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Dendrometric analyses

and determining biological
characteristics of needles for
the purpose of conservation and
directed utilization of the spruce
in southeastern Serbia

Abstract:

This paper analyzes the morphological and dendrometric characteristics
of three 97 years old European spruce trees, on Cemernik mountain, in the
municipality of Crna Trava, where European spruce is not autochthonous. The
examined parameters were compared with 5 test European spruce trees, aged
about 50 years, which are grown in the population, within a radius of 100 m,
in identical environmental conditions. The results of this study confirm the
excellent vitality of hundred-year-old trees at the researched location, which
can be brought into direct correlation with the current climate changes. The
selected trees have confirmed the best combinatorial ability, which is why
they stand out as a good base for selection and production of planting material
for establishing purpose culture, afforestation, application in landscape
architecture, and also for timber production. The research confirmed that the
analyzed hundred-year-old spruce trees are in excellent condition and high
decorative value, with a crown formed from the ground, which is why they are
proposed for protection as a natural monument of botanical character.
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Apstrakt:

Dendrometrijska naliza i utvrdjivanje bioloskih svojstava Cetina smrce
u cilju konzervacije i usmerenog koriséenja vrste u jugoistocnoj Srbiji
U radu su analizirane morfoloSke i dendrometrijske karakteristike tri stabla
smrée starosti 97 godina, na Cemerniku, na teritoriji opStine Crna Trava
na kojoj smrca nije autohtona. Istrazivani parametri su poredeni sa pet test
stabala smrce, starosti oko 50 godina, odgajenih u populaciji, u radijusu
od 100 m, u identiénim uslovima. Dobijeni rezultati potvrduju odli¢nu
vitalnost stogodiSnjih stabala na istrazivanoj lokaciji Sto se moze dovesti u
direktnu korelaciju sa aktuelnim klimatskim promenama. Selektovana stabla
potvrdila su kombinatornu sposobnost zbog Cega se izdvajaju kao polazna
za oplemenjivanje i proizodnju sadnog materijala, za podizanje namenskih
kultura, poSumljavanje, pejzaznoarhitektonsku primenu, ali i dobijanje drvne
mase. Istrazivanje je potvrdilo da su analizirana stogodi$nja stabla smrce
odli¢nog stanja i dekorativnosti, sa formiranom kro$njom od samog tla, zbog
Cega se predlazu za zastitu kao spomenik prirode botani¢kog karaktera.
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Introduction

Picea A. Dietr. is a genus of evergreen coniferous
trees inthe family of Pinaceae Spreng. ex F. Rudolphi.
It comprises 37 spruce species (POWO, 2022), one
of which is European or Norway spruce - Picea
abies (L.) H. Karst. Besides European spruce, other
autochthonous and allochthonous spruce species are

also found in Serbia. They include Picea omorika
(Pancic) Purk., Picea orientalis (L.) Peterm., Picea
pungens Engelm., Picea laxa (Miinchh.) Sarg., Picea
engelmannii Parry ex Engelm. and Picea sitchensis
(Bong.) Carriére. (Jovanovi¢, 1970; Schmidt-
Vogt, 1974; Matovi¢ & Vujkovi¢, 1994; Skreppa,
2003; Galovi¢, 2015; Cyvjeticanin et al., 2016).
The natural range of European spruce distribution

© 2022 Petrov & Ocokolji¢. This is an open-access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and build upon your work
non-commercially under the same license as the original. 41



BIOLOGICA NYSSANA e 13 (1) September 2022: 41-46

stretches from Siberia across the Ural Mountains
and extends to northern Europe and high mountain
regions of central and southern Europe (Fukarek,
1970). Fukarek (1970) stated that European spruces
could not be found in the Apennines and Pyrenees.
However, research conducted in 2016 (Di Pierro
et al., 2016) confirmed the presence of European
spruce in the far north of the Apennines. In the
south of Europe, European spruce grows in two
directions (Cvjetkovi¢, 2018): eastwards (from the
Carpathian Mountains, over the high mountains of
western Serbia and Bulgaria to the Rhodopes) and
westwards (from the slopes of the eastern Alps,
across the Dinaric Alps, to the Shar Mountains and
Mount Korab). However, it should be emphasized
that throughout history spruce has undergone a
significant shift in its range, as confirmed by pollen
analyses according to which European spruce was
limited to several refugia during the Last Glacial
Period, while the current range has resulted from
its expansion from the refugia in the Carpathians,
Dinaric Alps and Moscow region (Huntley &
Birks, 1983). In Serbia, European spruce is widely
distributed in the mountains, such as Tara, Zlatibor,
Golija, Zlatar, Prokletije, and Kopaonik, while it is
not so common in the eastern and southern parts of
the country: Stara Planina, Suva Planina, Kucajske
Planine, Beljanica and Shar Mountains (Iveti¢, 2004;
Bankovi¢ et al., 2009; Cvjeticanin et al., 2016).

The range of distribution and genetic structure of
European spruce are thought to have been shaped
by historical events related to the last glaciation
and postglacial colonisation processes (Lagercrantz
& Ryman, 1990). While there was a decline in
the natural distribution of European spruce in the
past, there was a growing trend in the conversion
of broadleaved forest habitats and abandoned
agricultural land into coniferous forests.

Despite the high intrapopulation variability and
adaptability of European spruce, abrupt distribution
shifts are anticipated due to climate change. They
will be reflected in the extinction of populations,
primarily the edge populations growing along
the distribution boundaries. According to some
scenarios, numerous habitats in southern Europe
will be affected by climate change and European
spruce will migrate north (Falk & Hempelmann,
2013). These predictions should cause some alarm
since European spruce is one of the most common
coniferous species in European forests; it is also a
very important economic species; it has been widely
naturalised outside its distribution range; in Serbia,
it covers 86,400 ha and accounts for about 5.2% of
wood volume. Bearing in mind the above and the
fact that, due to its physical-geographical location,
Serbia is significantly affected by climate change, the
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research conducted in European spruce plantations
on Mount Cemernik is of great importance.

Materials and Methods

According to Morgenstern (1996), research on
forest species can be divided into two categories:
short-term and long-term tests. Our research applied
long-term tests of open-grown trees over 30 years
of age. The suitability of the selected methods can
be proved by Kapeller et al. (2013) according to
which the tests conducted at the age of 10 to 30 yield
the most valuable research results related to species
variability and adaptability.

Our research was conducted in a group of three
solitary trees of Picea abies (L.) H. Karst. The trees
were 97 years old (Fig. 1). They were planted in
the village of Brod (42°84’88” north latitude and
22°28°39” east longitude) in 1925. The village is
on Mount Cemernik, Crna Trava municipality, at
an altitude of 856 m. The five control trees grew
in a nearby spruce culture (within a 100 m radius)
founded in the 1970s.

Fig. 1. Three 100-year-old Picea abies (L.) H. Karst.
trees
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Tree height, diameter at breast height (1.30 m),
trunk girth, crown diameter, tree age, needle length,
needle width, adaptability and vitality of the three
analysed trees were taken as indicative values
together with the differences between the group of
three trees and five control trees that should facilitate
the assessment of the species vitality. A total of
400 needles were collected for each tree (i.e. three
100-year-old trees and five control trees) which
means that 3200 dimensions were measured for the
length and another 3200 dimensions for the width of
needles (Fig. 2).

Fig. 2. Analysed parameters of Picea abies (L.) H.
Karst: length (L) and width (W)
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Quantitative characteristics that included tree
height, diameter at breast height, trunk girth,
crown diameter and needle length and width (Tab.
1, Tab. 2) were biometrically processed using the
STATISTICA 10.0 software program and their limit
of variability (minimum-maximum), medium values
(x ), standard deviations (S), coefficients of variation
(V) and errors (S x , SS, SV) were determined.

Results and discussion

Field research in the municipality of Crna Trava in
the village of Brod recorded three trees of Picea abies
(L.) H. Karst. of exceptional growth habit, excellent
vitality and high decorative values. The three trees
growing in a group stood out for their differential
properties. Tab. 1 shows the results of a comparative
analysis of the growth elements of three investigated
European spruce trees and five control trees.

Tree 1 reached a height of 52.9 m, a diameter at
breast height of 118 cm and a crown diameter of 11.98
m. Tree 2 reached a height of 53.1 m, a diameter at
breast height of 103 cm and a crown diameter of 17.64
m. Tree 3 reached a height of 50.94 m, a diameter
at breast height of 84 cm and a crown diameter of
11.24 m. All three trees were around 100 years old
and had abundant to moderately abundant yields and
the highest ratings of vitality and decorativeness
(5 and 5). They had broadly pyramidal crowns and
shallow-cracked gray to gray-brown bark. The five
control trees at the age of about 50 years old, which
is the age suitable for the comparison of values, had
significantly different dendrometric characteristics.
The average parameters for the five control trees
were as follows: trunk height — 24.16 m, diameter
at breast height — 63.8 m, trunk girth — 2.01 m, and
crown diameter — 8.2 m.

Table 1. Comparative characteristics of three 100-year-old Picea abies (L.) H. Karst. trees and five trees

planted in the 1970s

Tree Tree h d1,30  Trunk Crown  Fructification Vitality Decorative

age (m) (cm) girth  diameter -5 value

(years) (m) (m) (1-5)
1 97 53.1 118 3.71 11.98 medium 5 5
2 97 52.9 103 3.24 17.64 abundant 5 5
3 97 50.94 84 2.66 11.24 abundant 5 5
4 50 19.8 49 1.54 5.76 medium 3 2
5 50 27.3 86 2.69 9.92 abundant 5 5
6 50 26.6 74 2.33 8.74 abundant 5 4
7 50 23.48 53 1.68 10.22 medium 4 4
8 50 23.6 57 1.79 6.38 medium 3 3
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Table 2. Statistical parameters of morphological characteristics of European spruce needles in the village

of Brod
Locality Tree age  Limit X+S. S8 V48,
(years) value
(a) needle length (mm)
Tree 1 97 12-32 22.49 £ 0.05 3.25+0.79 0.14 £ 0.01
Tree 2 97 15-32 22.17 £0.05 3.21+0.78 0.14+£0.01
Tree 3 97 14-30.5 22.96 £ 0.06 3.25+0.81 0.14£0.00
Tree 4 50 9-21 15.19 £ 0.04 2.61 +£0.54 0.17 £ 0.01
Tree 5 S0 8-27 18.53 £0.05 3.68 £ 0.66 0.20 £0.01
Tree 6 50 10-25 18.04 + 0.04 2.44 + (.64 0.13+£0.00
Tree 7 S0 10-20 15.42 £ 0.04 2.20+£0.55 0.14£0.00
Tree 8 S0 8-20 14.83 +£0.04 2.69+0.52 0.18 £0.01
(b) needle width (mm)

Tree 1 97 0.8-2 1.26 £0.00 0.28 £0.04 0.22+£0.01
Tree 2 97 0.9-2 1.11£0.00 0.24 £0.04 0.22+0.01
Tree 3 97 0.8-15 1.224+0.00 0.74 £ 0.04 0.60 +0.02
Tree 4 S0 0.5-1.2 0.80 +0.00 0.19+£0.03 0.24 +£0.01
Tree 5 S0 0.5-2 1.02 £ 0.00 0.29 +£0.04 0.28 £0.01
Tree 6 S0 0.5-1.5 0.93 £ 0.00 0.18+0.03 0.19+0.01
Tree 7 S0 0.5-1 0.77 £0.00 0.17£0.03 0.22+£0.01
Tree 8 S0 0.5-1 0.80+0.00 0.21+0.03 0.27 £0.01

The analysis of statistical parameters (Tab. 2) for
the two characteristics of needles measured in trees at
the age of 100 determined that the three investigated
trees had the limit values of needle length ranging
from 12 to 32 mm and from 0.8 to 2 mm for needle
width. On the other hand, the five control trees aged
50 had the limit values ranging from 8§ to 25 mm
for needle length and from 0.5 to 1.5 mm for needle
width. According to the literature (Gaji¢ & Korac,
1972; Ocokolji¢ & Nini¢-Todorovi¢, 2003; Gebauer
et al., 2011; Caudullo et al., 2016; Gebauer et al.,
2019), spruce needles can be up to 25 mm long and
more than 1 to 2 mm wide. As can be observed, the
three investigated trees have significantly higher
values.

According to the results, the mean values of the
needle length obtained for Tree 1 were 22.49+0.05,
Tree 2 22.17+0.05, and Tree 3 22.96+0, 06. The
mean values of the needle width obtained for Tree
1 were 1.26+0.00 for Tree 2 1.11+0.00, and Tree 3
1.22+0.00. On the other hand, the mean values of
the needle length obtained for the five control trees
(Trees 4, 5, 6, 7 and 8) were 16.4+0.01 and the mean
values of the needle width were 0.86+0.00. The
obtained difference between the mean values was
statistically significant.

Looking at the differential characteristics of the
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group of three European spruce trees about 100
years old, it can be observed that these trees are
more adaptive and ornamental than those planted
50 years later and growing in forest conditions. The
data presented in Tab. 1 and Tab. 2 points to obvious
differences in the analyzed properties between the
three veteran trees and the five control trees. These
differences can affect the cultivation of European
spruce since the three selected veteran trees that
stand out for their distinctive characteristics have
considerable potential. As plus trees with a superior
phenotype, they enable more successful and easier
cultivation, due to better growth, higher level
of adaptability, and remarkable decorativeness
(compact crown formed from the ground level).
Further comparison of the phenotypic
characteristics of the investigated 100-year-old
spruce trees in the village of Brod with literature
data (Caudullo et al., 2016; Cyvjeticanin et al.,
2016) reveals that the analysed trees have reached
maximum values, and thus can be used as starting
material in the production of forest and ornamental
seedlings. Based on the conducted research, which
included the age of trees, their vitality, decorativeness
and position (sunny location for sciophilic European
spruce), and their historical significance, all three
trees are proposed to be protected as a botanical
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natural monument.

Conclusions

In the village of Brod in the municipality of Crna
Trava, three European spruce trees were recorded at
the age of 97. Our research revealed great vitality
and exceptional morphological characteristics of the
three European spruce trees. This finding pointed
out the necessity of preserving the trees so that their
genetic potential can be fully exploited. The study of
these 100-year-old trees also revealed their potential
role in forestry. They can be of great significance in
the production of planting material that would make a
valuable forest resource with long-term adaptability
to local environmental conditions. The analysed
European spruce trees can also be greatly utilised in
landscape architecture and horticulture where they
can serve as starting material in breeding, pollen
collection, controlled hybridisation and vegetative
propagation, as well as in the identification of a new
lower taxon of compacta type.

The analyzed 100-year-old trees should also
be protected in order to preserve the national
biodiversity of species for which indigenous species
are extremely important. They are also important
for genetic variation, i.e. as well-adapted genotypes
of specific phenotype, they greatly contribute to
genetic diversity. Their significance is supported by
research studies that stress the issue of European
spruce extinction due to climate change, and the
issue of reproductive material transfer which is
usually unknown, and in Europe, it is mostly from
geographically and ecologically undefined sources.
Therefore, effort must be put in to find new resistant
and productive genotypes and through plant breeding,
preserve the species and increase its productivity. The
exquisite habit, outstanding features, high condition
ratings, age, and historical significance these three
100-year-old spruce trees have for Cemernik and
Serbia make them worthy candidates for a botanical
natural monument designation.
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