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Abstract - Polycyclism is the ability for a plant to produce several flushes in the same growing season. The rare phenom-
enon of common oak (Quercus robur L.) summer flowering is proof of complex polycyclism. Common oak summer flow-
ering and the unusual transformation of inflorescences were the starting point for this study of the phenological variability
of common oak trees in identical site conditions. This paper presents comparative research of leaf flushing, flowering, and
leaf fall phenophases in a common oak with summer flowering and a control tree in which this phenomenon was not
observed. Both trees displayed frequent polycyclism (polyphase formation of annual shoots during the growing season),
but with different intensities depending on the trees and the years. Compared to the control tree, the tree with summer
flowering was characterized by a later onset of leaf-flush phenophase and leaf fall phenophase and a longer retention of

the leaves in the crown.
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INTRODUCTION

The Common oak occupies the largest range in Eu-
rope of all the species in the genus Quercus as the
most represented in the temperate belt of the north-
ern hemisphere. In Serbia, the common oak (Q. robur
L.) is an autochthonous, widely distributed species,
particularly in Vojvodina along the rivers Sava and
Danube, in Mac¢va and Pomoravlje. It is also the most
represented tree species after beech and sessile oak
(Soski¢, 2006). Common oak adaptation to different
site conditions has resulted in a considerable number
of forms and varieties of the species (Gaji¢ and Tesi¢,
1992). Individual differences in this species are often
greater and more pronounced than the differences
from other species of the same genus (Bacilieri et al.,
1994; Kleinschmit et al., 1995; Bodenes et al., 1997;
Perié et al., 2006; Basi¢ et al., 2007; Batos, 2010). A
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high degree of the Quercus ecological and genetic
variance is especially interesting for the systematics
in which the precise differentiation of species is at-
tempted nowadays by using chemical markers (sec-
ondary metabolites, DNA analysis) (Gomory et al.,
2001).

Phenological traits are under the very high in-
fluence of hereditary factors and are implemented in
the systematics of Quercus species (Schlarbaum and
Bagley, 1981; Kadomatsu, 1997; Breznikar and Hor-
vat-Marolt, 1998; Figueiredo Goulart et al., 2005). In
the establishment of common oak plantations, it is
very important to select the suitable individuals as
regards the onset of leaf flushing. In this sense, com-
mon oak with late leaf flushing has more favorable
development potentials (Stamenkovi¢ et al., 1995)
and exhibits greater resistance to predator infesta-
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tion (Feeny, 1970; Scalbert and Haslam, 1987; Kla-
per et al., 2001; Wesotowski and Rowinski, 2008). In
addition, in the establishment of seed orchards, it is
important to synchronize the flowering times of in-
dividuals because good inter-pollination guarantees
the production of genetically better quality seeds
(Franji¢ et al., 2011).

Polycyclism, i.e. the polyphase formation of an-
nual shoots, is a characteristic trait of Quercus spe-
cies. This trait characterizes the following Quercus
species represented in Serbia: Q. cerris L. (Jankovi¢,
1956; Bobinac and Viloti¢, 1998), Q. robur L. (Bob-
inac, 1994a; Franji¢, 1996), Q. petraea (Matt.) Liebl.
(Ponton et al., 2004), Q. virgiliana Ten. (Bobinac et
al., 2000). Common oak polycyclism is displayed in
various phases of its ontogenetic development, but
much more often in the youngest phases of devel-
opment (Bobinac, 1994b). Significant differences
between the growth stages are observed in leaf and
shoot morphology, anatomy and physiology. Leaf
area and size, number of leaf veins, shoot length,
chlorophyll content and photosynthesis rate are sig-
nificantly greater in the shoots of the second growth
stage (Masarovicova, 1991; Ponton et al., 2004; Bro-
shtilov, 2006). The growth stages also differentiate in
leaf color (Borzan, 1993). The leaves of the second
growth stage also have a higher number of stomata
and smaller stomatal sizes compared to the leaves of
the first growth stage (Batos et al., 2006).

Summer flowering is specific proof of the com-
plex polycyclism in Quercus species. In Serbia, this
phenomenon was observed on the common oak — Q.
robur and on the large-leaved downy oak - Q. virgil-
iana (Bobinac, 1994a; Bobinac et al., 2000; Bobinac et
al., 2001; Bobinac and Tucovi¢, 2005). It was reported
that in 1999 common oak summer flowering was ob-
served on only one out of 134 monitored trees in the
area of Belgrade and on only one out of 85 clones and
one ramet of that clone in the clonal seed orchard
in the area of Sremska Mitrovica. Male and female
inflorescences on summer shoots are characterized
by a more or less early antocladia, i.e. the lignifica-
tion of sylleptic flower-generative branchlets. In the
area of Dalmatia (Croatia), an unusual hermaphro-

ditic unseasonal flowering was observed in only one
year by a single “green oak” tree (Quercus x viridis
Trinajsti¢ 1974), which is supposed to be a hybrid Q.
cerris f. austriaca x Q. ilex. The flowers consisted of
a female inflorescence that was more elongated and
with more flowers than usual, and a male inflores-
cence with developed stamens and pollen (Borzan et
al., 1997; Borzan, 2000). These authors have pointed
out that the phenomenon cannot be explained by cli-
mate changes only. They assumed that it represents a
case of a primitive - ancestral condition in the family
Fagaceae.

Polyphase growth can be induced by traumatic
factors, mechanical injuries, changeable conditions
of environmental factors — primarily climate, and
their synergistic effect with biotic factors (Sabatier et
al., 2003; Girard et al., 2010; Bobinac, 2011). It is sup-
posed that this process is based on the interaction of
genotype and environmental factors, i.e. the capacity
of common oak ontogenetic adaptation to different
environmental conditions (Bobinac, 2011).

This paper analyzes the common oak phenologi-
cal variability from the aspect of polycyclism and the
phenomenon of summer flowering as its specific
confirmation.

MATERIALS AND METHODS

The phenological traits of a common oak tree with
frequent summer flowering (tree 1) and a neighbor-
ing control tree (tree 2) in which this phenomenon
has not been observed to date, were monitored in
the City Park at Banovo Brdo (Belgrade, Serbia). The
trees were adjacent; they were of approximately the
same age, size and crown form, and in full physio-
logical maturity (Fig. 1). Their phenology was moni-
tored in two consecutive years (2005, 2006), once a
week during the leaf flushing, flowering, and leaf fall
phenophases.

Leaf-flush phenophase, regarded as any stage of
leaf development from the onset of the first bud-
break to the full size of the leaves, was observed
through six development levels (inter-stages) differ-
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Fig. 1. Leaf fall phenophase of the analyzed common oaks (Quer-
cus robur L.) right - tree with summer flowering (1), left - con-
trol tree (2). (27" Oct. 2005, photo by Batos, B.).

entiated per growth stages. The first two levels (lev-
els 1, 2) refer to budding inter-stages and four levels
(levels 3, 4, 5, 6) include leaf-flushing inter-stages,
including flowering (Kadomatsu, 1997; Chuine and
Cour, 1999; Visser and Holleman, 2001; Richard-
son et al., 2006). Budding inter-stages last from
the onset of the first bud changes — bud swelling
and expansion to the opening of bud scales and
the emergence of the first young leaflets. Leat-flush
inter-stages last from the opening of bud scales and
emergence of the first young leaflets to the maximal
leaf development.

Leaf fall phenophase lasts from the onset of leaf
drop to complete or almost complete leaf fall. Leaf
fall phenophase consists of five levels (inter-stages)
expressed by the percentage of fallen leaves, com-
pared to the fully leafed (100%) crown (Schlarbaum
and Bagley, 1981).

In the present work we analyzed the differ-
ences between the trees and the years of monitor-
ing, as follows: onset and duration of leaf-flushing
phenophase during the spring leaf flush (the first
growth stage) and the summer leaf flush (the sec-
ond growth stage), onset and duration of leaf fall
phenophase, and the vegetation period. The onset
of a phenophase is defined by the total number of
calendar days from the beginning of the year to the

Fig. 2. Common oak (Quercus robur L.) summer flowering - tree
1 (6™ Aug.2007, photo by Batos, B.).

date when the onset of the phenophase was record-
ed. The duration of a phenophase is defined here
as the number of days from the onset of the phen-
ophase to the end of the phenophase. The growing
season is defined as the number of days from the
onset of the spring leaf-flush phenophase to the on-
set of the leaf fall phenophase, i.e. it is defined as the
difference between the number of calendar days to
the onset of the leaf drop and the number of days to
the onset of leaf flushing (Bunusevac and Zujovi¢,
1971; Hemery et al., 2005).

RESULTS

Leaf-flush phenophase spring leaf flushing
(the first growth stage)

The earliest onset of spring leaf flush (1% growth
stage) of the tree with summer flowering (tree 1) oc-
curred on April 6, and the latest onset of spring leaf
flush was on April 15" Leaf flushing of the control
tree (tree 2) started in both years on March 30™. In
both study years, the onset of leaf flush of tree 1 was
1-2 weeks later than tree 2. The onset of each inter-
stage of leaf-flush phenophase in tree 1 also occurred
1-2 weeks later than the control. On average, each
leaf-flush inter-stage lasted for 1-2 weeks. Intensive
leaf growth, which coincided with the optimum
pollination of the male catkins, occurred in the last
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Year 2005
Phenophase I growth stage (spring leaf flush) II growth stage (summer leaf flush)
Tree 1
Date | 23.03 30.03 07.04 10.04 15.04 25.04 28.04 04.0510.05 18.05 24.05 29.05|05.06 13.06 20.06 24.06 01.07
Year ' 2006 '
Phenophase I growth stage (spring leaf flush) II growth stage (summer leaf flush)
Tree 1
Tree 2

Date 23.03 30.03 06.04 09.04 17.04 25.04 28.04 04.03

10.05 18.05 24.05[29.05 06.06 16.06 21.06 25.0. 29.06

Legend:
1) bud swelling
_ Z)ybud expansion
== 3) the first shrivelled leaves 0.5-3 em: & (male flower) 1-2 cm

5)leaves 5-7 cm - intensive leaf flushing, ' 5-7 ¢m - intensive pollination; 7 - 1-3-5 ¢cm
6}leaves 7-10 em - optimum leaf flushing; & - dry out and drop: $-maximally elongated peduncle

I 4) leaves 3-5 em; ¢ 2-5 em; @ (female flower) — red stigmas appear

Fig. 3. Common oak (Quercus robur L.) leaf-flush phenophase.

Year
Tree 1
Tree 2

Year

2005

Date 21.09 25.09 28.09 10.10 20.10 25.10 03.11 0811 16.11 24.11 30.11 06.12 12.12 20.12 24.12 28.12

20006

Tree 1

Tree 2

Legend (leafed crown - 100 %)
Level 1) =20% Level 2) 20-50%

Fig. 4. Common oak (Quercus robur L.) leaf fall phenophase.

week of April for tree 1 and in mid-April for tree 2.
The pollination period was exceptionally short, only
a few days, compared to the period of intensive leaf
flush that lasted on average for 1-2 weeks. The maxi-
mal extension of leaves in tree 1 occurred in the first
week of May and in tree 2 in the last week of April.
The period of maximal leaf extension was also the
end of the leaf-flush phenophase, as well as the end of
pollination, when male catkins dry out and fall, and
female generative branchlets extend maximally. The
duration of spring leaf flushing depended on the tree
and differed from year to year, but there was no clear-
cut regularity; in tree 1 it was 20 days in the first year
and 29 days in the second year, and in tree 2, it was
27 days both years, i.e., 2.8 weeks (the first year) and
4.1 weeks (the second year) in tree 1 and 3.8 weeks
(in both years) in tree 2 (Figs. 3, 5).

. ——

Date  [21.09 25.09 02.10 10.10 17.10 25.10 02.11 09.11 14.11 27.11 30.11 06.12 12.12 21.12 24.12 28.12

Level 3)50% [l Level 4)50-70% [l Level 5)>70%

Summer leaf flushing (the second growth stage)

Summer growth of shoots (the second growth
stage) occurred in both trees, with different in-
tensities per study year. The onset of summer leaf
flushing varied per trees and per year; it occurred
between May 29" and June 13™in tree 1 and be-
tween June 5" and 6™ in tree 2. The difference be-
tween the trees at the beginning of summer leaf
flushing in both study years was about 7 days. The
summer leaf-flushing inter-stages were somewhat
shorter compared to the spring growth inter-stag-
es, i.e. spring leaf flushing. The summer leaf flush-
ing of tree 1 lasted for 19 days in the first year and
for 24 days in the second year. As for tree 2, it was
24 days in the first year and 25 days in the second
year, i.e. 2.7 weeks in the first year, and 3.4 weeks
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Onset of leaf flushing phenophase Duration of leaf flushing phenophase
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Legend:
m - tree with summer flowering (tree 1)
0 - control tree (tree 2)

Fig. 5. Common oak (Quercus robur L.) phenological variability: onset and duration of leaf-flushing phenophase, onset and duration of

leaf fall phenophase and duration of the growing season.

in the second year for tree 1, and 3.4 weeks in both
years for tree 2 (Figs. 3, 5).

Summer flowering, which was observed for the
first time in 1999 in tree 1, was displayed as elongated
female and individual male inflorescences that con-
tained pollen. From 2004 through 2010 only scleren-
chymatous flower-generative branchlets were formed
without clear-cut differentiation and full develop-
ment of male and female flowers. There was no pollen
production and no fully formed fruits (Fig. 2).

In contrast to the spring leaf flushing of the
summer-flowering tree, which occurred later in both
study years compared to the control tree, the onset of
summer leaf flushing occurred later in the first year

and in the second year it was earlier compared to the
control tree. On average the duration of summer leaf
flushing for both years was shorter by one week com-
pared to the duration of the spring leaf flushing of
both trees.

The third growth stage was recorded only once,
i.e. in 2006 at the beginning of July during the sum-
mer leaf flushing. Compared to the second growth
stage, which occurred in the whole crown of both
trees, the third growth stage was considerably less
evident in both trees, i.e. there were only a few
shoots. As the third growth stage was recorded only
in one year, it cannot be explained in more detail or
compared more precisely to the earlier growth stages
(Figs. 3, 5).
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Leaf fall phenophase

The leaf fall phenophase of the summer-flowering
tree lasted from October 2™ to 10®, and the con-
trol tree leaf fall was from September 25™ to 28", i.e.
1-2 weeks earlier. During the winter, tree 1 retained
leaves in its crown through the last week in Decem-
ber, on average for one to three weeks longer than
tree 2. Leaf fall lasted in both years longer in tree
1, altogether 80 days in the first year and 84 days
in the second year, compared to tree 2, in which it
lasted for 77 days in the first year and 65 days in the
second year, i.e. 11.4 weeks and 12 weeks in tree 1
and 11 weeks and 9.3 weeks in tree 2, respectively.
This means that in both study years tree 1 retained
the leaves in the crown on average for 2-3 weeks
longer than tree 2. All the parameters of the leaf fall
phenophase (onset, cessation, duration) showed the
differences, both between the trees and from year to
year (Figs. 4, 5).

Duration of the growing season

The differences in the duration of the vegetation pe-
riod were not great either between the trees or be-
tween the years. In tree 1, vegetation lasted for 178
and 180 days respectively, in the first and the second
study years, and in tree 2, for 182 days and 179 days,
or 25.4 weeks and 25.7 weeks in tree 1 and 26 weeks
and 25.6 weeks in tree 2 respectively (Figs. 4, 5).

DISCUSSION

The reference data on common oak phenology in
Serbia are very scarce. The study reported by Ba-
tos (2010) presents a broad analysis of the com-
mon oak in Serbia, including phenological traits,
and points out its very high intraspecific variabil-
ity. This study points to an earlier commencement
and cessation of the common oak growing season
compared to the data reported 40-50 years ago
(Bunusevac, 1961; Jovanovi¢ and Uvali¢-Tomié,
1971). It could be assumed that the earlier onset
of the vegetation period is a consequence of cli-
mate changes. The presented results point to the
earlier onset of leaf flushing and a longer leaf re-

tention over the winter, and also support the thesis
on the change in vegetation cycle that is affected
by weather conditions. There are also changes in
leaf-flushing onset but it does not affect the total
duration of this phenophase. There are similar ob-
servations also in other references. According to
Jovanovi¢ and Uvali¢-Tomi¢ (1971), the earlier be-
ginning of the vegetation period, mostly induced
by higher temperatures, did not have a significant
impact on phenophase length and did not disturb
the phenological balance. In the analysis of the
leaf-flushing phenophase in the common oak prov-
enance test in Croatia. Peri¢ et al. (2006) pointed
out the significant effect of years on leaf-flushing
phenophases, and reported that the leaf-flushing
phenophase lasted from 3 to 6 weeks in different
years of phenological observation.

The high common oak intraspecific variability
also includes the phenological traits whereby its
different varieties are selected: the early (Q. robur
var. praecox Cern.) and the late (Quercus robur var.
tardiflora Cern.) common oak, with transient va-
rieties (Erdesi, 1971). According to reference data,
the time difference between the trees with the
earliest and the latest budburst can be from 3-5
weeks. Crawley and Akhteruzzamax (1988) report
the difference of a maximum 3 weeks, unchanged
from year to year, and Wesolowski and Rowin-
ski (2008) report a difference of 5 weeks. The re-
searchers in Serbia have reported the difference of
2-3 weeks between the early and late flushing of
common oak forms (Gaji¢ and Tesi¢, 1992), and
according to Jovanovi¢ and Uvali¢-Tomi¢ (1971)
it is 3-5 weeks. Based on the presented results, the
summer flowering tree in both years of phenologi-
cal monitoring displayed a later onset of spring
leaf flushing and also an earlier onset of leaf fall
compared to the control tree of 1-2 weeks. Based
on the presented results it can be assumed that the
studied summer-flowering common oak tree (tree
1) belongs to a late form of the common oak Quer-
cus robur var. tardiflora Cern. A full confirmation
of the above assumption requires additional phe-
nological monitoring within the scope of the initi-
ated research.
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Polyphase formation of annual shoots was fre-
quent in both trees, but with varying intensities
which depended on the trees and years. The phenom-
enon of summer flowering was recorded only on tree
1. Our results show a high phenological variability
of the observed trees and years, which confirms the
genetic and environmental effects on phenological
traits. The previously reported results of phenologi-
cal research in the area of Belgrade point to the effect
of the years, i.e. weather conditions that apparently
exert a significant effect on the initiation of common
oak phenological processes.

The high polycyclism of the observed common
oak trees and the frequent summer flowering of tree
1 points to the processes of shortened cycles of mor-
phogenesis and organogenesis in the study condi-
tions and in the studied common oak phenological
divergence.

Further study of the summer-flowering phe-
nomenon requires the protection of the singled-out
common oak tree by special measures, which would
contribute to the conservation of genetic variability
and biological diversity.

Acknowledgement - This paper was realized as part of the
project “Studying climate change and its influence on the
environment: impacts, adaptation and mitigation” (43007)
financed by the Ministry of Education and Science of the
Republic of Serbia within the framework of integrated and
interdisciplinary research for the period 2011-2014.

REFERENCES

Bacilieri, R., Ducousso, A., and A. Kremer (1994). Genetic, mor-
phological, ecological and phenological differentiation be-
tween Quercus petraea (Matt.) Liebl. and Quercus robur L.
in a mixed Stand of Northwest of France. Silvae Genetica.
44 (1), 1-10.

Basié, N., Kapié, J., and D. Ballian (2007). Morfometrijska anal-
iza varijabilnosti svojstava lista hrasta luznjaka (Quercus
robur L.) na podruéju sjeverne Bosne. Rad. Sumar. inst.
Jastrebar. 42 (1), 5-18.

Batos, B. (2010). Populaciona i individualna varijabilnost
hemijskih markera-flavonoida i morfo-anatomskih kara-
kteristika hrasta luznjaka (Quercus robur L.). Doktorska

disertacija, Poljoprivredni fakultet, Univerzitet Novi Sad,
1-238.

Batos, B., Bobinac, M., and D. Viloti¢ (2006). Stomatal Variability
of Common Oak (Quercus robur L.) Trees with summer
flowering. Proceedings. International Scientific Confer-
ence in Occasion of 60 Year of Operation of Institute of
Forestry Belgrade Serbia Sustainable Use of Forest Ecosys-
tems The Challenge of the 21st Century 8 - 10th Novem-
ber 2006, Donji Milanovac Serbia. 219-224.

Bobinac, M. (1994a). Odlike letnjeg cvetanja stabala luznjaka i
krupnolisnog medunca, Glasnik Sumarskog fakulteta. 83,
55-65.

Bobinac, M. (1994b). Visefazni rast u visinu jednogodisnjih bil-
jaka luznjaka i neki aspekti znacajni za semenu obnovu,
Sumarstvo. 1-2, 47-57.

Bobinac, M. (2011). Ekologija i obnova higrofilnih luznjakovih
$uma Ravnog Srema. Monografija, Hrvatski Sumarski insti-
tut i Sumarski institut Beograd, Zagreb. 1-294.

Bobinac, M., and A. Tucovi¢ (2005). Letnje cvetanje luznjaka-
prirodna retkost u dendroflori Srbije. 8" Simposium on
Flora of Southeastern Serbia and Neighbouring Regions.
Prirodno-matematicki fakultet, Ni§, Proceeding. 129-133.

Bobinac, M., Tucovié, A. and V. Isajev (2000). Odlike letnjeg
cvetanja stabala luznjaka i krupnolisnog medunca. Glas-
nik Sumarskog fakulteta. 83, 55-65.

Bobinac M., Tucovic¢ A., and V. Isajev (2001). Anomalies in inflo-
rescence and flower formation in pedunculatae oak (Quer-
cus robur L.) summer flowering. Proceedings of the second
Balkan botanical congres: Plants of the Balkan Peninsula:
into the next Millennium, Volume I, Edited by Neriman
Ozhatay, Istanbul. 443-446.

Bobinac, M., and D. Viloti¢ (1998). Morphological-anatomical
characteristics of Turkey oak (Quercus cerris L.) offspring
depending on light intensity in regeneration areas. Prog-
ress in Botanical Research, Proceedings of the 1st Balkan
Botanical Congress, Kluwer Academic Publishers. 595-
598.

Bodenes, C., Joandet, S., Laigret, F,, and A. Kremer (1997). Detec-
tion of genomic regions differentiating two closely related
oak species Quercus petraea (Matt.) Liebl. and Quercus
robur L. Heredity. 78, 433-444.

Borzan, Z. (1993). Grafting of oaks with variegated leaves. Ann.
Sci. For. 50 (1), 351s-355s.

Borzan, Z. (2000). Hermaphroditic, unseasonal flowering in the
»Green oak, growing in northern Dalmatia, Croatia. Glas-
nik. Sum. pokuse. 37, 425-439.

Borzan, 7., Siegert, B., Jeli¢, I, Lochert, V., and M. Petricioli
(1997). Observation of the “Green o0ak’, the supposed hy-
brid between Quercus cerris and Q. ilex. “Diversity and



104 M. BOBINAC ET AL.

Adaptation in Oak Species”. The Second Meeting of IU-
FRO Working Party 2.08.05. Genetics of Quercus, Univer-
sity Park, Pennsylvania, SAD, 12-17.10.1997.

Breznikar, A., and S. Horvat-Marolt (1998). Morphological and
phenological variability of pedunculate (Quercus robur L.)
and sessile oak (Quercus petraea (Matt.) Liebl.) on mar-
ginal areas of their natural sites in NE Slovenia. Zbornik
Gozdarstva in Lesarstva. 57, 59-92.

Broshtilov, K. (2006). Quercus robur L. leaf variability in Bulgaria.
Plant Genetic Resources Newsletter. 147, 64-71.

Bunusevac, T. (1961). Rezultati istrazivanja fenoloskih i drugih
pojava na dendroflori zelenih povr$ina Novog Beograda u
1959. godini. Univerzitet u Beogradu, Glasnik Sumarskog
fakulteta. 25, 69-126.

Bunusevac, T, and K. Zujovi¢ (1971). Fenoloske pojave lipa (Til-
ia sp.) na zelenim povr$inama Novog Beograda. Glasnik
Sumarskog fakulteta. 39 (C), 71-93.

Chuine, I, and P. Cour (1999). Climatic determinants of bud-
burst seasonality in four temperate-zone tree species. New
Phytol. 143, 339-349.

Crawley, M. ]., and M. Akhteruzzamax (1988). Individual varia-
tion in the phenology of oak trees and its consequences for
herbivorous insects. Functional Ecology. 2 (3), 409.

Erdesi, J. (1971). Fitocenoze $uma Jugozapadnog Srema. Dok-
torska disertacija. Sumsko Gazdinstvo Sremska Mitrovi-
ca.1-384.

Feeny, P. (1970). Seasonal changes in oak leaf tannins and nutri-
ents as a cause of spring feeding by winter moth caterpil-
lars. Ecology. 51 (4), 565-581.

Figueiredo Goulart, M., Filho, ]. P. L., and M. B. Lovato (2005).
Phenological variation within and among populations of
Plathymenia reticulata in Brazilian Cerrado, the Atlantic
forest and transitional sites. Annals of Botany. 96, 445-
455.

Franji¢, ]. (1996). Morfometrijska analiza varijabilnosti lista pos-
avskih i podravskih populacija hrasta luznjaka (Quercus
robur L., Fagaceae) u Hrvatskoj. Glas. sum. pokuse. 33,
153-214.

Franji¢, ], Sever, K., Bogdan, S., Skvorc, Z., and D. Krstonosi¢
(2011). Phenological asynchronization as a restrictive fac-
tor of efficient pollination in clonal seed orchads of pe-
dunculate oak (Quercus robur L.). Croat. ]. for. eng. 32 (1),
141-156.

Gaji¢, M. and Z. Tesi¢ (1992). Vrste roda hrasta Quercus L. u Sr-
biji. Institut za Sumarstvo-Beograd. Beograd. 1-75.

Girard, E, Vennetier, M., Ouarmim, S., Caraglio, Y., and L. Misson
(2010). Polycyclism, a fundamental tree growth process,
decline with recent climate change: the example of Pi-

nus halepensis Mill. in Mediterranean France. Trees. DOI
10.1007/500468-010-0507-9.

Gomory, D., Yakovlev, L, Zhelev, P, Jedinakova, J., and P. Ladislav
(2001). Genetic differentiation of oak populations within
the Quercus robur/Quercus petraea complex in Central
and Eastern Europe. Heredity. 86, 557-563.

Hemery, G. E., Savill, P. S. and A. Thakur (2005). Height growth
and flushing in common walnut (Juglans regia L.): 5-year
results from provenance trials in Great Britain. Forestry.
78 (2), 121-133.

Jankovié, M. M. (1956). Polimorfizam listova cera (Quercus cerris
L.) na Frugkoj Gori i njihov ekoloski i taksonomski znacaj.
Zbornik Matice Srpske za prirodne nauke. 11, 136-119.

Jovanovié., B., and Z. Uvali¢-Tomi¢ (1971). Uticaj visokih tem-
peratura u februaru 1966. godine na fenofaze nekih lis¢ara
u Beogradu. Glasnik Sumarskog fakulteta. 38 (A), 61-80.

Kadomatsu, M. (1997). Differences in Phenology of Quercus
Collected from Northeastern China, Eastern Hokkaido
and Western Honshu. Research University. Forest Bulletin
of the Hokkaido. 54 (2), 188-201.

Kleinschmit, J. R. G., Bacilieri, R., Kremer, A. and A. Roloff (1995).
Comparison of morphological and genetic traits of Pe-
dunculate Oak (Q. robur L.) and Sessile Oak (Q. petraea
(Matt.) Liebl.). Silvae Genetica. 44 (5-6), 256-269.

Klaper, R., Ritland, K., Mousseau, T. A. and M. D. Hunter (2001).
Heritability of phenolics in Quercus leaves inferred using
molecular markers. The Journal of Heredity. 92 (5), 421-
426.

Masarovicova, E. (1991). Leaf shape, stomata density and pho-
tosynthetic rate of the common oak. Biologia Plantarum.
33 (6), 495-500.

Peri¢, S., Gracan, ], and B. Dalbelo-Basi¢ (2006). Flushing
variability of pedunculate oak (Quercus robur L.) in the
provenance experiment in Croatia. [UFRO International
Conference “OAK 2000 - Improvement of Wood Quality
and Genetic Diversity of Oaks”, 20-25 May 2000, Zagreb,
Croatia. 395-412.

Ponton, S., Dupouey, J. L., and E. Dreyer (2004). Leaf morphology
as species indicator in seedlings of Quercus robur L. and
Quercus petraea (Matt.) Liebl.: modulation by irradiance
and growth flush. Ann. For. Sci. 61, 73-80.

Richardson, A. D., Schenck Bailey, A., Denny, E. G, Wayne Martin,
C.andJ. O Keefe, (2006). Phenology of northern hardwood
forest canopy. Global Change Biology. 12, 1174-1188.

Sabatier, S., Baradat, P. and D. Barthelemy (2003). Intra - and
interspecific variations of polycyclism in young trees of
Cedrus atlantica (Endl.) Manetti ex. Carriére and Cedrus
libani A. Rich (Pinaceae). Ann. For. Sci. 60, 19-29.



PHENOLOGICAL TRAITS OF SUMMER-FLOWERING COMMON OAK 105

Scalbert, A. and E. Haslam (1987). Polyphenols and chemical de-
fense of the leaves of Quercus robur. Phytochemistry. 26
(12), 3191-3195.

Schlarbaum, S. E., and W. T. Bagley (1981). Intraspecific Genetic
Variation of Quercus rubra L., (Northern Red Oak). Silvae
Genetica. 30 (2-3), 50-56.

Soski¢, B. (2006). Svojstva i upotreba hrastovog drveta Srbije.
Sumarstvo. 3, 109-124.

Stamenkovié, V., Vuckovié, M., and Z. Simi¢ (1995). Karak-
teristike prirasta ranolistaju¢eg i kasnolistaju¢eg hrasta
luznjaka (Quercus robur L.). Prvi simpozijum za oplemen-
jivanje organizama sa medunarodnim uce$¢em, Drustvo
geneticara Srbije, Apstrakti, Vrnjac¢ka Banja. 127.

Tucovi¢ A., Bobinac M., and V. Isajev (2002). Individualna
promenjivost cvasti hrasta luznjaka u okviru jednog sta-
bla i njen znacaj. Proceedings of 7 Symposium on Flora
of Southeastern Serbia and Neighboring Regions, Dim-
itrovgrad. 171-176.

Visser, M. E. and L. J. M. Holleman (2001). Warmer spring dis-
rupt the synchrony of and winter moth phenology. Proc.
The Royal Society Lond. 268 (B), 289-29.

Wesolowski, T., and P. Rowinski (2008). Late leaf development in
pedunculate oak (Quercus robur): An antiherbivore de-
fense? Scandinavian Journal of Forest. 23 (5), 386-394.






