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ABSTRACT

GENETIC DIVERSITY PATTERNS IN PHENOLOGICAL TRAITS OF
QUERCUS ROBUR L.

Karabulut, Nergis Bilge
M.S., Department of Biological Sciences

Supervisor: Prof. Dr. Zeki Kaya

July 2025, [54] pages

Oaks are among the most adaptable temperate tree species, which makes them espe-
cially valuable in the context of climate change. Phenological traits are major predic-
tors of a tree’s response to climate. Hence, this study investigates genetic variation in
bud phenology—specifically the timing of bud burst and bud set, as well as growing
season length (GSL)—in Quercus robur L. (pedunculate oak) seedlings from differ-
ent populations and mother trees within populations across four Central European
countries. To answer the question of how much of the observed variation in bud phe-
nology could be attributed to population-level differences versus among mother trees
within populations, phenological data gathered through a common garden experiment

was analyzed via nested ANOVA models.

Our findings revealed significant mother tree effects on genetic variation for most phe-
nological traits, while population-level effects were only significant for terminal bud

burst timing. Lateral phenological traits showed weak differentiation among popula-



tions, but among mother trees, specifically in bud burst and GSL, considerable varia-
tion was detected. Therefore, rather than being shaped by climate or geography, these
traits appear to stem from within-population genetic differences. Additionally, the
great variability and delayed timing observed in lateral buds may be a consequence
of higher phenotypic plasticity in the lateral shoots, which may be contributing to the

seedlings’ survival in a changing climate.

Keywords: Quercus robur L., bud phenology, genetic variation, adaptive traits, cli-

mate change
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Oz

QUERCUS ROBURL. TURUNUN FENOLOJ IK KARAKTERLER INDE
GENETIK CESITL IL IK YAPILANMASI

Karabulut, Nergis Bilge
Yuksek Lisans, Biyolojik Bilimler Bolumu
Tez Yoneticisi: Prof. Dr. Zeki Kaya

Temmuz 2025, 54 sayfa

Meseler, en uyumlu | man iklimgagc ttrlerinden biridir ve bu 6zellikleri onlar ik-

lim degisikligi baglam nda 6zellikle dgerli k lar. Fenolojik 6zellikler, gaclar n ik-
limsel kosullara verdji tepkileri 6ngérmede bagsl ca gostergelerdendir. Dolay s yla
bu ¢al smada, Orta Avrupa'n n dort farkl Ulkesinden ayr ayr populasyonlardan, ve
her populasyon icerisinde farkl angaglardan gele@uercus robur.. (sapl mese)
danlar n n tomurcuk fenolojisindeki—0zellikle tomurcuk agma ve tutma zamanlar
ile blyume sezonu suresindeki (GSL)— genetik varyasyon incelenmektedir. Gozlem-
lenen varyasyonun ne kadar n n populasyon diizeyindeki farkl | klardan, ne kadar n n
ayn popilasyon icindeki anagaclar aras ndaki farkl | klardan kaynaklagah an-
lamak amac yla, ortak bahce denemesiyle toplanan fenolojik veriler i¢ ice ("nested")
ANOVA modelleriyle analiz edilmistir.

Bulgular m z, cgu fenolojik 6zellik Gizerinde anagaglar n genetik etkisinin anlaml

oldugunu, buna kars | k poptlasyon dizeyindeki farklar n yaln zca tepe tomurcuk

vii



patlamas nda belirgin oldunu géstermektedir. Yan surginlerin fenolojik 6zellikleri
ise populasyonlar aras nda zay f bir ayr sma sergilerken, 6zellikle tomurcuk patla-
mas ve blyume ddonemi uzuiglu a¢ s ndan populasyon i¢i angaglar aras nda be-
lirgin varyasyon gostermistir. Bu durum, ilgili 6zelliklerin bolgesel iklim ya dgco
desenlerden ¢ok, populasyon icindeki genetik farkl I klarla sekillgimdidiistindir-
mektedir. Yan tomurcuklar n fenolojisinde gozlenen yukseigkenlik ve gecikmeli
zamanlama, lateral surgunlerin daha yiksek fenotipik plaggldahip olmas n n bir
sonucu olabilir; bu durum da danlar n buyamelerini yerel cevresel kosullara gére

daha iyi ayarlayabilmelerine olanakgayabilir.

Anahtar KelimelerQuercus robuilL., tomurcuk fenolojisi, genetik ¢esitlilik, adaptif
Ozellikler, iklim degisikligi
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CHAPTER 1

INTRODUCTION

1.1 The genuQuercus& Quercus robur L.

Oaks Quercusspp.) are revered tree species that are often regarded as keystone
species of temperate forests due to their crucial role in maintaining biodiversity and
ecosystem stability [3]. Belonging to the gen@Qsiercuswithin the beech family
(Fagaceag, these trees and shrubs encompass approximately 450 species, both de-
ciduous and evergreen, distributed throughout the Northern Hemisphere [4]. Char-
acterized by their leaves with lobed edges and often with either toothed or serrate
margins, oaks produce nuts known as acorns, which serve as a vital nutritional source
for small animals [5, 2]. Beyond providing food through their fruits, these trees fos-
ter the habitats of countless organisms [6, 7]. For at least 7000 years, humans have
also bene ted from their sturdy lumber, as evidenced by the world's oldest wooden

structure, a building constructed 7200 years ago from oak wood [8].

The taxonomically diverse gen@@uercusis traditionally divided into two subgen-

era: Quercus(white oaks) andCerris (Turkey oaks), with further sectional distinc-
tions based on morphological and molecular traits (dercus roburL., commonly
known as pedunculate oak or English oak, is a prominent species within s@ctern
cusof subgenuQuercus It is one of the most widespread and ecologically signi cant
broadleaf trees in Europe, naturally occurring from the British Isles to the Caucasus,
and thriving in a range of habitats including lowland forests, mixed stands, and occa-

sionally pure oak woodlands [3, 2, 6].
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