekilde yapilmaktadir. Bunlar; diisiik seviyeden yiiksek seviyeye dogru olmak
lizere goriintii etiketleme, nokta etiketleme, cerceve etiketleme ve piksel etiketlemedir. Goriintii etiketlemede,
sadece goriintiide bulunan nesnelerin siniflari kaydedilmektedir. Nokta etiketleme, goriintiide bulunan nesnelerin
siniflar1 ve nesnenin merkez noktasi kaydedilmektedir. Cerceve etiketleme, goriintiide bulunan nesnelerin siniflari
ve nesnenin sinirlarini belirleyen bir dikdértgen cerceve kaydedilmektedir. Dikdortgenler, 2 nokta veya 4 nokta
ile temsil edilmektedir. Eger 4 nokta ile temsil ediliyorsa, nesnenin dogrultusu hakkinda da bilgi tasimaktadir.
Piksel etiketleme, goriintiide bulunan her piksel icin bir nesne sinifi atanarak kaydedilmesidir. Sekil 1'de 4 farkh
imge etiketleme yontemi icin ornekler goziikmektedir. Diisiik seviyeden yiiksek seviyeye ilerledik¢ce imge
etiketlemenin zaman maliyeti artmaktadir. Goriintii etiketleme de nesne basina 1 sn. harcanirken bu stire nokta
etiketleme de 2.4 sn.,, cerceve etiketleme de 10 sn., piksel etiketleme de ise 78 saniyedir [6]. Bu sebeple, diisiik
seviye imge etiketlemesi ile egitilebilen basarili nesne sayimi yontemlerine ihtiya¢ duyulmaktadir.

SN

7
2

NN\

a-) araba b-) araba [merkez nokta] c-) araba [gerceve] d-) araba [piksel]
Sekil 9. Farkli imge etiketleme yontemleri. a-) goriintii etiketleme, b-) nokta etiketleme, c-) gergceve etiketleme, d-) piksel
etiketleme

Nesne sayiminda basarili olan ilk CNN modelleri genellikle goriintii siniflandirici aglarin, gériintiide bulunan nesne
sayinini tahmin eden tek ¢ikisli aglara dontstiiriilmesi ile elde edilmistir. Bu CNN modelleri ¢ok boyutlu dogrusal
olmayan regresyon modelleri olarak siniflandirilmaktadir ve egitimleri i¢in goériintiide bulunan nesne sayisi
kullanilmaktadir. Nesnelerin konum bilgisi olmadan egitilen bu CNN modellerinin aktivasyon haritalar
gorsellestirildiginde modellerin nesnelerin konumlarina odaklandig1 gériilmektedir [7]. Bu aktivasyon haritalari
nesnelerin sayisini tahmin eden CNN modellerinin nesnelerin konumlari hakkinda da bilgi igerdigini
kanitlamaktadir. Aslinda onlarca farkli siniftan nesnelerin tespiti ve segmentasyonunu basarili sekilde
gerceklestiren CNN'ler icin bu sasirtic1 bir 6zellik degildir. Regresyon ya da nesne tespiti ile nesne sayimi
gerceklestiren modellerin basar1 performanslarini artirmak i¢in aktivasyon haritalarinin regiilasyonuna dayali
yontemler kullanilmistir [7]. Bu modellerin egitimi i¢cin zahmetli ve zaman maliyeti yiiksek bir islem olan ¢erceve
etiketleme yapilmasi gerekmektedir.

Son yillarda, havadan c¢ekilmis goriintiilerde araba sayimi i¢in yapilmis basarili ¢alismalar derin 6grenme
yéntemlerini kullanmaktadirlar. Ozellikle goriintii siniflandirma, nesne tespiti ve segmentasyonu problemlerinde
oldukca basarili olan CNN modelleri kullanilmaktadir. Nesne sayimi problemi iizerine yapilan ¢alismalar 2 farkli
grupta siniflandirilabilir: 1- Nesne tespiti yontemleri ile nesne sayimi, 2- Regresyon yontemleri ile nesne sayimi.

Son yillarda nesne tespiti probleminde CNN modellerinin gosterdigi basar1 diger tiim yontemleri golgede
birakmistir. En ¢ok bilinen mimari R-CNN ailesidir. Gelisim sirasiyla birbirine takip eden 3 adet iyesi
bulunmaktadir: R-CNN [8], Fast R-CNN [9] ve Faster R-CNN [3]. Faster R-CNN iki asamali nesne tespiti
mimarilerinin en ¢ok bilinen 6rnegidir. Faster R-CNN ve varyantlar1 araba sayimi i¢in kullanilmistir [10]. YOLO [4]
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ve RetinaNet [5] gibi tek asamali nesne tespiti yontemleri de araba sayimi problemi i¢in kullanilmaktadir. Bu
yontemlerin genel nesne tespiti problemlerinde basarili olmalarina ragmen yogun ve kii¢iik nesneler iceren
havadan ¢ekilmis goriintiilerde nesne tespiti ve sayimi i¢in revize edilmeleri yontemlerin basarisini artirmaktadir.
Hsieh ve ark. [10] ‘Layout Proposal Network’ (LPN) isimli nesnelerin uzamsal bilgilerini g6z 6niinde bulundurarak
nesne oOnerisi yapan yeni bir mimari 6nermislerdir. Goldman ve ark. [11] yogun nesne igeren goriintiilerde nesne
tespiti i¢cin olusturulan CNN mimarilerinde son islem asamasi olarak kullanilan maksimum olmayani baskilama
(non-maximum supression - NMS) ydnteminin basarisiz performansinin olusturdugu olumsuz etkiyi yok etmek
icin nesnelerin jaccard indekslerini 6grenmesini saglayan Soft-loU isimli yeni bir katman iceren mimariyi
onermislerdir. Li ve ark. [12] yogun ve kii¢iik nesnelerin tespiti icin yeni 6l¢ek uyarlamali cergeve tliretim yontemi
ve tahmin edilen ¢ercevelerin kesin referans cercevelere daha benzer olmalarini baskilayan yeni bir kayip
fonksiyonu énermislerdir. Cai ve ark. [13] IHA gériintiilerinde nesne tespiti ve sayimi icin yeni bir cercevesiz derin
6grenme modeli 6nermislerdir. Nesnelerin merkez ve kdse noktalarini referans olarak alan bu yontem onerdigi
yeni bir modiil ile nesnelerin kiiresel ve yerel goriiniislerini dikkate alarak lokalizasyon dogrulugunu artirmistir.
Onerilen yoéntem egitim asamasinda cerceve etiketlemeye ihtiyac duymamasiyla nesne tespitine dayal diger
yontemlerden ayrilmaktadir. Veri seti hazirlama siiresini ve etiketleme zahmetini azaltmaktadir.

Regresyon tabanli nesne sayimi yontemleri nesnelerin konumlarini tespit etmeden sadece nesne sayisini bulmaya
odaklanmaktadir [14, 15, 16, 17, 2]. Direkt olarak hedefe ulasmaya calisan bu ydntemler alt diizey gorinti
ozelliklerini kullanarak nesne sayisini tahmin etmektedir [14, 17]. Baz1 yontemler yogunluk haritasi iizerinden
nesne sayisini tahmin etmeye calismaktadir. Lempitsky ve Zisserman [14] tasarladiklar1 nesne sayimi modelini
egitmek icin nokta etiketleme ile gauss maskesi kullanarak kesin referans yogunluk haritasi olusturma yéntemi
onermislerdir. Aich ve Stavness [7] bu kesin referans yogunluk haritasini kullanarak CNN tabanli modellerinin
aktivasyon haritalarinin regiilasyonunu gergeklestirerek regresyon tabanli yontemin daha basarili olmasini
saglamislardir. Regresyon tabanli nesne sayimi yontemlerinin istenilen diizeyde basarili olmalar i¢in gerceve
etiketlerini kullanan egitim siireglerine ihtiya¢c duyduklar1 yapilan ¢alismalarda gériilmektedir. Onerilen yéntem
nokta etiketleme kullanarak regresyon tabanli yontemler ile yarisabilecek diizeyde basarim goéstermektedir.
Ayrica, yontemimiz nesnelerin merkez noktalarini da tespit ederek nesne konumu hakkinda da bilgi
olusturmaktadir.

Bu calismada, havadan c¢ekilmis goriintiilerde araba sayimi i¢in nokta etiketleme ile egitilen basit ve efektif yeni
bir evrisimli sinir ag1 tabanli derin 6grenme modeli 6nerilmistir. Onerilen yontem nesnelerin merkez noktalarin
tespit eden tek asamali bir nesne tespiti modeli icermektedir. Bu model nesnelerin merkez noktalarim ve
goriintiiniin arka planim ayirt eden bir haritanin regresyonunu gerceklestirmektedir. Onerilen yéntemde modelin
egitimi icin veri setinde bulunan goriintiilerin nokta etiketleme yontemi ile etiketlenmesi yeterlidir. Cikarsama
asamasinl model tek bir ileri gecis ile tamamlanmaktadir ve sonug olarak 2-boyutlu bir harita iiretmektedir.
Tahmin edilen bu haritadan nesne sayisi ve merkez noktalarini belirlemek i¢in son bir islem asamasi
uygulanmaktadir. Onerilen yéntemin bagarisimi 6lgmek icin CARPK [10] araba sayimi veri seti kullanilmaktadir.
Onerilen yontem oldukga basittir ve farkh alanlarda nesne sayimi ve tespiti i¢cin kullanilma potansiyeline sahiptir.
Bu ¢alismanin temel katkilar1 asagidaki gibi 6zetlenebilir:

1. Modelin egitimi icin nesnelerin merkez noktalarini ve goérintiiniin arka planini gésteren yeni bir harita
olusturma yontemi ve bu haritanin egitiminde kullanilacak yeni bir kayip fonksiyonu 6nerilmistir.

2. Evrisimli sinir aglar1 tabanli derin 6grenme modelleri ile nesne sayiminda nokta etiketleme kullanarak
egitilen, cerceve etiketleme ile egitilmis yontemler ile yarisabilecek diizeyde basarili bir ydntem
onerilmistir.

3. Onerilen yéntemin basarimi CARPK veri seti vasitasiyla IHA kullanilarak cekilen goriintiiler iizerinde test
edilmistir. Nesneler hakkinda daha fazla bilgi kullanilarak egitilen modeller ile yarisabilecek diizeyde
basari elde edilmistir. Bu basar1 performansi ileride yapilabilecek calismalar icin umut vericidir.

2. Materyal ve Metot

Onerilen yéntem 2 temel asamadan olusturmaktadir: 1. Giris gériintiisii lizerinden nesne ile arka plan1 ayirt eden
bir harita olusturan CNN modelidir. 2. Tahmin edilen haritadan nesne konum ve sayilarini tespit eden son islem
asamasidir. Nesne haritasi tahmin eden CNN modelinin egitimi i¢cin nokta etiketleme ile olusturulan kesin referans
haritalar1 kullanilmaktadir. Nesne haritasinda arka plan 0 ile temsil edilmektedir. Nesneler ise 255 degeri temsil
edilmektedir. Nesnelerin merkez noktalari ve istenilen kadar komsu pikselleri 255 degeri ile doldurularak nesne
haritalar1 olusturulmaktadir.

Onerilen CNN modeli arzu edilen her boyutta giris verisini isleyebilmektedir. Cikista olusan tahmini nesne haritasi
ise CNN modelinin kiiciiltme oramina (kr) gére degismektedir. Ornek olarak kr=8 ise 512x512 boyutunda giris
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goriintiisi icin ¢ikis olarak 64x64 boyutunda nesne haritasi olusmaktadir. CNN modeli tam baglantili (fully
connected) katmani ¢ikartilan omurga ag ve adaptasyon katmani olmak iizere i¢in ana par¢adan olusmaktadir.
Omurga ag1 olarak literatiirde kullanilan AlexNet [18], VGG [19], ResNet [20] gibi herhangi bir omurga ag
kullanilabilmektedir. Omurga agini takip eden adaptasyon katmanlar: 1x1 filtre boyutlu evrisim katmanlarindan
olusmaktadir. Adaptasyon katmaninda evrisim katmanlarinin ¢ikislarina sizdiran relu (leaky relu) aktivasyon
fonksiyonu uygulanmistir. Adaptasyon katmani omurga ag tarafindan olusturulan 6zellik haritalarinin sayisini
nesne sinifi sayisina indirmektedir. Onerilen modelin girisi w x h x3 boyutunda ise ¢ikis w/kr x h/kr x C boyutunda
olmaktadir. Burada C veri setinde bulunan nesne sinifi sayisini temsil etmektedir. CNN modeli her bir nesne sinifi
icin ayr1 nesne haritas1 tahmin etmektedir. Omurga ag1 olarak ResNet-50 kullanan modelin genel yapisi sekil 3’te
goziikmektedir. Modelin kii¢liltme orani modelin icerdigi havuzlama katman sayisi ve adim aralig1 6zelligine
baghdir. Ayrica modelin igerdigi evrisim katmanlarinda adim araligi sistemin kiiciiltme oranini belirlemektedir.

—

1 Girig katman, Conv (7x7, str=2)
Omurga Adi
Tam badglantili
katmani cikartilmis
ResNet-50 mimarisi 2 [Conv [1x1,84). Conv (2x3, 64), Conv (1x1, 258]) %3, sir=2
(Modelin kiciltme
oram ayarlanmasi igin
1. katmanda bulunan
maksimum
havuzlama 1@
kaldinlmigtir. Aynca
4 ve 5 katmanda
adim arahdi 1 olarak
ayarlanmistir. Bu 4 (Conmv (1x1,258), Conv (3x3, 256), Conv (1x1, 10241} =G, str=1
sayede kicdltme
oram 32'den &'e

{Conv (1=1,128), Conv (3x3, 128), Conv (1x1, 512)} x4, str=2

indirilmistir_)
3 [Conv (1x1,512), Conv (3x3, 512), Conv (121, 2048)} =3, str=1
b
@ Adaptasyon Katmam
(Conv (1x1, 64), Conv (1x1, 16), Conv(1x1, C}))

Sekil 10. Omurga Agi olarak ResNet-50 kullanan modelin genel mimarisi ('Conv' evrisim islemini ve 'str' adim araligini temsil
etmektedir. )

Genellikle goriintiilerde nesneler arka planlara gore ¢ok az yer kaplamaktadir. Bu da olusturulan veri setlerinde
arka plan ve 6n plan piksel sayilarinda bir dengesizlige yol agmaktadir. Bu da egitilen modellerin tarafli olmalarina
neden olmaktadir. Bu sebeple, olusturulan sistemin kesin referans nesne haritasini daha kolay 6grenebilmesi i¢in
nesne (6n plan) boélgelerinde yapilan hatay1 daha 6n plana ¢ikaran bir kayip fonksiyonu 6nerilmistir. Arka plan
piksellerinin sayisinin nesne pikselleri sayisindan ¢ok daha fazla olmasi, egitim verisinde dengesizlik
olusturmaktadir. Bu da sistemin arka plan sinifim1 daha fazla tahmin etme egilimine itmektedir. Bunun 6ntine
gecmek icin ortalama mutlak hata (MAE) revize edilmistir. Kesin referans nesne haritasindan arka plan pikselleri
ve On plan piksellerinde yapilan hatalar ayr1 ayr1 hesaplanip toplanarak toplam hata elde edilmektedir. Arka plan
hatasinin hesaplanmasi icin standart ortalama mutlak hata oldugu gibi kullanilmistir. On plan hatasi ise toplam
mutlak hatanin nesne sayisina béliinmesiyle elde edilmektedir. Onerilen kayip fonksiyonunun formiilleri 1, 2 ve 3.
Denklemde goéziikmektedir. y model tarafindan tahmin edilen haritayl, x kesin referans nesne haritasini ve k
goriintiide bulunan nesne sayisini temsil etmektedir. Kesin referans nesne haritasinda bir nesne m adet piksel ile
temsil ediliyorsa; 6n plan hatasi arka plan hatasina gére m kat daha énemli olmasi bu sekilde saglanmaktadir. Bu
da dogal olarak dengesiz olan veriden egitilen modelin asir1 6grenmeden kaginmasina ve daha kolay sekilde
egitilmesine katki saglamaktadir.

‘('L T
Log = 2= 022 (4

Ly =222 ()

L= ng+ Lfg (3)
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Tahmin edilen haritadan nesne merkezlerinin ve saymnin belirlenmesi i¢in ilk asamada harita ikili goriintiiye
déniistiiriilmektedir. Bu 6nceden belirlenmis bir t esik degerine gore yapilmaktadir. ikili goriintiide olusan nesne
bolgelerinin merkez noktalarini ve sayisini belirlemek amaciyla bagli bilesen analizi [21] yodntemi
kullanilmaktadir.

3. Bulgular

[HA goriintiilerinden araba sayimi sisteminin basariminin degerlendirilmesi icin CARPK veri seti kullamlmstir.
Degerlendirme kriteri olarak ortalama mutlak hata (MAE) ve ortalama hata kareleri kokii (RMSE) kriterleri
kullanilmistir.

3.1. Veri Seti

CARPK veri seti 989 adet egitim goriintiisii ve 454 adet test goriintiisiinden olusmaktadir. Veri setinde bulunan
goriintiiler IHA ile 4 farkli otoparktan elde edilmistir. Goriintiilerde toplamda 89777 adet araba bulunmaktadir ve
bu arabalar cergeve etiketleme yontemi ile etiketlenmistir. Goriintiiler yaklasik olarak 40 metre uzakliktan elde
edilmistir. Sekil 4’te veri setinden alinan drnek goriintiiler géziikmektedir.

3.2. Deneysel Bulgular

Onerilen yéntemin bagariminin degerlendirilmesi icin CARPK iizerinden yapilan deneysel calismalarda omurga
ag1 olarak ResNet-50 mimarisi kullanilmistir. Omurga ag1 takip eden adaptasyon katmaninda 3 adet evrisim
katmani bulunmaktadir. Bu katmanlar omurga agindan gelen 512 adet 6zellik haritasini sirasiyla 64, 16 ve 1’e
indirmektedir. Model i¢in kr 4 olarak belirlenmistir. Egitim esnasinda goriintiiler 540x960 boyutuna getirilmistir.
Egitim i¢in olusturulan kesin referans nesne haritasinda her bir nesne 2 piksel ile temsil edilmistir. Modelin asir1
ogrenmeden kacinmasi amaciyla veri artirma tekniklerinden déndiirme, HSV (Hue, Saturation, Value - Renk Ozii,
Doygunluk, Parlaklik) uzayinda renk degistirme ve arka plan goriintiisii ekleme teknikleri kullanilmistir.
Dondiirme veri artirma teknigi 0.2 olasilik oraninda goriintiiniin -45 ila 45 derece arasinda donduriilmesi ile
uygulanmistir. HSV uzayinda renk degistirme 0.5 olasilikla uygulanmistir. Arka plan ekleme veri artirma teknigi
ise hicbir nesne icermeyen 19 adet goriintii eklenerek uygulanmistir. Bu sayede sistemin hatali sayim orani
azaltilmistir. Model 60 epok egitilmistir. Egitim oran1 0.0001 olarak secilmistir ve her 20 epokta bir 0.1 ile
¢arpilarak azaltilmistir. Egitim icin ADAM (A Method for Stochastic Optimization - Stokastik Optimizasyon i¢in Bir
Yontem) optimizasyon algoritmasi kullanilmistir.

Tablo 1. Onerilen yontem ve kiyaslanan yéntemlerin CARPK veri seti lizerindeki MEA ve RMSE kriterleri ile basarimlari

Yoéntem Etiketleme Yontemi MAE RMSE
Faster R-CNN [10, 3] cerceve 24,32 37,62
YOLO [10, 4] cerceve 48,89 57,55
One-Look Regression [2, 10] Nesne sayis1 59,46 66,84
ShuffleDet [22] cergeve 26,75 38,46
LPN [10] gerceve 23,80 36,79
RetinaNet [5] cergeve 16,62 22,30
IoUNet [11] cergeve 6,77 8,52
VGG-GAP-HR [7] cergeve 7,88 9,30
GANet [13] cergeve 4,80 6,90
Amato vd. [23] cergeve 3,72 511
Onerilen Yéntem merkez nokta 9,30 13,44
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Tablo 2. Ornek gérsel sonuglar.
Giris Goriintiisii Elde edilen nesne haritasi

Egitilen modelin basar1 performansinin etkinliginin degerlendirilmesi i¢in farkli yontemlerin CARPK veri seti
iizerindeki basarimlari ile kiyaslanmistir. Kiyaslama sonuglar1 ve yontemlerin kullandig: etiketleme yontemleri
Tablo 1'de goziikmektedir. Onerilen model MAE kriteri iizerinden 9.30 ve RMSE kriteri tizerinden 13.40 hata
oranini elde etmistir. Elde edilen sonuglar nesnelerin nokta etiketlerini kullanarak egitilen 6nerilen yéntemin
nesne cergeve etiketlerini kullanarak egitilen bir ¢ok yontemden daha basarili sonuclar elde ettigini ve diger
yontemler ile yarisabilecek diizeyde basarim gdsterdigini ortaya koymustur. Etiketleme maliyetini azaltan
yontemin sagladig verimlilik nesne sayimi basariminin kiymetini artirmaktadir. Yontemin nesnelerin merkez
noktalarini tespit ederek ¢ikt1 olarak sunmasi da art1 bir 6zelligidir. Deneysel ¢alismalar sonucunda elde edilen
gorsel sonuclar Tablo 2’de goziikmektedir.

4. Tartisma ve Sonug

Bu ¢alismada imge etiketleme maliyeti diisiik nokta etiketleme ile egitilebilen yeni bir CNN tabanli araba sayimi
derin 6grenme modeli 6nerilmektedir. Model elde edilen deneysel sonuclarin 1s1g1nda ¢gercgeve etiketleme kullanan
bir¢cok yontemden daha iyi sonug elde etmistir. Nokta etiketleme ile egitilen sistemin kolay ve verimli bir sekilde
egitilebilmesi icin yeni bir kayip fonksiyonu énerilmistir. Onerilen yéntem cerceve etiketleme kullanan nesne
tespiti modelleri ile yarisabilen bir yontem oldugu deneysel sonuglarla gosterilmistir. Gelecek ¢alismalarda farkl
nesneler i¢in yontemin uygulanmasi amag¢lanmaktadir.
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Keywords Abstract: This paper presents the performance of the chi-square method for
Chi-square, steganalysis purposes on audio files through various content. Predetermined rates
Data security, of stego data have been embedded into 4500 distinct cover wav files via LSB (Least
Hidden dat.a, Significant Bit) method using three types of audio input files: music, human voice,
Steganalysis, animal sounds. Results of the experiment have revealed that hidden data in wav files
Steganography

containing dissimilar audio samples cannot be easily detected by chi-square
steganalysis method. However, wav files containing similar audio samples
demonstrate better performance compared to dissimilar samples.

Farkl i¢eriklere Sahip Wav Ses Dosyalarinda Ki-kare Steganaliz Atagina Kars1
Saglamlik Degerlendirmesi

Anahtar Kelimeler 0z: Bu calismada, farkh icerikli wav ses dosyalarina LSB(Least Significant Bit)
Ki-kare, yontemi ile gizlenen veriler ki-kare yontemiyle steganaliz edilmistir. Calismada
Veri giivenlig, miuzik, insan ve hayvan seslerinden 3 kategoride 4500 farkli wav ses dosyasina

Gizli Veri., farkli oranlarda veriler gizlenmistir. Bu calismada ki-kare steganaliz yontemi diger
Steganaliz, alismalardan farkl olarak imgeler yerine wav ses dosyalarina uyarlanmistir. Dene
Steganografi sally & y y y sur. y

sonuglarina gore benzersiz ses o6rnekleri (insan veya miizik ses 6rnekleri) iceren
wav ses dosyalarina gizlenen verilerin ki-kare steganaliz yontemi tarafindan tespit
edilemedigi go6zlenmistir. Benzer ses ornekleri (hayvan ses oOrnekleri) iceren
dosyalarda ise gizlenen veriler ki-kare steganaliz yontemi tarafindan tespit
edilmistir.

*{lgili Yazar, email: ali.durdu@asbu.edu.tr

1. Introduction

While development of the technology has provided fast communication applications, at the same time secure
communication has come into prominence. Different methods have been developed for secure communication
such as cryptography and steganography.

Steganography is a data hiding method in an innocent media to prevent initial observations from third parties.
Thus, third parties are not aware of the presence of the secret data when steganography is concerned.
Steganography can be applied to image, video, audio or text files. For example, Kuo et al. have proposed a novel
high capacity data hiding algorithm which is based on multi-bit encoding function[1].
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There are studies that are related to the finding of data which are hidden with the methods of steganography.
These methods whose name is steganalysis tries to analyze the carrier file with the aid of different methods. In
studies carried out, steganalysis methods in digital environment were generally applied on image files [2]-[15].
Wu et al. have proposed a frame of feature dimension reduction based semi-supervised learning for high-
dimensional unbalanced JPEG image steganalysis [2]. Holub and Fridrich have introduced a novel feature set for
steganalysis of JPEG images [4]. Nouri and Mansouri have proposed a new SVD-based feature set for steganalysis
both in spatial and JPEG domains [5]. Mohammadi et al. have introduced a new feature-based blind steganalysis
method [6]. In the literature, there are also steganalysis studies on audio files. [16]-[18]. Liu et al. have proposed
steganalysis method for detecting the presence of information-hiding behavior in wav audios. [16]. Ren et al. have
proposed a method for detection of adaptive multirate (AMR) audio steganography [17]. Yavanoglu et al. have
introduced an intelligent steganalysis method to investigate wave audio signals if they contain any steganographic
content or not [18].

In this study, steganalysis has been carried out for audio files in content-based approach. In the study two data
sets are used and in total 4500 audio files are steganalyzed. The hidden data have been embedded into the cover
medium by LSB (Least Significant Bit) method. The imperceptibility variation of hidden data in the test files has
been examined in respect to the content.

The steganography method which is used to conceal data to the audio files and chi-square steganalysis method
which is used to identify the data are shown in the part 2. In part 3, data set which is used in the study and
experimental results are presented. The result of the study is elucidated in part 4.

2. Material and Method
2.1. Steganography method

LSB substitution steganography method is used so that it can be an input for the steganalysis method in this study
in order to conceal data to the data set which will be used. The reason for the preference of LSB steganography
method is that chi-square steganalysis method is designed for the data which is concealed with LSB. In LSB method,
each carrier is concealed into the last least significant bit of the every byte in the file. Hence, an 8-byte audio sample
can accommodate a single secret data byte. The bits of secret data can be placed either successively or randomly
in the bytes. The steganography algorithm prefers to locate the secret data in the last bits of each audio byte
successively. The system has been evaluated with various amounts of inputs as the effect of size constraints can
be eliminated by using randomly sized secret data.

The steganography algorithm initially reads the original audio file in wav format. The generated random secret
message is embedded into an audio file at a desired data rate. The secret message is written in the last bits of the
audio file and data has been hidden into the audio file at 100%. So as to hide data for the desired rate, the secret
data is embedded then the rest is filled with the original audio file, and in this way stego file is created. The cover
audio file is regenerated in wav format at the end of these procedures.

Audio samples can be 8, 16, 32 or 64 bits in length [19]. However, 16-bit wav audio files are widespread on the
Internet. Steganography and steganalysis algorithms are compatible with all wav audio file formats regardless of
the size. Hiding and detection procedures are carried out by steganography and steganalysis algorithms in
accordance with the bit size of wav files that makes the system suitable for all wav formats. Incorrect changes in
the data that are in the header section in Wav audio files might cause a complete disruption because the data in
the header section represent the basic of the audio file. Therefore, a part of the header section cannot be used in
data placement procedures.

2.2. Chi-square steganalysis method

Even though it is not possible to distinguish cover audio file from its original in terms of aural manner, it leaves
some statistical marks on the file. Several steganalysis methods are available that analyze statistical marks which
occurs after the concealment of data. For instance, global detection systems [26], [27] x2 test (chi-square) [20],
[21], RS analysis, histogram analysis [23], visual attacks [22], RQP methods [24] and JPEG steganalysis [25]. Some
of these methods are used only for pictures; nevertheless, some of them can also be used for audio files. While in
the studies of literature, chi-square steganalysis method is used on picture files, it is used on wav audio files in this
study.

Significant distortion cannot be created by LSB method in a cover audio file and that distortions mostly cannot be
detected by human ear. However, some statistical marks are left on the file. Chi-square method, which manipulates
those marks, was discovered when Westfeld and Pfitzmann thought that LSBs in an image are not random. What
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they believed was that the occurrence of each of two pixels in each pair of values (PoV) tends to be far from the
average of the PoV. In other words, the occurrence of even numbered pixels cannot possibly be close to the
occurrence of odd numbered pixels in a stego image. It is observed that in Westfeld and Pfitzmann's studies the
data in the original files, in this file the data is not concealed, odd and even numbered occurrences are not equal.
Nevertheless, it is observed that occurrences in the file in which the data is concealed are equal [21]. Chi-square
steganalysis method works by using this difference. When the data is concealed PoVs value in the original file
alters. As a matter of fact, while embedding a secret data using LSB method, increment even numbered pixels by
one or they remain unchanged. Odd values are increased once or there is no change [20]. As a result of this change,
each even in the histogram of pixel values approaches to the same number and the histogram of the file is "pair-
wise".

In wav audio, concealed data at various rates are concealed with LSB method. Odd and even numbered occurrences
are grouped in the same category. Differences between odd and even numbered occurrences are close to the zero
when the file is full of concealed data. In each category, differences of odd and even numbered occurrences are
calculated and the obtained histograms are demonstrated in the figure 1. Histograms show the data rate depending
on the differences between the categories. To give an illustration, if concealed data carrier file is full of concealed
data, difference between the categories is close to the zero.
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Figure 1. The differences of categorized odd and even occurrences of wav audio file with various rates of embedding
message

3. Results

3.1. Audio sets

Audio Set 1: In this study, have used audio files incorporating music, human and animal voice files retrieved from
YouTube [28]. These audio files have been split into 10-second samples using Audacity software [29] and resaved

as 16-bit wav format. At the end of the process have obtained 3000 wav files, 1000 from each category.

Audio Set 2: For the second data set, 1500 files, 500 from each category i.e. music, human and animal voice have
been downloaded from various servers [30, 31]. These audio files are, in 16-bit wav format, 10-seconds or shorter.

3.2. Content based chi-square analysis
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Chi-square is an analysis method that works on odd and even numbered occurrence distributions. A sound sample
comprising of odd and even numbered samples forms a PoVs. In this method, if the occurrence difference of PoVs
is small i.e. close to zero, it is assumed that the content can incorporate hidden data. On the other hand (bigger
than zero), the method returns a negative result. Thus, if an audio file contains dissimilar sounds, there will be too
many sound samples in different occurrences. Therefore, each dissimilar sound sample constitutes a distinct
category. Since there are so many different odd and even numbered occurrences, the number of categories will
ascend and the difference between odd and even occurrences will decrease. This situation leads to false positive
result in chi-square method. Some files can incorporate similar audio samples like animal sounds. In this case, the
number of odd and even numbered occurrences of audio samples is high. Hence, the categories pile on certain
numbers and the number of distinct categories demonstrates lower values. In some cases, there are only a few
categories but too many occurrences; in this case, the chi-square analysis generates true positive results for files
with such content.

Figure 2 shows the result of chi-square analysis of audio files selected by three categories: animal, human and
music sounds. For the experimental scenario, both similar and dissimilar audio samples from each category are
selected. The chi-square analysis of animal audio file with similar sound samples with 0%, 30%, 50%, 70% and
100% hidden data produces true positive results as seen in Figure 2a. However, it generates false positives when
animal audio files contain dissimilar sound samples as shown in Figure 2-b. While the method on human sound
file containing similar audio samples embedded with hidden data rate of 0%, 30%, 50%, 70% and 100 % hidden
data produces true positive results for 0 %, the results are partially true positive for hiding rate up to almost 12%,
yet they are completely false positive beyond 12% as seen in Figure 2.c. The motive behind this peculiarity is that
it is hard to find human sound samples with similar content. Even a person reciting the same sentence may not
generate similar sound samples. In addition, music files with similar content reflex similar behavior. Hence, the
method generates false positives beyond 20% at 0% hidden data rate and beyond 10% for the rest of hidden data
rates as shown in Figure 2.e. Consequently, all files containing dissimilar sound samples, the method yields false
positive as seen in Figure 2.b, 2.d, and 2.f.

Figure 3 demonstrates odd and even numbered occurrence differences (PoVs) of audio samples chosen from
three categories, namely animal, human and music. Audio files with similar and dissimilar sound contents from
each category have been selected for analysis. By examining the occurrence difference of PoVs of the animal
sound file with similar sound samples with a hidden data rate of 0%, 30%, 50%, 70% and 100% in Figure 3.a, the
remarkable difference can be observed. However, occurrence difference of PoVs of the animal sound file with
dissimilar sound samples is insignificant as seen in Figure 3.b. This occurrence is also repeated for the rest of the
categories. Therefore, similar sound samples create fewer categories compared to dissimilar ones. Additionally, a
high number of sound samples in all categories leads to high number of occurrence of PoV. This fact is also valid
for Figure 3.a and Figure 3.c, which is a direct consequence of chi-square analysis. It also explains why chi-square
generates true positives for files that have similar sound samples. On the contrary, more categories appear for
files that dissimilar sound samples and the number of occurrence in categories are minimal. That is why
occurrence differences are also low as seen in Figure 3.b, 3.d, and 3.f. Apparently, obtained results conflicts with
the outcomes of chi-square analysis. When analyzed a file containing hidden data, the number of occurrence
difference of odd and even values in the file approaches to zero. On the other hand, although there is no hidden
data in files with dissimilar sound samples, the numbers of occurrence differences are close to zero, which
explains why chi-square analysis produces false positives for those files.

Figure 4 shows the relationship between chi-square sums (given in Eq-2) and the number of categories of audio
files chosen from three categories, namely animal, human, and music. When chi-square sums are higher than the
value of categories, chi-square method yields accurate results. As seen on Figure 4.a, when no hidden data in the
cover files which are composed of similar audio samples, the chi-square sum is higher than the value of
categories. On the contrary, when the cover files include dissimilar audio samples with the same hidden data rate
the value of categories are higher than chi-square sums as seen in Figure 4.b. This is because of the fact that
fewer categories are formed in similar audio samples. However, the numbers of occurrences of audio samples in
categories are increased. So, the more occurrences the categories have the more chi-square sums obtain. In
Figure 4.a, 4.c and 4.e, chi-square method has produced accurate results, while in Figure 4.b, 4.d and 4.f it has
produced inaccurate results. The reason for this is the low number occurrences in many categories and these
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causes to a low amount of chi-square sums. Since chi-square method utilizes the difference between odd and
even values, it produces positive results because of a low level of frequency difference. However, such
exceptional cases generate false positive results and therefore, hidden data on the files cannot be detected by
chi-square method.

Audio Set 1: In this study has embedded hidden data into 3000 audio files with hidden data rates of 0%, 30%, 50%,
70% and 100 % followed by implementation of chi-square analysis on these files. As seen in Figure 5.a, 5.b, and
5.c chi-square method have produced false positive results when 3000 audio files with 10-second samples are
used. The main reason for having a massive rate of false positives is the low number of differences between odd
and even samples as shown in Figure 6.3, 6.b, and 6.c. The number of categories in accordance with these results,
outnumbered chi-square sums as seen in Figure 7.a, 7.b, and 7.c.
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Figure 2. Chi-square analysis of animal, human and music audio files containing similar and dissimilar sound sample

Audio Set 2: In another experiment, has employed 1500 audio files, which have a lower number of categories, to
embed hidden data with rates of 0%, 30%, 50%, 70%, and 100%. After that chi-square analysis has been applied
on these files. Figure 8, 9 and 10 shows the average values obtained from the analysis. Results seen in Figure 5, 6,
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7 and Figure 8, 9, 10 support each other. However, the results obtained from the analysis for Audio Set 2 are more
applicable than those for Audio Set 1. This is due to the fact that categories can occur and this is essentially
compatible with the operating logic of chi-square method.
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Figure 3. Occurrence differences of odd and even numbered audio samples in animal, human and music audio files with
similar and dissimilar audio samples with different rates of embedding messages
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Figure 5. Audio Set 1: Average chi-square graph analyses of 3000 wav different type (animal, human and music) audio files
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When the embedding rate is 100% in musical audio files, it can produce 12000 different categories as seen in
Figure 7.c and Figure 10.c. This implies more categories can be formed in musical audio files since they are rich in
many dissimilar audio samples. While the difference between odd and even categories is 3000 in the case of 0%
data hiding, it is only 550 in Figure 9.a. Comparing Figure 7.a, b, and c with Figure 10.a, b, and c respectively; it can
be seen that the number of categories and chi-square sums remain the same at each hiding rate as audio samples
with the same length. On the other hand, the number of categories and chi-square sums vary on Figure 8,9 and 10
as it includes audio samples with various lengths. So we can conclude that the length of the sound file is of great
influence on the performance of chi-square method. Hence, hiding data in shorter audio files results in better
performance for chi-square method.

Some audio files contain similar sounds. Music files, for example, contain repetitive sounds in music tones of
repeated parts and this increases the number of frequencies of odd and even audio samples, which then causes
the categories to pile at certain numbers and also creates fewer different categories. In cases when there are only
a few categories but too many frequencies, chi-square analysis produces true negative results. Thus, it is not safe
to hide data in such files.

In conclusion, we can say that human sounds and music sounds have a high chance of containing unique sounds.
It is extremely difficult to detect data hidden in these files with chi-square analysis. Yet, for audio files with similar
sound samples, like animal sounds, chi-square produces more accurate results. It is understood from all
experiments that data hiding in audio files with unique sound samples could not be detected by chi-square. In
contrast, data hiding in audio files with similar sound samples could be partially detected by chi-square.

4., Discussion and Conclusion

In this paper, we have evaluated and analyzed the performance scores of four steganalysis methods on 16-bitaudio
wav files in which different rate of secret data embedded.

In our study, various rates of data have been hidden in 4500 different wav audio files from 3 categories of music,
human and animal sounds and analyzed via chi-square analysis method. Analyses carried out reveal that chi-
square produces proper results for audio files with similar sound samples while it produces inappropriate results
for audio with dissimilar sound samples. Chi-square analysis produced accurate results for animal sounds with
similar audio samples. It has, thus, become clear that preferring especially sound files, which include music and
human voice for data hiding, will be safer so that they will not be detected by chi-square. Since the objective of the
study is to evaluate and to analyze the chi-square method for steganography purposes using an extensive number
of audio files, any comparison with the literature has not been provided.
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Anahtar Kelimeler 0z: Calismada grafen oksit (GO), Azot katkilanmis grafen oksit (NGN-OKSIT) ve azot
Grafen Oksit, katkilanmis grafen (NGN) ile MCF-7 (ATCC® HTB-22™ , 6strojen reseptdr pozitif
Azot Katkilanmig Grafen Oksit,  jpsan meme kanseri), A549 (ATCC® CCL-185, insan akciger epitelyal karsinoma) ve
ﬁfl‘t)itk‘;il;{aan Grafen, 293-T (ATTC CRL-1573, insan embriyonik bobrek epitel) hiicre hatlarn

kullanilmistir. A549 akciger karsinom hiicrelerinin canlilif1 tizerine en fazla etkiyi
NGN gostermistir. 24 saatlik inkiibasyon stiresi sonunda NGN i¢in ICso degeri 195
ug/ml olarak saptandi. Ayn1 hiicreler de NGN-OKSIT icin belirlenen IC50 degeri 833
pg/ml’dir. Grafen oksit A549 hiicrelerinde 1000 pg/ml’lik en yiiksek dozda sadece
% 17 oraninda olime yol agmistir. MCF-7 meme kanseri hiicrelerinin canlilig
iizerine en fazla etkiyi NGN gostermistir. 24 saatlik inkiibasyon siiresi sonunda NGN
icin IC50 degeri 377 pg/ml olarak saptanmistir. Ayni hiicreler de NGN-OKSIT ve
grafenoksit en fazla etkiyi test edilen en diisiik doz olan1.9 pg/ml’lik dozda
gostermis ve sirasiyla % 18 ve % 11 oraninda 6liime yol agmistir. Test edilen hicbir
grafen tirevi epitel hiicreleri lizerinde istatistiksel olarak 6nemli oldugu saptanan
sitotoksik bir etki gostermemistir.

Investigation of The Anticancer Effects of Graphene Oxide (GO), Nitrogen Doped
Graphene Oxide (NGN-OXIDE) and Nitrogen Doped Graphene (NGN)

Keywords Abstract: Graphene oxide (GO), Nitrogen-doped graphene oxide (NGN-OXIDE),
Graphene Oxide, nitrogen-doped graphene (NGN) and MCF-7 (ATCC® HTB-22™, estrogen receptor
Nit_mgen Additive Graphene positive human breast cancer), A549 (ATCC® CCL-185) human lung epithelial
Oxide, carcinoma), 293-T (ATTC CRL-1573, human embryonic kidney epithelium) cell lines

Nitrogen Doped Graphene,

, were used in this research. A549 showed the greatest effect on viability of lung
Anticancer

carcinoma cells. After an incubation period of 24 hours, the IC50 value for NGN was
195 pg/ml. The same cells have an IC50 value of 833 pg/ml for NGN-OXIDE.
Graphene oxide caused only 17% death in A549 cells at the highest dose of 1000
pg/ml. NGN showed the greatest effect on the viability of MCF-7 breast cancer cells.
At the end of the 24 hour incubation period, the IC50 value for NGN was 377 pug/ml.
The same cells, NGN-OXIDE and grapheneoxide, showed the greatest effect at the
lowest tested dose of 1.9 pg/ml, resulting in 18% and 11% deaths, respectively.

*ilgili Yazar, email: ounal@akdeniz.edu.tr
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1. Giris

Grafit, yumusak, yagli, kagit lizerinde iz birakan, siyah renkli kat1 bir maddedir. Grafit kristal yapili olup grafen
tabakalarindan olusur. Grafen, karbon atomunun bal petegi 6rgiilii yapilarindan bir tanesine verilen isimdir.
Periyodik tablodaki en ilgin¢ elementlerden biri Karbon atomudur. Karbonun, grafit (kursun kalem, kati
yaglayicilar vb.) ve elmas gibi giindelik hayattan ¢ok iyi bilinen allotroplarinin yaninda nanotiip ve fulleren gibi
yeni sentezlenen formlar1 da mevcuttur. Ozellikle karbon nanotiipler ve Ceo (fulleren) molekiilleri ilk
sentezlendikleri yillardan giintimiize kadar kati hal fizigini son derece aktif arastirma alanlar1 arasina girmistir.
Bal petegi kristal yapisinda, sp? melezlesmesi yapan; grafitin, nanotiibiin ve Ceo'in ana yapitasi olan grafen ise
ancak 2004 yilinda sentezlenebilmistir (Sekil 1). Ingilizce'de "Graphite" ve "ene" kelimelerinden tiiretilen
"graphene" terimi tiirkcede grafen olarak karsiik bulmustur. 2010 Nobel Fizik Odiili, "iki-boyutlu grafen
malzemesine iliskin ¢1gir acan deneyleri icin" Andre Geim ve Konstantin Novoselov'a verilmistir [1].

Sekil 1. Grafen ve Grafen oksit

Grafen, 1 atom kalinliginda, sp? hibrit carbon atomlarinin baglanmasiyla olusmus diizlemsel karbon malzeme
olarak tanimlanmaktadir [2]. Grafen kristalinde her bir karbon atomu, sahip oldugu m elektronlari ile delokalize
elektron aginin olusmasina katkida bulunur. Grafenin, ilk olarak 2004 yilinda Novoselov ve arkadaslari tarafindan
"sticky bant" kullanilarak mikromekanik ayirma yontemiyle grafitten izole edilmesinden sonra, grafen konusunda
yapilan ¢alismalar ¢ok hizl bir sekilde artmistir [2]. Grafenin diizlemsel delokalize elektron ag, elektronlarin yapi
icerisinde relativistik hizlarda hareketine izin verir. Grafen, bu yapisi nedeniyle ¢ok yiiksek elektriksel ve termal
iletkenlige, yiiksek optik gecirgenlige, yiiksek mekaniksel dayanim ve esneklige ve ¢ok yliksek teorik spesifik ylizey
alana (2630 m2/g) sahiptir. Ayrica, yiiksek kimyasal dayanim ve toksik olmama gibi 6zellikleri de bildirilmistir [3].
Bu sira dis1 6zelliklerin bir veya birkaginin bir arada bulunmasi, grafeni mevcut teknolojilerin yerini alabilecek
yeni siiper 6zellikli teknolojilerde kullanilacak malzeme haline getirmistir. Ornegin, optik gecirgenlik, esneklik ve
iletkenlik 6zellikleri birlestirilerek esnek elektroniklerin tiretiminde kullanilabilir. Bunun yaninda grafenin, alan
etkili transistorler, dokunmatik ekranlar, enerji depolama ve doéniisiimii (Lityum-iyon piller ve yakit hiicreleri,
elektrokimyasal siiper kapasitorler, boya duyarli giines pilleri) ve saglk alaninda (Hiicre goriintiileme,
fotokemoterapi, ila¢ salinimi, biyosensorler ) gibi bir¢cok alanda kullanilma potansiyeli vardir [3].

Kelime anlami olarak kanser, bir organ veya dokudaki hiicrelerin diizensiz olarak boliiniip ¢ogalmasiyla beliren
kotii urlara denir. Genel anlamda ise kanser viicudumuzun ¢esitli bolgelerindeki hiicrelerin kontrolsiiz cogalmasi
ile olusan 100'den fazla hastalik grubudur. Cok ¢esitli kanser tipleri olmasina ragmen, hepsi anormal hiicrelerin
kontrol disi cogalmasi ile baslar. Tedavi edilmez ise ciddi rahatsizliklara, hatta 6liime dahi neden olabilir. Kanser
(cancer) terimi, tibbin babasi olarak bilinen Yunan fizikci Hippocrates (MO 460-370) tarafindan olusturulmustur.
Hippocrates carcinos ve carcinoma terimlerini lilser olusturan ve tlser olusturmayan tiimorler i¢in kullanmstir.
Kadinlarda en ¢ok meme, rahim ve kalin bagirsak kanseri; erkeklerde ise en ¢ok akciger, prostat, mide ve kalin
bagirsak kanserleri goriilmektedir. Tiim kanserlerin %16's1, tiim kanser 6liimlerinin %28'i erkeklerde %35,
kadinlarda %19 akciger kanseri nedeniyledir. Akciger kanseri biiyiik 6l¢iide sigara kullanimi ile iliskilidir [4].
Ozetle, kanser modern tibbin en biiyiik sorunlarindan biridir. 2012 yilinda diinya iizerinde 14 milyon yeni kanser
vakasi kaydedildi. Diinya Saghik Orgiitii (DSO) her yil kanser vakasi sayisinin artacagini; 2025 yilinda kanser vaka
sayisinin 19 milyona, 2030'da 22 milyona ve 2035'te ise 24 milyona ulasabilecegini bildirmektedir. Ve dahasi
DSO'ye gore, kanseri 6nlemek icin gosterilen ¢aba ne yazik ki yeterli degildir. Kanseri tedavi edecek yeni ajanlar,
yontemler tizerinde calisilmalidir. Bu baglamda, farkli bircok nanopartikiil kanser tedavisinde kullanim i¢in test
edilmektedir ve son yillarda grafen ve grafen bazli nanomalzemeler kimyasal, fiziksel ve mekanik 6zellikleri
nedeniyle kanser tedavisinde ilgi cekmektedir. Grafen bazli nanomalzemeler antikanser ajanlar olarak fototermal
terapide, ilag tasiyici olarak ve dahasi tek baslarina nano ilaglar olarak uygulanabilmektedir [5]. Literatiirlerde
grafen oksit (GO)’'in kanser ¢alismalarinda kullanildigi calismalar mevcuttur [5, 6]. Diger taraftan, azot katkilanmig
grafen oksit (NGN-OKSIT) ve azot katkilanmis grafen (NGN) ile ilgili hicbir calismaya rastlanilmamistir. Bu
calismada ézellikle sentezledigimiz 6zgiin grafen tiirevlerinin (NGN-OKSIT ve NGN), en sik goriilen iki kanser tipi
olan akciger ve meme kanserlerindeki sitotoksik etkilerini tespit ederek antikanser potansiyelleri olup olmadigin
belirlemek amaglanmistir.
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2. Materyal ve Metot

2.1. Grafen Oksit (GO), Azot Katkilanmis Grafen Oksit (NGN-OKSIT), Azot Katkilanmis Grafen (NGN) ve
Hiicre Hatlar

Materyal olarak ¢alismada XG Sciences firmasindan temin edilen xGnP-M-5 kodlu grafen oksit (GO) ve solvotermal
yontemle sentezlenen azot katkilanmis grafen oksit (NGN-OKSIT) ve azot katkilanmig grafen (NGN) kullanilmistir.
Hiicre hatlari olarak MCF-7 (ATCC® HTB-22™, 6strojen reseptor pozitif insan meme kanseri), A549 (ATCC® CCL-
185, insan akciger epitelyal karsinoma) ve 293-T (ATTC CRL-1573, insan embriyonik bdbrek epitel) kullanilmistir.

2.2. Grafen Oksit (GO), Azot Katkilanmis Grafen Oksit (NGN-OKSIT) ve Azot Katkilanmis Grafen (NGN)
Uretilme Yéntemi

Azot katkilanmis grafen oksit (NGN-OKSIT) ve azot katkilanmis grafen (NGN) iiretilme yontemi su sekildedir.
Yontemde indirgeyici olarak da metalik sodyum kullanilmistir. Buna gore, belirli miktarda N,N-dimetilformamid
(DMF) ve metalik Na yiiksek basing¢ reaktdriiniin teflon haznesine yerlestirilmis ve agzi sikica kapatilmistir.
Karisim 190 °C'de 72 saat bekletildikten sonra oda sicakligina kadar sogumasi beklenmis ve ardindan teflon
haznesinin agz1 dikkatlice agilarak olusan tirtin HCI ¢6zeltisi ile notralize edilmistir. Fazla Na ile HCI arasindaki
reaksiyon tamamlandiktan sonra karisim vakumlu sistemde PVAF membranla siiziiliip, deiyonize su ile
yikandiktan sonra 90 °C'de kurutulmustur. Olusan iiriin NGN-OKSIT olarak etiketlenmistir. NGN-OKSIT’in bir
kismi1 Ar atmosferinde, 900 °C' de piroliz edilmis ve boylece azot atomlarinin grafen plakalarina kovalent olarak
baglanmasi saglanarak NGN elde edilmistir. GO ve NGN, taramali elektron mikroskobu (SEM, LEO 1430) X-1s1n1
fotoelektron spektroskopisi (XPS) teknikleri ile karakterize edilmistir. Orneklerin yiizey alanlar1 N2 adsorpsiyon
yontemi ile belirlenmistir.

2.3. Hiicreler ve Kiiltiir Kosullari

MCF-7 (ATCC®HTB-22™, dstrojen reseptor pozitif insan meme kanseri), A549 (ATCC®CCL-185, insan akciger
epitelyal karsinoma) ve 293-T (ATTC CRL-1573, insan embriyonik bobrek epitel) hiicre hatlarinin her biri % 10
Fetal Bovin Serum, 0.02 mM esansiyel olmayan amino asit karisimi, 1 mM Na-piriivat, 4 mM L-glutamin ve 80 mg
gentamisin ilave edilmis RPMI-1640 besi yeri kullanilarak 37°C’de %5 CO2’li Memmert marka etiivde kiilttire
edilmistir.

2.4. Hiicrelere GRAFEN Uygulamasi ve Hiicre Canliliginin Belirlenmesi

GO, NGN, ve NGN-OKSIT serumsuz besi yeri icerisinde ¢ozdiiriilerek 1 mg/mL’lik ana stoklar hazirland. Hiicreler
stoktan agilarak kiiciik petri kaplarina ekildi ve petri kaplar1 %80-90 oraninda dolunca tripsinizasyon ile kaldirilip
1x10* hiicre/kuyucuk olacak sekilde 96 kuyucuklu steril plaklara boéliindii. 24 saatlik siire ardindan besiyerleri
uzaklastirilip, grafenler en ytiksek doz 1000 pg/ml olacak sekilde seri diliisyon ile yar1 yariya dozlar azaltilarak
hazirlanmis %1 serum iceren besiyerlerine eklendi. Grafen uygulamasini takiben tek bir sira kuyucuktaki hiicre
canlilig1 saptandi (Baslangi¢c zamani). 24 saatlik inkiibasyon sonrasinda hiicrelerin canlilignt WST-1 testi ile
saptandi. WST-1 testi canli hiicrelerdeki metabolik aktiviteyi, hiicrelerin WST-1'i pargalayarak c¢oziilebilir
formazan tuzlari olusturmasi ile 6l¢gmektedir. Bunun i¢in siire sonunda besi yerleri uzaklastirilarak kuyucuklara
90 ul serumsuz besiyeri ve WST-1 karisimindan 10 pl eklenerek 37°C de 2 saat inkiibe edildi. inkiibasyon siiresi
sonunda 6rneklerin absorbanslari, Thermo Scientific Marka ELISA okuyucuda 450 nm dalga boyunda okunarak
kaydedildi. Sitotoksisite testlerinden elde edilen deney sonuglarindaki kontrol ve diger gruplar arasindaki farklilik
GraphPad Instat istatistik programinda, Tek Yonlii Anova Testi ve ardindan Dunnet Coklu karsilastirma Testi
kullanilarak degerlendirildi. Hiicrelerin canliliginin %50 azalmasini saglayan dozlar (IC50) belirlenebilmesi i¢in
formiil (formil 1) kullanilarak her bir doz i¢in 6lii hiicre yiizdesi hesaplandi. Elde edilen % o6liim degerleri
SigmaPlot 10.0 programi kullanilarak grafiklenmis ve IC50 degerleri saptanmistir.

% Glii Hi 1 Canli Hiicre Sayisi 100 1
o Vi Huere = Toplam Hiicre Sayisi X (1)

3. Bulgular

NGN-OKSIT iiriinti, NGN iiretiminde olugan yiiksek oranda azot ve oksijen icerigine sahip ara tiriindiir. DMF, Sekil
2’de gosterilen rezonans formlari ile solvotermal kosullarda ve indirgen varliginda grafen olusturabilmektedir.
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Sekil 2. DMF'nin iki rezonans formu

Solvotermal ydntemle grafen olusumunda, karbon iskeletinin sodyum varhiginda olusan metil radikalleri
iizerinden basladig, iskelet biiylimesinin ise karbonil baginin agilarak metil radikalleri ile eter olusturmasi
tizerinden ilerledigi bildirilmistir [7, 8]. Dolayisi ile NGN-OKSIT ara iiriiniiniin yiiksek molekiil agirlikh
aromatikorganik eter, alkilamin ve amid gibi ¢esitli organik bilesiklerden olusan karisim oldugu diistiniilmektedir.
GO ve tiretilen NGN nin morfolojik yapis1 Taramali Elektron Mikroskobu (SEM) ile belirlenmistir. GO ve NGN'ye ait
SEM goriintiileri Sekil 3’de verilmistir.

" (b) NGN

Sekil 3. GO (a) ve NGN (b) drneklerine ait SEM goriintiileri

Sekil 3(a)’dan GO nun ortalama 120 nm’den daha biiyiik partikiillerden olustugu goriilmektedir. Azot katkilanmis
grafenin ise graphene 6zgii dalgali ipek yapisinda ve daha genis tabakali grafen katmanlarindan olustugu
gozlenmektedir (Sekil 3 (b)). Bu durum, piroliz sonucu olusan amonyak ve alkil aminler gibi gaz tiriinlerin yliksek
sicakliklarda grafen plakalarini birbirinden ayirmasinin bir sonucudur [9]. GO ve NGN’ye ait N2 adsorpsiyon
izotermleri Sekil 4’de gosterilmistir;

Adsorplanan Hacim / cm?3.g?

o
3
3
3
S
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S
s
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Bagil Basing /(P/P,)
Sekil 4. GO ve NGN’ye ait N2 adsorpsiyon izotermleri

GO ve NGN i¢in N2 adsorpsiyon izoterm verileri kullanilarak hesaplanan spesifik yilizey alan degerleri (Sser)
sirasiyla 210 m2/g ve 585 m2/g olarak bulunmustur. NGN'nin Sger degerinin GO dan yiiksek olmasi, SEM
goriintiilerinden elde edilen sonuglar ile uyumlu olarak, termal genisleme yiiksek sicaklik isleminde gaz iirtinler
olusturarak plakalarin genisledigini kanitlamaktadir [7]. Yiiksek sicaklikta azot igerikli gaz iiriinlerin olusmasi
grafen plakalarindaki kusurlu bélgelere azot atomlarinin katkilanabilecegini de akla getirmektedir. Bu 6ngori XPS
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ile test edilebilir. XPS yiizey elementlerinin oranlar1 ve baglanma sekilleri konularinda bilgi veren 6nemli bir
tekniktir. GO ve NGN 6rneklerine ait XPS spektrumlari Sekil 5 (a)’da verilmistir. GO da yaklasik 535 eV da gozlenen
oksijen atomu miktarinin NGN de azaldigi goriilmektedir. Diger taraftan, NGN spektrumunda 398 eV’da N atomuna
ait bir pik gézlenmistir. Bu durum grafenin yapisina N atomlarinin katkilandiginin kanitidir. Ayrica, 535 eV’'da
oksijenin de gdzlenmesi, yapidaki N atomlarinin bir béliimiiniin oksit formunda olduguna isaret etmektedir (Sekil

5(b)).
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Sekil 5. GO ve NGN orneklerine ait XPS spetktrumlari (a), NGN yiizeyinde bulunabilecek muhtemel N iceren fonksiyonel

gruplar (b), N atomuna ait yiliksek ¢oziintirliikli XPS spektrumu (c), GO yiizeyinde bulunabilecek muhtemel fonksiyonel
gruplar (d).

N atomuna ait 398 eV’daki pikin yliksek ¢oziiniirliikte incelenmesi ve bu verilerin simiilasyonla islenmesi sonucu
NGN yiizeyindeki N atomlarinin pyridnium, pyrrole, graphitic ve pyrdine-N oksit gruplarindan olustugu
belirlenmistir (Sekil 5c) [10].

NGN, NGN-OKSIT ve GO’nun MCF-7 (ATCC®HTB-22™, éstrojen reseptor pozitif insan meme kanseri), A549
(ATCC®CCL-185, insan akciger epitelyal karsinoma) ve 293-T (ATTC CRL-1573, insan embriyonik bébrek epitel)
hiicre hatlarina uygulanmasiyla elde edilen sonuglar asagida verilmistir.

A549 akciger karsinom hiicrelerinin canliligl tizerine en fazla etkiyi NGN gostermistir. 24 saatlik inkiibasyon siiresi
sonunda NGN igin ICso degeri 195 pug/ml olarak saptandi. Ayni hiicreler de NGN-OKSIT igin belirlenen IC50 degeri
833 pg/ml'dir. Grafen oksit A549 hiicrelerinde 1000 pg/ml’lik en yiiksek dozda sadece % 17 oraninda 6liime yol
acmistir. A549 hiicreleri i¢in sitotoksisite ve % 6liim durumlari Sekil 6, 7, 8, 9 ve 10’da verilmistir.
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Sekil 6. A549 Akciger karsinom hiicrelerinin canliligl izerine NGN uygulamasinin etkisi.
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Sekil 7. A549 Akciger karsinom hiicrelerinin canlilig1 izerine GO uygulamasinin etkisi.
A549 NGN-OKSIT 24 SAAT
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Sekil 8. A549 Akciger karsinom hiicrelerinin canliligi izerine NGN-OKSIT uygulamasinin etkisi.
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A549 NGN-OKSIT % OLUM 24 SAAT
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Sekil 9. NGN-OKSIT Uygulamasinin A549 akciger karsinom hiicrelerinde % 6liim orani
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Sekil 10. NGN Uygulamasinin A549 akciger karsinom hiicrelerinde % 6liim orani

MCF-7 meme kanseri hiicrelerinin canlilig1 tizerine en fazla etkiyi NGN gostermistir. 24 saatlik inkiibasyon siiresi
sonunda NGN i¢in IC50 degeri 377 ug/ml olarak saptanmistir. Ayni hiicreler de NGN-OKSIT ve grafenoksit en fazla
etkiyi test edilen en diisiik doz olan1.9 pg/ml’lik dozda gostermis ve sirasiyla % 18 ve % 11 oraninda 6liime yol
agmistir. MCF-7 hiicreleri i¢in sitotoksisite ve % 6liim durumlar Sekil 11, 12, 13, ve 14’de verilmistir.
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MCF-7 NGN 24 SAAT
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Sekil 11. MCF-7 Meme kanseri hiicrelerinin canliligi iizerine NGN uygulamasinin etkisi

MCF-7 GRAFEN-OKSIT 24 SAAT
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Sekil 12. MCF-7 Meme kanseri hiicrelerinin canlilig1 iizerine GO uygulamasinin etkisi.

MCF-7 NGN-OKSIT 24 SAAT
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Sekil 13. MCF-7 Meme kanseri hiicrelerinin canlilig1 iizerine NGN-OKSIT uygulamasinin etkisi
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MCF-7 NGN % OLUM 24 SAAT
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Sekil 14. NGN Uygulamasinin MCF-7 meme kanseri hiicrelerinde % 6liim orani.

Kullanilan grafen tiirevlerinin secici sitotoksik etki gosterip gostermedigini saptamak i¢cin denemelerin hepsi 293-
T bobrek epitelleri kullanilarak tekrarlanmistir. Test edilen hi¢bir grafen tiirevi epitel hiicreleri tizerinde
istatistiksel olarak dnemli oldugu saptanan sitotoksik bir etki gostermemistir. Bu hiicreler icin ¢izilen siotoksisite
sekilleri Sekil 15, 16 ve 17°da verilmistir.

293-T NGN 24 SAAT
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Sekil 15. 293-T Bobrek epitellerinin canlilig izerine NGN uygulamasinin etkisi.
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293-T GRAFEN-OKSIT 24 SAAT
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Sekil 16. 293-T Bobrek epitellerinin canlilifi tizerine GO uygulamasinin etkisi
293-T NGN-OKSIT 24 SAAT
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Sekil 17. 293-T Bébrek epitellerinin canlihig iizerine NGN-OKSIT uygulamasinin etkisi.

4. Tartisma ve Sonug¢

Grafen ve tiirevleri, elektronik, enerji, malzeme ve biyomedikal alanlardaki potansiyel uygulamalar1 géz oniine
alindiginda son yillarda olduk¢a dikkat ¢ekmektedir. Ancak, grafen ve tiirevlerinin toksisiteleri ve biyo
uyumluluklar1 hakkinda ¢ok az bilgi mevcuttur.

Calismada grafen ve tiirevlerinin 293-T hiicre hattinda zamana ve doza bagh sergiledigi sitotoksik etki
arastirilmistir. Elde edilen bulgular grafen ve tiirevlerinin test edilen hi¢cbir dozda ve hig bir inkiibasyon siiresinde
293T insan bobrek epitellerinde sitotoksik etki gostermedigini ortaya koymaktadir. Var olan kanser tedavilerinin
en basinda gelen kemoterapinin en 6énemli yan etkileri, normal epitel hiicrelerde de toksik etkiler yaratmasi
sonucu hastalarda sa¢ dokiilmesi, kusma ve diare gibi toksik yanitlarin olusmasina yol agmasidir. Bu baglamda
bobrek epitellerinde hig bir sitotoksik etki yaratmadigini tesbit edilen grafen ve tiirevlerinin MCF-7, A549 kanser
hiicreleri tizerindeki sitotoksik etkileri arastirilmistir.
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Test edilen grafen tiirevleri arasinda A549 akciger karsinom hiicrelerinin canliligl tizerine en fazla etkiyi NGN
gostermistir. Yirmi dort saatlik inkiibasyon siiresi sonunda NGN ve NGN-OKSIT icin ICso degerleri sirasiyla 195
pug/ml ve 833 pg/ml olarak saptanmistir. Grafen oksit ise A549 hiicrelerinde istatistiksel agidan 6nemli oldugu
kabul edilen herhangi bir sitotoksik etki yaratmamistir. Elde edilen bulgular Chang ve arkadaslarinin yaptig
¢alismanin sonuglari ile paraleldir. Chang ve arkadaslar1 Grafen oksitin A549 hiicresine girmedigini ve belirgin bir
sitotoksisiteye sahip olmadigini ancak doza bagimli bir oksidatif strese neden olabilecegini ve yliksek dozlarda
hiicre canliliginda azalmaya neden oldugunu bildirmislerdir. Chang ve arkadaslari ¢alismalarinda en ytiksek doz
olarak 200 pg/ml kullanmiglardir [11]. Calismada kullanilan 1000 pg/ml’lik en yiliksek doz ise sadece % 17
oraninda hiicre 6liime yol agmistir.

Calismada MCF-7 meme kanseri hiicrelerinin canlilig1 tizerine en fazla sitotoksik etkiyi yine NGN gostermistir. 24
saatlik inkiibasyon siiresi sonunda NGN i¢in IC50 degeri 377 pug/ml olarak saptanmistir.. Ayni hiicrelerde NGN-
OKSIT ve Grafenoksit en fazla etkiyi test edilen en diisiik doz olan1.9 pg/ml'lik dozda gdstermis ve sirasiyla % 18
ve % 11 oraninda 6liime yol agmistir. 2013 yilinda Gurunathan ve arkadaslarinin yaptiklari ¢alismada GO ve tiirevi
olan Bor katkilanmis indirgenmis grafen oksit (B-rGO)'nun 24 saat sonundaki sitotoksik etkilerini bizim de
¢alismamizda kullandigimiz MCF-7 hiicreleri lizerinde arastirmislardir. Gurunuthan ve arkadaslar1 60 pg / mL ‘lik
dozda GO ve tiirevi olan B-rGO'nun MCF-7 hiicrelerinde bariz bir sitotoksik etki sergiledigini bildirmislerdir. [12].
NGN ve NGN-OKSIT'in kanser hiicrelerinde gésterdigi yiiksek sitotoksik etkinin, NGN ve NGN-OKSIT yiizeyinde
bulunan ve Sekil 5a,b’ de gosterilen azot ve azotoksit fonsiyonel gruplariyla iligkili oldugu diisiiniilmektedir.
Grafenin hidrofobisitesinin yiiksek olmast NGN ve NGN-OKSIT’in hiicre zarina tutunmasini kolaylastirarak bu
fonsiyonel gruplarin hiicre zari ile etkilesimini artirmaktadir. Diger taraftan, 6n goriilen bu etkilerin NGN ve NGN-
OKSIT’e maruz kalmus hiicrelerin ileri teknikler ile arastirilmasi ve desteklenmesini gerektirmektedir.

Elde edilen sonuglar dnemli olup bir¢ok kanser calismalarinda yol gosterici olacag: diisiiniilmektedir. Ayrica bu
arastirmadan elde edilen veriler daha sonra yapilacak kanser ¢alismalarinin basarisina katki saglayacaktir.
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Keywords Abstract: The optimization of 2,4,6 tri-iodobenzene, diatrizoate and, ioxaglate
Contrast agents 1, contrast agent was done in order to calculate the energetic behavior and dipole
HOMO, LUMO 2,

moment of the title compounds in the gas phase and in solution phases. The total
energy for different orbital transitions, the energy gap between HOMO and LUMO,
electro-negativity, chemical hardness, softness, electrophilicity index and dipole
moment has been calculated with B3LYP/cep-4g, B3LYP/cep- B3LYP/31g,
B3LYP/cep- B3LYP/121g and B3LYP/lanl2dz levels. The four important molecular
orbitals (MO) for the title molecule: the second-highest and highest occupied MOs
and the lowest and the second-lowest unoccupied MOs which were denoted as
HOMO-1, HOMO, LUMO, and LUMO+1, respectively reflect measure of electron
transition and are the critical parameters in determining molecular electrical
transport properties.

Electro-negativity 3,
Chemical hardness 4,
Chemical softness 5

Diatrizoat, loxaglate Kontrast Bilesiklerinin Molekiiler Yapilar1 ve Elektronik

Ozellikleri
Anahtar Kelimeler 0z: 3.5 tri-iyodobenzen, diatrizoat, ioksaglat kontrast maddesinin optimizasyonu,
Kontrast maddeleri 1, gaz fazinda ve ¢ozelti fazlarinda bilesiklerin enerjik davranisini ve dipol momentini

HOMO, LUMO 2,
Elektro-negatiflik 3,
Kimyasal sertlik 4,
Kimyasal yumusaklik 5

hesaplamak i¢in yapilmistir. Farkli yoriinge gegisleri icin toplam enerji, enerji agig1
HOMO ve LUMO oritalleri arasindai eneri araligi, kimyasal sertlik, yumusaklik,
elektrofiliklik indeksi ve dipol momenti B3LYP / cep-4g, B3LYP / cep- B3LYP / 31g,
B3LYP / cep- B3LYP / 121g ve B3LYP / lanl2dz seviyeleri ile hesaplandi. Calisilan
bilesilerin HOMO ve LOMO arasindaki enerji bosluklarinin degerleri triiyodobenzen
halkasina bagh sustituentlerden etkilenmektedir. Bu degisim enerji araligina bagh
olarak hesaplanan diger degerlerinde degisime neden olmustur. ikinci mertebeden
bir pertiirbasyon isleminden, etkilesim enerjisinin substitiisyona gére degistigi
bulunmustur. DTZ bilesiginin IR teorik spectrum degerlerinin deney sonuglari ile
miikemmel bir uyum icinde oldugu goésterilmistir.
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1. Introduction

The concept of contrast agents was introduced from 30 years ago as radiocontrast agents and their development
initiated slowly by technical limitations [1].

During the past decade, they have become more dynamic. They used to intensify the vascular structures and organs
visibility in x-ray based imaging techniques such as ultrasound, fluoroscopy and computed tomography (CT) [1].
Radiocontrast agents are commonly iodine-based compounds. The basis structure is a benzene ring. lodinated
contrasts consist of 2,4,6-triiodinated substituted benzene ring where iodine atoms arranged symmetrically at

2nd, 4th and 6th positions [2,3] Figure 1.
|

[ I
Figure 1. Triiodobenzene structure.

Different derivatives of iodinated contrast can be obtained by replacement of other hydrogen atoms on the
benzene ring [2].

2,4,6-triiodobenzene (TIB) is the basis molecule of radicals (R) available for OH substituents. Of three OH atoms
attach to benzene ring to make the molecule more soluble [2,3]. Iodine-based contrast media are usually classified
as ionic or non-ionic[2]. Both types can be used in clinical radiology due to their solubility.

In 1956 Hoppe used a second acetylamino group and added it to the triiodobenzene ring to generate diatrizoate
contrast agent [3,4] Figure 2. It is an ionic agent, water-soluble as it dissociates into negative and positive ions.
This agent had minimized toxicity as animal studies showed [3].

HO O

HsC N N CH
3 H H 3
1
Figure 2. Diatrizoate structure.

It was commercialized as Hypaque and its derivatives were the standard contrast agents used until the 1970s
when British company Baker and French company Guerbet together introduced new contrast agent named as
ioxaglate [3] Figure 3. loxaglate contains two triiodinated benzene rings which have a carboxylic acid group. When
these two rings are combined, the carboxylic acid group of one of them converted to a nonionizing radical and the
carboxylic acid group of the other ring converted to an ionizing salt such as meglumine or sodium ioxaglate, It
contains an iodine atom to practical ratio 6:2 which equivalent to the ratio of the low-osmole media 3:1 that
making it more suitable for clinical use [5].

[e] (0] (0]
H3C\ H /\/OH
[¢]
| |
H3C N
’ \H/ ™~ o OH

CHs

Figure 3.ioxaglate structure.

The optimization of 2,4,6-triiodobenzene, diatrizoate, and ioxaglate will be further considered in this study. The
aim of our study is to calculate the energetic behaviour, dipole moment, chemical potential, hardness, softness
electronegativity and electron excitation energy of the title compounds in gas phase and in water, ethanol, acetic
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acid, N,N-dimethyl formamide (DMF), dimethyl sulphoxide (DMSO) and chloroform as solvents using density
functional theory.

Orbital energies based on the natural bond orbital (NBO) analysis illustrate the rule of intermolecular orbital
interaction in the compound, especially charge transfer from filled donor to empty acceptor NBOs [6]. Estimation
of NBOs energetic importance was performed by second-order perturbation theory for each donor NBO (i) and
acceptor NBO (j). The stabilization energy related to electron delocalization between donor and acceptor was
calculated as:

- (Fi,j)?
! g — el

E= (1)
where q; is the orbital occupancy ¢, & are diagonal elements, Fi, j is off-diagonal NBO Fuck matrix element [6].
The optimized molecular structure of the 2,4,6-triiodobenzene and its derivatives diatrizoate and ioxaglate were
calculated at B3LYP/ lanl2dz level and illustrated in Figure 4 with numbering of atoms.

2&3” 8
»
‘ - s
& o g L d “\'(a i sud
L oo, @ s pPpeds
L LAY ;0% 9° 5 58 %2 .
o RS e S
‘ ° o ° ° %
® 2,4,6triiodoenz Diatrizoate loxaglate

Figure 4. Structure of triiodoezene and its derevatives diatrizoate and ioxaglat.
2. Material and Method

In this work, the three-dimensional analysis was carried out for evaluating the effect of substituting the groups in
2,4,6-triiodobenzene ring in positions 1, 3 and 5 to produce diatrizoate and ioxaglate compounds which are ionic
monomeric and dimeric contrast agents, respectively.

Geometries of all these molecules were fully optimized in the gas phase and solution phases by using Lee-Yang-
Parr correlation functional (B3LYP) and gradient corrected DFT with Beck’s three-parameter hybrid exchange
functional and with the (B3lyp/cep-4g, B3lyp/cep-31g, B3lyp/cep-121g, and B3lyp/lanl2dz) basis set with the
Gaussian Program to examine the basis set dependence of the DFT HOMO and LUMO energies. We also performed
single point energy calculations on the neutral systems using a basis set (B3lyp/cep-4g, B3lyp/cep-31g,
B3lyp/cep-121g, and B3lyp/lanl2dz).

Based on the same theory, the vibrational frequency of diatrizoate was recorded to obtain the vibrational analysis
and compared to the experimental results. A scale factor 0.96 was used as a correlation factor for computing
results [7]. Molecular properties related to highest occupied molecular orbital energy (Enomo), and lowest
unoccupied molecular orbital energy (ELumo) such as the hardness (1), softness (s), electronegativity (x), chemical
potential (u), electrophilicity index (w), nucleofugality (AEx), and electrofugality (AEe) were calculated by using

the following formulation:

The hardness is half of the energy gap between HOMO and LUMO represented as

1
n= E(ELUMO — Enomo) = 2 1-4) (2)

The softness can be calculated from hardness that:
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2n (3)
(Hard Soft Acid Bas (HSAB) principle.

Electronegativity can be calculated from Enomo and Erumo using the following equation:
1
X=-3 (Enomo + ELumo) (4)
From electronegativity, chemical potential, chemical potential can be estimated that
u=—x (5)

1
=5 (Enomo + ErLumo) (6)

Electrophilicity index (®), nucleofugality AEn and electrofugalityAEe can be calculated from chemical potential p
and the hardness 1 by the following equations respectively [8]:

2
w = ;‘—n 7)
n+n)?
ap, = (X ®
(p—m)?
AEe = T (9)
3. Results

HOMO -1 [DTZ] HOMO -1 [10G]
LUMO +1 [DTZ] LUMO +1 [I0G]

Figure 5 The surfaces of HOMO-1, HOMO, LUMO and LUMO+1were drawn by using B3LYP.

The surfaces of HOMO-1, HOMO, LUMO, and LUMO+1 were drawn and given in Figure 5 to understand the bonding
scheme of present compounds.

The energies of HOMO and LUMO of title compounds using different basis sets (B3LYP/cep-4g, B3LYP/cep-31g,
B3LYP/cep-121g, and B3LYP/lanl2dz) in are given in Table 1 as a sample of results which were performed in the
gas phase.
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Table 1. The energy of HOMO and LUMO and the energy of Orbitals near HOMO and LUMO in the gas phase.
Basis
set(eV) Cep-4g Cep-31g Cep-121g Lanl2dz

TIB DTZ 10G TIB DTZ 10G TIB DTZ 10G TIB DTZ 10G

LUMO+2 -1.12 -257 -276 -135 -166 -191 -134 -1.67 -191 -1.31 -1.65 -1.88

LUMO+1 -225 -261 -289 -135 -1.68 -246 -134 -1.69 -249 -131 -1.66 -2.28

LUMO) -225 -2.69 -347 -236 -248 -2.65 -239 -250 -2.68 -216 -2.29 -247
HOMO -7.29 -7.00 -698 -699 -7.03 -683 -7.04 -7.08 -689 -698 -7.00 -6.77
HOMO-1 -7.29 -717 -718 -7.00 -7.14 -691 -7.04 -718 -696 -698 -7.12 -6.86
HOMO-2 -7.79 -744 -725 -756 -7.23 -7.05 -758 -727 -710 -750 -7.17 -7.02

HOMO-LUMO energy-dependent calculation: electronegativity x, hardness 1, softness S, chemical

potential y, electrophilicity index w, nucleofugality AEn, and electrofugality AEe were calculated from HOMO -
LUMO energy gap in gas phase and in solution phases and the results are presented in Tables 2, 3. Table 2
illustrates the results in the gas phase and Table 3 illustrates the results in water as a solution phase.

Table 2. Chemical calculation in the gas phase.
M C HOMO LUMO AE X n S 1l w AEe AEn

(eV) (V) (eV) (eV) (eV) (eV)T (V) (eV)  (eV)  (eV)

Cep-4g TIB -7.29 -2.25 504 477 252 0.20 -4.77  4.52 10.56 1.01

DTZ -7.00 -2.69 430 485 215 0.23 -4.85 545 11.38 1.68

10G -6.98 -3.47 3.51 522 1.75 0.28 -5.22 778 13.88 3.43

Cep-31g TIB -6.99 -2.36 463 468 231 0.22 -4.68  4.73 10.57 1.21
DTZ -7.03 -2.48 455 475 2.28 0.22 -4.75  4.96 10.85 1.35

10G -6.83 -2.65 418 474  2.09 0.24 -474 539 11.17 1.69

Cep-121g TIB -7.04 -2.39 4.64 472 232 0.22 -4.72 479 10.67 1.23
DTZ -7.08 -2.50 458 479 229 0.22 -4.79  5.02 10.96 1.37

10G -6.89 -2.68 421 479 211 0.24 -479 544  11.28 1.71

Lanl2dz TIB -6.98 -2.16 481 457 241 0.21 -457 434 1012 0.97
DTZ -7.00 -2.29 471 465 236 0.21 -4.65 4.58 10.41 1.11

10G -6.77 -2.47 430 462 215 0.23 -4.62 497 10.67 1.42

Method M, Compounds C
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Table 3. Chemical calculation in the water as a solution phase.
M C HOMO LUMO AE X n S 1 w AEe AEx

(eV) (eV) (eV) (ev) (eV) (eV)T (eV) (eV) (eV) (eV)

TIB -7.29 -2.27 502 478 251 020 -4.78 455 1059 1.03

DTZ -7.29 -2.97 433 513 216 023 -513 6.08 1229 2.03

Cep-4g 10G -7.19 -3.45 374 532 187 027 -532 757 1382 3.18
TIB -6.93 -2.25 468 459 234 021 -459 450 1026 1.08

DTZ -7.22 -2.46 476 484 238 021 -484 492 1095 127

Cep-31g 10G -7.07 -2.53 453 480 227 022 -480 508 11.02 142
TIB -6.98 -2.28 470 463 235 021 -463 455 1036 1.10

The DTZ -7.25 -2.48 477 487 239 021 -487 496 11.02 129
Cep-121g 10G -7.11 -2.56 455 483 227 022 -483 513 1110 144
TIB -6.94 -2.07 487 451 243 021 -451 417 9.89 0.88

DTZ -7.19 -2.29 490 474 245 020 -474 459 1055 1.07

Lanl2dz 10G -7.19 -2.29 490 474 245 020 -474 459 1055 1.07

Method M, Compounds C

dipole moment values of the title compounds were investigated in the gas phase and in solution phase by using
different solvents, and the results are presented in Table 4.

Table 4. Dipole moment of the of TIB, DTZ and 10G DTZ at B3LYP/6-311G(d, p) method.

M C Gas water Acetic acid Chloroform DMF DMSO
Dipole Moment(Debye)

Cep -4g TIB 0.36 0.45 0.43 0.42 0.45 0.45
DTZ 7.28 8.47 8.34 8.05 8.46 8.45

10G 6.45 8.78 8.12 7.88 8.74 8.72

Cep -31g TIB 0.45 0.59 0.56 0.55 0.59 0.59
DTZ 6.55 9.23 8.70 9.15 9.19 9.17

10G 8.59 11.8 11.07 10.85 11.7 11.7

Cep-121g TIB 0.45 0.59 0.57 0.56 0.59 0.59
DTZ 6.32 8.52 8.52 8.34 9.04 9.00

TIB 0.36 0.45 0.43 0.42 0.45 0.45

Lanal2dz TIB 0.44 0.59 0.56 0.55 0.59 0.59
DTZ 6.08 8.33 7.86 7.27 8.07 7.85

10G 8.65 11.6 11.00 10.81 11.5 119

Method M, Compounds C
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The perturbation energies of donor-acceptor interaction of Natural Bonding Orbitals [NBOs] of TIB, DTZ, and 10G
are given in Table 5.

Table 5. Second order perturbation theory analysis of the Fuck matrix in NBO basis in TIB, DTZ and I0G.

Gas  Donor ED(i)I Acceptor (j) Type ED(j)I E(2) €(j)-¢(i) F(ij)
®

kcal/mol (a.u) (a.u.)

TIB  LP3I1 1.93 C.-C, m* 0.39 9.73 0.20 0.04

LP3I2 1.93 C,-Cq m* 0.39 9.38 0.21 0.04

LP3I3 1.93 C,-C, m* 0.39 9.26 0.21 0.04

DTZ LP3I1 1.93 Ci1- C12 ¥ 0.45 9.63 0.20 0.04

LP312 1.90 Ci3- C1s m* 0.42 12.43 0.19 0.05

The LP3I3 1.90 Ci0-C1s m* 0.45 12.49 0.18 0.05

I0G  LP3I1 1.91 C21-C22 m* 0.42 11.52 0.20 0.05

LP312 191 C20-C24 m* 0.43 11.77 0.19 0.05

LP3I13 191 C23-C25 m* 0.41 11.92 0.19 0.05

assignments of vibration spectra have been performed by reported FT-IR spectra based on the theoretical
predicted wavenumber by density functional B3LYP method, and used the scale factor of 0.96 [7]. Table 6
represents the optimization output of IR for DTZ compound and compared to the experimental results by Fawaz
etal, 2015 [9].

Table 6. FT-IR spectra of diatrizoate DTZ at B3LYP/6-31G(d, p) method.

Excrement Frequency Frequency intensity description
frequency (cm’l) Unscaled [Cm’l) Scaled (cm'l)
3523.95 3638 3529 62 v (OH) stretch
3623 3515 60 v (NH) stretch
3142 3047 30 v (CH3) stretch
1645 1695 1644 310 v (CO) stretch
8 (CH) bend
B (NH) bend
1522 1568 1521 40 N (CC)Ring stretch
v (CH)bend
B (NH)bend
1474 1514 1468 34 B (CHs)bend
1501 1456 103 3 (CHs)bend
B (NH) bend
1483 1438 295 v (CN) stretch
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1371

1221

970

723

608

502

1478

1435

1397

1261

1258

1101

1006

733

634

523

1434

1391

1355

1224

1220

1068

976

711

615

508

158

118

231

135

85

284

35

30

56

169

B (CHz)bend
B (NH) bend
v (CN) stretch
B (CHz)bend
B (NH) bend
B (CHz)bend

N (CC)Ring stretch
B(CH)bend

v (CO)Ring stretch
v (CO) stretch
8 (OH) bend.
B (NH) bend
v (CC)Ring stretch
B (NH) bend
v (CN) stretch
 (CH3)bend
v (CC)Ring stretch
B (OH)bend
 (CH3)bend
v (CC)Ring stretch
 (CH3)bend
v (CC)Ring stretch
B (CN)bend
v (CC) stretch

v (CC)Ring stretch
B(OH)bend

B (NH) bend
 (CHs)bend

B (NH) bend

4, Discussion and Conclusion

As seen in Table 1, the energies of HOMO have negative values and they became more negative by substitution.
For example, in B3LYP/cep-121g basis set energies were -7.04 eV for 2,4.6-triiodobenzene [TIB], -7.08 eV for
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diatrizoate [DTZ]. However, it was - 6.98 eV for ioxaglate [I0G], as an effect of two 2,4.6-triiodobenzen rings.
Likewise, the energies of LUMO had negative values and they became more negative by substitution. For example,
in the same basis set cep-121g the energy of 2,4.6-triiodobenzene was -2.39 eV; -2.50 and -2.68 eV for diatrizoate
and ioxaglate, respectively. The same results were obtained when the title compounds were optimized in solution
phases by using different solvents.

On Table 2 change in energy gap values in the gas phase indicates that energy gaps decrease by substitution. For
example, when title compounds in the gas phase were optimized by using B3LYP/cep -121g basis set, the energy
gap of TIB was 4.64 eV and that value decreased to 4.58 and 4.21 eV for DTZ and I0G, respectively due to 1, 3 and
5 substitution. The same results were obtained when the title compounds were optimized in solution phases by
using different solvents Table 3. For example, when the title compounds were optimized using B3LYP/cep-121g
basis set, the energy gap decreased from 4.70 eV for TIB to 4.55 eV for 10G.

Table 2 (in gas phase) and Table 3 (in water as a solvent) show that the electronegativity increased with
substitution. For instance, when the title compounds were optimized using B3LYP/ cep-121g, the electronegativity
of TIB was about 4.72 eV. This value increased to about 4.79 eV for DTZ and for I0G the value was not affected by
the presence of two 2,4.6-triiodobenzene rings and it was 4.79 eV. Likewise, in case of solution phases, the
electronegativity increased by substitution. For example, based on Table 3 (in water as a solvent), when the title
compounds were optimized using B3LYP/ cep-121g, the electronegativity increased from 4.63 eV for TIB to 4.87
eV for DTZ and 4,83 eV for I0G which was affected by the presence of two 2,4.6-triiodobenzene rings.

We can note from Table 2 and 3, that the softness values were not affected so much by the substitution and the
three title compounds had nearly similar values. For example, when the title compounds were optimized using
B3LYP/cep-121g, TIB and DTZ had the same value of 0.22 eV-1 and 10G had 0.23 eV-L.

Based on Table 2 (in gas phase) and Table 3 (in water as a solvent), the chemical potential p electrophilicity index
w, nucleofugality AEn and electrofugality AEe of the title compounds increased with substitution. For example, the
optimization of title compounds using B3LYP/cep-121g indicated that the chemical potential p of TIB was -4.72
eV and it was recorded as -4.79 eV for both DTZ and IOG. The electrophilicity index w was 4.79 eV for TIB and it
was recorded as 5.02 and 5.4 eV for DTZ and 10G, respectively. Electrofugality AE. was 10.67 for TIB and it was
recorded 10.96 and 11.28 for DTZ and IOG, respectively. Nucleofugality AEn showed increase from 1.23 eV for
TIB to 1.71 for I0G.

Dipole moments as presented in Table 4 show that dipole moment is directly proportional to the increasing of
substitution units both in gas and solution phases. For example, in the gas phase, the dipole moment for TIB was
0.45 Debye when it was optimized by using B3LYP/cep-121g, and this value increased remarkably by substitution
and became 6.32 Debye and 8.69 Debye for DTZ and IOG, respectively. The same results were obtained in all
solution phases. For instance, in case of using the water as a solvent, when the title compounds were optimized by
using the same basis set B3LYP/cep -121g, the dipole moment for TIB was 0.59 Debye and this value increased by
substitution and became 8.52 Debye and 10.9 Debye for DTZ and 10G, respectively. We noted that the results
values were similar for each compound by using different basis sets except cep-4g which gave different values.

Natural Bonding Orbitals [NBOs] calculation from Table 5 shows that interaction energy linked to the resonance
in the molecule electron-donating from lone pair LP 312 to m*(C7-C8) recorded stabilization energy 9.38 Kcal/mole
and LP 313 to m*(C4-C9) recorded stabilization energy 9.26 Kcal/mole in TIB compound. This values increased by
substitution, as in DTZ compound, LP 312 to m*(C13-C14) recorded stabilization energy of 12.43 Kcal/mole and
LP 313 to m*(C10-C15) recorded stabilization energy of 12.9 Kcal/mole. In I0G compounds, LP 312 to m*(C13-
C14) recorded stabilization energy of 11.77 Kcal/mole and LP 313 to m*(C10-C15) recorded stabilization energy
of 11.92 Kcal/mole, indicating that these values are affected by the presence of two 2,4.6-triiodobenzene in this
dimeric contrast compound.

Finally, the optimization output of IR considered for DTZ compound was presented in Table 6 and the
characteristic vibrations were affected by the effects of induction and resonance of the aromatic structural
fragment in these molecules. For example, The O-H stretching vibrations lie in the 3200-3500 cm! regions [7]. In
the title compound, it appeared at 3529 cm'! and it was in agreement with the experimental results recorded at
3524 cm~1[9]. The carbonyl stretching vibrations of C=0 lie in 1740-1810 cm~! region and It is well known that if
carboxyl groups form hydrogen bonds with water molecules or other polar groups then the vibrational frequency
of the C=0 bond can decrease considerably [10]. In the title compounds, the carbonyl stretching vibrations of C=0
was observed in 1644 cm-1, and it was in agreement with the experimental results recorded at 1645 cm~1[9]. The
C-Cring stretching vibrations lie in the 1430-1625 cm-! region [7]. In the title compound, it appeared at 1521 cm-
1, and it was in agreement with the experimental results recorded at 1522 cm~! [9]. The C-N stretching vibrations
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lie in the 1020-1250 cm™ and 1266-1342 cm! region [11]. In the title compound, it appeared at 1220 cm, and it
was in agreement with the experimental results recorded at 1221 cm-1[9].

Through the optimization of 2,4.6-triiodobenzene, diatrizoate, ioxaglate contrast agents by using Lee-Yang-Parr
correlation functional (B3LYP), gradient corrected DFT with Beck’s three-parameter hybrid exchange function,
and with the B3LYP metho, our calculations show that the values of energy gaps between HOMO and LUMO in the
title compounds increased by substitution and were affected by presence of two 2,4.6-triiodobenzene rings in case
of I0G compound.

These changes led to alteration of other energy gap dependent values such as chemical potential, electronegativity,
chemical hardness, electrophilicity index and dipole moment.

Based on a second-order perturbation treatment of the Fuck matrix in the NBO basis, the interaction energies
linked to the resonance in the molecules showed that the electron-donating from lone pairs in title compounds
increased by substitution.

Finally, from IR spectra of DTZ compound, the results were in excellent agreement with experiment results.
Quantum chemical calculations have long-established great interest in finding ways to reliably and accurately
predict the molecular and electronic properties of the compounds especially drug compounds to investigate any
side effect or drug-drug interactions and additionally to predict potential new drugs.
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Abstract: The aim of this study was to determinate the causative agent of
mortalities in sharpsnout sea bream (Diplodus puntazzo Cetti, 1777) cultured in the
Aegean Sea. Ten individuals (200-350 g) in were investigated total between May
2009 - 2010 using bacteriological methods. Moribund fish samples exhibited pale
gills and liver, skin depigmentation, hemorrhages on the liver and muscles.
Bacteriological samples of liver, kidney and spleen were streaked onto Marine Agar
(MA) and Tryptic Soy Agar (TSA) plates containing 1,5% NaCl and incubated at 22°C
for 48h. Gram-positive non-motile cocci were isolated from visceral organs of
diseased fish samples. According to their morphological and biochemical
characteristics, these isolates were identified as Micrococcus luteus. Kirby-Bauer
disk diffusion method was also performed using multidisc. Results were interpreted
based on the available data and all isolates were determined to be sensitive against
oxytetracycline, erythromycin and chloramphenicol. Histopathologically, vacuolar
degeneration and necrosis in the parenchyma cells of liver, tubular necrosis in the
kidney and hemosiderin deposite in the spleen were determined. In addition to
melting lamella, epithelial cells hyperplasia in the gills was observed. In conclusion,
in this study an epizootic with a low mortality rate caused by M. luteus was described
and this study is the first report of the pathogen in the cultured sharpsnout sea
bream.

Kiiltiire Edilen Sivriburun Karagéz Baliklarinda (Diplodus puntazzo Cetti, 1777)

Micrococcus luteus Enfeksiyonunun Teshisi

Anahtar Kelimeler
Sivriburun Karagoz
Kafes Yetistiriciligi,
Micrococcus luteus

0z: Bu calismanin amaci Ege Denizi'nde Kkiiltiire edilen sivriburun karagdz
baliklarinda (Diplodus puntazzo Cetti, 1777) meydana gelen 6liimlerin nedeninin
belirlenmesidir. Mayis 2009 ve Mayis 2010 tarihleri arasinda bakteriyolojik
yontemler kullanilarak toplam 10 hasta birey (200-350g) incelendi. Olmek iizere
olan balik orneklerinde solgun solunga¢ ve karaciger, deri renginde agilma,
karacigerde ve kaslarda kanamalar goriildii. Hasta baliklarin karaciger, bobrek ve
dalagindan Marine Agar (MA) ve % 1,5 NaCl iceren Tryptic Soy Agar’a (TSA) yapilan
bakteriyolojik ekimler 22 ° C'de 48 saat siireyle inkiibe edildi. Gram pozitif hareketli
olmayan koklar viseral organlardan izole edildi. Morfolojik ve biyokimyasal
ozelliklerine gore, bu izolatlar Miccrococcus luteus olarak identifiye edildi. Kirby-
Bauer disk difiizyon yontemi ¢oklu disk kullanilarak yapildi. Sonuglar mevcut
verilerine dayanilarak yorumlandi ve tiim izolatlarin oksitetrasiklin, eritromisin ve
kloramfenikole karsi duyarli oldugu belirlendi. Histopatolojik olarak karaciger
parankim hiicrelerinde vakuolar dejenerasyon ve nekroz, bobrekte tiibiiler nekroz
ve dalakta hemosiderin depozitleri saptandi. Lamellalarda erimenin yani sira
solungaglarda epitel hiicre hiperplazisi gozlendi. Sonu¢ olarak, bu ¢alismada M.
luteus’un neden oldugu diisiik mortaliteli bir epizootik tanimlandi ve bu ¢alisma bu
patojenin kiiltiir sivriburun karagéz baliklarinda tanimlandigl ilk rapordur.

*lgili Yazar, email: etepecik@istanbul.edu.tr
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1. Introduction

Sharpsnout sea bream, Diplodus puntazzo (Cetti, 1777) is a marine fish species distributed in the eastern Atlantic
Ocean, Mediterranean sea and Adriatic sea [1]. This fish species has been successfully introduced to aquaculture
in the Mediterranean since 1990’s due to its high market value [3-5]. In Turkey, first sharpsnout sea bream
aquaculture has begun in 2000’s in the Aegean Sea. Brood stock management, embryonic development stages and
larviculture of this fish were studied and described by Kamaci et al.; Kop et al. and Suzer et al. [6-8]. Total
sharpsnout sea bream production of Turkey was 59 tonnes in 2015 [9]. Sharpsnout sea bream also has high
mortality rates in on-growing facilities, mainly due to diseases and breeding problems of larvae [4, 5, 10]. Up to
day, various infectious and non-infectious diseases were described in this vulnerable cultured species. Aeromonas
hydrophila [10, 11], Photobacterium subsp. piscicida, Vibrio alginolyticus, V. splendidus, V. vulnificus, Staphylococcus
epidermidis [10] and Edwardsiella tarda [12] were isolated as a causative agent from cultured sharpsnout sea
bream in Greece. In Turkey, a Gram-positive pathogen, Staphylococcus capitis subsp. capitis, has been reported by
Canak and Timur [13].

The members of the genus Micrococcus which is included under the family usually consist of non-spore, aerobic,
immobile, quaternary and irregular clusters of Gram-positive cocci. Most of the members that react positively in
the catalase test and produce carotenoid pigment [14-15]. They live in various environments, inhabit the soil and
may occur in several other ecological niches such marine sediment, chicken meat, fresh water or food as well as in
mammals [16-18]. Therefore, they also described emerging opportunistic pathogens [17, 18], some of them are
also used as probiotics in aquaculture [19-21]. Micrococcosis was first detected by Conroy in 1966 from rainbow
trout (Oncorhyncus mykiss) [22], then it was reported that the disease caused high mortalities in rainbow trout fry
(0,5-5 g) in England [17]. M. luteus was demonstrated as a causative agent by Austin and Stobie [17] and moribund
fish exhibited exophthalmia, pale gills, enhanced skin pigmentation, swollen abdomen, swollen kidney, pale and
elongated spleen and accumulation of acidic fluid [17]. In Turkey, the disease was reported by Aydin et al. [23] in
rainbow trout in Erzurum region in freshwater environment. Also it was reported as a pathogen of cultured
gilthead sea bream (Sparus aurata) [24] and common dentex (Dentex dentex) [25] in the Aegean coasts. The aim
of this study is to determinate the causative agent of low mortalities observed in sharpsnout sea bream cultured
in the Aegean Sea.

2. Material and Methods
2.1. Fish Samples

In this study, ten moribund (250-350g in weight) individuals were investigated between May 2009 and May 2010.
The behaviours of the moribund fish samples were monitored and the anamnesis information of the epizootic was
obtained from the fish farm executives. The fish samples, standing still on the water surface that exhibited clinical
symptoms were collected from the cages, and autopsy was performed according to Noga [26] and Bullock [27].

2.2. Bacteriological Examination

Totally 10 moribund sharpsnout sea bream individuals were investigated by using bacteriological methods.
Samples from internal organs were streaked onto Marine Agar and Tryptic Soy Agar (containing 1,5% NaCl) and
incubated at 22°C for 48h. After incubation, the isolated pure bacterial cultures were examined using standard
laboratory protocols and identified through biochemical characterization according to Kocur et al. [16] and Buller
[28]. Also a rapid diagnosis kit API Staph (Biomeriux, France) was used according to the directions of the producer
was used for all isolates.

2.3. Antimicrobial Susceptibility Testing

All isolates were tested for antimicrobial susceptibility by using Kirby-Bauer disc diffusion method including
multidisc (chloramphenicol, erythromycin, oxytetracycline, kanamycin, streptomycin, ampicillin, ciproflaxacine
and flumequine). Isolates were streaked onto Mueller-Hinton agar (Oxoid), incubated at 22°C for 48h,
susceptibility zone diameters were measured and analyzed according to Clinical and Laboratory Standards
Institute (CLSI) [29-30].

215



2.3. Histological Examination

Histopathological tissue samples (approximately 1 mm3) from the internal organs were taken and fixed in 10%
buffered formalin, processed with routine methods and embedded in paraffin blocks. Sections (5 pm) were stained
with hematoxylin-eosin (HE) [31-32] and examined under light microscope using the image analysis system NIS-
Elements BR Microscope Imaging Software (Nikon Instruments).

3. Results

Moribund fish samples exhibited pale gills and liver, loss of scales, lysis of fins and skin depigmentation (Fig. 1a),
hemorrhages on the pale liver and muscles, splenoatrophy and accumulation of a mucoid yellowish fluid in the

intestines (Fig. 1b).

Figure 1. Moribund fish exhibited (A) skin depigmentation, scale loses, lysis of fins, (B) hemorrhages in the liver,
mucoid yellowish fluid in the intestine.

Total of 10 yellow-pigmented Gram-positive isolates were recovered from kidney, spleen, liver and blood of
moribund fish samples (Fig. 2a, b). All isolates exhibited the same biochemical and morphological characteristics
with, only difference in a few biochemical tests such as arginin dihydrolase, Voges-Prouskauer, citrate and urease
utilization. And all of them were identified as M. luteus (Table 1). API Staph results of these isolates were also
showed in Figure 3. In the antimicrobial susceptibility test, all isolates were determined to be sensitive against
oxytetracycline, erythromycin and chloramphenicol.

Figure 2. Isolated bacteria (A) yellow-pigmented colonies, (B) Gram-positive result of Gram staining and
characteristic tetrad arrangement (arrowed).

216



Tablo 1. Phenotypic and morhpological caracteristics of M. luteus isolated from cultured sharpsnout sea bream

Characteristics M. luteus (n:10)
Colony colour Yellowish
Morphology Cocci
Gram Staining +
Motility -
Cytocrom Oxidase +
Catalase +
Coagiilase -

O/F Test +/-
0/129 (150pg) R
Indole -
Metil Red -
Voges-Prouskauer Test \Y
Arjinin Vv
Lizin -
Ornitrin -
ONPG -
Inositole -
Arabinose -
Sorbitole -

Production of H,S -
Citrate \%

Urease \%

+:pozitive reaction, -: negative reaction, R:resistant, V: variable result
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Figure 3. API Staph profile of M. luteus isolates
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Histopathologically, vacuolar degeneration and necrosis in the parenchyma cells of liver (Fig. 4a) and hemorrhage
in the liver (Fig. 4f), tubular necrosis in the kidney (Fig. 4b), hyperplasia of intestinal mucosa and hemorrhages in
the intestines (Fig. 4c), multifocal hemosiderin deposits, degeneration of parenchyma cells and reduced
hemopoietic tissue in the spleen were determined (Fig. 4d). In addition to melting lamella tissue, epithelial cells
hyperplasia in the gills was also observed (Fig. 4e).

4., Discussion and Conclusion

In aquaculture, increased production, pressures on faster growth, high density, management and structure
efficiency can create conditions favorable for the outbreak of bacterial infectious diseases. The causative agents of
these diseases are predominantly opportunistic pathogens. It is also related to a weakened immune system and
an altered microbiota [18]. Gram-negative bacteria are still dominant in the pathology of bacterial fish diseases,
but Gram-positive bacteria have also been observed in recent years [13, 17, 18]. The study describes the successful
identification of M. luteus strains in infected fish using bacteriological and histopathological methods.

A few outbreaks of the disease caused by M. luteus were diagnosed by Pekala in rainbow trout and brown trout in
Poland between 2014 and 2016 [18]. Diseased fish exhibited mainly exophthalmia, skin melanization, pale gills
and spleen, swollen abdomen and kidneys. Furthermore, the researchers supposed that the bacteria would appear
more often in the future causing considerable commercial losses [18]. However, we have observed a lower
mortality rate in the sharpsnout sea bream in the present study. In this study, moribund fish samples exhibited
pale gills and liver, skin depigmentation, hemorrhages in the liver and muscles. Canak and Timur [13] also
reported similar clinical findings in the fish infected with Staphylococcus capitis subsp. capitis in Turkey.

Figure 4. Tissue sections of moribund fish samples, stained with H&E. (A) vacuolar degeneration and necrosis in
the parenchyma cells of liver, (B) tubular necrosis in the kidney, (C) hyperplasia of intestinal mucosa and
hemorhages in the intestines, (D) multifocal hemosiderin deposits (he), degeneration of parenchyma cells and
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reduced hemopoietic tissue in the spleen, (E) hyperplasia of the gill lamellae (arrowed) and disruption of gill
epithelium, (F) hemorrhagie (h) in the liver

M. luteus is a yellow-pigmented non-motile, oxidative bacterium with, Gram-positive cocci shaped cells, which
display a characteristic tetrad arrangement. In this study, bacterial isolates recovered from moribund fish samples
exhibited yellowish colonies, a tetrad arrangement, and the positive reaction of catalase. These bacteria did not
produce f-galactosidase, HzS, indole, lysine or ornithine decarboxylase. The API Staph profile and other
biochemical characteristics of all isolates were found to be similar to previously reported [17, 18, 22, 26]. This is
the first report of M. luteus infection causing disease in cultured sharpsnout sea bream.

The sensitivity of the bacteria to chloramphenicol, streptomycin, potentiated sulphonamides and tetracycline was
recorded by Austin and Stobie [17]. Some data concerning the antimicrobial resistance of Kocuria, Micrococcus,
Nesterenkonia, Kytococcus, and Dermacoccus were presented by Szczerba without species specifications, and
erythromycin susceptibilities were found [33]. In another study, inhibition zones were observed for enrofloxacin
and sulphonamide with trimethoprim, besides flumequine and oxolinic acid resistance [18]. Previously, fish
pathogenic M. luteus strains recovered gilthead seabream and common dentex were reported to be sensitive
against oxytetracycline and erythromycin. In this study, all isolates were determined to be resistant against
kanamycin, streptomycin, ampicillin, ciprofloxacin, and flumequine. Similarly to other studies, they were found to
be sensitive to oxytetracycline, erythromycin, and chloramphenicol [18, 24, 25, 33].

In the present study, histopathological findings coincide with previously reported in the fish tissues infected with
staphylococcal bacteria [13, 17, 18, 22, 26]. Our histopathological findings such as vacuolar degeneration and
necrosis in the parenchyma cells of the liver and hemorrhage, tubular necrosis in the kidney, multifocal
hemosiderin deposits in the spleen, melanomacrophage deposit and necrosis of the kidney tubules are similar to
the findings obtained by Canak and Timur [13] in a staphylococcosis case of cultured sharpsnout sea bream M.
luteus and Vibrio sp. .

In conclusion, Gram-positive, strictly aerobic coccoid bacteria, especially M. luteus, are a part of the normal
bacterial flora of fish. Some of these species are used as probiotics in fish [19, 34], but some others may become
pathogenic under stress conditions. For this reason, these bacteria are renamed as emerging opportunistic
pathogens as others researchers have suggested.
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Anahtar Kelimeler 0z: Cowan tarafindan gelistirilen Relativistik Hartree-Fock (HFR) metodu
Yar1 miirler, kullanilarak, dort kez iyonlagmis lantanin (La V, Z = 57) 5s25p5, 5s25p#4f, 5s25p45d,
Enerji seviyeleri, 5s25p*6s, 5s525p*6p, 5525p*7s ve 5s25p*5g konfiglirasyonlarinin enerji seviyeleri ve

Landé g-¢arpanlari,

yar1 dmiirleri elde edilmistir. Ayn1 zamanda, bu seviyelerin Landé g-faktérleri de
Hatree-Fock metot

hesaplanmistir. Bu hesaplamada, konfiglirasyon etkilesimi ve relativistik etkileri
dahil edilmistir ve Hamiltonyenin hesaplanan 6zdegerleri mevcut deneysel enerji
seviyeleri kullanilarak en kiiciik kareler yontemi ile gézlenen enerji seviyelerine
uydurma yaparak iyilestirilmistir. Enerji seviyeleri icin elde ettigimiz sonuglari
literatiirde daha 6nce bildirilmis olan diger ¢alismalarla karsilastirdik ve oldukca
uyumlu oldugunu goérdiik. Elde edilen Landé g-¢arpanlari ve yar1 dmiir sonuglari bu
calismada ile ilk kez sunulmustur. Bu veriler astrofizik ve plazma fizigi icin
kullanighdir.

Lifetime Calculations in Quadruply Ionized Lanthanum (La V)

Keywords Abstract: Using the relativistic Hartree-Fock (HFR) method developed by Cowan,
Lifetimes, the energy levels and lifetimes of 5s25p5, 5s25p*4f, 5525p*5d, 5s25p*65s, 5s25p*6D,
Energy levels, 5s25p#7s, and 5s25p*5g configurations of quadruply ionized lanthanum (La 'V, Z =
Landé g-factors, 57) have been obtained. The Landé g-factors of these levels have been also
Hartree-Fock method calculated. In this calculation, configuration interaction and relativistic effects were

included and the calculated eigenvalues of Hamilton were improved by fitting the
energy levels observed by the least squares method using the available
experimental energy levels. We compared our results for energy levels with
previously reported the available other works in literature and found it to be quite
compatible. These Landé g-factors and lifetime results are reported for the first time
in this work. These data are useful for astrophysics and plasma physics.

*[lgili Yazar, email : bkaracoban@subu.edu.tr

1. Giris

Iyonlagmis lantanitlerin spektrumuna, kuantum bilgisi, aydinlatma endiistrisi, lazer malzemeleri ve yildiz fizigi
gibi gesitli fizik alanlarinda biiyiik ilgi duyulmaktadir [1]. Lantanitlerin ilk {iyesi olan lantan atomu ¢esitli teknolojik
alanlarda 6nemli uygulamalara sahiptir. Karbon esash aydinlatmada, optik camlarin yapiminda, pahali kamera
merceklerinde, cakmaktasi ve pil elektrotlarinin liretilmesinde, sinema endiistrisinde stiidyo aydinlatmalarinda
ve projeksiyonlarda kullanilir.

Dort kez iyonlasmis lantan (La V, Z = 57), iyot (I) benzeri elektron dizilimine sahiptir ve bu nedenle de halojen
benzeri bir enerji seviyesi yapisina sahip olmasi beklenir. La V’in taban hal konfigiirasyonu [Pd]5s25p5’dir. La V ile
ilgili simdiye kadar yapilan calismalar ¢ok azdir. Bu iyona ait ilk calisma olarak, Epstein ve Reader’in ¢alismasi
sayilabilir [2]. Calismalarinda La V’in taban hal terimini 5s25p5 2Pe3,; belirlediler. 5s25p3, 5s5p¢, 5s25p*5d ve
5s25p*6s konfiglirasyonlarinin tiim seviyelerini siiflandirdilar. Ayrica 47 gecisin dalga boylarini sundular.
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Biémont ve calisma arkadaslar1 5s25p> 2P3,,— 2P°1,; yasak gecisinin (manyetik dipol ve elektrik kuadropol) gecis
olasiligini hesapladir [3]. Murphy ve grubu cift lazer plazma teknigini kullanarak 85-96 eV boélgesinde La V'in
fotoabsorpsiyon spektrumlarini kaydettiler [4].

Bu ¢alismada, La V’in 5s25p5, 5s25p#4f, 5525p45d, 5525p*65, 5525p*6p, 5525p*7s ve 5525p*5g seviyelerinin enerjileri,
Landé g-carpanlari ve yari dmiirlerini sunduk. Hesaplamalar Cowan tarafindan gelistirilen relativistik Hartree-
Fock (HFR) [5] yontemiyle yapildi. Hesaplamalarda, La V’in [Pd] 5s25p°, [Pd] 5s25p*4f, [Pd] 5s25p*6p, [Pd]
5s25p*5d, [Pd] 5s25p*6s, [Pd] 5s25p*7s ve [Pd] 5s25p*5g konfiglirasyonlar: alindi. Bu konfigiirasyon seti degerlik
elektronlar1 arasindaki karsilikli etkilesmeye gore secilmistir. Karsilikli etkilesme ve relativistik etkiler agir
elementlerin spektrumlari tizerinde énemli rol oynarlar. Bu yiizden dort kez iyonlasmis lantan icin bu etkiler
hesaba alinmistir.

2. Materyal ve Metot
Cowan tarafindan gelistirilen HFR yonteminde [6] Hamiltonyen atomik birimlerde

H=—ZV?—Z%+' '%+Zci<n>(li.si) (1)

i i>j

olarak alinir. Burada r; = |r;| cekirdekten i. elektrona olan uzaklik, ;= |r,- - r]-|, i. ve J. elektronlar arasindaki

uzaklik ve i>j lizerinden toplam elektronlarin tiim ¢iftleri tizerindendir. {;, yoriinge- ve spin-agisal momentum
islemcilerinin skaler ¢arpiminin bir oranti sayisidir:

-SHE)

Radyal fonksiyonlar, Fk ve Gk Coulomb integrallerini ve {_; spin-ydriinge integrallerini hesaplamak i¢in kullanilir.

Hartree-Fock modeline gore radyal fonksiyonlar elde edildikten sonra, yJ etiketli bir seviyenin M alt seviyesinin
yJM) dalga fonksiyonu,

[YIM) =) laLSIMYaLS]ly]) )
aLS
seklinde ifade edilir.

Atom i¢in determinant dalga fonksiyonlari kullaniliyorsa, toplam baglanma enerjisi

E=Z E,§+E£+ZEU )
i

j<i
seklinde yazilir. Burada E} kinetik enerji, E! cekirdek-elektron Coulomb enerjisi ve EY i. ve j. elektronlar
arasindaki Coulomb etkilesim enerjisidir.

HFR yonteminde relativistik katkilar olarak spin-yoriinge etkilesmesi ile beraber kiitle diizeltmesi ve Darwin
diizeltmeleri alinmaktadir.

Bir atom seviyesinin Landé g-carpani, manyetik sayisi M olan alt seviyelerin enerji kaymasi ile ilgilidir:

AE(yJM) = ugBg, ;M (5)
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Burada i, Bohr manyetonu ve B manyetik alandir. Saf LS ¢iftlenimine gore af ile belirtilen bir seviyenin Landé g-
garpani

JU+1)—-LL+1)+SS+1)
2JJ+1)

formiili ile verilir. g; kuantum elektrodinamik (QED) etkiler icin diizeltilen elektron spininin g carpamdir [7].
Landé formiiliinde g, icin 2 degeri verilir. Enerji seviyeleri i¢in Landé g-carpanlari, bir spektrum analizinde degerli
bir yardimcidir.

Cogu deneyler dl¢limlerin kolayligindan dolay1 {ist seviyenin yar1 dmriinii verir. Bu durumda, tiim diisiik
seviyelere cok-kutuplu gecisler lizerinden toplam alinmalidir. Béylece bir ] seviyesinin yar1 6mrii asagidaki gibi
tanimlanir:

Jarsy =1+ (@s— 1) (6)

YAy (6)

(6) formiiliinde, A gegis olasiligl, y'J'M' uyarilmis halden yJ seviyesinin tiim M hallere olan gegis olasiligidir.

_ 64n*e’ajo? %
T 3h(2) +1)

burada a = [(E; — E;)/hc]'dir ve S elektrik dipol ¢izgi siddetidir.
3. Bulgular

Bu c¢alismamizda, La V’in 5s25p35, 5s25p*4f, 5s25p*5d, 5s25p*6s, 5s25p*6p, 5s25p*7s ve 5s25pt5g
konfiglirasyonlarinin enerji seviyelerini, Landé g-carpanlarini ve seviye yar1 émiirlerini sunduk. Hesaplamalarda
HFR yontemine gore Cowan tarafindan gelistirilen program paketi [5] kullanildi ve degerlik elektronlar:
arasindaki karsilikli etkilesme etkileri dikkate alindi. HFR yaklasikligi Schrodinger denklemine dayali olmasina
ragmen spin-yoriinge etkisi yaninda kiitle-hiz diizeltmeleri ve Darwin katkilar: gibi relativistik etkileri icerir. Bu
hesaplamada, Hamiltonyenin hesaplanan 6zdegerleri mevcut deneysel enerji seviyeleri kullanilarak en kiigiik
kareler yontemi ile gdzlenen enerji seviyelerine uydurma yaparak iyilestirildi. En kii¢iik kareler yonteminde tim
deneysel seviyeler NIST’ten [8] alind1. En kii¢lik kareler yonteminde spin-yoriinge parametrelerinin 6l¢eklendirme
faktorii temel kuantum mekaniksel hesaptaki degerlerinde birakilirken Slater parametreleri (Fk ve GkK) ve
konfiglirasyon etkilesme integralleri (RX) i¢in 6lceklendirme faktorlerinin iyilestirilmemis degerleri 0,85 olarak
secildi. Olceklendirme faktérlerinin bu diisiik degerleri agir elementler icin Cowan [5] tarafindan éne siiriilmiistiir.

La V’in enerji seviyeleri, Landé g-carpanlar1 ve yar1 6mir sonuglar1 Tablo 1 ve Tablo 2'de rapor edilmistir.
Tablolarda, elde edilen enerji sonuglar1 5s25p° 2P°3,; taban durum seviyesine gére (cm-!) biriminde ve yar1
omiirlerde ns biriminde verilmistir. Tablolarda sadece tek parite durumlar:1 “o” {ist indisi ile belirtilmistir. Diger
karsilastirma degerleri i¢in referanslar, Tablo 1'in altinda yazilmistir.

Tablo 1. La V’in diisiik seviyelerinin E enerjileri (cm-!), Landé g-carpanlari ve t yari dmiirleri (ns)

Seviyeler E (cm1) g-carpani T (ns)
Konf. Terim ] HFR Diger calis. HFR HFR
5s25p° 2Po 3/2 0,00 0,00 1,334
1/2 21634,10 21634,1ab 0,666
5s25p*(3P)5d 4D 5/2 166999,91 166600,9ab 1,335 26,76
3/2 167550,82 167307,9ab 1,201 19,87
7/2 168461,81 - 1,379 31,88
1/2 169965,67 169748,5ab? 0,575 10,19
5s25p*(3P)5d 4P 1/2 181767,54 183551,62 2,214 0,391
183552b
3/2 183163,74 182669,52 1,098 1,838
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182670b
5/2 19020895 18984168 1,359 2,270
189842b
5s25p4(3P)5d  4F 9/2  175215,07 - 1,299 28,26
5/2  186980,90 18753532 1,053 1,043
187535b
3/2 187887,17 1882988 0,758 0,882
188299b
7/2 19241849 - 1,216 0,273
5s25p4(3P)5d  2F 7/2  177606,11 - 1,130 0,273
5/2 20086851  200770,6 0,972 1,561
200771b
5s25p4(1D)5d 2P 1/2 18460630  185114,92 0,488 32,53
3/2 19700044  196794,3b 1,328 10,74
5s25p4(1D)5d 2D 3/2 19029420 19021742 1,097 2,282
5/2 19821430  198577,0b 1,242 1,437
5s25p4(1D)5d  2G 7/2 19971557 - 0,975 27,46
9/2 20187331 - 1,146 23,64
5s25p4(1D)5d  2F 5/2  208284,18 20739832 0,979 1,453
7/2  212699,22 - 1,142 19,78
5s25p4(1D)5d  2S 1/2 21027429 228915822 2,022 0,032
22891657
5s25p4(1S)5d 2D 3/2  222799,09 22202312 0,948 0,056
222023b
5/2 23554321 23636532 1,189 0,347
236365P
5s25p4(3P)5d 2P 3/2 23100630 23142392 1,129 0,015
1/2  236922,70  237221,8b 0,868 0,020
5s25p4(3P)5d 2D 5/2 23187881  229739,8 1,189 0,011
229740b
3/2  251660,89 25092122 0,859 0,012
2509210
5525p4(3P2)6s1/2 4P 5/2 22482338  2251912a 1,541 0,977
22519107
5525p4(3Po)6s1/2 4P 1/2 23901450 24030802 2,131 0,067
5525p4(3P1)6s1/2 4P 3/2 24671842  2468544a 1,632 0,199
246854b
5525p4(3P2)6s1/2 2P 3/2  228630,72  2285453a 1,305 0,237
228545b
5525p4(3P1)6s1/2 2P 1/2 25002569  250411,1a 1,092 0,059
250411b
5s25p4(1D2)6s1/2 2D 5/2 25682992  255936,4a 1,260 0,181
2559360
5s25p4(1D2)6s1/2 2D 3/2 25772158 25704728 0,913 0,134
257047b
5525p4(1S0)6s1/2 25 1/2  287254,80 - 1,953 0,139

a Epstein ve Reader [2], b NIST [8]
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Tablo 2. La V’in baz1 uyarilmis seviyeleri icin yeni E enerjileri (cm-1), Landé g-carpanlari ve t yar1 émiirleri (ns)

Seviyeler E (cm1) g-¢arpani T (ns)
Konf. Terim ] HFR HFR HFR
5s25p*(3P)4f 4Fo 7/2 135767,22 1,214 -
5/2 135848,86 1,026 -
9/2 137141,70 1,296 -
3/2 138035,71 0,593 -
5s25p*(3P)4f 4Go 11/2 143655,87 1,235 -
5/2 155889,81 0,684 -
7/2 156593,72 1,119 -
9/2 159847,96 1,176 -
5s25p*(3P)4f 2Go 9/2 144597,01 1,077 -
7/2 165907,75 1,070 -
5s25p*(3P)4f 4Do 1/2 144624,08 0,190 -
3/2 148201,83 1,145 -
5/2 159988,08 1,136 -
7/2 163895,86 1,178 -
5s25p*(3P)4f ZFo 5/2 148517,80 1,036 -
7/2 150469,98 1,080 -
5s25p*(3P)4f 2Do 3/2 155585,33 0,729 -
5/2 166277,71 1,180 -
5s25p*(1D)4f Zpo 1/2 165591,98 0,474 -
3/2 166527,53 1,234 -
5s25p*(1D)4f ZHo 9/2 166019,20 0,973 -
11/2 167059,89 1,129 -
5s25p*(1D)4f ZFo 7/2 173310,64 1,138 -
5/2 179575,13 0,885 -
5s25p4(1D)4f 2Do 5/2 173498,57 1,116 -
3/2 179773,40 0,832 -
5s25p4(1D)4f 2Go 7/2 176274,13 0,920 -
9/2 178481,69 1,116 -
5s25p*(1S)4f ZFo 5/2 201662,30 0,880 -
7/2 202180,07 1,141 -
5s25p4(3P)6p 4Ppo 3/2 267708,44 1,585 0,296
5/2 268662,09 1,412 0,288
1/2 287032,61 2,156 0,290
5s25p*(3P)6p 2Po 1/2 272881,26 1,402 0,310
3/2 290828,59 1,343 0,326
5s25p*(3P)6p 2Do 5/2 273149,30 1,284 0,310
3/2 295489,31 1,291 0,300
5s25p#(3P)6p 450 3/2 280974,30 1,349 0,318
5s25p4(3P)6p 4Do 7/2 273691,71 1,384 0,258
1/2 282742,70 0,499 0,302
3/2 287030,19 1,300 0,268
5/2 292830,39 1,381 0,263
5s25p4(3P)6p 28e 1/2 295468,59 1,234 0,325
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Tablo 2. (devami)

Seviyeler E (cm-1) g-carpani T (ns)

Konf. Terim ] HFR HFR HFR
5s25p4(1D)6p 2Fo 5/2 298439,90 0,953 0,307
7/2 302661,44 1,189 0,266

5s25p4(1D)6p 2po 3/2 301911,21 1,449 0,277
1/2 310328,00 0,704 0,354

5s25p4(1D)6p 2o 3/2 305609,92 0,891 0,309
5/2 306879,79 1,201 0,277

5s25p4(1S)6p 2po 1/2 330644,78 0,673 0,330
3/2 333812,31 1,332 0,266

5s25p*(3P2)7s1/2 P 5/2 346378,19 1,543 0,323
5525p4(3Po)7s1/2 4P 1/2 359763,61 2,158 0,208
5s25p*(3P1)7s1/2 P 3/2 366169,01 1,660 0,219
5525p#(3P2)7s1/2 2P 3/2 347742,39 1,315 0,111
5s25p*(3P1)7s1/2 2P 1/2 367211,40 1,192 0,105
5525p4(1D2)7s1/2 2D 5/2 376501,49 1,259 0,187
5s25p4(1D2)7s1/2 2D 3/2 376759,42 0,894 0,160
5525p4(1S0)7s1/2 2 1/2 405987,89 1,988 0,175
5s25p4(3P)5¢g 4G 9/2 387430,64 1,140 0,584
11/2 387454,15 1,202 0,593

7/2 387493,25 0,987 0,587

5/2 407091,00 0,726 0,572

5s25p4(3P)5¢g 4F 5/2 387866,21 0,804 0,594
3/2 388449,33 0,469 0,611

7/2 407298,71 1,049 0,619

9/2 408243,84 1,137 0,629

5s25p4(3P)5¢g 2G 9/2 387913,19 1,066 0,681
7/2 388235,19 1,068 0,680

5s25p4(3P)5¢g 4H 13/2 388133,20 1,206 0,621
7/2 401005,72 0,883 0,611

11/2 407281,28 1,178 0,591

9/2 407469,18 1,013 0,615

5s25p4(3P)5¢g 2H 11/2 388189,21 1,073 0,632
9/2 401044,64 1,111 0,630

5s25p4(3P)5¢g 2F 5/2 388644,53 0,975 0,656
7/2 408383,67 0,924 0,636

5s25p4(1D)5g 2D 3/2 416509,81 0,729 0,532
5/2 416543,50 1,152 0,548

5s25p4(1D)5g 2] 13/2 416940,22 1,103 0,581
11/2 416946,20 0,953 0,572

5s25p4(1D)5g  ZF 7/2 417688,83 1,141 0,605
5/2 417916,34 0,857 0,632

5s25p4(1D)5g  2G 9/2 418582,56 1,117 0,625
7/2 418751,68 0,901 0,638

5s25p4(1D)5g  2H 11/2  418719,52 1,106 0,622
9/2 418725,61 0,932 0,640
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Dért kez iyonlasmis Lantanin (La V) Yar1 Omiir Hesaplamalari

Tablo 2. (devami)

Seviyeler E (cm-1) g-carpani T (ns)
Konf. Terim ] HFR HFR HFR
5s25p4(1S)5g 2G 9/2 447378,61 1,111 0,593
7/2 447501,66 0,889 0,594

4. Tartisma ve Sonug

Tablo 1'de 5s25p>, 5s25p*5d ve 5s25p46s uyarilmis seviyelerinin enerji sonuglar1 diger sonuglarla
karsilastirilmistir [2, 8]. Ayrica, bu seviyelerin Landé g-¢arpanlarini ve yar1 dmriinii hesapladik. Literatiirde sadece
bu konfigiirasyonlar icin enerji verilerinin karsilastirma verileri mevcuttur. Bu hesaplamamizdan elde edilen
enerji sonuclarin, NIST verileri [8] ve Epstein ve Reader’in tarafindan yapilan ¢alismayla [2] karsilastirildiginda
uyumlu oldugu goriilmektedir. Elde edilen sonuglarin dogrulugunu goéstermek icin yiizde farklar (hata) [|Eb -
Ed|/Ed]*x100 hesaplandi. Burada Eb, bu ¢alismayi, Eq, diger calismalar: gostermektedir. Elde edilen sonuglar ile 2,
8] calismasindaki sonuglar arasindaki yiizde fark, 5s25p*('D)5d 2S1/2 seviyesi disinda, %0,00-0,97 araligindadir. Bu
seviye icin % fark, %8,14 olarak hesaplanmistir. Bu seviye icin karsilastirma degerleri her iki kaynakta da
belirsizdir. Bu nedenle, % fark fazla ¢cikmis olabilir.

La V icin Tablo 1 ve Tablo 2'de 5s25p*4f, 5s25p*6p, 5525p*7s ve 5s25p*5g uyarilmis seviyelerinin enerjileri ve
5s25p°®, 5s25p*4f, 5525p*5d, 5s25p*6s, 5525p*6p, 5525p*7s ve 5s25p45g seviyelerin yar1 6miir ve Landé g-¢arpani
sonuglari ilk kez bu calismada rapor edildi.

Bu ¢alismanin ana amaci, La V spektrumunun bir tanimini elde etmek icin HFR hesaplamalarini gergeklestirmektir.
Bu calismada sunulan enerji verileri ve Landé g-carpanlari, bazi isinim 6zelliklerinin arastirilmasinda
kullanilabilir. Ayrica ilk kez sunulan sonuglarimizin, ¢esitli arastirma alanlari ve teknolojik uygulamalarda ve La V
spektrumunun yorumlanmasinda faydali olacagini umuyoruz.
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Bu ¢alismanin incelenmesinde degerli vakitlerini ayiran hakemlere ¢cok tesekkiir ederiz.
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Anahtar Kelimeler 0z: icerigi hizla biiyiiyen geleneksel web, devasa bir veri kiimesine déniismiis, bu
Baglantili Veri, veri kiimesi ile heterojen ortam sunan bir hal almistir. Gerek gelisen teknoloji
Semantik Web,

gerekse kullanicilarin zaman ve kalite beklentisinin degismesi ile birlikte, mevcut
bilgi sunum teknikleri, bu beklentilerin gerisinde kalmistir. Geleneksel webin yeni
versiyonu olan Semantik Web ve bileseni baglantili veri ile birlikte, sadece
dokiimanlarin yayinlanmadig, bilgisayarlarin da veriyi anladig1 ve analiz edebildigi
yeni bir platform olusturulmustur. Baglantili veri, veri kaynaklarinda bulunan
verilerin web lizerinde semantik tanimlari ile birlikte sunulmasi i¢in bir dizi tasarim
ilkeleri sunar. Baglantili veri yaklasimiyla birlikte konumsal alandaki verilerin web
iizerindeki boyutu her gecen giin daha da artmaktadir. Konumsal baglantili verilerin
yayinlanmasiyla web tzerinde konumsal veriler sorgulanabilir ve diger veri
kaynaklari tarafindan kullanilabilir hale gelir. Boylece Semantik Web uygulamalari
geregi, farkli veri kaynaklarinda ayni anlama gelen veri ve kavramlar semantik
olarak egslestirilebilir durumdadir. Bu ¢alismada, konumsal verilerin baglantili veri
olarak yayinlanmasi icin bir metodoloji 6nerilmistir ve gereksinimler belirlenerek
sonuclar irdelenmistir. Bu baglamda, “Trabzon Idari Sinirlar” veri seti ontolojilerle
iliskilendirilerek web iizerinde baglantili veri olarak yayinlanmistir ve konumsal
sorgular gerceklestirilmistir.

Konumsal Veri,
RDF

Publishing Geospatial Data as Linked Data : Trabzon Case

Linked Data, Abstract: The rapidly growing traditional web has transformed into a gigantic data

Semantic Web, set, which make it a place providing a heterogeneous environment. With the changes

Geospatial Data, in quality expectation of users and improving technology, current knowledge

RDE representation techniques lagged behind these expectations. With the Semantic
Web, a new version of the traditional web, and one of its component linked data
create a platform where computers can understand and analyze data and only
documents are not published. To be able to present data contained in data sources
with semantic definitions on the web, linked data provides a set of design principles.
With linked data approach, the size of data in spatial field is increasing day by day.
Thanks to be published spatial data as linked data, spatial data became queriable,
and useable by other data sources. As a result of Semantic Web applications, data
and concepts with the same meaning from different sources are semantically
intermateable. In this article, a methodology is indicated for publishing spatial data
as Linked Data, requirements are determined and the results are examined. In this
concept, “Trabzon Administrative Borders” dataset is adjusted to ontologies,
published on the web as linked data and spatial queries are carried out.

*[lgili Yazar, email: gultenkara52@hotmail.com
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1. Giris

Bugiin giinliik yasantimizin ayrilmaz bir pargasi haline gelmis olan internet 1989 yilinda Tim Berners-Lee
tarafindan World Wide Web kavrami ile hayatimiza girmis ve ¢cok kapsamli bir kullanim alanina yayilmistir. 2001
yilina gelindiginde yine internetin kurucusu Tim Berners Lee tarafindan yeni internet kavrami ‘Semantik Web’
kullanima sunulmustur. Béylece geleneksel internet, doniisiim siirecine girmistir. Geleneksel Web’de insanlarin
sahip oldugu ve birbirleri ile paylasmak istedigi climlelerin ve goérsellerin ardinda yatan anlam bilgisayarlar i¢in
bir sey ifade etmezken “Verinin Web”inde bu climleler ve gorseller sadece insanlar i¢in degil, bilgisayarlar i¢in de
anlam bulmakla kalmamis, ayn1 zamanda verilerin de etkin paylasimi baslamistir. Bugiin internet lizerinde her
hareket bir ¢esit veri olmaya baslamisken, her ¢esit verinin internet ortaminda herkes tarafindan kolayca
erisilebilir olmasi saglanmistir. Dokiimanlarin yayinlandigi geleneksel webde, dokiimanlarin anlami bilgisayarlar
icin yoktur. Onlara anlam katmak ve veriyi anlamli kilmak, Semantik Web ile miimkiindiir. Semantik Web, yeni bir
web olmayip, mevcut webdeki bilgilere anlam yiiklenmesi ile hem bilgisayarlar hem de insanlar tarafindan
anlasilabilmesine imkan verecek olan giiniimiiz webinin bir uzantisidir [1].

Teknoloji ile biitiinlesik hale gelen giiniimiiz diinyasinda, internet iizerinde yapilan paylasimlar artan bir hizla
devam etmektedir. Bu durum interneti, i¢erisinde yapili, yapisiz ve yar1 yapili halde sayisiz bilgiyi kapsayan bir
ortama doéntstiirmiistiir. Devasa biiyiikliikteki bu bilgiler bilgisayarlar tarafindan degil, bilginin kullanicisi olan
insanlar tarafindan anlasilabilir ve kullanilabilir bir sekilde sunulmaktadir. Bu noktada farkl veri tabanlarinda
farkli formatlarda tutulan verilerin her bir kullanici tarafindan toplanmasi ve amaca uygun bir hale getirilmesinin
gerekliligi, verilerin kullanmasini zaman ve emek tiiketici bir hale getirebilmektedir. Gelinen nokta itibariyle
Geleneksel Web, giiniimiiz diinyasinin hissettirdigi hiz1 yakalamasi ve c¢esitliligi karsilayabilmesi baglaminda
degisime ihtiya¢c duymaktadir. Bu ihtiyaca cevap olarak ortaya ¢ikan Semantik Web, interneti artik daha kullanish
ve anlasilabilir hale getirmistir. Bu anlasilabilirligin insanlardan bilgisayarlara gecisi ile birlikte, verinin
toplanmasi ve tiiketimi daha hizli ve daha kolay bir sekilde gerceklesmesi miimkiin hale gelmistir. Ayrica Semantik
Web baglaminda olan baglantili verinin kullanimu ile birlikte, ¢esitli kaynaklardaki veriler, tek bir veri modeline
dontstiirtlerek, cesitli diger yapilarin veriye entegrasyonu ile tek bir cati altinda bilgisayarlar tarafindan
anlasilabilecek sekilde toplanabilmektedir. lgili literatiirde baglantil verileri olusturmak ve yaymlamak i¢cin cok
sayida proje, girisim ve akademik calisma gerceklestirilmistir. Farkli veri kaynaklarindaki verileri tanimlamak
amaciyla Baglantili A¢ik Veri Bulutu (Linked Open Data Cloud”), girisimi baslatilmistir. Bu girisimin amaci, farkl
veri kaynaklarini web tizerinde RDF (Resource Description Framework) olarak sunmak ve onlar arasinda link
kurmaktir. Mart 2019 tarihi itibariyle 16.147 linkle 1.239 veri seti icermektedir. DBpedia projesi ise Wikipedia
iizerinde yapil bilginin ¢ikarilarak varliklarin baglantili veri olarak yayinlanmasini amaglar. Web tizerindeki ilgili
veri setlerine kurulan linkler yardimiyla diger veri setlerine de erisim saglanir.

Semantik Web uygulamalari ile birlikte web tizerindeki verilerin miktari her gegen giin daha da artmaktadir. Buna
paralel olarak bu verilerin 6nemli bir kismin1 konumsal veriler olusturmaktadir. Nitekim son zamanlarda hem
devlet kurumlarinin hem de diger konumsal veri saglayicilarinin konumsal verilerini kullanicilara agik veri olarak
sundugu goriilmektedir. Konumsal verilerin baglantili veri olarak yayinlanmasi konusunda ¢ok sayida proje ve
akademik ¢alisma mevcuttur. Bu ¢alismalardan bazilar1 agsagida verilmistir.

GeoNames, 11 milyondan fazla yer ismini ve tiim tilkeleri kapsayan bir cografi veri tabanidir. GeoNames ontolojisi
konumsal semantik bilginin Word Wide Web’e eklenmesini miimkiin kilar. 11 milyondan fazla GeoNames yer ismi
RDF web servisine karsilik gelen tek anlamli URI (Uniform Resource Identifier)’ lere sahiptir. Diger servisler yer
isimleri arasinda iliski tanimlar. Konumsal veri alaninda baglantili verilerin yayinlanmasi i¢in éncii kurumlardan
biri siiphesiz Biiyiik Britanya ulusal harita kurumu olan Ordnance Survey dir. A¢ik Veri girisiminin bir parcasi olan
konumsal baglantili verilerin olusturulmasi ve yaymlanmasi amaciyla 1:50 000 “Scale Gazetteer”, “Code-Point
Open” ve “Boundary Line” veri setleri baglantili veri olarak yayinlanmistir. Verilerin konumsal iliskilerini semantik
olarak tanimlayan “Spatial Relations Ontology” ve 50 binlik atlas1 tanimlayan “50K Gazetteer Ontology” ile birlikle
“Postcode Ontology”, “Geometry Ontology” ve “The Administrative Geography” and “Civil Voting Area Ontology”
gibi ontolojiler verileri tanimlamak amaciyla gelistirilmistir.

LinkedGeoData, OpenStreetMap projesinden elde edilen bilgiyi kullanir ve bu veriyi “Baglantih Veri ilkeleri” ne
gore RDF olarak erisilebilir kilarak, diger veri setleri ile iligkilendirir. LinkedGeoData projesinin amaci,
OpenStreetMap verisi ile biiyiik bir konumsal bilgi tabani olusturmaktir. Proje kapsaminda OpenStreetMap verisi,
baglantili veri olarak yayinlanmistir ve DBpedia ve GeoNames ile iliskilendirilmistir [2]. TELEIOS projesinde ise
uzaktan algilama teknikleriyle elde edilen goriintiilerden ¢ikarilan veriler proje kapsaminda gelistirilen ontolojiler
ile iliskilendirilmis ve DBpedia ve GeoNames gibi diger veri setleri ile linkler kurulmustur. Uydular tarafindan elde

* https://lod-cloud.net,
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edilen g6zlem verilerinin semantik olarak tanimlanarak daha fazla kullanici tarafindan erisilebilirligi saglanarak
sanal diinya gozlemleri gerceklestirilmistir. Finlandiya da baglantili verilerin yayinlanmasi amaciyla baslatilan

girisim ile birlikte “Cultural Heritage”, “History”,
baglantili veri olarak yayinlanmistir [3].

» o«

Finnish Law”, “Finnish Geographic Names” gibi veri setleri

Kara [4], yer adlar dizinlerini ulusal ve uluslararas: élcekte inceleyerek Tiirkiye icin bir idari Birimler Dizini
olusturmustur. Ardindan olusturulan Idari Birimler Dizinini temel alarak idari Bsliim Ontolojisini ortaya koymus,
idari birimler arasindaki konumsal iliskiler ve geometriler icin Konumsal iliskiler Ontolojisi ve Geometri Ontolojisi
gelistirmistir. Baglantili Veri ilkeleri’ ni takip ederek istanbul ili Besiktas ilgesi ve komsularini her bir birim icin
RDF dokiimani olusturarak Baglantili Veri olarak yayinlamistir. Olusturulan RDF dokiimanlari Apache Jena Fuseki
yazilimi ile SPARQL Endpoint (u¢ nokta) olarak sunarak ilgili diger kullanicilarin erisimine sunulmustur. Calisma
idari birimler ve Baglantili Veri icerigi ile lilkemizde yapilmis 6ncii ¢alismalardan biridir.

Atemezing [5], cografi ve geometrik verilerin sunumu i¢in cesitli kelime hazineleri ve modellerini inceleyerek
Datalift Projesi kapsaminda cografi verinin baglantili veri olarak yayinlanmasina odaklanmistir. Mevcut konumsal
icerikli kelime hazinelerinin geometrilerini daha etkili modelleyebilmeleri icin genisletilmis, Fransa odakl
oznitelik ve ilgi alan1 icin ontoloji gelistirmistir. Ayrica Fransa i¢in idari konumsal kaynaklarini webde mevcut olan
LinkedGeoData, GeoNames gibi veri setleri ile iliskilendirmistir. Fransa i¢in “Administrative Units”, “Gazetteer” ve

“Addresses of OSM-Fr” gibi veri setlerini yayinlayarak Fransa Baglantili A¢ik Veri Bulutu’ nu olusturmustur.

Adlan [6], Baglantili A¢ik Veri Bulutu’ nda bulunan konumsal veri setleri ile ilgili durum analizi yapmis ve bu veri
setlerinin kullanilmasina deginmistir. Ayrica Hollanda'da tapu sicil verilerinden sorumlu kurumdan elde ettigi
Baglantili Veri Seti ile Avrupa Birligi doga koruma ag1 biinyesindeki konumsal veri setini Baglantili Veri Ilkeleri’
ne gore iliskilendirerek Konumsal Baglantili Verileri yaymlamistir. RDF veri modeline doéniisiimde TripleGeo,
iliskilendirme icin ise SILK yazilimini kullanmustir. iliskilendirme agamasini geometri ve yer adlar temelli olarak
iki sekilde sunmustur.

Biich [7], baglantili veri teknolojilerini detayli bir sekilde incelemistir. Mevcut biitiinlesik baglantili veri
¢oziimlerini irdeleyerek bunlardan birisi olan DataLift ile uygulama senaryosu kapsaminda baglantili verileri
yayinlamistir.

Saavedra ve digerleri [8], konumsal verilerin baglantii veri olarak yayinlanmasinda konumsal verinin
¢ogunlugunu olusturan kadastral veriler ile ¢alisma ylritmiislerdir. Kolombiya’'da iki farkli kadastral veri
saglayicisindan elde ettikleri veriyi Baglantili Veri Ilkeleri’ ne gore semantik olarak iliskilendirmisler, ayrica ¢ikti
veri seti Baglantili Veri Bulutu iizerinden GeoNames ve LinkedGeoData veri setleri ile zenginlestirmislerdir.
Kolombiya idari sinirlarin1 kapsayan ve gerekli tanimlar1 iceren mevcut ontolojileri kullanarak bir ontoloji
gelistirmislerdir. RDF veri modeline dontisiimde shp2GeoSPARQL ve Google Refine-RDF uzantisi kullanilmistir.
Belirtilen Baglantili Veri Bulutu veri setlerine link kurma islemi RDF veri modeline doénilisiim esnasinda
gerceklestirmislerdir.

Missier [9], Rotterdam/ Hollanda i¢in baglantili veri yaklasimini uygulamistir ve mahallelerin bir harita tizerinde
gosterilerek daha kaliteli bakis agis1 yakalanmasin1 amaglamistir. Hollanda ve diger iilkelerdeki baglantili veri
calismalarini incelemistir. Uygulama asamasinda veri ontolojisi gelistirmistir ve RDF veri modeline doniistimde
iki farkl yaklagim izlemis ve bu yaklasimlari karsilastirmistir.

Diaz ve Vilches-Blazquez [10], ispanya’da kadastral veri saglayicisindan alinan GML ve SHP formatlarindaki
veriler, INSPIRE veri modelleri temel alinarak baglantili veri olarak yayinlanmistir. INSPIRE veri modeline ve
Ispanya idari birimlerine uygun ontoloji gelistirilmistir. Geometry2RDF yazilim1 ile GML verisi, shp2RDF ile SHP
verisi RDF veri modeline donistiirilmiistiir. Cikti RDF verileri DBpedia ve GeoLinkedData verileri ile
iliskilendirilmis ve Parliament iiclii deposuna (triple store) aktarilmistir.

Shaon ve digerleri [11], Biiyiik Britanya a¢ik veri girisimi kapsaminda konumsal verinin baglantili veri olarak
yayinlanmasi i¢in bir yontem 6nermis ve bu yontemi kullanan GeoTOD-II projesi ile bir baglantili veri ¢ercevesi
gelistirilmistir.

Datalift Projesit'nde, veri saglayicilarinin veri setlerine uygun ontoloji secim asamasinda kullanabilecekleri
mevcut metotlar ve araglar incelenmis, ¢esitli veri formatlarindan RDF veri modeline déntisiimde kullanilabilecek
araclar belirlenmis ve biitiinlesik bir yontem gelistirilmistir. Proje ile birlikte, otomatik iliskilendirme ve baglantili
veri lisans verme asamalarina da katki saglanmistir.

¥ https://datalift.org/project/
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1.1. Problemin tanimi

Konumsal veri tabanlarindaki verilerin baglantili veri olarak yayinlanmasi i¢in gerekli yontemin belirlendigi bu
calismada Trabzon idari sinirlar veri seti baglantili veri olarak yaymlanmistir. ilgili literatiirde bircok akademik
¢alisma bulunmasina ragmen konumsal verilerin baglantili veri olarak yayinlanmasi i¢in biitiinciil bir yaklasim
onerilmemistir. Ozellikle konumsal veri iireten kurum verilerinin biiyiik bir cogunlugu Esri shape formatindadir.
Bu verilerin baglantili veri olarak yayinlanmasi ve siirdiiriilebilirliginin saglanmasi gerekir. Bunun i¢in verilerin
RDF formatina doniistiiriilmesi, ontolojilerle iliskilendirilmesi, baglantili veri setleri ile arasinda link kurulmasi ve
yayinlama gibi islem adimlarin1 kapsayan baglantili veri yasam déngiisiiniin bastan sona kadar yonetilmesi ile
miimkin olacaktir. Baglantili verilerin yayinlanmasi icin gerekli islem adimlarindan 6zellikle konumsal verilerin
RDF formatina doniistiiriilmesi, ontoloji ile iliskilendirilmesi ve baglantili veri setleri ile link kurulmasi sirasinda
bazi problemler ortaya ¢ikmaktadir. Bu ¢alisma kapsaminda konumsal baglantili verilerin yayinlanmasi sirasinda
bu problemleri ¢6zlime kavusturmak icin mevcut literatiir incelenmistir. Bu ¢calisma kapsaminda uygulama bolgesi
olarak Trabzon se¢ilmis ve Trabzon iline ait ilgelerin konumsal ve konumsal olmayan 6znitelikleri baglantil veri
olarak yayinlanmistir.

1.2. Calismanin amaci

Halihazirda hem kamu kurumlari hem de diger veri saglayicilar1 giintimiizde icretli ya da iicretsiz sekilde hem
konumsal hem de konumsal olmayan verileri kullanicilara sunmaktadir. Bu durum her ¢esit kullanici i¢in verilerin
format farkliliklari, ayn1 varlik olmasina ragmen farkl isimlendirilmesi, veri igeriginin farklilig1 ve ayrinti diizeyi
kullanicilar: 6zellikle birden farkli kurum verilerine ihtiya¢ duyan uygulamalarda ger¢cek zamanli durum yonetimi
ve iktisadi konular gibi noktalarda yavaslatmakta, emek ve zaman kaybina neden olmaktadir. Bu problemlerin
oniine gecebilmek amaciyla ABD, Hollanda, ingiltere ve Ispanya gibi iilkeler, kamu kurumu verileri basta olmak
iizere Kkiltiirel miras, ulasim, egitim gibi diger bir¢ok veriyi agik veya baglantili veri seklinde kullaniciya
sunmaktadir. Boylece kullanicilar kendi verilerini bahsedilen veriler ile entegre ederek daha biiytik bir veri agina
baglanma olanagina kavusmaktadir. Bu noktadan hareketle, ilgili literatiirdeki ¢alismalara dayanarak iilkemizde
ulusal diizeyde baglanti veri yaklasiminin benimsenmesine katkida bulunmak ve baglantili veri yaklasiminin
avantajlarini ortaya koymak ¢ok dnemlidir. Calismanin amaci, konumsal alanda iiretilen verilerin semantik web
teknolojilerinden yararlanarak baglantili veri olarak yayinlanmasidir. Bu baglamda, ulusal diizeyde konumsal veri
sunan kurum veya kuruluslarin verilerini baglantili veri olarak yayinlamalari i¢in metodoloji gelistirilmistir.
Uygulama senaryosu kapsaminda Trabzon idari sinirlar veri seti baglantili veri olarak yayinlanmistir.

2. Materyal ve Metot

Geleneksel web dokiimanlarin birbirine linkler yardimiyla bagh oldugu bir yapiya dayanir. Semantik Web ise yeni
bir web olmayip geleneksel webin bir uzantisidir. Semantik Web ve Baglantili Veri Yaklasimi’'nin geleneksel webe
ustiinliikleri vardir. Bu istiinliikler aslinda semantik web teknolojilerinin beraberinde getirdigi yeniliklerden
kaynaklanir. Geleneksel web dikkate alinirsa, birbirinden bagimsiz olarak sunulan igeriklerin birbirleri ile ilgili
oldugu ¢ok sayida internet sitesi mevcuttur. Benzer konulari isleyen iki farkli internet sitesi diistiniildiigiinde,
herhangi bir kitap ya da film hakkinda bir bilgiye ulasmak isteyen bir kullanici geleneksel web ile kiyaslandiginda
Semantik Web ile birlikte daha kullanisli, daha fazla ve anlaml bilgiye kolay bir sekilde ulasacaktir. Bunun temel
sebebi, geleneksel webde farkl veri saglayicilar1 arasinda anlamli ya da tipli iliskiler kurmanin zorlugudur. Bu
zorlugun sebebi, verilerin farkli veri setlerinde tutulmasidir. Farkli veri setlerinde tutulan verilerin iligki icin
birlestirilmesi gerektiginde tanimlanan birincil anahtarlarin farkli olusu nedeniyle otomatik eslestirme yerine elle
eslestirme gerekir. Bir diger sebep, tutulan verilerin farkl veri formatlarinda olusudur. Farkl formatta tutulan
verilerin entegrasyonu kiiciik veri setleri icin olas1 goziikse de biiyiik veri setleri icin biiylik bir engeldir. Semantik
Web’ de tiim verilerin RDF c¢atisi altinda birlestirilmesi ile farkl veri saglayicilar1 arasinda veri entegrasyonu
saglanir. Ayrica kullanicinin birden fazla parametreli sorgu yapmasi durumunda Semantik Web bileseni SPARQL
sayesinde daha kolay olmaktadir. Klasik web sistemi yerine Semantik Web ile birlikte, veriye insan tarafindan
anlam verilmesi yerine uygun bir ontoloji ya da kelime hazinesi altinda anlam kazandirilan verinin tek bir formatta
yayinlanabilmesi birden fazla veri setinin birbiri ile iliskilendirmesini olanakli hale getirmektedir. Ayni1 zamanda
veri setleri arasindaki iligkiler tipli linkler ile ifade edildikleri i¢in bilgisayarlar tarafindan anlasilabilir hale gelir.
Baglantili Veri Yaklasimi ile birlikte link kurulan veri setleri diger baglantili veri setleri ile zenginlestirilir.
Semantik Web’ i farkli kilan en 6nemli 6zelligi aslinda bu linklerin tipli olmasidir. Bdylece veriler arasinda kurulan
linklerle global bir veri ag1 olusur. Veri kaynagindaki veriler global veri agi ile, global veri ag1 ise veri kaynagindaki
verilerle zenginlestirilmis olur. Bu ag lizerinde gerekli bilgilere, kurulan linkler iizerinde gezinerek ulasilir.

Konumsal verilerin Semantik Web ve baglantili teknolojileri ile global veri aginda kullanilabilmesi i¢in konumsal
verilerin baglantili veriler olarak yaymlanmasi gerekir. Bu amagla secilen uygulama senaryosu kapsaminda
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Trabzon idari sinirlar veri seti baglantili veri olarak yayinlanmistir ve sorgulanmistir. Bunun i¢in ¢alisma alaninin
belirlenmesinden sonra bir ad alami alinmis ve varliklarin isimlendirilmesi ve yayinlanmasi asamasinda
kullanilmistir. Calisma kapsaminda alan ontolojisi Protégé yaziliminda gelistirilismis, ardindan KR- Suite
iizerinden Geo-Triples kullanilarak eslestirme dosyasi (mapping file) olusturulmustur. Bu eslestirme dosyasi
tizerinde alan ontolojisi ve veriler arasindaki iliskiler belirlenmistir. flgili baglantili veri setleri veri icerigine gére
belirlenerek aralarindaki iliskiler tanimlanmistir. Sonrasinda GeoSPARQL kelime hazinesine uygun olarak
verilerin RDF formatina doniisiimii gercgeklestirilmistir. Olusturulan idari sinirlar verisi dogrulama yazilimi
kullanilarak dogrulanmis ve Parliament konumsal ii¢lii deposunda yayinlanmistir. Konumsal baglantili verinin
sorgulanmasi yine Parliament ile gerceklestirilmis ve meta veri olusturulmustur. Bu siireci 6zetleyen is akisi, Sekil
1’de gosterilmistir.

RDF Linkleri ile GeoNames

(:d:(r)ut:r[u’r;\oﬁrlQl g [liskilendirme > |II"I|I"

WIKIDATA

/T\ ) OpenStreetMap

Ge@Triples

M RDF Veri isi
Calisma Alani Ontoloji - RDF Verisi
4 3 Modeline Sorgulama
Belirlenmesi Olusturulmasi Déniisiim Dogrulanmasi C

L S Wi

&

Sekil 1. idari sinirlar veri setinin baglantili veri olarak yayilanmasi icin is akisi

ent

2.1. Calisma alaninin belirlenmesi

Bu ¢alisma kapsaminda uygulama bolgesi olarak Trabzon se¢ilmis ve Trabzon iline ait ilgelerin konumsal ve
Oznitelik bilgileri temin edilmistir. Sekilde ¢alisma bdlgesi verilmistir. CBS yaziliminda veri setinde NAME_O,
NAME_1, TYPE_1 ve NAME_2 altinda ¢esitli 6znitelik bilgileri sunulmaktadir. Her bir ilge i¢cin X ve Y merkez
koordinatlar1 da 6znitelik tablosuna eklenmistir.

Trabzon Ili

=

125 25 50 Km

T

Sekil 2. Calisma alani sinir1
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2.2. Alan ad1 alimi

Baglantili Veri ilkeleri’ nden olan varliklara URT ler ile isim verme sart1 geregi ¢alisma kapsaminda kullanilacak
bir alan adi gerekmektedir. Bu nedenle http://www.israakyazi.com adresi alinmis ve uygulama senaryosu
kapsaminda gelistirilen ontolojinin ve olusturulan RDF formatindaki verilerin yayinlanmasi i¢in kullanilmistir.
Ardindan her bir ilge icin URI verilerek, http://www.israakyazi.com/yomra/ orneginde oldugu gibi
isimlendirilmis ve yayimnlanmistir.

2.3. Ontoloji olusturulmasi

Semantik Web uygulamalarinda kullanilacak konumsal verilerin semantik tanimlarinin olusturulmas: gerekir.
Semantik tanimlar, ¢alisma kapsaminda Tiirkiye idari birimler simiflandirmasina dayanarak alan ontolojisi
gelistirilmistir. Konumsal iliskiler icin GeoSPARQL Ontolojisi* ice aktarilmistir. ilgeler arasi iliskilerin ifade

» o«

edilmesi icin kullanilacak olan konumsal iligski kisminda “dokunur”, “igerir” ve “icindedir” iligkileri tanimlanmistir.
2.4. RDF veri modeline doniisiim

Alan ontolojisinin gelistirilmesinin ardindan idari sinirlar verisinin RDF déniisiimiiniin gergeklestirilmesi gerekir.
RDF veri modeline doniisiim i¢in KR-Suite se¢ilmistir. KR Suite se¢ilmesinin sebebi agik kaynak kodlu olmasi ve
baglantili veri i¢in kullanilabilecek GeoTriples, Strabon ve Sextant yazilimlarini icermesidir. KR-Suite Ubuntu
isletim sistemi tizerine kurulmustur. Oncelikle GeoTriples yazilim ile shapefile formatindaki verinin RDF veri
modeline doniistiiriilmesi gerekir. Bu dontisiimiin gergeklestirilmesinden énce RDF linkinden bahsetmek gerekir.
RDF linkleri I¢ RDF linkleri (Internal RDF Links) ve Dis RDF linkleri (External RDF Links) olmak iizere ikiye ayrilir.
ic RDF linkleri, sadece bir veri kaynagindaki verileri iliskilendirirken; Dis RDF linkleri ise bir veri kaynagindaki
verilerin tanimi icin gerekli olan diger baglantili veri setlerini iliskilendirir. Dis RDF linkleri 6zellikle veri
kaynagindaki verileri global veri agi ile iliskilendirecegi icin RDF Dis linklerini kurmak Baglantili Veri Yaklasimi
icin olduk¢a 6nemlidir [12]. RDF Dis linkleri ile ilgili baglantili veri setleri arasinda link kurulur ve sadece veriler
arasinda olan iligki belirtilmekle kalinmaz ayni zamanda gercekte ayni varliga karsilik gelen URI’ ler arasinda
owl:sameAs iliskisi kurularak kullanicilara veri kaynagindaki veriler hakkinda daha fazla bilgiye ulasmasi saglanir.
Uygulama senaryosu kapsaminda idari sinir verisi ile alan ontolojisi arasinda kurulan iligki bir i¢ RDF linkleridir.

RDF linklerinin kurulmasi i¢in sema ve veri diizeyi olmak tizere iki diizeyde eslestirme yapilir. Bunlardan ilki veri
diizeyindeki eslestirmedir. ikinci diizey ise sema diizeyinde eslestirmedir. iki farkl veri seti arasinda RDF linkleri
ile iliski kurulmasinda bazi zorluklar vardir. Bunun sebeplerinden birisi farkli veri setlerinin verileri tanimlamak
icin farkli kelime hazineleri kullanmasindan kaynaklanir. Diger bir sebep ise giiniimiizde devasa veri akisi
olmasidir. Farkli veri kaynaklarindaki ¢ok sayida RDF iicliistinden istenilen bilgiye ulasilmasi ve iki RDF ii¢liistintin
kiyaslanmasi zordur. Ayrica farkl diller, yazim hatalar1 ve es anlaml kelime kullanilmasi da eslestirme islemini
zorlastirir. Bahsedilen problemlerin ¢éziimii i¢in veri tanimlari i¢in standart ontolojilerin gelistirilmesi ve
kullanilmasi gerekir. Bu konu, Semantik Web i¢in ¢6ziim bekleyen konulardan birisidir ve bu ¢alismanin kapsami
disindadir. Alan ontolojisi ile veri setinin iliskilendirilmesi, ontoloji sinif ve dzellikleri ile idari sinirlar veri setinde
yer alan tablo ismi ve 6zniteliklerinin eslestirilmesi anlamina gelmekte olup sema diizeyinde eslestirmedir. Sema
diizeyinde eslestirmeler ise rdfs:subclass/subproperty, owl:equivalentclass/property ve SKOS property
eslestirme skos:exactmatch, skos:closematch ile gerceklestirilir. Veri diizeyinde gergeklestirilen, tiretilen RDF
formatindaki verinin diger baglantili veri setlerinde yer alan ilgili verilerle eslestirilmesidir. Veri diizeyinde
eslestirme genellikle rdfs:seeAlso, owl:sameAs linkleri ile gergeklestirilir. Uygulama senaryosu kapsaminda
oncelikle sema diizeyinde eslestirme gerceklestirilmistir. Bunun i¢in GeoTriples yazilimnda SHP formatindaki veri
R2RML (RDB to RDF Mapping Language) formatina donustiriilerek eslestirme dosyasi elde edilir. Eslestirme
dosyasi lizerinde veri ve alan ontolojisi ve diger baglantili veri setleri ile iliskilendirilerek GeoSPARQL destekli RDF
formatinda veri elde edilir. Veri diizeyinde eslestirme icin Trabzon ili ilgelerinin GeoNames, OpenStreetMap ve
DBpedia gibi Baglantili Veri Uygulamalari ile “rdfs:seeAlso” ile iliskilendirilmesi icin eslestirme dilleri araciligi ile
gerekli eklemeler yapilmistir. Ornegin veri setinde bulunan “Yomra” ilgesi GeoNames'de Yomra'ya karsilik gelen
http://geonames.org/8631466/ ile “rdfs:SeeAlso” RDF dis linki kurularak iliskilendirilmistir (Sekil 3). Béylece
Trabzon/Yomra verisi artik global veri aginin bir pargasi olmustur.

* http://schemas.opengis.net/geosparql/1.0/geospargl vocab_all.rdf
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- <rdf:Description rdf:about="trab/id/18">
<ogc:hasGeometry rdf:resource="trab/Geometry/18"/>
<rdfs:seeAlso rdf:resource="https://www.geonames.org/8631466/"/>
<idari:dokunur rdf:resource="trab/id/3"/>
<idari:icandedir rdf:resource="trabzon/"/>
<rdfs:isDefinedBy rdf:resource="yomra/"/>
<idari:dokunur rdf:resource="trab/id/11"/>
<idari:dokunur rdf:resource="trab/id/12"/>
<idari:has_GID_0 rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">TUR</idari:has_GID_0>
<idari:has_X_Coord rdf:datatype="http://www.w3.0rg/2001/XMLSchema#double">39.8137305828</idari:has_X_Coord>
<idari:has_Type2 rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">District</idari:has_Type2>
<idari:has_Namel rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">Trabzon</idari:has_Namel>
<idari:has_Name2 rdf:datatype="http:/ /www.w3.0rg/2001/XMLSchema#string">Yomra</idari:has_Name2>
<idari:has_Y_Coord rdf:datatype="http:/ /www.w3.0rg/2001/XMLSchema#double">40.8481367083 </idari:has_Y_Coord=>
<idari:has_NameO rdf:datatype="http://www.w3.0org/2001/XMLSchema#string">Turkey</idari:has_Name0>
<rdfs:label rdf:datatype="http://www.w3.0org/2001/XMLSchema#string">Yomra</rdfs:label>
<rdf:type rdf:resource="israakyazi.com/ontology/idaribirim.owl#ILCE"/>

</rdf:Description>

Sekil 3. Yomra i¢cin XML/RDF serilizasyonunda olusturulan RDF verisi
2.5. RDF verisinin dogrulanmasi
Olusturulan RDF formatindaki veri setinin RDF kelime hazinesine uygunlugunun test edilmesi gerekir. Dogrulama

asamasinda W3 RDF Validation Service$ kullanilmistir. Serviste RDF verisi URI adresi girilerek dogrulama
saglanmistir (Sekil 4).

Validation Results

Your RDF document validated successfully.

Triples of the Data Model

INumber|Subject Predicate Object
1 lhttp://www.israakyazi.com/trab/id/4 lhttp://www.israakyazi.com/ontology/idaribirim.owlficindedir |htep:/

2 http://www.israakvazi.com/trab/id/4 httn://www.israakyazi.com/ontology/idaribirim.owl#dokunur hetr:

3 http: //www.israakvazi.com/trab/id/4 lhttp://www.israakyazi.com/ontology/idaribirim. owl#dokunur http:/

4 lhttp://www.israakyazi.com/trab/id/ 4 http://www.israakyazi.com/ontology/idaribirim.owl#dokunur hotn:

5 lhtto://www.israakvazi.com/trab/id/4 htto://www. w3.0rg/2000/01/rdf-schemafseeal https:

é lhttp://www.israakyazi.com/trab/id/4 http: //www.w3.0rg/2000/01/rdf-schema#isDefinedBy http:

7 htto://www. israskyvazi.com/trab/id/4 hotn://www.opengis.net/ont/geosparglihasGeometry Dstn: /4
g http://www.israakyazi.com/trab/id/4 https Jwww.w3.org/1999/02/22-rdf-syntax-ns#type http: /A

Sekil 4. RDF verisinin dogrulanmasi
2.6. Baglantil1 verinin yayinlanmasi
Baglantili verilerin yayinlanmasi ve sorgulanmasi icin Triple Store (ii¢lii deposu) kullanilir. Uygulama senaryosu

kapsaminda konumsal baglantili verilerin depolanmasinda kullanilan Parliament™ ii¢li deposu segilmistir.
Olusturulan konumsal baglantili veri Parliament ti¢lii deposunda yayinlanmistir (Sekil 5).

Yomra hitp:/fwww.opengis.net/ont/geospargl d hasGeometry hutp: //www.israakyazi.com/trab/Geometry/ 18

Yomra seeAlso https://www.gecnames.org/8631466/

Yomra hitp:/fwww .israskyazi.com/ontology fidaribirim.owl £ dokunur Arsin

Yomra hitp://www.israakyazi.com/ontolegy/idaribirim. owl ¥ icindedir http://www israakyazi.com/trabzon/

Yoenra isDefinedBy hitp://www.israakyazi.com/yormea/

Yomra hitp://www. israskyazi.com/ontology/idaribirim.owl £ dokunur MACKA

Yomra hitp://www israakyazi.com/ontology/idaribinim. owl # dokunur Merkez

Yomra htp://vww israakyazi.com/ontology/idaribirim.owl #has GID O "TUR™AANtp://www.w3.0rg/ 200 1/XMLSchema# string

Yomra http:/fwww.israakyazi.com/ontology/idaribirim.owl#has X Coord "39.8137305828° A Ahttp://www.w3,0rQ/2001 /XMLSthema # double

Yomra http://www.israakyazi.com/ontology fidaribirim.owl #has Type2  "District™ Ahttp://www.w3.0rg/2001 /XMLSChema # string

Yomra http://www israakyazi.com/ontology fidaribiim.owl #has Namel “Trabzoa™ Ahtip://www.w3.0rg/2001/XMLSchema #string

Yomra hitp://www.israskyazi.com/ontology/idaribirim.owl #has Name2  “Yomra™ Ahttp://www.w3.0rg/2001/XMLSchema # string

Yomra http://www.israskyazi.com/ontology/idaribirim.owl#has Y Coord "40.8481367083" 4 Ahttp://www.w3.0rg/2001/XMLSchema # double

Yomra http://www.israakyazl.com/ontology/idaribirim.owl #has Name0  “Turkey” Ahttp://www.w3.0rg/2001/XMLSchema # string

Yomra Lype http://wrww.israakyazi.com/israakyazi.com/ontology/idaribirim.owl # ILCE

Sekil 5. Baglantili Verinin Parliament ile yayinlanmasi
Konumsal gli depoda depolanan idari sinirlar verisi iizerinde asagidaki sorgu islemi
gerceklestirilmistir:
“select *

§ https://www.w3.org/RDF/Validator/
** http://parliament.semwebcentral.org
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where { ?s idari:dokunur ?o0 }"
sorgusu ile Trabzon ili kapsaminda birbiri ile ortak sinir1 olan ilgeler listelenmistir. Sorgu sonucu Sekil 6’ da
verilmistir.

http://www.Eraakyazi.com/trab/id/14 hitp://www.Sraakyazi.com/Lrab/id/16
http://fwww.Sraakyazi.com/lrab/id/14 hitp://www.Sraakyazi.com/lrab/id/4
http://wwiw.Braakyazi.com/trab/id/12 hitp://www.Sraakyazi.com/Lrab/id/18

http://viww.Braakyazi.com/trab/id/12 http://www.Braakyazi.com/lrab/id/11

Sekil 6. ‘dokunur’ sorgusu sonucu
2.7. Baglantil1 veri icin meta veri yayinlama

Olusturulan Konumsal Baglantili Veri icin bir meta veri sunulmasi gerekmektedir. Bunun icin VoID ile yazar ve
veri bilgileri, web adresleri ve kullanilan ontolojiler gibi bilgiler meta veri olarak olusturulmus ve Sekil 7’de
verildigi gibi http://www.israakyazi.com/calisma/void.ttl adresinde yayinlanmistir.

, »

~ = C @® Giivenli degil | israakyazi.com/calisma/void.itl

@prefix detypes: <http://purl.org/dc/domitype/> .
@prefix - iffr .

dprefix woid: <httpz//frdfs.org/ns/voidi> .

@prefix pav:  <http:/fpurl.org/pav/s .

@prefix =xsd:  <httpz/fwww.wi.org/2881 XMLSchemait> .
dprefix freg: <http://purl.org/cld/freqfs .
@prefix dcterms: <http:/fpurl.org/dc/termss> .
@prefix rdfs:  <httpr/fwwd.wi.org/2838/81/rdf-schamans .
dprefix deat:  <http:/fwwd.w3.org/ns/doats .
dprefix prov: <http:/fwwd.wi.org/ns/provi: .
@prefix foaf: <httpz/fxmlns.com/foaf/a.1/> .
@prefix do: <httpz//purl.orgidcfelements /1.1 > .

L3 a woid:DatasetDescription ;
dcterms:description  "The VoIl description for the RDF representation of this dataset."@en ;
dcterms:issued U2E19-@5-ZET12: 38 88 S8 " oued rdateTime ;
dcterms:title "WalD Description”gan ;
pav:createdBy <http://orcid.org/OR00-0082-2340-5019> ;
pav:createdon "ZE19-95-28T12:38: 58, 568 "~ usd rdateTime
pav:creatadwWith <http://voidaditer.cs.man.ac.uk/> ;

Foaf:primaryTopic <http:ffwwd.openphacts.org/ 5967 757 8-2221-4fdfF-09d85 -d31b821Ycc29s .

<http: /forcid .org/edee-goal- B3468- 6819
a foaf:Person
Foaf:family_name “KARAT ;
Ffoaf:givenname "GRXlten" ;
Foaf:mbox <mailto:gultenkarasifhommail.com> .

<http: /v apenphacts .arg/ 50677578 -ea21-Afdf-0da5-d31bEalcci0s
a vold:Dataset ;
decterms:description  "trabzon ilASeleri"@en ;

dcterms: issued "EZE1T-95-809T21:08 88, 558 " ysd rdateTime
decterms:license chttp:f/creativecommons..org/licenses/by-sa/3.8/> ;
decterms: publisher <http://wwn.israakyazi.com> ;

dcterms:title "trabzon"@en ;

pav rcontributeday <http://orcid.org/d88d-0082 -8 348-6819> ;
pawv:version UL.BLB"

void:datalump <http:/ wwa.israakyazi.com/calismastrabzon: ;
dcat:landingPage <http://wwa.israakyazi.comfcalisnastrabzons .

Sekil 7. VOID meta verisi

3. Bulgular

Semantik Web ve Baglantili Veri Yaklasimi’ nin verilere sagladigi semantik zenginligin ortaya ¢ikarilmasi ve
konumsal verilerin semantik olarak zenginlestirilmesi, Semantik Web uygulamalari i¢cin en 6nemli gereksinimlerin
basinda gelir. Konumsal verilerin baglantili veri olarak yayinlanmasi icin bir metodolojinin 6nerildigi ve
gereksinimlerin belirlendigi bu ¢alismada ulusal, bolgesel ve yerel 6l¢cekte konumsal verilerin baglantili veri olarak
yayinlanmasinda yol gosterici bir kaynak olarak kullanilmasi hedeflenmistir. Konumsal verilerin baglantili veri
olarak yayilanmasi i¢cin en énemli islemlerden biri alan ontolojisinin gelistirilmesidir. Bu asamada veri setinin
¢ok iyi analiz edilmesi, kapsaminin ve girdilerinin belirlenmesi, mevcut standartlarin irdelenmesi ile tiim ihtiyaci
karsilayabilecek bir ontolojinin gelistirilmesi esastir. Bir diger énemli islem adimi ise, mevcut verilerin RDF
formatina donistiiriilmesidir. Bunun i¢cin Geometry2RDF, shp2GeoSPARQL, GeomRDF, TripleGeo ve GeoTriples
gibi yazilim araglar1 daha 6nce yapilan ¢alismalarda verilerle test edilerek karsilastirilmistir. Bu karsilastirma
sonucunda, uygulama senaryosunda konumsal 6zniteliklerle birlikte konumsal olmayan 6zniteliklerin tamaminin
RDF dontisiimiinii destekleyen GeoTriples yazilimi secilmistir. GeoTriples ile verilerin doniistiiriilmesi sirasinda
veri ontolojisi ve diger kelime hazinelerinin de eslestirme dosyasina eklenmesi gerekir. Bu islem kullanicinin ilgili
kelime hazinelerinin igerigini ve RML/R2RML kodlama teknigini bilmesini gerektirir. Bu baglamda yazilim
araclarinin bu dzelliklerinin gelistirilmesi gerekir.
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Konumsal verilerin baglantili veri olarak yayinlanmasi i¢in temel adimlardan olan iiretilen RDF formatindaki
verilerin web tizerindeki veri kaynaklari ile eslestirilmesi asamasinda, veri boyutunun kii¢iik olmasi ve GeoTriples
yaziliminin tercih edilmesi sebebiyle sema diizeyinde eslestirme kullanici tarafindan gergeklestirilmistir. Daha
biiyiik boyutlu verilerde ise otomatik eslestirmenin yapilmasi zaman ve performans agisindan daha yararh
olacaktir. Bu durumda mevcut baglantili veri setlerinden hangi veri setinin kullanilacagi belirlenmelidir. flgili
baglantili veri setinin belirlenmesi, Baglantili Veri Yaklasimi'nin dniindeki en biiyiik engeldir. Ciinki baglantili veri
setleri Baglantili Veri Bulutu hari¢ dagitik durumdadir. ilgili baglantili veri setlerinin bulunmasi i¢in baglantih veri
tarayicilar: veya kataloglarinda anahtar kelime tabanl arama yapilr. ilgili baglantili veri setinin belirlenmesinin
ardindan eslestirme yapilabilmesi ya da eslestirme sonuclarini degerlendirmesi i¢in kullanicinin baglantili veri
setinin icerigini bilmesini gerektirir. Semantik Web ve Baglantili Veri Yaklasimi heniiz gelisim asamasindadir ve
gerekli teknolojilerin bahsedilen problemleri ¢6zmek i¢in gelistirilmesi gerekir.

4. Tartisma ve Sonug¢

Geleneksel web, dokiiman temellidir ve web sayfalari birbirine linkler yardimiyla baghdir. Bu yapida kullanici,
Web iizerinde okudugunu anlar ve ¢ikarim yapilmasi ya da birden fazla veri kaynaginmi kullanmasi gerektiginde,
veriye erisim, veri format farkliliklari ve isimlendirme belirsizligi gibi ¢esitli asamalari gecerek amacina uygun bir
sekilde veriyi kullanabilmektedir. Emek ve zaman tiiketimine neden olan geleneksel web, hemen hemen her
uygulama senaryosunun ¢ok hizli ve verimli bir sekilde gergeklesebildigi giinlimiiz diinyasinin ihtiyaclarini
karsilamaktan ¢ok uzak oldugu asikardir. Semantik Web ile internet, dokiimanlarin egemenliginden ayrilip
“Verilerin Webi” ne déniismektedir. Sadece konumsal olmayan verilerin degil, konumsal verilerin de kapsamli bir
sekilde yayinlanmasi bu doniisimi gerekli kilar. Gelinen nokta itibariyle, konumsal veriye olan ihtiyacin
karsilanmasinda devlet kurumlari ve diger kullanicilarin farkli kurum ya da kisilerden gelen verileri entegre etme
gereksinimi ortaya ¢ikar. Bu baglamda Semantik Web’ in bileseni olan baglantili veri, icerik farkliliklarindan
kaynaklanan bu zorluklari ortadan kaldirmak veya en aza indirmek amaciyla bazi standartlar dahilinde kelime
hazineleri olusturarak veriyi degistirilebilir ve anlasilabilir bir formata getirmektedir. Mevcut baglantili veri setleri
ile RDF linkleri kurularak verilerin global veri agina baglanmasi gerceklestirilmektedir. Bu ¢alismada, Trabzon ili
18 ilgesi konumsal baglantili veri olarak yayinlanmistir. Bunun i¢in 6ncelikle http://www.israakyazi.com alan ad1
alinmis, her bir il¢e icin URI tanimlamasi yapilarak ilgeler icin tek anlamli isimler belirlenmistir. Sonrasinda idari
birim alan ontolojisi, Protégé yaziliminda gelistirilmis ve http://www.israakyazi.com/ontology/idaribirim.owl
adresinde yayinlanmistir. Daha sonra Kr-Suite Geo-Triples yazilimi ile RDF tigliileri olusturulmustur. Calismanin
bu kisminda eslestirme dosyasi gelistirilen alan ontolojisi ile iliskilendirilmistir. Ontoloji ve veri entegrasyonunun
yani sira halihazirda mevcut baglantili veri setleri ile Trabzon ilgeleri RDF dis linkleri ile iliskilendirilmistir.
Ardindan Parliament tg¢li deposuna aktarilan idari sinirlar verisi baglantili veri olarak yayimlanmistir ve
sorgulanmistir. Yapilan ¢alisma ile konumsal alanda verilerin baglantili veri olarak yayinlanmasi i¢cin metodoloji
Onerilmistir ve uygulama senaryosu kapsaminda karsilasilan problemler irdelenmistir.

Konumsal alanda semantik web uygulamalarinin yayginlastig1 giiniimiizde konumsal veri tireticilerinin baglantil
verilerini nasil yayinlayacagi konusunda metodoloji 6nerilen bu ¢alismadan elde edilen bulgular, mevcut
calismalarla karsilastirilirsa; Biich [7], Saavedra ve digerleri [8], konumsal verilerin RDF formatina déniisiimiinde
sadece konumsal dzniteliklerin déniistimiini destekleyen yazilim araglar1 kullanilmistir. Bu nedenle konumsal
olmayan oOznitelikler RDF dosyasina aktarilmamistir. Bu c¢alismada onerilen metodoloji kapsaminda hem
konumsal hem de konumsal olmayan 6zniteliklerin RDF doniisiimii gerceklestirilmistir. Kara [4], yer adlar
dizinlerini incelemistir ve idari birimler dizini icin model 6nerisinde bulunmustur. RDF verilerinin olusturulmasi
ve baglantili veri setleri ile link kurulmasi icin Google Refine kullanilmistir. Veriler excel tablosu olusturularak
Google Refine ile doniisiim gergeklestirilmistir. Verilerin ontoloji ile iliskilendirilmesi ve diger baglantili veri
setleri ile link kurulmasi islemleri manuel olarak gercgeklestirilmistir. Bu ¢alismada, ise ESRI shape formatindaki
konumsal ve konumsal olmayan verilerin RDF déniistimiiniin gergeklestirilmesi ve ontoloji ile iliskilendirilmesi
islemleri yar1 otomatik olarak gergeklestirilmistir. Triple Store olarak konumsal veri destegi olan Parliament ti¢li
deposu kullanilmistir. Atemeizing [5], Fransa idari sinirlar veri setini Datalift Projesi kapsaminda baglantili veri
olarak yayinlamistir ve GEOFLA veri tabanini olusturmustur. Detaylar arasindaki konumsal iliskiler dikkate
alinmamistir. Missier [8], Rotterdam a¢ik konumsal verilerini baglantili veri olarak gorsellestirmek i¢cin web
uygulamasi gelistirmistir. RDF dontisiimlerinde shape dosyasi dikkate alinmamistir. Veriler excel tablosu
olusturularak Python sktriptleri ile RDF formatina doniistiriilmiistiir.

Tesekkiir
Bu calisma, TUBITAK 3001 Baslangic Ar-Ge Projeleri Destekleme Programi kapsaminda desteklenmistir.

Katkilarindan dolay1 TUBITAK Arastirma Destek Programlar1 Baskanligi (ARDEB), Cevre, Atmosfer, Yer ve Deniz
Bilimleri Arastirma Destek Grubu (CAYDAG)'na tesekkiir ederiz.
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Keywords Abstract: The planes which is spanned by {T(s),B(s)}, {N(s),B(s)} and

Rectifying curve, {T(s),N(s)} are known as the rectifying, normal and osculating plane, respectively.

Normal'curve, The curve a is called rectifying, normal and osculating curve for which the position

Oskulating curve L i . : .
vector a always lie in its rectifying, normal and osculating plane, respectively. It is
also known that if all rectifying planes of a non-planar curve in E3 pass through a
particular point, then the ratio of its torsion and curvature is a non-constant linear
function. Rectifying, normal and osculating curves are studied many times in
different spaces by many researchers. The aim of this paper is to characterize these
curves from another point of view in Minkowski 3-space.

E3 Uzayinda Baz1 Ozel Egrilerin Karakterizasyonu

Anahtar Kelimeler 0z: {T(s),B(s)}, {N(s),B(s)} ve ({T(s),N(s)} vektérleri tarafindan gerilen
Rektiﬁyal} egri, diizlemler sirasiyla rektifiyan diizlem, normal diizlem ve oskiilator diizlem adim
Normal egri, alirlar. Bir a egrisi ise pozisyon vektoriiniin kendi rektifiyan diizleminde, normal

Oskiilator egri diizleminde ya da oskiilator diizleminde yatmasiyla sirasiyla rektifiyan, normal ve

oskiilatér egri olarak isimlendirilir. Ayrica 3-boyutlu Oklid uzayinda diizlemsel
olmayan biitiin rektifiyan egriler i¢in ¢ok iyi bilinen bir karakterizasyon vardir. Bu
karakterizasyon, egrinin torsiyon ve egriliginin orani sabit olmayan lineer fonksiyon
olan egriler rektifiyandir seklindedir. Rektifiyan, normal ve oskiilator egriler, pek
¢ok arastirmaci tarafindan farkli uzaylarda pek ¢ok kez calisilmistir. Bu ¢alismanin
amaci 3-boyutlu Minkowski uzayinda farkl bir bakis agisi ile bu egrileri karakterize
etmektir.

*lgili Yazar, email: beyhanyilmaz@ksu.edu.tr

1. Introduction

In differential geometry, the theory of curves is one of the main study areas in Euclidean 3-space. In three-
dimensional Euclidean space, to explain the geometric structure of any regular spatial curve, an orthonormal basis
T(s),N(s) and B(s) called the Frenet frame at each point of the curve is described.

The planes which is spanned by {T(s), B(s)},{N(s),B(s)} and {T(s),N(s)} are known as the rectifying, normal
and osculating plane, respectively. The curve « is called rectifying, normal and osculating curve for which the
position vector « always lie in its rectifying, normal and osculating plane, respectively [3]. These curves are
studied by many authors and many characterizations are obtained [1, 4, 5, 6, 7, 9].

In this paper, we study these special curves in E3 . These curves have previously been worked on in different
spaces, but the importance of this study is to obtain results using a different method.
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2. Material and Method
Let E3 be Minkowski 3 — space with the following metric

(), = R®*xR®>R
(w,v) = (W, V), = vy + UV, — Uz

where u = (uy,u,,u3) and v = (vy,v,,v3) are the usual coordinate system in E3. An arbitrary vector u € E3
said spacelike if (u,u);, >0 or u =0, timelike if (u,u);, < 0 and null (lightlike) if (u,u), = 0 but u # 0. This
classification can be generalized for regular curve a according as the casual character of their tangent vectors. In
other words, the curve «a is called a spacelike (resp. timelike and lightlike) if its velocity vector a'(t) is spacelike

(resp. timelike and lightlike) for every t € I. The norm of a vector u is given by ||u|l, = +/[{u, u),|.

Assume that {T'(s), N(s), B(s)} is the moving positive directed frame along the unit speed curve «.Here T(s) =
a”(s)

"l

a'(s) is a tangent vector, N(s) = is a principal normal vector and B(s) = T(s) X N(s) is a binormal vector

field along the curve a.

Frenet-Serret formulas can be given as follows, see [8]:

T'(s) 0 k(s) 0 T(s)
N'(s) | =| —a1&36(s) 0 —g857(s) || N(s) |,
B'(s) 0 7(s) 0 B(s)

where k(s) and t(s) are curvature and torsion of «, respectively. Moreover, the Frenet-Serret vectors satisfy
<T(S)' T(S))L = gll <N(S), N(S))L = 825 <B(S)' B(S)>L = 53;

(T(s),N($)), =(T(s),B(s)), = (N(s),B(s)), =0,
and

T(s) X N(s) = B(s),
B(s) X N(s) = &T(s),
T(s) X B(s) = g N(s).

Definition 2.1. A curve is congruent to a rectifying curve if and only if the ratio E is a nonconstant linear function
of arclenght of parameter [2]. Also, unit speed curve with nonzero curvatures lies on a sphere if and only if

T PC[
- (ﬁ) [3].
3. Results

In this section we give some new corollaries related to special curves in Minkowski 3-space. Assume that a(s) be
a unit speed non-null curve with non-zero curvature in Minkowski 3-space. Since the rectifying plane of a(s) is
the perpendicular plane to N(s), we have

{a(s) —xo, N(s)) = 0.
If we take the derivative of this expression, we obtain that
(T(s), N(s)) + {a(s) — xo,N'(s)) = 0.

By substituting from the Frenet-Serret formula, we achieve the following equation
—&183K(s)(a(s) — xo, T(s)) — &2637(s){ax(s) — xo, B(s)) = 0. (3.1)

So we can easily see that,
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(a(s) = x0, B(5)) = 722 a(s) = xo, T).

If we take the derivative of equation (3.1), we obtain that

—&163((T(5), k()T (5)) + (a(s) — xo, k ()T (s) + K2 (s)N(s)))

—&,83(({T(5), 7(s)B(5)) + (a(s) = %o, T (s)B(s) + T2(s)N(s))) = 0.

If necessary arrangements are made, we can easily see that

_51253K(5) - 5133’4’(5)(05(5) —x0,T(s)) — 52537,(5)(‘1(5) — X, B(s)) = 0.

If equation (3.2) is written in the last equation, we get
2 _ K(s)
e &3k (s) = gre3{a(s) — xo, T(s)) | —k (5) +7 (5) )

Then using the last two equations we reach the following equations;

_ T £1K(S)
<a(s) %o (S)) x(s)+r (s)%
and
(a(s) = xo, B(s)) = 250 2D

&2 T(S) —k'(s)+T (s)'?j%

Then if we work with the denominator of equation (3.3), we have

K(s) T ()K(s) — k' (5)(s)
w(s) 7(s) '

) (%) KZ(s)'

(s)

—K'(s) +7(s)

If we using above result in equation (3.3), we can see that

(s)
(a(s) = o, T(5)) = & 0
(K(S))

So, we obtain that

(a(s) = x0,B(s)) =

(iﬁi%)
From the equations (3.5) and (3.6), the equation of the curve a(s) is obtained as follows

(s)
= O prey L
a(s) = xo = (‘c(s)) T(s) P (T(s))
k(s) K(s)

-B(s).

Using the equallty = H(s) which is called the harmonic curvature function, we have

&)~ %0 = T T(5) - B ().
H() & 3H()

If we take the derivative of this equation, we get
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((53) = 1)+ (1300 ~ g @)N + (=5 (i) ) B = 0.

Since T'(s),N(s) and B(s) are linearly independent, we obtain that

HE)Y .
(H—()) —1=0, (3.8)
H(s)
LG )—£2£3H(5) 7(s) = 0, (3.9)
and
1 1 ’
_5253 (H’(S)) =0. (310)

Corollary3.1.Let « : I c R - E3 beaunitspeed timelike curve with non-zero curvature in Minkowski 3-space.
If every rectifying plane contains the point x, in R?,i.e, if a(s) is a rectifying curve, then i is a linear function.

Proof. From the equation (3.9), we obtain that €,&; = 1. So we can easily say that the curve a(s) is a timelike in

Minkowski 3-space. Easily using the equations (3.8) or (3.10), H'(s) =0 and H(s) = % =c¢s+d for some

constants c¢,d and arc length s.

With similar thought, assume that a(s) be a unit speed non-null curve with non-zero curvature in Minkowski 3-
space. Since the normal plane of a(s) is orthogonal to T(s), we have

(a(s) = x0,T(s)) = 0.

If we take the derivative of this expression, we get

(T(s), T(s)) + {a(s) —x,, T'(s)) = 0.
Then by substituting from the Frenet-Serret formula, we have

&1+ {a(s) — xo, k(s)N(s)) = 0, (3.11)

(a(s) — xo,N(s)) = ;(—851) (3.12)
If we take the derivative of equation (3.11), we can see
(a(s) = %0, K (IN(5)) = e183K* ()@ (5) — %o, T(5)) — £283k()T(s){(x(5) = X0, B(5)) = 0.

So if we write equation (3.12) in the last equation, we obtain

&1 !
_ _ 1 G
{a(s) = x0, B(s)) =~~~ (3.13)
Using the equations (3.12) and (3.13), we can see that
_ _(K(s))
a(s) —x, = - K(S) N(s) + o o) B(s). (3.14)

If we say % = t(s), equation (3.14) takes the form the following equation

-1 t'(s)
a(s) —xg = —t(s)N(s) + —ﬁB(s).

So, if we take the derivative of above equation
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-1, 1
T(s) = ¢ ($IN(s) - —t(S)(—Slsgk(S)T(S) — £,637(s)B(s))

(t (S)) B+ -5 )

(s) &, 7(s)
and
-1+ —K(S)t(S))T(S) + (—’L’( s)t(s) +— <(—))>>B(s) =0.
&2
We know that T(s) and B(s) are linearly independent. Thus,
+85 Tr()E(s) = 0, (3.15)
eT(s)t(s) +— - (i((;)) =0. (3.16)

Corollary 3.2.Let « : I € R — E? be a unit speed timelike curve with non-zero and non-constant curvature in
Minkowski 3-space. If every normal plane contains the point x, in R3?,i.e, if a(s) is a normal curve, then the

7(s) K (s)
curve is a spherical, i.e, prke (KZ(S)T(S)) .

Proof. From the equation (3.15), we obtain % — 1. So we can say that a is a timelike curve. Also using the

€2

&3T(s)t(s) + — (T((SS)))

equation (3.16), we get

Then using the last equation, we obtain

t(s) -1 <—£1rc'(s) )

K(s)  g8,85 \K2(5)T(5)

This completes the proof.
Corollary 3.3.Let @ : I c R — E} be a unit speed non-null curve with non-zero and non-constant curvature in
Minkowski 3-space. If every osculating plane contains the point x, in R?,i.e,if a(s) is a osculating curve, then

the curve is a planar curve.

Proof. Since the osculating plane of a(s) is the perpendicular plane to B(s), we have (a(s) — xy, B(s)) = 0. If
we take the derivative of this expression,

(T(s),B(s)) + (a(s) — x0,B'(s)) = 0.
Then by substituting from the Frenet-Serret formula we have
T(s){a(s) — xo, N(s)) = 0,

T = 0 is obtained from the last equation.

4., Discussion and Conclusion

Curves theory has studied in Euclidean 3 —space for a long time. Rectifying, normal and osculating curves which
are special curve types have been studied many authors in different spaces. As [ mentioned in the abstract part,
the difference of this work is to characterize these curves from another point of view in Minkowski 3-space.
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Abstract: In this study, different job deterioration rates with the position dependent
learning rates were included in makespan minimization problem (MMP). Physical
workloads and ergonomic design risks that the employee is exposed were
considered. The European Assembly Worksheet (EAWS) was selected as a risk
evaluation method and employed for determining risk deterioration rate, since it
makes possible to assess awkward postures, action forces levels, material handlings
and repetitive load of the upper limbs. EAWS risk assessments were made for 10
assembly jobs in a company in the manufacturing sector. It was proved and
numerically shown that makespan minimization problem with job dependent risk
deterioration and position dependent learning effect can be optimally solved by
Smallest Deterioration Rule (SDR), only if common process time is used instead of
basic process time. The results show that our approach is promising in terms of real
life machine scheduling problems under ergonomic risk constraints. The
contribution of this paper to the literature is the modeling musculoskeletal disorder
risks with EAWS and calculation of deterioration rates by a hyperbolic tangent
function for the first time. Furthermore, it was proved and numerically shown that
makespan minimization problem can be optimally solved with SDR. As a future
work, parallel machine scheduling or different deterioration functions could be
employed for the ergonomic risks evaluations.

ise Bagimli Risk Bozulmasinin Tamamlanma Zamani Minimizasyonu

Anahtar Kelimeler
Ergonomi,

Makine cizelgeleme,
Avrupa Meclisi Calisma
Sayfasi (EAWS),

Bozulma

Risk degerlendirmesi

0z: Bu calismada, tamamlanma zamani minimizasyon problemine (MMP) farkl is
bozulma oranlari ile pozisyona bagli 6grenme oranlar1 dahil edildi. Calisanlarin
maruz kaldig1 fiziksel is yiikleri ve ergonomik tasarim riskleri goz Oniinde
bulunduruldu. Uygun olmayan duruslari, faaliyet kuvvet seviyelerini, malzeme
tasima ve list uzuv yiiklenmelerini degerlendirmeyi mimkiin kilmasi nedeniyle,
Avrupa Meclisi Calisma Sayfas1 (EAWS) bir risk degerlendirme yontemi olarak
secilerek risk bozulma oranimi belirlemesi icin kullanildi. imalat sektériindeki bir
bozulmasi ve pozisyona bagli 6grenme etkisi ile tamamlanma zamani minimizasyon
probleminin En Kii¢iik Bozulma Kurali (SDR) ile temel islem zamani yerine genel
islem zamani kullanilarak en iyi sekilde c¢oziilebilecegi kanitlandi ve sayisal
orneklerle gosterildi. Sonuglar, yaklasimimizin ergonomik risk kisitlamalari altinda
gercek hayattaki makine c¢izelgeleme problemleri agisindan umut verici oldugunu
gostermektedir. Bu makalenin literatiire katkisi, EAWS ile kas-iskelet bozuklugu
risklerinin modellenmesi ve bozulma oranlarimin ilk kez hiperbolik tanjant
fonksiyonu ile hesaplanmasidir. Ayrica, tamamlanma zamani minimizasyon
probleminin En Kii¢iik Bozulma Kuralina goére en iyi sekilde c¢oziilebilecegi
kanitlanmis ve sayisal olarak gosterilmistir. Gelecekteki c¢alismalarda paralel
makine cizelgelemesi ya da ergonomik risk degerlendirmelerinde farkli bozulma
fonksiyonlar1 kullanilabilir.

*lgili Yazar, email: senolmehmet81@hotmail.com

244



A Makespan Minimization Problem of Job Dependent Risk Deterioration

1. Introduction

Performing risk assessment is important in both business and service sector. Risk assessments make possible to
take necessary precautions for potential risks. Risk assessment has been employed in different sectors from
finance to the construction industry. Also many risk assessment tools and techniques were developed that can be
grouped as quantitative, qualitative and hybrid. A few of these techniques can be used for risk assessment of
repetitive tasks. Repetitive task is one of the major root causes of musculo-skeletal complaints and disorders. The
European Assembly Worksheet (EAWS) has recently been developed as an outstanding technique and used for the
risk assessment of musculo-skeletal disorders. EAWS was designed as a screening tool for physical workload in
European region. EAWS consists of many sections which are body postures, action forces, material handlings and
upper limb moves in repetitive tasks. These sections can be separated to sub-parts that allow evaluation of
different aspects in risk assessment of musculo-skeletal disorders. These sub-parts are overall evolution,
additional loads, comment, time aspects of repetitive loads, postures, forces, extract from force atlas, manual
material handlings and repetitive loads [1].

In literature, many risk assessment techniques for musculo-skeletal disorders were presented. Most known risk
assessment techniques are NIOSH (National Institute for Occupational Safety and Health), Work Practices Guide
for Manual Lifting, Risk Assessment of Repetitive Movements of Upper Limbs (OCRA index), Quick Exposure Check
(QEC), Rapid Entire Body Assessment (REBA) and European Assembly Worksheet (EAWS). Also a score table was
designed for risk assessment of musculo-skeletal disorders [2-7].

Rapid Upper Limp Assessment (RULA), investigates the number of task movements; static muscle actions, force,
body postures and duration of jobs without a break trigger musculo-skeletal disorders risk. This technique utilizes
figure of body postures and score tables for evaluating exposure to risk factors [8]. Force required weight, load,
center of gravity, frequency, stability, coupling, workplace geometry and environment are defined as risk factors
by NIOSH. An algebraic equation is introduced for assessment of manual lifting [9]. REBA was developed for risk
assessment of working postures in health care and service industries. This technique is a scoring system which
uses score points belong to segment of body postures [5]. Although, EAWS has been widely used in Europe, it has
not seen enough attention in Turkey. EAWS was defined as first level risk assessment technique for biomechanical
load of the entire body and upper limbs. EAWS is divided into sections employing second level risk assessment
techniques such as OWAS, RULA, Snook & Ciriello, NIOSH, OCRA index and Toyota System [10]. Although lots of
software was developed for risk assessment, only a small number of risk assessment software employs pictures
and video recording. WMSD-RA software is one of the exclusive software which has video recording [11].

Musculo-skeletal disorders were investigated in various problems and one of them is related with effect of
ergonomic risk factors on assembly line assignment and balancing problem. OCRA index was used for another risk
assessment problem named as Ergo-ALWABP [12]. In addition, ergonomics in lot-sizing was inspected as Ergo-
Lot-Sizing problems. Energy expenditure was used for determining risks [13]. Furthermore, scheduling under
ergonomic constraints was studied as Ergo-Scheduling problems. In another study, OCRA index was selected for
risk assessment of musculo-skeletal disorders [14].

Actual process time was tried to be found by changing learning and deterioration rate or increasing and decreasing
processing time parameters. The learning rate was modeled by Mosheiov and Sidney (2003), for the first time [15].
Different parameters were considered for scheduling problems of single machine. These parameters are constant
beginning and finish time, early and tardy jobs, variable machine speed, reducible setup and processing times, step
improvements [16-26]. On the other hand, weighted-tardiness, earliness, common due-date, total tardiness, time
dependent processing times are inspected parameters on parallel machine scheduling [27-32]. In other studies,
musculo-skeletal disorder risk factors modeled as deterioration rate in machine scheduling problems. OCRA index
and RULA was employed as a risk assessment technique [33-36].

In this study, a model that inspects makespan minimization problem (MMP) with position-dependent learning
effect and musculoskeletal disorders risk factors was improved. EAWS was selected as a risk assessment technique
for the purpose of calculating actual process times, because it is a comprehensive analysis tool for evaluating the
ergonomic risks that may arise due to biomechanical overload. Furthermore, EAWS provides detailed ergonomic
risk assessment about body postures, action forces, manual material handling and upper body movements. It is
applicable to all manufacturing industry from job shop production to mass production. For all the aforementioned
reasons, EAWS was employed in this study. The job-dependent deterioration and the position-dependent learning
rates were included in the Makespan Minimization Problem (MMP) model. In this study, hyperbolic tangent
function was selected and employed for the first time in order to imitate deterioration rate in production process
times. It was shown that MMP with job-dependent deterioration and the position-dependent learning rates on
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single machine can be optimally solved with Smallest Deterioration Rule (SDR), only if common process time is
used in place of basic process time.

This paper is made up of four sections and the paper is organized as follows. Literature review, purpose and
originality of the study are explained in Section-1. Methodology of the research with the EAWS risk assessment
and problem definition is presented in Section 2. In Section-3, our proofs and numerical analysis are presented
and the MMP with position-dependent learning effect and musculoskeletal disorders risk factors was inspected.
EAWS risk assessments were made for 10 assembly jobs in a company in the manufacturing sector. Deterioration
rate, actual process time and makespans were computed. It was proved and numerically shown that makespan
minimization problem with job dependent risk deterioration and position dependent learning effect can be solved
with SDR, on condition that common process time is used instead of basic process time, otherwise the problem
can’t be optimally solved. The results show that our approach is promising in terms of real life machine scheduling
problems under ergonomic risk constraints. Proposed model makes possible to determine more accurate
production plans. Also, it has a great potential in terms of bringing balance between musculoskeletal disorder risks
and productivity. Discussions and conclusions are made in Section-4. Extensions of our approach for future
research could be related with parallel machine scheduling or different deterioration functions could be employed
for the ergonomic risks evaluations. Another extension may be developing a hybrid risk assessment method for
musculo-skeletal disorders. Other problems such as the total flow time minimization, due date assignment or
weighted due date minimization problems could also be investigated considering EAWS risk assessments as a
future work.

The contribution of this paper to the literature is the modeling musculoskeletal disorder risks with EAWS and
calculation of deterioration rates by a hyperbolic tangent function for the first time. Furthermore, it was proved
and numerically shown that makespan minimization problem can be optimally solved with SDR.

2. Material and Method

2.1. EAWS risk assessments

The ‘New Production Worksheet’ (NPW) was developed by General Motors Europe Adam Opel. The Automotive
Assembly Worksheet (AAWS) is the improved form of NPW and employed for evaluating risks by German car
manufacturers. In Germany, it is compulsory to analyze the physical workload and the ergonomic conditions of
hazardous jobs must be improved. Daimler and the Baden-Wiirttemberg’'s Employers’ Associations of Metal and
Electrical Industries risk assessment technique (IAD-BkB) was designed for new employment contract and it is
based on AAWS. The EAWS, the most current risk assessment method used by German automotive manufacturers,
is the revised version of AAWS. EAWS enables risk assessment of upper limp and whole body that means postures,
forces, manual handling etc. EAWS score point can be calculated by using Eq.1 [10].

EAWS = DS( Fo,, + Po,, + Ad,,) (1)

DS: Duration score (up to shift duration)
Fop,: Force frequency grip score

Poy,: Posture score

Ad,: Additional factor score

EAWS provides a score point between 0 and 50. EAWS has tree risk levels which are low, possible and high as

shown in Figure 1. EAWS score point can vary between 0 and 50. This score point can be used as a deterioration
rate in machine scheduling problems if it is normalized.
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DOgreen
Oyellow

UPPER LIMBS

O red

0-25 Points Low risk: - recommended; no action is needed

........... e e e

Possible risk: - not recommended; redesign if possible, otherwise take other
measures to control the risk

>50 Points High risk:~ to be avoided; action to lower the risk is necessary

Figure 1. EAWS risk levels [6]

2.2. Problem Definition

In other studies actual process time was modeled considering deterioration rate, time depended process rate and
position depended jobs [37-39]. In this study, makespan with job dependent risk deterioration of musculoskeletal
disorders and position dependent learning rate was investigated. Actual process time was calculated considering
deterioration and learning rates, where the process time decreases by the number of repetitions or learning and
increases by exposed ergonomic risks or the deteriorations. Here, pj, is the actual process time of job j provided
that it is scheduled in the position r of a sequence. Learning effect is represented by a (a < 0) and it is calculated
with the equation a = loga/log2. Here, a is the learning rate and if «=0.8 then a=-0.312 [40].

Furthermore we used a different function for deterioration rate. In artificial neural networks, there are two “s”
shaped transfer functions, which are sigmoid and hyperbolic tangent functions [41-43]. Though sigmoid function
is “s” shaped and used as a transfer function, it cannot imitate the deterioration in production process times. But

“w_n

hyperbolic tangent function, which is an increasing “s” shaped function, can imitate the deterioration in production
H_ X

process times. Thus hyperbolic tangent function (o, = %) was selected and employed for the first time in this

study in order to imitate deterioration rate in production process times.

Deterioration rate (B;;) and actual process time (p;,.) values can be determined with the help of Eq.2 and Eq.3,

respectively. EAWS was selected as a risk assessment technique for the purpose of calculating actual process times.
Deterioration rate ([3;,) in Eq.2 is the normalized EAWS score point of job j in hyperbolic tangent function. EAWS

provides a score point between 0 and 50, thus EAWS score is multiplied by 0.02 for normalization in Eq.2. In order
to calculate actual process time (p;,.) deterioration rate (p;,) is multiplied with the basic process time (p[;1) and

with the position dependent learning rate ( ) in Eq.3. Objective function of makespan minimization problem is
defined in Eq.4.

Q[Dsj[Fc'm_;'+P°m_.l'+Adm_;'}o-oz]_e_[osj[ Fam_.,-+PclmJ-+ Admj-}o.oz]

Bf" =1+ Q[DS}'[Fﬂmj'”’amj'*‘qdmj}o-ﬂz]_'_e‘[ﬂsj[ Famj+Pamj+ Admj}o.ozj (2)
Pir = P15 ﬁjr?’a (3)
n n
minz Z Pjr (4)
j=1r=1
3. Results

In this section the MMP with position-dependent learning effect and musculoskeletal disorders risk factors was
inspected. Our proofs and numerical analysis show that MMP with job-dependent deterioration and the position-
dependent learning rates on single machine can be solved with respect to smallest deterioration rule, only if
common process time is used in place of basic process time.
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3.1 Proofs

According to the shortest process time (SPT) rule optimal machine schedule can be obtained by sorting process
times in increasing order. Also two adjacent jobs can be interchanged and compared with actual time. If job's

processing times can be determined, the optimal schedule can be obtained by using SPT rule.

Pjr = PjjBirr® . Pir =1 B+ DT A

X G ¢

Pir = Pi) Br™® pjr = Pj) Bjr+n (r + 1)° A
F t } } |

X C; CI

Figure 2. Interchange of adjacent jobs adapted from [37]
Lemma-1

If (a< 0 and [3;>B;) basic process time is used, makespan minimization problem with job dependent risk

deterioration and position dependent learning effect can’t be optimally solved with SPT rule.
Proof.

Let C;(S) be the completion time of job j in the schedule S.
Let AC(S) be the difference between the completion time of two jobs i, j.

Ci(S) = B+ p;Byr® + pif; (r + 1)°
G(S") =B +p;fir?

C;(S") = B+ pifir® + p;B(r + 1*

AC(S) = Gi(S) = G(S")= B+ pir® + pifs(r + 1)% —[
B+ p;P;r® + p; B (r + 1)7]

Let's distribute the minus sign in front of the square brackets, so variable B is subtracted from equality.

AC(S) = B+ p;fr* + pifi(r + 1)* — B —p;Bir® — p;B(r+ 1)#

Let's distribute the minus sign in front of the parenthesis Eq.(10).
AC(S) = piBr® +piBi(r + 1) — piBsr® — p;B(r + 1)7
Let's group the Eq.11 by r* and (r + 1)?
AC(S) = piBr® — pifir® +piBi(r + 1% — p;B(r + 1)7
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Let's put the Eq.13 in the parentheses r# and (r + 1)3.

AC(S) = (p;Bj — piPr® + (psB; — piB(r + 1)° (13)

Let's put the Eq.14 in the parentheses (p;f; — Pif3i).

AC(S) = (p;Bj— piP)(r® — (r+ 1)%) (14)

Any comment cannot be done whether AC(S) = 0 or not. Thus, makespan minimization problem with job
dependent risk deterioration and position dependent learning effect can’t be optimally solved with SPT rule if
basic process time is used.

Lemma-2

If (pjg =pjp=pr =0 a<0and f;>B;) common process time is used instead of basic process time, makespan
minimization problem with job dependent risk deterioration and position dependent learning effect can be
optimally solved with SDR.

Proof.

AC(S) = B+ pBr® +pBi(r +1)° —[ B+ ppir® + pp(r + 1)°] (15)

The sign of negativity in front of the schedule S' is distributed in parentheses.
AC(S)= B+ ppr® +pBi(r + 1)° — B —ppir® — ph;(r + 1)° (16)

Since the completion time constants of previous operations are B — B = 0, the expression of r?, (r + 1)* and p is
distributed in parentheses. Equality reorganizes.

AC(S) = pByr® — pBir® + pBy(r + 1)% — pBy(r + 1)7 (17)
Equality is rearranged by order pr?, p(r 4+ 1)* and p(r+ 1)2.

AC(S) = pri(B; — B) +p(r+1)*(Bi— By (18)
Equality is rearranged by order [:[35 — ﬁi)

AC(S) = p(Bj— B — (r+1)%) (19)

p=0, a<0and B;>p; hence AC(S) = 0. Thus, makespan minimization problem with job dependent risk
deterioration and position dependent learning effect can be optimally solved with SDR.

3.2 Numerical Analysis

In this section a numerical example is given for the case in Lemma-1 and Lemma-2. EAWS risk assessments were
made for the following 10 assembly jobs in a company in the manufacturing sector. Deterioration rate was
computed with respect to Eq.2 and actual process time was calculated in regard to Eq.3. Then makespans were
computed by employing Eq.4 and Table 1-4 was gathered.

Numerical example for Lemma-1

In Lemma-1 it was stated that if basic process time is used, makespan minimization problem with job dependent
risk deterioration and position dependent learning effect can’t be solved with SDR or SPT. We will explain this case
with numerical examples in Table 1-2. In Table 1, B and A values were calculated as 308.8 and 150.1, respectively.
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The makespans for the job 5 in row 5 and job 6 in row 6 were calculated as 367.8 and 444.92 minutes in the S
schedule in Table 1.

Table 1. S schedule for Lemma-1

Jobs 1 2 3 4 5 6 7 8 9 | 10
Position 1 2 3 4 5 6 7 8 9 | 10
Basic Process Time (pry) 60 88 56 | 45 90 80 78 | 35 | 50 | 32
Actual Process Time (pjr = ppj Byr®) 71.8 | 124.0 | 643 | 48.7 | 59.0 | 77.1 | 53.8 | 28.8 | 41.0 | 26.5
Makespan (min £, %7 py.) B=308.8 367.8 | 444.9 A=150.1

Let's get the S’ schedule by interchanging jobs 5 and 6 in the Table 1 according to the SPT rule similar to the Figure-
1. As shown in Table 2, the B’ and A’ values of the S’ schedule were computed as 308.8 and 150.1 minutes,
respectively and they are equal to B and A4 values in the S schedule in Table 1. The makespans for the job 6 in row
5and job 5 in row 6 were calculated as 390.6 and 446.2 minutes in the S'schedule in Table 2 and these values are
greater than the makespan values 367.8 and 444.9 in Table 1. Although S’ schedule was gathered with SPT rule, a
shorter completion time could not be achieved as it was proposed in Lemma-1. Thus, makespan minimization
problem with job dependent risk deterioration and position dependent learning effect can’t be optimally solved
with SDR or SPT rule if basic process time is used.

Table 2. S” schedule for Lemma-1

Jobs 1 2 3 4 6 5 7 8 9 | 10
Position 1 2 3 4 5 6 7 8 9 | 10
Basic Process Time (prj) 60 88 56 | 45 80 90 78 | 35 | 50 | 32
Actual Process Time (pj, = prj Birr®) 71.8 | 124.0 | 64.3 | 48.7 | 81.7 | 55.6 | 53.8 | 28.8 | 41.0 | 26.5
Makespan (min L, X7, p;c) B'=308.8 390.6 | 446.2 A'=150.1

Numerical example for Lemma-2

In Lemma-2 it was stated that if common process time is used instead of basic process time, makespan
minimization problem with job dependent risk deterioration and position dependent learning effect can be solved
with SDR. We will explain this case with numerical examples in Table 3-4. The average of basic process times of

the 10 jobs (p = Elzulpl—ﬁ = 61,4) in Table 1 was taken and it was accepted as common process time. Actual
Process Times (p;,) were calculated with respect to common process times. In Table 3, B and A values were
calculated as 295.06 and 192.8, respectively. The makespans for the job 5 in row 5 and job 6 in row 6 were

calculated as 357.4 and 395.1 minutes in the S schedule in Table 1.

Table 3. S schedule for Lemma-2

Jobs 1 2 3 4 5 6 7 8 9 | 10
Position 1 2 3 4 5 6 7 8 9 | 10
Common Process Time (p) 614 | 614 |61.4| 614 | 614 | 614 |61.4|61.4|61.4|61.4
Deterioration rate (B;.) 0,20 | 1,00 | 0,75| 0,85 | 0,90 | 0,10 |0,30]0,70 | 0,80 | 0,95
Actual Process Time (pj: = pj Bj-r®) 73 [8597| 70 | 66 | 62,36 | 37,68 | 42 | 50 | 50 | 51
Makespan (min %2, 3.0 py) B=295.06 357,4 | 3951 A=192.8

Let's get the S’ schedule by interchanging jobs 5 and 6 in the Table 3 according to the SDR similar to the Figure-1.
As shown in Table 4, the B’ and A’ values of the S’ schedule were computed as 295.06 and 192.8 minutes,
respectively and they are equal to B and A values in the S schedule in Table 3. The makespans for the job 6 in row
5 and job 5 in row 6 were calculated as 335.01 and 393.82 minutes in the S’ schedule in Table 4 and these values
are smaller than the makespan values 357.4 and 395.1 in Table 3. S’ schedule was gathered with SDR and a shorter
completion time was achieved as it was proposed in Lemma-2. Thus, makespan minimization problem with job
dependent risk deterioration and position dependent learning effect can optimally be solved with SDR rule if basic
process time is used.
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Table 4. S’ schedule for Lemma-2

Jobs 1 2 3 4 6 5 7 8 9 | 10
Position 1 2 3 4 5 6 7 8 9 | 10
Common Process Time (pg;1) 614 | 614 | 614|614 | 614 | 614 |614|61.4|61.4|61.4
Deterioration rate (Bj:) 0,20 | 1,00 | 0,75| 0,85 | 0,10 | 0,90 |0,30|0,70|0,80 | 0,95
Actual Process Time (p;. = p[g B-1) 73 |8597| 70 | 66 | 3996 | 5881 | 42 | 50 | 50 | 51
Makespan (min X7, X7 pjr) B’=295.06 335.01 | 393.82 A’'=192.8

4. Discussion and Conclusion

In this study, makespan minimization problem with job dependent risk deterioration and learning effect was
introduced. Musculoskeletal disorder risks were modeled with respect to EAWS which has a common use in
German automotive and truck manufacturing industry. It was assumed that deterioration rate is a hyperbolic
tangent function of EAWS and varies with jobs. Position dependent learning rate was included in the problem.

It was proved and numerically shown that makespan minimization problem with job dependent risk deterioration
and position dependent learning effect can be optimally solved by using smallest deterioration rule, on condition
that common process time is used instead of basic process time, otherwise the problem can’t be optimally solved.
The results show that our approach is promising in terms of real life machine scheduling problems under
ergonomic risk constraints. Proposed model makes possible to determine more accurate production plans. Also,
it has a great potential in terms of bringing balance between musculoskeletal disorder risks and productivity. The
contribution of this paper to the literature is the modeling musculoskeletal disorder risks with EAWS and
calculation of deterioration rates by a hyperbolic tangent function for the first time. Furthermore, it was proved
and numerically shown that makespan minimization problem can be optimally solved with SDR.

For future research, parallel machine scheduling could be studied. Furthermore different deterioration functions
could be employed for the ergonomic risks evaluations. In addition, a hybrid evaluation method including state of
the art approaches in the literature could be developed for the risk assessment of musculo-skeletal disorders. Our
approach could be applied to different problems such as the total flow time minimization problem, due date
assignment problem or weighted due date minimization problems.
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Abstract: Mobile banking is an application used on a smartphone or tablet that allows
you to perform your banking transactions by connecting to the internet from your mobile
device without having to go to the branch. Mobile banking usage showed a rapid increase
in the last 10 years in Turkey as well as all over the world. However, the fact that some
bank customers do not prefer mobile banking for different reasons increases the
importance of investigating the factors that affect customers' adoption of mobile banking.
It is important that banks adopt the latest information technology system to better
understand changing customer needs. The Technology Acceptance Model (TAM) is an
information systems theory is used to measure the response of consumers to technological
change. The main objective in this research is to analyze the relationships among the
factors that determine the attitude of bank customers using mobile banking application
via the TAM theory. This research data was collected from surveys applied to public,
private and participation bank customers in Konya province. The collected data set was
tested by the Structural Equation Model method.

Miisterilerin Mobil Bankaciliga Uyumunu Etkileyen Faktorlerin Yapisal Esitlik Modeli

ile incelenmesi

Anahtar Kelimeler
Yapisal Esitlik Modeli,
Teknoloji Kabul Modeli,
Mobil Bankacilik

0z: Mobil bankacilik, subeye gitmek zorunda kalmadan bir akilli telefon veya tablet
ile  mobil cihazinizdan internete baglanarak bankacilik islemlerinizi
gerceklestirmenizi saglayan bir uygulamadir. Mobil bankacilik kullanimi son 10
yilda Tiirkiye'de ve tiim Diinyada hizl bir artis gdstermektedir. Bununla birlikte,
bazi banka miisterilerinin mobil bankacilig1 heniiz tercih etmemesi, miisterilerin
mobil bankaciligi benimsemesini etkileyen faktérlerin arastirilmasinin 6nemini
artirmaktadir. Degisen miisteri ihtiyaclarini daha iyi anlamak i¢in bankalarin en son
bilgi teknolojisi sistemini benimsemesi 6nemlidir. Teknoloji Kabul Modeli (TAM),
tliketicilerin teknolojik degisime tepkisini 6l¢mek i¢in kullanilan bir bilgi sistemleri
teorisidir. Bu arastirmanin temel amaci, mobil bankacilik uygulamasini kullanan
banka miisterilerinin tutumlarin1 TAM teorisi ile belirlemektir. Bu arastirma verileri
Konya ilindeki kamu, 6zel ve katilim bankasi1 miisterilerine uygulanan anketlerden
toplanmistir. Elde edilen veriler Yapisal Esitlik Modeli yontemi ile test edilmistir.

*[lgili Yazar, email: ialtindag@erbakan.edu.tr
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1. Introduction

In the past twenty years, mobile commerce (m-commerce) has emerged as a conclusion of the convergence of the
wireless technology, internet and mobile devices. The concept of m-commerce for information technology (IT) is
a new paradigm. The m-commerce implementation provided greater mobility and flexibility in areas such as
quality control, investment and health as an extension of m-commerce. As a result, the m-commerce has become a
very important component of today's business world. This new implementation, changes the way finance
institutions provide and design services to individuals. It also modifies how people interact with other social
components like retail banks. Mobile banking (MB) method is an innovator application used to access banking
transactions, with this method customers can perform banking services at any time and at anywhere and to
connect banking service quickly and easily via mobile devices [1,2].

Unlike mobile applications, computer and web applications, mobile devices are developed according to their
specifications and technical skills [3]. As with other technologies and applications, the adoption of the MB
application is also regarding the quality of the application [4]. For this reason, it is significant to specify the
relationships between the factors related to the quality of the applications in order to adopt mobile banking
applications and to obtain the benefits expected from these applications. Although there are some studies on the
factors affecting the use of MB applications in the literature, the number of studies on determining the importance
of these factors is quite low [5].

In order to perform the necessary researches in evaluating the efficiency of a MB application, the Technology
Acceptance Model (TAM) theory is used. TAM is one of the models highly used method in the literature to identify
the factors that have the greatest impact on the acceptance of an information system used [6]. TAM is a method
first proposed by Davis (1986) in order to explain the acceptance of the technology on users. TAM was developed
by Davis (1989) to explain the effects of user perceptions of system factors that are thought to be effective on
users' acceptance of information systems [6-8].

Considering the literature, there are many studies conducted using the technology acceptance method in recent
years. Abdullah and Ward (2016), using quantitative Meta-Analysis, e-learning adaptation according to the TAM
identify the most frequently used external factors [9]. Lin and Kim (2016), model derived a model of TAM made as
a result of the testing work, privacy and concerns about intrusive that predetermined variables perceived to
perceived usefulness, but has found they could not detect the ease of use of sponsored advertising [10]. Chen et al.
(2017), examined a number of social-psychological behavioral intention to adopt a predictive model based on TAM
and Adoption of Smart and Sustainable Energy Technology Models [11]. Dumpit and Fernandez (2017) adopted
the TAM, but contained subjective norm, perceived volatility, speed and security of internet are included as an
additional structure [12]. Taherdoost (2018), developed the E-Service Technology Acceptance Model (ETAM) to
evaluate the acceptance of e-service technology by the user [13]. Verma and Sinha (2018) aimed to identify
important factors in a rustic situation based on TAM, which influenced acceptance of a mobile-based AES [14].
Kalyoncuoglu (2018), examined the factors that affect the acceptance of the use of virtual cards for the reliability
of payment transactions in consumers' online purchases with the TAM [15]. To and Tang (2019), investigated the
premise of students' aim to attendance evaluation of computer-based courses and consequently suggested an
improved TAM [16]. Binyamin and Smith (2019) investigated the factors affecting the use of LMS in higher
education students by expanding the TAM method. As a result of this study, 8 external variables were adapted to
this method [17].

The main objective of this study is to analyze the relationships among the factors specifying the attitude of bank
customers that use the MB by using the TAM method.

2. Mobil Banking

The banking sector is one of the main sectors that frequently use innovative applications based on Information
Technologies (IT). Banks are implementing a variety of IT innovations in order to turn the opportunities offered
by developing technologies into advantages and to survive and excel in the highly competitive environment in the
sector. Internet banking, an IT product, has facilitated people manage their money thanks to innovations made in
the early 1980s. Banks began to offer people the tools to facilitate their financial transactions. Internet banking
began to become popular in 2001. Due to the production of smart phones in the early 2000s, the concept of mobile
banking, another IT product, emerged.
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Due to the advancement on mobile technologies, there have been major technological revolutions in many sectors.
The banks operating in Turkey, seriously work to adapt to developments related to mobile banking. By means of
the increasing number of smartphone users in recent years, the number of customers using mobile banking passed
the number of customers using internet banking.

Digital, Internet and Mobile Banking Statistics which publish by the Banks Association of Turkey are given in
Figure 1 [18].
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Figure 1. Number of individual customers (million) actively using mobile banking and Internet banking systems in Turkey.

According to Figure 1, it is observed that the number of individual banking customers using mobile banking
increased rapidly and the number of internet banking users decreased. This rapid increase in mobile banking
usage may be with the increasing number of smartphone users and the fact that mobile banking applications
become more practical.

In this research, the TAM method was used to explain and model how customers accepted mobile banking
application.

3. The Technology Acceptance Model (TAM)

Technology Acceptance Model (TAM) is a method used in explaining on adaptation of different management
information systems. This model is an information technology system that is widely used in revealing the reasons
why users accept new applications. There are two main objectives in this model.

=  to estimate the acceptability of a tool.
= todescribe the necessary modifications in the system to enable the user to accept the new application.

The concept of TAM was proposed by Davis (1986) to explain computer use. TAM was improved by Davis (1989)
to determines the effects of user perceptions of system factors that are thought to be effective on users' acceptance
of information systems [7,8].

TAM examines the following dimensions using the Likert scale survey:

Perceived Usefulness (PU) : Davis (1989) was described this factor as "the degree to which a person believes that
using a particular system would enhance his or her job performance"”.(5 Item) [8].

Perceived Ease Of Use (PEOU) : Davis (1989) was defined this factor as "the degree to which a person believes that
using a particular system would be free from effort". (5 Item) [8].

Attitude Towards Use (ATU): Itis a positive or negative evaluation of the use of new technology by users (4 Item)

[8].

Behavioral Intention to Use (BIU): It is a measurement that individual's behavior using new technology (3 Item)

[8].
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Actual System Use (ASU): Real use refers to the time the user spends using the technology (3 Item) [8].

There are many studies in the literature based on mobile technologies such as mobile devices, smartphones,
mobile shopping, mobile communication, mobile marketing and mobile commerce (see [19]-[27]). Nowadays,
with the growing interest in the use of mobile banking application, customers' attitudes and intentions should be
measured by bank information processing center. In this paper, the analysis was performed to determine customer
behavior using the original TAM proposed by Davis (1989).

4. Material and Method

4.1. Structural Equation Model

Structural Equation Model is a comprehensive statistical analysis method consisting of three basic components.
These are (1) path analysis, (2) structural model and measurement model, (3) general estimation processes as
historical development. This method used to test models that have a combination of causal and mutual
relationships among latent and observed variables. SEM used in many fields of science provides a comprehensive
method for testing and measuring meaningful theories. SEM implement a hypothesis testing approach to
multivariate analysis of structural theory on a subject [28].

SEM consists of two components;

1. Measurement Model: illustrates the relationship between latent variables and observed variables.
2. Structural Model: illustrates the relationships between the latent constructs or endogenous variables.

SEM provides to determine direct and indirect effects between variables [29-31].

In this study, the SEM method was used to obtain the causal relationships between the factors in the TAM model
and to evaluate the statistical significance of the relationships between these factors.

4.1.1 Evaluation of Model Fit for SEM

In the literature, there are many goodness of fit test to evaluate in SEM. The test statistics frequently used in the
literature are chi-square statistic( ;(2), Root Mean Square Error of Approximation (RMSEA), Goodness of Fit

Statistic (GFI), Adjusted Goodness of Fit Statistic (AGFI), Standardized Root Mean Square Residual (SRMR),
Normed Fit Index (NFI) and Comparative Fit Index (CFI). Goodness of fit values and their fit reference ranges are
shown in Table 1 [32].

Table 1. Goodness of Fit Indexes for SEM

Goodness of Fit index Value (Excellent Fit) Value (Acceptable Fit)

7 /df 0< 2%/df <2 2<*/df <3

RMSEA 0<RMSEA<0.05 0.05<RMSEA<0.08
SRMR 0<SRMR <0.05 0.05<SRMR £0.10
CFI 0.97<CFI <1 0.95<CFI <0.97
GFI 0.95<GFI <1 0.90<GFI <0.95
AGFI 0.90< AGFI <1 0.85< AGFI <0.90
NFI 0.95<NFI <1 0.90 < NFI <0.95

4.2. Sample

The research population consists of public, private and participation bank customers in Konya. Since the full list
of the customers of this bank is not available, bank customers were randomly selected in randomly selected time
periods by the banks during a month and a questionnaire was applied to 687 volunteers who will answer the
questionnaire.
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4.3. Research Model and Hypotheses

The research model used in the study is the classical TAM model given in Figure 1. Using this model, the causal
relationships between Perceived Usefulness (PU), Perceived Ease of Use (PEOU), Attitude Towards Use (ATU),
Behavioral intention to use (BIU) and Actual System Use (ASU) were tried to be explained. TAM model used in the
research is given in Figure 2.

Percerved
Usefulness
(PU)
Attitude Behavioral Actual
Towards Use Intention to Use |——> System Use

(ATU) (BIU) (ASU)

Perceived
Ease Of Use

(PEOU)

Figure 2. The original TAM (Davis, 1989)

The items in the measurement tool were compiled considering study of Davis et al.(1989). In the response of the
measurement tool, the degree to which the According to “Strongly agree”, “Agree”, “Neither Agree nor Disagree”,
“Disagree”, “Strongly Disagree”.

According to Davis' findings, PEOU is positively associated with the use of a system. It has been determined in
many studies that there is a positive relationship between PEOU and intention to use. According to the results of
experimental and applied researches about TAM, PU is positively associated with the use of an information system

and its user attitudes [6]. Based on this information, the research hypotheses are given below, respectively.

Hi: Perceived Usefulness has a positive effect on Attitude Towards Use

H2: Perceived Ease of Use has a positive effect on Attitude Towards Use

Hs: Attitude Towards Use has a positive effect on Behavioral Intention to Use
Ha: Behavioral Intention to Use has a positive effect on Actual System Use

5. Results
5.1 Descriptive Statistics

Bank customers' descriptive statistics (Bank category, Gender, Jobs, Age) are summarized in Table 2.

Table 2. Fruquency tables for Bank Customers

Customers' Banks Customers' Gender
Banks Frequency | Percent Gender Frequency | Percent
Public 295 42.9 Woman 295 42.9
Private 244 35.5
Man 392 57.1
Participation 148 21.5
Customers' Jobs Customers' Age
Jobs Frequency | Percent Age Frequency | Percent
Public 168 24.5 Under 26 286 41.6
Private sector 245 35.7 26-35 190 27.7
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Self Employed 56 8.2 36-45 116 16.9
Retired 50 7.3 46-55 45 6.6
Student 144 21

Over 55 50 7.3
Other 24 3.5

As can be seen from Table 2, 57.1% of the customers are male and 42.9% are female. 42.9% of the customers are
public banks, 35.5% are private banks and 21.5% were participation bank customers. The private sector with
35.7% and public institutions with 24.5% are the most frequently employed sectors. The highest age group rank
of the participants is under 26 with 41.6% and then 26-35 age group with 27.7%.

5.2 Structural Equation Model Results

The SEM results obtained from the analysis performed with AMOS 22 software are presented in Table 3-4 and
Figure 3. Considering the decision criterion y?/df which is used for the evaluation of x® value calculated for

SEM, it was decided that the model variance-covariance matrix was compatible with the population variance-
covariance matrix. Jéreskog and Sérbom (1993) used the z? /df ratio instead of the x? value to evaluate the fit

of the model [6,33]. This ratio value is obtained as 2.98 and it was statistically decided that the compatibility of the
data with the model is acceptable.

The goodness of fit values obtained from the analysis performed with AMOS are summarized in Table 3. Take into
consideration the descriptive suitability measures SRMR =0.039 and RMSEA=0.054 which are based on the
difference between the estimated covariance matrix and the sample covariance matrix of the model are evaluated,
it is seen that the model provides a good fit. Other goodness of fit indices was calculated as CFI=0,964; GFI=0.937;
AGFI=0.918 and NFI=0.951. When the goodness of fit criteria are examined, it can be said that the model is within
acceptable limits.

Table 3. Fit Index For Proposed SEM

Goodness of Fit index Model
22 [df 2.983
RMSEA 0.054

SRMR 0.039

CFI 0.964

GFI 0.937

AGFI 0.918

NFI 0.951

Structural Model results and Cronbach's Alpha («) values are shown in Table 4. Cronbach's Alpha valuewhich is a
reliability measure of the factors, is “close to reliable" if it is between 0.50 and 0.60, and "very reliable" if it is
between 0.60 and 0.80. As can be seen from Table 4 the Cronbach a coefficient of all factors is above 0.7, it can be
said that all factors are very reliable.
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Figure 3. Structural Equation Model for Research Model TAM
Table 4. Structural Model Results for Research Model TAM
Items Estimate t value Cronbach’s Alpha R?
(a)
PU 0.898
PU1 0.649 0.421
PU2 0.759 20.352 0.576
PU3 0.795 17.303 0.632
PU4 0.812 17.57 0.659
PU5 0.723 16.095 0.523
PEOU 0.867
PEOU1 0.806 0.650
PEOU2 0.779 22.43 0.607
PEOU3 0.812 23.655 0.659
PEOU4 0.781 22.344 0.610
ATU 0.809
ATU1 0.729 0.531
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ATU2 0.668 16.915 0.446

ATU3 0.747 18.974 0.558

ATU4 0.729 18.499 0.531
BIU 0.862

BIU1 0.868 0.753

BlU2 0.863 28.278 0.745

BIU3 0.737 22.333 0.543
ASU 0.716

ASU1 0.952 0.906

ASU2 0.710 15.308 0.504

According to Figure 3, a positive statistically significant relationship is found between PU independent latent
variable and ATU dependent latent variable (0.51). This value indicates that a one-point increase in PU will
lead to a 0.51 point increase in ATU, and vice versa, a decrease in PU will result in a decrease in ATU. The
path coefficient value between PEOU independent latent variable and ATU dependent latent variable is 0.45.
It is determined that there is a statistically significant and positive middle level relationship between these two
latent variables. As a result of causal relationships between PU and PEOU exogenous latent variables and ATU
endogenous latent variable, it was found that external variables explained 0.837 % of ATU.

Only the ATU latent variable has a direct effect on the BIU dependent latent variable. Relationship between
these two latent variables is 0.85. ATU latent variable explained 72.3% of the BIU latent variable.

Finally, a positive middle level relationship was found between BIU and ASU latent dependent variables
(0.64). The coefficient of determination for these two latent variables is 0.412.

The Structural Equation Model and R? for the proposed Structural Equations are given in the Table 5. In the
light of the findings, all research hypotheses were confirmed statistically.

Table 5. The Structural Equations and R? for Proposed Structural Equation Model

Structural Equations R?
ATU =0.515x PU +0.451x PEOU 0.837
BIU =0.851x ATU 0.723
ASU =0.642xBIU 0.412

6. Discussion and Conclusion

In this research, it is aimed to show the effects of Perceived Usefulness, Perceived Ease of Use, Attitude Towards
Use, Behavioral Intention to Use and Actual System Use factors on the model which determine the behavior of
users related to mobile banking application covered by classical TAM model. In addition in this study, mobile
banking TAM model has been tried to be created in Konya.
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The first hypothesis tested in the research, “Hi: Perceived Usefulness has a positive effect on Attitude Towards Use”.
This hypothesis was accepted by SEM analyze results.(PU — ATU : y =0.515, t value =8.730, p <0.005). The

Perceived Usefulness value of bank customers has a positive effect on their Attitude Towards Use value.

The second hypothesis tested in the research, “Hz: Perceived Ease Of Use has a positive effect on Attitude Towards
Use”. This hypothesis was accepted by SEM analyze results (PEOU — ATU : » =0.451, t value =8.338, p <0.005).

The Perceived Ease Of Use value of bank customers has a positive effect on their Attitude Towards Use value.

The third hypothesis tested in the research, “Hs: Attitude Towards Use has a positive effect on Behavioral Intention
to Use”. This hypothesis was accepted by SEM analyze results
(ATU — BIU : » =0.851, t value =18.983, p <0.005). The Attitude Towards Use value of bank customers has a

positive effect on their Behavioral Intention to Use value.

The fourth hypothesis tested in the research, “Hs: Behavioral Intention to Use has a positive effect on Actual System
Use.”. This hypothesis was accepted by SEM analyze results (BIU — ASU : y =0.642, t value =17.304, p < 0.005).

The Behavioral Intention to Use value of bank customers has a positive effect on their Actual System Use value.

Consequently, all four research hypotheses tested for the study were accepted. The results of the study are similar
to the TAM models previously performed. In the light of the hypotheses results, we can be said that the adaptation
of bank customers in Konya to mobile banking application technology is high. For this reason, we can be said that
customers think that mobile banking technology will provide benefits (increase in performance) in their own lives.
The increase in mobile banking application users in Turkey (Figure 1) is parallel with the results of our study.

The research was carried out on customers in public, private and participation banks operating in Konya with
restraints by time, cost and accessibility. For this reason, researchers interested in this subject can study with
larger samples and in various provinces.
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0z: Bu calisma kuraklik stresinin fasulyede bitki gelisimi, besin maddesi icerigi ile
bazi fizyolojik ve biyokimyasal 6zellikler iizerine etkisini belirlemek amaciyla 2019
yilinda yiriitillmiistiir. Arastirmada, kuraklik stresinin etkisini belirlemek amaciyla
3 farkli sulama seviyesi [tam sulama (%100) (DO0), tarla kapasitesinin %80’i (D1) ve
%601 (D2)] kullanilmis ve deneme saksi denemesi seklinde yiiriitilmistir.
Arastirma sonunda, kuraklik stresinin fasulyede yaprak alani, yaprak-goévde-kok yas
agirligy ile yaprak-govde-kok kuru agirligina olumsuz etki yaptigi belirlenmistir. %
60 sulama seviyesinde yaprak yas agirligi, gévde yas agirhigl, kok yas agirligy, yaprak
kuru agirhigi, govde kuru agirhigi ve kok kuru agirliginin % 100 sulama seviyesine
gore sirasiyla % 17, 33, 55, 57, 60 ve 52 oraninda azaldigi tespit edilmistir.
Elektriksel iletkenlik (EC) kuraklik stresi ile artarken, doku oransal su igerigi (DOSI)
azalmistir. Calismada, % 80 sulama seviyesinde yapraklarda peroksidaz (POD),
katalaz (CAT) ve siiperoksitdismutaz (SOD) aktivitesi tam sulamaya gore artis
gosterirken % 60 seviyesinde 6nemli diizeyde azaldig1 tespit edilmistir. Kuraklik
stresi ayrica fasulyede incelenen organlarda bitki besin elementi icerigini azaltmis,
buna karsin hidrojen peroksit (H202), malondialdehyde (MDA), prolin ve sakkaroz
icerigini artirmistur.

The Effect of Drought Stress on Plant Growth, Some Physiological and Biochemical

Properties of Bean

Keywords

Drought stress,

Bean,

Plant growth,

Physiological and biochemical
responses

Abstract: The aim of this study to determine the effects of drought stress on plant
growth, nutrient content and some physiological and biochemical properties in
bean. 3 different irrigation levels ((100%) (D0), 80% (D1) and 60% (D2) of the field
capacity) were used. In this study, it was determined that drought stress had
negative effects on leaf area, leaf-stem-root fresh weight and leaf-stem-root dry
weight. Leaf fresh weight, stem fresh weight, root fresh weight, leaf dry weight, stem
dry weight and root dry weight in 60% irrigation level decreased by 17, 33, 55, 57,
60 and 52%, respectively, compared to 100% irrigation level. Electrical conductivity
(EC) increased with drought stress, while tissue water content decreased (DOSI). In
the study, peroxidase (POD), catalase (CAT) and superoxidedismutase (SOD)
activity in leaves increased at 80% irrigation level, while it was found to decrease
significantly at 60%. Drought stress also decreased the plant nutrient content in
investigated organs. However, it increased hydrogen peroxide (H202),
melondiahldeide (MDA), proline and sucrose content.
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1. Giris

Bitkiler yasamlarini devam ettikleri alanlarda, gelisimlerini engelleyici ¢esitli olumsuz faktdérlere maruz
kalmaktadirlar [1]. Bitkinin yasadig1 ortamda bir veya daha fazla faktoriin, biiyiime ve gelismeyi olumsuz sekilde
etkileyerek tiriin kalitesi, miktar ve verimde azalisa neden olmasina “stres” denilmektedir [2]. Stres faktorleri
biyotik ve abiyotik olmak tizere iki sekilde siniflandirilmaktadir. Patojenler, hastalik etmenleri ve
mikroorganizmalar gibi faktorler biyotik stres faktorlerini meydana getirirken; kuraklik, tuzluluk, ytksek veya
disiik sicaklik, agir metal kirliligi, su fazlalig1 ise abiyotik stres faktorlerini olusturmaktadir. Diinyada bitkisel
tiretimini kisitlayan abiyotik stres faktorleri yetistiricilikte bitkinin optimum iirin potansiyeline ulagsmasini
engellemektedir. Tarimsal iiretimde yasanan verim kayiplarinin sebebi %71 oraninda abiyotik, %29 oraninda ise
diger stres faktorlerine dayandirilmaktadir [3].

Diinya tlizerinde karasal alanlarin %30’u kurak veya yari kurak olarak ifade edilir. Daha da 6nemlisi diinya
tizerindeki bitkisel liretiminin yapildig: sulak arazilerin biiyiik bir kisminda da siddetli kuraklik goériilmektedir.
Kuraklik stresi bitkinin dokularinda su veya turgor potansiyelini optimum gelismeyi olumsuz etkileyecek
seviyelere diisiirmesi olarak ifade edilir [4]. Hava sicakligindaki ani artis ya da nemde hizli bir azalisin
gerceklesmesiyle bitkilerde akut susuzluk olusur [5]. Kuraklik stresi bitkilerde vejetatif bliyiime, verim, su iliskileri
ve fotosentezi etkilemektedir [6]. Hiicrede veya bitki igerisinde olusan metobolik ve fizyolojik her bir faktériin su
stresinden etkilenmeye basladig1 kuraklik seviyesi degeri farklilik gosterir [7]. Kurakligin ilk olarak bitki
gelisiminde sorun olusturdugu saftha ¢cimlenme sathasidir [8]. Topraga ekilen tohum topraktan ihtiyaci olan suyu
alamadig1 durumlarda ¢cimlenme olmamaktadir [9].

Fasulye (Phaseolus vulgaris L.), ilkemizin hemen her kesiminde kuru tane ya da taze amach yetistirilebilen ve
genellikle de Karadeniz Bolgesi'nde genis yayillim géstermis bir baklagil bitkisidir. Tanelerinde yer alan yiiksek
protein (% 22.6), karbonhidrat (% 56), mineral madde ve vitaminlerce zenginligi kuru fasulyenin diinyada ve
tilkemizde 6nemini artirmistir. Fasulyenin ayrica insiilinin yapisinda bulunan phasol ve phsolin adli maddeleri
icermesi sebebiyle, kan sekerini diistiriicii etkisinin de bulundugu ifade edilmektedir[10].

Diinyada fasulye iiretiminin yaridan fazlasi kurak sartlarda yapilmaktadir [11]. Son yillarda kiiresel 1sinmayla
beraber yasanan kuraklik bitkisel iiretimde énemli seviyelerde tehlike olusturmaktadir. Daha 6nceki arastirma
sonuglari, kurakliga maruz kalan bitkilerdeki toleransin artirilmasinda, bitkide meydana gelen biyokimyasal ve
fizyolojik degisimler, iyon birikimindeki degisimler ve antioksidatif savunma mekanizmalarinin indiiklenmesinin
etkili oldugu ifade edilmektedir [12]. Yapilan ¢alismalar kuraklik stresinin fasulyede bitki gelisimini, fotosentetik
aktiviteyi, stomatal iletkenligi, klorofil miktarini, azot ve protein icerigini, bitki besin elementi icerigi, verim ve
kaliteyi olumsuz etkiledigini géstermistir [13, 14, 15, 16, 17, 18]. Fasulyenin kuraklik stresine kars1 bitki gelisimi,
verim, fizyolojisi ve biyokimyasal tepkileri ile ilgili galismalar bulunmaktadir. Bununla birlikte kurakliga karsi
fizyolojik ve biyokimyasal tepkilerinin ayrintili olarak yapildigi ¢alismalar sinirlidir. Bu ¢alisma, farkh seviyede
sulama uygulamalarinin fasulyede bitki gelisimi, yaprak, govde ve kokte bitki besin maddesi igerigi, fizyolojik
(DOSI, EC) ve biyokimyasal (H202, MDA, prolin ve sakaroz, CAT, POD, SOD) ézelliklerini belirlemek amaciyla
kontrollii sera sartlarinda saksi denemesi seklinde yapilmistir

2. Materyal ve Metot
2.1. Denemenin Kurulmasi

Bu aragtirma 2019 yilinda Atatiirk Universitesi Ziraat Fakiiltesi Bahce Bitkileri Béliimii sera ve laboratuarinda
yuriitilmistiir. Arastirmada bitkisel materyal olarak tlilkemizde yaygin olarak yetistiriciligi yapilan Gina fasulye
(Phaseolus vulgaris L.) ¢esidi kullanilmistir. Saksilar 2:1:1 (v:v:v) oraninda toprak:kum:torf karistirilarak hacim
agirhg yaklasik 3.170 g/cm3 olacak sekilde hazirlanmis ortamla doldurulmustur. Saksilar serada tezgahlar
iizerine rastgele dagitilmistir. Tohumlar, 17.12.2018 tarihinde ekilmis ve can suyu verilmistir. Her saksiya ii¢
tohum ekilmis ve ¢ikis yapan saglikli bir fide birakilmistir. Arastirma, tesadiif parselleri deneme desenine gore ii¢
tekerriirli kurulmustur. Buna gore her tekerriirde 10 saks1 (bitki) olacak sekilde toplamda (3 kuraklik seviyesi X
3 tekerriir X 10 saks1) 90 saksi (bitki) ile calisilmistir.

2.2. Kuraklik Uygulamalari

Bitkilere verilecek sulama suyu miktari, saksilardaki nem miktarinin tagmabilir nem &lger (HH2 Moisture Meter,
WET Sensor, Delta-T Devices, Cambridge, England) ile hacim esash olarak hesaplanmistir. Planli sulamalara
¢ikistan 10 giin sonra baslanmistir. Sulamay1 uygulayabilmek icin dncelikle kullanilacak nem 6lgerin denemede
kullanilan toprak materyaline gore kalibrasyonu yapildiktan sonra ortamin tarla kapasitesinde tuttugu hacimsel
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nem miktari belirlenmigtir. Yapilan her sulama uygulamasinda tam sulama (%100) yapilan kontrol konusuna (D0)
eksilen toprak nemi tekrar tarla kapasitesine ulasacak sekilde sulama suyu verilmistir. Kuraklik etkilerinin
goriilmesi amaclanan diger iki konuda tarla kapasitesinin %80 (D1) ve %60’1 (D2) miktarinda sulama yapilmistir.

Sera ici sicaklik 6lciimii giinliik olarak yapilmis ve ortalama minimum sicaklik 17,5°C ve ortalama maksimum
sicaklik 31,6°C olarak belirlenmistir (Sekil 1).

60

50

40

30 H Giinler

Sicakhk °C

20 H Max

10 Min

1 3 5 7 9 1113151719212325272931333537394143454749

Ekimden sonraki giin

Sekil 1. Deneme boyunca sera igerisinde 6l¢iilen giinliik en diisiik ve en yiiksek sicaklik degerleri

2.3. Deneme Siiresince Yapilan Ol¢iimler

Yas ve kuru agirlik: Tohum ekiminden 50 giin sonra bitkiler (her tekerriirden 10 bitki), ciceklenme asamasina
geldiginde toprak yiizeyinden kesilerek toprak iistii (yaprak, gévde) yas ve kuru agirligi ile koklerde yas ve kuru
agirhigy belirlenmistir. Bitki orneklerinden ayrica, biyokimyasal analizlerde kullanilmak {izere -80 2C’ye
ayarlanmis derin dondurucuya konulmustur.

Yaprak Alan1

Deneme sonunda, uygulamadaki bitkilerin yaprak alanlar1 yaprak alan 6lger (CID-202 Portable Laser Leaf Area
Meter by CID Bio-Science, Inc. 1554 NE 3rd Avenue Camas, WA, USA) kullanilarak belirlenmistir.

Doku Elektriksel iletkenligi (EC) (%)

Bitkide olusan stresle beraber yaprak dokularinda ve 6zellikle hiicre zarlarinda olusan hasarin bir belirtisi de yas
yaprak dokulardaki elektriksel iletkenligin artmasidir. Bu amagla doku elektriksel iletkenligi (EC) Kaya et al.
[19]’da belirtilen metoda gore 6l¢iilmiistiir.

Doku Oransal Su igerigi (DOSI)

Tesadiifen secilen 2 bitkiden alinan yaprak diskleri (1 cm ¢apinda) hemen tartilmis ve boylece taze agirliklarn
tespit edilmistir (TA). Tartildiktan sonra diskler igerisinde bir miktar saf su bulunan petri kaplarinin igerisine
konularak 5 saat boyunca bekletilerek ve sonra disklerin tizerindeki fazla su kurutma kagidi yardimiyla silinerek
tekrar tartilarak ve turgorlu agirliklari tespit edilmistir (TU). Daha sonra bu diskler, petrilerin igerisine konularak
72 °C'ye ayarlanmis olan etiivde 48 saat boyunca kurutularak yeniden tartilarak ve kuru agirliklari tespit
edilmistir (KA). Doku su icerigi asagidaki formiile gére hesaplanmistir [19].

DOSI = [ (TA - KA) / (TU - KA)] x 100

Azot Tayini

Her tekerriirden tesadiifen alinan érnekler 70 2C’de kurutma firininda sabit agirliga gelinceye kadar kurutulup, 1
mm’lik elekten gecebilecek incelikte 6giitiilerek, bitki besin elementleri analizleri i¢in hazir hale getirilmistir.
Orneklerin ( 1 g) azot icerigi salisilik + siilfiirik asit + tuz karisimi ile yas yakmaya tabi tutulduktan sonra
mikrokjheldahl yontemiyle belirlenmistir [20].
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2. 8. Diger Besin Elementlerinin Tayini (P, K, Ca, Mg, S, Mn, Fe, B)
Kurutulmus ve 6giitiilmiis bitki 6rneklerinin (1 g) P, K, Ca, Mg, S, Mn, Fe ve B icerikleri nitrik asit-hidrojen peroksit
(2:3) asit ile tabi tutulduktan [21] sonra ICP OES spektrofotometresinde (Inductively Couple Plasma
spectrophotometer) (Perkin-Elmer, Optima 2100 DV, ICP/OES, Shelton, CT 06484-4794, USA) okunmak suretiyle
belirlenmistir [22].
Bitkilerde Antioksidan Enzimler (Peroksidaz, Katalaz, Siiperoksitdismutaz)’in Ekstraksiyonu
Enzimlerin ekstraksiyonu icin, taze bitki yapraklarindan 0,5 g alinarak havan i¢ine konulup tizerine siv1 azot ilave
edilerek toz haline gelinceye kadar égiitiilmiistiir. Sonra iizerine 5 ml soguk homojenat tamponu (% 1 PVP ve 1
mM EDTA ihtiva eden 0,1 M KH2PO4 pH: 7,0) ilave edilerek ve karisim bir santrifiij tiipiine aktarilmis 15000xg ve
+4 °C’ de 15 dk santrifiij edilmistir. Santrifiij islemi sonucunda elde edilen siipernatant antioksidan enzimlerin
aktivite 6lctimleri icin kaynak olarak kullanilmistir [23, 24].
Katalaz (CAT - EC: 1.11.1.6) aktivitesinin belirlenmesi

Katalaz (CAT) aktivite tayini Havir ve Mchale [25]’e gore yapilmis, g yaprak basina diisen enzim tinitesi (EU/g
yaprak) olarak hesaplanmistir [26].

Peroksidaz (POD - EC: 1.11.1.7) Aktivitesinin Belirlenmesi

Peroksidaz (POD) aktivite tayini Angelini et al. [23] ’e gore yapilmis, g yaprak basina diisen enzim {nitesi (EU/g
yaprak) olarak ifade edilmistir [26].

Siiperoksid Dismutaz (SOD - EC: 1.15.1.1) Aktivitesinin Belirlenmesi

Siiperoksid dismutaz (SOD) aktivite tayini Agarwal and Pandey [27] ve Yordanova et al. [28]’e gore yapilmistir.
Hidrojen Peroksit (H202) Analizi

H20: analizi Ozden et al. [29]’da verilen yéntem esas alinarak yapilmistir.

Lipid Peroksidasyon (malondialdehyde-MDA) Analizi

Lipid peroksidasyon (malondialdehide -MDA) analizi Zhang et al. [30]’a gore yapilmistir.

Prolin Analizi

Bates et al. [31]'nin kullandig1 yontem esas alinarak yapilmistir.

Sakkaroz Analizi

Kurutulmus ve o6giitiilmiis fidelerde sakkaroz iceriginin hesaplanmasi Morris [32]'in 6nerdigi metoda gore
yapimistir.

2.4. istatiksel Analizler

Deneme tesadiif parselleri deneme desenine gore li¢ tekerriirlii kurulmustur. Deneme sonucunda elde edilen
veriler SPSS 18 paket programi yardimiyla varyans analizine tabi tutularak, ortalamalara ait farkliliklar Duncan
coklu karsilastirma testi ile belirlenmistir [33].

3. Bulgular

3.1. Kuraklik Stresinin Fasulyede Bitki Gelisimi Uzerine Etkisi

Kurakligin fasulye bitkisinde yaprak alani, yaprak, govde ve kok yas agirligi ile yaprak, govde ve kdk kuru agirhig
iizerine etkisinin 6nemli oldugu tespit edilmistir (Tablo 1).

267



Kuraklik Stresinin Fasulyede Bitki Gelisimi, Baz1 Fizyolojik ve Biyokimyasal Ozellikler Uzerine Etkisi

Su kisitinin oldugu uygulamalar incelenen parametreleri olumsuz etkilemistir. Kurak kosullarda fasulye bitkisinde
en fazla yas ve kuru agirlik ile yaprak alaninda azalma %60 sulamada ortaya ¢ikmistir. % 60 sulama seviyesinde
yaprak yas agirligi, govde yas agirligi, kok yas agirhigl, yaprak kuru agirhigi, gévde kuru agirhigr ve kok kuru
agirhiginin % 100 sulama seviyesine gore sirasiyla % 17, 33, 55, 57, 60 ve 52 oraninda azaldig: tespit edilmistir.

Tablo.1. Kuraklik stresi kosullari altinda fasulyede bitki gelisimi

Sulama Yaprakalam1  Yaprak Govde yas Kok yas Yaprak Govde Kok kuru
seviyesi yas agirhig agirhig kuru kuru agirhg
agirhig agirhig agirlig
(%) (cm?) (8
100 209 a*** 6,24 a***  320a**  271a**  185a**  1,17a** 0,58 a***
80 202 a 5,80 b 2,66b 1,98b 1,04 b 0,59b 0,35b
60 171b 518¢c 2,15¢ 1,22 ¢ 0,79 ¢ 0,47 c 0,28¢

*#*.p<0,001, ayn1 harfle gosterilen ortalamalar arasinda istatistiksel anlamda farklilik yoktur.
3.2. Kuraklik Stresinin Fasulyede EC, DOSI, H202, MDA, Prolin ve Sakkaroz i(,'erigi Uzerine Etkisi

Kurakhgin fasulye bitkisinde EC, DOSI, H202, MDA, prolin ve sakkaroz iizerine etkisinin énemli oldugu tespit
edilmistir (Tablo 2). Su kisit1 fasulyede EC degerini artirirken, DOSI degerinde azalmaya yol agmigtir. Denemede
kuraklik uygulamasinin fasulye bitkisinde H202, MDA, prolin ve sakkaroz icerigini istatistiksel anlamda 6nemli
diizeyde artirdig1 saptanmistir. En yiliksek EC, H202, ve sakaroz miktar1 %60 sulama seviyesinde bulunmustur.
DOSI degerinde tersine bir durum séz konusu olup en diisiik deger %60 sulama seviyesinde belirlenmistir. Prolin
miktar1 en yliksek %80 sulama seviyesinde meydana gelmistir. MDA igerigi bakimindan %60 ve %80 sulama
seviyeleri arasinda istatistiksel anlamda farklilik bulunmamaistir.

Tablo 2. Kuraklik stresi kosullar altinda fasulyede EC, DOSI, H202, MDA, prolin ve sakaroz icerigi

Sulama EC DOSI H20: MDA Prolin Sakkaroz
seviyesi

(%) (%) (%) (mmolg?)  (nmolg?) (nggt) (%)
100 14,37 c*** 71,95 a*** 13,96 c*** 9,29 p*** 0,06 c** 1,01 c***
80 23,89b 56,66 b 16,39b 10,79 a 0,12 a 1,06 b
60 39,47 a 46,32 c 19,46 a 11,07 a 0,09b 1,14 a

**:p<0,01, ***:p<0,001, ayn1 harfle gosterilen ortalamalar arasinda istatistiksel anlamda farklilik yoktur
3.3. Kuraklik Stresinin Fasulyede CAT, POD ve SOD Aktivitesi Uzerine Etkisi
Calismamizda farkl sulama seviyesi uygulamalarinin fasulye bitkisinde yaprakta CAT, POD ve SOD aktivitesi
lizerine istatistiksel anlamda etki gosterdigi tespit edilmistir. Her li¢ enzim aktivitesi de kontrole (%100) gére %80

sulama seviyesinde artmis, %60 seviyesinde azalmistir (Tablo 3).

Tablo 3. Kuraklik stresi kosulu altinda fasulye bitkisinde CAT, POD ve SOD icerigi

Sulama seviyesi CAT POD SOD

(%) (EU gr/yaprak)

100 211 b*** 12417 b*** 851 b***
80 225a 12479 a 883 a
60 192 ¢ 10713 c 641 c

*¥*:p<0,001, ayn1 harfle gosterilen ortalamalar arasinda istatistiksel anlamda farklilik yoktur.
3.4. Kuraklik Stresinin Fasulyede Yaprak, Gévde ve Kokte Bitki Besin Elementi icerigi Uzerine Etkisi

Kuraklik stresinin fasulye bitkisinde yaprak, gévde ve kokte bitki besin elementi icerigini énemli derecede
etkiledigi ve fasulyede yaprak, govde ve kokte N, P, K, Ca, Mg, S, Mn, Fe ve B icerigini 6nemli diizeyde azalttig1
belirlenmistir (Tablo 4, Tablo 5, Tablo 6). Yaprak, govde ve kokte N icerigi sulama seviyesindeki azalmaya paralel
olarak énemli diizeyde azalmistir. Incelenen organlarda P icerigi %80 sulama seviyesinde % 100 sulama
seviyesine gore azalmis ancak % 60 seviyesinde istatistiksel anlamda daha fazla azalma gdstermemistir. Potasyum
ve Ca icerigi ise % 60 sulama seviyesinde 6nemli diizeyde azalma gdstermistir. Magnezyum, S, Mn, Fe ve B
iceriklerinin N iceriginde oldugu gibi sulama seviyesindeki azalmaya paralel olarak azaldig: tespit edilmistir.
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Tablo 4. Kuraklik stresi kosullari altinda fasulye bitkisinde yaprak N, P, K, Ca, Mg, S, Mn, Fe, B icerigi

Sulama N P K Ca Mg S Mn Fe B
seviyesi

(%) (%) (mg/kg)

100 3,07a***  0,32a*** 2,27a** 1,29a* 0,33a***  0,21a*** 32,00a*** 96,67a*** 11,67a***
80 2,83b 0,29b 2,23 a 1,29a 0,27b 0,17b 29,33 b 84,67 b 7,67 b

60 2,48 ¢ 0,28 b 1,80 b 1,26b  0,24c 0,15¢ 24,33 ¢ 7533 ¢ 5,67 c

*:p<0,05, ***:p<0,001, ayn1 harfle gosterilen ortalamalar arasinda istatistiksel anlamda farklilik yoktur.

Tablo 5. Kuraklik stresi kosullar1 altinda fasulye bitkisinde gévde N, P, K, Ca, Mg, S, Mn, Fe, B icerigi

Sulama N P K Ca Mg S Mn Fe B
seviyesi

(%) (%) (mg/kg)

100 2,47a***  0,28a*** 1,92a*** 1,11a*** 0,27a*** 0,18a*** 26,51a*** 83,43a*** 9,94a***
80 2,27b 0,25b 191a 1,11a 0,23b 0,15b 2391b 7291b 6,70 b
60 2,05¢ 0,24 b 1,57b 1,03 b 0,19¢c 0,13 ¢ 20,30 c 64,59 c 527c

*#*.p<0,001, ayn1 harfle gosterilen ortalamalar arasinda istatistiksel anlamda farklilik yoktur.

Tablo 6. Kuraklik stresi kosullari altinda fasulye bitkisinde kok N, P, K, Ca, Mg, S, Mn, Fe, B icerigi

Sulama N P K Ca Mg S Mn Fe B
seviyesi

(%) (%) (mg/kg)

100 1,37a** 0,14a**  0,99a*** 0,58a* 0,15a***  0,09a*** 14,60a*** 42,76a*** 4,77a***
80 1,26 b 0,13b 1,00 a 0,58a 0,13b 0,08b 13,09b 3798b 3,54b
60 1,12 ¢ 0,12b 0,81b 0,57b 0,11c 0,06 ¢ 10,55¢ 33,69¢ 271c

*:p<0,05, **:p<0,01, ***:p<0,001, ayn1 harfle gosterilen ortalamalar arasinda istatistiksel anlamda farklilik
yoktur.

4. Tartisma ve Sonug

Calismamizda su kisiti kosullarinin fasulyede bitki gelisimini olumsuz etkiledigi belirlenmistir (Tablo 1). Benzer
sekilde, yapilan ¢calismalar marul, hiyar, domates ve farkli bircok sebze tiiriinde kurakligin bitkilerde bitki gelisimi,
verim, fizyolojik ve biyokimyasal olaylar iizerine olumsuz etki yaptigini géstermistir [34, 35, 36, 37]. Yiriitiilen bir
¢alismada, kurak kosullarin fasulyede kuru madde tiretimini, yaprak alan indeksini, bitki basina tohum verimi, bin
tane agirligini ve verimi olumsuz etkiledigi bildirilmistir. Ayni ¢calismada kuraklik stresi altinda fasulye bitkilerinin
fotosentez hizi, stomatal iletkenlik ve transpirasyon hizinin olumsuz etkilendigi bildirilmistir [16]. Ghanbari et al.
[17] su kisit1 uygulamalarinin fasulyede N ve prolin igerigini artirdigini rapor etmislerdir. Benzer sekilde kuraklik
stresinin fasulyede bitki yliksekligi, yaprak sayisi, yaprak alani, bakla sayis1 ve kuru madde miktarini olumsuz
etkiledigi rapor edilmistir [15]. Calismamizdan elde edilen bulgular 6nceki arastirmacilarin bulgulariyla paralellik
gostermektedir. Kuraklik stresi altinda biiylimesini tamamlamis bitkiler su stresi altinda olmayanlara goére daha
diisiik bir biyomasa sahiptirler [38]. Su kisitindan kaynaklanan verim azalisindan ii¢ ana mekanizma sorumludur;
(i) fotosentetik olarak aktif radyasyonun kanopi absorpsiyonunu azaltmasi, (ii) radyasyon kullanim verimliligini
azaltma ve (iii) hasat indeksini azaltma [39].

Kuraklik stresi fasulyede DOSI degerlerinin kontrol uygulamasina gore istatistiksel anlamda azalmasina neden
olurken, elektriksel iletkenligi (EC) artirdig1 ortaya konulmustur (Tablo 2). Biyolojik hiicre zarlarinin birgok
abiyotik stres i¢in ilk hedef oldugu bildirilmektedir. Bitkilerde kurakliga toleransin 6nemli bir gostergesi hiicre
zarinin bitiinligi ve stabilitesidir. Yapilan c¢alismalarda kuraklik stresinin birgok bitki tiiriinde hiicre zari
biitiinliigiinii bozdugu tespit edilmistir [40, 41, 42]. Bitkiler kuraklik stresine maruz kaldiklarinda reaktif oksijen
tlirleri tiretirler ve bu durum hiicre zar1 bilesenlerinin bozulmasina yol agar [43]. Kuraklik stresi sonucunda ortaya
¢ikan oksidatif zararlanma hiicre zarinda lipid peroksidasyonuna neden olmakta ve bu da zar gecirgenligini
bozarak hiicre dliimiine neden olmaktadir [44].

Arastirmada, su kisit1 kosullarinin fasulyede H202, MDA, prolin ve sakkaroz igeriginde artisa yol agtig1 tespit
edilmistir (Tablo 2). Bitkilerin belirli cevresel streslere maruz kalmasi, siklikla, stiperoksit anyon radikalleri (02),
hidroksil radikalleri (OH), hidrojen peroksit (H202), alkoksi radikalleri (RO) ve tekli oksijen (012) dahil olmak
lizere reaktif oksijen tiirlerinin bitki dokularinda birikmesine yol agmaktadir [45]. Oksidadif stres sonucu olusan
serbest radikallere baglh olarak hiicre zarindaki lipidler peroksidasyona ugramakta ve bunun son iiriinii olarak
malondialdehyde (MDA) ortaya ¢ikmaktadir [46]. Arastiricilar, liretimi stres kosullari altinda stimiile edilen
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reaktif oksijen tiirlerinin zararh etkilerini rapor etmislerdir [44]. Reaktif oksijen tiirlerinin, lipit peroksidasyonuna
ve bunun sonucu olarak hiicre zar1 yaralanmalarina, protein bozulmasina ve enzim etkisizlesmesine neden oldugu
bildirilmektedir[46]. Prolin ve sakkaroz gibi organik osmolitler bitkilerin stres toleransini arttirdig bildirilmistir.
Calismamizda da kuraklik stresi kosullarinda her iki osmolitin 6nemli diizeyde arttig1 tespit edilmistir. Bu durum
bitkinin kurak kosullarina adaptasyon saglamaya calismasinin gostergesi olabilir. Nitekim, Ghanbari et al. [17]
kurak kosullarda yetistirilen fasulyede prolin miktarindaki artisin kurakliga toleransin ve kurakliktan kaginmanin
etkili bir mekanizmasi olabilecegi rapor etmislerdir.

Calismada, CAT, POD ve SOD aktivitesi de kontrole (%100) gore %80 sulama seviyesinde arttig1, %60 seviyesinde
azaldig1 belirlenmistir (Tablo 3). Kuraklik stresine maruz kalan bir¢ok bitkide reaktif oksijen tiirlerine karsi
savunmada enzimatik antioksidan mekanizmanin 6nemli rol oynadigina dair pek cok ¢alisma bulunmaktadir [47].
Bitkiler SOD, CAT, POD, APX ve GR’dan olusan enzimatik antioksidan koruyucu sistemler ile strese karsi miicadele
etmektedirler. Enzimatik olmayan antioksidan molekiillerin temel gorevi fotosentetik hiicre zarinin korunmasi
iken, enzimatik antioksidan molekiiller ise reaktif oksijen bilesiklerini indirgeyerek birikimlerini
engellemektedirler [48, 49]. CAT, hidrojen peroksitin su ve oksijene indirgenmesini saglayarak olusan oksidatif
hasarin énlenmesine yardimci olan en énemli enzimdir [50]. Sankar et al. [51], tepary fasulyesinde (Phaseolus
acutifolius), Wang [52], cilekte (Fragaria vesca) kuraklik uygulamasinin CAT aktivitesinde artisa neden oldugunu
bildirmislerdir.

Denemede, su kisiti uygulamalarinin fasulyede yaprak, govde ve kokte N, P, K, Ca, Mg, S, Mn, Fe ve B icerigini 6nemli
diizeyde etkiledigi ve genellikle azalmalarina neden oldugu tespit edilmistir (Tablo 4, Tablo 5, Tablo 6). Kuraklik
sartlarinda su mevcudiyetinin azalmasi, genel olarak sinirli miktarda besin alimi ve bunlarin bitkilerde azalan
doku konsantrasyonlari ile sonuglanir. Su agiginin 6nemli bir etkisi kok tarafindan besin maddelerinin edinimi ve
stirgiinlere tasinmasidir. inorganik besin maddelerinin absorbsiyonundaki azalma, transpirasyondaki azalma ve
besin alimindaki bozulmadan kaynaklanabilir [53, 54]. Bununla birlikte, bir tiiriin ¢esitleri ve genotiplerinin
kuraklik stresi altindaki mineral alimina verdikleri tepki degisebilmektedir. Genel olarak, nem stresi N miktarinda
artisa, fosfor miktarinda ise diisiise neden olur ve K iizerinde kesin bir etki yaratmaz [47]. Calismamizda, incelenen
her ii¢ bitki organinda da N miktar1 su kisintindaki artisa ters olarak azalmistir. K icerigi % 80 sulama seviyesinde
bir degisiklik gostermezken % 60 seviyesinde kontrol uygulamasina gore azaldig: tespit edilmistir. Fosfor icerigi
her ii¢ organda da kontrole gore su kisit1 kosullarinda 6nemli seviyede azalma gostermistir. Kurakligin bitki
beslenmesi ilizerindeki etkisi NO-3/NH * 4, POs~* ve SOz2~* asimilasyonu i¢in sinirli enerji mevcudiyeti ile ilgili
olabilir: bu iyonlar bitkilerin biiyiimesi ve gelismesi i¢in kullanilmadan once enerjiye bagll proseslerde
dontstiirilmeleri gerekir [55].

Kurak kosullarin fasulyede bitki gelisimi, verim ve diger baz1 6zellikleri {izerine yapilan ¢alismalar bulunmakla
birlikte, calismamizda incelenen parametrelerin birlikte incelendigi arastirmalar sinirlidir. Calismamizda bitki
organlarinda bitki besin maddesi igerigi ayri ayr1 incelenmis yine kuraklik stresine tolerans saglamada etkili
olabilecek ve bu tip ¢alismalarda en ¢ok kullanilan biyokimyasal markirlar olan prolin ve sakaroz icerigi ile
antioksidan enzim aktiviteleri belirlenmistir. Sonu¢ olarak ¢alismamizda, farkli sulama seviyesi kosullarinda
yetistirilen fasulyede, kurak kosullara adaptasyon saglamak icin test bitkisinde 6zellikle prolin ve sakkaroz
iceriginin arttig1 ve antioksidan enzimlerin 6nce artis sonra azalma gosterdigi saptanmistir. Calisma sonuglarinin
verim verilerinin elde edilecegi tarla kosullarinda test edilmesinin faydali olacag: diistintilmektedir.
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0z: Bu calisma, prohexadione-calcium (Pro-Ca) uygulama yéntemlerinin hiyar
fidelerinin gelisimi ve yaprak pigmentasyonu lizerine etkileri arastirmak amaciyla
yapilmistir. Denemede, 140 adet hiyar tohumu esit olarak farkh dizeylerde (0, 50,
100 ve 200 ppm) Pro-Ca igeren soliisyonda 18 saat bekletilmis ayni dozlarin ayni
sayidaki fidelerin yapraklarina piiskiirtme seklinde uygulanmis, fide gelisimi ve
yaprak pigmentasyonu parametreleri bakimindan karsilastirlmistir. Morfolojik
Olciimlere gore; her iki Pro-Ca uygulama yontemi fidelerinin gelisimini kontrol
bitkilerine kiyasla istatistiksel olarak 6nemli diizeyde engellemistir. En diistk; fide
boyu (3.79 cm), gévde ¢ap1 (2.86 mm), gdvde yas agirhigi (1.37 g), gévde kuru agirhig
(0.171 g) ve kok kuru agirligt (0.096 g) tohumun 200 ppm Pro-Ca igeren
soliisyonunda bekletilmesinde; en dusiik kok yas agirligi (1.206 g) ise yapraklara
100 ppm Pro-Ca igeren soliisyonun sprey seklinde uygulanmasinda saptanmistir.
Yaprak pigmentasyonu iizerine tohum asamasinda yapilan Pro-Ca uygulamasinin
etkisi daha olumlu olarak belirlenmis, en yiiksek klorofil a, klorofil b, toplam klorofil
ve karotenoid miktarlar1 tohuma uygulanan 50 ppm Pro-Ca dozunda tespit
edilmistir. Sonug olarak, hiyar tohumlarinin 18 saat siire ile 50 ppm dozunda Pro-
Ca iceren soliisyonda bekletilmesi, optimum biiyiime kontrolii ve Kkaliteli fide
ozelliklerini saglamasi yoniiyle 6nerilmektedir.

Effects of Prohexadione-Calcium Application Methods on Seedlings Growth and Leaf

Pigmentation in Cucumber (Cucumis sativus L.)

Keywords
Prohexadione-Calcium,
cucumber,

seedling,

height control

Abstract: The aim of this study was to investigate the effects of prohexadione-
calcium (Pro-Ca) application methods on the growth of cucumber seedlings and leaf
pigmentation. In study, the comparison was made the methods of soaking 140
cucumber seeds in equal number in Pro-Ca solution for 18 hours at 0, 50, 100 and
200 ppm doses and spraying the same number of seedlings’ leaves with the same
doses with respect to seedling growth and leaf pigmentation parameters. According
to morphological measurements; both Pro-Ca treatment methods significantly
inhibited the growth of seedlings compared to control plants. The lowest seedling
length (3.79 cm), steam diameter (2.86 mm), steam fresh weight (1.37 g), steam dry
weight (0.171 g) and root dry weight (0.096 g) were obtained from seeds soaked in
200 ppm Pro-Ca solution. The lowest root fresh weight (1.206 g) was determined by
spray application of 100 ppm Pro-Ca solution to the leaves. The effect of Pro-Ca
application on leaf pigmentation at seed stage was determined more positively. The
highest chlorophyll a, chlorophyll b, total chlorophyll and carotenoid contents were
obtained at 50 ppm Pro-Ca dose applied to seed. To conclude, it is recommended
that cucumber seeds could be kept in 50 ppm Pro-Ca solution for 18 hours in order
to provide optimum growth control and seedling quality.

*ilgili Yazar, email: hbasak@ahievran.edu.tr
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1. Giris

Sebze yetistiriciliginde iiretime fide isletmelerinden temin edilen hazir fideler ile baslanmasi tilkemizde de her
gecen giin yayginlasmaktadir. 2012 yilinda yaklasik 2.6 milyar adet hazir fide liretimi gergeklestiren fide
isletmeleri, 2017 yi1linda 3.5 milyar adetin tizerinde fide iiretimi ger¢eklestirmistir. 2017 yilinda 117 milyon adetin
lizerinde hiyar fidesi liretilmis olup, bu rakam toplam fide Giretiminin %4.02’sini olusturmustur [1]. Yetistiricilige
hastalik ve zararlilardan ari, kok ve yaprak dengesini saglanmis, piskin ve kaliteli fide ile baslamak verim ve
kaliteyi artirmaktadir [2]. Kaliteli bir sebze fidesinde aranan bazi 6zellikler vardir. Bunlar; fidelerin bogum
aralariin kisa olmasi, yaprak renginin koyu yesil olmasi, torfdaki kék sariliminin tamamlanmis olmasi, dengeli
bir kok govde oranin olmasi, kalin ve kuvvetli gévdeye sahip olmasi, kok ve gévdesinin kuru madde igeriginin
yliksek olmasidir [3].

Fidecilik isletmeleri birim alana daha fazla fide yerlestirebilmek, torf, perlit ve vermikulit gibi har¢ materyallerini
daha az kullanabilmek, fidelerin sevkiyat maliyetlerini diisiirebilmek gibi sebeplerden dolayi liretimde miimkiin
oldugunca kiiciik hacimli gozlere sahip viyolleri tercih etmektedirler. Ayrica yapay 1siklandirmanin kurulum ve
isletme maliyetinin yiiksek olmasindan dolay1 ticari isletmelerde kullanilamamasi, dogal 1s1k kaynagimiz olan
glinesten yeterince 151k saglanamadigl dénemlerde yetersiz 1siktan dolay1 bitkiler arasindaki 1s1k rekabetini
artirmaktadir. Bitki sikliginin artmasi yeterli 151ga ulasmak i¢in fidelerde boy artisina sebep olarak, ince ve ciliz
govdeli fidelerin olusmasina sebep olabilmektedir. Ozellikle bahar déneminde erken ilkbahar aylarinda fide
tiretimi gerceklestiren isletmelerde bu sorun daha sik gorilmektedir. Fidelerde asir1 boylanma sorunu sadece
diistiik 151k yogunlugundan veya 1sik rekabetinden degil, 6zellikle yaz aylarinda yapilan giizliik fide yetistiriciliginde
ekolojik kosullarin hizli bilyiimeyi tesvik etmesinden de kaynaklanabilmektedir [4].

Asir1 boylanmis fideler sasirtma sonrasi ince ve uzun gévdelerinden dolay1 6zellikle riizgar basta olmak tlizere
olumsuz cevre kosullarina adaptasyonda zorluk yasamakta ve istenmeyen fide kayiplar1 yasanabilmektedir.
Bunun yani sira zayif kok bogazina sahip bu tiir fideler toprak kékenli hastaliklara da daha hassas olmaktadir [3].
Fidelerde asir1 boylanmay1 engellemek amaciyla degisik uygulamalar yapilabilmektedir. Bunlardan bazilari;
budama, ekolojik kosullarin ayarlanmasi, sulama diizeyinin ayarlanmasi, bitkilerde fiziksel stres kosullarinin
olusturulmasi (fircalama, hava pliskiirtme vb.), UV 1sinlari, bakirli preparatlarin kullanimi ve bazi kimyasal
maddelerin (Maleik hidrazid, ancymidol, absisic acid, daminozid, ethrel, clormequat chlorocholine chloride,
prohexadione-calsium, paclobutrazol vb.) uygulanmasidir [5].

Fidelerde boy kontroliinii saglamak amaciyla kimyasal maddeler, uygulama kolaylig1 ve etkinliginden dolayi, daha
fazla kullanilmaktadir. Bu kimyasallarin ortak etki mekanizmasi gibberellin inhibitéru etkisi gostermelerinden
dolay1 biiyiimeyi geciktirmeleridir [6]. Isletmelerde boy kontrolii saglamak amaciyla en yaygin kullanilan
gibberellik asit inhibitorleri ise Paclobutrazol (PBZ) ve Prohexadione-Calsium (Pro-Ca)’dur. Fide isletmeleri bu
kimyasal durduruculari daha ¢ok tohum ¢imlenme asamasindan sonraki biiyiime evrelerinde, tek veya birden
fazla uygulama seklinde, sulama sistemleri veya atomizer, pulverizatdr gibi ekipmanlar1 kullanarak fide
yapraklarina spreyleme seklinde uygulamaktadirlar. Paclobutrazol (PBZ) ve Prohexadione-Calsium (Pro-Ca),
fidelerde boy kontroliinii saglamada diger yontemlere goére daha etkili olmaktalar ancak, bu kimyasallarin uygun
sekilde (uygulama ydntemi, sayisi ve dozu) uygulanmamasi durdurucu etkilerinin dikim sonrasinda da devam
ederek bitki gelismesini yavaslatabilmektedir. Bunun sonucunda ekonomik kayiplara neden olabilmektedir. Bu
kimyasallarin yanlis kullanimindan dolay etki stiresini ge¢ yitirmeleri, insan ve ¢evre saghigi agisindan da risk
olusturabilmektedir [7].

Daha ¢ok fide isletmelerinin biiytimeyi kontrol altinda tutabilmek amaciyla kullandig1 Pro-Ca gibi durdurucularin
fide isletmelerinde uygulanabilecek yontemlerinin arastirilmasi gerekmektedir. Zira biiyiik kapasiteli isletmelerde
en uygulanabilir yontemlerin basinda tohum ve yaprak uygulamalar gelmektedir. Calismamizda onceki
calismalardan farkli olarak, tohum asamasinda yapilan Pro-Ca igeren soliisyonlarda uzun streli (18 saat)
bekletmenin, isletmelerde yaygin olarak kullanilan yapraktan sprey seklinde yapilan uygulamalara kiyasla hiyar
fidelerinin gelisimi ve yaprak pigmentasyonu iizerine etkileri arastirilmistir.

2. Materyal ve Metot

Calisma Kirsehir Ahi Evran Universitesi Ziraat Fakiiltesi Bahce Bitkileri Béliimiine ait iklim kontrollii uygulama ve
arastirma serasinda yiritilmustir. Denemenin yiriitiildiigii serada ortam sicakligi giindiiz 23+2°C, gece 18+2°C
ve nem diizeyi % 655 dilizeyinde tutulmustur. Arastirmada bitkisel materyal olarak Cevher F1 (Yiiksel Tohum
A.S.) partenokarp sirik hiyar ¢esidi, boy kontroliinii saglamak amaciyla ise % 10 Pro-Ca iceren Velonta ticari
ismiyle satisa sunulan kimyasal ila¢ kullanilmistir. Calisma tesadiif parselleri deneme desenine gore 3 tekerrtirlii
ve her tekerriirde 10 bitki olacak sekilde yiiriitiilmiistiir.
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04.04.2018 tarihinde her bir uygulama konusu i¢in 35’ser adet hiyar tohumu petri kaplar icerisinde 0, 50, 100 ve
200 ppm dozlarinda Pro-Ca igeren soliisyonlarda 18 saat siire ile bekletilmistir. Daha sonra soliisyondan ¢ikarilan
tohumlar icerisine 2:1 oraninda torf:perlit karisimi doldurulmus 77°lik viyollere (15 cc hacimli), her bir uygulama
konusu icin 35’ser adet ekilmistir. Ayni tarihte, yine 35’ser adet hiyar tohumu yaprak uygulanmasi yapilmak iizere,
ayni1 buiyiikliikteki ve icerikteki viyollere herhangi bir 6n uygulama yapilmadan ekilmistir. 16.04.2018 tarihinde
ilk gercek yapraklari goriilen fidelere yapraktan sprey seklinde 0, 50, 100 ve 200 ppm Pro-Ca uygulanmistir (Tablo
1).
Tablo 1. Calisma konulari

Pro-Ca Uygulama Yéntemleri Pro-Ca Dozlar1 (ppm)
Kontrol 0
50

Tohum uygulamasi

(18 saat soliisyonda bekletme) 588
50

Yapraktan uygulama
. e 100
(Gercek yapraklara piiskiirtme) 200

Deneme stliresince fidelerin bakim islemleri (Giibreleme, sulama vb.) Sevgican [8]'a gore yapilmistir. 02.05.2018
tarihinde deneme sonlandirilmis olup, fidelerde; boy (cm), ¢ap (mm), govde-kok yas ve kuru agirliklar (g)
belirlenmistir. Bitki yaprak dokularinda klorofil a, klorofil b, toplam klorofil ve karotenoid miktarlar1 Arnon [9]’a
gore spektrofotometre kullanilarak belirlenmistir. Verilerin analizi “SPSS 17 V” istatistik programi ile yapilmis,
varyans analizlerinde ortalamalar arasindaki farkliligin hangi grup ya da gruplardan kaynaklandiginin
belirlenmesi i¢in ¢oklu karsilastirma testlerinden Duncan testi uygulanmistir.

3. Bulgular

Pro-Ca uygulama yontemleri ve dozlarinin fide boyu iizerine etkisi istatistiksel olarak dnemli bulunmustur
(P<0.001). Kontrol bitkilerine kiyasla fide boylar1 tiim Pro-Ca uygulama yontemleri ve dozlarinda énemli diizeyde
azalmistir. Pro-Ca’nin tohum uygulamalari, yaprak uygulamalarina gére boy kontroliinde daha etkili bulunmustur.
Tohum asamasinda yapilan 100 ve 200 ppm Pro-Ca uygulamalarinda sirasiyla 4.26 ve 3.78 cm ile en diisiik fide
boylari belirlenmistir (Tablo 2). Pro-Ca uygulamalarinin gévde c¢api iizerine etkisi tohum asamasinda uygulanan
100 ve 200 ppm dozlar hari¢ kontrol bitkilerine gore bir miktar artis saglamis olsa da bu artis istatistiksel olarak
onemli bulunmamistir. Gévde capinda oldugu gibi bitki boyunda da en diisiik degerler tohum asamasinda
uygulanan 100 ve 200 ppm Pro-Ca dozlarinda belirlenmistir (Tablo 2). Tohuma yapilan Pro-Ca uygulamalarinda
50 ppm dozunda kontrol uygulamasina kiyasla tohum ¢imlenme siirelerinde bir fark gézlemlenmemistir. Ancak
kontrol uygulamasina kiyasla 100 ppm Pro-Ca uygulanmis tohumlarin ¢cimlenme stirelerinde 2 giin, 200 ppm pro-
Ca uygulanmislarda ise 3 giin gecikme saptanmistir. Cimlenme oranlari ise tiim uygulamalarda %100 oraninda
belirlenmistir.

Fide govde yas agirliklar1 Pro-Ca uygulamalarinin etkisi ile kontrol bitkilerine kiyasla azalmis, en yiiksek gévde
yas agirligi 3.378 gile kontrol bitkilerinde belirlenmistir (Tablo 2). Gerek tohum asamasinda gerekse de yapraktan
yapilan Pro-Ca uygulamalarinda, doz artisiyla beraber goévde yas agirliklarinda 6nemli diizeyde azalma
saptanmistir. Govde yas agirligl lizerine uygulama ydntemlerinin etkisi karsilastirildiginda; 50 ppm Pro-Ca
dozunda her iki uygulama yonteminin etkisi bakimindan istatistiksel olarak 6nemli diizeyde bir fark goriilmez
iken, 100 ve 200 pm dozlarinda tohum asamasinda yapilan uygulamalarin gévde yas agirliklarini daha fazla
azalttig1 tespit edilmistir. Fide govde kuru agirliklar1 da govde yag agirliklarina benzer sekilde Pro-Ca
uygulamalarinin etkisi ile kontrol bitkilerine gore azalmistir. En diisiik gévde kuru agirligi 0.171 g ile tohum Pro-
Ca 200 ppm uygulamasinda saptanmistir. Uygulama yontemlerinin gévde kuru agirhgi lizerine etkisi
kiyaslandiginda ise sadece 200 ppm Pro-Ca dozunda tohum asamasinda yapilan uygulamanin ayni dozda
yapraktan yapilan uygulamaya gore 6nemli diizeyde daha disiik oldugu belirlenmistir.

Fide kok yas agirligi iizerine tohum asamasinda yapilan uygulamalarin etkisi énemsiz belirlenirken, yaprak
uygulamalarinda Pro-Ca dozlarindaki artis ile istatistiksel olarak da 6nemli diizeyde bir azalma saptanmistir
(P<0.001). Fide kok kuru agirliklari tiim Pro-Ca uygulamalarinda kontrol bitkilerinden 6nemli diizeyde diisiik
belirlenmis, ancak uygulama dozundaki artisla beraber kok kuru agirliklar: da bir miktar azalmasina ragmen
aralarindaki fark istatistiksel olarak 6nemsiz bulunmustur (Tablo 2).
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Tablo 2. Pro-Ca uygulamalarinin morfolojik parametreler iizerine etkileri

Uygulama  Pro-Ca Boy Cap Govde Govde KokYas Kok Kuru

famant - veNomey  (m)  (mm)  Yas()  Kuru() () (®
Kontrol 0 9.62a" 3.65a 3.378a 0.427a 2.258a 0.146a
50 7.21bc 3.86a 2.863b 0.381ab 2.168a 0.122abc
Tohum 100 4.26e 2.92b 1.635de 0.252d 1.959a 0.101bc
200 3.78e 2.86b 1.365e 0.171e 1.926a 0.096c
50 7.67b 3.98a 2.658b 0.342bc 1.796ab 0.128ab
Yaprak 100 6.90cd 3.91a 2.190c 0.296¢cd 1.206¢ 0.120abc
200 6.42d 3.78a 1.957cd 0.277d 1.360bc 0.117abc
Ort. 6.550 3.560 2.405 0.320 1.810 0.118
SEM 0.264 0.563 0.726 0.088 0.454 0.023
P 0.000 0.000 0.000 0.000 0.000 0.025

“Farkli harfler uygulama gruplari arasindaki farkliligin 6nemli oldugunu gostermektedir (P<0.001)

Yaprak pigment pigmentasyonu lizerine Pro-Ca uygulamalarinin etkisi Tablo 3’de verilmistir. Tim uygulamalar
icerisinde tohuma 50 ppm Pro-Ca uygulamasi en yliksek pigmentasyon degerlerinin elde edildigi calisma konusu
olmustur. Yaprak klorofil ve karotenoid igerikleri Pro-Ca’'nin tohum uygulamalarinda doz artisi ile bir miktar
azalma gosterse de kontrol bitkilerine kiyasla belirlenen degerler daha yiiksek saptanmistir. Yapraktan yapilan
Pro-Ca uygulama dozlarinda ise pigment diizeyleri doz artisiyla birlikte bir miktar artis gostermistir. Bu artis 200
ppm Pro-Ca dozunda belirlenen Kklorofil a, b ve toplam Kklorofilde istatistiksel olarak da 6nemli belirlenmistir.
Yaprak karotenoid icerigi lizerine yapraktan yapilan Pro-Ca uygulamalarinda doz artisinin istatistiksel olarak
onemli bir etkisi olmamistir.

Tablo 3. Pro-Ca uygulamalarinin yaprak pigment parametreleri {izerine etkileri (mg/g)
Uygulama Zaman1 Pro-Ca Uygulama

Klorofila Klorofilb Toplam klorofil Karotenoid

Dozu (ppm)
Kontrol 0 2.136d 1.452c 3.697c 1.079c
50 2.756a 1.810a 4.644a 1.430a
Tohum 100 2.479b 1.610b 4.226b 1.360ab
200 2.579b 1.672b 4.402b 1.347ab
50 2.259c 1.507c 3.821c 1.284b
Yaprak 100 2.300c 1.521c 3.851c 1.270b
200 2.484b 1.659b 4.306b 1.307b
Ort. 2.428 1.604 4.135 1.297
SEM 0.045 0.026 0.075 0.025
P 0.000 0.000 0.000 0.000

*Farkl1 harfler uygulama gruplari arasindaki farkliligin énemli oldugunu gostermektedir (P<O0. OOI)

4. Tartisma ve Sonug¢

Bulgularimizda tohum asamasindaki uygulama 50, 100 ve 150 ppm Pro-Ca dozlarinda sirasi ile %25, 56 ve 61
oranlarinda fide boyunda azalmaya sebep olurken, yaprak uygulamalarinda sirasi ile %20, 28 ve 33 oranlarinda
azalmaya sebep olmustur. Ozbay ve Ergun [10], patlican fidelerine yapraktan uygulanan 0, 50, 100, 150, mg/1
dozlarindaki Pro-Ca’nin fidelerin boyunu doz sirasina gére %27, 32 ve 38 oraninda azalttifini bildirmistir.
Cakirbay ve Dursun [11], domates fidelerine yapraktan uygulanan 150 ppm Pro-Ca’nin fide boy uzunlugunu %27.6
oraninda azalttigini belirlemistir. Bulgularimizla benzer sekilde Ergun [12], hiyar (Cucumis sativus L.) fidelerine
uygulanan Pro-Ca dozlarinin gévde ¢apini artirdigini ancak topraktan ve yapraktan yapilan uygulamalar arasinda
énemli bir fark olusmadigin bildirmislerdir. Ozbay ve Ergun [10], patlican fidelerine uygulanan Pro-Ca’nin (0, 50,
100, 150, mg/1) gévde cap1 lizerine 6nemli bir etkisinin olmadigini belirlemistir.

Akdemir [3], marulda Pro-Ca ve Paclobutrazol'iin tohum asamasinda yapilan uygulamalarinin yapraktan yapilan
uygulamalara gore fide gelisimini baskilamada daha az etkili oldugunu bildirmistir. Ancak arastirmaci marul
tohumlarini Pro-Ca igeren soliisyon icerisinde 2 saat bekletmistir. Bulgularimizda tohum asamasinda yapilan
uygulamalarin, yaprak uygulamalarina kiyasla fide gelisini daha fazla baskilamasinda Pro-Ca igeren soliisyonda
tohumlarin uzun siire (18 saat) bekletilmis olmalarinin etkili oldugu diisiiniilmektedir. Pasian ve Bennett [13],
paclobutrazol iceren ¢ozeltilerde (0, 500 ve 1000 mg/1) domates tohumlarinin 6, 16, 24 saat bekletilmesi sonucu
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en etkin biiyiime kontroliiniin en uzun bekletme siiresi olan 24 saatte saglandigini bildirmislerdir. Baska bir
calismada Gebologlu ve ark. [14], 100 ve 200 ppm paclobutrazol igeren soliisyonlarda 2 saat siire ile bekletmeye
kiyasla 4 saat bekletmenin patlican fidelerinin kalitesini belirgin sekilde artirdigini bildirmistir.

Ozbay ve Ergun [10], Pro-Ca dozlarindaki artisla beraber gévde kuru ve kék yas agirliklarinin azaldigini ancak 150
mg/L Pro-Ca uygulamasinin daha diisiik dozlara gore biiylimeyi engelleyici etkisinin daha yiiksek oldugunu
bildirmistir. Bulgularimizda da gévde kuru agirliklarinda Pro-Ca dozlarindaki artisla ters yonli olarak 6nemli
diizeyde azalis belirlenirken, kok yas agirligindaki azalisin daha kisith diizeyde olustugu saptanmistir. Pro-Ca
uygulamalarinin kok yas ve kuru agirlig1 tizerindeki durdurucu etkisinin gévde yas ve kuru agirligina kiyasla daha
diisiik seviyede olusmasinda Pro-Ca’'nin bitkideki tasiniminin asagidan yukariya dogru olmasinin etkili oldugu
tahmin edilmektedir [15]. Metin [16], Pro-Ca uygulamalarinin (tohum, yaprak ve toprak) ve dozlarinin (0, 25, 50,
75 ve 100 ppm) biber fidelerinde 25 ppm dozu ve tohum uygulamalari haric fidelerde boy, gévde ve kok yas-kuru
agirliklarinda azalmaya sebep oldugunu bildirmistir. llias ve ark. [17], bamyada yapraktan sprey olarak uygulanan
100 uM Pro-Ca’nin govde ve kok kuru agirligini azalttigini, Bekheta ve ark. [18], fasulye tohumlarina artan dozlarda
uygulanan Pro-Ca’nin govde yas agirligini 6nemli diizeyde azalttigini bildirmislerdir.

Bliyiime engelleyiciler; bitkideki hiicre sayisin1 degistirmeden hiicrelerin boylarini kisaltip, hiicre béliinmesini
yavaslatmakta ve bogum aralarinin kisalmasina sebep olarak bitki boyunu azaltmaktadirlar. Ayrica, bitkilerde
subapikal bolgedeki meristem hiicreleri etkilenip, hiicrelerde boy kisalirken gévde ¢apinin artmasina yol agarak
hiicre genisligini de arttirmaktadirlar [19; 20]. Pro-Ca bitkilerde yaprak ve stirgiinlerde sentezlenmekte olan ve
hiicreler arasi uzamayi tesvik ederek vegetatif gelismeyi arttiran gibberelik asit sentezini ya da bitkide tasinmasini
engelleyerek biliyiimenin kontrol edilmesini saglamaktadir [21; 22].

Weaver [18], slis bitkilerinde boy kontroliinii saglayabilmek i¢in kullanilan biiyiime engelleyicilerin gévde
uzamasini engellemelerinin yani sira, yapraklarin klorofil igerigini artirarak yesil rengini daha da arttirdigini
bildirmistir. Uslu ve Ozgiir [7], gen¢ fide déneminde biiyiimenin kontrol edilebilmesi amaciyla yapraktan
puskiirtme seklinde uygulanan durdurucularin yiiksek dozlarda uygulanmasinin fidelerde kloroza ve biiyiime ve
gelismenin uzun siireli duraklamasina neden oldugunu bildirmektedir. Bulgularimizi destekler nitelikte,
Bazzocchi ve Giorgioni [23], siis lahanasinda 100 ve 200 ppm Pro-Ca uygulamasinin, Ozbay ve Ergiin [10], patlican
bitkisinde 100 ve 150 ppm Pro-Ca dozlarinin, Kang ve ark. [24], 200 ve 400 ppm Pro-Ca uygulamasinin Cin
lahanasinda yaprak pigment diizeyini artirdigini bildirmislerdir. Uygulanan biiyiime durdurucu kimyasallarin
yaprak klorofil diizeylerini artirmasinda daralan yaprak alanindan dolay1 birim alana diisen klorofil miktarinin
artmasi da etkili olmaktadir [25]. Yaprak pigment miktarinin artmasinda; Tsegaw [26], yaprak epidermis hiicreleri
ile palizat ve siinger parankimalarinin uzunlugunun ve genisliginin artmasindan dolay1 yaprak kalinliginin
artmasinin, Rademacher ve ark. [27] ise Pro-Ca uygulamasinin etkisiyle etilen sentezinin gerilemesinin etkili
oldugunu bildirmektedir. Bulgularimizda da yaprak uygulamalarinda Pro-Ca dozlarindaki artisla beraber
incelenen morfolojik parametrelerde biiylimeyi engelleyici etkinin arttifi belirlenirken, yaprak pigment
parametrelerinde de artis tespit edilmistir.

Arastirma sonucunda elde ettigimiz verilere gore hiyar tohumlarinin Pro-Ca iceren soliisyonlarda uzun siireli
bekletilmeleri tiim uygulama dozlarinda boy kontroliinii saglamada yapraktan yapilan uygulamalarindan daha
etkili olmustur. Ancak 100 ve 200 ppm Pro-Ca dozlar1 tohum uygulamalarinda fide gelisimini istenilen diizeyin
iizerinde engellemistir. Dolayisi ile bu dozlarda yapilacak uygulamalarda soliisyonda bekletilme siirelerinin
kademeli olarak daha diisiik seviyelerinin arastirilmasi yerinde olabilecektir. Pro-Ca uygulama yontem ve
dozlarinin yaprak pigmentasyonu iizerine etkisi genel anlamda olumlu olmus tiim uygulamalar igerisinde en
yliksek degerler tohuma uygulanan 50 ppm Pro-Ca dozunda tespit edilmistir. Sonug olarak, hiyar tohumlarinin 18
saat slire ile 50 ppm dozunda Pro-Ca iceren soliisyonda bekletilmesi, ideal boy kontroliinii ve fide kalitesini
saglamasi bakimindan énerilmektedir.
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Anahtar Kelimeler Oz: Yiiriitiilen calismada Crimson Sweet (Citrillus lanatus Thunb.) karpuz cesidi
Karpuz (Citrullus lanatus kullamlmistir. 3 farkli organik materyal (vermikompost, gidya, leonardit) ve
Thunb.) bunlarin farkh dozlar1 (% 3, % 6, % 9) ile bahge topraginin kullanildig1 kontrol

lyon birikimi, grubunun, karpuzda iyon alimina etkisi incelenmistir. Karpuz fideleri, her biri 3

Eie?:;’r dit kilogramlik hacme sahip olan saksilarda biiytitiilmiistiir. Uygulamalar 5 tekerrirli
Vermikorr;post olup, her saksida 1 adet bitki olacak sekilde toplam 50 adet karpuz fidesi

kullanilmistir. Calismanin sonunda bitki yapraklarindan alinan 6rneklerde iyon
miktarlari (N, K, Ca, Mg, Cu, Fe, Zn, Mn), icerigine bakilmistir. Yapilan analiz sonunda
gerek uygulamalar arasinda, gerekse uygulamalarin dozlar1 arasinda farkliliklarin
oldugu gorilmiistir.

Effects of On Ion Intake of Watermelon (Citrullus lanatus Thunb.) of Some Organic

Materials)
Keywords Abstract: In the study, the variety of watermelon Crimson Sweet (Citrillus lanatus
Watermelon (Citrillus Thunb.) was used. The effect of on the ion uptake of watermelon 3 different organic
lanatus), materials (vermicompost, gidya, leonardite) and their different doses (3%, 6%, 9%)

lon accumulation, and the control group using garden soil was investigated. Watermelon seedlings

EZ(t)?grdite were grown in pots each having a volume of 3 kilograms. Applications 5 replicates,
Vermicom};ost each plantin a pot of 1 plant in a total of 50 watermelon seedlings were used. At the

end of the study, the content of ions (N, K, Ca, Mg, Cu, Fe, Zn, Mn) in the leaves of
plants were examined. At the end of the analysis, it was found that there were
differences between the application doses.

*lgili Yazar, email: halidetuga@yyu.edu.tr

1. Giris

Karpuz, Citrullus cinsine ait Citrullus lanatus (Thunb.) Matsum. & Nakai olup, Cucurbitaceae familyasinda yer
almaktadir [1]. Diinyada 6zellikle sicak ve iliman iklim bélgelerinde yetistirilmektedir [2]. Karpuz, tilkemizde
orijini olmamasina karsin, Akdeniz’'den, Karadeniz bolgelerine kadar uzanan ve Hakkari’den Edirne'ye komsu olan
Bulgaristan ve Yunanistan'a kadar Tiirkiye'nin farkli bolgelerinde ortaya ¢ikmistir [3,4]. Tiirkiye'nin glineyinde
bulunan Cukurova bélgesinde, karpuz, erken iiretim amaci ile ¢ogunlukla algak tiineller altinda uzun yillardir
yogun bir sekilde yetistirilmektedir [5]. Tirkiye’de 863 bin ha alanda yaklasik 4 milyon ton karpuz yetistiriciligi
yapilmaktadir [6]. En fazla yetistiriciligi yapilan yerler ise; Adana (1 milyon ton), Antalya (498 bin ton), Bursa (177
bin ton), Sanliurfa (171 bin ton) ve Diyarbakir’dir (165 bin ton) [6].

Karpuz (Citrullus lanatus (Thunb.) Matsum. & Nakai), taze agirlik olarak ortalama 48.7 mg likopen icerirken,
cekirdeksiz karpuzlarin taze agirliginda ise daha yiiksek oranda (50 mg) likopen bulunmaktadir [7]. Karpuzun 100
graminda 26 ile 29 kalori arasinda enerji, % 89-94 arasinda su, % 7-11 arasinda seker, A vitamini, B vitamini
kompleksi, C vitamini, 12 mg fosfor, 2.5 mg potasyum, 0.2 mg demir ve 7 mg kalsiyum bulunur [8].
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Son yillarda tarimda organik materyal kullanimina ilgi artmistir. Kullanilan organik maddeler, bir¢ok bitki besin
maddelerinin esas kaynagini olusturmaktadir. Farkli organik maddelerin bitki besin icerigi degismekle birlikte,
disaridan suni giibreler ilave edilmiyorsa toplam toprak azotunun % 90-99’u toprak fosforunun % 33-37’si ve
topraklardaki kiikiirdiin % 70-80’ ini toprak organik maddesi saglamaktadir. Bunlarla beraber toprak organik
maddesi potasyum, mangan, bor, bakir, ¢inko, molibden gibi diger farkli bitki besin maddelerini de icermektedir.
Organik maddelerin igerdigi bitki besin maddeleri, organik maddelerin ayrismasi sirasinda yavas yavas bitkiler
tarafindan alinabilir hale gegmekte ve bitkiler bu besin elementlerini 3-5 yila kadar siirekli alabilmektedir.
Topraklarda organik maddelerin ayrismasi sirasinda agiga ¢ikan organik bilesikler, topraklarda bitkiler tarafindan
alinamaz konumda olan bitki besin maddelerini alinabilir konuma getirir. Ayn1 zamanda, organik bilesikler
toprakta bitki besin maddelerini tutan kil yiizeylerine tutunarak besin maddelerinin killer tarafindan tutunmasini
azaltir ve bitkiler tarafindan alinamaz konuma ddniismesini engeller [9].

Bitkisel iliretimde kompost kullanimi tim diinyada oldugu gibi iilkemizde de yayginlasmaktadir, ancak
vermikompost uygulamalari tilkemizde yeni yeni taninmaktadir [10]. Bitki besleme ve toprak diizenleyicisi olarak
kullanilan vermikompost bitki besin elementleri, mikroorganizma, organik madde, humik ve fulvik asitce zengin
bir giibre olarak tanimlanmaktadir [11].

Vermikompost bugiin i¢in tarimda stirdiiriilebilirlik 6zelligini destekleyen yontemler icinde en yiiksek ekonomik
fayda saglayan yontem olmakla beraber, ayni zamanda hizli endiistriyel gelisme ve popiilasyon artisi ile biiyiik bir
cevre sorunu haline gelen kati organik atik ve artiklarin islenmesinde ¢ok yogun sekilde uygulanmaktadir [12].
Ulkemizde kompost uygulamalar hizla yayginlasirken, vermikompost uygulamalar1 iilkemiz i¢in yeni bir
uygulama sayilabilecek niteliktedir. Organik artiklarin fermantasyon yolu ile kompostlamanin yani sira toprak
solucanlar1 ilave edilerek vermikompost olusturulmas1 ile de degerlendirilmesi mumkiindir [11].
Vermikompostun 2. ve 3.dozlarinin bitkinin Fe alimi lizerine gidya ve leonardit uygulamalarina gore daha iyi
oldugunu savunmustur [13].

Leonardit; yiiksek oranda karbon, hiimik ve fiilviinik asitler igeren, komiir diizeyine ulasmamis linyitin okside
olmus bir formu ve dogal bir organik materyaldir. Organik madde igerigi %75 gibi bir degere ulasabilmektedir.
Leonardit genellikle yesil renkli olmakla beraber, kahverengi de olabilir. Bitki besin elementleri bakimindan
toprakla kiyaslandiginda, fosfor yoniinden yiiksek, potasyumca fakir, kalsiyum karbonat icerikleri ¢ok ytiksek,
toprak reaksiyonlar: (pH) nétr civarindadir. Fe, Mn, Cu ve Zn gibi mikro element iceriginin yeterli diizeyde oldugu
ve bitki gelisimini engelleyecek diizeyde bor icermedigi belirlenmistir [14]. Chen ve Aviad [15], Hiimik asidin
toprak organik madde oranini artirmasi yaninda, topragin fiziksel, kimyasal ve mikrobiyolojik 6zellikleri tizerine
etkisinin oldugunu, dolayisiyla hiimik maddelerin bitki gelisimini dogrudan etkiledigini bildirmislerdir.
Samanidou ve ark. [16], Fulvik asidin, agir metallerle kirlenen topraklarin temizlenmesinde kullanilabilecegini,
yiiksek iyon degistirme kapasitesi nedeniyle toprak verimliligini ytikselttigini bildirmislerdir. Tuga [13]yaptig1
calismada, marul bitkisi tizerine farkli organik materyallerin etkisini arastirmis ve calismada ortamlarin Mn ve Fe
icerikleri bakimindan en yiiksek degerlerin Leonardit 2 (% 6) ve Leonardit 3 (% 9) uygulamasindan gortildigiini
bildirmistir.

Gidya; eski gol tabanlarinda organik ve mineral maddelerin karisimi ile olusmus, icerisinde gélde yasamis
canlilarin fosillerini iceren organomineral bir materyaldir. Afsin Elbistan Termik Santrali bélgesinden alinan gidya
orneklerinde genel olarak kalsiyum karbonat igerigi % 11-74 arasinda degismektedir. Gidyanin % organik madde
icerigi ise yapilan analizlerde kire¢ igeriginde oldugu gibi tabaklanma yapisina gore degisiklik gostermekte ve
genel olarak % 23-58 arasinda degismektedir. Bélgede kullanilan biiyiik kazicilar ile kaz1 sirasinda tabaka ayirimi
yapilmadan kazi islemlerinin yapilmasi nedeniyle, elde edilen gidyanin ortalama kalsiyum karbonat igerigi % 30-
35, organik madde igerigi ise % 40-50 arasinda degismektedir [17]. Tuga [13]yaptig1 ¢alismada, marul bitkisi
tizerine farkli organik materyallerin etkisini arastirmis ve gidya' nin 1. dozunun Ca, Mg, Na, Zn igerigi bakimindan
en diisiik seviyede oldugunu, Cu ve Zn igcerigi bakimindan ise gidyanin 2. ve 3. dozlarinin en diisiik degerleri aldigin
belirtmistir.

Bu ¢alismada, organik materyal olarak farkli dozlarda vermikompost, gidya ve leonardit uygulamalarinin
karpuzun baz bitki besin elementi iceriklerine olan etkilerinin belirlenmesi amaglanmistir.

2. Materyal ve Metot,

Van Yiiziincii Y1l Universitesi Ziraat Fakiiltesi, Bahge Bitkileri Béliimii, Bitki Fizyolojisi laboratuvari iklim odasinda
ylriitilen ¢alismada Crimson Sweet (Citrillus lanatus Thunb.) karpuz ¢esidi kullanilmistir. 3 farkli organik
materyal (vermikompost, gidya, leonardit) ve bunlarin farkli dozlar1 (% 3, % 6, % 9) ile bahge topraginin
kullanilacagi kontrol grubunun, karpuzda iyon alimina etkisi incelenmistir. Karpuz fideleri, her biri 3 kilogramlik
hacme sahip saksilarda biyiitiilmistir. Uygulamalar 5 tekerriirlii olup, her saksida 1 adet bitki olacak sekilde
yapimistir.

281



Bazi Organik Materyallerin Karpuz (Citrillus Lanatus Thunb.)’ un Iyon Alimina Etkisi

Calismanin sonunda bitki yapraklarindan alinan 6rneklerde iyon miktarlari (N, K, Ca, Mg, Cu, Fe, Zn, Mn), icerigine
bakilmistir.

2.1. Mineral Element Analizleri

Bitkilerin kok, govde ve yaprak kisimlarindan alinan bitki 6rnekleri -84°C’deki derin dondurucuda saklanmistir.
Iyon analizleri i¢in derin dondurucuda saklanan her bir kék, gévde ve yaprak érneginden 200 mg tartilarak,
tizerine 10 ml 0.1 N HNOs (nitrik asit) ilave edilerek bir hafta siireyle kapakl plastik kutularda oda sicakliginda
karanlik ortamda bekletilmis 6rnekler, bu siirenin sonunda ¢alkalayicida 24 saat stireyle ¢alkalanmistir Calkalama
isleminden sonra kutularda bulunan 6rnekler kaba filtre kagidindan gecirilerek stiziilmiistiir. Mg*, K*, Ca*2, Fe*2,
Zn*2, Cu*? ve Mn* igerikleri ise, [18],’e gore atomik absorbsiyon cihazinda okunmustur. Bu él¢iimler sonunda, yas
yaprak 6rnegindeki iyon miktar1 pg/mg taze agirlik olarak belirlenmistir [19].

2.2. Azot

Alinan yaprak ornekleri 70 °C sicakliga ulasan dijital etiivde sabit agirlifa ulasincaya kadar kurutulmustur.
Ornekler 6glitme makinasinda égiitiilerek ve nem ¢cekmesi sebebiyle tekrar etiive koyulmustur. Ardindan etiivden
alinan oérnekler desikator icerisine birakilmis ve hizlica 20 mg tartilmistir [20]. Bilim Uygulama ve Arastirma
Merkezi blinyesinde bulunan Gerhardt Dumatherm cihazi ile azot degeri (%) belirlenmistir.

2.3. Verilerin Degerlendirilmesi

Calismanin sonucunda elde edilen veriler Statgraphics istatistik analiz paket programinda varyans analizine tabi
tutulmustur. Istatistiksel olarak 6nemli bulunan deneme konular1 % 5 6nem seviyesinde Duncan testi ile
gruplandirilmistir.

3. Bulgular

Farkli organik materyallerin karpuz (Citrillus lanatus Thunb.)’ un iyon alimina etkisinin arastirildig1 bu calismada
(N, K, Ca, Mg, Fe, Zn, Cu, Mn), ile ilgili elde edilen sonuglar Tablo 1’ de verilmistir.

Tablo 1. Farkli organik materyallerin karpuzun iyon alimina etkisi

Uygulama N K Ca Mg Fe Zn Cu Mn
K 4,64+0,09 3,53+0,33 14,29+1,18 1,69+0,15 257,35%+8,30 5,84+1,43 26,57+3,85 32,9+3,69
AB D AB B-F C BC A-C AB
V4t 4,43+0,14  4,47+0,39 14,31+1,27 2,32+0,45 209,46+9,98 6,29+0,83 34,27+10,6 32,80+3,75
b BC cC aAB aA bE aB 5aA aAB
V2 4,85+0,10 5,53+0,46 9,01%1,67 2,08+0,49 274,31+6,08 5,33+0,75 29,49+7,03  25,17+4,33
aAB b B bD aAB aB aBC aAB b CD
V3 5,01+0,10 6,63+0,44 8,24+0,68 1,93+0,20 280,06%9,68 5,26+0,91 23,56+3,42 24,62+1,73
alA alA bD a A-C aB a BC a BC b CD
P degeri 0,0328 0,0000 0,0000 0,3493 0,0000 0,1297 0,1261 0,0045
G1 3,95+0,17 3,85+0,22 14,76+x0,56 1,86+0,18 214,58+17,6 5,18+1,09 34,27+6,87 32,80+2,98
aC aD alA aB-D 8bE b BC aCD aAB
G2 4,34+0,58 3,68+0,19 12,594+2,3 1,46+0,24 245,28+8,28 8,33+0,98 29,49+8,46 29,18+4,97
aBC aD 7 b BC b DE aD alA ab AB aBC
G3 4,77+0,11  3,76+0,43 12,17+0,85 1,75+0,18 219,98+4,83 486+0,57 23,56+1,26 28,81+3,12
a AB aD b C a B-F bE b C b CD a BC
P degeri 0,2126 0,6492 0,0385 0,0251 0,0028 0,0001 0,0582 0,2259
L1 4,32+0,09 4,35+0,46 12,57+1,90 1,82+0,39 176,53+3,38 5,77+1,12 18,77+2,58 33,15+4,25
aBC bC aBC aB-D cG aBC b CD aAB
L2 4,46+0,26 3,36+0,45 9,65%0,72 1,38+0,14 416,53%+9,70 6,23+0,63 24,88%+4,13 34,44+2,76
aA-C cDh bD bE aA aBC aBC aA
L3 4,74+0,9 5,13+0,26 12,46+1,32 1,65+0,27 190,04%1,15 5,19+0,93 12,86+2,14 22,95%+2,57
a AB aB a BC ab C-E bF aBC ch b D
P degeri 0,1801 0,0001 0,0098 0,0870 0,0000 0,2153 0,0002 0,0002
T.UILP 0,0248 0,0000 0,0000 0,0000 0,0000 0,0001 0,0000 0,0000
degeri.

Ayni stitunda farkl harflerle gosterilen ortalamalar arasinda fark vardir (p<0.05). Ayni siitundaki kii¢lik harfler giibrelerin {ig¢
farkli dozu arasindaki biiyiik harfler ise tiim giibre dozlar1 arasindaki farkliliklar1 géstermektedir. K: Kontrol, V: Vermikompost,
G: Gidya, L: Leonatdit, T.U.L: Tim uygulamalar i¢in.
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Tablo 1'de goriildiigii tizere % N miktar1 ve bitki besin element igerigi bakimindan uygulamalar ve bunlarin dozlar:
arasinda istatistiksel acidan 6nemli farkliliklar bulunmustur. % N miktar1 en ytliksek degere sahip uygulama %
5,01 V3 (%9) olurken, bunu % 4, 85 V2 (%6), % 4,77 G3 (%9), % 4,74 L3 (%9) ve % 4,64 K takip etmektedir. En
disik % azot miktar1 ise % 3,95 G1 (%3)’da goriilmistiir. Yapilan biitiin uygulamalarda doz arttik¢a % azot
miktar1 artmistir. K miktar1 en yiiksek degere sahip uygulama 6,63 V3 (%9) olurken, en diisiik degere sahip
uygulama 3,85 G1 (%3), 3,76 G3 (%9), 3,68 G2 (%6), 3,53 kontrol ve 3,36 L2 (%6) takip etmektedir. Gidya dozlar1
bakimindan fark bulunamazken, vermikompost dozlari arttikca K miktarinda artmalar gorilmiistiir. Ca miktari en
ylksek degere sahip uygulama 14,76 G1 (%3) olurken, en diisiik 9,65 L2 (%6), 9,01 V2 (%6) ve 8,24 V3 (%9) takip
etmektedir. Mg miktari en yiiksek degere sahip 2,32 V1 (%3) olurken, en diisiik deger 1,38 L2 (%6) uygulamalari
olmustur. Fe miktar1 en ytliksek degere sahip 416,53 L2 (%6) olurken en diisiik 176,53 L1 (%3)’da gorilmiistiir.
Vermikompost dozlar1 arttik¢a Fe miktarinda artislarin oldugu gorilmistiir. Zn miktari en yliksek degere sahip
8,33 G2 (%6) olurken en disiik 4,86 G3 (%9)'de gorulmiistiir. Mn miktar: en yiiksek 34,44 L2 (%6) olurken, en
disik 22,95 L3 (%9)'da goriilmiistiir. Mn miktar1 gidya dozlar istatistiksel bakimindan fark bulunamazken,
vermikompost dozlari arttikga Mn miktarinda azalmalar goriilmiistur.

4. Tartisma ve Sonug

Yilmaz [21] yaptig1 ¢alismasinda, gidya uygulamalarinin artan dozlar ile bitkilerin % azot iceriklerinin kontrole
gore kiyasla artislar oldugunu bildirmistir. Bizim elde ettigimiz sonuglarda G3 (% 9) haricinde dozlar arttikca
azalmalar olmustur. Hernandez ve ark. [22], uyguladig: farkli organik giibrelerin bitkilerin % azot miktarlarin
inceledigi calismasinda, farkli dozda uyguladigi vermikompostun (75g) marul bitkisinin yapragindaki azot
miktarini en yiiksek % 3.358 olarak bulmustur. Vermikompostta elde ettigimiz sonuglar bu degerden yiiksek
cikmistir. Biitlin uygulamalara bakildiginda % azot degeri yine bu degere gore yliksek ¢ikmistir.

Hinish [23] ise, farkli organik giibrelerin uyguladig1 ¢alismasinda koyun gilibresinin uygulandigi bitkilerde K
miktarini % 3.42 olarak belirlemistir. Yaptigimiz ¢alismada yapraktaki K miktarinin bu degerlere gore yliksek
oldugu goriilmektedir.

Hinish [23], farkll organik giibreleri uyguladigi calismasinda, sigir gubresinin diger giibrelere gore kivircik
bitkisinin Ca igeriginde etkisinin olmadigini; koyun giibresi ve vermikompostta 125 g giibre uygulamalarinin
kivircik bitkisinin Ca igerigine olumlu yonde etki etmis oldugunu bildirmistir. Koyun giibresinin uygulandigi
bitkilerin yapraklarindaki Ca % 10.620 olarak belirlenmistir. Calismamizda ise Ca miktarlarinin G1 uygulamasinda
% 14.76,V1'de % 14.31, K'de % 14.29 oldugu dikkati cekmektedir.

Hernandez ve ark. [22], marul lizerinde yaptiklari ¢alisma sonucunda Mg, miktarinin vermikompost uygulanan
yapraklarda en fazla oranda oldugunu bildirmislerdir. Calismamizi bu konuda ele alacak olursak vermikompostlu
uygulamalar Mg miktar1 bakimindan diger uygulamalara gore yiiksek bulunmustur. Ayrica Hernandez ve ark.[22],
yaptiklar ¢alismada Fe’ nin vermikompost uygulanan yapraklarda en fazla oranda oldugunu bildirmislerdir.
Yaptigimiz ¢alismada ise vermikompost dozlar arttikca Fe miktarinda artiglar goriilmiistiir. Tuga [13] ise, marul
bitkisi iizerine farkli organik materyallerin etkisini arastirdigi ¢alismasinda Mn ve Fe igerikleri bakimindan en
ylksek degerleri Leonardit 2 (% 6) ve Leonardit 3 (% 9) uygulamasinda goriildigiini bildirmistir.

Hinisli [23], gerek farkli glibre uygulamalarinin ve gerekse dozlarinin bitkideki Zn igerigine etkisinin kararsiz bir
durum meydana getirdigini belirtmistir. Ote yandan Hernandez ve ark. [22], marul {izerinde yaptiklari calisma
sonucunda ise Zn'nin vermikompost uygulanan yapraklarda en fazla oranda oldugunu bildirmislerdir.
Calismamizdan elde ettigimiz sonug¢larda ise vermikompost ve leonardit dozlar1 arasinda fark bulunamazken,
gidya dozlar1 arasinda kararsiz bir durum meydana geldigi goériilmektedir. Hinish [23] ise marulda farkli organik
gilibre ve dozlariin etkilerini arastirdigl calismada uygulanan giibre ve dozlarinin kivircik bitkisi Mn icerigine
etkisinin kararsiz bir durum sergiledigine deginmistir. Hernandez ve ark. [22] marulda yaptiklar1 ¢calismada
Mn'nin vermikompost uygulanan yapraklarda en fazla oranda oldugunu bildirmislerdir. Calismamizda
vermikompost uygulamasinin 1. dozunda en yiiksek Mn icerigi 6l¢ciilmiis, Hernandez ve ark. [22]'nin sonuglariyla
paralellik icinde oldugu belirlenmistir.

Tuga [13], marul bitkisi tizerine farkli organik materyallerin etkisinin arastirdigi ¢alismada, gidya' nin 1. dozunun
Ca, Mg, Na, Zn igerigi bakimindan en diisiik seviyede oldugunu, Cu ve Zn igerigi bakimindan ise gidyanin 2. ve 3.
dozlarinin en diisiik degerleri aldigini belirtmistir.

Denemede kullanilan vermikompost, gidya ve leonardit organik materyallerinin, istatistik analizler sonucunda,
bitki besin elementlerinin etkinligi acisindan degerlendirilmistir. Yapilan literatiir taramalar1 degerlendirildiginde
iilkemizde bu konuile ilgili ¢ok fazla ¢alisma yapilmamis olup, tilke topraklarinin organik maddesinin artirilmasina
yonelik 6neme sahip olan bu calisma tarima katki saglayacak ve yayginlasmasi agisindan 6rnek teskil edecektir.
Tarimsal liretim icin son derece yararli sonuclarin ortaya kondugu ve saksi denemesi seklinde yiirtitiillen bu
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¢alismanin tarla kosullarinda ve farkli sebzeler iizerinde denenmesi daha net sonuglarin ortaya koyulmasini
saglayacaktir.
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Abstract: Seismic hazard in city center of Kayseri is evaluated with probabilistic
approach in this study. Earthquakes happened between 1900 and 2018 around the
city are considered for the evaluation, and magnitude-recurrence relation of these
events is obtained. Using a ground motion prediction equation, peak ground
acceleration, spectral accelerations at period of 0.2 and 1 sec with different return
periods are calculated and corresponding seismic hazard curves are demonstrated.
Uniform hazard spectra are constructed and compared with those spectra obtained
from Turkish seismic design code. Also, seismic hazard is deaggregated to
distinguish how different magnitude and distances contribute expected hazard in
the city center. Seismic hazard curves obtained in this study can be used to construct
earthquake spectra for different return period earthquake events, and for the
selection of ground motions to be used in dynamic analysis of structures. Results of
seismic hazard deaggregation show that mean magnitudes contributing the hazard
at the site considered are around 6.3 for peak ground acceleration and spectral
acceleration at 0.2 sec, and 6.7 for the spectral acceleration at 1 sec period for both
probability of exceedance of 2% and 10% in 50 years and soil types that have shear
wave velocity of 760 m/s or higher.

Kayseri ili Sehir Merkezinin Olasiliksal Sismik Tehlike Degerlendirmesi

Anahtar Kelimeler
Olasiliksal sismik tehlike,
Sismik tehlike egrileri,
Sismik tehlike
ayristirilmasi,

Kayseri

0z: Bu calismada Kayseri ili sehir merkezindeki sismik tehlike olasiliksal yaklagim
ile degerlendirilmistir. 1900 ve 2018 arasi sehir cevresinde meydana gelen
depremler degerlendirme i¢in dikkate alinmis ve bu depremlerin magnitiid-frekans
iliskisi elde edilmistir. Yer hareketi tahmin denklemi kullanarak farkl tekerriir
periyotlarina sahip maksimum yer ivmesi, 0.2 ve 1 saniyeye karsilik gelen spektral
ivmeler hesaplanmis ve bunlara ait sismik tehlike egrileri gosterilmistir. Uniform
tehlike spektrumlari elde edilmis ve Tiirkiye deprem yonetmeliginden elde edilen
spektrumlarla karsilastirllmistir. Ayrica, sismik tehlike, farkli magnitid ve
mesafelerin beklenen tehlikeye nasil katk: yaptigini belirlemek i¢in ayristirilmistir.
Bu ¢alismada elde edilen sismik tehlike egrileri, farkl tekerriir periyotlu depremler
icin spektrumlarin olusturulmasinda ve yapilarin dinamik analizinde kullanilacak
yer hareketlerinin se¢iminde kullanilabilir. Sismik tehlike ayristirmasinin sonuglari
gostermektedir ki belirlenen alan i¢in tehlikeye katkida bulunan ortalama magnitiid
degeri, ortalama kayma hiz1 760 m/s ya da daha fazla olan zeminlerde, 50 yilda
asilma olasilig1 %2 ve %10 olan maximum yer ivmesi ve 0.2 saniye periotlu spectral
ivme i¢in 6.3 civarinda, 1 saniye periyotlu spectral ivme i¢in 6.7 civarindadir.
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1. Introduction

Structural analysis is critical to evaluate collapse performance, which requires having a model that can capture all
failure modes and deterioration mechanisms properly, especially near collapse of the building. In addition,
estimation of loads is also significant to the structural design. One of the most complicated load types that may act
on a structure during the service life is earthquake load. Because it is dynamic and there is no clue beforehand
where and when it may occur. These properties of earthquakes, along with many others, determine ground
motions to be used in collapse or fragility analysis and this significant issue needs to be addressed before any
structural analysis is performed. Also, earthquake spectra which form base for these analyses are mainly related
with the expected earthquake.

However, there is no any information available at the time of design of a structure about future earthquakes. So,
best estimation should be made based on the past events so that structures withstand against ground shaking.
This estimation of future earthquakes are carried out using two different methods; deterministic and probabilistic
seismic hazard analysis (PSHA). Former method is about to determine the worst-case earthquake scenario. This
may seem simple at first. However, making a decision on just one event that has highest intensity on site is not an
easy task. High magnitude events further away from the site can be more intense than nearby events with low
magnitude. Hence, all different possible scenarios, occurring at different magnitude and locations, should be taken
into account and decision should be made out of all these events.

Probabilistic seismic hazard analysis, on the other hand, is a tool that was developed to evaluate seismic hazard at
a site considering magnitude and location uncertainties of future earthquakes based on probabilistic method,
using earthquakes in the past. It was first introduced by C. Allin Cornell in 1968 [1], and instead of just one event,
all earthquakes that may occur around the site are considered for the calculation, with different magnitude and
locations. Its history, early and recent developments are summarized in [2]. In addition to earthquake magnitude
and location, using a ground motion prediction relation, ground motion intensity and related statistics are
computed such as probability of exceedance of acceleration at different structural periods. Combining all these
results, seismic hazard for the considered site is calculated.

In this study, probabilistic seismic hazard analysis approach is used to evaluate seismic hazard of city center of
Kayseri. Some similar studies are available in literature for different parts of Turkey [3-8]. Magnitude-recurrence
relation is calculated using past events around city center, which happened between 1900 and 2018. These
earthquakes are obtained from Disaster and Emergency Management Presidency (AFAD) [9]. All earthquakes
occurred within radius of 150 km around the site are considered for calculation. Annual rate of exceedance of
different ground motion intensities are also calculated and seismic hazard curves are illustrated for 43, 72, 475,
and 2475-year return periods. Uniform hazard spectrum (UHS) is constructed using these seismic hazard curves
and compared with those obtained from Turkish seismic design code (TSDC) [10] for different types of soils.
Seismic hazard deaggregation procedure [11] is employed to have an idea of how different magnitudes and
distance parameters are contributing hazard at city center and mean values of magnitudes and distances,
contributing to hazard, are obtained.

2. Material and Method
Probabilistic seismic hazard analysis is performed considering five steps following;

1- First step is to identify each possible earthquakes source or sources that can produce earthquake which
has possible damage to structure at site. These source or sources might be point, line and area, or
combination of these three, in plane. However, more complex source models can also be assumed such as
three dimensional sources which are computationally expensive.

2- All earthquakes happened in a time frame on the source, determined at first step, are obtained, and
occurrence of each event, greater than a specific magnitude, per year is computed.

3- Depending on the source type, probability of location of an earthquake is calculated in this step.

4- Probability distribution of ground motion intensity such as peak ground acceleration (PGA), peak ground
velocity (PGV) or spectral acceleration at a structural period of T, S, (T), should be determined at this
step. A ground motion prediction equation (GMPE) is needed for this calculation and it should be
applicable to the site considered.

5- Last step is to combine all statistics obtained through Steps 1-4, and to compute mean annual rate of
exceedance or seismic hazard curve of a ground motion intensity parameter considered at Step 4.
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2.1 Seismic sources around the city and identification of the source

Kayseri and its vicinity in the Central Anatolia Region are under the influence of important fault zones. One of the
most important fault zones is the NE-SW trending Central Anatolian Fault Zone with a left lateral strike slip within
the continent that controls Kayseri and its vicinity and the eastern part of Central Anatolia (CAFZ) [12], as shown
in Figure 1a. NE trending fault, which is approximately 730 km long and 2 to 80 km wide, consists of 24 segments
while covering the Anatolian plate [13]. This fault zone is bending in the region of Kayseri and forms Erciyes pull-
apart basin and Erciyes volcanic complex [13]. The Erciyes pull-apart basin is defined as an S-shaped active-
growing depression area of approximately 35 km wide, 120 km long and 1.2 km deep [13], as illustrated in Figure
1b. It is controlled by important fault segments that control the western and eastern borders of this depression
area in which Kayseri is located. The Kizilirmak-Erkilet and Yesilhisar fault segments of the OAFZ are bounded by
the western part of the Erciyes pull-apart basin. Kizilirmak-Erkilet segment is 2-10 km wide, 170 km long and has
a N50°E extension. The Yesilhisar fault segment is a normal strike component with an N-S extension and step
morphology with a width of 8 km, length of 60 km from several hundred meters. The eastern part of the basin is
bordered by Dundarli-Erciyes and Develi subfault segments, which are found under the Dometmetas fault segment
and lower branches. Dundarli-Erciyes fault segment is a left lateral strike fault with normal strike component is
83 km long and N17°E trend. The Develi fault segment is an oblique-slip with normal fault, its extension is NNE
and has a length of approximately 104 km [13] Figure 1b.

DES : Diindarli - Erciyes Segment
DVS : Develi Segment

KES : Kizilirmak-Erkilet Segment
YS : Yesilhisar Segment

Pinarbagi
[ ]

Develi .
Erciyes
Pull-Apart
Basin

—=— (Oblique slip fault
=== Strike-slip fault
km
——p——
0 25

Figure 1. a) Simplified neotectonics map of Turkey and the environment (DSFZ: Dead Sea Fault Zone, SLFZ: Salt Lake Fault
Zone, NAFZ: North Anatolian Fault Zone (modified from [12]), b) Neotectonic map of the Erciyes pull-apart basin included in
the Central Anatolian Fault Zone modified from [13]).
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Although the exact location and magnitude of the outer center is not known in Kayseri and its vicinity, 10 historical
earthquakes were recorded, and these are given in Table 1 [14]. These earthquakes occurred in the vicinity of
Nigde, Develi, Kayseri, and Sivas.

Table 1. Historical earthquakes in Central Anatolia between the years 240-1900 [14]

Date Coordinates Location Intensity

(year/month/day)
240 Kayseri-Sivas IX
1104 Nigde IX
1205 38.70-35.50 Kayseri VIII
1695.01.01 Sivas
1704.06.09 Kayseri
1714 Kayseri VII
1717.05.09 38.70-35.50 Kayseri VIII
1754.09.16 39.75-37.00 Kangal (Sivas) VIl
1779.03.14 Divrigi (Sivas)
1835.08.23 38.30-35.50 Develi (Kayseri) | VIII

A catalogue is formed using the data obtained from [9], for the seismic hazard evaluation of city center. This
catalogue includes events between 1900 and 2018, and magnitude of these earthquakes are higher than 4. It is
observed that all earthquakes are scattered all around the city center, and there is not an accumulation of events
on a fault segment dominantly. So, it is reasonable to assume an area source model for the earthquakes. Hence,
line source is omitted. A circle with a radius of 150 km is defined as area source. Occurrence of each magnitude of
earthquakes in the area per year is key parameter for the PSHA calculation.

Earthquake catalogue includes different types of magnitude definition and they are needed to be converted a single
type that can be used in ground motion prediction equation. So, all magnitudes are converted to the moment
magnitude, Mw. Conversion relations proposed by [15] are used in this study as given in Equation 1.

M,, = 2.25M, — 6.14
M, =1.27M, — 1.12 (1)
M,, = 1.57M, — 2.66
M,, = 0.54M + 2.81

After conversion of magnitudes, they range approximately from 3 to 6.5 within the area source that is previously
defined. All these data are ranked to obtain annual occurrence of events within the time frame considered in the
catalogue. Recurrence relation is calculated by Gutenberg-Richter recurrence law [16], as given in Equation 2.

logi0(4n) = a — bM (2)

In this equation M is the magnitude of an earthquake, a and b are regression coefficients and A,, is the rate of
earthquakes with magnitude M. Cumulative distribution function of a magnitude can be estimated based on a and
b coefficients in Equation 2. However, it is unrealistic to assume that a source can produce any magnitude.
Therefore, event magnitudes are needed to be limited so that reasonable estimation can be made with the data. In
this study, only magnitudes between 4 and 7 are considered. Earthquakes which have magnitudes less than 4 are
not expected to damage a structure. So, magnitudes below this omitted for the sake of computational convenience.
On the other hand, upper value is limited to be 7 due to lack of data at high magnitudes. Considering this bounding,
cumulative distribution function of can be expressed depending on the coefficients in Equation 2.

1 — 10~ bMm-—mmpmin )

m = 1 — 10~ b(Mmax—mmin) Mmin < M < Mypax (3)
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F,, is cumulative distribution function of magnitude, m, m,,,, and m,,, are the maximum and minimum
magnitudes that source can produce, respectively. Figure 2 shows annual rate of exceedance of earthquakes
magnitudes as result of the computation.

10° : ; : ; :

Annual rate of exceedance

i I ! I |

4 4.5 5 5.5 6 6.5 7
Magnitude (Mw)

Figure 2. Magnitude recurrence relation based on bounded Gutenberg-Richter law

2.2. Ground Motion Prediction Equation

After distribution of earthquake magnitudes and locations are determined, next step is to evaluate statistics of
specific ground motion intensities. This requires a ground motion prediction equation (GMPE) which can be used
for the site under consideration for seismic hazard. GMPE is a formulation to calculate different intensities of
ground motion depending on some parameters such as, magnitude, distance, fault type, soil type etc.

There are some ground motion prediction equations available, proposed for Turkey, [17-20] in horizontal
direction. A prediction relation for vertical ground motions in Turkey is proposed by Kalkan and Giilkan [21], and
other studies are also investigated vertical ground motion in Turkey [22-23]. In this study, proposed method by
Kale et al. [20] in horizontal direction is used. General form of this prediction relation is given in Equation 4. This
model have controlling parameters of magnitude scaling, (f;,44), geometric decay, (fy;s), type of fault mechanism
on site (f5,r), site effects (f;.) and elastic attenuation (f,.) to calculate logarithmic mean value of a ground
motion intensity. Here, Y can be any of peak ground acceleration (PGA, g), peak ground velocity (PGV, cm/s) or
spectral accelerations at different structural period. This model can predict ground motion parameter of an
earthquake that have moment magnitude (M,,) between 4 to 8 and Joyner-Boore (R;z) distance up to 200 km. So,
in this study all distances are calculated as Joyner-Boore distance to be consistent with the prediction relation
used. Soil type is also another input parameter for this prediction relation and shear wave velocity at upper 30 m
part, (V;) 3, of the soil is considered for calculation. Change in PGA value with respect to distance and magnitude
is illustrated in Figure 3 for (V;)3, value of 760 m/s.

Iny = fmag + fais +fsof + faat T fsite (4)

There are six different types of soils defined in TSDC, from ZA to ZF, and classification depends on (V})5, and other
soil properties. In this study, values for (V;)5, are selected to be 1500 m/s, 760 m/s, 360 m/s and 180 m/s. These
values represent transition between soil types of ZA-ZB, ZB-ZC, ZC-ZD and ZD-ZE, respectively. Seismic hazard
curves and uniform hazard spectra for each types of soil are constructed and compared with the TSDC.
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Figure 3. PGA change depending on magnitude and distance for used ground motion prediction equation

Standard deviation of ground motion intensity is also calculated with this proposed GMPE by [20], which is also
used to determine probability of exceedance of ground motion parameters for the PSHA calculation.

2.2. Seismic hazard curves

Last part of probabilistic seismic hazard analysis is to combine all information obtained in the previous steps.
Probability density functions of magnitude, f,,,(m), distance,f,(r) and a ground motion parameter for a distinct
value of mand r, P(IM > x|m,r), which is calculated from a GMPE, are combined all together to obtain probability
of an intensity measure, IM, being greater than an arbitrary value of X, as shown in Equation 5.

P(IM > X) = f e f b UM > xlm, ) ()£ () drdm ()
0

Mmin

However, this equation does not include any information about frequency of an event or annual rate of exceedance.
Including magnitude-recurrence relation of the source in the equation, Equation 5 can be written as;

A(UM > X) =AM > myp;,) fmmax frmaxP(IM > x|m, ) fr(m)f,.(r) drdm (6)
0

Mmin

In this equation A(M > m,,;,) is the rate of occurrence of earthquakes in a source with magnitudes greater than
My,in and it is calculated as given in Equation 7.

AM > M) = 109 PMmin (7)
(IM > X) gives rate of an intensity measure greater than X. Considering all sources and discrete distribution of

magnitude and distance Equation 6 is written for the discretized values of magnitude and distance as given in
Equation 8.

Nsources Nm NR
A(M > X) = Z AM; > mo) z Z P(IM > x|m;, 1) P(M; = m)P(R; = 1;) 8)
i=1 j=1 k=1

Nsources Is number sources considered, Ny, and N denote number of magnitudes and distances discreteized at M;
and R;. Summation of these quantities in Equation 8 yields mean annual rate of exceedance of a ground motion
intensity, A(IM > X). Repetitive calculation of this step gives seismic hazard curve for considered IM. Detailed
explanation for introduction to PSHA and related calculations, and extension of the method to deaggregate seismic
hazard can be found in [24].
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3. Results

Seismic hazard curves for four different soil types are computed. Moreover, uniform hazard spectrum (UHS) for
these soil types is given. In TSDC, four different earthquake levels are defined from DD-1 to DD-4. DD-1 is the
highest earthquake level, defined in the code, with 2% probability of exceedance in 50 years. Other levels DD-2,
DD-3 and DD-4 have 10%, 50% and 68% of probability of exceedance with return periods of 475, 72 and 43 years,
respectively. So, these time values are used for return period of the earthquakes to compute UHS.

Figure 4 shows seismic hazard curves for four different types of soil and three different ground motion intensities.

Horizontal lines are added in the figures to show time horizons determined to construct UHS.

Annual rate of exceedance

(V,);,=1500 mis

=@—Hazard curve

Annual rate of exceedance

1072

(V,);,=1500 m/s

(V,);,=1500 m/s

—8—Hazard curve

| ™~

Annual rate of exceedance

10° 10’ 10’
=——Hazard curve p =——Hazard curve =——Hazard curve
8 - - -43 years ] 0 - - -43 years 8 - = —43years
H . s 10 e 72 yOQrs H 107¢@ s 72 years
g g ===-=475 years T PN e 475 years
@ Q ——2475 years @ ———2475 years
g % 1071 x 107
@ @ @
R T e N Rt B kT Rl e S k- T S G S S SR
Q Q
‘.g 107 ) \ & 1072
= = s
S S 3
g £ 10°) \ £ 10°
< < <
4 \ 10 \ 104 \
1010.1 10" 10° 102 107! 10° 102 107! 10°
PGA (g) S,(T=0.2 sec) (9) S,(T=1sec) (g)
\ (V{)3,=760 m/s (Vs)30=760 mis ) (V,);,=760 mis
10 10

=—@—Hazard curve

= = =43 years - = =43 years = = =43 years

e 72 yeQArs 10° -==T2years = g 018 . e 72 years
-=475 years -=-=475years o I & T 475 years

——2475 years ——2475 years ——2475 years

-4 \ 10 2 1 0 10 . \ |
1010.2 10! 100 10 10 10 102 107 10°
PGA (g) Sa(T=0.2 sec) (9) S,(T=1sec) (g)
» (Vs)30=360 m/s ot (Vs)30=360 m/s . (Vs)30=360 m/s
—@—Hazard curve 4 —@—Hazard curve ——Hazard curve
3 q - = =43 years 8 - = =43 years 3 - = =43 years
e 10° e 72 £ 10° e € 10° QL e
s years © 72 years © 72 years
3 ==475 years E ===-=475 years ?, ----- 475 years
3 . ——2475 years S Al ——2475 years S ——2475 years
2107 310 3
> % 5
S P T L ITIIIMCIIIIIIININIT @ e g PR T ———" . Y ————
g £ N : AN
: E E
g 10%; \ E 103} \ g 103 \
) N X
10 \ 1074 : 104 - :
102 1071 10° 102 10! 10° 102 107 10°
PGA (g) SE(T=0.2 sec) (g9) Sa(T=1 sec) (g9)
\ (V{)3=180 m/s \ (V{);,=180 m/s \ (V{)3=180 m/s
10 T T 10 T T 10 T T
=8—Hazard curve =@—Hazard curve [ =——Hazard curve
3 - - =43 years 8 0 - - =43 years 3 0 - = =43 years
< . s 10 - 72 years S0 TR 72 years
3 § =-=-=475 years § =-=-=475 years
@ ——2475 years ——2475 years
5 5 107! y % 101 y
S . U B W _____ T S W
Q Q
g \ § 107 \ § 107 \
£
[ S s
2 o3 \ £ 490 \ £ 10 \
< < <
10 . \ L 107" e “‘\ 10 o — \
102 1071 10° 102 10! 10° 102 107 10°
PGA (g) Sa(T=0.2 sec) (9) Sa(T=1 sec) (9)

Figure 4. Seismic hazard curves for different ground motion intensities and soil types

Design spectra are based on short and long period spectral acceleration coefficients, which are given as spectral
accelerations at 0.2 and 1 sec as per TSDC. So, seismic hazard curves are calculated for S, (T = 0.2 sec), and
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S, (T = 1 sec), in addition to PGA. Seismic hazard curves for these three different ground motions with different
soil parameters in hand, spectra for any return period event can be constructed without any sophisticated
calculations.

Uniform hazard spectrum (UHS) is obtained based on a target return period or rate of exceedance. Accelerations
values on different seismic hazard curves corresponding to distinct return period are selected and plotted against
structural period. So, each point on a UHS has the same annual rate of exceedance. Following Figures 5-8 show
uniform hazard spectra, each one of these correspond to different earthquake levels defined in TSDC, and soil
types. Observed uniform hazard spectra are also compared by the design spectra from TSDC. In these figures P,,
is the probability of exceedance of each point on the spectrum.
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Figure 5. Comparison of UHS and design spectra for different return period event, (V;)30 = 1500 m/s
(a) 43-year event (b) 72-year event (c) 475-year event (d) 2475-year event
It is observed that PSHA predicts higher values of accelerations for 43 and 72-year return period event for almost
all structural periods and soil types, although, it is converging to the design spectra at periods around 4 sec.
Constant acceleration range for the spectra obtained by PSHA is observed to be wider for these earthquake levels,
as well. For earthquakes level of DD-1 and DD-2, PSHA results fall between two spectra at low periods, and almost
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same with them in large periods. Here please note that shear wave velocity shown in the graphs are the transition
value between two soil types given in the same figure, and these soil types are defined in TSDC.
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Figure 6. Comparison of UHS and design spectra for different return period event, (V)3 = 760 m/s
(a) 43-year event (b) 72-year event (c) 475-year event (d) 2475-year event
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Pex=68% in 50 years (43-year return period)
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Figure 7. Comparison of UHS and design spectra for different return period event, (V)3 = 360 m/s
(a) 43-year event (b) 72-year event (c) 475-year event (d) 2475-year event
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Pex=68% in 50 years (43-year return period)
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Figure 8. Comparison of UHS and design spectra for different return period event, (V)3 = 180 m/s
(a) 43-year event (b) 72-year event (c) 475-year event (d) 2475-year event

Seismic hazard at the site is deaggregated for the events that have 2% and 10% probability of exceedance in 50
years for the soil types with shear wave velocity of 760 m/s and 150 m/s. Contribution of magnitude-distance
pairs to the hazard is calculated, and mean values of these are given in Table 2 for peak ground acceleration, and
spectral accelerations at structural period of 0.2 and 1 second. For PGA, mean magnitude values are about 6.3, for
short and long period spectral accelerations, it is around 6.25 and 6.70, respectively. Mean values of distances for
PGA and short period spectral acceleration are around 14 km in 2475-year event and it is higher for 475-year
event as expected. Distance values contributing to hazard, spectral acceleration at 1 sec structural period, is
observed to be around 41 km and 53 km for 2475 and 475-year events, respectively.
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Table 2. Mean values of magnitude-distance contributing to hazard

Probability of exceedance in 50 years
0 0,
Vs (m/s) M Parameter 2% 10%
M, 6.32 6.29
PGA R (km) 14.34 20.19
— M, 6.27 6.23
760 | Sq(T = 0.2 sec) R (km) 14.24 19.75
~ M, 6.70 6.69
Sa(T =1sec) —pq > 4157 53.28
M, 6.32 6.28
PGA R (km) 14.30 20.44
B M, 6.28 6.24
1500 |S,(T = 0.2 sec) R (km) 13.95 19.45
— M, 6.70 6.69
S.(T =1sec) R (km) 41.56 53.10

4., Discussion and Conclusion

Seismic hazard evaluation of city center of Kayseri is performed in the paper using probabilistic seismic hazard
analysis approach. An earthquake catalogue is formed within a time frame and area source with radius of 150 km
is defined for potential earthquakes around the city. Annual occurrence of each magnitude in the data and
probability distribution of location of earthquakes are calculated.

Seismic hazard curves for PGA and spectral accelerations at period of 0.2 and 1 sec are illustrated for different soil
types depending on shear wave velocities, which represent boundary between different soil types. Also, UHSs are
constructed and compared with the design spectrum given in TSDC. Results of PSHA tend to yield higher values
for low return period event for almost all structural periods, although it is relatively closer to code spectra for high
periods. It is also observed that constant acceleration period region in UHS obtained from PSHA tend to be wider.
In addition to seismic hazard curves and UHSs, seismic hazard at the site considered is deaggregated and mean
values of magnitude-distance pairs contributing the hazard are calculated. Mean values of magnitude contributing
the hazard at the site for two different soil types are around 6.3 for PGA and
S.(T = 0.2 sec), and 6.7 for S,(T = 1 sec) . These values of magnitudes are valid for events with 475 and 2475
years return period. In addition, another deaggregation parameter, R, is also calculated to evaluate how different
distance values are contributing the hazard. Mean values of R parameter are around 14 km and 20 km for PGA
values that have 2% and 10% of probability of exceedance in 50 years in those soil types which have 760 m/s or
higher shear wave velocity.

Results of this paper can be used to compute seismic hazard of peak ground acceleration, spectral accelerations at
0.2 and 1 sec for different soil types and return periods. Uniform hazard spectrum can also be constructed for
different level of earthquakes, and ground motions to be used for collapse evaluation can be selected accordingly.
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