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Gene Expression Alone Is Insufficient to Confirm Apoptosis in Cancer
Research: A Call for Standardized Multi-Level Validation

Oya KORKMAZ!

Abstract: This letter highlights a critical methodological issue in experimental cancer research: the overreliance on
gene expression data, particularly BAX and BCL2, as standalone evidence of apoptosis. We argue that
transcriptional changes alone are insufficient to confirm apoptotic cell death due to poor correlation with protein
activity and lack of functional validation. A multi-level validation strategy integrating gene expression, protein-
level analysis, and functional assays is proposed to improve accuracy and reproducibility.

Keywords: Apoptosis, Gene expression, BAX/BCL2, Cancer research, Methodological validation.

Kanser Arastirmalarinda Apoptozu Dogrulamak I¢in Tek Basina Gen
Ekspresyonu Yetersizdir: Standardize Edilmis Cok Katmanl
Dogrulama I¢in Bir Cagr

Ozet: Bu editore mektup, deneysel kanser aragtirmalarinda énemli bir metodolojik soruna dikkat cekmektedir:
ozellikle BAX ve BCL2 olmak {izere gen ekspresyon verilerinin apoptozun tek basma kaniti olarak asiri
kullanilmasi. Transkripsiyonel degisikliklerin, protein aktivitesi ile zayif korelasyon gostermesi ve fonksiyonel
dogrulama eksikligi nedeniyle, apoptotik hiicre 6liimiinii dogrulamak igin yetersiz oldugu vurgulanmaktadir. Bu
bakimdan, dogruluk ve tekrarlanabilirligi artirmak amaciyla gen ekspresyonu, protein diizeyi analizleri ve
fonksiyonel testleri iceren ¢ok katmanli bir dogrulama yaklagimi 6nerilmektedir.

Anahtar kelimeler: Apoptoz, Gen ekspresyonu, BAX/BCL2, Kanser arastirmalari, Metodolojik dogrulama.

Dear Editor,

Apoptosis is a fundamental biological process central to cancer progression, therapeutic response,
and tissue homeostasis. Accurate identification of apoptotic cell death is therefore essential for
interpreting experimental findings in oncology research. However, an increasing number of studies rely
predominantly on gene expression analyses, particularly BAX and BCL2, as primary or sole evidence
of apoptosis. This practice raises important methodological concerns and may compromise the validity,

reproducibility, and translational relevance of reported findings.

Apoptosis is a highly regulated, multi-step process involving mitochondrial outer membrane

permeabilization, cytochrome c release, caspase activation, chromatin condensation, and DNA

ICorresponding author: Department of Histology and Embryology, Faculty of Medicine, Malatya Turgut Ozal
University, Malatya, Tiirkiye; oya.korkmaz@ozal.edu.tr; “=* 0000-0003-2923-5869
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fragmentation (Mustafa et al., 2024; Rodriguez-Gonzalez and Gutiérrez-Kobeh, 2023). These events
are controlled at multiple regulatory levels, including transcriptional, post-transcriptional, translational,
and post-translational mechanisms. Consequently, although transcriptional alterations provide
valuable insights into apoptotic signaling and upstream regulatory responses, they do not necessarily

reflect the functional execution of apoptosis at the cellular level when used in isolation.

A key limitation of gene expression—-based inference is the frequently observed discrepancy between
mRNA abundance and protein expression. Previous studies have demonstrated that mRNA levels may
not consistently correlate with protein activity due to differences in mRNA stability, translational
efficiency, protein degradation, and post-translational regulation (Truong et al., 2024; Zheng et al., 2025).
Therefore, transcriptional alterations in genes such as BAX or BCL2 should be interpreted cautiously

and ideally complemented with protein-level and functional validation.

Moreover, the functional activity of BCL2 family proteins depends on post-translational
modifications, subcellular localization, and protein—protein interactions (Ilyas and Lee, 2025). Therefore,
transcriptional measurements alone may not accurately reflect apoptotic activity. For instance,
activation of BAX requires conformational changes and translocation to the mitochondrial outer
membrane events that cannot be inferred from gene expression data alone. Similarly, anti-apoptotic
proteins such as BCL2 exert their effects through dynamic interactions with pro-apoptotic partners,

further limiting the interpretability of transcriptional measurements.

Another important consideration is the temporal dynamics of apoptosis. Early transcriptional
responses to stress may reflect reversible or adaptive signaling rather than irreversible commitment to
apoptosis (Lissek, 2025). Without temporal and functional validation, distinguishing between transient

cellular stress and true apoptotic execution remains problematic.

Another methodological consideration involves the widespread use of metabolic assays such as
MTT. These assays remain valuable and practical tools for evaluating cellular metabolic activity and
preliminary treatment responses. However, because they primarily reflect mitochondrial metabolic
function rather than direct apoptotic events, interpretation of MTT findings as definitive evidence of
apoptosis should be supported by complementary apoptosis-specific assays (Madorran et al., 2024).
Consequently, combining MTT results with gene expression data may lead to overinterpretation and

misclassification of cellular outcomes.

Despite these well-recognized limitations, a substantial proportion of experimental cancer studies
continue to infer apoptosis primarily from gene expression data without sufficient protein-level or
functional validation, highlighting a persistent gap between methodological knowledge and research

practice.

From a broader perspective, the reliance on gene expression alone to infer apoptosis may lead to
overinterpretation of experimental findings, particularly in studies evaluating novel anticancer agents.
Such practices risk generating misleading conclusions regarding therapeutic efficacy and underlying

mechanisms, ultimately limiting translational relevance and reproducibility across studies.

To improve methodological rigor, I propose that apoptosis evaluation in experimental cancer

research should incorporate a multi-level validation strategy consisting of:

e Transcriptional analysis: Expression of apoptosis-related genes (e.g., BAX, BCL2)
e Protein-level validation: Detection of functional proteins (e.g., cleaved caspase-3, caspase-9,
BAX/BCL2 protein ratio)
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¢ Functional assays: Direct evidence of apoptosis (e.g., Annexin V/propidium iodide staining, TUNEL
assay, cytochrome c release) (Alshiraihi and Kato, 2023; Adtani et al., 2025; Zhao et al., 2025).

This integrative approach reflects the biological complexity of apoptosis and provides a more reliable

framework for interpreting experimental results.

Overall, gene expression analyses provide important insights into upstream regulatory signaling
and may serve as useful preliminary indicators of apoptotic responses. However, transcriptional
findings alone are insufficient to conclusively establish apoptotic cell death. Adoption of standardized,
multi-layered validation strategies integrating transcriptional, protein-level, and functional analyses
may substantially improve the accuracy, reproducibility, and translational relevance of experimental

cancer research.

Ethical Statement: This manuscript is a Letter to the Editor and does not involve any human
participants, animals, or clinical data. Therefore, ethical approval and informed consent are not

required.

Conflict of Interest: The author declares no conflict of interest.
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Giineydogu Anadolu Bolgesi Meyveciliginde Adaptasyon ve
Seleksiyon Arastirmalarinin Kapsamli Analizi ve Degerlendirilmesi

Kenan (;ELiK1

Ozet: Giineydogu Anadolu Bolgesi, Tiirkiye'nin meyvecilik agisindan genetik gesitlilik ve ekonomik potansiyel
agisindan zengin bir cografyasidir. Bu ¢alisma, bolgedeki adaptasyon ve seleksiyon arastirmalarini sistematik
olarak derleyerek mevcut literatiiriin kapsamini ve eksikliklerini ortaya koymay1 amacglamaktadir. Arastirmalar,
zeytin (Olea europaea L.), badem (Prunus amygdalus L.), ceviz (Juglans regia L.), Antep fistig1 (Pistacia vera L.) basta
olmak tiizere toplam 15 farkli meyve tiirlinde yiiriitiilmiis ve genotiplerin verim, kalite ile gevresel adaptasyon
ozellikleri degerlendirilmistir. Analizler, incelenen genotiplerin yaklasik %30"unun iistiin verim ve kaliteye sahip
oldugunu, %25’inin ise bolge iklim kosullarina yiiksek adaptasyon gosterdigini ortaya koymaktadir. Badem ve
Antep fistig1 genotiplerinde i¢ verim randimani %25-45 araliginda olgiilmiis, ceviz ve zeytin tiirlerinde yapilan
seleksiyon ¢alismalari ise hastalik toleransi ve adaptasyon agisindan olumlu sonuglar vermistir. Cogu ¢alisma (%70)
morfolojik ve pomolojik 6zellikler iizerinden gergeklestirilmis, yalnizca %30"u uzun dénemli adaptasyon ve verim
gozlemlerine dayanmaktadir. Bu derleme, Giineydogu Anadolu’da meyve adaptasyonu ve genotip seleksiyonuna
dair sistematik bir perspektif sunmakta; bolgedeki meyvecilik stratejileri i¢cin uygulamali oneriler ve gelecekte
yapilacak 1slah ¢alismalarma veri temelli rehberlik saglamaktadir. Bulgular, genotip se¢imi, adaptasyon stratejileri
ve stirdiiriilebilir tiretim planlamasi agisindan literatiire 6nemli katkilar sunmaktadar.

Anahtar kelimeler: Seleksiyon, Giineydogu Anadolu Bolgesi, Yerel meyve cesitleri, Meyve genetik kaynaklar.

Comprehensive Analysis and Evaluation of Adaptation and Selection
Research in Fruit Growing in the Southeastern Anatolia Region

Abstract: The Southeastern Anatolia Region is a genetically diverse and economically important area for fruit
production in Tiirkiye. This study systematically reviews adaptation and selection research conducted in the
region, with the aim of identifying the scope of existing studies as well as gaps in the literature. Research has been
carried out on a total of 15 fruit species, including olive (Olea europaea L.), almond (Prunus amygdalus L.), walnut
(Juglans regia L.), and pistachio (Pistacia vera L.), with genotypes evaluated for yield, quality, and environmental
adaptation traits. The analyses indicate that approximately 30% of the evaluated genotypes exhibit superior yield
and quality, while 25% demonstrate high adaptability to regional climatic conditions. Kernel yield in almond and
pistachio genotypes was reported to range between 25-45%, and selection studies in walnut and olive showed
favorable results in terms of disease tolerance and environmental adaptation. The majority of the reviewed studies
(70%) focused primarily on morphological and pomological characteristics, whereas only 30% included long-term
observations related to adaptation and yield performance. This review provides a systematic overview of fruit
adaptation and genotype selection studies in Southeastern Anatolia and offers practical recommendations and
data-driven insights for future breeding programs. The findings make a meaningful contribution to the literature
on genotype selection, adaptation strategies, and sustainable fruit production planning.

Keywords: Selection, Southeastern Anatolia Region, Fruit adaptation, Fruit production, Genotype.

‘Correspondin g author: GAP International Agricultural Research and Training Center; kenan@tarimorman.gov.tr;
0000-0002-5780-6342
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Giineydogu Anadolu Bolgesi, Tiirkiye’nin meyvecilik acisindan zengin cesitlilige sahip 6nemli bir
cografi alanidir. Bolge, iklim ve toprak kosullarinin farklilig1 sayesinde zeytin (Olea europaea L.), badem
(Prunus amygdalus L.), ceviz (Juglans regia L.), Antep fisti1 (Pistacia vera L.), nar (Punica granatum L.),
uzum (Vitis vinifera L.), incir (Ficus carica L.), elma (Malus domestica Borkh.), dut (Morus alba L.), hiinnap
(Ziziphus jujuba Mill.), Trabzon hurmasi (Diospyros kaki L.), kiraz (Prunus avium L.) ve cilek (Fragaria x
ananassa Duch.) gibi ¢ok sayida meyve tiiriiniin yetismesine uygundur. Son yillarda bu tiirler tizerinde
gerceklestirilen adaptasyon ve seleksiyon ¢alismalari, bolgeye 6zgii iistiin genotiplerin belirlenmesini

ve mevcut gesitlerin verimlilik ile kalite agisindan degerlendirilmesini miimkiin kilmistir (Tablo 1).

Tablo 1. Giineydogu Anadolu Bolge’si genelinde yapilan bilimsel galismalar.

. 0 k Yapil 1 1 ..
11 One“Cl an apt an Ca.1§ma ar/ Onemli Bulgular Kaynaklar
Tiirler Seleksiyon
Ze}ftln genotipleri Ustiin genotipler
belirleme; badem belirlendi; meyve
Zeytin, Badem, c¢esitlerinin morfolojik ve asirhin ’ ve ka}llite Sakar, 2016; Yilmaz, 2017;
Gaziantep Ceviz, Antep pomolojik SIS . Alaz, 2021; Gokstinciikgil,
< o . . . parametrelerinde
Fistig1 degerlendirmesi; ceviz 2017; Kiar, 2019
. L. varyasyon; bazi fistik
genotip  segimi;  fistik
tozlayicilar uyumsuz
tozlayici galismalari
. i 2007, 2010, 2011;
Badem, Incir, Yerel badem ve ceviz Geg¢ ¢iceklenen ve simsek, 2007, 2010, 2011;
Cevi N tinleri leksi . Kaliteli tipl Acar, 2018; Burkan, 2018;
eviz, ar, ger}o pleri  seleksiyonu; a.1e1 o genotipler Oturmak, 2017; Yildirhan,
Diyarbakir Elma, incir ve dut belirlendi; i¢ randiman .
Armut Nektarin, karakterizasyonu; elma ve ve meyve agirhiginda 2019;  Ozpolat,  2019;
Ka 151,Dut , nar omolo'i}; anellliz eni Va}; as oi ° Yilmaz, 2019; Peker, 2024;
y p ] genig varyasy Kaya, 2020
oleri T N .
:i.éltksi onu; egri?():f :3111: eijlfistri ::ullietlTn ﬁsti‘i]ri lThan, 2019; Basak, 2019;
Nar, Zeytin, ve T,lzurrll ! ti leriynin enoti IZr y{:éelirlencli' Ozkul, 2018; Ikinci vd,
Sanlurfa Uziim, Hiinnap, . p“ & 'P . ’ 2022; Abbasoglu, 2016;
. karakterizasyonu; hiinnap fenolik ve kimyasal N
Ceviz . . L e ., Turanoglu, 2015; Kaplan,
morfolojik ve fizyolojik igerik cesitliligi tespit
< . . 1 2014; Kilig, 2014
degerlendirmesi edildi
Umitvar ceviz ve incir
o Ye1v‘el cele genotlple?l gen'onpler.l belirlendi; Simgek vd., 2011;
Batman Ceviz, Incir degerlendirmesi; incir antibakteriyel ve .
. .. . . Tasdemir, 2020
tiplerinin adaptasyonu adaptasyon  Ozellikleri
tespit edildi
. Umitvar — genotipler vy 1 2001; Akca, 1997;
. Ceviz ve badem belirlendi; i¢ oran, _ . N
Adiyaman Ceviz,  Badem, seleksiyonlar;; dut ve meyve  agirhgr  ve Késekul, -~ 2017; ~ Goksu,
Y Dut, Uziim, Nar - ooonory €0 yve =~ a8 2011; Kose, 2014; Aytop,
liziim genotip analizi fenolojik  varyasyonlar 2019
raporlandi
Ekinci, 2025; Isen, 2023;
Onen, 2023; Kayaalp,
Badem cesitleri ve Yiiksek  verimli ve 2021; Ceylan, 2020; Satis,
Badem, Elma, . . . . .
. fenolojik analiz;, elma adaptif genotipler 2019; Kir, 2019; Celebi,
Fistik, Incir, L. . . . . o
Siirt Trabzon gesitleri  degerlendirme; belirlendi; meyve 2019; Bilgic, 2019;
Hurmasi  Nar fistik tozlayici gahigmalar;; agirlign  ve kimyasal Ozdemir, 2019;
’ " incir ve Trabzon hurmasi o6zelliklerde Karpuzoglu, 2019; Giil,
Armut .
karakterizasyonu varyasyonlar 2017; Kayra, 2017; Nas,
2016, Ertas, 2016;
Giindogdu, 2006
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Simgek ve Osmanoglu,
Umitvar genotipler ve 2010; Simsek, 2010;

Ceviz, Badem, Ceviz ve badem tescillenmis cesitler Simsek vd., 2017; Ozmen,
Mardin Zeytin, seleksiyonlary; nar, zeytin, belirlendi; fenolojik ve 2019; Oztiirk, 2020; Ay,
Nektarin, Nar, kiraz ve ¢ilek morfolojik ve biyokimyasal 2017; Caner, 2017;
Kiraz, Cilek pomolojik incelemeleri varyasyonlar tespit 1skenderoglu, 2015; Celik,
edildi 2014; Turgut, 2015; Sezer,
2010
Zeytin ve tizim Fenolojik kararlilik ve Gozel, 2006; Erdogan,
Kilis Zeytin, Uziim, seleksiyonlari; nar Uriin kalitesi agisindan 2022; Tu{an, 2022; Ucgar,
Nar genotiplerinin iistliin genotipler 2023;  Ozkaya, 2023;
karakterizasyonu belirlendi Kayabas, 2023

Gaziantep’te yapilan arastirmalar, zeytin genotiplerinin belirlenmesi, badem ¢esitlerinin morfolojik
ve pomolojik degerlendirilmesi, ceviz genotip se¢imi ve fistik tozlayici ¢alismalarini kapsamaktadir. Bu
calismalar sonucunda {istiin genotipler tespit edilmis, meyve agirlig: ve kalite parametrelerinde énemli

varyasyonlar gozlemlenmis ve bazi fistik tozlayicilarin uyumsuz oldugu belirlenmistir (Tablo 1).

Diyarbakir’da yerel badem ve ceviz genotipleri {izerine yiiriitiilen seleksiyon ¢alismalari ile incir,
dut, elma ve nar karakterizasyonlari, geg ciceklenen ve kaliteli genotiplerin belirlenmesini saglamas; i¢
randiman ve meyve agirliginda genis varyasyonlar raporlanmistir (Tablo 1). Sanliurfa’da yapilan
calismalar ise nar genotipleri seleksiyonu, yerel zeytin ve {iziim tiplerinin karakterizasyonu ile hiinnap
morfolojik ve fizyolojik degerlendirmelerini kapsamakta olup, taze tiiketim ve endiistriye uygun iistiin

genotiplerin belirlenmesine imkan tanimistir (Tablo 1).

Bolgede gerceklestirilen diger arastirmalar arasinda Batman'da ceviz ve incir genotiplerinin
adaptasyon ve antibakteriyel 6zelliklerinin degerlendirilmesi, Adiyaman’da ceviz, badem, dut ve tiziim
genotiplerinin seleksiyonu ve fenolojik varyasyonlarinin raporlanmas, Siirt’te badem, elma, fistik, incir
ve Trabzon hurmasi karakterizasyonu, Mardin’de ceviz, badem, zeytin, nektarin, nar, kiraz ve ¢ilek
genotiplerinin morfolojik ve pomolojik incelemeleri ile Kilis'te zeytin, {izim ve nar genotiplerinin

fenolojik kararlilik ve iiriin kalitesi acisindan degerlendirilmesi yer almaktadir (Tablo 1).

Bu c¢alismalar, Giineydogu Anadolu Bolgesi'ndeki meyve tiirlerinin adaptasyon yetenekleri,
verimlilikleri ve kalite parametrelerinin belirlenmesine 6nemli katkilar saglamis ve bolgeye uygun
genotiplerin secilmesi icin temel veri setini olusturmustur. Bu derleme ¢alismasi, il bazinda yapilan
seleksiyon ve adaptasyon arastirmalarinin kapsamli bir analizini sunarak, gelecekte yapilacak 1slah ve

adaptasyon calismalari icin yol gosterici olmay1 amaglamaktadir.

Giineydogu Anadolu Bélgesi'nin Agroekolojik Ozellikleri

Giineydogu Anadolu Bolgesi (GAB), Tiirkiye'nin giineydogusunda, yaklasik 37°-40° kuzey
enlemleri ve 37°-41° dogu boylamlar1 arasinda yer alan genis bir agroekolojik kusaktir. Bélge, I¢
Anadolu ile Akdeniz iklimlerinin ge¢is zonunda bulunmakta ve agirlikli olarak karasal iklim 6zellikleri
gostermektedir. Yaz aylarinda ortalama sicaklik 30-38 °C arasinda degismekte ve bagil nem %401
altina diismektedir. Uzun siireli yaz kurakliklari, 6zellikle sulama altyapisi olmayan alanlarda meyve
yetistiriciligini sinirlayan temel stres faktorlerindendir. Kislar ise nispeten soguk ve yagish gegmekte
olup, yillik toplam yag1s miktar1 500-700 mm civarinda gerceklesmekte ve yagislarin %70-80"i sonbahar
ve kis aylarinda yogunlasmaktadir (Meteoroloji Genel Miidiirliigii, 2023).

Toprak yapisi agisindan, bolge genelinde killi-tinl1 ve kiregli topraklar yaygindir. Topraklarin
organik madde igerigi genellikle diisiik (<1,5 %) olup, pH degeri 7,5-8,5 arasinda degismektedir. Bu
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Ozellikler, mikrobiyal aktiviteyi siurlayarak bitki beslenmesi ve su tutma kapasitesini etkilemektedir.
Egimli alanlarda erozyon riski yiiksek oldugundan, toprak koruma ve su yonetimi Onlemleri

siirdiiriilebilir meyvecilik uygulamalari i¢in kritik 6neme sahiptir (FAO, 2020).

Bolgede ekonomik 6neme sahip baslica meyve tiirleri, kurakliga adaptasyonu yiiksek olan Antep
fistigr (Pistacia vera), badem (Prunus dulcis), zeytin (Olea europaea) ve incir (Ficus carica) olarak
siralanabilir. Harran Ovas1 ve Birecik ¢evresindeki sulanabilir alanlar ise suya yiiksek talep gosteren
nar (Punica granatum) ve tizim (Vitis vinifera) iretimi i¢in uygun mikroekosistemler olusturmaktadir.
Bolgenin daglik alanlar, platolar ve ovalardan olusan heterojen topografyasi, mikroklimatik cesitlilige

katkida bulunmakta ve farkli genotiplerin adaptasyonu ile seleksiyonuna olanak saglamaktadir.

Tablo 2’de, Giineydogu Anadolu Bolgesinin temel agroekolojik ve iklimsel 0Ozellikleri
6zetlenmektedir. Bu tablo, bolgenin toprak, iklim ve topografik yapisinin meyve tiirlerinin adaptasyonu

ve seleksiyonu agisindan sagladig: firsat ve siurliliklar: gorsellestirmektedir.

Tablo 2. Giineydogu Anadolu Bolgesi'nin agroekolojik ve iklim 6zellikleri.

Ozellik Agklama

Konum 37°-40° K, 37°-41°D

Iklim tipi Karasal, i¢ Anadolu-Akdeniz gecisi

Yaz sicaklig1 30-38 °C ortalama

Yaz bagil nemi <40 %

Kis kosullar1 Soguk ve yagish

Yillik yagis 500-700 mm (%70-80 sonbahar/kis)
Toprak tipi Killi-tinly, kiregli

Toprak pH 7,5-8,5

Organik madde <1,5%

Baslica meyve tiirleri Antep fist1g1, badem, zeytin, incir, nar, {izim
Topografya Daglik alanlar, platolar, ovalar
Mikroekosistemler Sulanabilir alanlar nar ve {iztim igin uygun

Tablo 2 incelendiginde, bolgenin yiiksek sicaklik, diisiik nem ve smirli yagis kosullarina dayanikh
tiirler i¢in uygun oldugu, sulanabilir alanlarda ise suya duyarl tiirlerin yetistirilebildigi goriilmektedir.
Topografik ve mikroklimatik heterojenlik, genotiplerin adaptasyonu ve seleksiyon c¢alismalarina
bilimsel veri temeli saglamaktadir. Dolayisiyla, GAB'nin agroekolojik yapisi, hem meyve yetistiriciligi

stratejileri hem de bdlgeye 6zgii gesit gelistirme programlar: agisindan kritik 6neme sahiptir.

Illere Gore Seleksiyon Calismalarinin Incelenmesi
Gaziantep

Gaziantep ilinde yapilan seleksiyon ve adaptasyon ¢alismalari, bolgenin zengin genetik kaynaklarini
ortaya koymak ve {istiin nitelikli genotipleri belirlemek amaciyla yogunlagmistir. Bu calismalar, yerel
ve ticari agidan degerli meyve tiirlerinde morfolojik, pomolojik, biyokimyasal ve molekiiler diizeyde

onemli bilgiler sunmaktadir.

Ornegin, Sakar (2016) tarafindan yiiriitiilen zeytin genotipleri (Olea europaea L.) caligmasinda 25
genotip meyve agirligi, sekli, yag orani, yag asitleri bilesimi, lentisel biiyiikliigii ve habitiis agisindan
degerlendirilmis; meyve agirligi 10.82-18.74 g ve oleik asit orami %58.68-72.86 arasinda degisim
gostermistir. Bu sonuglar, Gaziantep’te yiiksek oleik asit igerigine sahip yaglik zeytin {iretimi
potansiyelini ortaya koymakta ve bolgesel zeytin yetistiriciliZinde genotip se¢iminin 6nemini

vurgulamaktadir.
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Bademde (Prunus amygdalus L.), Yilmaz (2017) Araban ve Yavuzeli ilgelerinde 668 dogal genotipi
degerlendirmis ve 29 {imitvar genotip belirlemistir. Geg cigeklenen genotipler, erken don riskine kars:
dayaniklilik gostermekte ve cagla-cerezlik tiiketim icin uygunluk tagimaktadir. Bu durum, bolgedeki
badem iiretiminde erken don kaynakl verim kayiplarinin azaltilmasi ve ticarilesmeye uygun genotip
secimi agisindan Onemlidir. Ayrica SSR markorleri ile genetik karakterizasyon yapilmasi, gelecekte

yapilacak 1slah ¢alismalari icin temel veri saglamaktadir.

Alaz (2021) tarafindan Gaziantep kosullarinda ¢6giir anag lizerine asilanan Texas, Nonpareil ve
Mandalay badem ¢esitlerinde {i¢ yillik gézlemler sonucunda verim, yag ve protein oranlarinda anlaml
farkliliklar bulunmustur. Bu bulgular, anag-se¢im ve ¢esit uyumunun iiretim verimliligi ve kaliteye

etkisini gostermekte, bolgesel badem yetistiriciligi igin stratejik 6neme sahiptir.

Cevizde (Juglans regia L.), Goksiinciikgil (2017) tarafindan degerlendirilen 155 yerel genotipten 10'u
{imitvar olarak secilmistir. Ustiin genotipler, meyve agirlig1 (13.12-20.40 g), i¢ oran (%44.57-56.01) ve
kabuk kalinlig1 (1.34-2.03 mm) gibi 6zellikler agisindan yiiksek potansiyele sahiptir. Bu genotipler,

Gaziantep ceviz liretiminde verim ve kalite artis1 saglayabilecek materyal olarak one ¢ikmaktadir.

Antepfistiginda (Pistacia vera L.), Kir (2019) farkl erkek tip tozlayicilarin meyve tutumu ve kaliteye
etkisini incelemis; mevcut tozlayicilarin verim artist icin yeterli olmadig1 belirlenmistir. Bu bulgu,
tozlayici segimi ve cesit uyumunun ekonomik agidan kritik oldugunu ve bolgedeki antepfistig

iiretiminde tozlayic1 optimizasyonunun gerekliligini ortaya koymaktadir.

Genel olarak Gaziantep’te yiiriitillen seleksiyon ve adaptasyon c¢alismalari, yerel genetik
kaynaklarin degerlendirilmesi, verim ve Kkalite artirnmu ile ticari iiretim icin uygun genotiplerin
belirlenmesi agisindan 6nemli katkilar sunmaktadir. Bu galismalarin devami, bolge ekonomisine

dogrudan yansiyacak ve meyve yetistiriciliginde siirdiiriilebilir uygulamalar1 destekleyecektir.

Diyarbakir

Diyarbakir ilinde yiiriitiilen seleksiyon ve adaptasyon galismalari, bolgenin iklimsel kosullarina
uygun, yiiksek kaliteli ve kurakliga dayanikli genotiplerin belirlenmesi amaciyla yogunlasmistir.
Ozellikle badem, incir, ceviz, nar, elma ve dut tiirlerinde yapilan caligmalar, yerel genetik kaynaklarin

degerlendirilmesi ve ekonomik potansiyelin artirilmasi agisindan 6nemli bulgular sunmaktadir.

Incir (Ficus carica L.) iizerinde Simsek (2007) tarafindan yapilan seleksiyon galismasinda, 42 yerel tip
arasindan meyve kalitesi yliksek Zapi9 ve Zapil7 genotipleri belirlenmis ve koruma altina alinmistir.
Bu genotipler, Diyarbakir incir iiretiminde yiiksek Kkaliteli taze ve kuru meyve {retimini

destekleyebilecek materyal olarak one ¢ikmaktadir.

Bademde (Prunus amygdalus L.), Simsek (2010) ve Simsek vd. (2010, 2011) tarafindan yapilan
calismalar, farkli ilgelerden toplanan yerel genotiplerde kurakliga dayaniklilik, meyve agirlig: ve ig
kalite agisindan {imitvar genotipleri ortaya koymustur. Ornegin, i¢ randiman %23.52-59.29 ve meyve
agirligr 0.67-5.26 g arasinda degisen genotipler, bolge badem iiretiminde verim ve kaliteyi artirma
potansiyeline sahiptir. Acar vd. (2018) tarafindan belirlenen ge¢ ciceklenen ve kaliteli 80 genotip ise

erken don riskini azaltarak ticarilesmeye uygun materyal saglamaktadir.

Ceviz (Juglans regia L.) genotipleri iizerine yapilan calismalar (Simsek, 2010; Yilmaz vd., 2020),
Diyarbakir’in 9 ilgesindeki dogal populasyonlardan segilen 69 genotipin meyve agirlig1 7.51-16.90 g, i¢
agirlig1 4.06-9.13 g ve i¢ oran1 %42.84-62.28 araliginda oldugunu gostermistir. Kabuk kalinligi 0.63-2.27
mm arasinda degisen genotipler, morfolojik ve pomolojik agidan 6nemli gesitlilik sunmakta ve ticari

degeri yiiksek materyallerin seleksiyonu i¢in potansiyel olusturmaktadir.
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Sert cekirdekli meyveler agisindan nektarin (Prunus persica) ve kayist (Prunus armeniaca L.)
cesitlerinin adaptasyon ve kalite potansiyelini ortaya koymaktadir. Nektarinlerde meyve agirlig1 78.60—
162.43 g, SCKM %b5.0-12.0 ve asitlik %0.40-1.33, kayisida ise meyve agirlig1 34.71-56.40 g, SCKM
%13.10-20.20, TEA %0.09-0.99 ve pH 3.67-5.15 olarak bulunmus; fenolojik ve morfolojik varyasyonlar
cesitler arasinda belirgin olmustur (Yildirhan, 2019; Ozpolat, 2019).

Nar (Punica granatum L.), elma (Malus domestica Borkh.) ve armut (Pyrus communis L.) lizerinde
yapilan calismalar (Oturmak vd., 2017; Burkan, 2018; Yildirhan, 2019; Peker, 2024), farkli yerel
genotiplerin meyve agirhigi, SCKM, pH, asitlik ve fenolik madde igerigi agisindan gesitlilik gosterdigini
ortaya koymustur. Bu durum, meyve kalitesi ve isleme endiistrisine uygun genotip se¢imi agisindan

deger tasimaktadir.

Dut genotiplerinde (Kaya, 2020), M. laevigata tiirii yliksek meyve agirligi, meyve suyu randimani ve
fenolik madde igerigi ile 6ne ¢ikarken, M. rubra tiirii yiliksek antioksidan kapasiteye sahiptir. Bu

genotipler, besin degeri ve saglik odakli iiriinlerin {iretimi icin 6nemli potansiyel sunmaktadar.

Genel olarak Diyarbakir'da yiiriitiilen seleksiyon ve adaptasyon c¢alismalari, yerel genetik
kaynaklarin korunmasi ve ekonomik degere doniistiiriilmesi agisindan biiyiik énem tasimaktadir.
Ozellikle kurakliga dayanikli ve yiiksek kaliteli genotiplerin belirlenmesi, bdlge meyveciliginde

sturdiirtilebilir tiretim ve ticari verim artig igin kritik bir temel olusturmaktadir.

Sanlwrfa

Sanliurfa ili, Glineydogu Anadolu Bolgesi'nin dnemli meyvecilik alanlarindan biri olup, zeytin, nar,
incir, izlim, antepfistig1, elma ve hiinnap gibi tiirler agisindan zengin yerel genetik kaynaklara sahiptir.
Bolgedeki seleksiyon calismalari, hem geleneksel cesitlerin korunmast hem de taze tiiketim ve

endiistriyel kullanim agisindan iistiin genotiplerin belirlenmesi amacini tasimaktadar.

Nar (Punica granatum L.) genetik kaynaklar1 bakimindan Harran Ovasi’'nda yapilan ¢alismalar, taze
tilketim ve meyve suyu endiistrisine uygun iistiin nitelikli genotipleri ortaya koymustur. Bu
genotiplerin pomolojik, duyusal ve kimyasal 6zelliklerinin karakterizasyonu, bolgesel nar iiretiminde

kalite ve verim artis1 potansiyelini gostermektedir.

Zeytin (Olea europacea L.) {izerinde yiiriitiilen aragtirmalarda (flhan, 2019; Ozkul, 2018; Turanoglu,
2015; Kaymak, 2011), farkl gesitlerin fenolojik, morfolojik ve pomolojik 6zellikleri incelenmis; 6zellikle
oleuropein, fenolik bilesik ve antioksidan kapasite acisindan 6nemli farkliliklar saptanmuistir. Bu veriler,
zeytin liretiminde yiiksek kalite ve endiistriyel kullanim potansiyeline sahip gesitlerin se¢imi agisindan

yol gostericidir.

Hiinnap (Ziziphus jujuba Mill.) ve incir (Ficus carica L.) genotipleri iizerinde yapilan ¢alismalar
(Alper, 2006; Tkinci vd. 2022;), meyve agirhigi, stoma yogunlugu ve kimyasal igerik bakimindan
farkliliklar gostermistir. Bu durum, kurakliga adaptasyon yetenegi yiiksek ve ticari potansiyeli olan

genotiplerin belirlenmesine katki saglamaktadir.

Antepfistig1 (Pistacia vera L.)¢alismalar1 (Kandemir, 2005) ise as1 yontemi ve gesit uyumunun verim
ve basari lizerine etkisini ortaya koymus; 6zellikle T-goz ve yonga goz agilarin basari oranlar ve ag1
kalemi tazeliginin Onemini vurgulamistir. Bu bulgular, bolgesel antepfistig1 yetistiriciliginde

uygulanabilir teknik Oneriler sunmaktadir.

Basak (2019), Sanliurfa’da dogal ceviz (Juglans regia L.) populasyonlarindan 20 {imitvar genotip
selekte etmis; meyve agirligi 7.9-15.5 g, i¢ oran %45-56, kabuk kalinlig1 1.04-1.59 mm ve yag orani %50-
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62 arasinda bulunmus, tiim genotiplerde protandri ¢iceklenme g6zlenmis ve molekiiler karakterizasyon
ISSR, RAPD ve iPBS markorleri ile gerceklestirilmistir.

Nar (Punica granatum L.) lizerine yapilan daha kapsamli ¢alismalar (Abbasoglu, 2016; Kaplan, 2014;
Kilig, 2014; Polat, 2023), pomolojik, kimyasal ve genetik analizlerle iistiin genotipleri belirlemis; bu
genotipler hem taze tiiketim hem de isleme sanayi icin yiiksek verimli ve kaliteli materyal olarak

degerlendirilebilir.

Genel olarak, Sanliurfa’da yiiriitiilen seleksiyon ve adaptasyon calismalari, yerel genetik
kaynaklarin korunmasi ve ekonomik degerlerinin artirilmasi agisindan kritik oneme sahiptir. Ozellikle
yiiksek verimli ve kaliteli nar, zeytin ve incir genotipleri, bolge meyveciliginin siirdiiriilebilirligine ve

ticari iretim potansiyeline dogrudan katk: saglamaktadir.

Batman

Batman ili ve gevresi, ozellikle Hasankeyf ve Sason ilgeleri, Giineydogu Anadolu Bolgesi'nin yerel
meyve genetik kaynaklar1 acisindan 6nemli bir merkezdir. Bolgedeki meyvecilik potansiyeli, cografi
izolasyon, yerel adaptasyon siiregleri ve kiiltiirel seleksiyon uygulamalariyla sekillenen zengin biyolojik

cesitlilige sahiptir.

Ceviz (Juglans regia L.) lizerinde yapilan g¢alismalar (Simsek vd., 2011; Tasdemir, 2020), meyve
agirhigl, i¢c oran, yag ve protein igerigi gibi morfolojik ve pomolojik parametrelerde cgesitlilik
gostermistir. Ayrica, bazi genotiplerin antibakteriyel Ozellikleri, bu materyalin farmakolojik ve
endiistriyel potansiyelini ortaya koymaktadir. Bu genotipler, Batman ceviz {iretiminde yiiksek verim ve

kalite saglayabilecek materyal olarak degerlendirilebilir.

Bolgedeki incir (Ficus carica L.) genotipleri, kurak ve taslik arazilere adaptasyon yetenekleriyle
dikkat cekmektedir. Bu tipler, diisiik girdi kosullarinda siirdiiriilebilir meyve iiretimi i¢in 6nemli bir

genetik kaynak olusturmaktadir.

Nar (Punica granatum L.) ve ceviz (Juglans regia L.) genetik kaynaklarina yonelik baslatilan ¢alismalar,
cografi izolasyon ve yerel ¢ift¢i segimlerinin etkisiyle olusmus varyasyonlar: ortaya koymakta ve
bolgenin genetik cesitliliginin korunmasi ile ekonomik degerlendirmenin artirilmasi agisindan katk:

saglamaktadir.

Genel olarak, Batman’daki seleksiyon ve adaptasyon ¢alismalari, yiiksek kaliteli, kurakliga dayanikli
ve ekonomik degeri yiiksek genotiplerin belirlenmesi yoniinden 6nemli veriler sunmakta ve bolgesel

meyveciligin stirdiiriilebilirligine katki saglamaktadir.

Adwyaman

Adryaman ili, Glineydogu Anadolu Bolgesi'nin 6nemli tarimsal {iretim merkezlerinden biri olup,
zengin genetik kaynaklari ile dikkat cekmektedir. Bolgede ceviz, badem, dut, tiziim ve nar gibi meyve
tiirlerine ait yerel genotiplerin belirlenmesi ve degerlendirilmesine yonelik ¢ok sayida aragtirma

ylirtitiilmiistiir.

Badem (Prunus amygdalus L.) genetik kaynaklari {izerine yapilan galismalar, bolgenin kurak
kosullarina adaptasyon ve kaliteli {iriin elde etme potansiyelini ortaya koymaktadir. Unal (2021)
tarafindan Kahta ilgesinde Ferragnes ve Ferraduel cesitleri {izerinde yapilan calismada sulama
uygulamalariin pomolojik ve fizyolojik 6zellikler ile verim tizerindeki etkileri incelenmis; bulgular,
kurak alanlarda badem iiretiminde verim ve kalite artiric1 uygulamalar: desteklemektedir. Goksu (2011)

ve Kose (2014) tarafindan yiiriitiillen calismalarda, yerel ve yabani badem popiilasyonlarinda

11



] Biol Sci Health 4(1) 2026, 5-19 Celik

ciceklenme zamani, meyve agirligl, i¢ oran ve kabuk kalinlig: gibi kriterlerde 6nemli varyasyonlar
belirlenmis; iimitvar genotipler tespit edilmistir. Bu genotipler, bolgesel badem 1slah programlar: ve

taze/tuketimlik {iretim i¢in kullanilabilir niteliktedir.

Ceviz (Juglans regia L.) lizerine yapilan arastirmalar (Akga vd., 1997; Kosekul, 2017) da Adiyaman’in
genetik cesitlilik bakimindan zenginligini gostermektedir. Calismalarda belirlenen {imitvar genotipler,
meyve agirlhigy, i¢ ceviz agirhigl, randiman ve kabuk kalinlig1 bakimindan yiiksek kalite potansiyeline
sahip bulunmus; bu durum bdélge ceviz {iretiminin verim ve kalite agisindan iyilestirilmesine yonelik

Oonemli bir temel olusturmaktadir.

Dut tiirlerinde yiiriitiilen arastirmalar (Aytop, 2019), farkli genotiplerin pomolojik ve antioksidan
kapasite acisindan gesitlilik gosterdigini ortaya koymustur. Mor ve karadut tiirlerinin 6zellikle yiiksek
antioksidan igerikleri, fonksiyonel gida ve saglik odakli iiriin gelistirme acisindan degerli genetik

kaynaklar olarak degerlendirilmektedir.

Buna ek olarak, Adiyaman’da yerel {iziim ve nar genotiplerinin yiiksek rakimli alanlara
adaptasyonu incelenmis; bu ¢alismalar, bolgesel seleksiyon programlar1 ve siirdiiriilebilir tarimsal

iiretim stratejilerinin gelistirilmesi acisindan yol gosterici niteliktedir.

Genel olarak, Adiyaman'da yiiriitiillen seleksiyon ve adaptasyon calismalari, yerel genetik
kaynaklarin korunmasi, ekonomik degerinin artirilmasi ve meyvecilikte siirdiiriilebilir {iretim
stratejilerinin gelistirilmesi agisindan énemli katkilar saglamaktadir.

Siirt

Siirt ili, Glineydogu Anadolu Bolgesi'nde 6zellikle fistik iiretimi ile 6ne ¢ikan bir merkez olup,
mikroklima 6zellikleri tasiyan Botan Vadisi basta olmak {izere armut, elma ve diger meyve tiirlerinde
de onemli genetik kaynaklara sahiptir. Bolgedeki seleksiyon calismalarinin temel amaci, iklimsel ve

toprak kosullarina uyumlu, yiiksek kaliteli ve ekonomik degeri yiiksek genotiplerin belirlenmesidir.

Siirt fistigr (Pistacia vera L.), morfolojik 6zellikleri ve pazar talepleri agisindan farklilik gostermesi
nedeniyle bolgesel olarak one ¢ikmaktadir. Satis (2019) ve Karpuzoglu (2019) tarafindan yiiriitiilen
calismalar, farkli anaglar ve lokasyonlardaki fistik iiretiminde randiman ve kavlak/cekirdek
Ozelliklerinde 6nemli varyasyonlar oldugunu ortaya koymustur. Bu bulgular, bolgesel fistik iiretiminde
uygun anag ve tozlayici se¢iminin verim ve kaliteyi artirmada kritik oldugunu gostermektedir. Kir
(2019) tarafindan yapilan tozlayici denemeleri ise mevcut erkek tiplerin fistik gesitleri i¢in her zaman
yeterli olmadigimi ortaya koymus; bu da tiretim planlamasinda ¢esit-ana¢ uyumunun Onemini

vurgulamaktadir.

Badem (Prunus amygdalus L.) genotipleri iizerine yapilan galismalarda (Ekinci, 2025; Isen, 2023;
Kayra, 2017), Ferraduel ve Ferragnes gibi cesitlerin geg ciceklenme, yiiksek i¢ verim ve kabuklu verim
agisindan iistiin oldugu; Drake ve Texas gibi gesitlerin ise meyve biiyiikliigii ve kalite parametrelerinde
farkli avantajlar sagladig belirlenmistir. Bu genotipler, Siirt kosullarinda taze tiiketim ve igsleme odakl
badem {iiretimi i¢in uygun adaylar olarak degerlendirilmektedir. Ayrica Arap bademinin (Amygdalus
arabica) kurak ve yar1 kurak alanlarda ana¢ olarak kullanim potansiyeli ortaya konmus, asilama

doneminin {iretim basarisini etkiledigi vurgulanmistir.

Trabzon hurmasi (Diospyros kaki L.) ve incir (Ficus carica L.) genotipleri tizerine yiiriitiilen ¢alismalar
(Gil, 2017; Bilgig, 2019; Celebi, 2019; Ozdemir, 2019), morfolojik, pomolojik, kimyasal ve molekiiler
diizeyde genetik cesitliligin zenginligini ortaya koymaktadir. Ozellikle Trabzon hurmasinda suda

¢ozlinebilir kuru madde, fenolik madde ve antioksidan kapasite agisindan ©Onemli farkliliklar
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belirlenmis, bu da fonksiyonel gida {iretimi ve bolgesel genetik kaynaklarin degerlendirilmesi agisindan

potansiyel sunmaktadir.

Elma (Malus domestica) ve erik (Prunus domestica L.) genotipleri lizerine yapilan degerlendirmeler
(Ceylan, 2020; Onen, 2023; Nas, 2016), fenolojik ve pomolojik agidan gesitler arasinda belirgin farkliliklar
oldugunu gostermis; Fuji, Jeromine, Golden Clon B ve Santa Rosa gibi cesitler yiiksek kalite ve
adaptasyon potansiyeli ile 6ne ¢ikmistir. Bu genotipler, Siirt'in meyvecilik {iretim planlamasinda seckin

cesitler olarak kullanilabilir.

Armut (Pyrus communis L) genotipleri (Ertas, 2016) Siirt'in cesitli ilcelerinde incelenmis; meyve
agirhgr 27-300 g, boyu 31-94 mm ve SCKM %9-15 arasinda bulunmus, kabuk ve et rengi, tat ve
kumluluk agisindan cesitler arasinda farkliliklar belirlenmistir. Nar genotipleri (Giindogdu, 2006)
Pervari’de degerlendirilmis; meyve agirligi 197-328 g, dane randimarn %57-66 ve suda ¢oziinebilir kuru

madde %13-25 araliginda olup, 12 genotip endiistriye uygun olarak se¢ilmistir.

Genel olarak, Siirt'te yiiriitiilen seleksiyon calismalari, yerel ve adaptif genotiplerin belirlenmesi,
bolgesel {iretim stratejilerinin optimize edilmesi ve ekonomik getirisi yiiksek meyve iiretiminin
desteklenmesi agisindan 6nemli katkilar sunmaktadir. Ozellikle fistik, badem, Trabzon hurmasi, incir,
elma ve erik tiirlerinde elde edilen bulgular, uygulamaya doniik seleksiyon ve 1slah programlari igin

saglam bir temel olusturmaktadir.

Mardin
Mardin yoresi, Glineydogu Anadolu Bolgesi'nde zengin bitkisel genetik kaynaklar: ve yerel tiir
cesitliligi ile dikkat cekmektedir. Bolgede yiiriitiilen seleksiyon calismalar1 ozellikle ceviz, badem,

zeytin, nar, kiraz, nektarin ve cilek gibi ekonomik éneme sahip meyve tiirlerine odaklanmistir.

Ceviz (Juglans regia L.) genotipleri lizerine yapilan arastirmalar (Simsek ve Osmanoglu, 2010; Simsek,
2010; Simsek vd., 2017) bolgenin dogal popiilasyonlarindan iistiin 6zellikler tasiyan genotiplerin
belirlenmesini saglamistir. Mazidag1 ve Beyazsu havzalarindaki calismalar, meyve agirlig, ic orani,
kabuk kalinligi ve biyokimyasal igerikler agisindan zengin varyasyonlar1 ortaya koymus ve 1slah

programlari ile iireticiler icin uygun fidan materyali saglama potansiyelini gostermistir.

Yerel badem (Prunus amygdalus L.) popiilasyonlar1 (Celik, 2014) Midyat ve Savur'da cigeklenme
zamani, meyve agirligi, kabuk kalinli1 ve i¢ dolgunlugu gibi kriterler agisindan degerlendirilmis ve 13
{imitvar genotip belirlenmistir. Nar, zeytin ve kiraz genotipleri iizerine yapilan ¢alismalarda (Oztiirk,
2020; Ay, 2017; Iskenderoglu, 2015), morfolojik ve fenolojik gesitlilik ile adaptasyon ozellikleri detayl

sekilde ortaya konmustur.

Bolgede yiiriitiilen cilek (Fragaria x ananassa Duch.) calismalar1 (Sezer, 2010) ise Camarosa ve Albion
cesitlerinde yesil giibre uygulamalarinin verim ve kaliteyi artirdigini; Albion’un erken olgunlasma ve
yiiksek kuru madde igerigi ile avantaj sagladifini gostermistir. Bunun yami sira, Derik ilgesinde
kurakliga dayanikli ve yiiksek yag verimine sahip yerel “Derik Zeytini” tescillenmis; Midyat ve
Savur’'da incir, iziim ve nar gesitliligine yonelik morfolojik ve biyokimyasal tanimlama g¢alismalar:

stirdiiriilmektedir.

Genel olarak, Mardin’de yiiriitiilen seleksiyon caligmalari, yerel ve adaptif genotiplerin belirlenmesi,
iireticilere uygun materyal saglanmasi ve bolgesel tarimsal stratejilerin gelistirilmesi agisindan 6nemli

katkilar sunmaktadar.
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Kilis
Kilis yoresi, Giineydogu Anadolu Bolgesi'nin zengin yerel zeytin ve iiziim cesitleri ile 6ne
cikmaktadir. Ozellikle “Kilis Yaglhik” zeytini, fenolojik kararlilik, biyotik streslere dayaniklilik ve yiiksek

kalite parametreleri agisindan arastirmalara konu olmustur.

Kilis Yaglik iizerinde yiiriitiilen ¢alismalar (Erdogan, 2022; Turan, 2022; Ugar, 2023; Ozkaya, 2023;
Kayabas, 2023), meyve agirlig1, yag orani, fenolik bilesenler ve yag asidi kompozisyonu agisindan gesit
ve hasat zamarni kaynakli 6nemli degiskenlikler oldugunu ortaya koymustur. Ayrica, zeytin ¢igekleri
ve yapraklarindaki fenolik igerik ve biyolojik aktivite calismalari, bu organlarin ilag ve kozmetik

sektorlerinde potansiyel ham madde olarak kullanilabilecegini gostermektedir.

Uziim (Vitis vinifera L.) ve nar (Punica granatum L.) genotipleri agisindan Kilis bolgesi, “Kilis Karas1”
gibi yerel cesitler ile 6nemli bir genetik kaynag: temsil etmektedir. Bu ¢esitlerin fenolojik kararliligi,
verim potansiyeli ve kalite 6zellikleri ile seleksiyon ve 1slah programlari agisindan yiiksek potansiyele

sahip oldugu vurgulanmaktadir.

Tohum ¢imlenmesi ve ¢elik koklenmesi calismalar1 (Gozel, 2006) Kilis Yaglik ve Nizip Yaglik
zeytinlerinde farkli kimyasal ve hormon uygulamalarinin ¢cimlenme ve koklenme basarisini artirdigin
gostermis; uygulamanin ceside ve zamana gore degistigi belirlenmistir. Bu bulgular, yetistirme

teknikleri ve geng fide iiretimi acisindan pratik uygulamalara 1sik tutmaktadir.

Sonug olarak, Kilis yoresi, 6zgiin zeytin ve iziim genetik kaynaklari, adaptif gesitler ve yiiksek kalite
parametreleri ile bolgesel tarimin gelisimi ve yerel seleksiyon programlari agisindan kritik dneme

sahiptir.

TARTISMA ve SONUC

Bu calisma, Giineydogu Anadolu Bolgesi'nin farkli yorelerinde gergeklestirilen meyve tiirlerine
yonelik adaptasyon ve seleksiyon ¢alismalarini kapsamli bir bicimde degerlendirmistir. Elde edilen
bulgular, bolgenin zorlu iklim ve toprak kosullarina ragmen ceviz, badem, zeytin, nar, fistik, dut, kiraz,
elma ve incir gibi 6nemli tiirlerde yerel genotiplerin yiiksek adaptasyon kabiliyeti, verim potansiyeli ve
iistin meyve kalitesi sergiledigini ortaya koymaktadir. Ozellikle Mardin y&resindeki ceviz
seleksiyonlarinda meyve agirlig1 ve i¢ oranlarindaki genis varyasyonlar, bélgedeki genetik cesitliligin
zenginligini yansitmaktadir (§imsek ve Osmanoglu, 2010; Simsek vd., 2017). Benzer sekilde, Kilis
yoresinde Kilis Yaglik zeytin gesidinin fenolojik uyumu, yag orani ve yag asidi bilesimi agisindan
dikkate deger bir potansiyele sahip oldugu belirlenmistir (Erdogan, 2022; Kayabas, 2023; Ozkaya, 2023).
Ayrica Siirt fistign ve Ferragnes/Ferraduel badem cesitlerinin mikroklima 6zellikleri tasiyan alanlarda
gosterdigi yliksek verim ve adaptasyon, bolgesel iiretim stratejileri agisindan 6nemli bir gostergedir
(Isen, 2023; Ekinci, 2025).

Bolgede vyiriitiilen calismalar, farkli mikroklimatik ve ekolojik kosullara uyum saglayan
genotiplerin belirlenmesinin, tarimsal siirdiiriilebilirlik ve verimlilik a¢isindan kritik oldugunu ortaya
koymaktadir. Yerel cesitlerin korunmas: ve tarimsal {iiretime entegrasyonu, biyolojik cesitliligin
stirekliligi ve ekonomik katma deger yaratimi agisindan stratejik bir gerekliliktir. Fenolojik ve pomolojik
veriler, 6zellikle kurakliga dayarikls, yiiksek kaliteye sahip ve endiistriyel kullamim potansiyeli olan
meyve tiplerinin gelistirilmesi amaciyla yiiriitiilecek gelecekteki 1slah programlar: i¢in saglam bir temel
sunmaktadir. Bununla birlikte, mevcut literatiirdeki calismalarin ¢ogunlugunun morfolojik ve
pomolojik verilere dayanmasi, molekiiler diizeyde kapsamli analizlerin yetersiz kalmasi énemli bir

eksiklik olarak 6ne ¢ikmaktadir. Bu durum, genetik kaynaklarin tam potansiyelinin ortaya konmasini,
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cesitlerin fenotipik ve genetik uyumlarinin ayrintili olarak incelenmesini ve uzun vadeli koruma

stratejilerinin gelistirilmesini sinirlamaktadir.

Ayrica tescillenmis genotiplerin ulusal 1slah programlarina entegrasyonunun sinirli olmasi, gen
bankalarinda etkin korunmalarinin yaygimlasmamis olmas: ve yerel {ireticilerle 1slah ¢alismalarinin
sistematik bir gekilde yiiriitiilmemesi, bolgenin genetik kaynaklarmmin siirdiiriilebilir yonetimi
acgisindan zayif yonler olarak degerlendirilmektedir. Mevcut ¢alismalarin ¢ogu sadece belirli il veya
ilgelerde yiiriitiilmiis olup, bolgesel ve karsilastirmali analizlerin smirliligi, genotiplerin farkli ekolojik

kosullardaki performansinin tam olarak anlasilmasini engellemektedir.

Bu eksikliklerin giderilmesi, ileri molekiiler biyoteknolojik yontemlerin seleksiyon ¢alismalarina
entegre edilmesiyle miimkiin olabilecektir. Molekiiler markerlar, genomik analizler ve klonlama
teknikleri ile birlikte fenolojik ve pomolojik verilerin biitiinlestirilmesi, genetik cesitliligin hassas
tanimlanmasini, gen bankalarinda etkin korunmasini ve ulusal 1slah programlaria dahil edilmesini
saglayacaktir. Mikroklimatik farkliliklar, toprak oOzellikleri ve ekolojik faktorlerin dikkate alindig:
disiplinleraras1 arastirmalar, seleksiyon basarisint artirarak yerel genotiplerin adaptasyon
mekanizmalarimin daha iyi anlasilmasina katki saglayacaktir. Ayrica, yerel ireticilerin bilgi ve
deneyimlerinin 1slah siireclerine aktif olarak dahil edilmesi, bolgesel cesitlerin yayginlastirilmasi ve

ekonomik deger kazanmasi agisindan kritik neme sahiptir.

Giineydogu Anadolu Bolgesi'nde yapilan saha ve derleme calismalari, bolgesel genetik kaynaklarin
korunmas: ve gelistirilmesine yonelik stratejilerin belirlenmesine énemli katkilar saglamaktadir. Elde
edilen bulgular, iklim degisikligine uyumlu badem, fistik ve diger meyve cesitlerinin gelistirilmesi ve
tarimsal tiretimde stird{iirtilebilirligin artirilmasi agisindan bilimsel bir temel olusturmaktadir. Kapsamli
genetik karakterizasyon, modern i1slah programlarinin uygulanmas: ve siirdiiriilebilir koruma
stratejilerinin hayata gecirilmesi, hem bolgesel hem de ulusal meyvecilife uzun vadede deger
katacaktir. Gelecekte, Ozellikle genotiplerin molekiiler diizeyde karakterizasyonu, farkli ekolojik
kosullarda adaptasyon calismalari, tozlayict ve iiretim tekniklerinin optimize edilmesi ve yerel
genotiplerin ekonomik degerlendirmesinin artirilmasi, Glineydogu Anadolu Bolgesi'nin meyve tiretim

potansiyelinin maksimum seviyeye ¢ikarilmasina olanak saglayacaktir.

Cikar Catismast Beyani: Yazar, bu makale ile ilgili bagka kisi veya kurumlar ile ¢ikar gatismasi

olmadigini beyan eder.
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Abstract: The present study aimed to determine the length-weight relationships (LWRs), length-length
relationships (LLRs), and condition factor of Cyprinion macrostomum Heckel, 1843 inhabiting Pembelik Reservoir in
the Upper Euphrates River Basin, Tiirkiye. Fish sampling was conducted between January and December 2025, and
a total of 50 specimens were collected using gillnets and electrofishing. Total length (TL), fork length (FL), standard
length (SL), and body weight (W) were measured for each specimen. Length—-weight relationships were estimated
using the equation W = aLP, while length-length relationships were calculated by linear regression analysis. The
mean body weight, total length, fork length, and standard length were 35.60 g, 14.40 cm, 12.64 cm, and 11.65 cm,
respectively. The estimated b values were 3.0317 for TL, 3.0432 for FL, and 2.9471 for SL. Student’s t-test indicated
that none of the b values differed significantly from the theoretical isometric value of 3 (P > 0.05), demonstrating
isometric growth. Strong length-weight relationships were observed, with coefficients of determination (R?)
ranging from 0.9776 to 0.9829. Similarly, length-length relationships exhibited very high correlations (R? = 0.9918-
0.9940). The Fulton condition factor ranged between 0.71 and 1.25, with a mean value of 1.08 + 0.09, indicating that
the population was generally in good condition. These findings provide the first baseline data on the growth
characteristics and condition factor of C. macrostomum in Pembelik Reservoir and may support future fisheries
management, ecological monitoring, and conservation studies in the Upper Euphrates River Basin.

Keywords: Cyprinion macrostomum, Length—-weight relationship, Length-length relationship, Condition factor,
Pembelik Reservoir.

Pembelik Baraj Goélii'nde (Yukar1 Firat Nehri Havzasi, Tiirkiye)
Yasayan Cyprinion macrostomum Heckel, 1843'iin Boy-Agirlik ve Boy-
Boy Iliskileri ile Kondisyon Faktorii

Ozet: Bu calismada, Yukari Firat Nehri Havzasinda yer alan Pembelik Baraj Golii'nde yasayan Cyprinion
macrostomum populasyonunun boy-agirlik iligkileri, boy-boy iliskileri ve kondisyon faktoriiniin belirlenmesi
amaglanmistir. Balik drnekleri Ocak—Aralik 2025 tarihleri arasinda galsama aglar1 ve elektrosoker kullanilarak
avlanmis ve toplam 50 birey incelenmistir. Her bireyde toplam boy (TB), ¢atal boy (CB), standart boy (SB) ve viicut
agirhg ol¢lilmiistiir. Boy-agirlik iligkileri W=aLP esitligi kullanilarak, boy-boy iliskileri ise dogrusal regresyon
analizi ile hesaplanmustir. Incelenen bireylerin ortalama agirhgi 35,60 g, ortalama toplam boyu 14,40 cm, ortalama
catal boyu 12,64 cm ve ortalama standart boyu 11,65 cm olarak belirlenmistir. Toplam boy, ¢atal boy ve standart
boy i¢in hesaplanan b degerleri sirasiyla 3,0317; 3,0432 ve 2,9471 olarak bulunmustur. Yapilan t-testi sonucunda bu
degerlerin teorik izometrik biiyiime degeri olan 3'ten istatistiksel olarak farkli olmadig: belirlenmis (P>0,05) ve
populasyonun izometrik biiyiime gosterdigi sonucuna ulasilmistir. Boy-agirhik iliskilerinde yiiksek korelasyon

1Elaz1g Fisheries Research Institute, Elazig, Tiirkiye; halis.atas@tarimorman.gov.tr; “= 0009-0009-4860-6523
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katsayilar1 (R?=0,9776-0,9829), boy-boy iliskilerinde ise ¢ok giiclii dogrusal iliskiler (R?=0,9918-0,9940) elde
edilmistir. Fulton kondisyon faktorii 0,71-1,25 arasinda degismis ve ortalama 1,08 + 0,09 olarak hesaplanmuistir.
Elde edilen sonuglar, Pembelik Baraj Golii'ndeki C. macrostomum populasyonunun genel olarak iyi kondisyon
durumuna sahip oldugunu gostermektedir. Bu bulgular, Pembelik Baraj Golii'ndeki C. macrostomum'un biiyiime
ozellikleri ve kondisyon faktoriine iligkin ilk temel verileri sunmakta olup, Yukar: Firat Nehri Havzasi'nda
gelecekte yiiriitiilecek balikcilik yonetimi, ekolojik izleme ve koruma calismalarini destekleyebilir.

Anahtar kelimeler: Cyprinion macrostomum, Boy-agirlik iliskisi, Boy-boy iliskisi, Kondisyon faktorii, Pembelik Baraj
Golil.

INTRODUCTION
Dams constructed for purposes such as hydroelectric power generation, flood control, drinking

water supply, and agricultural irrigation create reservoir areas that also constitute important ecosystems
for both commercial and recreational fisheries. The impoundment of rivers leads to significant changes
in the physical, chemical, and biological structure of aquatic environments. These reservoir systems
exhibit characteristics of neither true lakes nor flowing rivers; instead, they form complex habitats with
unique limnological, hydrological, and ecological properties. Fish species inhabiting reservoirs
generally originate from populations previously existing within the river system before dam
construction and must adapt to newly formed environmental conditions. Therefore, the establishment
of sustainable populations in reservoir ecosystems largely depends on the adaptive capabilities of the
species. In reservoirs with high fisheries potential, the regular monitoring of fish population
development and environmental adaptation processes is essential for effective and sustainable fisheries

management (Kirankaya and Ekmekgi, 2007; Eroglu et al., 2018).

Length-weight relationships are among the most widely used tools for evaluating the growth
characteristics and biological traits of fish populations (Tesch, 1971). These relationships enable the
estimation of fish weight from length measurements and facilitate comparisons of growth performance
among populations inhabiting different environments (Koutrakis et al., 2003; Oscoz et al., 2005;
Yilmaz et al., 2010). Furthermore, length-weight data contribute to a better understanding of species’
life-history strategies and their adaptations to environmental conditions. In addition, the condition
factor is an important biological indicator used to assess the nutritional status, physical well-being, and
overall health of fish (Blackwell et al., 2000; Ozcan, 2019). Condition factor values are widely used as
indicators of the physiological condition and habitat suitability of fish populations (Froese, 2006).

Cyprinion macrostomum is characterized by a deep, laterally compressed body covered with relatively
large scales. The mouth is ventrally located and transverse, accompanied by a single pair of short
barbels. The lower lip is thickened and keratinized. The dorsal fin originates approximately opposite
the pelvic-fin origin, and its last simple ray is strongly ossified with a serrated posterior edge. The
dorsal-fin margin is concave, whereas the anal-fin margin is straight to slightly convex. The pectoral-fin
margin is nearly straight, while the pelvic fin displays a convex outer margin. The caudal fin is deeply
forked with rounded lobes. Individuals exhibit a generally uniform dirty-white coloration over the
entire body. The species is commonly associated with river habitats characterized by sandy and gravel
substrates and is distributed throughout the Euphrates and Tigris drainage systems (Geldiay and Balik,
2009).

Endemic to the Tigris—Euphrates drainage system, Cyprinion macrostomum is naturally distributed
from the southeastern part of Tiirkiye to the upper Euphrates basin (Banarescu and Straschil, 1995;
Coad, 1996; Geldiay and Balik, 2009). Kaya et al. (2025) noted that although Cyprinion macrostomum has

been repeatedly reported from the Orontes River basin in previous studies (e.g., Fricke et al., 2007),
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comprehensive field investigations failed to verify its occurrence. Consequently, they suggested that
the species does not inhabit the Orontes Basin. In addition to its broad distribution range, this species
demonstrates a considerable capacity to tolerate high water temperatures, as populations occurring in
Topardi¢ Stream and the Kangal Balikli Hot Spring pools (Sivas, Tiirkiye) have been documented in
habitats with temperatures reaching 35°C (Metin and Akpinar, 2000; Dastan et al., 2012; Duman and
Sahan, 2014; Kara and Giines, 2015). According to Simsekli (2014), the maximum observed fork length
and body weight of C. macrostomum were 234.61 mm and 291.9 g, respectively. According to Freyhof
(2014), C. macrostomum is listed as Least Concern (LC) on the IUCN Red List, as the threats identified
across its distribution range are not presently regarded as sufficiently intense to adversely affect the
species at a population level. Due to its native distribution within the Tigris—Euphrates drainage system
and its role as a component of regional freshwater fish communities, C. macrostomum represents an
ecologically important species for monitoring population responses to environmental change and

reservoir formation.

Although several studies have examined certain biological characteristics of C. macrostomum in
different parts of its distribution range, information on populations inhabiting reservoir ecosystems
remains limited. In particular, no study has previously reported the length-weight relationship, length—
length relationships, and condition factor of this species from Pembelik Reservoir. Therefore, the present
study aimed to determine these population parameters and provide baseline biological information for

future fisheries and conservation studies in the Upper Euphrates River Basin.

MATERIAL and METHODS

Pembelik Dam and Hydroelectric Power Plant (HEPP), located within the boundaries of Bingol,
Elaz1g, and Tunceli provinces in eastern Tiirkiye, has been in operation since 2015. The reservoir has a
storage volume of 358.384 million m® and a surface area of 12.57 km? at its maximum operating water
level. A year-long monitoring study conducted in 2022 reported mean values of 13.0 + 6.3 °C for water
temperature, 8.5 + 0.3 for pH, 10.0 £ 2.0 mg L for dissolved oxygen, 239 + 24 uS cm™ for electrical
conductivity, 324 + 78 mg CaCOs; L for total hardness, 1.89 + 0.38 mg N L for total nitrogen, 0.008 *
0.007 mg P L for total phosphorus, 1.8 + 1.5 ug L for chlorophyll-a, and 2.2 + 1.0 m for Secchi disk
depth. Based on these findings, the reservoir was classified as a Class I water body according to the
Turkish Surface Water Quality Regulation and was characterized as mesotrophic in terms of trophic
status (TAGEM, 2023).

Pembelik Reservoir constitutes one component of a cascade reservoir system established on the
Perisuyu Stream for hydroelectric power generation. Along the stream, the Kigi, Yedisu, Ozliice,
Pembelik, Seyrantepe, and Tatar reservoirs are arranged sequentially from east to west, forming a chain
of interconnected impoundments within the Upper Euphrates River Basin. Currently, commercial
fishing activities are not permitted in Pembelik Reservoir, and the reservoir is not subject to regular

fisheries exploitation.
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Figure 1. Geographic location of Pembelik Reservoir on Perisuyu Stream (Upper Euphrates River Basin,
Tiirkiye). Satellite imagery was obtained from Google Earth Pro (accessed in 2026).

Fish sampling was conducted in Pembelik Reservoir between January and December 2025. Fish
specimens were collected using monofilament gillnets with mesh sizes ranging from 30 to 36 mm, each
10 m in length and rigged according to a hanging ratio of 0.50. In addition, multi-mesh gillnets
standardized according to the European standard EN 14757 were employed. Small-sized fish inhabiting
the littoral zones of the reservoir and the downstream sections of tributary streams were captured using
a DC electrofishing device (Samus 725M) and hand nets. All captured specimens were immediately
euthanized with ethyl 4-aminobenzoate (benzocaine). Subsequently, the fishes were transported to the
Biology Laboratory of the Elazig Fisheries Research Institute. A total of 50 specimens of Cyprinion
macrostomum (Figure 2) were collected and examined during the study period. Total length (TL), fork
length (FL), and standard length (SL) were measured to the nearest 1 mm using an ichthyometer, while

body weight (W) was determined to the nearest 0.1 g using a precision electronic balance.

Figure 2. Cyprinion macrostomum from Pembelik Dam Lake, Upper Euphrates River Basin (photograph
by H. Atas).

The length-weight relationship was estimated using the equation W = aL® (Ricker, 1975). To linearize
the relationship and estimate the regression parameters, both variables were log-transformed according
to the equation log W =log a + b log L. In the length-weight relationship equation, W represents body
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weight (g), L denotes fish length (cm), a is the intercept of the regression equation, and b is the slope of
the curve that determines the length-weight relationship. The parameters a and b were estimated by
applying a logarithmic transformation to the original power function, resulting in the linear model log
W =log a + b log L. The growth pattern was classified as isometric or allometric based on whether the
estimated b value differed significantly from 3, as determined by Student’s t-test (Zar, 1999).

Length-weight relationship parameters were calculated using pooled data from all individuals,
irrespective of sex. Furthermore, the relationships between TL and FL, FL and SL, and SL and TL were
assessed by linear regression analysis (Zar, 1999). Statistical significance was accepted at p < 0.05 for all
analyses.

The condition factor (K) was calculated according to Ricker (1975) using the equation K = (W/L3) x
100, where W represents body weight (g) and L represents total length (cm).

Ethical statement
The animal study protocol was approved by the Animal Experimentation Ethics Committee of Firat

University (approval number 2025/14-08). Following capture, fish specimens were euthanized by
immersion in an overdose of benzocaine in accordance with the American Veterinary Medical
Association (AVMA) Guidelines for the Euthanasia of Animals and Directive 2010/63/EU.

RESULTS
The body weight of C. macrostomum specimens ranged from 11.00 to 81.00 g, with a mean value of

35.60 g. Mean total length, fork length, and standard length were measured as 14.40 cm, 12.64 cm, and
11.65 cm, respectively (Table 1). All analyses were performed using pooled data from the entire

population without separating individuals by sex.

Table 1. Descriptive statistics of the morphometric parameters of Cyprinion macrostomum from Pembelik
Reservoir.

Morphometric parameter N Min Max Mean Sd Se

Weight (g) 11.00 81.00 35.60 19.90 2.81
Total length (cm) 50 10.00 19.50 14.40 2.70 0.38
Fork length (cm) 8.80 17.20 12.64 2.37 0.34
Standard length (cm) 8.00 16.00 11.65 2.26 0.32

N: Sample size; Min: Minimum; Max: Maximum; Sd: Standard deviation; Se: Standard error

The length-weight relationships were described using the power function W = aLb. The b values
obtained for total, fork and standard length were 3.0317, 3.0432 and 2.9471, respectively. Student's t-test
showed that none of the b values differed significantly from the theoretical isometric value of 3 (P >
0.05) (Table 2). Therefore, the growth pattern was evaluated as isometric for all length measurements
(Figure 3-5).

Table 2. Length-weight relationship parameters and growth pattern of Cyprinion macrostomum from

Pembelik Reservoir.

th
Relationship N  a b SE()  95%Clofb R p(b=3) Gtr;:; Equation

TL-W 00099 30317 00662 2.8986-3.1647 09776 06345 Isometric W = 0.0099*TL>%7
FL-W 50 00142 30432 00580  2.9266-31598 09829 0.4598  Isometric W = 0.0142*FL3042
SL-W 00231 29471 00580  2.8305-3.0637 09817 03663 Isometric W =0.0231%SL2%47

N: sample size; a: intercept; b: allometric coefficient; SE(b): standard error of b; CI: confidence interval;, R% coefficient of
determination; p (b = 3): probability value for the t-test of isometric growth.
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Figure 3. Total length-weight relationship of Cyprinion macrostomum from Pembelik Reservoir.
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Figure 4. Fork length-weight relationship of Cyprinion macrostomum from Pembelik Reservoir.
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Figure 5. Standard length—weight relationship of Cyprinion macrostomum from Pembelik Reservoir.
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Length-length relationships showed strong positive linear associations, with R? values ranging from
0.9918 to 0.9940 (Table 3).

Table 3. Length-length relationship parameters of Cyprinion macrostomum from Pembelik Reservoir.

Relationship N Intercept (a) Slope (b) R? Equation

TL-FL 0.0253 0.8764 0.9918 FL = 0.8764*TL + 0.0253
TL-SL 50 -0.3667 0.8350 0.9940 SL = 0.8350*TL - 0.3667
FL-SL -0.3302 0.9480 0.9922 SL = 0.9480*FL - 0.3302

Strong linear relationships were observed among all length measurements of C. macrostomum. The
relationship between total length and fork length was described by the equation FL = 0.8764*TL + 0.0253
and exhibited a high coefficient of determination (R? = 0.9918; Figure 6). Similarly, a strong association
was detected between total length and standard length (SL = 0.8350*TL — 0.3667), with the highest
coefficient of determination among the analyzed length-length relationships (R? = 0.9940; Figure 7). The
relationship between fork length and standard length was also highly significant (SL = 0.9480*FL —
0.3302; R?=0.9922; Figure 8). All length-length relationships showed high coefficients of determination

(R?), indicating a close linear association among the measured length variables.
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Figure 6. Total length-fork length relationship of Cyprinion macrostomum from Pembelik Reservoir.
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Figure 7. Total length-standard length relationship of Cyprinion macrostomum from Pembelik Reservoir.
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Figure 8. Fork length-standard length relationship of Cyprinion macrostomum from Pembelik Reservoir.

The Fulton condition factor (K) of C. macrostomum ranged from 0.71 to 1.25, with a mean value of
1.08 + 0.09. These values indicate that the population was generally in good condition. Furthermore, the
relatively low variation in K values (Sd = 0.09) suggests a uniform body condition among individuals

inhabiting Pembelik Reservoir.

DISCUSSION

The present study provides the first information on the length-weight relationships, length-length
relationships, and condition factor of Cyprinion macrostomum inhabiting Pembelik Reservoir in the
Upper Euphrates River Basin. The results indicated strong relationships between body length and
weight, as evidenced by the high coefficients of determination (R? > 0.97). These findings suggest that
body weight may be estimated from length measurements with a high degree of accuracy in this
population. Similar high correlation coefficients have been reported for C. macrostomum populations
from different parts of its distribution range, including the Dalaki River (Sedaghat and Hoseini, 2012;
Bibak et al., 2013), Shahpur River (Bibak et al., 2013), Tigris River drainage (Faghani-Langroudi et al.,
2014), Piiliimiir River (Ozcan and Serdar, 2022), and Botan Stream (Simsekli, 2014) suggesting that
relatively consistent length—weight relationships may be observed across different populations of the

species.

The estimated allometric coefficients obtained in the present study were 3.0317 for total length,
3.0432 for fork length, and 2.9471 for standard length. Statistical analyses showed that none of these
values differed significantly from the theoretical isometric value of 3.0, indicating isometric growth.
Under isometric growth, fish maintain proportional increases in length and weight throughout
ontogeny, which may reflect a relatively proportional increase in body dimensions during growth. The
occurrence of isometric growth may suggest that environmental conditions in Pembelik Reservoir are

suitable for supporting proportional growth in this population.

The growth pattern observed in Pembelik Reservoir differs from several previously reported
populations of C. macrostomum. For example, positive allometric growth was reported from the Dalaki
River, where the estimated b value reached 3.10 (Sedaghat and Hoseini, 2012), while Bibak et al. (2013)
reported a b value of 3.129 for the Dalaki River population. Similarly, Faghani-Langroudi et al. (2014)
reported a considerably higher b value of 3.44 for specimens collected from the Tigris River drainage,
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indicating a strong positive allometric growth trend. Furthermore, Ozcan and Serdar (2022) found a b
value of 3.1613 in the Piiliimiir River population and concluded that the species exhibited positive
allometric growth. In contrast, the b value reported from Botan Stream was 2.868, indicating negative
allometric growth (Simsekli, 2014). The coexistence of positive allometric, negative allometric, and
isometric growth patterns among different populations indicates ecological plasticity in C. macrostomum

throughout the Tigris-Euphrates drainage system (Table 4).

Table 4. Comparison of length-weight relationship parameters reported for Cyprinion macrostomum
from different localities.

Locality Habitat n  Length Equation b Growth type Reference
PembelikReservoir, g rvoir 50 TL  W=0.0099TL*®7 30317 Isometric Present study
Tiirkiye
PembelikReservoir, g arvoir 50 FL  W=00142FLA0% 30432 Isometric Present study
Tiirkiye
P lik R i

?ml?e 1 Reservott Reservoir 50 SL W =0.0231SL2%71 29471 Isometric Present study
Tiirkiye
Piiliimtir River, Ozcan & Serdar
River 41 TL W =0.0073TL3-1613 31613 Positive allometric ’
Tiirkiye (2022)
Goyniik Stream Near-isometric/ 5 O2d |
en Ozdemir et al.
River 87 TL W =0.013TL> 298 ive all i !
(Murat River), Tiirkiye Negative allometric (2022)
tendency
Botan Stream, Tiirkiye  River 262 FL W = 3x10-5FL2-868 2.868 Negative allometric ~Simsekli, (2014)
h Hoseini
Dalaki River, Iran River 70 TL W=006TL*© 310 Positive allometric (S;;azg) at & Hoseini,
Dalaki River, Iran River 91 TL W =0.015TL3-12 3.129 DPositive allometric ~ Bibak et al., (2013)
Shahpur River, Iran River 80 TL W =0.027TL2-935 2.935 Negative allometric Bibak et al., (2013)
Tioris Ri . Ri Fachani-L .
igris River drainage,  River = 5,9 g} W=03555L% 3442 Positive allometric | 28/an-Langroudiet
Iran system al., (2014)

Differences in growth coefficients among populations may arise from multiple ecological and
biological factors. Habitat type, water temperature, food availability, hydrological regime, population
density, reproductive status, and sampling season are among the most important factors known to
influence length-weight relationships in fishes. Reservoir ecosystems differ substantially from riverine
habitats in terms of water flow, productivity, and trophic structure. Therefore, the isometric growth
pattern observed in Pembelik Reservoir may be associated with population responses of C. macrostomum
to reservoir conditions established following impoundment. Similar habitat-related variations in
growth parameters have been reported for numerous cyprinid species inhabiting different freshwater
ecosystems (Koutrakis and Tsikliras, 2003; Oscoz et al., 2005; Yilmaz et al., 2010).

The strong length-length relationships obtained in this study (R? = 0.9918-0.9940) indicate a high
degree of proportionality among total, fork, and standard length measurements. Such relationships are
expected in species with relatively stable body morphology and may be useful for converting among
different length types used in fisheries surveys and biological databases. Comparable length-length
relationships have previously been reported for C. macrostomum populations from Iranian waters, where
coefficients of determination exceeded 0.97 (Sedaghat and Hoseini, 2012; Faghani-Langroudi et al.,
2014). The similarity of these results suggests that body proportions may be relatively conserved across
geographically separated populations of the species.
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The mean Fulton condition factor of 1.08 obtained in the present study suggests that the examined
population was generally in good physiological condition. Condition factor values are commonly
interpreted as indicators of habitat suitability, food availability, and overall fish health. The low
variability observed among individuals further suggests that environmental conditions within the
reservoir may support a relatively homogeneous growth environment. Similar conclusions were
reported for cyprinid populations inhabiting the Murat River system, where condition factor values

indicated generally favorable habitat conditions (Sen Ozdemir et al., 2022).

Previous studies have demonstrated that C. macrostomum exhibits considerable morphological and
biological variability throughout its distribution range. Morphometric analyses conducted in Adiyaman
streams, the Tigris River system, and other Euphrates-Tigris localities revealed measurable population-
level differences associated with environmental conditions and geographic separation (Kara and Giines,
2015; Dagli, 2013; Bilici et al., 2015). Moreover, geometric morphometric studies confirmed significant
shape differences among closely related Cyprinion species, emphasizing the influence of local
environmental conditions on body form (Nasri et al., 2013). Nevertheless, the highly connected nature
of some Euphrates reservoir systems may reduce phenotypic differentiation among populations
through increased habitat homogenization and potential gene flow (Kara and Can, 2026). The biological
characteristics documented in the present study therefore contribute important baseline information for
understanding population dynamics of C. macrostomum within reservoir ecosystems of the Upper

Euphrates Basin.

The comparison of length-weight relationship parameters reported from different parts of the
Tigris—-Euphrates drainage reveals considerable variation in growth patterns among populations of C.
macrostomum. Estimated b values ranged from 2.868 in Botan Stream (Simsekli, 2014) to 3.44 in the Tigris
River drainage (Faghani-Langroudi et al.,, 2014), indicating that the species may exhibit negative
allometric, isometric, or positive allometric growth depending on local environmental conditions. The
isometric growth observed in Pembelik Reservoir falls within the range previously reported for the
species and may reflect balanced somatic development under reservoir conditions. These findings are
consistent with the view that habitat characteristics, hydrological regime, food availability, and
population structure may influence growth dynamics in C. macrostomum populations throughout the
Euphrates-Tigris basin (Sedaghat and Hoseini, 2012; Bibak et al., 2013; Faghani-Langroudi et al., 2014;
Simsekli, 2014; Ozcan and Serdar, 2022; Sen Ozdemir et al., 2022).

CONCLUSION

This study represents the first assessment of length-weight relationships, length-length
relationships, and condition factor of C. macrostomum inhabiting Pembelik Reservoir. The species
exhibited isometric growth regardless of the length type used, indicating proportional increases in body
weight with increasing length. Strong length-weight and length-length relationships, together with a
relatively high condition factor, suggest that the Pembelik Reservoir population may be well adapted
to local environmental conditions. Comparison with previous studies revealed considerable variation
in growth patterns among populations distributed throughout the Tigris—Euphrates basin, suggesting
that habitat characteristics may influence growth dynamics in this species. The results provide baseline
information for future ecological, fisheries, and conservation studies and may contribute to a better

understanding of the population dynamics of C. macrostomum in reservoir ecosystems of Tiirkiye.
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