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Abstract - A biobased economy implies sustainable and effective use of the biomass. This includes new products from forestry. 
The sustainable production, use, consumption and waste management of biomass all contribute to a bioeconomy (The European 
Bioeconomy in 2030).  
In the context of bioeconomy the conservation of forest genetic resources assumes a key signifi cance in overcoming global chal-
lenges such as climate change. Forests are expected to play a key role in climate change mitigation, but they will only be able to 
fulfi l that role if the trees themselves are able to survive and adapt to changing climate conditions. Genetic diversity provides the 
fundamental basis for the evolution of forest tree species and for their adaptation to change. The enormous range of goods and ser-
vices provided by trees and forests is both a function of and testimony to the genetic variability contained within them.  Conserving 
forest  genetic  resources  is  therefore  vital, as  they  constitute  a  unique  and  irreplaceable resource for the future, including for 
sustainable economic growth and progress and environmental adaption (The State of the Worlds Forest Genetic Resources 2014).
Previous research of population characteristics and the effects of natural and artifi cial selection on the genetic structure of popula-
tions contribute to the conservation and enhancement of the gene pool of the native tree species. The balance model of the popula-
tion genetic structure reveals the new properties of the populations and requires further investigations, especially of the relations 
of subpopulations, half-sib families and organisms and the effect of variable factors of the environment, on the exchange of genetic 
material within natural and cultural populations.
Being of national and international signifi cance, these resources require intensive protection and enhancement in situ and ex situ. In 
this paper a general introduction is given to conservation of forest genetic resources in Serbia, Croatia and Macedonia in the context 
of bioeconomy. Based on the current situation of conservation of forest genetic resources, some strategic suggestions concerning 
the future development of genetic conservation is given, taking into consideration the conservation objectives and future trends of 
great impact on existing forest genetic resources. 
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Introduction 

The concept of “bioeconomy” or “bio-based 
society” has become an important component of na-
tional, EU and global policies. The social, economic 
and biological challenges we face, and the scarcity 
of natural resources combined with climatological 
changes, necessitate new approaches to knowledge 
and innovation as well as to knowledge-based poli-
cies. The transformation to a bio-based economy 
means a transition from a fossil fuel-based economy 
to a more resource-effi cient economy based on re-
newable materials produced through sustainable use 
of ecosystem services from land and water. A greater 
focus on research and innovation can provide us 
with new products developed from biomass that 
will replace fossil material, combat climate change, 
reduce waste and create new jobs. 

A bio-based economy (bioeconomy) can be 
defi ned as an economy based on (The European 
Bio-economy in 2030): 

a) The  sustainable  production  of  biomass  

to  enhance  the  use  of  biomass  products  
within  a number of different sectors of soci-
ety. The objective is to reduce climate effects 
and the use of fossil-based raw materials. 

b) Increased  added  value  for  biomass  materi-
als,  concomitant  with  a  reduction  in  energy 
consumption and recovery of nutrients and 
energy as additional end-products. The objec-
tive is to optimise the value and contribution 
of ecosystem services to the economy. 

Climate change infl uences both the forest as an 
ecosystem and also sustainable wood production. 
The forests need to be adapted to climate change, to 
continue to secure both their function for use, pro-
tection and recreation, and also the role that wood 
and the forest play in protecting the climate (The 
State of the Worlds Forest Genetic Resources 2014).

An important objective of the conservation of 
genetic resources is to maintain the adaptedness of 
organisms to changing environmental conditions. 
By conserving suffi cient amounts of heritable varia-
tion in different species and thus their evolutionary 
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potentials, life can continue under changing and 
even new conditions. The possibilities for future 
generations to meet their varying demands are thus 
secured (Rajora and Mosseler 2001).

The genetic variation of most agricultural and 
horticultural crops as well as of farm animals can 
be collected and conserved in so-called gene banks. 
However, forest genetic resources are usually con-
served as living trees in growing forests.

Considering the objective of preserving the 
broadest genetic diversity, not only the most repre-
sentative trees populations or important single trees 
should be subject to gene conservation. Populations 
from marginal localities also need to be conserved, 
despite their lower economic importance as such 
populations and trees may carry genes of impor-
tance for breeding (adaptability, resistance). In situ 
and ex situ measures are necessary to complement 
each other (Andonovski and Velkovski 2011).

Conservation, testing and utilization of tree 
species gene pool involves several successive in 
situ and ex situ activities such as: a) study of the 
nature of phenotypic variability in large and small 
populations, b) improvement of mass and individual 
selection techniques, c) application of intervarietal 
and distant hybridization, d) analysis of morphomet-
ric characters, e) familiarity with the correlation of 
growth characteristics and the development of the 
analyzed genotypes and their progeny (Isajev et al. 
1988). Activities contributing to gene pool conserva-
tion and utilization imply its conservation ex situ 
- through the reproduction of forest populations 
and superior genotypes by establishing specialized 
seed sources, arboretums, live archives, provenance 
tests, progeny tests, clonal tests and seed orchards 
(Gustafsson 1950, Jovanović 1972, Isajev et al. 1995, 
Skrøppa 2005). Ex situ populations of forest trees 
in Serbia, Croatia and Macedonia are established in 
the aim of protection and directed utilization of the 
gene pool of physically endangered populations or 
individuals, as a supporting activity to conservation 
in situ and for the provision of readily available 
constant supplies of genetically improved reproduc-
tive material. 

The paper presents preliminary results of multi-
annual analyses which are being carried out in spe-
cialized plantations of different tree species aimed 
at testing of genotypes of parent individuals as well 
as their half-sib lines. The results of multiannual 
analyses lead to a better knowledge of the produc-
tion and adaptation potentials of analyzed species. 
Seed orchards and pilot plots, being the specialized 
plantations, should contribute not only to the con-
version of the potential genetic variability into free 
one, as the base of directed utilization of tree gene 
pool, but also they are the polygons for testing and 

conservation of species biodiversity. 

Conservation of genetic resources in situ 
in Serbia

In order to conserve gene pool in situ, in Serbia 
there are six National Parks, ten Regional Parks, 50 
Reserves and 158 Seed Stands of major economic 
species of broadleaves and conifers. National Parks 
are: Fruska Gora – 25’300 ha, Djerdap – 63’608 ha, 
Tara – 19’200 ha, Kopaonik – 11’810 ha, and Shara 
– 39’000 ha (total 158’918 ha). In the National Parks 
Fruska Gora and Djerdap, mostly the communities 
of deciduous tree and shrub species are represented, 
in the Parks Tara, Kopaonik and Shara, the commu-
nities of coniferous species are predominant. Seed 
stands, along with the production of good quality 
seed stock, are also intended for the conservation 
of the gene pool of tree and shrub species in situ, 
as they contain plus and normal trees and the trees 
which represent the average of the population. 
Seed stands are listed in the Proposed Register of 
Forest Seed Sources in Serbia, with separate lists 
of broadleaf and coniferous species. The Register 
includes 151 coniferous seed sources - total area 
1’476.1 ha, of which 36.9 % are fir, 28.5 % spruce, 
14.2 % Scots pine, 11.8 % Austrian pine, 4.1 % Ser-
bian spruce. There are 65 seed stands of broadleaf 
species covering 1’665.2 ha, of which 30.5 % are 
Sessile oak stands, 31.1 % Pendunculate oak, 17.1 % 
Common beech, 21 % Turkish hazel, 8.4 % lime and 2 
% other species. The Registers of seed stands were 
made twenty years ago, so on the occasion of their 
revision, only the best populations, i.e. the best trees 
should be chosen by which the greatest possible 
portion of the desirable intraspecies variability will 
be included. Also the work should be intensified on 
the study and zonation of seed utilization from the 
zones containing seed stands of major economic 
species of trees.

Conservation of genetic resources ex situ 
in Serbia

The opportunities for the singling out of Nature 
Reserves, and in this respect, the protection of for-
est natural resources, are proportionally limited. 
For these reasons, Norway spruce provenance 
test and specialized sources and plantations have 
been established in Serbia to conserve the genetic 
resources of woody species ex situ, by the repro-
duction of selected species in forest populations. 
They are: (a) seed orchards, (c) provenance tests, 
and (d) progeny tests. Each of the above categories 
has a special purpose, which is coordinated with the 
needs of gene pool protection and enhancement.
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Seedling seed orchards were established from 
50 Serbian spruce half-sib families on the area of 
2.7 ha (Isajev et al. 1990), Austrian pine - 40 fami-
lies on 3 ha (Tucović and Isajev, 1991), divulge wild 
cherry - 30 families on 1.5 ha, Pedunculate Oak – 76 
ramets (Erdeši 1996, Orlović et al. 1999 and 2002), 
Pedunculate Oak – 122 families (Orlović et al. 2001). 
The yield in these plantations has not yet reached 
the level of commercial exploitation. However, the 
progeny from seedling seed orchards will be more 
variable than that from clonal ones, and conse-
quently seedling seed orchards are better for the 
purpose of gene pool conservation.

Norway spruce provenance test in Serbia

Morphological variability and changeability 
of physiological properties of intraspecial taxons 
of Norway spruce are described, among other re-
searches, on the bases of provenance tests in Europe 
and North America (Lines 1967, Kleinschmit 1970, 
König 2005). The results obtained in the analyses 
of these tests enabled better familiarity with the 
production and adaptive potential of the Norway 
spruce gene pool and the ecological factors which 
determine the range of its horizontal and vertical 
distribution were established (Isajev et al. 1990).

For the establishment of a provenance test in 
the vicinity of Ivanjica 3 locations with different 
altitude, exposition and area as well as different 
site characteristics were chosen (Isajev et al. 1992). 
In the test plantations, five Norway spruce prov-
enances from Serbia are comparatively examined: 
Golija, Zlatar, Cemerno, Radocelo and Kopaonik, 
as well as three Slovenian provenances - Jelovica, 
Menina and Masun. On the basis of data of the Hy-
dro meteorological service in Belgrade regarding 
the area of Ivanjica, climatic conditions of all three 
locations were studied. In the very areas in which 
the test plantations were established topographic 
surveys were carried out and a total of 8 soil profiles 
were opened.  

The first test plantation is in the department 51, 
at an altitude of 570 to 610 m, northern exposition 
and the total area of 2.02 ha, on deep acid soil (dys-
tric cambisol) and the geological base were schists. 
The second test plantation with the area of 0.65 ha 
is in the department 38 of FMU Kovilje- Rabrovica: 
south-eastern exposition, altitude of 1’105 to 1’125 
m on dystric cambisol on schists. The third test 
plantation was established in the department 46, 
section C in FMU Golija at an altitude of 1’560 to 
1’570 m. The exposition was north-eastern and the 
area was 0.73 ha, the soil was podzolic brown. The 
number of Norway spruce seedlings planted in test 
plantations was 2’442. 

The results of prior analyses show that the im-
pact of natural selection is the most distinguished in 
field experiments realized at three altitudinal levels, 
in which Serbian provenances demonstrate greater 
adaptability to very different ecological condition 
(Ivetić 2004). It was recorded that even in sites of 
submontane beech which is not within the natural 
range of spruce its growth and adaptability were 
successful which proves that besides its natural 
optimum in the zone of spruce belt Picetum abietis 
serbicum s.l., its technogenic optimum can also be 
reached in sites of other species. The results ob-
tained from all three altitudinal belts contribute to 
the explanation why Norway spruce in Serbia has 
a specific climatogenous belt compared to other 
countries of the Balkan Peninsula.  From the expert 
perspective prior researches play an important role 
in the economy because they facilitate the choice of 
a provenance, or a group of provenances, suitable 
for certain sites as part of planning of afforestation 
and reclamation works in degraded stands and sites. 

Austrian pine seed orchard in Serbia

Large areas of bare land and degraded sites 
which require urgent afforestation as well as the 
capability of Austrian pine to achieve good results in 
extremely bad sites, set forth the need for organized 
seed production and seed forests as priority aims. In 
the aim of fulfilling these needs adequately, there is 
a need for intensified scientific and expert activities 
on the establishment and management of Austrian 
pine seed orchards. 

Generative seed orchard of Austrian pine in 
Jelova Gora, with the area of 2.70 ha on the site 
Fagetum montanum Rud. was established in 1991 
from 5’422 two-year-old seedlings in 40 half-sib lines 
of the test trees selected in seed forests Sargan-
Mokra Gora and Crni Vrh-Priboj (Fig. 1) (Isajev et 
al. 1992). Austrian pine seed orchard with 40 half-sib 
lines, with three repetitions each, in each of the five 
subplantations and dynamic environmental factors- 
altitudinal difference of 20 m, two expositions and 
two soil types is the first generative seed orchard 
of metapopulation structure established in Serbia. 
Its structure enables the realization of genetic and 
development mechanisms and mechanisms of regu-
lation on the one hand and realization of the effects 
of ecological mechanisms on the other. The above 
mentioned will benefit gene pool conservation of 
this species. 

Multi-annual research involved detailed study 
of the variability of nine morphological seedling 
parameters - seedling height, annual height incre-
ment, root-collar diameter, diameter of horizontal 
crown projection and the number of branches in the 
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Figure 1 - Generative seed orchard of Austrian pine in Jelova Gora.

last three whorls. The obtained data revealed great 
variability even in case of slight site changes, as well 
as great adaptability of the incorporated planting 
stock. Analysis of correlation confirmed significant 
positive correlation of almost all elements of growth.    

The research of qualitative characteristics also 
illustrates great genetic diversity. The following was 
observed: flowering at the age of five years, seedlings 
with grey needles, three-needle pines, smaller sized 
needles, proliferation. 

The investigation of variability of the root system 
of Austrian pine seedlings created a base for the 
selection of genotypes with favourable characteris-
tics in the sense of better adaptation to shock after 
transplanting or growing in extremely arid stands.

The analyses of the participation of photosyn-
thetically active pigments - chlorophyll a and b and 
carotenoids are among the first analyses of that 
kind carried out regarding conifers in this country. 
These researches contribute to the improvement of 
familiarity with the correlation of the analyzed pho-
tosynthetic matters and basic elements of growth. 
Prior research of the variability of juvenile Austrian 
pine and the correlation of morphological and physi-
ological parameters have their multiple importance 
for science as well as for practical application, being 
the base for the improvement of the good quality 
seed and planting stock with favourable character-
istics. On the basis of one-way analysis of variance 
of all the examined morphometric properties it was 
concluded that significant differences appear at the 

inter-line and inter-provenance level which indicates 
that the differences among half-sib lines and prov-
enances are not the consequence of random errors 
i.e. random variations. By using an LSD - test groups 
of half-sib lines according to the years of research 
were homogenized, which confirmed statistically 
significant differences and the superiority and infe-
riority of certain lines, previously determined on the 
basis of relative percentage of average heights and 
half-sib line diameters in average values of certain 
provenances. Connecting of clusters of half-sib lines 
with the highest and the lowest average values of 
all the examined quantitative parameters within the 
seed forest (1) is at a shorter total distance than in 
the seed forest (2) on the basis of which it is also 
confirmed that the sample of seed forest (1) shows 
higher homogeneity and lower intra-population va-
riety. The applied statistical analysis indicates great 
genetic diversity within the seed orchard, but clear 
differences between certain half-sib lines cannot 
be strictly determined because that would require 
full-sib progeny tests.  

The obtained results are important for the di-
rected utilization of the gene pool of this species 
and as directions for the improvement of techniques 
used in the establishment of Austrian pine seed 
orchards of the second, third and later generations.  

Serbian spruce seed orchard

On the basis of the applied analyses of multi-
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annual research of the genetic variability of Serbian 
spruce (Isajev 1987), generative Serbian spruce seed 
orchard was established in Western Serbia in 1987 
(village Godovik, near Pozega), on an area of 2.70 ha. 
As much as 5’959 seedlings (age 2+3) were incorpo-
rated into the seed orchard. The seedlings from the 
same family were planted in the same block, with 
random distribution in the form of a square-shaped 
planting scheme 2 x 2 m (Fig. 2).

The applied selection and hybridization pro-
duced reliable data on general and specific values 
of half-sib lines and incorporated genotypes. In this 
seed orchard, based on the planting scheme in which 
genotypes of the same line are in one block, we made 
possible, for the first time simultaneously, the three 
basic types of Serbian spruce reproduction: inbreed-
ing, outbreeding and uniparetal. The study data are 
a base for further work on the directed utilization 
of Serbian spruce genetic potential.

By multiannual analyses of individual and line 
variability of a great number of continuous and 
discontinuous vegetative and reproductive charac-
ters, parental genotypes were selected in order to 
direct seed crop parameters by spontaneous and 
controlled hybridization. The study of several flow-
ering parameters, intra- and inter- half-sib lines, such 
as abundance and regularity of micro- and macro-
strobile formation, differentiation of genotypes into 
functionally male, i.e. female ones, analysis of pollen 
quality and seedling analysis, resulted in valuable 
information necessary for successful hybridization. 
After controlled hybridization performed by the 
model of incomplete diallel cross, which included 
48 different parental combinations, we studied a 
part of genotype structure of parent individuals 
and their hybrid combinations, based on the analy-
sis in the salts of soluble proteins of seeds, as the 
most common polymorph markers at the level of 
gene products. In these analyses, we used the seed 
from free pollination of half-sib lines, which were 
functionally female i.e., male, and the seed of pa-

Figure 2 - Generative seed orchards of Serbian spruce (Picea 
omorika/Panć/Purkyne). 

rental genotypes and their hybrid combinations. In 
parental genotypes and their hybrid combinations, 
the obtained electrophoregrams were used for the 
calculation of the coefficient of similarity, at the lev-
els mother-hybrid, father-hybrid and mother-father. 
Electrophoregram analysis of hybrid combinations 
shows the existence of different types of protein 
fractions - bands: bands common to both parents, 
bands originating one from father, one from mother 
(codominance of parent gene expression in the 
hybrid), bands originating from mother only, bands 
originating from father only, and bands specific for 
the hybrid.

Based on the results of multiannual study, we 
differentiated such hybrid combinations which show 
the highest mean values of the analyzed morphomet-
ric characters of the cones, i.e. seed crop, as well as 
better parental genotypes which show good general 
and specific combining ability. The obtained data 
were the basis for the construction of the model of 
experimental clonal seed orchard for the production 
of Serbian spruce intraspecific hybrids. 

Balkan maple seed orchard in Serbia

Forest Estate “Golija” from Ivanjica established 
a Balkan maple (Acer heldeichii) seed orchard in 
1994 (Isajev 1994). The location of the orchard is on 
the site as. Fagetum montanum Rud.s in the forest 
management unit “Kovilje-Rabrovica”, department 
12. The altitude of the location is 950 to 1020 m 
and the exposition is north-eastern. The area of the 
seed orchard is 1.05 ha (Ćurčić 1997 and 1999). The 
planting stock was produced in the forest nursery 
in Ivanjica from the seeds of 26 seed trees, selected 
in Golija, which had above-average morphologic 
(technical) and physiological (abundance and regu-
larity of seed yield) characteristics in the population 
(Isajev et al. 1994).  

Planting of seedlings of the age 2+0 was carried 
out in the spring of 1994. Distribution of planting was 
planned and realized in blocks. There are 6 blocks 
in total, 4 of which have a regular rectangular shape 
and 2 are in the shape of a scalene triangle. The ir-
regular shape of the blocks depends on the shape of 
the area determined for seed orchard establishment.  
The realized distribution of the seedlings in blocks 
is based on the so-called metapopulation strategy 
of the establishment of generative seed orchards of 
forest trees (Tucović and Isajev 1991).

Planting of 2’962 seedlings from 26 half-sib fami-
lies created the base for further works on the testing 
and becoming familiar with the gene pool of the 
populations in which  mother trees were selected, 
as well as for the improvement of this interesting 
and precious species of our valuable broadleaves. 
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After the application of the appropriate tending, 
good quality seed for further reproduction will be 
produced. On the basis of multiple analysis of the 
genetic value of the incorporated genotypes, deci-
sions on further works on the improvement of Bal-
kan maple and the establishment of seed orchards 
of future generations will be made.

Taking into account the advantages of the lower, 
warmer locations for the establishment of seed 
orchards due to their favourable effect regarding 
the abundance and frequency of flowering and seed 
yield and the applied method of metapopulation 
structure, it can be expected with certainty that the 
established generative seed orchard of Balkan maple 
near Ivanjica achieves the expected production of 
good quality seed.   

Pedunculate oak seed orchards in Serbia

There are two seed orchards of Pedunculate oak 
(Quercus robur L.) in Serbia – clonal and genera-
tive. They are established at the territories of Forest 
Units “Morović” and “Klenak”, which belong to the 
Public Enterprise “Vojvodinašume”, Forest Estate 
“Sremska Mitrovica”. 

Clonal seed orchard was established in the 
period between 1979 – 1983 (Erdeši 1996). It is es-
tablished of phenotypically superior genotypes from 
natural populations. The main criteria for selection 
of stems were the straightness of stem, branching, 
fast growth and resistance to oak powdery mildew 
(Erysiphe alphitoides (Griffon & Maubl.) U. Braun 
& S. Takam.). The seed orchard was established at 
the area of 7 ha, from 86 genotypes, which were 
multiplied by grafting into 2’520 remets. Depending 
on the scion thickness, five techniques of grafting 
were applied: simple copulation, English copulation, 
“mjesok”– little sack, cutting and “goat leg”. The seed 
orchard is composed of four varieties indigenous 
in the valley of the Sava river: early pedunculate 
oak (Q. robur var. praecox), typical pedunculate 
oak (Q. robur var. typica) and two varieties of late 
pedunculate oak (Q. robur var. tardiflora and Q. 
robur var. tardissima) (Orlović et al. 1999, 2001 and 
2002). Clonal seed orcharad has been an object of 
numerous researches focused on genetic variability 
of acorn and leaf morphological and anatomical 
characteristics (Nikolić and Orlović  2002, Nikolić et 
al. 2003, 2005, 2006 and 2010). Likewise to the previ-
ously mentioned researches, in order to give the first 
insights into the genetic structure and diversity in 
the clonal seed stand, the aim of recently conducted 
study was to characterise the genetic structure relat-
ed to different phenology of sampled oak genotypes 
using a system of established microsatellite molecu-
lar markers. Leaves from fifteen individuals were 

sampled from four different varieties of pedunculate 
oak (praecox, typica, tardiflora and tardissima). 
Seven microsatellite primer sets were used designed 
to be specific to the sequences flanking the (GA/CT)

n
 and (AG/TC)

n 
dinucleotide repeat motives in oak 

genome. Quercus species have revealed high levels 
of polymorphism suggested that these markers are 
well suited for studies of genetic diversity within oak 
population and between different varieties. Success-
ful amplification of all observed microsatellite loci 
revealed allelic polymorphism between and within 
all varieties established the variety specific genetic 
structure (Galović et al. 2014).

Generative seed orchard is founded in the pe-
riod between 2000 – 2004 at the area of 10 ha. It is 
established from the acorn that was sown. Acorn is 
collected from clonal seed orchard previously men-
tioned and phenotypically superior genotypes from 
natural populations. Orchard is composed from 129 
families, in different number of replication (min. six 
replications), so the total number of plants (geno-
types) in orchard amount 2’585. The space between 
trees is 7 x 5 m. Similarly to clonal seed orchard, all 
for varieties indigenous in the valley of the Sava river 
is represented in the generative orchard. Researches 
in the orchard have been started recently, collection 
of acorn from various families and establishing of 
progeny test. 

European beech provenance trials in Serbia 
 
European beech (Fagus sylvatica L.) prov-

enance trials in Serbia were established in the spring 
of 2007. One of the trials is situated on the territory 
of National park "Fruška Gora" (Northern Serbia), 
while the second one is located on the territory of 
the Scientific Centre of the University of Belgrade, 
Faculty of Forestry – "Majdanpečka Domena", in 
Debeli Lug (Eastern Serbia) (Stojnić et al. 2012a). 
The trials are founded within the European network 
of beech provenance trials. On that occasion, in 
order to study the genetic variation relevant for ad-
aptation among provenances in the Balkan region, 
20 provenances of Croatia, Serbia and Bosnia and 
additional 12 for comparison from Austria, Germany, 
Hungary, Italy, Switzerland, and Romania were 
planted, of which 15 provenances are common to 
all trials. A total of seven provenance trials were 
established in Bosnia and Herzegovina, Croatia, 
Serbia (2), Germany (2) and Italy (von Wuehlisch et 
al. 2010). The main objectives in these trials could 
be arranged into four groups: 1) tree improvement, 
2) gene conservation, 3) evolution biology and 4) 
stimulation of European co-operation in forest 
research (von Wuehlisch 2004).  

Previous studies in the provenance trials in Ser-
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bia have been focused mainly on the examination of 
genetic variation within and among different prov-
enances, as well as research of phenotypic plasticity. 
The aforementioned studies have included numer-
ous parameters that could be, roughly, classified 
into: physiological, biochemical, morphological, and 
the parameters of the anatomy of wood and leaves. 
The research results indicate the existence of sig-
nificant genetic variation both within and between 
different provenances, as well as ecotypic pattern of 
genetic variation (Stojnić et al. 2010, 2012b and 2013, 
Štajner et al. 2013). Also, given that some authors 
believe that in order to improve the adaptability of 
the population, special attention should be paid to 
phenotypic plasticity, as an alternative to genetic 
adaptability (Šijačić-Nikolić and Milovanović 2010), 
attention has been devoted to the study of pheno-
typic plasticity of wood anatomical structure. The 
results showed an existence of a plastic response of 
provenances, as well as the ability of provenances 
originating from moist sites to adapt to drier habitat 
conditions (Stojnić et al. 2013).

In situ conservation of forest genetic re-
sources in Macedonia

In Macedonia, in situ gene conservation is main-
ly achieved through the establishment of protected 
areas and so-called gene reserve forests. In addition 
to these there are also long-term genetic studies and 
breeding populations (Andonovski 1995). 

National parks and nature protected areas are of 
great importance for maintaining or improving the 
forest genetic resources. These areas in Macedonia 
are classified as follows (Andonoski 2011):

 A comprehensive resource inventory on the 
nature protected areas was set up and manage-

Table 1 - National parks and nature protected areas (coniferous 
species).

Name Area (ha) Description

National park "Pelister" 12’500.0 The best preserved natural   
  stand of Macedonian pine   
  (Pinus peuce) 

National park "Mavrovo" 73’088.0 Natural stand of fir and   
  spruce
  (Abies borisii-regis,

  Picea abies)

Nature reserve "Rozden" 3.5 Crimean pine

  (Pinus nigra ssp. pallasiana)

Nature reserve "Tumba" 5.0 Fir (Abies borisii-regis) 

Nature reserve "Golem Kozjak" 4.0 Scots pine (Pinus silvestris)

Nature reserve "Popova sapka" 5.2 Norway spruce (Picea abies)

Nature reserve "Rupa" 7.6 Fir (Abies borisii-regis)

Natural reserve "Tsam Tsiflik" 490.0 Crimean pine

  (Pinus nigra ssp. pallasiana)

Natural reserve "Rutsica" 1’785.0 Dwarf mugo pine

  (Pinus mugo var. mughus)

Table 2 - Selected seed stands (conifers).

Species Area (ha) Area (ha) Age Provenance
 Total Reduced (years) 

Abies borisii-regis 182.9 84.4 81 Indigenous
Pinus nigra ssp. pallasiana 258.9 137.5 73 Indigenous
Pinus silverstris 45.5 32.8 80 Indigenous
Pinus peuce 5.0 3.4 95 Indigenous
Pseudotsuga menziesii 2.8 2.1 35 Exotic

ment regulations were established for the natural 
reserves.   

According to the Law on Forests, selected natu-
ral seed stands for production of seeds belong to 
category of forests with special purposes and they 
are under special management regime. During the 
latest period, an increased effort to conserve and 
enhance the forest genetic resources has been un-
dertaken on the basis of present knowledge about 
variability and heritability. 

The first mass and individual selection in Mac-
edonia was performed in 1962-1965 and the follow-
ing coniferous seed stands of were selected and 
registered (Andonoski 1994):

In 2008, new program for conservation of forest 
genetic resources in Macedonia started with the revi-
sion of the current seed stands of various economi-
cally important native and exotic tree species. This 
program includes preregistration of the current seed 
stands and seed orchards and registration of new, 
including those of broadleaved species. Following is 
the table of registered seed stands under the latest 
Law on forest reproductive material:

Table 3 - Registered seed stands under the latest Law on forest 
reproductive material.

Species Number of seed Area (ha)
 stands 

Pinus nigra ssp. Pallasiana (native) 8 218.7
Pinus sylvestris (native) 7 131.8
Abies borisii regis (native) 16 375.9
Pinus peuce (native) 3 68.3
Larix decidua (exotic) 3 34.9
Pseudotsuga menziesii (exotic) 9 59.2
Sequoiadendron giganteum (exotic) 1 4.4
Robinia pseudoacacia (exotic) 1 1.2
Fagus moesiaca (native) 7 326.1
Quercus petraea (native) 2 35.2
Total 57 1’255.7

In situ forest genetic conservation in Macedonia 
includes the “dynamic” approach which encourages 
the adaptation of forest trees to the changing envi-
ronment through naturally occurring evolutionary 
processes. This can maximize adaptability with the 
sufficient number of trees in the genetic resource 
population (Andonoski 1974).

Ex situ conservation of forest genetic re-
sources in Macedonia

Ex situ conservation of forest genetic resources 
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in Macedonia includes establishment of ex situ gene 
conservation stands, seed orchards, clone archives 
or individual trees. Conservation of individual conif-
erous tree species was carried out using "plus" trees 
selected for the development of tree improvement 
programs. The following "plus" trees were selected 
(Andonoski 1988):

 Abies borisii-regis 42 "plus" trees
 Pinus silvestris 62 "plus" trees
 Pinus nigra ssp. pallasiana 82 "plus" trees
 Pinus peuce 20 "plus" trees

On the basis of these selected "plus" trees the 
following Seed orchards were established:

Table 4 - Seed orchards (conifers).

Species Type Year Area Fructification
  of rising (ha)

Pinus peuce clonal 1963 1.1 full
Abies borisii-regis clonal 1963 0.5 full
Pinus silvestris clonal 1978-1980 2.5 full
Pinus silvestris generative 1978 5.0 full
Pinus nigra ssp.  clonal 1988 1.5 started
pallasiana

Outlook

In the past more emphasis was placed on the 
conservation and study of "plus" trees, so now it is 
necessary to focus on study and conservation of the 
most valuable populations. The majority of gene re-
serves were selected in the early 1960, thus it needs 
repeated inventory with biochemical, cytological 
and molecular genetic methods.

It is necessary to get more information about 
genetic structure and differentiation of the tree 
species.

In situ conservation activities should be inte-
grated part of the regular forest management. The 
major challenges for the conservation of forest 
genetic resources in Macedonia include population 
decline and population structure changes due to for-
est removal and conversion of forest land to other 
uses, forest fragmentation, forestry practices, cli-
mate change, disease conditions, introduced pests, 
atmospheric pollution, and introgressive hybridiza-
tion. Developing scientifically sound conservation 
strategies, maintaining minimum viable population 
sizes, and deployment of genetically engineered 
organisms represent other important challenges in 
conservation. Both in situ and ex situ forest genetic 
resource conservation strategies must include the 
use of various biochemical and molecular genetic 
markers, adaptive traits, and genetic diversity meas-
ures. So, major opportunities for conservation of 
forest genetic resources in Macedonia include: use 

of molecular genetic markers and adaptive traits for 
developing conservation strategies; in situ conser-
vation through natural reserves, protected areas, 
and sustainable forest management practices; ex 
situ conservation through germplasm banks, com-
mon garden archives, seed banks, DNA banks, and 
tissue culture and cryopreservation; incorporation 
of disease, pest, and stress tolerance traits through 
genetic transformation; plantation forestry; and 
ecological restoration of rare or declining tree spe-
cies and populations. 

Conservation of forest genetic resources 
in Croatia

Croatia, with its area of forest and forest land 
(2.49 million hectares, which is 44% of mainland Cro-
atia) has 260 indigenous wood species. 50% belongs 
to forest ecosystem and 60 of them make economical 
richness of Croatian forests while there is more than 
100 species which are added to the forest ecosystem 
to implement their biodiversity. Conservation of 
genetic diversity of our forest species represents 
the foundation of a sustainable forest management 
and preservation of natural structure of our forest 
stands, currently making 95% of the total woodland 
area. Croatia's richness in diversity of geographical 
regions has resulted in various ecological types and 
a large number of forest trees that are directly af-
fected by habitat degradation, different types of soil, 
air and water pollution, excessive use of some more 
valuable species of forest trees, increasing impact of 
global climatic changes, as well as by anthropogenic 
effects (Kajba et al. 2006).

The need for conservation of genetic variability 
is related to the species pertaining to social broad-
leaves which are economically the most prevailing 
species (Pedunculate oak, Sessile oak, and Common 
beech). Among the conifers, Silver fir (Abies alba) 
is the most endangered species, with more than 
70% of its population being permanently damaged. 
Other native coniferous species must be preserved 
from the deprivation of genetic variability as well.

Conservation of noble broadleaves should 
encompass a larger number of species from vari-
ous genuses (Fraxinus, Alnus, Ulmus, Prunus, 
Juglans, Castanea, Sorbus, Acer, Malus, Pyrus, 
Tilia). They are partially endangered because of 
their exposure to different diseases and pests, as 
well as by continuous exploration caused by their 
technical value. Changes in hydrological conditions 
of our rivers have generated difficulties in resto-
ration of riparian forests, and decreased genetic 
variability of European black and white poplar in 
their habitats. In coastal areas of our country, there 
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is a need for conservation of genetic resources of 
Dalmatian black pine (P. nigra ssp. dalmatica) and 
our Mediterranean oaks.

Genetic diversity conservation of various species 
of forest trees is conducted within the programs 
that include in situ dynamic methods and ex situ 
static methods.

Conservation of native species within in situ 
method is based on concept of status quo of natu-
ral conditions protections on local environment, 
where is optimal alleles frequency to survive and 
reproduction in that environment reached. Starting 
point is that local population of certain species are 
resistant and adapted to environment stress, dis-
eases and injurers impact. Conservation of genetic 
diversity researches contains knowledge about the 
smallest population size (MVP) which is required 
for their relative safe survival according to genetic, 
demographic, environmental and other factors. Ac-
cording to the size and type of areal of each species 
(continuous and discontinuous areal, genetic drift, 
etc.), we need to define number of subpopulation 
and units which will successfully present, include 
and conserve complete variability of each species. 
Conservation within in situ method differentiate 
populations in categories of protected objects of 
biological and landscape diversity, natural forest 
stand and population which already are or will be ex-
cluded from regular management (e.g. seed stands). 

Protection by ex situ method represents for-
est tree species conservation out of their natural 
habitat. This method is used parallel to in situ 
method, especially with species where conserva-
tion of population or their parts is not possible. For 
that cause, setting of experimental surfaces with ex 
situ methods is required and includes researches 
on provenance, progeny and clone tests. Genetic di-
versity of each species can be saved by establishing 
collections (provenance trials, progeny tests, clonal 
archives, clonal seed orchard, seed bank, pollen and 
plant tissue banks) using this method.

In Croatia there are more than 350 forest seed 
objects: forest stands, seed stands, clonal seed or-
chard and group of tree. Croatian Forest Research 
Institute (CFRI), as official body, according Forest 
reproductive material legislative, supervises the 
production and marketing of forest reproductive 
material. Also Croatian forest research institute set 
up a register of forest seed objects constituting a 
gene bank of forest trees of Republic Croatia. Total 
area of all seed stands (category of seed: selected) 
in Croatia is 3’898.35 ha and for conservation of 
genetic diversity (gene bank) are suggest 1’103.60 
ha (in situ). During the past 50 years, researchers 
Croatian Forest Research Institute were founded by 
dozens of provenance experiments. In this paper, we 

mention the provenance experiments involved in the 
gene bank of forest trees Croatia, where it is still 
carried out by scientific research like: Pedunculate 
oak provenance trials established in 1988, 2008 and 
2010 (Gračan 1999, Perić et al. 2006, Ivanković et 
al. 2011), Silver fir provenance trials established in 
2000 (Ivanković 2003) and International beech prov-
enance trials established in 1998 and 2007 (Gračan 
and Ivanković 2001, Gračan et al. 2006, Jazbec et al. 
2007, Ivanković et al. 2008).

In Table 5 is list of Clonal seed orchard nomi-
nated for registration in Genetic bank, while in Table 
6 is list of provenance trials which are included in 
genetic bank (ex situ).

Table 5 - List of Clonal seed orchard nominated for registration in 
Genetic bank.

Species No. of Type Year of Area
 orchards  rising (ha)

Pinus sylvestris 2 clonal 1966 3.0
Pinus nigra 2 clonal 2006 1.5
Larix europea 2 clonal 1985 2.5
Quercus robur 4 clonal 1996, 2000,  47.0
   2001, 2008
Quercus petrea 1 clonal 2008 7.3
Alnus glutinosa 2 clonal 1985 1.7
Fraxinus angustifolia 2 clonal 2005, 2007 3.5
Prunus avium 1 clonal 2001 3.0
Pinus strobus 1 clonal 1965  -

According the same legislative, Croatian for-
est research institute take care about forming and 
conservation of reserve forest seed material in seed 
bank.

Table 6 - List of provenance trials which are included in Genetic 
bank.

 Tree species No. of trials Year of establishing

Quercus robur 4 1988, 2008, 2010, 2010
Fagus sylvatica 2 1998, 2007
Abies alba 1 2000
Larix decidua 1 1959
Pinus sylvestris 1 1959
Pinus nigra 1 1959
Picea omorika 1 1959
Picea abies 1 1959

Conservation of forest trees genes represents 
maintenance of the evolutionary created adaptation 
potential of a particular species, i.e. its forest com-
munity and the entire forest ecosystem. For the pur-
pose of conservation of forest genetic reso¬urces, 
we must protect the existing genetic variability, its 
adaptability to processes of natural evolution and 
forest tree breeding, as well as improve our knowl-
edge and ways of identification of those individuals 
that have developed tolerance to certain diseases 
and pests. That way, we will be able to prevent a 
decrease in genetic resources of the endangered 
species. The research should be supplemented 
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with data including making of species inventories, 
legislation, practical use, coordination on national 
and paneuropean level, together with promotion of 
public awareness on the importance of conservation 
of the endangered species in forest ecosystems.

Conclusions

Beside gene pool conservation and testing in 
situ- in natural populations in different sites, condi-
tions for biodiversity testing as well as the familiarity 
with the range of potential variability ex situ are 
provided by establishing of separate plantations. 
Starting from the floristic, genetic and applicative 
potential of Serbian spruce, Norway spruce, Austri-
an pine, Balkan maple, Pedunculate Oak, European 
beech, the paper presents multi-annual researches 
aimed at becoming familiar with their gene pool as 
well as its conservation and directed utilization by 
the establishment of specialized plantations. 

The obtained results enable better familiarity 
with the potential of production and adaptability of 
the analyzed species. Seed orchards and pilot seed 
forests, as specific plantations, should contribute to 
the conversion of potential genetic variability into 
the free one, as the base for directed utilization of 
tree gene pool, and serve as polygons for testing 
and preservation of biodiversity of these species.    

The presented research objectives and methods 
and the results of the genetic valuation of forest 
tree species are up-to-date methods in gene pool 
conservation and testing, as well as planning and 
establishment of future plantation communities of 
these species. 

The activities on conservation and use forest ge-
netic resources lead to produce superior genotypes 
which are important for increasing of wood produc-
tion and climate change mitigation. Those activities 
support global bio-economy by enhancement of use 
genetic potential of forest trees.
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