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OZET

Bu ¢alismada Kahramanmaras ilinde yeralt1 suyu seviyelerinin belirlenmesi
ve arazi kullanim arasindaki iligski analizi yapilmistir. Yer alti suyu seviyesini
etkileyen c¢izgisellik, jeomorfoloji, jeoloji, toprak derinligi, egim, yagis, akarsu
gibi parametrelerle yer alti suyu seviyeleri arasindaki iliskinin analizi
yapilmustir. Bu analizlerin sonuglar1 birlestirilerek yer alt1 suyu seviyeleri en
yiiksek, cok yiiksek, yiiksek, orta, diisiikk, ¢ok diisiik ve en diisilk olarak
belirlenmistir. Belirlenen bu alanlarin arazi kullanim durumlar1 bag, yerlesme,
tarim alani, fundalik, orman alani vs. olarak analiz edilmistir. Bilgi ¢aginda,
niifus artigi, kentlesme ve teknolojik ilerlemeler gibi etmenler, insanlarin daha
giivenli ve konforlu yasam alanlari arayigi dogru arazi kullanimimin 6nemini
artirmigtir.  Kahramanmarag ilinin deprem riskinin yiiksek oldugu da goz
oniinde bulunduruldugunda yer altt suyu seviyesi ve arazi kullanimi
analizlerinin dogru yapilmasi, amacina uygun kullanilmasi can kayiplari ve
ekonomik kayiplari azaltmasi agisindan 6nemlidir. Bu ¢alisma sonucundaki
bulgular, Kahramanmaras ili arazilerinin planli, amacina uygun kullanimi ve
dogal afetler agisindan gerekli onlemlerin alinmasi agisindan 6nemli bilgiler
vermektedir.

Anahtar Kelimeler: Yer alt1 Tabansuyu, AHP, CBS, Arazi kullanimi.



ABSTRACT

An analysis of the relationship between groundwater levels and land use was
conducted in Kahramanmarag province. The relationship between groundwater
levels and parameters such as lineament, geomorphology, geology, soil depth,
slope, precipitation, and streams that affect the groundwater level was analyzed.
By combining the results of these analyses, groundwater levels were determined
as the highest, very high, high, medium, low, very low and lowest. The land use
status of these determined areas is vineyard, settlement, agricultural area,
shrubland, forest area, etc. It was analyzed as. In the information age, factors
such as population growth, urbanization and technological advances, and
people's search for safer and more comfortable living spaces have increased the
importance of proper land use. Considering that Kahramanmarag province has a
high earthquake risk, it is important to perform groundwater level and land use
analysis correctly and use it for its intended purpose in terms of reducing
casualties and economic losses. The findings of this study provide important
information about the planned, intended use of Kahramanmarag province lands
and taking the necessary precautions against natural disasters.

Keywords: Groundwater, AHP, GIS, Land use.



1. GIRIS

Su, yasamin siirdiiriilebilirligi i¢in kritik bir kaynak olup, insan toplumlarinin
evriminde temel bir role sahiptir; suyun kalitesi ve miktar1 ise cografi ve zaman
baglaminda c¢esitlilik gosterir (Holden, 2019). Su kaynaklarinin smirli oldugu
diinyanin bircok bdlgesinde, ekonomik ve sosyal kalkinma i¢in vazgecilmez
dogal bir varlik olarak kabul edilmektedir (Kordestani vd., 2019). Yiizey sulart
ve yeralti sulari, diinyadaki dogal tath su kaynaklarinin ana bilesenleridir.
Ancak, toplam su kaynaklarinin yalnizca %3'i tatli sudur ve bu tatli suyun
biiyiik bir kismi1 buz formunda bulunurken, su kaynaklarinin yaklasik %34
yeralt1 sular1 seklinde mevcuttur (Holden, 2019; Yildirim, 2021). Yeralt1 suyu,
hidrojeolojik ~ ozelliklerine dayanan uzun vadeli bir siirdiiriilebilirlik
potansiyeline sahip oldugundan, su kaynaklarinin yonetiminde kritik bir role
sahiptir (Saranya & Saravanan, 2020). Bu su kaynagi, hidrolojik dongiiniin bir
pargasi olarak yagislardan beslenir ve siirekli olarak yenilenir; ayrica mobil ve
yeniden olusabilme 6zelligine sahip oldugu i¢in dogal ve giivenilir bir tath su
kaynagidir (Lakshmi & Kumar, 2018).

Tim ekonomik faaliyetlerin temelinde ve dissal olarak yeralti suyu
kaynaklarina dayandigi kabul edilmektedir (Ifediegwu, 2020). Dogal ve yeralti
suyu kaynaklari, ekolojik, biyolojik ve sosyoekonomik faaliyetlerin
gelistirilmesinde kilit bir rol oynamaktadir (Rajesh vd., 2021). Yeralt1 suyu, yer
alt1 jeolojik yapilarinda biriken 6nemli dogal kaynaklardan birini temsil eder.
Ozellikle evsel, endiistriyel ve tarimsal kullanim igin hizmet veren diinyadaki en
bliylik tatli su kaynagidir. Bu nedenle, yeralti suyu, cevresel, biyolojik ve
sosyoekonomik faaliyetler i¢in vazgecilmez bir kaynak olarak goriilmektedir
(Doke vd., 2021). Yeraltt suyunun asirt kullanimi, kiiresel kalkinma ve yogun
tarim gibi etmenlerle birlikte, diinya genelinde yeralti su seviyelerinin
diismesine ve mevcut yeralt1 su kaynaklarma artan bir baskiya neden olmustur
(Fathi vd., 2021). Su kaynaklarmm mevcudiyeti ve erisilebilirligine bagh
olarak, yiizey sular1 genellikle igme ve evsel kullanim igin en biiyiik bagimliligi
gosterir. Ancak, artan endiistrilesme ve sehirlesme gibi faktorlerle birlikte,
ylizey sulari nitelik ve miktar acgisindan ciddi tehditlerle karsi karsiyadir. Bu
durum, su rekabetinin farkli sektorler arasinda ¢atigmalara yol agmasina neden
olmaktadir (Lu vd., 2021).

Yeralti suyunun olusumu, rastlantisal degil, genellikle iklimsel, jeolojik,
hidrolojik, ekolojik ve fizyografik parametreler arasindaki karmagik
etkilesimlere dayanir. Bir bolgenin hidrolojik rejimi ve yeralti suyu varligi,
cogunlukla o bolgenin jeolojik ve jeomorfolojik ozelliklerine bagli olarak
belirlenir (Arkoprovo vd., 2012; Doke vd., 2018). Artan niifus, kentlesme ve
endiistrilesme gibi etmenler, yeralti suyu kaynaklarini ciddi sekilde tehdit eder.



Yeraltt suyu rezervlerini artirmak igin, yeralti suyu potansiyel bdlgelerinin
tanimlanmasi ve belirlenmesi gerekmektedir (Saranya & Saravanan, 2020). Su
kaynaklarinin etkin kullanimimi1 anlamak igin yeralti suyunun temel
ozelliklerinin analiz edilmesi kritiktir. Farkli aragtirmacilar, yeralt1 suyu
potansiyel bolgelerinin belirlenmesinde arazi, iklim ve ¢evresel parametrelerin
(6rnegin, rolyef, egim, drenaj, litoloji, jeolojik yapilar, toprak o&zellikleri,
cizgisel ozellikler, jeomorfoloji, arazi kullanimi/arazi ortiisii (LULC), yagis ve
mesafe gibi) 6nemli oldugunu belirtmislerdir (Das vd., 2017). Arazi kullanimu,
jeoloji, ylikseklik, egim, ¢izgisellik, ¢izgisellik yogunlugu, drenaj yogunlugu ve
jeomorfoloji gibi cesitli parametreler, yeralti suyunun beslenim gelisimini ve
erisilebilirligini etkiler (Rajesh vd., 2021).

Dijital teknolojinin gelisimi, gii¢lii bilgisayarlar ve modern yontemlerin cbs
ve ua ile entegrasyonu gibi imkanlarla birlikte, yeraltt suyu potansiyel
bolgelerinin belirlenmesi gibi daha karmagik ve ileri hidrolojik aragtirmalar
iizerinde ¢alismayr miimkiin kilmigtir (Das, 2017). UA ve CBS yazilimlar,
dogal kaynaklarin haritalanmas: i¢in kullanilarak, bu haritalarin uydu
goriintiilerine dayali olarak yeralti suyu ve havzalarin gelistirilmesine katk1
saglamaktadir (Radulovic vd., 2022). Birgok arastirmaci, yeralti suyu igin
potansiyel bolgelerin belirlenmesi amaciyla ¢ok kriterli karar verme analizi
(MCDMA) ile entegre bir CBS ve UA yaklasimimi kullanmistir (Adimalla,
2020). CBS, biiyiik miktarda mekansal veriyi islemek icin etkili ve glivenilir bir
ara¢ olup, siirdiiriilebilir dogal kaynak yonetimi i¢in Onemli bir rol
oynamaktadir (Chowdhury vd., 2009).

Bu c¢alismanin amaci, Kahramanmaras ili genelinde yeraltt suyu
potansiyelinin belirlenmesi ve arazi kullanim ve arazi ortiisii arasindaki iligkinin
tespit edilmesidir. Calisma kapsaminda CBS tabanli CKKV ve AHP entegre bir
yaklasim kullanmaktir. Yeralti suyunun miktar1 ve kalitesini belirleyen
faktorlerin arazi kullanimi ve oOrtiisiiyle karmagik bir etkilesim i¢inde oldugu
bilinmektedir. Bu etkilesimlerin anlagilmasi, siirdiiriilebilir su kaynaklari
yonetimi icin kritik 6neme sahiptir. Bu baglamda, yeraltt suyu potansiyel
bolgelerinin belirlenmesi, Kahramanmaras ilindeki degisen arazi kullanimi
kosullari, ozellikle de artan kentlesme baskisi altinda, dikkate alinarak
yapilmaktadir. CBS ve MCDM tekniklerinin entegrasyonuyla, yeralti suyu
potansiyel alanlari ve bu alanlardaki arazi kullanimi ile ortiisii arasindaki
iligkinin belirlenmesi hedeflenmektedir. Bu ¢alismanin sonuglari, sulama
projeleri, su kaynaklar1 yonetimi, suyun kaliteli kullanimi1 i¢in bir 6n kaynak
niteligindedir

Aragtirma alani, Tiirkiye'nin giineyinde ve Akdeniz Bdlgesi'nin Adana
Boliimii'nde yer almaktadir. Koordinatlar1 37°11' ve 38° 36' kuzey enlemi ile



36° 15' ve 37° 42' dogu boylami arasindadir. Arastirma sahasi, Akdeniz, I¢
Anadolu, Giineydogu Anadolu ve Dogu Anadolu bdlgelerinin kesisim
noktasinda konumlanmistir. Kuzeyden Sivas, kuzeydogudan Malatya, dogudan
Adiyaman, glineyden Gaziantep, batidan Adana ve Osmaniye, kuzeybatidan
Kayseri ile komsudur. Ayrica, 14.346 km? ytiz6l¢iimii ile Tiirkiye'nin on birinci
biiytik ilidir (Denizdurduran, 2012; Sekil 1.1).

Sekil 1.1. Caligma Sahasinin Lokasyon Haritasi.

2.  Materyal ve Metot

2.1. Materyal

Caligmanin kapsaminda, ¢aligma sahasinda yer alti suyu seviyesinin tespiti
yapilarak potansiyel zengin ve az zengin alanlar belirlenmistir. Bu amagla,
Maden Teknik Arama Genel Midiirliigli (MTA), Afet ve Acil Durum Yo6netim
Baskanlig1 (AFAD), Kahramanmarag Biiyiiksehir Belediyesi ve Orman Genel



Midiirliigi'nden (OGM) temin edilen aktif faylar ile 1/25.000 olgekli
topografya verileri, toprak derinligi, jeoloji, litoloji ve arazi kullanimi gibi
veriler kullanilmistir (Tablo.2.1).

Tablo 2.1. Taban Suyu Seviyesi Tespitinde Kullanilan Veriler ve Temin
Edilen Kurumlar.

Veri Veri Formati Céoziiniirliik /Olgek Kurulslzglsliternet
Kahramanmarag
Sayisal Yiikselti Raster 10m (Diizeltildi) Biiyiiksehir
Modeli (SYM) Belediyesi Harita
Departmant
Cizgisellik Shape (.shp dosya uzantisi) folaiakekaled Tiirev
" Afet ve Acil Durum
Jeomorfoloji Shape (.shp dosya uzantisi) 1/25.000 Yonetim Baskanhig:
S Maden Tetkik Arama
Jeoloji/Litoloji ~ Shape (.shp dosya uzantisi) 1/25.000 ve Genel Miidiirliigi
. Orman Genel
Arazi Kullanom  Shape (.shp dosya uzantis1) 1/25.000 Miidiirliigii
Kahramanmarag
- Biiyiiksehir
R R = =
Toprak Derinlik  Shape (.shp dosya uzantis1) Belediyesi Harita
Departmani
National Earthquake
Egim Raster 10m/30m Information Center
(USGS)
o Meteoroloji Genel
*hkkkkhkk
Yagis Shape (.shp dosya uzantis1) Miidiirliigii
2.2. Metot

Bilgi caginda, niifus artisi, kentlesme ve teknolojik ilerlemeler gibi etmenler,
insanlarin daha giivenli ve konforlu yasam alanlar1 arayisinda karmasik bir
ortam olusturmus veya mevcut sorunlarin etkisini artirma veya azaltma
potansiyeline sahip olmustur (Karabulut, 2005). Bu baglamda, yeralt1 sularinin
miktari, dagilimi ve kullanimi gibi meseleler dnem kazanmaktadir. Degisken
iklim kosullari, artan diinya niifusunun mekansal dagilim ve degisen arazi
kullanim1 gibi faktorler, 6zellikle kentlesmenin hiz kazanmasiyla birlikte yeralti
suyu kullanimi f{izerinde artan bir baski olusturmaktadir; bu durum ayni
zamanda ekosistemler tizerinde stres yaratmaktadir (Yildirim, 2021).

Yeralt1 suyu potansiyel bdlgelerin belirlenmesinde CBS ve UA tekniklerinin
entegre bir yaklasgimi benimsenmistir. Bu metodoloji, yeraltt suyunun
olusumunu etkileyen ¢esitli hidrolojik, jeolojik ve topografik parametrelerin
ayrintili bir analizine dayanmaktadir (Hammouri vd., 2012). CBS ve UA
teknolojileri, geleneksel yontemlere kiyasla cesitli avantajlar sunmaktadir
(Kiigiikonder & Karabulut, 2007). CBS, bu analizlerin daha hizli, daha kolay ve
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daha etkili bir sekilde yapilmasina ve degerlendirilmesine énemli katkilar saglar
(Karabulut, 2005). Ayrica, CBS, dogal ortamlarin dinamik davranigini anlama
ve mevcut dogal unsurlarin kapasitesini etkileyen faktorlerin belirlenmesi gibi
unsurlar igeren analizlerde énemli bir bakis acis1 sunar (Karabulut & Karakog,
2013).

Arastirmanin genel isleyisi su adimlari icermektedir: Sorunun tanimlanmasi,
kriterlerin belirlenmesi, veri toplama, kriter katmanlarinin hazirlanmasi (6n
islemler), Mekansal analiz modelinin tasarlanmasi (ArcGIS mekansal analiz
modeli), kriter katmanlarina agirhiklandirma degerlerinin atanmasi (Oklid
mesafesi ve kategorizasyon), agirlik degerlerinin normallestirilmesi, modelin
yiritiilmesi ve sonucun degerlendirilmesidir (Sekil 2.1).

‘ Veri ‘ | On islemler | | Alt Ozellik Tespiti ( Puanlama) | ‘ Analiz ‘ | Sonug
l Ozellige Gore Raster
| (Feature To Raster)
s gicellilk Veri Kontrol ve Yeniden % |
I i H Kordinat diizenleme (Reclassify) | > e
| Matrisi
Ozellige Gore Raster
I Arazi Kullanim H it |- Dontistir
L (Feature To Raster)
Ozellige Gore Raster
l Hidrojeoloji H Ko"’:;;‘;“m a0 |- Donistir -| e |—>
I (Feature To Raster)
Egim Veri Kontrol ve Yeniden
Kordinat duzenleme (Reclassify) |
I Agurbkl
T Veri Kontrol ve Czellife Gore Raster | I Bindirme
oprak Derinlik Kordinat diizen! Donuigtur (Reclassify) : 7
| natduzenleme || (reature To Raster) (Weighted Overlay)
Akars Veri Kontrol ve Szalkge G?“ aster Yeniden Siiflandirma
4 Kordinat diizenleme il (Reclassity)
| (Feature To Raster)
Yai Veri Kontrol ve Yeniden o
s Kordinat dizenleme Reclassit) |

Sekil 2.1. Arastirma I¢in Olusturulan Is Akis Diyagramu.

Kahramanmaras Il’inin yeralti suyu potansiyelinin degerlendirilmesinde

kullanilan

bir

yontem olan AHP, g¢esitli

kriterlerin  belirlenmesi

Ve

karsilastirilmasiyla hiyerarsik bir yap1 olusturur. Bu yontemle, Kahramanmarag

II’inin yeralt1 sularinin potansiyel durumu belirlenirken, farkli seviyelerdeki alt
kriterler bagimsiz olarak incelenir. Olusturulan katmanlar arasinda, karar
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seceneklerinin 6nem derecelerine gore ikili karsilastirmalar yapilir ve bu
matrisler degerlendirilir. Her karar segeneginin karsilastirma matrislerinde, ayni
kriterlerin birbirine iistiinliigiinii belirlemek i¢in kdsegenler "1" olarak belirlenir
(Sekil 2.2).

Amacg
Kriter A Kriter B Kriter C
Alternatif X Alternatif B Alternatif C

AHP Hiyerarsik Duzeni

Kriter 2 Kriter... Kriter J
Kriter 1 V1/V1 V1IV2 VAVi
Kriter 2 v2/vi v2/v2 vai
Kriter 3 e onats
Kriter i Vivi V1IV2 VivJ

AHP Kriterler icin ikili karsilastirma Matrisi Olusturlamasi

ler aoan
1 Esit Onemli
2 Biraz Daha Fazla Onemli
3 Kuvvetli Derece Onemli
I 2 CokKuvvetli Derece
Onemli
2-46-8 Ara(Ortalama) Degerler

AHP ikili Karsilastirmasinda Yonteminde Kullanilan 1-9 Skalasi

Sekil 2.2. AHP Hiyerarsik Diizeni (Saaty, 2008). AHP Kriterler i¢in ikili
Karsilastirmalar Matrisi Olusturulmasi (Vargas, 1990).
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AHP matrisinde Tutarhilik indeksi (CI), ikili karsilastirmalarin tutarliligim
degerlendirmek ic¢in Tutarlilik Oran’in1 (CR) hesaplayarak kriterler arasindaki
karsilagtirmalarin tutarliligimi ortaya koyar (Siddayao et al). Karar vericinin
kriterleri karsilastirirken tutarli davranip davranmadigini 6lgmek igin Tutarlilik
Oran’min (TO) hesaplanmasi 6nemlidir (Palaz & Kovanci, 2008: 56). Sonug
degerleri 0.10'un altindaysa, olusturulan matris yeterince tutarli kabul edilir;
aksi takdirde, matris yeniden diizenlenmelidir. Tutarlilig1 degerlendirmek i¢in
"Rassal indeks (Random Index-RI)" degerini bilmek gereklidir. (Sekil 2.3).

Kriter Jeomorfoloji | Cizgisel | Arazi | Hidrojeoloji | Egim | Toprak Derinlik | Akarsu| Yagis
Jeomorfoloji 1 2 2 4 3 3 2 3
Cizgisel 112 1 2 2 3 2 3 4
Arari 12 12 1 3 4 4 3 3
Hidrojeoloji 1/4 12 113 1 2 3 2 3
Egim 13 13 1/4 112 1 3 4 2
Toprak Derinlik 13 112 1/4 13 13 1 2 2
Akarsu 112 13 113 112 1/4 12 1 3
Yagis 13 14 113 13 12 12 13 1
Toplam 3.75 542 6.50 11.67 14.08 17.00 17.33 | 21.00
Jeomorfoloji 0.27 037 031 034 021 0.18 0.12 | 0.14
Cizgisel 0.13 0.18 031 0.17 021 0.12 0.17 | 0.19
Arani 0.13 0.09 0.15 0.26 0.28 0.24 0.17 | 0.14
Hidrojeoloji 0.07 0.09 0.05 0.09 0.14 0.18 0.12 | 0.14
Egim 0.09 0.06 0.04 0.04 0.07 0.18 023 | 0.10
Toprak Derinlik 0.09 0.09 0.04 0.03 0.02 0.06 0.12 | 0.10
Akarsu 0.13 0.06 0.05 0.04 0.02 0.03 0.06 | 0.14
Yags 0.09 0.05 0.05 0.03 0.04 0.03 0.02 | 0.05
Toplam 1.00 1.00 1.00 1.00 1.00 1.00 1.00 | 1.00
Toplam Aguhk | Yiizde(%) Apklama Formiil
Jeomorfoloji 1.93 024 2418 Rl e
Cizgisel 149 0.19 18.64 i Cl= Qe - 8 /a3
Arari 147 0.18 18.40 RI= Rastyele dizin.
Hidrojeoloji 0.87 0.11 1091 edilon on bilyuk deger
Egim 0.81 0.10 | 1007 iy
'I‘oprak Deri.nli-k 0_54 U_UT 6"{"{ Analitik Hiyeraryi Slireci (AHP) Tutarbk Index Hesaplamalar:
Akarsu 0.54 0.07 6.71 * 2 2 2 | L) S e
Yags 035 0.04 433 =
CR 0_89 ].m lm_m AHP Rassal Indeks Deger

Sekil 2.3. Analitik Hiyerarsi Siireci (AHP) Tutarlik index Hesaplamalari.
AHP Rassal Indeks ve Analitik Hiyerarsi Siireci (AHP) ile
Kriter Agirliklarin1 Hesaplama.

Caligma kapsaminda Literatiir taramas1 yapilarak, deprem tehlike etkileyen

cevresel faktorler belirlenmistir. Calisma kapsaminda arastirma sahasi iizerinde
yapilan analizlerde islem kolaylig1 olmasi iginde CBS ortaminda Model Builder
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arac1 kullanilarak AHP Matrisinde elde edilen degerler kullanilarak deprem
tehlike ve yerlesim uygunluk modeli olusturulmustur (Sekil 2.4).

)

Recsafyly

—
D

Recsafyly(1)

——
(e

Recsafyly(2)

i
1l

4

—
Y ———"

Recsafyly(3)

—
()

Recsafyly(4)

—
R

Recsafyly(5)

——
e

Recsafyly(6)

—
T —,

Recsafyly(7)
—

Weighted
Overlay

X

1

g
It

Sekil 2.4. Yeralt: Taban Suyu Analizi I¢in Olusturulan Mekéansal Analiz Modeli.

3. BULGULAR

Aragtirma sahasi jeomorfolojik {initeler ve taban suyu kriter degerlendirme ve
agirlik verme islem asamasinda jeomorfolojik tniteler dagilimi kapladigi alan
dikkate almmigtir. Caligma sahasi toplam 1,417,482 hektar alana tekabiil
etmektedir. Toplam alanin 759,710 hektarlik kism1 daglik 6zellik gostermekte ve bu
toplam alanin %59,16’ sina denk gelmektedir. Toplam arazinin 120,451 hektar gibi
biiyiik bir kismi ise ova 6zelligi gostermekte bu alanin %8 lik bir kismi ova ve
benzer birimler 6zelligi gostermektedir. Daglik alanlar kendi icinde 6zelliklerine
gore degerlendirilmistir. Daglik ve yamag egimi yiiksek alanlar en diisiik kriter
puanim alirken egimin 0-50 arasinda oldugu diiz ovalik sahalar ile tabanl vadi
alanlar en yiiksek kriter puanimi almugtir.  Tiirkoglu, Pazarcik, Dulkadiroglu ilgesi
giineyi ve dogusu, Onikisubat ilgesi giineyi ve batisi, Goksun ilesi Elbistan ilgesi
kuzeyi, Afsin ilgesi Aliivyon kiy1 ovasi, Aliivyon gol ovasi, Aliivyon ova, Aliivyon
yelpazesi Teras ve diiz plato 6zelligi gostermektedir ve kendi i¢ 6zelliklerine gore
kriterler puanlamasi yapilmstir (Sekil 3.1).
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Sekil 3.1. Kahramanmaras ili Yeralt1 Suyu Potansiyeli Jeomorfoloji Faktorii.

Cizgisellik, i¢ dinamiklerin goriinlimlerinde ortaya cikan, yapisal 6zelliklerin

belirlenmesinde kullanilan bir kavramdir. Bu 6zellikler, uydu goriintiileri ve

dijital ytikseltilmis modellerle tespit edilir. Cizgisellik, yiizey topografyasinin

ayrintilar1 hakkinda bilgi saglar ve bu ayrintilar, jeolojik ayrintilarin etkileri

altinda yogunlagir. Cizgisellik yogunlugu, dagilimimnin seviyesinin de yiiksek
oldugu bolgeyle iliskilidir. Arastirma hedefi ¢izgisellik egilimin en fazla oldugu
bolgede Elbistan'n batisi, Afsin ilge merkezinin batisi, Goksun ilgesinin
dogusu, Nurhak il¢esinin batisi, Kahramanmarag Ovasi ve Tiirkoglu il¢esinin
dogusudur. Bu bolgedeki, potansiyelinin yiiksek oldugu alanlar olarak

degerlendirilebilir (Sekil 3.2).
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Sekil 3.2. Kahramanmaras ili Yeralti Suyu Potansiyeli Cizgisellik Faktorii.

Aragtirma sahasi igindeki arazi kullanimi incelendiginde, en biiyiik paya
sahip olan arazi kullanim smmifi %41,71'lik oraniyla ormanlik alanlar
olustururken, bunu %4,47'lik oranla fundalik alanlar takip etmektedir. Fundalik
alanlar genellikle ormanlik bolgelerin yakininda bulunur ve ekosistemlerin bir
pargasi olarak kritik bir rol oynarlar. Tarim arazileri ise %24,24'liikk bir paya
sahiptir ve Ozellikle Kahramanmaras, FElbistan ve Goksun ovalart gibi
bolgelerde yogun bir sekilde tarimsal faaliyetlere ev sahipligi yaparlar. Meralik
sahalar ise %18,67'lik bir oranla dikkate degerdir ve genellikle ilin ig¢
kesimlerinde ve gilineydogusunda bulunurlar. Arastirma sahasinin yeraltt suyu
arazi kullanim siniflar1 kriter degerlendirmesi ve atamasi yapilirken, yiiksek
agirlikli olanlar bu alanlan igerirken, daha diisik agirliklar kirsal ve kentsel
yerlesim alanlari, sanayi arazileri ve kayalik-taslik gibi bolgelere verilmistir.
Toplam arastirma alaniin %19'u, yani 281,295 hektarlik bir alan, diisiik ve ¢ok
diisiik ozellikler sergilemektedir (Sekil 3.3).
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Sekil 3.3. Kahramanmaras li Yeralt: Suyu Potansiyeli Arazi Kullanim Faktorii.

Hidrojeolojik sistemlerde yeralti su seviyesi, bir akifer veya su tasiyici
formasyon i¢inde suyun yiizeyine olan derinligi ifade eder. Bu seviye, hidrolojik
rejim, akiferin hidrolik 6zellikleri, yeralti suyunun beslenme kaynaklari olan
suyun infiltrasyonu, hidrojeolojik birimlerin jeolojik 6zellikleri ve antropojenik
etkiler gibi faktorlere bagli olarak degiskenlik gosterir. Kahramanmaras il
genelinde, hidrojeolojik ag¢idan birinci derece gozenekli ve gegirgenligi yiiksek
alanlar Onikisubat, Dulkadiroglu, Tirkoglu, Pazarcik, Elbistan ve Goksun
ilceleri ve yakin gevresi bulunmaktadir. Daglik alanlar ve eteklerinde yer alan
sahalar 2 derece gozenekli sahalar ile az ge¢imli ve gegirimiz 6zellik gosteren
kaya¢ birimlerinden olugmaktadir. Hidrojeolojik agidan gegirgenlik seviyesi
diisilk olan alanlar genellikle daglik bolgelere tekabiil etmektedir. Daglik
alanlarda, yeralti suyunun hareketi genellikle kisithdir ¢ilinkii jeolojik
formasyonlar genellikle sikismis ve gecirgenlikleri diisliktii. Bu alanlarda,
kayaglar sikica bir araya gelerek biiyiik Olgiide gegirgen olmayan bir yapi
olusturur, bu da yeralti suyunun hareketini sinirlar. Ayrica, yiiksek egimler
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nedeniyle yeralti suyunun akig hizi artar ve yeralti suyu tabakalarinin
depolanma kapasitesi azalir. Aragtirma hedefi hidrojeolojik gecirgenligi en fazla
oldugu en fazla oldugu bolgede Elbistan'in batisi, Afsin ilge merkezinin batisi,
Goksun ilgesinin dogusu, Nurhak ilgesinin batisi, Kahramanmaras Ovasi ve
Tiirkoglu ilgesinin dogusudur. Bu boélgedeki, potansiyelinin yiliksek oldugu
alanlar olarak degerlendirilebilir (Sekil 3.4).
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Sekil 3.4. Kahramanmaras 1li Yeralt1 Suyu Potansiyeli Hidrojeoloji Faktorii.

Egim 6zellikleri, arazinin kullanimi, jeolojik yapilarin, morfolojik iinitelerin,
yer sekillerinin ve kiitle hareketlerinin belirlenmesinde ve yorumlanmasi
asamalarinda 6nemli bir rol oynar. Yiiksek diizliik alanlar ile taban araziler,
benzer egim degerlerine sahip olabilirken, aginim yiizeyleri, taban araziler ve
yamag¢ zonu arasindaki egim farkliliklar1 daha belirgin olarak goriliir.
Kahramanmarag ili yeralti taban suyu potansiyeli, egim smiflarina gore
degiskenlik gosterir. Caligma sahasinin toplam alani 1,430,635 hektardir ve ¢ok
yiiksek potansiyele sahip alanlar genellikle 0-5° arasinda yer alir ve toplam

18



alanin %28,24"inii olusturur. Yiiksek potansiyele sahip alanlar ise genellikle 5-
10° arasinda yer alir ve toplam alanin %20,18'ini kaplar. Egim derecesi arttik¢a
yeralt1 taban suyu potansiyeli azalma egilimi gosterir. Kahramanmaras ilinde,
yliksek yeralt1 suyu potansiyeline sahip sahalar genellikle Onikisubat,
Dulkadiroglu, Elbistan, Tiirkoglu, Pazarcik ve Goksun ilgeleri ile yakin
cevresinde bulunmaktadir (Sekil 3.5).

l__l il Siir
t:! lige Sinir
D Komsu liler
® I Merkez
® lige Merkez

Duz
0%

Neredeyse diz
C 149

Yavasca dizlestirin
: (2’)

— | Hafif egimli

e

Cok egimli
B 5

Hafifge dik
[ (11°-15°)
Orta Derecede Dik
(16°-20°)

Dik
(21-30°)

Gok dik
.

Sekil 3.5. Kahramanmaras ili Yeralt1 Suyu Potansiyeli Egim Faktorii.

Arastirma sahasi, toprak derinligi ve yer alt1 suyu potansiyeli a¢isindan kritik
bir analiz ve degerlendirme siirecine tabi tutulmustur. Bu siirecte, toprak
derinliginin arttig1 alanlar en yiiksek kriter degerlerini alirken, derinlik ve sig
ozellik gosteren bolgelere en diisiik kriter degerleri atanmistir. Toprak derinligi
yiksek olan bolgeler genellikle akarsu drenaj yogunlugunun fazla oldugu
allivyal toprak sahalaridir. Bu bolgeler, yiikseltinin minimum seviyeye indigi ve
egimin diiz veya diize yakin oldugu alanlar olarak belirlenmistir, bu da yer alt1
suyu potansiyeli agisindan énemli bir dzellik arz etmektedir. Ozellikle Elbistan,
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Afsin, Onikisubat, Dulkadiroglu, Goksun ve Tiirkoglu ilgeleri ile yakin gevreleri,
toprak derinliginin yliksek oldugu alanlarda yogunluk gostermektedir. Bu bolgeler,
toprak derinliginin arttig1 ve yer alti suyu potansiyelinin yiiksek oldugu bolgeler
olarak 6n plana ¢ikmaktadir. Bu durum, tarimsal faaliyetlerin ve yer alti suyu
kullanimmin bu bolgelerde daha verimli olabilecegini gostermektedir. Diger
yandan, ¢aligma sahasinda toprak derinligi az olan alanlar genellikle daglik alanlar
ile dag eteklerine denk gelmektedir. Bu bolgeler, toprak derinliinin az oldugu ve
dolayisiyla yer alti suyu potansiyelinin daha diisiik oldugu bolgelerdir. Bu durum,
yer altt suyu kullanimi ve tarimsal faaliyetler igin bu bolgelerin potansiyelinin daha
sinirli olabilecegini gostermektedir (Sekil 3.6).
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Sekil 3.6. Kahramanmaras ili Yeralt1 Suyu Potansiyeli Toprak Derinlik Faktoril.
Arastirma sahasi, Ceyhan havza sinirlan iginde yer almaktadir ve Ceyhan

nehrinin gegis alanlarinda kiigiik akarsular, yan kollar halinde Ceyhan nehrine
birlesmektedir. Kii¢iik akarsularin ana akarsu ile birlesim alanlarinda akarsu
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derinligi, agmndirma potansiyeli gibi etkenler degiskenlik gosterir ancak yeraltt
suyu potansiyeli agisindan 6nemli bolgelerdir. Kahramanmaras'in akarsu drenaj
aglart ve yer altt suyu kriter degerlendirme siirecinde, akarsularin sik oldugu
alanlar 6zellikle Elbistan, Goksun, Onikisubat, Dulkadiroglu, Tiirkoglu ilge
sinirlart dahilinde yogunluk kazanmaktadir, 6zellikle ovalik alanlarda bu durum
belirgindir. Arastirma sahasmnin geneli, akarsu yogunlugu agisindan
incelendiginde, yiiksekliklerin 0 ila 1000 metre arasinda oldugu ve egimlerin 0°
ile 5° arasinda diiz veya diize yakin alanlarda yogunluk gdsterdigi
gozlemlenmektedir. Bu durum, akarsularin, diiz ve algak bolgelerde daha sik
oldugunu ve bu bolgelerin yer alt1 suyu potansiyeli agisindan énemli oldugunu
gostermektedir (Sekil 3.7).
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Sekil 3.7. Kahramanmaras ili Yeralt1 Suyu Potansiyeli Akarsu Faktorii.

Arastirma sahasma ait yagig faktorli, cografi oOzelliklerin dénemlere
boliinerek incelendigi kisimda ele alinmistir. Bu calisma kapsaminda,
istasyonlara ait yagis verileri uzun yillarin ortalamasi alarak, yiikselti faktorii
ile iliskilendirilmistir. Yagis faktorii, toprak yapisimi belirleyici bir etki yapar.
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Asint yagis miktari, yiikselti, egim gibi faktorlere bagli olarak akarsu akist
tizerinde etkin bir rol oynar ve alandaki su tutma kapasitesine degiskenlik
kazandirir. Yer alti suyu potansiyeli ile yagis arasindaki iliski, kriter
degerlendirme ve kriter agirlig1 belirleme siirecinde 6nemlidir. Bu siiregte, yagis
degerleri bes sinifa ayrilmis olup, en az yagis alanlara en yiiksek kriter degeri
verilirken, en fazla yagis alanlara ise en diisiik kriter degeri atanmistir. Calisma
sahasinda yagis miktar1 430 mm ile 1000 mm arasinda degismektedir. En fazla
yagis1 Andirin ilge merkezi ve gevresi alirken, en az yagisi ise Elbistan Ovasi ve
Pazarcik ilgesinin Giineybatist almaktadir (Sekil 3.8).
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Sekil 3.8. Kahramanmaras 11i Yeralt1 Suyu Potansiyeli Yagis Faktorii.

Calismanin metodolojik yaklasimi, veri Oncelik siralamast ve iligki
diizenlemesi baglaminda, kapsamli bir literatiir taramasi gergeklestirilmistir.
Literatiir incelemesi, arasgtirmanin odaklandig1 konuya en uygun ve giivenilir
parametrelerin belirlenmesini saglamigtir. Veri kalitesi ve dogruluk diizeyi
yiiksek olan parametreler, arastirmanin giivenilirligini artirmistir, bu nedenle
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tercih edilmistir. Arastirma sahasinin genelinde, taban suyu potansiyelini etkileyen
kriterlerin belirlenmesi, uydu goriintiileri ve arazi gozlemleri ile desteklenmis ve
gercek etki faktorleri géz oniinde bulundurulmustur. Bu siireg, ikili karsilagtirma
matrisleri kullanilarak desteklenmis ve su potansiyeli {izerinde en biiyiik etkiye
sahip faktoriin jeomorfolojik tiniteler oldugu belirlenmistir. Jeomorfolojik {iiniteleri,
cizgisellik, arazi kullanimi, hidrojeoloji, egim, toprak derinligi ve akarsular takip
etmektedir. Bu faktorler arasinda, yagisin taban suyu potansiyeline en az etkisi
oldugu saptanmisti. Taban suyu haritasi, arazi verileri ile karsilastirilarak
hazirlanmis ve bu sayede tahmin edilen su potansiyeli alanlarmin giivenilirligi
artirilmigti. Bu metodolojik yaklasim, arastirmanin sonuglarinin saglam ve
giivenilir olmasini saglamustir (Sekil, 3.9).
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Sekil 3.9. Kahramanmaras ili Yeralt: Suyu Potansiyelini Etkileyen
Coklu Faktorlerin Hiyerarsi Ag1.
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Calisma kapsaminda kullanilan veriler, arasgtirmanin odaklandigi kriter
degerleri olan ¢ok diisiik, diisiik, orta, yiiksek ve ¢ok yiiksek siniflar arasinda
haritalandirilmigtir. Bu haritalar, uydu goriintiileri iizerinde degerlendirilerek
alan bazinda detayli bir analiz gergeklestirilmistir. Uydu goriintiileri, aragtirma
sahasinin genel goriiniimiinii saglayarak en diigsik ve en yiiksek kriter
degerlerine sahip bolgelerin mekansal dagilimini gorsel olarak aciga ¢ikarmistir
(Sekil, 3.10; Sekil, 3.11).

Sekil 3.10. Kahramanmaras iI’inde Yeralt: Suyu Potansiyeli, Jeomorfoloji,
Cizgisellik, Arazi Kullanim1 ve Hidrojeoloji Kriterlerinin
Smiflandirilmis Mekansal Dagilimi.
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Sekil 3.11. Kahramanmaras I1’inde Yeralt1 Suyu Potansiyeli, Egim, Toprak
Derinlik, Akarsu Drenaj ve Yagis Kriterlerinin
Siniflandirilmis Mekansal Dagilimi.

Arastirma sahasinda yeralti suyu potansiyeli farkli siniflara ayrilarak
incelenmigtir. En diigiik smif, toplam alanin %0.27'sine karsilik gelen 3,691
hektarlik bir alana sahiptir. Cok diisiik smif, arastirma sahasinin %19.32'sini
olusturan 268,309 hektarlik bir alana sahiptir. Diigiik sinif, toplam alanin
%46,29"unu kapsayan 642,929 hektarlik bir alana sahiptir. Orta sinif, arastirma
sahasmin %20.96'sin1 olusturan 291,103 hektarlik bir alana sahiptir. Yiiksek
smif, %7,75'lik bir orana karsilik gelen 107,618 hektarlik bir alana sahiptir. Cok
yiiksek sinif, aragtirma sahasinin %3.29'unu olusturan 45,720 hektarlik bir alana
sahiptir. En yiiksek sinif ise toplam alanin %2.12'sini olusturan 29,470 hektarlik
bir alana sahiptir. Kahramanmarag ilinde potansiyeli yiiksek ve c¢ok yiiksek
alanlar, 0 m ile 700 m arasinda rakima sahip, egimi diiz ve diize yakin, toprak
derinligi yiiksek, akarsu drenaj ve ¢izgisel yogunlugu yiiksek, aliivyal toprak
gruplarina ve kire¢ tas1 agirlikli sediment 6zellik gosteren alt litolojik birime
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sahip bolgelerde yogunlagsmaktadir. Yeralt1 suyu potansiyeli son derece yiiksek
olan sahalar ise Onikisubat, Dulkadiroglu, Tiirkoglu, Pazarcik ve Goksun ilge
merkezleri ve ¢evrelerinde bulunmaktadir. (Sekil 3.12).
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Sekil 3.12. Kahramanmaras iI’inde Yeralt: Suyu Potansiyeli.

Yeralt1 suyu siniflarinda arazi kullanimi dagilist incelendiginde, en diisiik
arazi kullamminda genellikle mera ve ormanlik alanlarin baskin oldugu, kirsal
yerlesimlerin ve kuru tarim alanlarinin da bulundugu goriilmektedir. Orta
diizeyde arazi kullaniminda askeri alanlar, bag ve fundalik gibi tarim alanlar1 6n
plana cikarken, goletler ve cayirlar da yer almaktadir. Cok diisiik arazi
kullaniminda ise kentsel yerlesimlerin ve tarim alanlarinin yani sira endiistriyel
bolgelerin de yer aldigi goriillmektedir. Diigiik arazi kullaniminda ise genellikle
tarim alanlarinin ve kirsal yerlesimlerin baskin oldugu, ayrica sulama
alanlarmin da bulundugu dikkat ¢ekmektedir. Yeralti taban suyu potansiyeli
siiflarma bakildiginda ise diisiik ve cok diisiik seviyelerin genis bir alan
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kapladigi, orta ve yiliksek seviyelerin ise daha smirli bir alana yayildig:
goriilmektedir (Sekil, 3.13).
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Askeri Alam 1697 0.0029 Gilet 0.4 0.00 v | Mera 454.45 163
Ead 11,200 0.0201 4 | Havaalan 100 0.00 Omman 14.67 0.05
[ Baige (o) 120 00005 | 4 [Kam Alam 25.05 0.09 5B PO P
Eahige (zulw) 9 0.0000 * | Kentel Verlegim 443825 412 Sanayi Alam 54.00 0.34
Baraj 602 0.0010 Eirsal Yerlegim 282051 260 Sulu Tarm 2401759 | 8637
Caymr 35 0.0001 Kuru Tanm (nadzsh) 2433528 |2513 Sulu Tarmm (vetersiz) 118178 |425
Fimdahk 33822 0.0577 Eurn Tanm (nadassz) §215.82 6.57 Toplam 27808.20 | 100.00
Gil 20 0.0000 Mera T0531.71 .68 Yeralti Taban Suyn i
Gilex i 00001 Crmzn 1808550 [1B.035 Suf Alan(ha) | Oran (%)
# [Fam Alam 10 0.0000 0SB 154.48 013 En Digiikc 3,601 017
Itg Kanteel Varlasim 5,184 0.0088 Sanavi Alam 113.02 0.11 Cok Digiik 268,300 1232
Eirszl Yarlegim 8,772 0.0150 Sulu Tarm 2804345 2666 Dhigiik 542020 4612
Kauru Tanmn (nadash) 41346 |0.0706 Suln Tarmn (yetersiz) Bl B Orta 01103 |2006
Huru Tarmn (nadassiz) 7,727 00132 Ternik Santral Alam T12.80 062 Wiiksek 107618 1.75
Mera 138,147 02338 Toplam 105208.07 [ 100.00 fok Yidkssk 43,720 3.0
Omman 315202 0.3550 En Vitksek 29,470 212
Sanayi Alam 31 0.0001 Toplam 1,388,840 | 100.00
Sulu Tarm 0,020 0.0162
Sulu Tarm (vetersiz) 1,183 0.0020
Tenmik Santral Alany 143 0.0003
L Tglam 5834979 100
Sekil 3.13. Yeralt1 Suyu Potansiyel Siniflarinda
Arazi Kullanim Ortiisii Dagilim Diizeni.
4. SONUC

Bilgi ¢aginda, niifus artigi, kentlesme ve teknolojik ilerlemeler gibi etkenler,
insanlarin daha giivenli ve konforlu yasam alanlar1 arayisinda karmasik bir
ortam olusturmus veya mevcut sorunlarin etkisini artirma veya azaltma
potansiyeline sahip olmustur. Bu durum, yeralt1 sularinin miktari, dagilimi ve
kullanimi gibi konularin 6nemini artirmaktadir. Ozellikle kentlesmenin hiz
kazanmasiyla birlikte, degisken iklim kosullari, artan diinya niifusunun
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mekansal dagilimi ve degisen arazi kullanimi gibi faktorler, yeralti suyu
kullanim1 {izerinde artan bir baski olusturmaktadir. Bu baski, ekosistemler
iizerinde de stres yaratmaktadir. Yeralti suyu potansiyel bolgelerin
belirlenmesinde CBS ve UA tekniklerinin entegre bir yaklagimi benimsenmistir.
Bu yontem, yeralti suyunun olusumunu etkileyen ¢esitli hidrolojik, jeolojik ve
topografik parametrelerin ayrintili bir analizine dayanmaktadir.

Arastirma sahasimnda yeralti suyu potansiyeli, c¢esitli smiflara ayrilarak
incelenmigtir. En diigiik sinif, toplam alanin %0.27'sini olugturan 3,691 hektarlik
bir alana sahiptir. Cok diisiik sinif ise arastirma sahasinin %19,32'sini kapsayan
268,309 hektarlik bir alana denk gelmektedir. Diigiik sinif, toplam alanin
%46,29'unu olusturan 642,929 hektarlik bir alana yayilmistir. Orta smif ise
arastirma sahasmin %20,96'sin1 olusturan 291,103 hektarlik bir alana sahiptir.
Yiiksek simif, %7,75'lik bir orana denk gelen 107,618 hektarlik bir alana
yayilmigtir. Cok yiiksek smif ise aragtirma sahasmin %3.29'unu olusturan
45,720 hektarlik bir alana yayilmistir. En yiiksek sinif ise toplam alanin
%2.12'sini olusturan 29,470 hektarlik bir alana sahiptir. Bu potansiyel
bolgelerin Kahramanmaras ilinde yogunlastign goriilmiistiir. Ozellikle, yiiksek
ve ¢ok yliksek potansiyele sahip alanlar, rakimi 0 m ile 700 m arasinda degisen,
egimi diiz ve diize yakin, toprak derinligi yiliksek, hidrojeolojik agsidan
gecirgenlik seviyesi yliksek, Akarsu aglarinin kesisim alaninda 6zellik gdsteren
bolgelerde bulunmaktadir. Arazi kullanimi incelendiginde, en diisiikk arazi
kullaniminda mera ve ormanlik alanlarin baskin oldugu, kirsal yerlesimlerin ve
kuru tarim alanlarinin  bulundugu tespit edilmistir. Orta diizeyde arazi
kullaniminda ise tarim alanlart ve askeri alanlarin 6n planda oldugu
gozlemlenirken, ¢ok diisiik arazi kullaniminda ise kentsel yerlesimlerin ve
endiistriyel bolgelerin de belirgin bir sekilde yer aldigi goriilmiistiir. Bu
analizler, yeralti suyu potansiyeli ile arazi kullanimi arasindaki iligkinin
anlagilmasina ve siirdiiriilebilir bir su yoOnetimi stratejisinin olusturulmasina
katki saglamaktadir.

Bu calisgmada yapilan analizler, Kahramanmaras ili arazilerinin planl,
amacina uygun kullanimi ve dogal afetler acisindan gerekli dnlemlerin alinmasi
acisindan onemli bilgiler vermektedir. Planli bir kentlesme, arazilerin amacina
uygun verimli kullanimi, dogayla uyumlu sehirlesme, siirdiiriilebilirlik ve
stirdiiriilebilir bir su yonetimi acisindan 6nemli bilgiler vermektedir.
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OZET

Bu caligsma Fraktal Boyut kavramini ele almaktadir. Amorf yapilarin yapisal
ve matematiksel olarak analiz edilebilmesinde ve fraktal boyutlarinin
hesaplanmasinda  kullanilacak  boyut  hesaplama islemlerinin  nasil
gerceklestirildigi ile topolojik boyut arasindaki farka deginilmistir.

Anahtar Kelimeler: Fraktal, Fraktal Boyut, Cantor Kiimesi, Von Koch
Egrisi, Sierpinski Uggeni

ABSTRACT

This study deals with the concept of Fractal Dimension. The difference
between topological dimension and how the dimension calculation processes are
carried out in the structural and mathematical analysis of amorphous structures
and in the calculation of fractal dimensions is discussed.

Key Words: Fractal, Fractal Dimension, Cantor Set, Von Koch Curve,
Sierpinski Triangle
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GIRIS

Yaklasik 2300 yildir kullanmakta oldugumuz Euclid geometrisi, belirli
biiyiikliiklere ve oranlara sahip, basit cebirsel formiillerle ifade edilebilen insan
yapimu sekilleri kapsar [2]. Bu sekiller, cemberler, parabol, elips ve iiggenler gibi
soyut nesnelerdir ve Platon felsefesine ilham kaynagi olmuslardir [4]. Ancak
dogadaki nesneler ¢ok daha karmasiktir; 6rnegin, bir aga¢ diizensiz bir yapiya
sahiptir, bir dag diizgiin bir koni degildir ve simsek diiz bir ¢izgi seklinde
olusmaz. Dogada diizen icinde diizensizlik vardir, yani doga bize karmasik
yapisini sunar.

Geometri egitiminin genel amaci, bireyin fiziksel diinyasini ve evreni
aciklamada ve problem ¢dzme siirecinde geometriyi kullanabilmesidir. Ancak,
orta 6gretimde Ogretilen Euclid geometrisi, 6grencilerin ¢evresini anlamasina ve
doganin geometrik sekillerini kavramasina yeterince yardimci olamamaktadir.
Bu sebeple, evreni sadece Euclid geometrisiyle modellemek yetersiz kalmigtir.
Farkli geometrik alanlarin arayisi, fraktal geometri gibi yeni matematiksel
yaklasimlarin dogmasina neden olmustur.

Fraktal geometri, doganin geometrisini anlamak i¢in kullanilan bir matematik
dalidir. Fraktallar, karmagiklik, kendine benzerlik, tekrarlama ve kesirli boyut
gibi Ozelliklere sahiptir. Bu ozellikler, fraktallarin dogadaki yapilari nasil
modelledigi konusunda 6nemli ipuglari sunar. Fraktal yapilar, 1870'li yillarda
diferansiyellenemeyen ancak siirekli egrilerle ilgili calismalarla ortaya ¢ikmis ve
1920'lerde Cantor kiimesi, Peano egrisi, Koch egrisi ve Sierpinski liggeni gibi
yapilar kesfedilmistir. Ancak, bu yapilarin gorsellestirilmesinin  zorlugu
nedeniyle yaklagik elli y1l boyunca matematikgilerin ilgisini cekmemistir. 1970'li
yillarda Benoit Mandelbrot, bilgisayar teknolojisini kullanarak bu yapilar
yeniden ele almis ve bu yapilara fraktal adin1 vermistir. Fraktal kelimesi, Latince
"diizensiz, kirikli, karmagik" anlamina gelen "fractus" kelimesinden tiiretilmistir.

Fraktal geometri, birgok bilim dalinda kullanilmaktadir. Ornegin, biyolojide
egrelti otunun fizyolojisinin incelenmesinde, cografyada kiy1 seritlerinin
analizinde ve anatomi alaninda insan viicudunun yapisinin incelenmesinde
kullanilabilir. Fraktallar, dogadaki karmasik yapilarin modellemesinde 6nemli bir
aragtir. Bu yapilar, sonsuz detaya sahip olduklari i¢in tam, net ve dogru bir
bicimde hesaplanamazlar. Ancak, belirli bir duyarlilik ile fraktallara yaklasim
saglanabilir. Fraktallar, karmasiklik icinde diizen arz eden sekiller olarak
tanimlanabilir ve bu tamim ilk olarak Fransiz matematik¢i Adrien Douady
tarafindan yapilmistir.

Fraktal nesneler, deterministik ve rastgele olmak tiizere iki baslik altinda
incelenebilir. Deterministik fraktallar, Sierpinski U¢geni ve Von Koch Egrisi gibi
belirli kurallara bagli olarak tekrarlamali bir siire¢le olusturulan yapilardir.
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Rastgele fraktallar ise Midpoint Displacement, Fourier Filtering ve Random Cut
gibi metodlar ile dogay1 simiile etmekte kullanilan geligigiizel yapilardir. Bu
yapilarin kendine benzerligi, iterasyonla elde edilen sekillerin ilk seklin aynisi
olmasi 6zelligine dayanmaktadir. Bu nedenle, fraktal yapilar karmasik olmalarina
ragmen onlari olusturan sekiller oldukca basit ve anlasilirdir.

Sonug olarak, fraktal geometri, doganin karmasik yapisimi anlamak ve
modellemek i¢in gerekli olan matematiksel araglari saglar. Euclid geometrisinin
yetersiz kaldig1 durumlarda, fraktal geometri doganin gercek yapisini daha iyi
anlamamiza yardimci olur. Bu nedenle, fraktal geometri, matematik ve bilim
diinyasinda onemli bir yere sahiptir. Fraktallar, sadece matematiksel bir merak
olmaktan 6te, doganin karmasik yapisini anlamamiza ve modellememize olanak
taniyan giiglii bir aragtir.

FRAKTAL GEOMETRI

Fraktal geometri, klasik Oklid geometrisinin aciklayamadigi dogadaki
karmagik yapilari agiklamak i¢in ortaya ¢ikmistir. Bu yeni dil, yapraklardan
galaksilere kadar uzanan fiziksel yapilari tanimlamada kullanilir. Oklid
geometrisinde bir dogru pargasi tek boyutlu olarak kabul edilir. Ancak, bir kagit
lizerine egri bigrii cizgiler ¢izildiginde bu sekiller de tek boyutlu kabul edilir.
Fakat bu islem tiim kagit dolana kadar devam ederse, iki boyutlu bir diizlem elde
edilir.

Matematikgiler, bu noktadan hareketle "fraktal boyut" kavramini ortaya
atmislardir. Bu kavram, bir egrinin tam say1 olmayan, ondalikli bir boyutu
oldugunu gosterir. Cantor, Von Koch, Hausdorff ve Besicovitch gibi
matematikciler, bu kavrama dayanarak klasik matematikgilerin "canavar" olarak
adlandirdiklari egriler ¢izmislerdir. Sayisal bilgisayarlarin ortaya ¢ikisina kadar
bu tiir egrilerin ¢izilmesi olduk¢a zaman almig ve fraktal geometri yavas
ilerlemistir.

Benoit Mandelbrot, sayisal bilgisayar kullanarak fraktal nesneleri
derinlemesine inceleyen ilk bilim insan1 olmustur. Caligmalari, diger
matematikcilerin takdirini kazanmis ve fraktal geometriye 6nemli katkilar
saglamistir [4]. Mandelbrot’un ¢aligmalari, fraktal geometrinin daha genis bir
kabul gérmesini ve gelismesini saglamistir.
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FRAKTAL ALGORITMALARI

Matematikciler ylizyillardir iki, iic ve daha yiiksek boyutlardaki egri ve
yiizeyleri incelemislerdir. Bu egri ve yiizeyler, bir biitiin olarak incelendiginde
oldukca karmagik bir yapiya sahiptirler. Ancak, kiigiik parcalara ayrildiklarinda
her bir parcanin ¢evresiyle dogrusal veya yiizeysel iliskide oldugu goriiliir. Bu
ozelliklerle ilgilenen bilim dalina "diferansiyel geometri" denir.

Fraktal Geometri, Oklid ve diferansiyel geometriyle agiklanamayan
kavramlar1 ele alir. Dogadaki liggen veya koni gibi belirgin olmayan sekilleri
inceler ve bu sekillerin diizgiin olmayan ylizey ve egrilerini arastirir. Diizgiin
objeler biiyiitiilldiigiinde yeni detaylar ortaya ¢ikmazken, fraktallarda biiyiitme ile
yeni detaylar kesfedilir.

Fraktallar dogay1 ve evreni taklit etmede kullanilir. Fraktal geometri,
olaganiistii ve agiklanamayan olaylar1 aciklamaya calisir. Fraktal goriintiileri,
resimden veya fotograftan ayirt etmek zordur. Fraktallarin ¢ekiciligi, bilgisayar
ekraninda kolayca olusturulabilmelerinden gelir. Fraktal olusturmak igin
diferansiyel geometri veya karmasik matematik bilgisi gerekmez. Sadece temel
calculus bilgisi bile baslangig i¢in yeterlidir. Aslinda basitge iterasyon metoduyla
yapilan lineer olmayan dinamik bir sistemin goriintiileri karmagik matematik
bilgisi gerektirmez. Bu da bize dinamik sistem ile fraktal geometri arasindaki
iliskiyi a¢iklar [1]. Bu yiizden, amatérler bile fraktallarla ilgilenebilir.

Fraktallar ne kadar karmasik olursa olsun, onlar1 olusturan algoritmalar kisa
ve basittir. Adrian Douady’nin dedigi gibi, “Fraktallar ne kadar karmasik olsalar
da onlar1 olusturan algoritmalar kisa ve basit kalirlar.” Bu fraktal geometrinin ne
oldugunu, nasil ¢alistigin1 ve neden ¢ekici oldugunu agiklar. Fraktal (geometri),
dogadaki karmagik yapilar aciklamaya calisan 6nemli bir matematik dalidir.

Fraktal Geometri ve Fraktal Boyut

Mandelbrot’un Fraktal Boyut Kavrami: Benoit Mandelbrot, 6lciillemeyen
cisimlerin piiriizliliik derecesini belirlemek igin bir yontem gelistirmistir. Ona
gore, dlgek degigse bile piiriizliiliikk derecesi sabit kalir. 1975'te bu piiriizliiliikk
derecesine "fraktal boyut" adini vermigstir. Fraktal bigimler, sonsuz kenar
uzunluklarina sahip olmalarima ragmen sonlu alanlart olan sekillerdir. Bu
yapilarin  smirlart  piriizli  oldugundan tek boyutlu ¢izgiler olarak
nitelendirilemez. Fraktal sekiller iterasyon yoluyla elde edilir ve bu sayede
kenarlar sonsuza giderken alan smirl kalir.

Fraktal Boyutun Onemi: Fraktal geometriyi anlamada en onemli

kavramlardan biri "fraktal boyut"tur. Oklid geometrisinde boyutlar tam sayilarla
ifade edilirken, fraktal geometride bu yeterli degildir. Fraktal boyut, bir yapinin
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karmagikligini gostermek igin kullanilir ve topolojik bir kavramdan ziyade metrik
bir kavramdir [5]. Fraktal boyut, Hausdorff-Besicovitch boyutu ile 6zdestir ve
genellikle hepsinden daha biiyiik degildir.

Fraktal Boyutun Ozellikleri:

1. Benzer veya Farkh Oriintiilerin Belirlenmesi: Fraktal boyut, benzer
veya farkli oOzelliklere sahip Oriintiilerin  belirlenmesinde 6nemli
kolayliklar saglar. Fraktal boyut, grafigin sekli degistiginde bile degisir ve
diger yontemlere gore daha yiiksek korelasyon katsayisina sahiptir.

2. Kendine Benzerlik: Fraktal boyut, kendine benzerligin bir sonucudur.
Topolojik boyut (D) ile fraktal boyut (D) arasindaki fark ne kadar

biiyiikse, fraktal nesne o kadar belirgindir.

Fraktal Boyutun Dogusu: Bir dogrunun boyutu 1'dir ve bu dogrunun
uzunlugu iki katina ¢ikartildiginda orijinal parcanin kopyasi elde edilir. Benzer
sekilde, bir karenin kenar uzunluklari iki katina ¢ikarildiginda dort tane kopyast
elde edilir. Bir kiiptin uzunluk, genislik ve yiiksekligi iki katina ¢ikarildiginda ise
sekiz tane kopyasi elde edilir. Bu 6rnekler, fraktal boyutun nasil ortaya ¢iktigini
ve kendine benzerlik ilkesine dayandigim gosterir.
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Sekil 3.6: Fraktal Boyut [8]

Fraktal ve Kendine Benzerlik: Fraktallar genel olarak bir biitiiniin iterasyon
altinda kendisinin daha kiiciik boyutta kopyalarinin bir araya gelmesinden
olustugu icin bir biitliniin tam olarak es ve benzer pargalarinin bir araya gelmesi
ile meydana gelir. Ornegin, iiclii Cantor kiimesi, birimin iki benzer kopyasiyla
insa edilir. Fraktallarin bu kendine benzerlik 6zelligi, sadece fraktallarin bir
0zelligi olmayip, onlar1 tanimlamak i¢in de kullanilir. Tekrarlayan Fonksiyon
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Sistemleri (Iterated Function Systems), fraktal boyutun tanimlanmasinda basit bir
yol sunar. Bu sistemler, genellikle bir fraktal olan tek bir ¢ekici ile belirlenir.

Kendine Benzerlik Boyutunun Tamimi: N € Z™* ve ¢ > 0 olsun. Bir F fraktal
olusturulurken c olciitii N defa kullanilmak tizere;
log N

D=lim—=
c—0 log(z)

ifadesine F fraktalimin kendine benzerlik boyutu denir ve Dy ile gasterilir [7)].

Kendine Benzerlik Boyutunun Genel Durumu: Eger fraktal birden fazla
kii¢iiltme oranina sahipse, formiil su sekilde genellestirilir:

ifadesi;
d. log(%) =logN
biciminde yazilabilir. Bu ifadenin islii alnarak;
@?=N
elde edilir. Bu da;
1=N.c?

olup, N . ¢% ifadesi N tane c? teriminin toplam olarak diisiiniilebilir. Buna

gore;
1=cf+cd+cd+...+cd
—yN .d
1=Xi=16

denklemi elde edilir ve Vc; icin 0 < ¢; < 1 olmak {izere bu denklemin ¢6ziimii
tektir ve bu ¢6ziim D = d degerine esittir [7].
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Moran Denklemi: Vc; icin 0 < ¢; < 1 olmak fizere;

N .d_
=16 =1

seklinde ifade edilen denkleme, Moran Denklemi denir [5].

Tekrarlayan Fonksiyon Sistemi (TFS) Tanimi: D, R™ 'nin kapali bir alt
kiimesi ve m > 2 olsun. D kiimesi lizerinde taniml1 S; biiziilme doniistimlerinin
bir sonlu ailesi olan {S;, S, ..., S,,} kiimesine Tekrarlayan Fonksiyon Sistemi
denir ve kisaca TFS olarak gosterilir [5].

Cekici (Attractor) Tanimi: D < R™ olsun. D kiimesinin bos olmayan
kompakt bir alt kiimesi F igin;

F= Osi(F)
i=1

esitligi var ise F kiimesine bir ¢ekici (attractor) denir [5].
Fraktallar ve Cantor Kiimesi

Fraktallarin Olusumu

Fraktallar, belirli bir geometrik sekil alinarak bu sekil {izerinde yinelemeli
islemler uygulanarak olusturulan karmasik yapilar olarak tanimlanir. Bu iglemler
sonsuza kadar devam ettirilir ve her tekrar ile daha karmasik bir sekil ortaya ¢ikar.
Ancak her yinelemeli islem fraktal vermez. Ornegin, bir dogru par¢asmin uglarini
keserek olusturulan yeni sekil karmagik degildir ve bir fraktal olarak kabul
edilmez.

Fraktal olmayan tekrarlayan sistem
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Cantor Kiimesi

Cantor Kiimesi, yukaridaki yonteme benzer bir yontemle olusturulan bir
fraktal 6rnegidir. Bu fraktal, sonsuz bir "¢ikarma" iglemi ile elde edilir. Asagidaki
adimlar, Cantor Kiimesi'nin nasil olusturuldugunu agiklar:

1. Baslangi¢ Arahg: 0 ile 1 arasindaki bir dogru parcasi alinir.

2. Ilk Cikarma: Dogru pargas ii¢ esit pargaya ayrilir ve ortadaki parga
c¢ikarilir. Kalan pargalar: 0 <x <1/3ve 2/3 <x < 1.

3. Yineleme: Her kalan parca i¢in ayni islem tekrarlanir. Ornegin, 0 <x < 1/3
araligindan orta ticte bir ¢ikarildiginda 0 <x < 1/9 ve 2/9 <x < 1/3 araliklan
kalir.

4. Sonsuz Tekrar: Bu islem sonsuz kere tekrarlandiginda, her adimda daha
kiiciik ve karmagik araliklar elde edilir [6].

0 1
e e e e e e e et VM e (I i VA 4. S Y
173 2/3
——— e
19 29 79 8/9
[ —— ——— e
- - == - e - .
T s um TIL " un

Cantor Kiimesi [5]

o Kendine Benzerlik: Cantor Kiimesi, kendi kopyalarindan olusur ve bu
nedenle kendine benzerdir. Yani, kiiciik parcalar biiytitiildiigiinde, biitliniin
yapisina benzer bir yap1 goriliir.

¢ Yapisal Karmasikhk: Her yinelemede daha kiigiik araliklar olusturulur,
bu da kiimenin karmagsikligini arttirir.

¢ Sonlu Olmayan Elemanlar: Sonsuz sayida tekrarlanan iglem sonucunda
elde edilen Cantor Kiimesi, sonlu bir uzunluga sahip olmamakla birlikte
karmagik bir yap1 olusturur.

Matematiksel Aciklama

Cantor Kiimesi'nin olusturulma siirecinde, baslangi¢c araligindan orta {igte
birin ¢ikarilmasiyla baglanan islem, her adimda tekrarlanir. Bu islem, her
asamada daha kii¢iik araliklar elde edilmesine neden olur. Sonugta elde edilen
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Cantor Kiimesi, sonsuz sayida yinelemenin sonucu olarak ortaya ¢ikar ve her bir
kii¢iik parca, kiimenin biitlin yapisini yansitir.

Kendine Benzerlik ve Fraktallarin Genel Ozellikleri

Fraktallarin temel Ozelliklerinden biri olan kendine benzerlik, Cantor
Kiimesi'nde agikga goriiliir. Kiiciik pargalar, biitiinii yansitarak karmasik ve
tekrarli bir yap1 olusturur. Bu 6zellik, fraktallarin dogasinda bulunan tekrar eden
desenlerin ve yapilarin varligina igaret eder. Fraktallar, dogadaki birgok yapinin
modellenmesinde ve anlagilmasinda énemli bir rol oynar. Cantor Kiimesi, bu tiir
fraktallarin temel 6rneklerinden biridir ve matematiksel olarak incelendiginde,
karmasiklig1 ve kendine benzerligi ile dikkat ¢eker.

Bu kapsamda, Cantor Kiimesi'nin olusturulma siireci, matematiksel 6zellikleri
ve kendine benzer yapisi, fraktal geometrisinin temel kavramlarini anlamak i¢in
onemli bir 6rnektir. Fraktallarin dogasi, tekrar eden yapilar1 ve karmagikliklari ile
matematiksel ve doga bilimlerinde genis uygulama alanlar1 bulur.

Von Koch Egrisi

Koch Kar Tanesi: Koch kar tanesi, sonsuz sayida eklemeyle olusturulan bir
fraktaldir. Baslangigta kenar uzunlugu 1 birim olan bir eskenar iiggenin
sinirlartyla baslariz. Her adimda tiggenin her bir kenarinin ortadaki tigte birlik
kismi ¢ikarilir ve bu bosluk disar1 dogru uzanan iki pargayla degistirilir. Bu siire¢
sonsuz kez tekrarlandiginda, nihai sonug sonsuz derecede karmasik bir egri elde
edilir, bu da "Koch kar tanesi" olarak adlandirilir.

AN
363
Kar Tanesi [4]

Kendine Benzerlik: Koch kar tanesi kendine benzer pargalardan olusur. Kar
tanesinin {ist kismina baktigimizda, bu kenarin {igte birini inceler ve bu kismu {i¢
kat biiyiittiiglimiizde yine aymi sekli goriiriiz. Kar tanesinin tam olarak dort
parcasinin ii¢ kat biiyiitiildiigiinde tiim kenarini olusturdugunu gézlemleriz.

41



Koch Kar Tanesinin Tekrarli Kisimlari [3]

Cevre ve Alan: Koch kar tanesi inanilmaz bir geometrik 6zellige sahiptir;
alan1 sonlu ama cevresi sonsuzdur. Bu 6zellik, geometride karsilagilan, kare ve
daire gibi sonlu alana ve gevreye sahip sekillerden oldukga farklidir.

Kenar Sayisi: Her asamada kenar sayisi hizla artar. Yani Koch kar tanesinin
olusumundaki devamlilig: tetkik edecek olursak Ny, Ny, N,, ... , N; kenar sayis1
olmak tizere;

NO = 3
N, = 4.3=12

N, = 4.12 =423 =48
N; = 4.48 = 43.3 = 192

Ng = 4.49152 = 48.3 = 196608

Ny = 4.N,_, = 4.3
islemlere baktigimizda sayilarin ¢ok hizli biiyiidiigii goriilmektedir.

Cevre Hesaplamasi: Bu durumda ¢evreyi hesaplayacak olursak L, k.
asamadan sonra g¢evrenin bir pargasinin uzunlugu olsun. Baslangigta her iki

o . L1 S
tarafin uzunlugu 1 iken ilk agamadan sonra her bir kenarin uzunlugu 3 olur, ikinci
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. : L1 ,
asamadan sonra ise bir kenarin uzunlugu = olur ve bu bdyle devam eder. k.

asamadaki uzunlugu bulmak igin ise;

islemi gergeklestirilir.
Simdi k. asamadaki seklin ¢evresine Pj, dersek, P, = N, . L, olur. Yani;

K 1
Pk:Nk'Lk: 4 33_1(

— ANk
= (3) .3
isleminde P, — oo ve k — oo olmak {izere islem tesis edilir.

Alan Hesaplamasi: Kar tanesinin icerdigi alan1 hesaplamak daha zordur.

Ancak diizlem geometrisini kullanarak kar tanesinin kenarlari ? olan bir
diizlemde bir kare i¢inde bulundugunu goérebiliriz. Bu nedenle, bu alan kesinlikle
g 'ten azdir.

Koch kar tanesi, kendine benzerlik 6zelligiyle sonsuz karmasikliga sahip bir
fraktaldir. Cevresi sonsuz, ancak alan1 sonludur. Bu fraktalin olusturulmasi ve
ozellikleri, fraktal geometri ve kendine benzerlik boyutu gibi kavramlar
anlamada 6nemli bir 6rnek teskil eder.

Sierpinski Ucgeni
Olusumu: Sierpinski tiggeni, sonsuz bir ¢ikarma dizisiyle elde edilen bir
fraktaldir:

1. Baslangic: Eskenar bir iiggen ile baslar.

2. Tlk Adim: Uggenin ortasindan, dort esit boyutlu iiggenden birini gikarir.
Kalan ti¢ tiggen, orijinal iiggenin kenar uzunlugunun yaris1 boyutundadir.

3. Sonraki Adimlar: Kalan iiggenlerin ortalarindan ayni sekilde tiggenler
cikarilarak siireg devam eder. Bu islem sonsuz kez tekrarlandiginda
Sierpinski tiggeni olusur.
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Sierpinski Ucgeni [3]

Ozellikler:

e Kendine Benzerlik: Her adimda olusan tiggenler, orijinal iiggenin daha
kiigiik versiyonlaridir.

o Biiyiitme Faktorii: Sierpinski iicgeninde biiyiitme faktorii 2'dir.
Sierpinski liggeninin her birinin boyutu yani kenar uzunlugu tiggenin bir

;DO .
kenarinin yarisi veya alaninin Z’u biiyiikliigiindedir.

e n'inci Adim: n'inci adimda 2" kat biiyiitiilebilen 3" tane Sierpinski iggeni
vardir.

Diger Fraktal Ornekleri ve Varyasyonlar

Kutu Fraktah: Karelerin art arda ¢ikarilmasiyla elde edilen bir fraktaldir. Her
asamada, kenarlar1 6nceki karelerin {i¢te biri uzunlugunda kareler ¢ikarilir.

Baglantihi Kiimeler: Sierpinski iicgeni ve kutu fraktali baglantili kiimelerdir.
Her asamada daha biiyiikk {liggenler veya kareler ¢ikarildiginda, kiimenin
baglantis1 tamamen kopar, tipki Cantor'un orta tigte birlik kiimesinde oldugu gibi.

Bu fraktallarin ortak 0Ozelligi, her adimda kendi kendine benzerlik
gostermeleridir ve bu nedenle hem gorsel hem de matematiksel olarak ilging
yapilardir.

Sierpinski Halisi

Olusumu: Sierpinski halisi, bir diizlemsel fraktal olup, sonsuz bir ¢ikarma
dizisi ile elde edilir. Baglangi¢ olarak bir kare alinir ve bu kare iizerinde belirli
islemler tekrar edilerek hali olusturulur.
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1. Baslangig:
o Bir kare ile baslanir.
2. 1k Adim:
o Karenin ortasindaki, boyutu orijinal karenin {igte biri olan bir kare
cikarilir.
3. Devamu:
o Kalan her bir kiiciik kare i¢in ayn1 islem sonsuz kere tekrar edilir. Bu
islemin siirekli tekrar edilmesi sonucu Sierpinski halist olusur.

Sierpinski ve Halist [3]

Ozellikler:
1. Homeomorfizm:

o Sierpinski halis1 bazi belirli 6zellikleri tagiyan kiimelerle homeomorfik
olabilir. Whyburn Teoremi bu durumu ag¢iklayan énemli bir teoremdir.
Teoreme gore, belirli bes 6zellige sahip diizlemsel kiimeler Sierpinski
halisina homeomorfik olarak adlandirilir:

Tikiz

Baglh

Yerel olarak bagl

Higbir yerde yogun olmayan

aprwbdeE

Herhangi bir tamamlayict alan ¢ifti, ikili olarak ayrik olan basit
kapali egrilerle sinirli olan
2. Evrensel Diizlemsel Siireklilik:
o Sierpinski halisi, herhangi bir kompakt, tek boyutlu egrinin igine
homeomorfik olarak yerlestirilebilecegi bir fraktaldir. Bu, Sierpinski
halisinin evrensel bir diizlemsel siireklilik oldugunu gosterir.
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Ornekler:
1. Siniis Egrisi:
o Sinilis egrisi, silirekli deformasyonlarla Sierpinski halisina sigacak
sekilde degistirilebilir. Ornegin, (0, 2x] araliginda tanimlanan S(x) =
sin(%) gergek fonksiyonunun grafigi, y ekseninin -1'den 1'e kadar olan

kismi ile siirekli olarak deforme edilerek haliya uyacak sekilde
degistirilebilir.
2. Knaster Siirekliligi:

o Cantor orta iicte birlik kiimesi, diizlemde belirli araliklarla tanimlanmig
olan Cantor kiimesiyle baslar. Bu kiime, simetrik noktalar1 yarim
dairelerle birlestirilerek olusturulur ve Knaster siirekliligini meydana
getirir. Bu kiime de Sierpinski halisma homeomorfik olarak
yerlestirilebilir.

Knaster Siirekliligi [3]

Julia Kiimeleri:

e Sierpinski halisi, karmagsik diizlemdeki rasyonel fonksiyonlar i¢in siklikla
Julia kiimeleri olarak ortaya c¢ikar. Julia kiimeleri, belirli rasyonel
fonksiyonlarin dinamikleri ile ilgili olan fraktal kiimelerdir.

Sierpinski halisinin 6nemli olmasinin {i¢ ana nedeni vardir:

1. Homeomorfik ézelliklerinin belirli kiimelerle kolayca gosterilebilmesi.
2. Evrensel diizlemsel siireklilik olarak kabul edilmesi.

3. Julia kiimeleri olarak karmagik diizlemde ortaya ¢ikmasi.

Bu nedenle, Sierpinski halis1 matematiksel fraktal geometrisinde 6nemli bir
yere sahiptir.
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SONUC

Dogada birgok yapi, klasik geometrinin tanimlayabilecegi basit sekillerden
¢ok daha karmasiktir. Ornegin, bir kiy1 seridi, bir bulut formasyonu veya bir dag
silsilesi, diiz ¢izgiler veya diizgiin yiizeyler olarak tanimlanamaz. Bu tiir yapilar,
diizensiz ve karmasik formlara sahiptir ve bu nedenle klasik geometrinin Stesinde
bir anlay1s gerektirir. Fraktal geometride boyut hesaplamalarinin amaci da klasik
geometrinin yetersiz kaldig1r karmasik ve diizensiz yapilar1 anlamak ve analiz
etmektir. Klasik geometri, diiz ve diizgiin sekillerle sinirlidir ve dogal diinyadaki
karmasik yapilar1 tanimlamakta yetersiz kalir. Fraktal boyut, bir yapinin ne kadar
karmasik oldugunu ve ne kadar alan kapladigini 6lcerek, bu tiir yapilarin daha
dogru bir sekilde tanimlanmasina yardimei olur. Klasik boyutlar, tam sayilarla
ifade edilirken (6rnegin, bir ¢izgi 1 boyutlu, bir kare 2 boyutludur), fraktal boyut
genellikle kesirli sayilarla ifade edilir. Bu, fraktallarin dogasinda bulunan
karmasik ve tekrarlayan desenlerin daha dogru bir sekilde temsil edilmesini
saglar ve bu analizler, fraktallarin geometrik, topolojik ve dinamik 6zelliklerini
anlamamiza yardimci olur.
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1. Introduction

The term "gut microbiota” refers to all living microorganisms in the human
intestine. The word "microbiota” comes from Greek and refers to billions of
distinct microorganisms, including more than 3000 different species of
pathogenic, commensal, symbiotic, viruses, protozoa, and yeast (Sedzikowska et
al., 2021). There are 200-300 distinct kinds of microorganisms on each human.
Ten times more genes than the host, the microbiota weighs between one and two
kilograms overall. The gut is increasingly recognized as more than just a
mechanism for absorbing food and liquids; for a variety of reasons, it is also
linked to the emergence of several illnesses (Gomma 2020). Numerous internal
and external variables, including diet, environment, and inheritance, influence
these changes in the gut microbiota's makeup. Consequently, there is a great deal
of variation in the gut microbiota throughout the overall population (Lephart et
al., 2022). Studies have indicated that although a portion of the gut microbiota is
extremely dynamic and ever-changing, the rest is permanent. The location inside
the gastrointestinal system, age, diet, and overall health state all influence these
alterations. For instance, according to Farhat et al. (2023), nutrition can have a
seasonal impact of up to 20% on the gut microbiota's morphological makeup.

Numerous studies have demonstrated the critical function that the gut
microbiota-host interaction plays in immune system development and human
health maintenance (Belkaid et al., 2017). A stable gut microbial ecology with
mutual communication with the host has been established as a result of long-term,
parallel coevolutionary processes (Groussin et al., 2020). Over the last ten years,
a number of studies have demonstrated that the gut microbiota is critical for the
growth of the mucosal tissue-associated local immune system. It also modulates
the carcinogenesis process and affects treatment response, which may open up
new avenues for cancer research. It may present fresh chances for the creation of
microbiota-based therapy approaches in light of developing research in the next
years (Luu et al., 2023).

Recent findings reveal a complicated relationship between fungal and
bacterial compounds and the cells inside the tumor microenvironment (TME)
across a range of cancer types. Gopalakrishnan et al. (2018) have provided
evidence of the impact of some gut microbiota members on therapeutic strategies,
including chimeric antigen receptor (CAR) T cell and immune checkpoint
inhibitors (ICI) treatments. Numerous non-malignant cellular groups, including
fibroblasts, endothelial cells, and immune cells that invade tumors, are present in
the TME. (Smith et al., 2022). In summary of this information, the microbiota in
the organism may have a treatment-promoting effect on cancer, and at the same
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time, it may have a cancer-promoting effect due to the negativities in the
microbiota.

2. Formation of Intestinal Microbiota and Effects on Metabolism

Microbial transmission from the mother to the fetus causes intestinal
colonization to start during pregnancy. In amniotic fluid, Firmicutes,
Bacteroidetes, Tenericutes, Proteobacteria, Prevotella, Neisseria, and
Fusobacteria are the most prevalent commensal bacteria. Escherichia coli is a
potentially infectious intestinal inhabitant. Compared to full-term infants,
preterm children's gut microbiome is less varied. Enterococcus, Enterobacter,
Staphylococcus and Klebsiella, are among the facultative anaerobic bacteria that
make up the majority of the intestinal microbiota. (Stojanov et al. 2020). Around
age four, this shift stabilizes. The way that youngsters are fed—whether they are
breastfed or given formula—has a significant impact on how gut bacteria
develop. Researchers have shown that 60-90% of the fecal flora of breastfed
children is made up of Bifidobacteria. The gut microbiota commence to develop
soon after birth and reaches a stable state in the second or third year of life. The
makeup of the gut microbiota can be altered by several variables (Cady et al.,
2020).

Growth, development, maturation, and immunity building are caused by
commensal bacteria colonizing the newborn gut. The human gut microbiota is a
complicate ecosystem that has developed over the course of life and serves as an
illustration of effective symbiosis between human and microbe cells. Both create
a variety of defense mechanisms to preserve equilibrium (Bresesti et al., 2022).
The gut contains four primary species of bacteria: Firmicutes (64%),
Actinobacteria (3%), Proteobacteria (8%), and Bacteroidetes (23%).
Bacteroidetes are G microorganisms while Firmicutes are G+ bacteria.
Bacteroides species, Eubacterium species, Bifidobacterium species,
Peptostreptoccocus species, Fusobacterium species, Ruminococcus Sspecies,
Clostridium species, and Lactobacillus species are the predominant bacterial
species found in the gastrointestinal system. The majority of gut microbes—
nearly 95% —are anaerobic (Kriss et al., 2018).

In contrast to previous beliefs, recent research has demonstrated that the
human microbiota is critical for the absorption of many metabolic nutrients, the
maintenance of essential vitamins B12 and K, digestion, the preservation of acid-
base balance, and the synthesis of enzymes (Makarewicz et al., 2021). As a result,
it functions as an unseen organ, with various microorganisms pulling on various
mechanisms crucial to maintaining human health. By limiting the colonization of
harmful bacteria and secreting chemicals that operate as an antimicrobial shield,
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such as cathelicidins and C-type lectins, the gut microbiota safeguards the body
and supports healthy immune system function. The development and healthy
physiological operation of the adaptive and innate immune systems depend on
the gut microbiota (Hussain et al., 2021; Pushpanathan et al., 2019).

Furthermore, gut bacteria degrade dietary fiber, producing butyrate,
propionate, and acetate—short-chain fatty acids—as a byproduct (Parada et al.,
2019). When dietary fibers and polyphenols ferment together, chemicals that
promote gut health are produced. Both emotional and physical health are
impacted. Furthermore, the human body's ability to maintain a balanced hormone
system depends greatly on the gut bacteria, particularly in women. Commensal
bacterial activity controls circulating estrogen levels by excreting f-
glucuronidase, an enzyme that transforms circulating estrogens into their active
form. Within the Firmicutes phylum, there are two significant groupings of gut
bacteria that include a large number of B-glucuronidase bacteria: the Clostridium
leptum cluster and the Clostridium coccoides cluster. Additionally, it has been
demonstrated that certain bacteria in the intestines can change metabolism and
make phytoestrogens more bioavailable. Consequently, altering phytoestrogen
metabolism and perhaps manipulating gut bacterial species may decrease
estrogen activity, allowing for the modulation of estrogen levels and potentially
improving the prevention of breast cancer development in women (Adak et al.,
2019; Baker et al., 2017; Fernandez et al., 2018).

3. Gut Microbiota and Microbial Metabolites on Cancer Metabolism

It is well acknowledged that the gut microbiota is an essential "metabolic
organ" since it is critical to the organism's digestion, absorption, metabolism,
immunity, and other processes (S¢dzikowska et al., 2021). According to recent
studies, gut microorganisms have a role in the pathophysiology of a number of
illnesses, including cancer. Pathogenic bacterial species and intestinal microbial
dysbiosis are linked to about 20% of cancer cases. For instance, stomach cancer
is caused by the class I carcinogen Helicobacter pylori (H. pylori), which is
assumed to be the origin of infection in 90% of these instances. Specifically, the
gut microbiota's abundantly generated metabolites—Ilike short-chain fatty acids,
secondary bile acids and bacteriocins, —are largely responsible for its regulating
role. Through their ability to alter the tumor microenvironment and modify
crucial signaling pathways in cancer cells and different immune cells, these
metabolites play a significant role in the relationship between the gut microbiota
and the advancement of cancer. Through several molecular mechanisms, they
demonstrate dual tumor suppressor and anticancer properties. (Zyoud et al., 2022;
Chen et al., 2021; Jaye et al., 2022; Yang et al., 2023).
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Through the synthesis of carcinogenic metabolites, oncogenic exotoxins, and
the chronic inflammatory axis, which includes the formation of biofilms, the
activation of, local immune system mediation and pathogenic adhesins, the gut
microbiota can promote local colonic oncogenesis. For instance, one of three
isotypes of 20 kDa zinc metalloprotease (BFT-1, BFT-2, and BFT-3) is produced
by enterotoxigenic Bacteroides fragilis strains (EBFT). By altering the colon
epithelium's permeability and stimulating cell proliferation via the MAPK and
NF-kB pathways, BFT causes colitis. (Lozenov, et al., 2023).

3.1 Short-chain fatty acids

Insoluble dietary fiber is fermented by intestinal microbes to yield short-chain
fatty acids (SCFAs), mainly butyrate, propionate, and acetate. By serving as an
essential energy source for intestinal epithelial cells and preventing cancer,
SCFAs improve the function of the intestinal barrier and the activity of T
lymphocytes that fight cancer. Based on current studies, using SCFAs together
can prevent colorectal cancer (CRC) from starting and spreading, as well as
relieve colitis in a mouse model of CRC linked with colitis. Furthermore, in both
mouse and human CRC models, modifying SCFAs enhances the response to
immunotherapy and chemotherapy. Additionally, it has been noted that butyrate
increases the activity of 5-fluorouracil (5-FU) in colon cancer cells. Certain
bacteria, usually belonging to the phylum Firmicutes, ferment fiber and
carbohydrates to create SCFAs. These SCFAs have a reputation for being anti-
inflammatory and anti-cancer. Specifically, butyrate can reduce cell proliferation
and induce apoptosis to limit the growth of colorectal cancer (CRC) by acting as
a histone deacetylation (HDAC) inhibitor and an anti-inflammatory metabolite.
(Panebianco et al., 2022).

3.2 Bacteriocins

Intestinal homeostasis can be effectively preserved by the cationic polypeptide
bacteriocin, which is generated by some probiotics in the gut. It does this by
controlling gut microbial immunity and inhibiting the growth of harmful bacteria.
Strong antibacterial action of bacteriocins is demonstrated against several
bacteria, including H. pylori and many other Gram-positive bacteria. Bacteriocin-
producing probiotics are supported in the management of H. pylori infection.
Furthermore, normal intestinal epithelial cells are less susceptible to the cytotoxic
effects of bacteriocins, despite the fact that they demonstrate considerable
cytotoxicity against cancer cells in vitro. Despite this, the majority of research on
bacteriocins' anticancer properties is carried out in vitro, with very few in vivo
studies available. (Dicks, et al., 2018).
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Most recently, nisin—the most researched bacteriocin—was identified as a
putative anticancer peptide. Extensive research on colon cancer, neck and head
cancer, lung cancer, liver cancer and skin cancer cells has demonstrated its
noteworthy anticancer potential. Additionally, reports indicate that when Nisin is
coupled with anticancer medicines, it demonstrates synergistic effectivenes
moreover, reports indicate that when paired with anticancer medications, nisin
has synergistic effects in the removal of tumors. To sum up, the possible
combination of Nisin with conventional chemotherapy has the potential to
enhance the clinical result of cancer. The usefulness of bacteriocin regimens
alone and in conjunction with conventional chemotherapy require more
investigation (Balcik-Ercin et al., 2022; Kaur et al., 2022).

3.3 Secondary Bile Acids

Cholesterol is used by human hepatocytes to make main bile acids such
chenodeoxycholic acid and cholic acid. Intestinal microbes then break them down
to produce secondary bile acids including ursodeoxycholic acid (UDCA),
lithocholic acid (LCA), and deoxycholic acid (DCA). Unlike the protective
effects of SCFAs, some bile acids (BAs) have been found to induce DNA
damage, activate the [3-catenin signaling pathway, and stimulate the activity of
cyclooxygenase-2 (COX-2). These processes all contribute to the promotion of
carcinogenesis. According to recent research, BAs and their derivatives may
hasten the development of CRC. By decreasing functional farnesoid X receptor
(FXR) signaling in colon cancer cells, affecting the integrity of the epithelial
barrier, and increasing Wnt/B-catenin signaling, enhancement of secondary bile
acid secretion may increase DNA damage in conjunction with carcinogenesis.
According to these results, CRC may be avoided by focusing on main and
secondary BAs. Furthermore, hepatocellular carcinoma (HCC) and an excess of
BAs have been linked in investigations (Kariaa et al., 2022; Jin et al., 2022).

Through a variety of chemical pathways, secondary bile acids have anticancer
action in addition to their carcinogenic effects. For instance, LCA can stop the
growth of prostate cancer cells by apoptosing them through the caspase-3, 8, and
9 pathway. Moreover, LCA can increase immune responses against tumors and
decrease the growth of breast cancer cells by 10% to 20%. Changes in the
metabolism and signaling of beta-acid breakers (BAs) have been shown to impact
intestinal homeostasis and cause intestinal microbial dysbiosis. This provides
fresh information for the development of cancer treatment approaches and
presents a compelling therapeutic target for illnesses. To clarify the specific
mechanism of action of secondary bile acids in carcinogenesis, more study is
necessary (Miko et al., 2018).
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Table 1. Metabolites from gut microbes and their role in cancer. (Chen et al.,
2024; Sanaei et al., 2022; Okumura et al., 2021; Mima et al., 2021).

Gut Microbial Metabolites Effects

Short chain fatty acids

Butyrate Butyrate exhibited anti-carcinogenic effects

Bacteriocins On two different epithelial cell lines Caco-2
and HT29 Cytotoxicity against

Nisin Nisin may be a potential therapeutic for breast

cancer cells (BCC). It caused a decrease in
neck and head squamous cell carcinoma
tumorigenesis and a significant reduction in
tumor voliime.

Secondary bile acids

Lithocholic acid Demonstrated efficiency toward prostate
cancer.

Deoxycholic acid (DCA) It inhibits (BCC) proliferation and decrease its
metastasis.

Disrupted the promoted intestinal tumor
formation and intestinal mucosal barrier.

Promoted the formation of colon cancer.
Promoted the transformation of gastric mucosa
inflammation  into  carcinogenesis  and
intestinal metaplasia.

Blocked DCA its generation effectively
prevents the enhancment of hepatocellular
carcinoma.

4. Effect of Gut Microbiota on Cancer Therapy

The way that gut microbial metabolites alter the tumor microenvironment and
modulate tumor immunity has a substantial impact on the efficacy of anticancer
therapies, such as radiotherapy, chemotherapy, and immunotherapy. In cancer
models, a number of novel treatments that target gut microbiota metabolites have
tremendous potential (Song et al., 2024).

4.1 Efficiency of Gut Microbiota on Chemotherapy

The intricate connection between the gut microbiota and the potency and side
effects of chemotherapy medications has come to light more and more in recent
years (Liu etal., 2023). Studies reveal that the gut microbiome population directly
influences immunological regulation, enzymatic degradation, metabolic
activities, and ecological changes that impact the toxicity and efficacy of
chemotherapy. Chemotherapeutic medications can also have a deleterious effect
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on the beneficial gut microbiota (Huang et al., 2022). Studies conducted recently
have demonstrated how the gut microbiota might modulate local immune
responses after chemotherapy (Li et al., 2023). According to Daillére et al.
(2016), gram-negative bacteria have the capacity to enhance systemic multiple
Thl and Tcl cell responses. This results in the restoration of intratumoral y8T
cells' ability to produce interferon-y and an increase in the anticancer
immunological activity of cyclophosphamide (CTX). Picard et al. (2021)
discovered that B. fragilis has the capacity to enhance local immune responses,
hence augmenting the anti-tumor effects of oxaliplatin (OXA). Furthermore,
when Bifidobacterium valenzum PP06 (PP06) and Bifidobacterium longidum
subspecies BL21 (BL21) were combined with the chemotherapeutic drug
doxorubicin (DOX), the tumor inhibition rate was higher than when DOX was
used alone. In contrast, Lactococcus lactis GEN3013, OXA, and anti-PD-1 was
increased. (Ye et al., 2023; Kim et al., 2022).

Apart from the fact that microbiota and its products have a curative effect on
cancer, anormal gut microbiota may increase resistance to chemotherapeutic
drugs, thereby raising the risk of cancer recurrence. Research has demonstrated
that elevated concentrations of F. nucleatum enhance the resistance of colorectal
cancer (CRC) to fluorouracil and OXA through the TLR4 and myeloid
differentiation primary response 88 (MYD88) signaling pathways. These
mechanisms, which are regulated by autophagy and innate immune signaling,
may function as a separate marker of CRC metastasis and encourage CRC
recurrence (Yu etal., 2017).

Antibiotics may adversely alter the variety of the gut microbiome, which
might impact the effectiveness of chemotherapy medications used to treat cancer.
In a CRC model, the anticancer efficacy of 5-FU was diminished by the
administration of antibiotics. Following the administration of antibiotics, harmful
bacteria including Shigella and Enterobacter significantly increased, according
to analysis of the 16S rRNA sequencing. Probiotic supplementation, however,
undid these modifications. Both animals receiving antibiotic treatment and those
without microbiota showed a substantial decrease in the anti-tumor efficacy of
OXA administered subcutaneously on tumors. Conversely, other research
provides an alternative viewpoint Antibiotics can increase the efficacy of OXA
therapy in sufferer with advanced colorectal cancer, as demonstrated by Imai et
al. (2020). Consequently, research has shown that, in clinical practice, employing
targeted drug administration is a critical strategy for weighing the advantages and
disadvantages of prophylactic antibiotic treatment in cancer chemotherapy
patients (Yuan et al., 2018; Imai et al., 2020).
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Chemotherapy frequently has a wide range of adverse effects, including
mucositis, diarrhea, and peripheral neuropathy. Diarrhea is a frequent
gastrointestinal issue experienced by cancer patients receiving chemotherapy.
Nonetheless, research has demonstrated that treating Escherichia coli (E. coli)
might considerably lessen the intestinal damage that irinotecan causes in mice
(Wang et al., 2019). Blend of probiotics through the restoration of Baciloids and
Prevotella abundances that were previously decreased following OXA therapy,
BIO-THREE helps mitigate intestinal damage caused by OXA in mice. FMT
protects intestinal mucositis caused by FOLFOX in CRC mice given the
fluorouracil, calcium folovorin, and oxaliplatin FOLFOX regimen. (Chang et al.,
2020). Another dangerous side effect of chemotherapy drugs like irinotecan is
hepatotoxicity. On the other hand, selenium-rich B. longum supplements can
successfully reduce this toxicity in vivo or in vitro. Furthermore, peripheral
neuropathy is frequently caused by chemotherapy medications. (Mahdy et al.,
2023).

4.2 Efficiency of Gut Microbiota on Radiotherapy

Recent research has demonstrated that radiation treatment may result in
dysbiota dysregulation in the intestines (Deleu et al., 2021). Radiation-related
problems such radiation pulmonary/pneumonia fibrosis, diarrhea, and oral
mucositis in several organs are subsequently brought on by this dysregulated
microbiota. Acute radiation sickness (ARS) is the collective name for
myelotoxicity and gastrointestinal toxicity that can result from brief exposure to
high radiation doses. Radiotherapy-induced intestinal damage frequently follows
a dose-dependent pattern and is accompanied by dysbiosis of the gut microbiota.
For instance, it has been discovered that there are linear relationships between the
relative abundances of Proteobacteria, Escherichia coli, Eubacterium
xylanophilum group and Lactobacillus murinus and radiation dosage. The
presence of organisms like Phascolarctobacterium, Roseburia, and Clostridium
IV, on the other hand, was strongly linked to advanced radiation enteropathy
(Zhao et al., 2021; Poonacha et al., 2022).

Among the frequent and incurable side effects of radiation treatment for
thoracic tumors are radiation pneumonia and pulmonary fibrosis. On the other
hand, FMT can reduce lung inflammation in a mouse model, boost the synthesis
of prostaglandin F2a (PGF2a) produced from the gut microbiota, and activate the
mitogen-activated protein kinase (MAPK)/NF-«kf axis to prevent irradiated cells
from undergoing death. FMT has been shown to safely and efficiently relieve
intestinal symptoms and mucosal damage in individuals with chronic radiation
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enteritis (CRE), as initially shown by Ding et al. (2020). (Ding et al., 2020; Xiao
etal., 2021).

Radiation-induced gastrointestinal illness was considerably decreased in FMT
from healthy mice in a fatal radiation model in rodents. When the donor and
receiver were of the same gender, the greatest therapeutic outcomes were seen.
Furthermore, Cui et al. (2017) discovered that FMT could thicken the mucin layer
of irradiated mice by upregulating the expression of Muc2, Glutl, Pgk1, and other
factors, thereby improving radiation-induced gastrointestinal and myeloid
toxicity and significantly increasing the survival rate of irradiated mice. Lastly,
Xiao et al. (2021) demonstrated that the degree of oral mucositis in irradiated
mice was decreased by oral microbiota transplantation from healthy donor mice
to mice undergoing head and neck irradiation (Cui et al., 2017; Xiao et al., 2021).

It has been demonstrated that certain probiotics guard against intestinal
toxicity brought on by radiation. Through the activation of FXR fibroblast growth
factor 15 (FGF15) signaling in the intestinal epithelium, Lactobacillus plantarum
promotes DNA damage repair and greatly lowers radiation-induced intestinal
damage, according to studies conducted using mice models. Probiotic
Lactobacillus rhamnosus GG (LGG) exerts radioprotective properties in the
mouse gut through COX-2 and Toll-like receptor 2 (TLR2). Radioprotection
caused by LGG is linked to the migration of COX-2+ mesenchymal stem cells
(MSC) from the villi's lamina propria into the lamina propria next to crypt
epithelial stem cells. To ascertain if probiotics are useful in the therapeutic
management of radiation enteritis in people, more research is necessary.
Consequently, there has been a growing interest in the function of gut bacteria in
treating radiation-induced damage (Jian et al., 2022; Riehl et al., 2019).

4.3 Efficiency of Gut Microbiota on Immunotherapy

The gut microbiota plays a crucial role in regulating the host immune
response, and research has indicated a strong correlation between the gut
microbiota and the effectiveness of immune checkpoint inhibitors (ICIs) that
target T cell molecules such as CTLA-4 and PD-1/programmed death ligand 1
(PD-L1). Probiotics like Lactobacillus johnsonii and Bifidobacterium
pseudolongum have been demonstrated to improve the efficacy of immune
checkpoint inhibitors (ICIs) and have a strong correlation with both overall
survival (OS) and progression-free survival (PFS) in patients with non-small cell
lung cancer (NSCLC) receiving therapy. Research has demonstrated that in
cancer patients on proton pump inhibitors (PPIs), Clostridium butyricum
MIYAIRI 588 (CBM588) modulates the commensal microbiota, increasing the
therapeutic effectiveness of ICIs (Wang et al., 2023; Tomita et al., 2022). When
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ICIs are used to treat solid malignancies like non-small cell lung cancer, the
presence of Akkermansia muciniphila (A. muciniphila) has been linked to
improved remission rates and overall patient survival. The treatment of
Bifidobacterium was seen to enhance anti-PD-L1 tumor activity in melanoma
mice through the suppression of PD-1 expression, the activation of natural killer
cells, and the mediation of tumor elimination by IFN-y. By controlling gut
metabolites, Lacticaseibacillus rhamnosus Probio-M9 has also been
demonstrated to have the ability to enhance the anti-tumor response of anti-PD-1
treatment. Following fecal transplantation from ICI-responsive tumor patients,
Routy et al. (2018) found greater anti-tumor effects of PD-1 blockers in germ-
free mice; this is directly correlated with the relative rise of A. muciniphila.
Furthermore, it has been demonstrated in recent research that individuals with
resistant malignancies can regain sensitivity to ICIs by modifying their gut flora.
The effects of CTLA-4 immunotherapy may potentially be mediated by the gut
microbiome. According to Vetizou et al. (2015), B. fragilis stimulates the Thl
cell immune response that is dependent on IL-12 and triggers the development of
dendritic cells, which in turn enhances the anticancer impact of anti-CTLA-4 in
germ-free mice. It should be mentioned that some bacteria have been found to be
indicators for resistance to immunotherapy. In patients with advanced gastric
cancer (AGC) receiving anti-PD-1 antibody treatment, H. pylori infection has
been identified as a biomarker for ICI resistance and may have an effect on patient
outcomes (Routy et al., 2018; Vetizou et al., 2015; Che et al., 2022; Gentile et al.,
2018).

It has been demonstrated that certain anticancer medications, such as anti-
CTLA-4 and anti-PD-1/PD-L1 antibodies, are less effective when used with
antibiotics. Large-scale clinical trials conducted recently have verified that using
antibiotics before to or during ICI therapy is linked to unfavorable patient
outcomes. According to Routy et al. (2018), individuals with epithelial carcinoma
who received antibiotics either before or right after PD-1/PD-L1 monoclonal
antibody therapy had a substantial decrease in both progression-free survival and
overall survival when compared to those who did not. Ochi et al. (2021) did note
that the impact of antibiotic usage on ICI efficacy differs according on PD-L1
expression in the patients. Patients with NSCLC who received antibiotic
treatment and had PD-L1 expression levels higher than 50% had significantly
worse overall survival and progression-free survival. As such, caution should be
exercised when choosing antibiotics as a medication that may induce dysbiosis
in the gut microbiota (Routy et al., 2018; Orchi et al., 2021).

Studies have indicated that modifications to the gut microbiota may impact
immunotherapy's efficacy and adverse effects. Wang et al. (2018) conducted a
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ground-breaking trial in which they effectively treated ICls-associated colitis that
had not responded to conventional therapy using fecal microbiota transplantation
(FMT). They discovered that Bifidobacterium inhibits the release of pro-
inflammatory cytokines in a regulatory T-cell-dependent way via changing the
gut microbiota's composition. To sum up, this intervention helped with colitis
related to ICls. Finally, the clinical research listed above show that gut microbiota
and immunotherapy sensitivity are related. It may be possible to avoid initial drug
resistance to immunotherapy and increase the overall efficacy of tumor
immunotherapy by regulating the gut microbiota with FMT (Wang et al., 2018;
Giordan et al., 2021).

Table 2. The impact of microbiota on the effectiveness of cancer treatments
(Daillére et al., 2016; Chen et al., 2024; Yuan et al., 2022; Mahdy et al., 2023).

Treatment Microbes Involved Effect

Chemotherapy

facilitated the
immunomodulatory
cyclophosphamide.

therapeutic
effects  of

Enterococcus hirae,
Barnesiella intestinihominis

Cyclophosphamide

Improved CRC (colorectal cancer)
resistance to fluorouracil.

5-Fluorouracil Fusobacterium nucleatum

Oxaliplatin Bacteroides fragilis, | Increased the anti-tumor efficiency
Erysipelotrichaceae of oxaliplatin.
Irinotecan Escherichia coli Nis 1917 Promoted healing of intestinal

damage caused by irinotecan.

Radiotherapy

Attenuated intestinal damage due to
irradiation.

Lactobacillus plantarum

Protected intestinal epithelium from
radiation damage.

Lactobacillus  rhamnosus

GG

ICI
checkpoint
inhibitors)

(Immune

Anti-PD-1/PD-L1
mAb's

Bifidobacterium

Enhanced anti-tumor immunity and
facilitated anti-PD-L1 activity

Anti-CTLA-4 mAb's

Bacteroides fragilis

The therapeutic response of germ-
free tumor carriers to CTLA-4 Ab
was restored.
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INTRODUCTION

In general, inequalities and their fractional versions have a considerable
place in mathematical analysis and other application areas of science. One of
these is the well-known Hilbert inequality in mathematics. These integral
inequalities also play an important role in the calculation of time scales, which
combine continuous and fractional cases. At the same time, these integral
inequalities are one of the main cornerstones of applied mathematics. Before
starting our work, we think it will be useful to give some information about
Hilbert inequality. If the reader wants, he can look at the references section at
the end of this work for more detailed information.

In [1], the theorems we give below are well-known classical statements
about Hilbert's inequality.

TheoremA.Letp,q>1,3+1§1,and0<w=2—3—1=l+—S1,
P q p 9 v q
then
1 1
o 00 [e] D [e] =
figi P q !
j=1i=1 j=1 i=1

where D = D(p, q).

Theorem B. Let f € LP(0,), g € L9(0, ), and let p,q,p’,q',w be as in
Theorem A, then

1 1
P

[ [ f0)90) [
bf bf dedy <D Of fp(x)dx

f 9'Mady | , (2)
0
where D = D(p, q).

In [2], Zhao et al. introduced a new inequality that is compatible with the
structure of Theorem B.
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Theorem C. Let %+ % =1 with p; > 1, m; = 1. Let differentiable function
fi(6;) on [0, k;), where k; € (0,0). Assume f;(0) = 0 for (i = 1, ...,n). Then

k1 kz

ff f ™ El 1y 4 an,

(o

n

1
ki i

f (i — 6D £ 26D f 07 a8, |
0

Eiipn N
where D = (n - ?=1pii) i feq Tk
For more detailed information on Hilbert inequalities, see monographs [3-27,
52-61].

MATHEMATICAL BACKGROUND

Although the history of time scale calculation is not very long, it has positioned
itself not only in the field of mathematics but also in other disciplines of
science. It owes this position to the unification of continuous and discrete cases
in mathematics. Due to this situation, scientists in almost every field have
integrated this field into their field of study and have contributed many
innovations to the literature. Analytical solutions of differential equations in
applied mathematics and mathematical modeling in economics are just a few
examples of these application areas. Those who want to have more general
information can look at references [28, 42, 43, 44, 45-51]. T is a time scale that
arbitrary non-empty closed subset of real numbers (R). In our study, we will
take this situation of (0, ) = (0, ) N T into consideration.

Now let's briefly give the basic concepts about the diamond-alpha derivative.

o,p:T—> T are defined by o(t) =inf{s € T:s > t}, p(t) =sup{s€
T:s >t} for t € T. o(t) is the jump operator (forward), and p(t) is the jump
operator (backward), respectively. Let a(t) > t, then t is rs (right-scattered),
and let o(t) =t, then t is called rd (right-dense). Let p(t) <t, then t is Is
(left-scattered), and let p(t) = t, then t is called Id (left-dense).

Let u,9: T —» Rt such that u(t) =o(t) —¢t, 9(t) =t —p(t). u) and
I(t) are called gm (graininess mappings).
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If the time scale T has a Is (left-scattered) maximum m, then T = T — {m}.
Otherwise T* = T.

TX is defined as follows

T* :{’H‘\(psup’]l",sup']l‘], if supT <o
T, if supT=oo,
and
T, = { T\ [inf T,o(inf T)], linf T| <
k= T, inf T = —oo.

Assume that h: T — R is a function. Let t be right-dense.

i) Let  be delta differentiable at t (t € T*(t # minT)), then = is
continuous at t.
i) Let 7 be Ic (left continuous) at t, and t is rs (right-scattered), then

1 is delta differentiable at ¢,

w7 (t) — m(t)
u(t)

T (t) =

iii) Let 7t be delta differentiable at ¢t and lirrg M:(s) then
N -

T2 (t) = lim M
st t—s

iv) Let 7 be delta differentiable at ¢, then  (¢t) = m(t) + u(t)m2(t).

Let T =R, then n2(t) = n'(t), and Let T = Z, then m2(t) reduces to
A (t).

Let K: T - R is defined as a delta antiderivative of 7: T — R, then K2 =

n(t) holds for all t € T, and we define the delta integral of = by
t

jT[(T)A‘L’ =K(t) —K(s),
forall s,t € T. )
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Suppose m: R — R is a continuous function and delta differentiable on T. If
@: R — R is continuously differentiable, then we have

(p o m)A(s) = @' (m(m))mi(s), m € [s,0(s)].
Let's now give some definitions for the nabla integral.

Let m: T, — R is called nabla differentiable at t € T,. If € > 0, then the
following inequality is provided

n(p(®) = m(s) =" () (p() — 5)| < elp(t) — s,
foralls eV.

Let K: T — R is called a nabla antiderivative of 7: T —» R, then we define

t

fT[(T)VT = K(t) — K(s),

N

forall s,t € T.

In [50], Let 9(t) be diamond alpha differentiable on T for all «, t € T, then
we define 9°<(t) by

9°«(t) = 92(t) + (1—0)9V (t)
for 0 <«x< 1.

Theorem 2.1 [50] Let 9, h: T — R be diamond alpha differentiable for all «
,te€Tand 0 <x< 1.

(i) Let (9 + h): T — R be diamond alpha differentiable for all ¢ € T,
then

@ + h)°<(t) = 9°<(t) + h°<(t).

(i) Let k9: T - R be diamond alpha differentiable for all «,t € T,
then
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(k9)°=(t) = k9°=(t),
where t,k € R.

(iii) Let 9,h: T - R be diamond alpha differentiable for all «,t € T,
then

(Oh)°<(t) = 9°=(t)h(t)+o< 97 (t)hA(t) + (1—)9P ()R (¢).

Definition 2.2 [50] If 9: T — R is o,—integrable for all <, b, t € T, then

t t t

fﬁ(a) o § = jﬁ(@)m + (1—«)[@(5)75
b b b
for 0 <x< 1.

Definition 2.3 [46, 52] Let 9 € C,4(T,R), t € T* and let 9:T > R be
diamond alpha integrable, then

a(t)
[ 9@ our = u@9,

t

The partial integration formula on the time scale is given by

y y

fu(s)w°“(s) 0o 5 = u(S)w(s)Iy — f u=<(s)wo(s) ox S
for 0 <«x< 1.

Definition 2.4 [25, 51] (Conformable diamond-alpha derivative) Given
9:T->RandpB €T, is (4, 8) —diamond alpha differentiable at n > B, if it’s
diamond alpha differentiable at 5, and its (4, 8) —diamond alpha derivative is
defined by

ooy 9() = A2 (, IO () n>pB, (3)
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Definition 2.5 [25, 51] (Conformable diamond-alpha integral) Suppose that
B, €T, 9€C(T),0<A<1,8<n, <1n,, and the function I is called
(4, B) —diamond alpha integrable on [n4,n,] if

M2 N2
w900 = [ 9 ohn = [ SAL@ I @
M1 M1

Lemma 2.6 [14] If f,e € CC}y([w,plT X [w,p]1, R) are diamond alpha
integrable functions and %+ é =1 with p>1 and let w,p € T with w < p,
then

p D
ff|f(t; )e(t, €)] oo™ t o M €
® o

1 1
PP 2 P D q
= f f|f(t, NP o M to AP e | x f fle(t, )N oo to M e | . (5)
w

w w

In this study, we prove a new fractional inequality of Hilbert-type on time
scales using the properties of Theorem C mentioned above. We also obtain
discrete cases of Hilbert-type inequalities related to some special cases of our
results.
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Main Result
Theorem 3.1 Let €y, k;,0;,¢; €T, (i =1,...,n). Letp;, q; > 1,m; =

1 be

constants and — + — = 1 and let oM —differentiable functions and f;(8;) be

bi qi
decreasing on [eo,k )1, Where k; € (0,0). If f;(e,) = 0, then
ki ky  kn
R CDI
f f f =1 - °ocl'ﬁ On °c></1'[g Op—q - °o<l'ﬁ 0,
o o n 0; — € ) i= 1q
qi

1
pi

<[ ][ [ o -roo | @ @] ev 0, )
i=1 \¢g,

n 1

1\&i=15." 1"
where D = D(ky, ..., k) = (n — ?=1E) P, (ks — )

Proof. From Hélder inequality, we see

n n 0;
, ._ oo MB
[ [t <] [m [ [ @or=" 6o e
i=1 i=1 60
1
n L/ G o pi
— L o AB i
<[ [me-em| [ [ @or="" @l ot
i=1 60
Using the following inequality [26]
n L n
1 E?zl . _
(1_[ wﬂi) A Z w;>0 (i=1,..,n),
i=1 n_ =1

we get

1
?:ﬂfl”‘(@Z)J 15<n_2%> i ( [lr=eon 6"
From here
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8)

1

bi
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ky k2 kn

JERUARCDI]
f f f i=11/i o MB 0, o P 01 0o M 61

o
€0 €o 9 — €p )Zl:la
qi
1 1
n Z?:lﬁ—n n ke 0; pi
1 i i1 00(1_3 pi AB
<(n-)— [ | | I @os=""@o| e o
el D; L
=1 =1 €9 €9
1
pPi

su]_[ j f [ 60 60| ot 6,0 6,

€0 €p
1
n ki . pi
_ oe B i
o[ [{ [ t-oolrm@or=" @ it er) . o)
1\ o
Using k; < h(k;), we have that
ki ky  kn I
L(o;
f f f Hl llfl ( )l 00(/1,/3 Hn oxl'ﬁ Bn—l °o(l'ﬁ 91
€y €o n O_E)Zl.lq

n ki
- o A Di
SD];[ f (k) — @) @0 @0 0. 5,

Remarks 3.2
i In Theorem 3.1, let T = Z,x= 0,4 = 1, and r; = 1, then we see

the results of (Theorem 1.1, [2]).
ii. In Theorem 3.1, let T = R, x= 0,4 = 1, then we see the results of

(Theorem 1.3, [2]).
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Corollary 3.3In Theorem 3.1, letn = 2,1y =, = 1. If p;,p, > 1 are
suchthat—+—>1and0 < w = 2 —i—i——+—< 1, inequality (6)
P1 D2 P1 P2 q1 qz

reduces to

ki ky
f f FACHIAC] o AB 6, o AB 0,
(92(61 — €0) + 41(6, — 60))W . )

1 1 1

<——(ky — €9)91(ky — €5)42
(quqz)w( 1 0) ( 2 0)
1
kq P1 ky
oM PLoap
x{ [ G - h@) 5 @0 ot 00 | | [ (h)
€9 €0
1
1B - b2
—h(B)) |57 0] et ;| (11)
Remarks 3.4

i LetT = R, x= 0,4 = 1in (11), then we see inequality (2)

ky ks
TACHITACH] 1 1 1
JJ(QZ91+Q192)Wd92 do; < ( 7d z)w (kl)fh(kz)q
4] 0 L )
1 p1 / k2 Py
j (s — ,)1f; (B [P+d6, f (s — O BDP2d0, | . (12)

ii. Let T = Z, «= 0,4 = 1in (11), then we see inequality (1)

S 1B160D11B (6] _ 1 11

k)4 (k-2
(@201 + q162)" ~ (WQMZ)W( 1) (kp) 2
07=160,=1

1 1
k1 p1 [ k2 123
X (Z (k1 — 01 + 1)|VA'B/?1(91)|IJ1> (Z (ky — 0, + 1)|V/1'ﬁ32(92)|p2> . (13)

f1=1 fo=1
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Corollary 3.5 In Corollary 3.3, if we take w = 1,p; = g5, and p, = g4,
then inequality (11) reduces to

kl kz
j j |f1(0)11/2(62)] oM 0, 0, P 6,
q2(0; — €g) + q1(62 — €)

€0 €o
L ke P (hy—eo)
< kl - EO P1 kZ — EO q1
q1P1
1
keq P1

x| [ (10~ D) [ @) o 6,

€o

1
q1

°xLB q1
ARG R (14)

k2
f (h(ky) — h(6,))

Remarks 3.6
i In Corollary 3.5, If we take T = R, x= 0,4 = 1 in (11), we see
Theorem 2 in [27].
ii. In Corollary 3.5, If we take T = Z, x= 0,1 = 1 in (11), we see that
the inequality Pachpatte presented in (Theorem 1, [27]).

Discussion and Conclusion

The structures of Hilbert inequality in delta and nabla calculations have been
presented before. In this study, we have taken fractional Hilbert inequalities on
time scales as a basis with diamond alpha calculation and have created new
structures of the results presented in previous studies. To be more precise, we
have created a different version of fractional Hilbert inequalities on time scales.
On this basis, we have presented new structures of fractional Hilbert
inequalities. The results we have obtained will motivate us to work in different
areas.
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ABSTRACT

In this study, the effects of acetamiprid insecticide, which is widely used for
agricultural purposes, on mitotic index (MI) and chromosomes in Vicia faba (V.
faba) root tip cells were investigated. In the study, 0.5, 1 and 2 mg-1 doses of
insecticide were applied to root meristems for 24 hours. It was observed that
these doses had negative effects on mitotic index and chromosomes in V. faba.
The observed chromosome abnormalities were classified as stickiness, C-mitosis
and anaphase bridge.

Keywords: Acetamiprid, Vicia faba, mitotic index, chromosome abnormality
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INTRODUCTION

The rapid and uncontrollable increase in the world population brings with it
food insufficiency, one of the biggest problems that many countries have faced
over time and will face at an increasing rate. The use of pesticides, which is one
of the ways to solve this problem, is increasing every year and uncontrolled use
is also occurring. Pesticides have been an important toxicology problem for years
because they affect humans and the environment. Traces of pesticides used in
agriculture are now everywhere: in beer, honey, fruits, vegetables, grasses in
parks, urine and air. But the knowledge that pesticides harm human health is by
no means new. It has also been known for years that they intensively harm insects
and plants and contaminate water (Sharma et al., 2019; Mahabali and Spanoghe
2015; Doganlar et al., 2018; He et al., 2020; Kalefetoglu Macar, 2021).

Pesticides, which are used to control pests that reduce productivity, are the
most important and indispensable resource used to meet the high demand for
agricultural products (Dhananjayan et al. 2020; Mahmood et al. 2016). In 2019,
more than four million tons of pesticides were used globally, and they are also
used extensively outside agricultural areas to eradicate pests and control
unwanted pests in the domestic environment (FAOSTAT 2021; Konstantinou et
al. 2019; Mahmood et al. 2016).

In 1939, with the discovery of DDT, it was thought to be a great advantage
and would bring significant benefits and its use was encouraged. However, as the
toxic effects of this substance were discovered in the following years, the effects
of pesticides not only on the organism used, but also on humans and the
environment became a matter of curiosity (Tadeo et al., 2019; Dhananjayan et al.
2020).

In 1962, biologist Rachel Carson wrote the book Silent Spring, which made a
lot of noise at the time of its publication. The book is considered to be the
handbook of the environmental movement and one of the most important books
of our time. Since then, many pesticides have been withdrawn from the market.
New products promising to be less harmful to health and the environment have
entered the market, but these promises have not been fulfilled
(https://www.rachelcarson.org/).

In 2023, the Heinrich Boll Stiftung published "Facts and Figures about
Poisons Used in Agriculture: Pesticide Atlas", prepared by the Heinrich Boll
Stiftung Association in 2023, revealed that despite warnings from scientists and
a ban by the European Food Safety Authority (EFSA), pesticide use has reached
record levels around the world. This increase reached 80% between 1990 and
2017. Today, about 4 million tons of pesticides are used worldwide annually. In
Turkey, pesticide use, which was around 30 thousand tons in 1990, doubled to 60
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thousand tons in 2018 and 54 thousand tons in 2020. It is stated that there are
approximately 385 million cases of pesticide poisoning in the world every year
and 11 thousand people die directly due to this poisoning every year
(https://tr.boell.org/tr/2023/10/10/pestisit-atlasi).

The interaction between pesticides, fertilizers and technological development
has led to radical changes in agricultural production. Farmers were able to plant
the same crops at more frequent intervals because they could prevent diseases
and pests by using pesticides instead of rotational planting and crop
diversification. As a result, today it is almost impossible to imagine industrial
agriculture without pesticides. In parallel with the use of pesticides, scientific
research on this subject has also increased. Scientists have started to access more
and more information and data on how pesticides harm human health and the
environment (Akyil et al., 2016; Feretti et al. 2007; Sharma et al., 2014, Silva et
al. 2021; Daam et al. 2020; Sarhan, 2023).

Acetamiprid, an organic compound, is an odorless, systemic neonicotinoid
insecticide available under different trade names. It is an insecticide with high
efficacy against sucking insects, aphids and fruit fly larvae. Since the last decade,
acetamiprid has been widely used as a substitute for more dangerous pesticides.
Today, acetamiprid-based products are sold worldwide under various trade
names. In insects, acetamiprid interrupts nerve conduction, causing changes in
membrane potential and ultimately leading to excessive neural excitation,
paralysis and death. In humans, acetamiprid has been found to have toxic effects
on the nervous, circulatory and excretory systems (Yao et al. 2006; Devan et al.
2015; Kocaman and Topaktas 2007; Craddock et al., 2019; Wallace 2014; Gasmi
et al., 2017; Mosbah et al., 2018; Annabi et al., 2019; Elbert et al., 2008; Tian et
al., 2016; Imamura et al., 2010; Kushwaha et al., 2018; Shamsi et al., 2021) .

In this study, Vicia faba seeds were used to investigate the possible genotoxic
effects of Acetamiprid. Model organisms (plants, insects, microorganisms) have
been used by researchers for years to study, identify and determine the genotoxic
effects of many different chemicals and molecules (Abdel Migid et al., 2007).
Studies with plants have shown that they are the most sensitive experimental
material against genotoxic agents (Shahid et al., 2011, 2016; Abdel Migid et al.,
2007). In addition, studies with these species are also important in terms of
providing cheaper, descriptive and reliable results compared to other model.
Higher plants such as onions, maize, tobacco, wheat and broad beans are widely
used to detect and evaluate the toxicity of various chemicals (Grant, 1994, Leme
and Marin-Morales, 2009, Igbal and Bhatti, 2014, Qureshi et al., 2015). Among
these higher plants, broad bean (Vicia faba) is a frequently preferred genetic
model for DNA damage detection and monitoring of abnormalities in cell
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division (Feng et al., 2005, Yi et al., 2010, Giorgetti et al., 2011, Shahid et al.,
2011, 2016). This plant is routinely used in cytological research as well as in
physiology, radiology and genotoxicology research (Anwar et al. 2011). Its year-
round availability, ease of cultivation and processing, use does not require sterile
conditions or expensive materials, high cell division rate, and easy visibility of
genetic damage to chromosomes make fava beans more preferable for
cytogenetic and mutagenic research (Foltete et al. 2011; Souguir et al., 2018; Li
et al., 2023; Bouhadi et fengal., 2024). In addition, the Vicia faba test has been
frequently used to investigate water and soil pollution pollution (Igbal, 2016).

In this study, we used a product produced by Hektas company and offered to
the market under the trade name Hekplan 20 SP, which contains 20% acetomiprid
as active ingredient (https://hektas.com.tr/urun/hekplan-20-sp/). The aim of this
study was to show whether this chemical causes a genotoxic effect on Vicia faba
roots. This study was prepared and accepted as a final paper at Sivas Cumhuriyet
University, Department of Biology.

MATERIAL-METHOD

Based on the literature studies, the doses of the substance to be studied were
determined as 0.5, 1 and 2 mg-1. Vicia faba seeds (2n=12) were purchased from
a local market in Sivas. The seeds were first washed thoroughly and left to swell
in distilled water for 24 hours. At the end of this period, they were allowed to root
between blotting papers placed in petri dishes. This period lasted approximately
4 days. Every day the seeds were checked, the blotting papers were moistened
and the moldy seeds were separated and discarded. It has been reported that the
mitotic cell cycle in Vicia faba is 15 hours in main roots and 18 hours in lateral
roots (Bennett, et al., 1972). Therefore, these data were taken into consideration
when choosing the application period and 24 hours application period was
preferred. After the lateral roots emerged, the seeds (5 seeds for each group) were
placed in solutions (0.5, 1 and mg/ml) prepared in distilled water and treated with
the substance for 24 hours. The control group was treated with distilled water. At
the end of the treatment period, the roots cut with sterile scissors were washed in
distilled water and fixed in carnoy solution for 24 hours. After fixation, the roots
were stored in 70% alcohol at +4 OC until use. Before staining, the roots were
placed in 1N HCI and hydrolyzed in a water bath at 60°C for 7 minutes. In order
to stop the effect of HCI, the roots were placed in distilled water and kept for 15
minutes, replenishing the water every 5 minutes. The roots were then stained with
acetate orcein and well-dispersed preparations were made into permanent
preparations for microscopic examination. Microscopic analyses were performed
under Olympus microscope at 100X magnification and mitotic index and
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abnormality rates were determined. To determine the mitotic index of root tip
meristem cells, 2350 cells were counted in each of the 5 preparations prepared
for each treatment and the formula General Mitotic Index (GMI)=(number of
mitotic cells/total number of cells) X 100 was used. While determining the ratio
of mitotic phases, cells in prophase, metaphase, anaphase and telophase phases
were counted separately and Prophase Mitotic Index (PMI), Metaphase Mitotic
Index (MMI), Anaphase-Telophase Mitotic Index (ATMI) ratios were calculated
according to the following formula (Causil et al., 2017; Salazar Mercado et al.,
2020 a; 2020 b).

PMI= (Number of cells in prophase/Total number of dividing cells) x 100
MMI= (Number of cells in metaphase/Total number of dividing cells) x 100
ATMI= (Number of cells in Anaphase and Telophase/

Total number of dividing cells) x 100

SPSS 23 program was used to determine the statistical significance of the
difference between the control groups and the insecticide treated groups.

RESULTS

The findings of the study are given in Tables 1 and 2. When the effects of the
insecticide on mitotic index and mitotic stages were examined, it was determined
that the mitotic index was 61 in the control group. In the doses of the substance
applied for 24 hours, it was determined that the mitotic index decreased compared
to the control group. As a result of the examinations, it was determined that the
decrease in mitosis rates occurred due to the increase in the dose of the substance
applied. This proportional decrease in mitotic index was found to be statistically
significant. In the examinations made for mitotic stages, it was determined that a
decrease occurred in the treatment groups compared to the control group, and this
situation was statistically significant.

Table 1. Mitotic index and ratio of mitotic stages obtained as a result of
application of different doses of acetamiprid to V. faba roots for 24 hours

Dose (mg Total Mitotic index Prophase Metaphase Anaphase-
h number of MeanzS. E Telophase
cells
Control 2360 61+x1.23 a 5la 7a 3a
0.5 2350 41+1.77b 35b 5a la
1 2350 38+0.65b 32b 2b 4a
2 2350 4441.06 b 32b Ta 5a
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Mean+S. E: MeantStandard Error, *: FEach data is the mean of three
replicates. Values shown with the same letters are insignificant at 0.05 level
(Tukey HSD test (P <0.05).

The effects of insecticide on chromosomes in V. faba meristem cells were
examined and given in Table 2. No chromosome damage was observed in the
control group. In the treated groups, stickiness, c-mitosis and anaphase bridge
were observed in order of intensity. The total number of damaged cells was found
to be 10.90 in the highest dose of 2 mg/ml application group. In other doses, it
was determined that there was a decrease in this ratio, but a proportional increase
occurred compared to the control group.

Table 2. Chromosome abnormalities and ratios obtained as a result of
application of different doses of acetamiprid to V. faba roots for 24 hours

Dose (mg?) Total Stickiness C-mitosis ~ Anaphase T.A R.
number of bridge Mean4S. E
cells
Control 2360 0 0+0.0 a
0.5 2350 1 10+£1.56 b
1 2350 7 13 6 26x1.31¢c
2 2350 16 9 0 25+1.47 ¢
Total 29 25 7

Mean+S. E: Mean+Standard Error, T. A. R.: Total abnormality rate, *: Each
data is the mean of three replicates. Values shown with the same letters are
insignificant at 0.05 level (Tukey HSD test (P < 0.05).

Photographs of the control group stages observed by microscope examination
and photographs of chromosome abnormalities caused by substance treatment are
given below. All photographs were taken at 10X40 magnification.

o saw

Figure 1. Images of the control group in V|C|a faba
a. Prophase, b. Metaphase, ¢. Anaphase, d. Telophase
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Figure 2. Images of abnormalities observed in Vicia faba as a result of
Acetomiprid treatment
a. Stickiness, b. C-mitosis, c. Anaphase bridge

DISCUSSION

Acetomiprid, which is used intensively and frequently alone or in combination
with other insecticides, is thought to have a negative effect on humans and animals
through food chain and environmental interaction. In our literature review, we
noticed that the effect of this substance on mitotic index and chromosomes in Vicia
faba has not been investigated. Therefore, it is scientifically important to evaluate the
data obtained at the end of the study by comparing them with other studies.

In the literature review, the studies on the toxic effects of this substance are as
follows. In the majority of the studies, acetomiprid was stated as an insecticide that
can be used safely. On the other hand, different studies have reported that this
insecticide stimulates oxidative stress and accordingly shows cytogenotoxic effects.
However, the data obtained are contradictory. It has been reported that very little of
this substance applied to crops by spraying destroys the target pests, while the rest of
it is dispersed into the environment and accumulates in the soil and water
environment (Zhang and Zhao, 2017). Accordingly, it is considered to pose a great
risk to other organisms and aquatic life. Researchers have shown that acetomibride
causes negative effects on the reproductive and locomotor system of Daphnia magna
(Maetal., 2022; Maetal., 2019; Veedu et al., 2022). Other studies have also reported
genotoxic and neurotoxic effects in zebrafish, as well as problems in growth and
development (Bownik et al., 2017, Ma et al., 2019; von Hellfeld, 2022; Ma et al.,
2022). These examples clearly show the risks that acetamiprid poses to organisms in
aquatic environments that are not targeted by the drug.

Muitotic index is an important value frequently used in cytotoxicity evaluations of
different chemical substances. If the Ml value is lower than the control group, this
indicates a negative effect on cell division, i.e. inhibition. This indicates that the
substance whose effect is being investigated causes a negative effect in the test
organism. In the opposite case, i.e. when the mitotic index is higher than the control
group, it also indicates the presence of a negative effect. However, this time,
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excessive and uncontrolled cell division and growth occur, which can lead to
undesirable consequences up to tumor formation.

As can be seen in Table 1, acetomiprid insecticide caused a decrease in mitotic
index. This decrease was generally parallel to the dose increase. A suppression in any
of the cell cycle phases (G1, S, G2) can cause a decrease in mitotic index rates. This
can also be caused by impairments in RNA and/or protein synthesis (Sudhakar et al.,
2001;Barman et al., 2021; Saxena et al. 2010; Siddiqui et al. 2012; Singh and Roy,
2017; Fioresi et al, 2020). In addition to these views, different researchers have stated
that mutations can also occur in proteins involved in the control points of the cell
cycle and that this affects the mitotic index in the direction of decrease (El-Zein et al,
2011; Suspiro and Prista, 2011; Yiizbasioglu et al, 2014; (Russel, 2002). When we
look at the data we obtained as a result of this study, we think that the factors of the
decrease in mitotic index may be one or more of the reasons mentioned above. In
addition, there were also changes in the ratios of mitotic phases. We think that the
proportional changes in mitotic stages are also a result of this cytotoxic effect.

The chromosome abnormality test, which is used to detect abnormalities
occurring in chromosomes, is one of the most frequently used and fast-responding
tests to understand the reflection of the instabilities occurring in the genome on
chromosomes. Abnormalities in chromosomes can be caused by a mutagenic agent
or, in some cases, these abnormalities can occur spontaneously. The resulting
abnormalities can change the number of chromosomes or cause abnormalities in the
structure of the chromosome. The evaluation of chromosomal abnormalities takes
into account disturbances in cell cycle phases. Analysis of chromosomal
abnormalities not only allows the prediction of genotoxic effects, but also provides
important data for the evaluation of clastogenic and aneugenic events. In addition,
changes in cell structure can also occur. These changes may take the form of
micronuclei, binuclei, necrotic nuclei, etc. Such abnormalities are also good
biomarkers to show the effect of the chemicals used (EI-Zein et al, 2011; Suspiro and
Prista, 2011; Yiizbasioglu et al, 2014; Russel, 2002).

The cellular and chromosomal abnormalities observed in this study and their rates
are shown in Table 2. The abnormalities observed were stickiness, C-mitosis and
anaphase bridge, respectively. These chromosomal abnormalities indicate that
acetomiprid used in the study is an insecticide that causes undesirable effects. This is
an indication that the substance used has mutagenic and/or genotoxic effects. This
can occur as a result of inactivation of the formation of spindle threads or deformation
of chromosomal proteins. In addition, it can be caused by abnormalities in structural
genes. Adhesion and c-mitosis abnormalities are indicative of an aneugenic effect.
Aneugenic effects cause a defect in the attraction of chromosomes towards the poles,
leading to an error in chromosome number. Chromosome stickiness is probably due
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to increased chromosome condensation, improper nucleoprotein formation and
protein-protein interactions (Kuras, 2004; Kundu and Ray, 2017). All treatments of
acetomiprid caused anaphase bridges (Table 2). Chromosome bridges, one of the
structural chromosome abnormalities, occur as a result of chromatin fibers that occur
between sister chromatids and continue until the last stages of cell division, anaphase
and telophase. In the later stages of division, these bridges, which cannot withstand
the stress, break and cause loss of genetic material (Liu et al., 1996).

CONCLUSION

Previous studies have shown that Acetomipridine, which has a wide and intensive
use, has undesirable side effects and may cause adverse effects on humans and
animals through water and environmental pollution. In this study, we aimed to
investigate the toxic effects of this insecticide by chromosome abnormality test. The
results of the study revealed that acetomiprid had both a cytotoxic effect by producing
a mitodepressive effect and a genotoxic effect by producing an aneugenic effect. In
addition, it was once again observed that V. faba, which was used as a genetic model
in the study, is a good marker for determining the toxic effect of the insecticide. In
conclusion, it is recommended to pay attention to the use of acetomipridine and to
substitute this chemical with safer applications, if available.
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