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THE USE OF MIORPHOLOGICAL TRAITS OF
EUROPEAN BEECH (Fagus sylvatica L.)
SEEDLINGS FOR SELECTION OF REPRODUCTIVE
MATERIAL FROM THE PROVENANCES LIKELY
AFFECTED BY CLIMATE CHANGE

KORISTENJE MORFOLOSKIH ZNACAJKI SADNICA OBICNE BUKVE
(Fagus sylvatica L.) ZA SELEKCIJU REPRODUKCIJSKOG
MATERIJALA 1Z PROVENIJENCIJA VJEROJATNO ZAHVACENIH
KLIMATSKIM PROMJENAMA
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SAZETAK

Global climate change causes the reduction of tree growth and spread of European beech (Fagus sylvatica L.) for-
ests, thus indicating the need to preserve tree abundance due to the changes that have occurred. The comparison
of beech seedlings from various provenances in southeast and central Europe was carried out based on the dimen-
sions of root collar diameter and height to select the proper starting material that would reduce the negative con-
sequences of the climate. There have been statistically significant differences in root collar diameter and height
between various seedlings tested in European provenances. Clear differentiation was recorded between European
countries in the growth performances of one-year-old and two-year-old seedlings of E. sylvatica based on the nurs-
ery test. The study's results indicate the potential for producing adaptable beech reproductive material from var-
ious European provenances. This finding lays the groundwork for future precise analyses that aim to select prov-
enances tolerant to changing climate conditions.
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|U|\\|/'|('JRD0 DUCTION the change in the phenology of foliation, mortality and re-

duced tree growth due to climate change (Garate-Escami-
The influence of climate change leads to the need for fin-  lla et al. 2019), with a particular tendency of reducing forest
ding strategies of adaptation in order to preserve biodiver-  productivity in southern areas (Del Castillo et al. 2022).
sity of various species (Orlowsky and Seneviratne 2012; Fel-  Also, central part of Europe to a certain extent suffers the
ton et al. 2016, 2024). European beech (Fagus sylvatica) as  negative effects of climate change (Zimmermann et al.
one of the most important tree species in Europe will face ~ 2015). It is estimated that by the end of the 21 century there
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will be an increase in temperature which will cause signifi-
cant decrease of beech abundance in altitudes below 500 m
in certain southern parts of its distribution area (Pavlovi¢
et al. 2019). Furthermore, as a consequence of reduced tree
vitality, complex disorders caused by biotic diseases occur
(Langer and Buflkamp 2023). The knowledge of key func-
tional adaptability indicators is especially necessary in com-
bating the impact of climate changes (Kramer et al. 2010).
However, so far there have been no experiments that inclu-
ded the comparison of the selected populations from We-
stern Balkans and Central Europe, especially as indicators
of their potential for growth as a parameter of adaptation
to climate changes that have occurred.

Morphological characteristics of beech seedlings are of key
importance in the creation of tolerance to drought stress
(Garcia-Plazaola and Becerril 2000). Diameter and the
height of seedlings of deciduous tree species are equally im-
portant for the survival and growth of seedlings in the first
year from planting (Iveti¢ et al. 2016). Furthermore, the
knowledge of morphological characteristics is important
for the determination of tree quality, which is related to

Table 1. Data of the studied provenances of European beech
Tablica 1. Podaci o provenijencijama obi¢ne bukve
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their phenological characteristics (Kembryté et al. 2022).
Also, previous studies have shown significant connection
between the morphology of the leaves and adaptation to
growth conditions (Adamidis ef al. 2021, Petrik et al. 2022).
However, morphological differentiation is not decisive in
adapting to extremely negative effects of the drought cau-
sed by increased temperature (Mathes et al. 2023). There-
fore, long-term research is needed, which will enable the
use of the reproductive material that has been completely
adapted to the new conditions. The base for these studies
represents finding of initial material and the production of
reproductive material which shows the potential for adap-
tation to new, less favourable conditions for the deve-
lopment of this tree species. Phenotypic plasticity, i.e. adap-
tability of provenances, represents stimulation of natural
selection processes (Crispo 2008), which is necessary in
accordance with the existing and expected negative chan-
ges in beech forests. The possibility of finding provenances
that have the potential of faster growth as biological cha-
racteristic for the adaptation to more unfavourable condi-
tions is reflected in the continuation of the study of dimen-

Provenance label Provenance name Latitude Longitude Altitude (m)
Oznaka provenijencije Naziv provenijencije Geografska Sirina Geografska duljina Nadmorska visina
BG1 Centralni Balkan 42.86444 24.24941 1100
BG2 Rila 42.26417 23.28333 1280
SRB1 Mali Jastrebac 43.39092 21.65006 830
SRB2 Rudnik 44.10531 20.6136 700
SRB3 Povlen 44.16111 19.69861 870
SRB4 Javor 43.44913 20.06806 1350
SRB5 Goé 43.56351 20.75001 920
SRB6 Fruska Gora 45.14194 19.62289 370
SRB7 Severni Kucaj 4412941 21.79868 730
SRB8 V. Jastrebac 43.36242 21.56092 810
SRB9 Juzni Kucaj 4407015 21.75708 700
SRB10 Stara Planina 43.38065 22.60313 1260
SRB11 Dubasnica 4410063 21.88801 900
SRB12 Miro¢ 4457029 22.37021 450
SRB13 Kukavica 42.79124 21.97133 1200
SRB14 Boranja 44.38997 19.28981 650
SRB15 Kacer-Zelenicje 42.82314 22.21206 1180
MNE1 Borak 42.82738 19.99544 1250
MNE2 Kovac 43.40833 19.11611 960
BIH1 Javor 44.15611 18.94333 1010
BIH2 Lisina 45.02522 17.00861 400
HR1 Bukovaca 45.34747 15.22334 435
HR2 Gradevacka Biogora 45.79191 17.12667 185
HR3 Juzni Papuk 45.50722 17.63802 685
HR4 Bublen 45.23139 15.84747 205
NI Hrastovec 46.35667 15.96667 300
SI2 Osankarica 46.45325 15.38333 1240
Cz1 Maluzin 49.27334 16.66171 360
DE1 Harz 51.78503 10.51716 820

Country abbreviations: BG-Bulgaria; SRB-Serbia; MNE-Montenegro; BIH-Bosnia and Herzegovina; HR-Croatia; SI-Slovenia; CZ- Czech Republic; DE-Germany.
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sions of seedlings from parts of Europe most affected by
climate change. First of all, the use of the source of origin
in accordance with the degree of threat can significantly
increase the stability of stands exposed to unfavourable
conditions.

In accordance with the above, the study of growth of seed-
lings produced from the selected parts of southeast and
central Europe was carried out. The obtained results ena-
ble: i) selection of initial material for the production of re-
productive material with the potential for good growth; ii)
classification of different southeast and central beech pro-
venances, which enables easier work organization when
selecting certain provenances for further testing of beech
adaptability to current global changes.

MATERIAL AND METHODS
MATERIJAL | METODE

Field methods and plant material

As the object of research, 29 beech provenances were selec-
ted from the territory in central and southeast Europe,
whose general characteristics are presented in Table 1 and
Figure 1. In the autumn of 2018 about 1 kg of visually he-
althy seeds was collected in each provenance. Seed collec-
tion was carried out at the provenance level, selecting seeds
from multiple mother trees that were at least 50 meters
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apart to prevent inbreeding. The collected material was de-
livered and processed in the laboratory of the Institute of
Forestry in Belgrade. The seeds were mechanically cleaned
from impurities, and empty seeds were removed using the
air current. The cleaned seeds were disinfected by 35% so-
lution of H,O, during 2 minutes.

Experimental methods

After the conducted analyses of quality and health condition
in the laboratory, in the spring of 2019 a nursery test was
established in the nursery of the Institute of Forestry in
Belgrade. During the first growing season, regular care me-
asures such as mechanical weeding and watering were im-
plemented. In the autumn of 2019, 50 seedlings were chosen
and labelled by provenance using the random sampling met-
hod. All of the marked seedlings survived during the second
growing season and were afterwards measured. At the end
of the growing seasons 2019 and 2020 measurements of
height and root collar diameter of one-year-old and two-
year-old seedlings were carried out. Height was measured
with a ruler with a precision of 0.5 cm, and root collar dia-
meter with a vernier calliper with a precision of 0.1 mm.

Statistical analyses

Measured morphometric characteristics of seedlings were
processed in statistical program package Statistica 7.0.
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Figure 1. Map of 29 sampled provenances of European beech (Fagus sylvatica L.)
Slika 1. Karta 29 uzorkovanih provenijencija obicne bukve (Fagus sylvatica L.)
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Mean values of all the analysed characteristics of seedlings
were obtained using the MEANS procedure. The signifi-
cance of differences between mean values of the analysed
parameters was verified by one factor analysis of variance
(One-Way ANOVA), where the analysed factor was the
provenance. Additional testing by Fisher's multiple tests
(LSD) was carried out for all pairs of populations with the
aim to determine exactly which populations are statistically
significantly different from each other. In order to see the
differences between the provenances, a multivariate stati-
stical analysis (Agglomerative Hierarchical Clustering) was
carried out, which grouped provenances according to the
similarity of all the analysed characteristics of seedlings by
pair-group average method.

RESULTS
REZULTATI

Based on the applied statistical analyses the following re-
sults were obtained and presented for each provenance (Fi-
gure 2, 3).

Mean values of root collar diameter of seedlings per prove-
nance are presented in Figure 2. At the end of the first
growing season, mean value of root collar diameter ranged
from 2.8 mm (BIH1, BIH2) to 6 mm (SRB13). At the end

=
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of the second growing season the largest mean value of root
collar diameter was of the provenance SRB13 (8.5 mm),
while the smallest average value of this parameter was re-
corded in the provenance SRB2 (3.7 mm).

Figure 3 shows average values of height of one-year-old and
two-years-old seedlings per provenances. The largest mean
value of the height of one-year-old seedlings was measured
in the provenance SI1 (51 cm), and the smallest mean va-
lue in provenances BIH2 and SRB8 (14 cm). At the end of
the second growing season the largest mean value of height
was measured on seedlings from provenance SI1 (64.5 cm),
and the smallest mean value on seedlings from provenan-
ces BIH2 and SRB2 (24.5 cm).

Statistical significance of differences between populations
was obtained for all analysed characteristics of one-year-
old and two-years-old seedlings (all p<0.0001) based on the
application of one-way ANOVA (Tables 2 and 3).

Assessment of closeness, i.e. distance of the studied prove-
nances based on the measured morphometric characteri-
stics of seedlings was carried out by using cluster analysis.
According to the visual representation of dendrogram of
similarity of provenances, four clusters were obtained. The
first cluster was formed from provenances SRB1, SRB2,
SRB3, SRB4, MNE1, MNE2, SRB5, BG1, BG2, SRB6 and
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Figure 2. Average values of seedlings’ root collar diameter (mm) per provenances
Slika 2. Prosjecne vrijednosti promjera vrata korijena sadnica (mm) po provenijencijama
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Figure 3. Average values of seedlings’ height (cm) per provenances
Slika 3. Prosjecne vrijednosti visine sadnica (cm) po provenijencijama

Table 2. Analysis of variance for root collar diameter and height of one-year-old seedlings
Tablica 2. Analiza varijance promjera vrata korijena i visine jednogodiSnjih sadnica

Source of variation Degrees of freedom Sum of square Mean square F value Fisher test-no. of groups
lzvor varijabilnosti Stupnjevi slobode Suma kvadrata  Srednja kvadratna vrijednost  F vrijednost Fisher test-broj grupa
Root collar diameter/Promjer vrata korijena (mm)
Between groups / lzmedu grupa 28 987.93 35.28 37.45™
Within groups / Unutar grupa 840 791.49 0.94 13
Total / Ukupno 868 1779.42
Height/Visina (cm)
Between groups / Izmedu grupa 28 84699.8 3025.0 36.39"
Within groups / Unutar grupa 840 69818.4 83.1 14
Total / Ukupno 868 154518.2

**P < 0.0001.

Table 3. Analysis of variance for root collar diameter and height of two-years-old seedlings
Tablica 3. Analiza varijance promjera vrata korijena i visine dvogodisnjih sadnica

Source of variation Degrees of freedom Sum of square Mean square F value Fisher test-no. of groups
Izvor varijabilnosti Stupnjevi slobode Suma kvadrata Srednja kvadratna vrijednost F vrijednost Fisher test-broj grupa
Root collar diameter/Promjer vrata korijena (mm)
Between groups / Izmedu grupa 28 1084.12 38.72 15~
Within groups / Unutar grupa 840 2171.42 2.58 13
Total / Ukupno 868 3255.54
Height/Visina (cm)
Between groups / Izmedu grupa 28 115197 4114 34.49”
Within groups / Unutar grupa 840 100307 119 15
Total / Ukupno 868 215504

**P < 0.0001.
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Figure 4. Dendrogram for the characteristics of height and root collar diameter

Slika 4. Dendrogram za svojstva visine i promjera vrata korijena.

SI1, the second cluster from provenances CZ1, DE1 and
SRB7, the third cluster from provenances SRB9, SRB10,
SRB11, SRB12, SRB13, SRB14 and BIH1 and the fourth
cluster from provenances SI2, HR1, HR2, HR3 and HR4
(Figure 4).

DISCUSSION AND CONCLUSIONS
RASPRAVA | ZAKLJUCCI

The detailed analysis and comparison of dimensions of
seedlings from the selected provenances of southeast and
central Europe was carried out in this study. The obtained
results confirm previous provenance tests on beech (Mekic¢
et al. 2010; Ballian and Zuki¢ 2011; Stojni¢ et al. 2015a; Bo-
gunovi¢ et al. 2020; Memisevi¢ Hodzi¢ and Ballian 2021;
Popovi¢ et al. 2021) which showed variability of dimensions
of seedlings. On the other hand, marked differentiation was
observed in seedling dimensions originating from different
parts of southeast and central Europe. The variability of the
dimensions of the tested seedlings, following the geographi-
cal distribution, indicates a more significant genetic poten-
tial of specific provenances for the growth of seedlings with
targeted characteristics. The results indicate the potential
for planning simple and efficient fieldwork to select and
collect materials from various parts of Europe for further
analysis. This could be a starting point for the nursery pro-
duction of large amounts of reproductive materials.

Provenances from the second and third cluster showed no-
tably greater potential for growth, whereby provenances
Hrastovec and Harz reached great heights. These results
confirm conclusions of the study by Stojni¢ et al. (2015b),
which based on the anatomy of leaves in a common garden
test showed that provenances from endangered southern
parts of Europe do not have to be the only source of adap-
tive material. Provenances Juzni Kucaj, Kukavica and Bo-
ranja from Serbia have also shown pronounced height
growth. The selected starting material represents the quality
base for future research related to finding the individuals
with long-term tolerance to adverse conditions caused by
climate change. First of all, the production of this repro-
ductive material can help in the initial stages of afforesta-
tion and reforestation of different beech forests, in order to
increase the number of seedlings that have great potential
for survival and further development.

Provenances from the first and fourth cluster showed no-
tably smaller potential for growth, which is especially pro-
nounced on Rudnik, Povlen, Javor, Central Balkan, Rila,
Fru$ka Gora, Javor, Lisina, Bukovac¢a and Bublen mounta-
ins. Interestingly, certain provenances from this clusters,
e.g. Mali Jastrebac and Osankarica, showed marked height
growth. The mentioned areas should be given priority when
applying forest conservation measures, through introduc-
tion of reproductive material from other parts of Europe
which showed potential for adaptability to adverse condi-
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tions. This is especially recommended in the mentioned
cases of seedlings with smaller dimensions because the
surrounding competition leads to additional slowdown in
growth (Chakraborty et al. 2021), while the creation of he-
terogeneous conditions in stands contributes to reducing
the consequences of drought caused by climate change
(Schmied et al. 2023).

Dimensions of root collar diameter showed similar ten-
dency as the heights of seedlings. Provenances from the se-
cond and third cluster showed significant growth of the
diameter, with the exception of Javor. The above results in-
dicate the potential of the selection of quality reproductive
material that will meet the challenges of modern forestry.
These conclusions are in line with the previous studies
which indicated the potential of southern European beech
provenances for adaptation (Nielsen and Jorgensen 2003).
Also, we deem that we should adopt the recommendation
based on experiences by the same authors who have stated
that mixing the plant material from sensitive and resistant
provenances could significantly contribute to evolutionary

adaptability.

A small number of authors dealt with research related to
the creation of optimal conditions for the growth of beech
due to climate change. Dewan et al. (2019) showed that
temperature in the period of reproduction had an impor-
tant role in determining adaptation to climate change. On
the other hand, the research related to fructification of cer-
tain populations from the endangered part of distribution
area of beech showed significant variability between popu-
lations in the degree of yield, as well as a positive correla-
tion between horizontal crown projection area and seed
yield (Gavranovi¢ et al. 2018). Furthermore, the variability
in morphological characteristics of seed of Greek prove-
nances has been determined. (Varsamis et al. 2020). Our
research, which dealt with dimensions of seedlings in a two-
year nursery test, showed that there were provenances
which showed significant potential for survival in unfavou-
rable conditions based on the root collar diameter and
height of seedlings. We deem that future research should
be focused on the study of interaction of external factors,
seed dimensions, and morphological characteristics of
seedlings in order to separate long-term tolerant seedlings
by further selection from potentially adaptive reproductive
material and test the yield of trees and stands obtained from
such reproductive material.

The success of afforestation as the answer to challenges bro-
ught by global changes can most efficiently be achieved by
dedicated production of reproductive material, that is, of
known origin and characteristics suitable for the ecological
conditions in the habitats (Isajev 2022). For example, large
beech trees are thought to suffer less from adverse consequ-
ences due to drought caused by climate change than small
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trees (Pretzsch et al. 2018). The spread of beech in different
parts of the distribution area is characterised by large ge-
netic diversity, which represents the potential for adaptation
to adverse conditions (Dounavi et al. 2016). In this sense,
the tested provenances which are classified in different clu-
sters enable a precise insight into the adaptive potential of
beech from various countries based on their morphological
characteristics. Earlier research has determined that there
is variability of ecophysiological reactions of beech seed-
lings between certain countries of Europe (Cocozza et al.
2016). The same authors recommend combined analysis
of physiological and structural characteristics of seedlings
in order to enable the best performance of beech in its ha-
bitats. Our research showed that dimensions of seedlings
from endangered parts of Europe are clearly different and
in that sense the possibility opens up for an easier analysis
of their physiological characteristics. The connectedness of
these characteristics will enable the best effect of planting,
adapted to the degree of change in the conditions in a spe-
cific habitat.

Certain beech provenances from southern and central Eu-
rope are currently relatively healthy and with small diffe-
rences they are grouped into different clusters (Celepirovi¢
et al. 2021). However, taking in consideration the previou-
sly mentioned facts on the influence of climate change on
the increased occurrence of diseases caused by fungi as a
consequence of decreased vitality of trees (Langer and
BufSkamp 2023), it is expected that the provenances from
clusters with poorer growth characteristics will show gre-
ater sensitivity to development of certain diseases. Special
attention should be paid to these areas, i.e. preventive pro-
tection measures should be strengthened. Based on the
obtained results, which have determined that the seedlings
from these areas have slower growth, i.e. they leave the ju-
venile stage later, intensive protection is recommended aga-
inst species from the genera Phytophthora and Fusarium
which have significant tendency of spreading in beech fo-
rests (Milenkovic¢ et al. 2012; Stepniewska et al. 2021; Jan-
kowiak et al. 2023; Ejaz et al. 2023).

The growth of beech in the conditions of competition of
other tree species is characterised by decreased horizontal
elongation of the crown, smaller ratio of height and diame-
ter and longer branches, as a way of adaptation (Juchheim
et al. 2017). Also, there are differences between pure and
mixed stands in the way the beech is morphologically adap-
ted (Dieler and Pretzsch 2013). At the moment it cannot be
reliably stated what habitus the tested provenances show
with pronounced or slowed growth in the stands with diffe-
rent tree species. However, the provenances from this study
that show less potential for adaptation to changed conditi-
ons, due to decreased growth, should not be excluded be-
cause they might be useful in cases of afforestation and ar-
tificial reforestation of stands where great productivity is
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not requested. In this way it is possible to preserve the gene
pool of the individual trees that show poor adaptability to
new and more adverse conditions occurred due to climate
change.

The research results in the nursery test of the morphologi-
cal characteristics of beech seedlings from different southe-
ast and central European provenances showed high varia-
bility and differentiation between provenances. The
seedlings produced show potential for good growth; they
should be further studied to select genotypes that can sur-
vive in altered habitats caused by global changes. The use
of reproductive material from provenances exhibiting good
growth rates in this study will accelerate their selection and
preserve endangered European beech forests. It is necessary
to analyze various phenotypic properties in provenance te-
sts to investigate the genetic diversity and structure of the
selected provenances and obtain more precise results.

ACKNOWLEDGMENTS
ZAHVALE

This study was supported by the Ministry of Education,
Science and Technological Development of the Republic of
Serbia, grant numbers: 451-03-66/2024-03/200027.

REFERENCES
LITERATURA

o Adamidis, G.C., Varsamis, G., Tsiripidis, I., Dimitrakopoulos,
P.G., Papageorgiou, A.C. 2021: Patterns of Leaf Morphological
Traits of Beech (Fagus sylvatica L.) along an Altitudinal Gradi-
ent, Forests 12: 1297.

Ballian, D., Zuki¢, N., 2011: Analysis of the growth of common
beech provenances (Fagus sylvatica L.) in the international ex-
periment near Kakanj, Radovi Sumarskog fakulteta u Sarajevu,
41 (2):75-91.

Ballian, D., Juki¢, B. 2015: Usporedni pokazatelji uspijevanja
bukve (Fagus sylvatica L.) u medunarodnom pokusu Kakanj za
2009. i 2014. godinu, Radovi Hrvatskoga drustva za znanost i
umjetnost, 16/17: 200-215.

Bogunovi¢, S., Bogdan, S., Lani¢ak, M., Celepirovié, N.,
Ivankovi¢, M. 2020: Use of a Common Garden Experiment in
Selecting Adapted Beech Provenances for Artificial Stand Res-
toration, Seefor, 11(1): 1-10.

Chakraborty, T., Reif, A., Matzarakis, A., Saha, S. 2021: How
Does Radial Growth of Water-Stressed Populations of European
Beech (Fagus sylvatica L.) Trees Vary under Multiple Drought
Events?, Forests, 12(2): 129.

Cocozza, C., deMiguel, M., P$idova, E., Ditmarova, L., Marino,
S., Maiuro, L., Alvino, A., Czajkowski, T., Bolte, A., Tognetti, R.
2016: Variation in Ecophysiological Traits and Drought Toler-
ance of Beech (Fagus sylvatica L.) Seedlings from Different Pop-
ulations, Frontiers in Plant Science, 7: 886.

Crispo, E. Modifying effects of phenotypic plasticity on inter-
actions among natural selection, adaptation and gene flow, Jour-
nal of Evolutionary Biology, 21(6): 1460-1469.

Sumarski list, 7-8, CXLVIII (2024), 353-362

« Celepirovi¢, N., Novak Agbaba, S., Dounavi A., Bogunovi¢ S.,
Lanscak L., Gradecki Postenjak M., Jazbec A., Rennenberg H.,
Ivankovi¢ M. 2021: Health Condition of European Beech (Fa-
gus sylvatica L.) According to Provenances in International
Provenance Trial, Seefor, 12(2): 93-103.

Del Castillo, E.M., Zang, C.S., Buras, A., Hacket-Pain, A., Esper,
J., Serrano-Notivoli, R., Hartl, C., Weigel, R., Klesse, S., Resco
de Dios, V., Scharnweber, T, Dorado-Lifidn, L., van der Maaten-
Theunissen, M., van der Maaten, E., Jump, A., Mikac, S., Ban-
zragch, B.E., Beck, W,, Cavin, L., Claessens, H., Cada, V., Cufar,
K., Dulamsuren, C., Gri¢ar, J., Gil-Pelegrin, E., Janda, P, Kazi-
mirovic, M., Kreyling, J., Latte, N., Leuschner, C., Longares,
L.A., Menzel, A., Merela, M., Motta, R., Muftler, L., Nola, P, Pe-
tritan, A.M., Petritan, I,C., Prislan, P,, Rubio-Cuadrado, A., Ry-
dval, M., Staji¢, B., Svoboda, M., Toromani, E., Trotsiuk, V.,
Wilmking, M., Zlatanov, T., de Luis M. 2022: Climate-change-
driven growth decline of European beech forests, Communica-
tions Biology, 5(1): 163.

Dewan, S., De Frenne, P, Leroux, O., Nijs, I, Vander Mijns-
brugge, K., Verheyen, K. 2019: Phenology and growth of Fagus
sylvatica and Quercus robur seedlings in response to tempera-
ture variation in the parental versus offspring generation, Plant
Biology, 22(S1): 113-122.

Dieler, J., Pretzsch, H. 2013: Morphological plasticity of Euro-
pean beech (Fagus sylvatica L.) in pure and mixed-species
stands, Forest Ecology and Management, 295: 97-108.

Dounavi, A., Netzer, F, Celepirovic, N., Ivankovi¢, M., Burger,
J., Figueroa, A.G., Schon, S., Simon, J., Cremer, E., Fussi, B.,
Konnert, M., Rennenberg, H. 2016: Genetic and physiological
differences of European beech provenances (E sylvatica L.) ex-
posed to drought stress, Forest Ecology and Management, 361:
226-236.

Ejaz, M.R., Jaoua, S., Ahmadi, M., Shabani, E 2023: An exami-
nation of how climate change could affect the future spread of
Fusarium spp. around the world, using correlative models to
model the changes. Environmental Technology & Innovation
31(2): 103177.

Felton A., Belyazid S., Eggers J., Nordstrém, E.M, Ohman K.
2024: Climate change adaptation and mitigation strategies for
production forests: Trade-offs, synergies, and uncertainties in
biodiversity and ecosystem services delivery in Northern Eu-
rope, Ambio, 53: 1-16.

Felton, A., Gustafsson, L., Roberge, .M., Ranius, T., Hjaltén, J.,
Rudolphi, J., Lindbladh, M., Weslien, J., Rist, L., Brunet, J., Fel-
ton, A.M. 2016: Howclimate change adaptation and mitigation
strategies can threaten or enhance the biodiversity of produc-
tion forests: Insights from Sweden, Biological Conservation,
194: 11-20.

Garcia-Plazaola, .1, Becerril, ].M. 2000: Effects of drought on
photoprotective mechanisms in European beech (Fagus sylvat-
ica L.) seedlings from different provenances, Trees, 14: 485-490.

Garate-Escamilla, H., Hampe, A., Vizcaino-Palomar, N., Rob-
son, T.M., Garzén, M.B. 2019: Range-wide variation in local
adaptation and phenotypic plasticity of fitness-related traits in
Fagus sylvatica and their implications under climate change,
Global Ecology and Biogeography, 28(9): 1336-1350.

Gavranovi¢, A., Bogdan, S., Lan¢ak, M., Cehuli¢, I, Ivankovié,
M. 2018: Seed Yield and Morphological Variations of Beechnuts

in Four European Beech (Fagus sylvatica L.) Populations in Cro-
atia, Seefor, 9(1): 17-27.



POPOVIC, V. et al: THE USE OF MORPHOLOGICAL TRAITS OF EUROPEAN BEECH (FAGUS SYLVATICA L.) SEEDLINGS FOR SELECTION OF REPRODUCTIVE ...

Isajev, V. 2022: Improving the quality of seedlings for afforesta-
tion: biotechnological foundations, Forestry, 3-4: 53-67. [in Ser-
bian with English abstract and summary]

Iveti¢, V., Devetakovi¢, J., Maksimovi¢, Z. 2016: Initial height
and diameter are equally related to survival and growth of hard-
wood seedlings in first year after field planting, Reforesta, 2:
6-21.

Jankowiak, R., Stepniewska, H., Bilanski, P, Taerum, S.J. 2023:
Phytophthora species cause sudden and severe decline of natu-
rally regenerated European beech (Fagus sylvatica) seedlings,
Plant Pathology, 72(4): 774-785.

Juchheim, J., Annighofer, P., Ammer, C., Calders, K., Rau-
monen, P, Seidel, D. 2017: How management intensity and
neighborhood composition affect the structure of beech (Fagus
sylvatica L.) trees, Trees, 31: 1723-1735.

Kembryté, R., Danusevicius, D., Baliuckas, V., Buchovska, J.
(2022): Phenology Is Associated with Genetic and Stem Mor-
photype Variation in European Beech (Fagus sylvatica L.)
Stands, Forests, 13(5): 664.

Kramer, K., Degen, B., Buschbom, J., Hickler, T., Thuiller, W,
Sykes, M.T., de Winter, W. 2010: Modelling exploration of the
future of European beech (Fagus sylvatica L.) under climate
change-Range, abundance, genetic diversity and adaptive re-
sponse, Forest Ecology and Management, 259(11): 2213-2222.

Langer, G.J., BuSkamp, J. 2023: Vitality loss of beech: a serious
threat to Fagus sylvatica in Germany in the context of global
warming, Journal of Plant Diseases and Protection, 130: 1101-
1115.

Mathes, T., Seidel, D., Annighofer, P. 2023: Response to extreme
events: do morphological differences affect the ability of beech
(Fagus sylvatica L.) to resist drought stress?, Forestry, 96(3): 355-
371.

Meki¢, E, Vignji¢, C., Ivojevié, S. 2010: Morphological Variabil-
ity and Quality of the Seed and Seedlings of Different Proveni-
ence of Beech (Fagus sylvatica L.) in Bosnia and Herzegovina,
Seefor, 1(1): 42-50.

Memisevi¢ Hodzi¢, M., Ballian, D. 2021: Morfoloska i fenoloska
varijabilnost obi¢ne bukve (Fagus sylvatica L.) u medunarodnom
testu provenijencija u Bosni i Hercegovini, Sumarski list, 1-2:
19-30.

Milenkovi¢, 1., Keda, N., Karadzié, D., Nowakowska, J.A. 2012:
Incidence of Phytophthora species in beech stands in Serbia,
Folia Forestalia Polonica, 54(4): 223-232.

Nielsen, C.N., Jorgensen, EV. 2003: Phenology and diameter
increment in seedlings of European beech (Fagus sylvatica L.)
as affected by different soil water contents: variation between
and within provenances, Forest Ecology and Management,
174(1-3): 233-249.

SAZETAK

e

« Orlowsky, B., Seneviratne, S.I. 2012: Global changes in extreme
events: regional and seasonal dimension, Climate Change. 110:
669-96.

Pavlovi¢, S., Stojanovi¢, D., Mladenovi¢, E., Lakicevi¢, M.,
Orlovig, S. 2019: Potential Elevation Shift of the European Beech
Stands (Fagus sylvatica L.) in Serbia, Frontiers in Plant Science,
10: 849.

Petrik, P, Petek-Petrik, A., Kurjak, D., Mukarram, M., Klein T,
Go6mory, D,, Stielcovd, K., Frydl, J., Kondpkova, A. 2022: Inter-
annual adjustments in stomatal and leaf morphological traits
of European beech (Fagus sylvatica L.) demonstrate its climate
change acclimation potential, Plant Biology, 24(7): 1287-1296.

Popovi¢, V., Luci¢, A., Rakonjac, Lj. 2021: Variability of Mor-
phological Traits of European Beech (Fagus sylvatica L.) Seed-
lings in Serbia, Seefor, 12(1): 83-89.

Pretzsch, H., Schiitze, G., Biber, P. 2018: Drought can favour the
growth of small in relation to tall trees in mature stands of Nor-
way spruce and European beech, Forest Ecosystems, 5: 20.

Schmied, G., Pretzsch, H., Ambs, D., Uhl, E., Schmucker, J.,
Fith, J., Biber, P, Hoffmann, Y.D., Seho, M., Mellert, K.H., Hilm-
ers, T. 2023: Rapid beech decline under recurrent drought stress:
Individual neighborhood structure and soil properties matter,
Forest Ecology and Management, 545: 121305.

Stepniewska, H., Jankowiak, R., Bilanski, P, Hausner, G. 2021:
Structure and Abundance of Fusarium Communities Inhabit-
ing the Litter of Beech Forests in Central Europe, Forests, 12(6):
811.

Stojni¢, S., Orlovi¢, S., Ballian, D., Ivankovié, M., Sijacié¢-Nikolié,
M, Pilipovi¢, A., Bogdan, S., Kvesi¢, S., Mataruga, M., Danici¢,
V., Cvjetkovi¢, B., Miljkovi¢, D., von Wuehlisch G. 2015a: Prov-
enance by site interaction and stability analysis of European
beech (Fagus sylvatica L.) provenances grown in common gar-
den experiments, Silvae Genetica 64(4): 133-147.

Stojni¢, S., Orlovi¢, S., Miljkovi¢, D., Galié, Z., Kebert, M., von
Wuehlisch, G. 2015b: Provenance plasticity of European beech
leaf traits under differing environmental conditions at two Ser-
biancommon garden sites, European Journal of Forest Research
134(6): 1109-1125.

Varsamis, G., Merou, T., Takos, I., Malesios, C., Manolis, A., Pa-
pageorgiou, A.C. 2020: Seed Adaptive Traits of Fagus sylvatica
Populations in Northeastern Greece, Forest Science, 66(4): 403-
415.

Zimmermann, J., Hauck, M., Dulamsuren, C., Leuschner, C.
2015: Climate warming-related growth decline affects Fagus syl-
vatica, but not other broadleaved tree species in central Euro-
pean mixed forests, Ecosystems, 18: 560-572.

Globalne klimatske promjene uzrokuju smanjenje rasta drveca i rasprostranjenosti bukovih $uma (Fa-
gus sylvatica L.), odnosno ukazuju na potrebu o¢uvanja brojnosti drveéa zbog nastalih promjena. U
cilju pravilnog odabira polaznog materijala koji ¢e umanjiti negativne posljedice klime, napravljena
je usporedba sadnica bukve razli¢itih provenijencija jugoisto¢ne i srednje Europe prema dimenzijama
promjera vrata korijena i visine. Utvrdene su statisti¢cki znacajne razlike u promjeru vrata korijena i
visini sadnica izmedu ispitivanih europskih provenijencija. Uocena je jasna razlika izmedu razlic¢itih
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europskih provenijencija u rezultatima rasta jednogodisnjih i dvogodi$njih sadnica obi¢ne bukve (E
sylvatica) na temelju rasadnickog testa. Rezultati ovog istrazivanja, putem klasifikacije razli¢itih eu-
ropskih provenijencija bukve, olaksavaju proizvodnju prilagodljivog reprodukcijskog materijala i pre-
ciznu budud¢u analizu u cilju odabira provenijencija otpornih na promijenjene klimatske uvjete.
Ogranicenje ovog istrazivanja u pogledu trajanja i starosti koristenog reprodukcijskog materijala
polaziste je za bududa istrazivanja selekcije adaptivnog materijala koji ¢e odgovoriti na izazove u
$umarstvu uzrokovane klimatskim promjenama.
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