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ABSTRACT
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GENERAL CHARACTERISTICS

Forests are the most inestimable, renewable natural resources and all forests belong to the first
functional group, which means that the function of these forests is a protective one, according to Art.
14 of the Forest Code.

The National Forest Fund of the Republic of Moldova covers 400,900 ha (11.0% of the country
territory) including 362,700 ha covered by forests (10.7%) (GALUPA et al. 2006). State forests are
subject to forest management plans that provide the description of the state of forest biodiversity
parameters: typological diversity of forests, species composition of forest sub-compartments, state of
grassy cover, regeneration, etc. Deciduous species cover 97.8% and conifers 2.2%.

The natural forests in Moldova consist of broadleaved formations of the Central European type.
The main species components of the forest are pedunculate oak (Quercus robur), sessile oak
(Q. petraea), pubescent oak (Q. pubescens) and beech (Fagus sylvatica). Their distribution depends
on the altitudinal levels, on the exposure level and the degree of slope inclination, on the soil and
other conditions. These and other factors determined the formation of different types of forests and
associations (POSTOLACHE 1995).

NATURAL DISTRIBUTION

Beech is found in the northwestern part of the Codrii Reserve from the central part of Moldova and
considered at the eastern border of the natural range in Europe (Borza 1937, SOCEAvA, LiPATOVA
1952, GHEIDEMAN 1969, TISHKEVICI 1984, PosTOLACHE 1995). From the climatic, pedologic and
geomorphologic point of view this part of Moldova is different from the rest of the country. Many
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researchers (ANDREEV 1957, GHEIDEMAN et al. 1964, POSTOLACHE 1995) consider this part of
Moldova as a particular subregion. Hydrothermic coefficient is 1.0 - 1.1.

Beech forests cover 2,062.8 ha. Most of beech forests, 1,441.9 ha, are present in protected areas
(Plaiul Fagului/The Beech Region, Codrii, Cabdiesti — Parjolteni, Cazimir — Milesti, Cabac, Bogus,
Harjauca - Sipoteni, Sadova (Fig. 1, 2). The rest of the beech forests, 620.9 ha, are situated in the
forest districts Harjauca, Calarasi, Ciorasti and Pédruceni.

Fig. 1:  Beech forests from the “Plaiul Fagului”/The Beech Region reserve
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Fig. 2:  The protected area of “Cabac”

ESTABLISHMENT OF MAPS OF NATURAL DISTRIBUTION OF BEECH
(FAGUS SYLVATICA)

The distribution maps of the natural range of beech forests have been developed based on floristic
and phytocenological investigations and forest planning information (ANDREEV 1957). The herba-
rium illustrated the distribution of pedunculate oak, sessile oak and beech in Moldova. GHEIDEMAN
(1969, 1986) presents general data about the distribution of these species in geobotanic districts.
Data about the distribution of beech are included in the works of SOCEAVA et LipaTOVA (1952),
PosTOLACHE (1976, 1995) etc.

In 1975, 1995, 1992 - 1996, the forest fund planning in Moldova was completed. These materials
contain data about the forest stand composition. In 1966 — 1972 the forest types and forest associations
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with beech from the forest farms in the centre of Moldova were mapped and classified. TUROK et al.
(2000) published a distribution map of the beech forests in southeastern Europe, comprising also the
beech in the Republic of Moldova. PosToLACHE (2002) published the vegetation map of Republic of
Moldova, where the distribution of beech forests was presented.

From these maps it can be observed that the largest surface area of beech (Fagus sylvatica) was
recorded in the central part of Moldova (scientific reserves “Codri’, “Plaiul Fagului”/The Beech
Region, the forest farms Calarasi, Nisporeni. All the beech areas in Moldova can be attributed to the
category of the marginal ones, as they are located at the easternmost border of the beech distribution
range in Europe.

PLANT COMMUNITIES DIVERSITY

Beech communities are distributed at an altitude of 200 - 400 m, more often on the upper part of
slopes with an inclination of 10 - 40, with north and north-east exposures. These communities are
represented by small areas, often in the form of narrow strips near the breaks caused by landslides,
or along valleys and small rivers where in many places they go down below 200 m of altitude. Beech
communities are growing on brown forest soils.

Pure forest stands and mixed beech forests stands were distinguished according to their composition
and structure. The coverage of tree canopy is around 0.8 — 0.9. Beech (Fagus sylvatica) dominates the
upper part of the tree layer. Beech as the main species of these forests attains the height of 30 - 35 m,
diameter of the trunk 50 — 70 cm. It is characterized by a forest stand with a diverse composition
and structure. Forest stands are composed of a range of 15 different tree species. Besides Fagus
sylvatica and Quercus petraea also Tilia tomentosa, T. cordata, Fraxinus excelsior have been recorded.
Hornbeam (Carpinus betulus) dominates at thelower treelayer. Also scattered broadleaves specieslike
Cerasus avium, Acer platanoides, A. pseudoplatanus, A. campestre, Sorbus torminalis, Ulmus glabra,
Populus tremula, Malus sylvestris, Pyrus pyraster are present. The shrub layer is poorly developed
and is represented by solitary species like Sambucus nigra, Swida sanguinea, Crataegus monogyna,
C. curvisepala, Corylus avellana, Staphylea pinnata, Viburnum lantana, Cornus mas, Euonymus
europaea, E. verrucosa. The herb layer is sometimes as poorly developed as the shrub layer. Therefore
the coverage of herb layer varies from 4% to 50%. However, in the spring when ephemeral plants
flourish (Scilla bifolia, Corydalis solida, C. marschaliana, Dentaria bulbifera, D. glandulosa, Allium
ursinum, Anemone ranunculoides, Ficaria verna, Gagea lutea, G. pusilla, Isopyrum thalictroides), herb
layer may reach a coverage of 60 — 90% in some places. During the summer period the herbs are
represented by species such as: Galium odoratum, Carex pilosa, C. brevicollis, C. digitata, C. sylvatica,
Asarum europaeum, Hedera helix, Aegopodium podagraria, Galeobdolon luteum, Sanicula europaea,
Polygonatum latifolium, P. multiflorum, Pulmonaria obscura, Alliaria petiolata, Circea lutetiana,
Mercurialis perennis, Geranium robertianum, G. phaeum, Viola reichenbachiana, V. mirabilis,
Dryopteris filix-mas, Epipactis heleborine, Stachys sylvatica, Actaea spicata, Convallaria majalis, Poa
nemoralis, Mycelis muralis, Neottia nidus-avis, Salvia glutinosa, Scrophularia nodosa, Arum orientale,
Athyrium filix-femina, Cephalanthera damasonium, Cephalanthera longifolia, Dactylis glomerata,
Stellaria holostea, Urtica dioica, Euphorbia amygdaloides, Geum urbanum, Lamium maculatum,
Lunaria rediviva, Melica uniflora, Milium effusum, Platanthera bifolia, Astragalus glycyphyllos,
Cardamine impatiens, Equisetum telmateia, Glechoma hirsuta, Lamium purpureum, Lathyrus niger,
Parietaria erecta, Ranunculus auricomus, Scutellaria altissima, Tussilago farfara, Vicia dumetorum,
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Monotropa hypopitis. Most of these species are characterized by a very low abundance, and some
of them can be found only in a few exemplars. In beech forests 25 species of rare plants have been
recorded, most of them are listed in the Red Book of Moldova: Daphne mezereum, Dryopteris
dilatata, D. carthusiana, D. caucasica, D. filix-mas, Polystichum aculeatum, Thelypteris palustris,
Athyrium filix-femina, Cystopteris fragilis, Gymnocarpium dryopteris, Cephalanthera damasonium, C.
longifolia, C. rubra, Cypripedium calceolus, Lunaria rediviva, Telekia speciosa, Dentaria quinquefolia,
D. glandulosa, Ortilia secunda, Pyrola rotundifolia, Majanthemum bifolium, Platanthera bifolia, P
chlorantha (GHEIDEMAN 1969, POSTOLACHE 1995, POSTOLACHE, CHIRTOACA 2005).

According to the phytocenologist GHEIDEMAN (1969), there are seven associations of beech forests
in the country. According to the authors PosToLACHE and CHIRTOACA (2005) from the central
European school, the beech forests comprised in the scientific reserve “Plaiul Fagului”/The Beech
Region were classified as association Carpino-Fagetum silvaticae PAuca 1941.

In these communities, the dominant plant species are mesophilic — 47.7%, followed by mesohygrophilic
- 32.6% and xeromesophilic - 17.5%. The mesoxerophilic and hygrophilic species are presented
in 1% each. The life forms spectra are dominated by hemicryptophyte species (33%) and geophyte
species (30%) followed by phanerophyte species (25%). The floristic elements analysis reveals the
dominance of Eurasian element (Euras. — 35.2%), European element (Eur. — 20.5%) and Central-
European element (Eur. centr. — 11.4%). Relatively well represented are circumpolar elements (Circ.
~10.2%).

BEECH DIVERSITY

Many researchers have studied beech populations, but up to the present there has not been a consen-
sus regarding the systematics of Moldovian beech. SAVULEscU et Rayss (1926) indicated two forms
of beech in the beech forests in Basarabia: (a) f. cuneifolia BEck and (b) f. rotundifolia BECK. BorzA
(1937) considered that there are two varieties of beech in Basarabia: (a) Fagus sylvatica var. podolica
spread in the North of Basarabia and (b) Fagus sylvatica var. moesiaca Czecz. spread in the Centre
of Basarabia. SOCEAVA et LipATOVA (1952) attributed the beech from Moldova to the var. moesiaca
Czecz.

IsTRATI (1975, 1980), after studying the vegetative and generative organs of beech populations,
concluded that according to the leaf form the beech belongs to the Fagus sylvatica species and differs
from E orientalis Lipsky and E taurica PoOPL. A special peculiarity of the beech population is the
asymmetry of the leaf blade.

On the basis of the investigations on the vegetative and reproductive organs of beech populations
TisHKEVICI (1984) made similar conclusion, that the Moldovian beech has some specific peculiarities
but is the closest to Fagus sylvatica.

Thus the problem of the beech population structure is not resolved. It is possible that one of the
principles is the phylogenetic problem of the beech. MATTFELD (1936) quoted by Borza (1937)
presumed that long ago during the preglacial period the differentiation of beech (Fagus sylvatica)
took place from a tertiary species into two species. After the glacial period the environment became
more favourable for beech (Fagus sylvatica). According to WULFE (1931) Fagus sylvatica developed
after the glacial epoch from Fagus orientalis.
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Following this short characteristic of the beech populations it may be concluded that the beech
population has a complex structure and it is necessary to protect all these areas as they are both of
scientific and practical interest.

As the beech in Moldova is situated at the eastern border of its distribution area, it has been attributed
to the category of marginal forest genetic resources.

FOREST REGENERATION APPLICATION

Between 1975 and 1984 some experiments on the establishment of beech plantations were performed
(TisHKEVICI 1984). During the years 1997 — 2005 other experiments regarding beech regeneration,
by the method of successive cuttings, were carried out in the scientific reserve “Plaiul Fagului”/The
Beech Region on an area of 294.9 ha. The purpose of this work was to optimize the forests structure
where hornbeam is abundant.

Nowadays the developed successive cuttings are applied in several forest districts in order to optimize
the composition and structure of beech forests.

INVENTORY OF FAGUS SYLVATICA GENETIC RESOURCES

Resulting from analysis of forest plans, 236 sub-compartments with beech with a total area of 2,062.8
ha were delineated in the state forest fund. According to the abundance of beech in forests stands
65 sub-compartments (274.3 ha) have been distinguished in natural forest stands, where the beech
represents more than 50%. The rest of beech sub-compartments 152 (1,737.0 ha) are located in
derivative forest stands with a beech proportion of 10 — 49% and the other 19 sub-compartments
are planted forests with an area of 51.5 ha. The areas protected by the state (Plaiul Fagului/The Beech
Region, Codrii, Cabdiesti — Pérjolteni, Cazimir — Milesti, Codrii, Cabac, Bogus, Harjauca - Sipoteni,
Sadova) contain 1,441.9 ha of beech forests or forests with beech (Fig. 1, 2). Outside the protected
areas there are 620.9 ha of beech forests managed by the forestry institutions from Harjauca, Calarasi,
Ciorasti, Paruceni.

Taking into consideration that the beech in Moldova is situated at the eastern border of the distribution
area in Europe it should be stressed that it is necessary to extend the state protected areas within the
beech forests. The forest genetic resources in these areas have been sampled based on the quality of
the forest stands.

Three categories of forest genetic resources have been established:

o Optimal forest genetic resources of beech (Fagus sylvatica) include the most valuable genetic
resources. The volume of the wood is 340 — 460 m*-ha’. The height of the tree range is 26 - 38 m
and the diameter of the stems is 32 — 56 cm. Ten forest genetic resources of beech have been
attributed to this category.

« Forestgeneticresources seed standsinclude forest stands which areless productive than the optimal
ones (230 - 308 m*ha!). Three forest genetic resources seed stands have been established.

o The forest genetic resources from the reserves are a separate category. In the reserves 11 forest
genetic resources have been established with a total area of 1,441.9 ha (Tab. 1).
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CONSERVATION AND RATIONAL UTILIZATION OF THE FOREST
GENETIC RESOURCES

There are nine state protected areas of beech of which two of them: “Plaiul Fagului’/The Beech
Region, and “Codrii’, are scientific reserves. One beech forest “Hirjauca - Sipoteni” was attributed to
the category of protected areas being considered a monument of nature. Four protected areas such as
“Cabac”, “Sadova’, “Bogus” and “Leordoaia” were attributed to the category of nature reserves, while
two protected areas "Cazimir — Milesti” and “Cabdiesti — Parjolteni” were assigned to the category of
landscape reserves.

Nowadays within these nine protected areas only 1,441.9 ha of beech forests and forests with beech
are under the protection of the state, representing a total of 70% of the existing beech forests. These
204.1 ha include natural-fundamental forests in which the beech represents more than 50%. Also
registered is an area of 1,193.6 ha of derivative beech forests where the participation of the beech tree
varies between 10 to 40%. In the scientific reserve Plaiul Fagului/The Beech Region and in nature
reserve Cabaiesti — Parjolteni, 14 areas were planted with beech trees, an area of 44.2 ha (Tab. 1).

Tab. 1:  Area (ha) occupied by different categories of beech forests within the protected areas

Protected areas Natural-fundamental Derivative forest Planted forest Total

forest stands stands stands
Plaiul Fagului 130.9 691.0 26.7 848.6
Cabaiesti — Parjolteni 5.0 256.0 17.5 278.5
Cazimir — Milesti 18.5 166.8 - 185.3
Codrii 38.0 28.2 - 66.2
Cabac 7.3 39.7 - 47.0
Bogus 1.8 7.8 - 9.6
Harjauca — Sipoteni 1.3 41 - 5.4
Sadova 0.8 - - 0.8
Leordoaia — Palanca 0.5 - - 0.5
Total 2041 1,193.6 442 1,441.9
CURRENT LEGISLATION

Based on the research undertaken by Borza (1937), eight compartments were identified within
the forest vegetation classification, among which there were two with beech forests (Parjolteni —
10 ha and Harjauca - Palanca - 7 ha). In conformation with a decision of the Romanian Council of
Ministers taken in July 19, 1937, these areas along with others were declared Monuments of Nature
in Basarabia. Based on the decision of Moldova S. S. R. taken on January 8, 1975, No. 2 "Regarding
the settlement of natural areas and complexes from the territory of Moldova S. S. R. under the
protection of the state” several areas with beech forests of nine protected areas (Plaiul Fagului/The
Beech Region, Cébaiesti — Parjolteni, Cazimir — Milesti, Codrii, Cabac, Bogus, Harjauca - Sipoteni,
Sadova, Leordoaia - Palanca) were put under the protection of the state.
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In agreement with the Law on Natural State Protected Areas Fund adopted by the Parliament of the
Republic of Moldova No. 1538 — XIII in February 25, 1998, these protected areas were reconfirmed
and attributed to several categories of protected area status. Thus were established: two scientific
reserves (Plaiul Fagului/The Beech Region, Codrii), one monument of nature (Harjauca - Sipoteni),
two landscape reserves (Cabaiesti — Parjolteni, Cazimir — Milesti) and four nature reserves (Cabac,
Bogus, Sadova, Leordoaia - Palanca).

FOREST RESEARCH

The beech forests were studied by several groups of researchers. During 1949 - 1951 one group of
researchers from Sankt-Petersburg guided by B. Soceava investigated the spread of beech forests in
Moldova. The results of this research were published in a number of articles by SocEava et LipaATOVA
(1952).

The researchers from the Agriculture University of Chisinau under the guidance of G. Tishkevici
investigated the biological, ecological and physiological properties, systematic position, natural
regeneration and productivity of beech during the period 1970 — 1980. These results were published
in the monograph “Okhrana i vosstanovleniye bukovikh lesov” [Conservation and reconstruction of
beech forests] (TisHKEVICI 1984) and in a number of articles.

Other research activities regarding different aspects of the beech tree and beech forests were
performed within the Botanical Garden (Institute) from the Academy of Sciences of Moldova.

During 1966 - 1969, T. Gheideman investigated the plant associations, microclimatic conditions,
hydric regime of beech trees and other components of beech forests. The results of these investiga-
tions were published in the monograph “Bukovaya dubrava Moldavskoi S. S. R. [Beech forests of
Moldova S. S. R.] (GHEIDEMAN 1969).

Later, during 1997 - 2000, a group of researchers under the guidance of Professor Gh. Postolache,
performed important research studies on the identification of beech genetic resources (Fagus
sylvatica) within the collaborative project with Bulgaria, Moldova and Romania “Genetic resources
of broadleaved forest tree species in southeastern Europe” initiated by IPGRI (International Plant
Genetic Resources Institute). The selection of beech forest genetic resources was performed by means
of a methodical selection of forest areas which included exploration, sampling and classification.
Based on this research the monograph of “Genetic resources of Fagus spp. in southeastern Europe”
was prepared and published by Turox et al. (2000).

PosToLACHE (2004) in his work “State of Forest and Tree Genetic Resources in the Republic of
Moldova” presented information regarding the forest genetic resources of beech. PosToLACHE and
CHIRTOACA (2005) investigated beech forests in the scientific reserve “Plaiul Fagului’/The Beech
Region that was attributed to the association Carpino-Fagetum sylvaticae PAuca 1941. They show the
floristic and phytocenological composition of beech forest communities.
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ABSTRACT

The paper outlines the state of European beech (Fagus sylvatica L.) in Romania. The information
included deals with the distribution, ecology, taxonomy, phenotypic and genetic variability of
European beech. Information about characteristics and forest management, as well as methods for
preservation of European beech genetic resources, are also included.

Key words: European beech (Fagus sylvatica L.), fag (in Romanian), Romania, distribution,
phenotypic and genetic variability, genetic resource, forest research

DISTRIBUTION AND ECOLOGY OF EUROPEAN BEECH IN ROMANIA

In Romania, European beech is the dominant species, covering 32.3% of the forest land (about
2,041,000 hectares, INS 2008) and amounting for 37% of standing wood volume. Romania has 11.7%
of Euro-Asian beech stands, thus ranking third in the world. The map of natural distribution range
of Fagus sylvatica was elaborated by BLADA et al. (2002) and is presented in Figure 1.

European beech is a hill and mountain tree growing in both pure and mixed stands with silver
fir, Norway spruce and sessile oak. The sub-zone of European beech covers a great deal of Banat,
Transylvania, Maramures, the two slopes of the Carpathians and the central plain of Moldavia.
As for the beech extension in altitude, it is very variable depending on the geographical location:
150 m in Banat (seldom 60 m along the Danube Valley and 100 m in Cerna Valley), 800 m in the
Transylvanian Alps. The upper limit of closed beech stands lies between 1,200 and 1,400 m but
can reach even 1,500 m in the Transylvanian Alps and 1,700 m in the Western Carpathians on the
northern slopes.

The optimum range is characterized by a range of precipitation of 650 - 1,250 mm depending on the
geographical region and a mean annual temperature of 5.2 — 8.7 °C. European beech stands of high
productivity can be found only on deep and rich soils, with a high availability of water and nutrients.
Such kind of stands exists in the Western Carpathians (Banat and Crisana regions).

Ecological researches regarding Romanian beech forests were performed by Pauca-CoMANESCU
(1989).
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Fig. 1: Map of natural distribution range of Fagus sylvatica (BLAbA et al. 2002)

PHENOTYPIC AND GENETIC VARIABILITY OF EUROPEAN BEECH IN
ROMANIA

Phenotypic variability of European beech population in Romania area was described by MILEscU et
al. (1967) who classified the systematic subunits of Fagus sylvatica as follows: E sylvatica ssp. europaea
(ssp. sylvatica), F. var. moesiaca sylvatica ssp. orientalis, var. grandifolia and E. sylvatica ssp. taurica,
var. grandifolia.

The ecological units of European beech were defined based on the natural types of beech forests.
After IENcIU (2005) other subunits of European beech had been described, by many authors, based
on the form and structure of the crown, characteristics of leaves, bark and wood and also other traits
as follows:

- E s. var. pendula Lobp. CATAL. (FLORESCU, DUMITRIU-TATARANU 1960), in Banat Mountains at
800 m, Alesd, Black Forest (Bihor) (BELDIE 1952) and Jerdlau Valley (Banat);

- Es. f. dentata DALLA TORRE et SARNTH, in Transylvania at Brasov, in Muntenia at Schitu Golesti-
Gradistea Forest (Muscel), (BELDIE 1952);

- E s. var. vulgaris (Dom.) BELDIE Syn., the most common in Romania, the most interesting
population from genetic, ecological and productivity points of view being the ones from Beliu,
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Dumitresti, Dobra, Voinesti, Barzava, Sudrigiu, Radna, Mihaiesti, FAntanele, Soveja and Faget
(CHIRITA et al. 1981);

- Es. var. typica C. K. SCHNEIDER {. crenata KARP., at Baile Herculane (Banat) (KARPATI 1937);
- Es. f. beckii Dom., in Parang (BELDIE 1952);

- E s. var. moesiaca (MaLy) HAYEK EMEND. DoM., in Transylvania, Banat, Oltenia, Moldovia and
Dobrogea (BELDIE 1952), the most valuable populations being Berzasca, Orsova, Bozovici, Anina,
Mehadia and Tismana (DuMITRIU-TATARANU, OCSKAY 1953);

- E s var. (MALY) DoM. moesiaca f. czeczottae PAscovscHI, in Neva Valley, at Svinita (540 m) and
in Little Mountain at Sebes (1,200 m) (PascovscHI 1945);

- Es. f roseo-marginata HENRY. Syn. in Timis Park (Brasov) (BELDIE 1952) and in Arinilor Park at
Sibiu (Tora 1956);

- E s. f. leucodermis GEORGESCU et DUMITRIU-TATARANU in Cheia, Bistrita, Arges Region,
Bistricioarei and Zadnoaga (DuMITRIU-TATARANU 1959), in Bradistea (MILEScU et al. 1967), in
Mehedinti and Vulcan Mountains, at Sdciramb, and in Apuseni, at Suhardu (ENescu 1975);

- Es.f.quercoides PERs., Ciucag Mountain (1,060 m) and Red Mountain (1,240 m) (Béile Herculane)
(DumrTRIU-TATARANU, OCSKAY 1953);

- E s.var. borzae DoM., in Banat (Domogled Mountain), in Moldova at Grajdeni, Feredeu-Deleni,
Repedea (lasi) (BELDIE 1952);

- Es. f. (var.) microcarpa ASCHERS-GRAEBN., in Cheile Bicazului (1,000 - 1,120 m) (Tora 1956), in
Neteda Plai Mountain (1,500 m) (GEORGEsCU 1958) and in Hurcu Mountain (Banat) (1,200 m)
(FLORESCU, DUMITRIU-TATARANU 1960).

Fagus orientalis Lipsky was found in Banat at Moldova Noua and Orsova (900 - 1,100 m), Cerna
Mountain (1,160 m), in Moldavia at Buhusi, Husi, Piatra Neamt Regions, Madgura Odobesti, Bernesti
and Iasi, and in Snagov Forest, Dobrogea and Lucovita. Three forms - f. major Dom. (Fata lui Matis,
Herculane), f. minor DoM. and f. fallax Dom. (Duhova, V. Gratca, Orsova at 70 m, Snagov Forest)
- were identified.

One hybrid - Fagus orientalis x Fagus sylvatica — was also identified in the plains of the south-west
and east of the country.

CHARACTERISTICS AND FOREST MANAGEMENT

In the past European beech wood was not used very much for industrial purposes. Nowadays it is
widely used for lumber, parquetry fillet, veneer, plywood, lumber-core plywood, particle boards,
rural buildings, fuel wood, etc. Recently, it has been used even for pulp and paper production.

European beech stands in Romania are almost all (95%) naturally regenerated, the national policy in
this field being to increase the share up to 100%.

Wood production is the main destination of European beech forests in Romania. The total wood
production at 100 years old in pure European beech stands varies between 453 m*.ha in the lowest
(Vth) site class and 1,155.5 m®.ha™ in the highest (Ist) site class. At 80 years of age, the mean growth
of pure European beech stands in the Ist site class is 11.9 m*ha.yr" and decreases down to 4.3 in the
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(lowest) Vth class. At 100 years of age, in the Ist site class, the proportion of industrial wood is 72%,
of which 65% is sawnwood (ENEScU 1993).

The amount of European beech wood harvested in the forests (state and private) of Romania in the
past 10 years is shown in table 1.

Tab. 1: Amount of beech wood harvested in Romania in the past 10 years (Romanian Statistic Yearbook

2008)
Year 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
Harvested volume

. 3.963 4505 4.956 4.480 4.439 4.748 5412 4.794 4997 5.182
(million m3)
FOREST RESEARCH

In Romania, because of only natural regeneration (by seed), European beech has not been the topic
of a breeding programme. For that reason its phenotypic and genetic variability was barely searched
in-depth.

A biosystematic research in 60 natural populations has investigated traits of pulp production interest
(CrocnrTu et al. 1975). Populations with high pulp value were found in the north of the Eastern
Carpathians, Suceava Plateau, south Eastern Carpathians, Mehedinti Plateau and in Western
Carpathians (Apuseni Mountains).

Another study (UReCHEATU 1992) using 77 natural populations took into consideration 42
morphological and anatomical parameters and showed avery large inter- and intrapopulation
variability. The research carried out by Stanescu and Sofletea in 1990 — 1992 in European beech
populations from a relevant proportion of its natural range in Romania showed a large variation of
some leaves’ morphology and bark colour.

The first study regarding phenotypic and genotypic variation of European beech in Romania was
initiated by ENEscuU et MuHns (1988). The first step was the study of phenotypic variation of some
evolutionary traits in natural populations of European beech from Romania. The biosystematic
research of 21 natural populations selected after 5 altitudinal profiles containing the main parts of
European beech natural range had included the measurement and observation of 29 traits of forest
interest. The first results showed the existence of a large variation of those traits. The second step was
the establishment of international provenance trials in Romania in 1995 and 1998 (WUEHLISCH VON
2007). These trials were the object of other research projects performed by Ionitd in 2005 - 2008
(MrHAI et al. 2008).

Researches on differentiation in European beech at allozyme loci were performed by GOMORY et
al. (2003). The Romanian Carpathians are unambiguously the centre of the allelic richness, both at
the regional and population level. On the other hand, allelic richness exhibits very distinct trends.
Despite local variations, centres of high as well as low allelic multiplicity can easily be identified.
Extremely low values occur at the northeastern limit of the distribution range - Baltic coast and
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centre of Poland. The highest values were found in the Romanian Carpathians, mainly in the Apuseni
Mts. and at the southeastern edge of the Carpathians (regions Ploiesti and Brasov).

European beech continues to be the most resilient species among the most important Romanian forest
species. Its defoliation proportion was 15.6% in 2004, 11% in 2005 and 11.5% in 2006 (BADEA et al.
2005 - 2007). In some particular areas (NE and Central Romania) beech decline has been recorded,
due to a complex mixture of abiotic factors (water fluctuation, frost, etc.), favouring (agedness,
compact soil, low drainage, etc.) and aggravating (bark and wood insects, diseases — Phytophthora
spp., Nectria spp., etc.) (CHIRA et al. 2005, CHIRA, CHIRA 2007). As a new phenomenon, Lymantria
dispar defoliations have been recorded in beech stands in the last years (TAuT, NETOIU 2007). Also
beech canker is widely spread in hilly and low mountain areas (CHIRA, CHIRA 1998).

CONSERVATION OF EUROPEAN BEECH GENETIC RESOURCES

In Romania, the beech genetic resources are conserved only in situ, with the exception of 4 populations
that are included in the international field trials of European beech established in our country.

A first method of conservation is the seed stand, which amounts for 7,665 ha spread all over the
phytogeographic subzones of our country (Seed Stands Catalogue 2001). Other virgin stands,
with garden-like patterns, are preserved under total non-intervention regime in old forests legally
dedicated as nature monuments. Eight virgin forests — Valiug Forest District, compartment 37,
Mehadaia Forest District, compartments 214 and 94, Bozovici Forest District, sub-compartment 110
C and compartment 47, Nera Forest District, compartments 38 A and 64, and Faget Forest District,
sub-compartment 110 A - were identified. Among these forests, Nera and Faget are protected areas.

A second method of conservation is the selection of genetic resources of European beech which are
included in the National Catalogue of Forest Genetic Resources (PARNUTA et al. 2008). The genetic
resources of European beech consist in 123 conservation units, with 11,803 ha total surface, of which
3,106.4 ha as core zone and 8,696.6 ha as buffer area.

The map of Fagus sylvatica genetic resources distribution on regions of provenances is presented in
Figure 2.

Scattered stands of European beech located outside of the natural range such as Bucovat-Craiova,
Bucoviciorul-Dolj, Luncavita-Macin, Mandstirea Calnic-Tulcea, are also preserved. To the same
group belong the scattered individuals or small groups of European beech trees located in the
Transylvania Plateau (Sivagul de Campie-Mures) and in the Muntenia Plains (Tiganesti-Snagov,
Curcubeul-Gherghita).

An important proportion of European beech forests are subject of NATURA 2000 programme in
Romania (273 of SCI, which amounts for 2,023,601 ha, including beech forests also) (STtorcuLEscu
2007).

The Romanian legislation regarding the forest genetic resources consists of the Governmental
Ordinance no. 11/2004 on the production, marketing and utilization of forest reproductive material,
approved by Law no. 161/2004 and Law no 46/2008-Forest Code.
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Fig. 2: Fagus sylvatica (L.) genetic resources distribution on regions of provenances
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CURRENT STATE OF BALKAN BEECH
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ABSTRACT

Total forest area of Serbia is 2,412,940 ha. The dominant species in the forest growing stock is beech
(50.4% by volume) with a wide range of vertical distribution, occurring in a great number of forest
types, in different structural forms, in pure or mixed stands, of different origin, at different sites.
The main characteristic of the beech gene pool in Serbia is high individual and group variability in
many morphological and genetic-physiological traits, which results in numerous intraspecific taxa
described in this region.

Key words: Balkan beech, bukva (in Serbian), taxonomy, morphology, variability, range, forest
community, environmental conditions, state, forest management system, fungi, insects,
gene pool

TAXONOMY

In Serbia, in addition to European beech (Fagus sylvatica L.) and oriental beech (Fagus orientalis
L1psKky), according to JovaNovi¢ (2000), there is also Balkan beech which is the most represented
species. This author considers Balkan beech (Fagus moesiaca DoMIN, MALY/CZECZOTT.), as a separate
species in the region of the Balkan Peninsula and Serbia.

Balkan beech was first described as a separate taxon by Josef Karel Maly in 1911. The description
of this taxon was later completed by CzeczoTT (1933). Opinions regarding the taxonomical status
of this taxon varied. Frequently, it is described as a separate unit (CZECZOTT 1933, FUKAREK 1954).
Mis1¢ (1957) considers it a phylogenetical link between E sylvatica and F. orientalis. Sometimes it
is considered a hybrid between both species morphologically closer to E sylvatica (BECKER 1981),
amixture of E sylvatica and F orientalis with the occurrence of transition forms dominated by
characters of one of the two species (STOYANOEF 1932), an ecotype (STANEscU 1979) or identical
with the Crimean beech Fagus taurica PopL. (DIDUKH 1992).

The morphological description of “F moesiaca” is rather vague. There is no agreement among
different authors about the morphological traits discriminating between the Balkan and European
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and/or Eastern beech. For most characters, the mean values are different but the ranges of variation
overlap considerably. In comparison with pure E sylvatica, “F. moesiaca” has larger leaves with more
lateral veins, larger beechnuts and longer cupule peduncle (CzeczoTT 1933, M181¢ 1957, STANESCU
1979). In addition to the morphology, “F moesiaca” differs from F sylvatica by a high sprouting
capacity and a considerably higher frequency of seed years, as well as ecological requirements
(Mi81¢ 1957).

Furthermore, the description of the distribution range of Balkan beech is not unequivocal. The
main part of the range seems to be the former Yugoslavia (Bosnia, Serbia, Montenegro, Macedonia),
Albania, Bulgaria and Greece (FUKAREK 1954, MISIC 1957), but isolated occurrences have been
reported from south-eastern Rumania, Hungary and even Poland and the former Czechoslovakia
(KARPATI ex FUKAREK 1954, STANESCU 1979). Croatian and Slovenian populations are generally
considered F sylvatica. European beech belongs to those forest tree species whose genetic variation
has been very thoroughly documented within the majority of its range employing isozyme markers.
However, the data for Balkan beech are scarce, especially for our main area of interest, i. e. the
southern Balkans, and for Eastern beech they are practically missing. Comps et al. (1991) investigated
beechwoods from the continental and Mediterranean parts of Croatia, and reported the presence of
differences between these two regions. Data from Balkan countries were also included in a wide
study of beechwoods in Central Europe (Comps et al. 1990), but the data from Serbia, Bulgaria and
the Romanian Carpathians were pooled, so that no differentiation patterns within this large area
could be identified. Recently, a study focusing on this region was published by HAZLER et al. (1997).
Although there is a gap in their material between Macedonia and Croatia, a north-west to south-east
cline can be identified in their presentation of PCA results. In all these reports, beech in this region
was denoted as Fagus sylvatica L.

The final question to be solved is the taxonomical status of Balkan beech. Unfortunately, the criteria
for distinguishing species in the plant kingdom are very vague. The populations in this region can
be distinguished from the remaining common beech by morphology, and they are genetically
differentiated, so that they can be considered a separate taxon. Nevertheless, the rank of a separate
species seems to be too high. There are other beechwoods, e. g. in Calabria, which are even more
differentiated, but they are denoted as E sylvatica. Therefore, the rank of a subspecies appears to be
more appropriate for Balkan beech (GOMORY et al. 1999).

MORPHOLOGY

Balkan beech is a deciduous tree capable of reaching a height up to 30 (45) m, a diameter of 2 m, and
a lifespan up to 300 years. It has a dense crown, which is spherical in isolation, and reduced in stand
conditions. Its root system is variable, shallow to medium deep, with well-developed lateral roots. Its
bark is whitish-grey and smooth.

It has thin twigs and long shoots with alternately arranged buds and leaves in two rows. The buds
are long, spindle-shaped, prominently long, pointed. Bud scales are brown, naked and glossy.
Balkan beech leaves grown in sunlight (resembling E sylvatica leaves) differ from the leaves grown
in the shade (which are similar to the leaves of F. orientalis). Sun leaves are smaller, thicker, ovate
(elliptic), and shade leaves are larger, thinner, obovate with a wedge shaped base (elongated) with
5 - 12, most often 9 pairs of veins. The leaves are entire, sometimes crenate, sparsely toothed, with
bristles.
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Flowers are unisexual. Staminate flowers appear on the shoots hanging on peduncles in globular
inflorescences. Perigon parts are shorter and broader than in Fagus sylvatica L. Female flowers, two
per cupule, are on the upper end of strong shoots. Male and female flowers occur in two-flowered
dichasia. The flowers appear simultaneous with the leaves in April or May. Beechnuts, 1.3 - 1.8
cm long, are borne in pairs in each cupule. Cupules are formed by fusing numerous scaly stipules
(bracts), 13 - 35 mm long, split in the upper part, with four valves. Stipules are variable, leaflike-
wide (as in E orientalis) or thread-like narrow (as in E sylvatica). Beech nuts are brown, triangular,
containing usually one, rarely two seeds. They mature in the autumn from September through
November, when they fall (JovaNovi¢, CVJETICANIN 2005).

VARIABILITY

In Serbia, Balkan beech has three ecological races, four varieties and two forms. Near the lake
Vlasinsko Jezero (altitude about 1,300 m) there is a beech tree with golden-yellow leaves, which
is designated as a special variety Fagus moesiaca (MALY) CzECz. var. aurea OBRAD. 1892 EM Jov.
It was used for the cultivar “Zlatia’ which is cultivated in parks and botanical gardens in Europe.

In the study of beech variability and ecology of the former Yugoslavia, in the area of Serbia, M1S1¢
(1957) describes Balkan beech as a separate species and distinguishes three ecological races:

1. Fagus moesiaca (DOMIN, MALY) brevipedunculata;
2. Fagus moesiaca (DOMIN, MALY) macrocarpa
3. Fagus moesiaca (DoMIN, MALY) longipedunculata.

He further reports that “.. three separate races occupy predominantly three altitudinal belts of
our mountains, forming specific altitudinal regional associations. On some lower mountains,
there is only one race - macrocarpa, because the boundaries of some vegetation belts are moved
downwards, due to specific climate effects. At the particular sites there are individual trees or small
groups of trees, which by some characteristics resemble one race, and by other characteristics -
another race. They are transitory or hybrid forms. All three beech races have approximately equal
alternation of seed years. The statistically determined differences are not equal in all the studied
characteristics of the three races. The two oldest taxonomic forms of beech in Serbia are macrocarpa
and brevipedunculata, and they exhibit the slightest differences. There is a series of transitory
populations among the three altitudinal races regardless of the substantial differences in the majority
of morphological characteristics among individual races. All the above shows that the races are not
completely differentiated, formed and stabilised.

Within the race brevipedunculata M1S1¢ (1957) distinguishes the variety rotundicarpa in the ravines,
and the variety microcarpa on the prominent ridges. Beech with quercoid bark (Fagus moesiaca var.
quercoides) was described in Serbia by Tucovi¢ et JovaNovi¢ (1964). On the mountain Golija,
there is a beech stand on acid siliceous bedrock, in which bark colour is very similar to that of
white-bark pine. The new form of beech was named Fagus moesiaca (D. M.) Cz. leucodermis by
Korac (1974). The Balkan beech form with pendulous branches (Fagus moesiaca /DoMIN, MALY/
Czecz. f. pendula /Dum-Cour./ Lobp.) on Sar Planina was described by Ostoji¢ et Dimovié
(1999).
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DISTRIBUTION, FOREST COMMUNITIES AND ECOLOGICAL
CONDITIONS

Total area under forests in Serbia is 2,412,940 ha. Beech is the dominant species (50.4% by volume)
with a wide range of vertical distribution, occurring in a great number of forest types, in different
structural forms, in pure or mixed stands, of different origin, on different sites.

Although the question of the ranges of European beech (Fagus sylvatica L.), Balkan beech (Fagus
moesiaca DomIN, MALY/CzEczOTT.) and Oriental beech (Fagus orientalis L1PsKky) in Serbia has not
been completely resolved, as they are often mixed and occur together in this area, all beech stands in
Serbia are treated as Balkan beech forests and are studied and described as such.

Beech forests in Serbia occur in the form of special altitudinal belts, at the altitudes between 40 m
in the Perdap area and 2,100 m on Mt. Prokletije. The beech altitudinal zone is divided into four
beech altitudinal belts: submontane beech forests (Fagenion moesiacae submontanum), montane
beech forests (Fagenion moesiacae montanum), beech and fir forests (Abieti-Fagetum) and subalpine
beech forests (Fagenion moesiacae subalpinum). Submontane beech forests grow in oak altitudinal
belt, and above it beech forms a climate-regional vegetation belt. The characteristic of beech forest
belt (altitudinal range) in Serbia is the migration to the higher altitudes going from the north to the
south, both of the lower and the upper boundaries of distribution. The lower boundary in the north
part is at the altitude of about (40) 250 m (Northeast Serbia), and in the south, about 600 - 800 m
(Suva Planina, Kopaonik). The identical phenomenon also occurs on the upper boundary of this
belt, which is in Northeast Serbia about 1,100 m, and on Kopaonik and Suva Planina about (1,300)
1,800 m (KrsTI¢ 2005).

Syntaxonomically, beech forests in Serbia belong to the class of Eurosiberian deciduous forests
(Querco-Fagetea BR.-BL. et VLIEG 1973), order — beech forest (Fagetalia sylvaticae PAwL. 1928),
suborder - forest of Balkan beech (Fagenalia moesiacae B. Jov. 1986), and to the alliance of Balkan
beech forests (Fagion moesiacae BLEC. et Lak. 1970). This alliance is divided into seven suballiances,
four of which are designated by altitudes, and three are based on the edaphic differences (Jovanovi¢,
CVJETICANIN 2005).

The dominant soil types characterize not only the edaphically conditioned coenoses of beech forests,
but also the orographically conditioned coenoses. Based on the criteria of Soil Classification (SkoRIC,
Fruipovski, CIRIC 1985), the 10 main soil types in beech forests are divided into four classes:
undeveloped (diluvium), humus-accumulating (rendzina, black earth on limestone and ranker),
cambic (acid brown soil, eutric brown soil and brown soil on limestone) and eluvial-illuvial soils
(illimerized, brown podzolic, and podzol). The soils are formed on different parent rocks, such as
all types of eruptive and metamorphic rocks and several types of sedimentary rocks (KNEZEVIC,
Ko$ANIN 2005).

The range of beech forests in Serbia is characterized by two types of regional climate: the drier
continental climate and the colder, more humid mountainous climate. The elements of regional
climate are under a strong local impact. Regarding air temperature, beech belongs to the ecological
group of mesothermal plants, which grow best on the sites with moderate temperatures, and the
extreme temperatures can be harmful and can lead to tree damage or death. Regarding mean annual
relative humidity, Balkan beech has a wider ecological range (65 - 80%) than European beech (75
- 85%) and Oriental beech (70 - 80%) (KrsTi¢ 2005).
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THE STATE AND FOREST MANAGEMENT SYSTEM

Beech is the dominant species in the growing stock in Serbia (50.4% per volume). The percentage
of beech forests in the total area of state forests in central Serbia is 47.11%, the percentage of mixed
forests of beech and fir, and beech, fir and spruce is 4.03%. Regarding the origin, high forests occupy
69.3%, coppice forests 29.8%, brushland 0.7%, and degraded forests used for fodder 0.2%. The area of
degraded and destroyed forests in beech forests is 28,279 ha (7.6%) (MEDAREVIC et al. 2005).

The average volume in beech forests is 217 m*.ha", average current volume increment is 4.55 m’.ha’;
the average volume in mixed forests of beech and fir is 308 m*.ha, volume increment is 6.95 m’.ha’;
the volume in mixed forests of beech, fir and spruce is 353 m*.ha’!, volume increment 8.24 m*.ha"'. The
average volume in high forests is 255 m’.ha}, volume increment 5.04 m*ha; the average volume in
coppice forests is 166 m*.ha™', average volume increment 4.30 m*.ha. Regarding the average volume
and volume increment in high forests, only about 85% of the total production potential are used, and
in coppice forests, about 65% of the production potential are used (MEDAREVIC et al. 2005).

Beech forests are classified into 35 specific purpose entities, in which 18 special objectives of
management have been defined. Production forests occupy 277,315 ha or 74.40% of the total area of
beech growing stock. Protection forests cover 18.48% and national parks 7.12% (MEDAREVIC et al.
2005).

The main characteristics of forest management systems applied in beech forests, according to MILIN
(1988), can be defined as: shelterwood management system characterized by seed tree felling or
shelterwood felling with three cuts (preparatory, regeneration and removal cut) which are performed
during the regeneration period; selection management system characterized by selection cutting,
in which the trees which reached the target diameter are cut, and of the smaller diameter trees only
those that should be removed because of silvicultural reasons; and group selection management
system characterized by silvicultural groups which are not defined by the size of the area, but by
the homogeneity of stand conditions, the basic silvicultural requirement and the respective basic
silvicultural operation.

THE MOST FREQUENT PHYTOPATHOLOGICAL AND INSECT
DAMAGES

In the research of parasitic and saprophytic mycoflora in beech high and coppice forests in Serbia,
147 species of fungi have been identified on beech trees, of which 33 species occur on cupules,
fruits and seedlings, 56 species on foliage and bark of branches and stems, and 58 species are wood
rotting and sap stain fungi. The most harmful disease agents are Nectria species (coccinea, ditissima,
galligena), and somewhat less harmful are the fungi Phytophthora cactorum (LEB. et COHN) SCHR.,
Apiognomonia errabunda (RoB. ex DEsM.) HOHNEL, Cytospora spp., Diatrypella verruciformis (HER.
ex Fr.) Nrts., Melanconium stromaticum CORDA and Stilbospora angustata PErs. The fungus Nectria
coccinea, together with the insect from fam. Eriococcidae Cryptococcus fagisuga LIND., causes the so-
called beech bark disease. Of the 58 fungi species which infest wood, 48 species destroy beech wood
(i. e. cause wood decay), four species cause sap stain, and six species are secondary pests and therefore
they have not a practical significance. Among wood rotting fungi, the greatest economic damage is
caused by fam. Polyporaceae Fomes fomentarius (L. ex FR.) Fr. and Hypoxylon deustum (HOFEM. ex
Fr.) GRrev. and, somewhat less, by Armillaria mellea s. 1. (VAHL. ex FR.) KARST., Bjerkandera adusta
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(WILLD. ex FRr.) KARST., Fomitopsis pinicola (Sov. ex FRr.) KARST., Ganoderma applanatum (PERS.
ex WALLR.) Pat., Pholiota adipose (Fr.) KuMmM., Pleurotus ostreatus (JAcQ. ex FRr.) Kumm., Polyporus
squamosus (Hups.) FRr. and Trametes hirsuta (WULE. ex FRr.) PiL. These fungi infest live trees, and
continue the destruction of wood after tree felling (i. e. on the dead wood) (KARADZIC, MILIJASEVIC
2005).

In beech stands in Serbia, a total of 142 phytophagous insect species have been identified to date.
Of the total number of insect pest species, 93 species or 65.5% are primary pests, nine species or
6.4% are secondary pests, 17 or 11.9% are tertiary, and five species or 3.5% are quaternary pests. Six
species or 4.2% are very significant pests of beech, of which three (Phyllaphis fagi L. from Aphidae,
Cryptococcus fagisuga LIND. from Eriococcidae, and Rhynchaenus fagi L. from Curculionidae)
are oligophagous and specific for beech, and the other three butterflies (Lymantria dispar L. from
Lymantridae, Operophtera brumata HBN. and Erannis defoliaria L. from Geometridae) are wide
polyphages and during mass outbreaks they also cause damage to beech stands (MiHAJLOVIC 2005).

GENE POOL CONSERVATION

The main characteristic of beech gene pool in Serbia is the high individual and group variability of
numerous morphological and genetic-physiological traits, which resulted in numerous intraspecific
taxa recorded in this area. Taking into account the beech domination in the growing stock of Serbia,
its wide range of horizontal and vertical distribution, its presence in a great number of types of forest
communities, the conservation of its gene pool should be performed on the original sites (in situ
conservation), aiming at the conservation of the adaptable potential of the species (dynamic gene
conservation). This means the selection of the superior natural populations, the revision of the existing
ones and the designation of the new seed forests, groups or individual trees. Also, conservation can
be done in artificially established ex situ sites, such as provenance tests, archives, clonal or seedling
seed orchards.

To enhance the production of good-quality reproductive material, and as aform of gene pool
conservation, 19 seed stands have been designated to date in Serbia, total area 137.57 ha. The spatial
distribution of the designated seed stands covers almost completely its coenological, ecological and
population diversity.

The Law on Reproductive Material of Forest Trees adopted in 2005 defined clearly the production
of reproductive material at the level of provenance regions, which resulted in the designation of five
beech provenance regions in Serbia.

The degree of variability and the potential of different beech provenances in the juvenile stage of
development were assessed in the framework of the project Conservation and directed utilisation
of beech gene pool in Serbia” which was financed by the Ministry of Agriculture, Forestry and
Water Management in the period 2004 — 2006 (Sya¢1¢-NIKOLIC et al. 2006, 2007, SACI¢-NIKOLIC,
MiLovaNovi¢, KNEZEVIC 2006).

During the 1980s in Serbia, 74 beech test trees (plus trees) were designated, and the clonal progeny
has been obtained from 64 trees to date. A high degree of rooting of up to 90 to 100% was achieved
by autovegetative propagation of beech by aerial rooted cuttings, using growth stimulators such
as B-indole butyric acid in concentrations 0.5, 1.0 and 2.0%. Two live archives of beech (Belgrade
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and Beoc¢in) were established by propagated vegetative copies, as the basis of the collection of
secondary scions and further vegetative reproduction of plus trees. A beech clonal seed orchard
was established by planting grafts of 30 clones in the Arboretum «Suplja Stena» on Mt. Avala near
Belgrade (Jovanovi¢ 1971).

Within the last series of European provenance tests in 2007, funded by the Ministry of Agriculture,
Forestry and Water Management RS, two provenance tests were established in Serbia: one on Mt.
Fruska Gora and the other in the Faculty of Forestry Teaching Centre at Debeli lug. The above tests
were established from two- and three-year old seedlings of 24 European provenances. The experiment
established on Fruska Gora is situated in FMU 3804 Popovica-Majdan-Zmajevac, compartment 29f,
managed by NP “Fruska Gora® It is characterized by Northwest aspect, altitude 350 — 380 m, area
1 ha, with sample plot area 0.4 ha, on acid brown to lessivé acid brown soil, slope 11 - 15°. The
Faculty of Forestry site “Pripor-Feljesana” at Debeli lug is at the altitude of 742 m, east aspect, ridge
of uniform slope, on humus-siliceous soil, with humid continental climate.

The monitoring of the development and phenology of the represented provenances started during
2008, within the project “Research of forest tree genetic potential within the network of European
provenance tests” funded by the Ministry of Agriculture, Forestry and Water Management of Republic
of Serbia.

Fig. 1: Location Debeli lug, Serbia, photo Mirjana Sija¢ié Nikoli¢, 2008
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ABSTRACT

The study gives an overview of the current state of European beech (Fagus sylvatica L.) and its genetic
resources in Slovakia. Basic information about the horizontal and vertical distribution, representation
in forest stands, plant communities and management of beech stands is provided, along with an
overview on the sources of forest reproductive material and gene conservation measures. Past and
recent research activities on the field of beech genetics are also mentioned.

Key words: European beech (Fagus sylvatica L.), European beech, buk lesny (in Slovak), distribution
range, gene-pool conservation, forest reproductive material, Slovakia

DISTRIBUTION OF EUROPEAN BEECH IN SLOVAKIA

Slovakia with the proportion of forested land of 41% belongs to the most forested countries of Europe.
The total area of forests is 1,932,900 ha, the average standing stock is 232 m*.ha™'.

Beech is one of the most important forest tree species in Slovakia. It is the most widespread one,
sharing 31.2% of the present tree species composition (Ministry of Agriculture 2008), whereby
this share is quite stable over the last 60 years or more. The natural range covers almost the whole
country from the Small Carpathians in the west to the Poloniny Mts. in the east, with the exception
of lowlands (Zahorie, Danube and East-Slovakian lowlands), river valleys, dry karst plains of
southeastern Slovakia, and subalpine and alpine environments. Beech is also absent at the southern
slopes of the Tatra Mts. even at lower elevations. However, in several regions the share of beech
in the tree species composition was severely reduced during the last centuries, when indigenous
broadleaved and mixed forests were replaced by conifer (mainly spruce) monocultures (Upper-Hron
valley in Central Slovakia, Orava and Kysuce regions in the northwest).

Generally, continuous distribution of beechwoods is limited by approx. 330 m and 1,200 m a. s. L.
However, sporadic occurrence of beech has been reported at the elevations of 120 m in the Burda
Mts. in the southwest and at 180 m in the Vihorlat Mts., in eastern Slovakia; on the upper limit,
beech climbs up to 1,480 m a. s. . in the Low Tatra Mts. (BLATTNY, STASTNY 1959). In several
mountain ranges such as the Velka Fatra Mts. or Poloniny Mts., where summits were deforested
during the Wallachian colonization in the 16th century to obtain pastures for sheep, beech forms
an artificial upper forest limit. Although no true krummbholz beech stands are found in Slovakia, in
several mountains stand height is severely reduced at sites exposed to wind and low temperatures.
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Because of its high share in the tree species composition, beech is represented in many primeval
forest remnants (56 out of 74 forest national nature reserves, whereas in 36 it is a dominant species,
cf. Korper 1989). Four virgin forests (Stuzica, Have$ova, Rozok, Kyjov), together with the Ukrainian
beech reserves, have been recorded since July 28, 2007, in the UNESCO World Natural Heritage list.

BEECH COMMUNITIES

In Slovakia, beech occurs naturally in six out of eight vertical forest vegetation zones, from the 2nd
up to the 7th. The optimum for beech constitutes the 4th vegetation zone, where even natural pure
beechwoods occur. However, beech is naturally represented in most forest plant communities of
Slovakia, covering almost 90% of the forest area (Table 1). At low elevations, beech occurs in the
mixture with sessile oak and hornbeam. In the optimum, beech forms dense pure stands with a very
poor herb layer (communities Fagetum pauper) or communities with the occurrence of typical
beechwood species such as Galium odoratum, Dentaria bulbifera, Galeobdolon luteum or Asarum
europaeum (Fagetum typicum). With increasing altitude, silver fir and Norway spruce become
admixed; this so-called “Carpathian mixture” represents the most productive forests of Central
Europe (typical representatives can be found in nature reserves Dobro¢ or Hron¢ecky Grun, where
beech reaches heights up to 47 m (HoLEksA et al. 2009). On sites with a rapid nitrogen turnover,
beech is mixed with sycamore, common ash, mountain elm and linden, on rocky sites with Scots
pine and European larch.

The most common soil types in Slovak beechwoods are cambisols. However, beech is able to survive
and compete on a broad variety of soil types from podzols over andosols on volcanic bedrock
up to rankers and rendzinas on carbonate rocks, on the other hand it avoids heavy soils on loess.
The distribution of beech communities according to the CORINE classification including the

Tab. 1: Review of the phytosociological units (groups of forest types sensu Zlatnik) containing beech
(RANDUSKA, VOREL, PLiva 1986)

Typological unit Vegetation zone Share (%)
Fagetum quercinum 2 2.70
Fageto-Quercetum 2 15.53
Querceto-Fagetum 3 8.40
Fagetum pauper 4 18.25
Fagetum typicum 4 3.80
Fagetum dealpinum 4 4.00
Abieto-Fagetum 5 11.50
Fageto-Abietum 6 9.20
Fageto-Aceretum 6 3.50
Fagetum abietino-piceosum 6 5.50
Remaining communities 6.85
Total 89.23
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corresponding typological units can be found on the webside of the National Forestry Centre (http://
www.forestportal.sk/ForestPortal/).

MANAGEMENT OF BEECH STANDS

Beech is an important commercial tree species, but primarily it is considered a stabilizing element of
forest stands. It is reflected also in the health state: beech is generally considered resistant to native
pests and pathogens, the mean defoliation degree on a 0 to 4 scale is 0.86 compared to 1.36 in the case
of Norway spruce. Therefore, it is not an object of intensive breeding, but much more emphasis is given
to the preservation of its adaptedness and ecological stability through the gene-pool conservation of
the existing indigenous populations. Natural regeneration is generally considered the best tool for
fulfilling these tasks. Therefore, silvicultural systems based on natural regeneration have traditionally
been applied in beech forests. A tendency towards forest management close to nature is declared
and reported in Green Reports of the Ministry of Agriculture. Officially, the share of clearcuts in the
forests of Slovakia decreased from 85% in 1990 to 32% in 2007. However, the reality may deviate from
official declarations, with an increasing use of heavy mechanization, there is a shift from shelterwood
group cuttings towards logging schemes allowing higher logging concentration such as strip felling,
and even small-scale clearcuts are sometimes applied also in beechwoods. This is also documented
by the extent of natural regeneration: although it increased from 18% in 1990 to 34% in 2007, it does
not correspond to the declared decrease of clearcuts.

Beech mostly grows in high forests, beech coppices are exceptional. Generally, the proportion of
coppices is very low in Slovakia, being 1.82% in 2007, and the majority of these are oak and hornbeam
stands.

As mentioned, the actual proportion of beech is over 31%, but the share on potential natural forest
vegetation is much higher, 48%. A long-term target is increasing this proportion to approx. 36%. The
average age of beech stands is 71 years, whereby a shift towards a higher representation of older age
classes has been observed in recent years. The current annual increment amounts to 5.97 m*ha’'.

FOREST REPRODUCTIVE MATERIAL AND GENE POOL
CONSERVATION

The reconstruction of a more natural tree species composition is hardly possible without extensive
reforestation. This is an up-to-date topic mainly in the Kysuce region where conifer plantations,
declining today, had replaced natural stands, and a reconstruction of a more natural tree species
composition is under way. As very few beech stands remained in this area, finding appropriate seed
sources is a difficult task.

In Slovakia, the problems of the biological quality of forest reproductive material have been legally
regulated since 1939. At present, there are two legislative norms in this field: the Act no. 217/2004 on
Forest Reproductive Material, and the Decree no. 571/2004 on the Sources of Forest Reproductive
Material, its Procurement, Production and Use, elaborating detailed rules of procuring and transfer
of Forest Reproductive Material (FRM). Both legal norms implemented the rules set by the OECD
Scheme and the EU Directive 105/1999/EC. A revision of the legislation is just under preparation,
but the basic principles will not be probably changed. In general, reproductive material for forestry
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purposes is allowed to be procured only from the sources explicitly given by the law (even in the case
when it is collected for own use) and the transfer is also strictly regulated.

Currently, 38 plus trees were selected for beech (out of 4,278 in total). The main source of beech
seeds are approved seed stands of two categories: there are 2,342 ha of category A stands and 23,007
ha of category B stands, representing 41% of the approved stands area. Moreover, there are 184 ha of
so-called seed stands, which are reproductive plantations established from the material originating
from category A approved stands, i. e. serving for the preservation of gene pools of the most valuable
stands ex situ. There are neither seed orchards nor tested basic material of beech in Slovakia. The use
of reproductive material of the category “identified” must be approved by the Ministry of Agriculture
and is allowed only when no suitable material of higher categories is available.

Concerning the transfer of FRM, the territory of the country is divided into five provenance regions,
out of which three are located within the natural distribution range. Although it is not explicitly stated
in the legislative norms, for provenance regions situated within the natural range, transfer is allowed
only within a region. Moreover, the decree defines altitudinal zones of 200 m; transfer is allowed
only within a zone or into the neighbouring zones. In practice, however, these rules are frequently
not followed by foresters and nursery managers. The working capacities of the responsible authority,
which is the Centre for the Control of FRM in Liptovsky Hradok, belonging to the National Forestry
Centre, are limited, and the attention is primarily paid to conifer species, so that the collection of
beech seeds or seedlings from the understorey is rarely supervised by the regional inspectors of the
Centre.

Gene reserves as spatially continuous complexes of predominantly indigenous forest stands of more
than 100 ha with a balanced age structure can also serve as sources of FRM and are specifically
destined for gene conservation in situ. At present, there are 18 gene reserves declared only for beech
with a total area of 5,017 ha. Moreover, beech is represented in further 24 gene reserves with a total
area of 5,480 ha, where its average share is 67.6%.

The supply of beech seeds is variable. Most seeds of forest tree species are processed and stored
centrally in a specialized branch of the state forest enterprise Lesy SR (OZ Semenoles, Liptovsky
Hradok). The optimum supply of beechnuts, estimated at 56,000 kg, was exceeded only after a mast
year in 2006, otherwise there is a permanent deficit in beech seeds. No beechnuts are stored in the
gene bank, which is also managed by OZ Semenoles.

During the last ten years, the amount of beech plants in forest nurseries oscillated around 40 millions
seedlings and plants of different ages, out of which approximately 15 millions are used for reforestation.
Most frequently, bareroot 2-year-old seedlings are used for planting (~4 million of plants), followed
by 3-year-old seedlings (~3.5 millions of plants), containerized seedlings are less frequently used
with beech. The amount of plants transplanted after one or two years (mostly bareroot) is approx.
6 million of plants.

RESEARCH ACTIVITIES

Provenance research of beech in Slovakia started in the 1960s by establishing a small initial trial
with only three provenances (BALKOVIC 1965). Later, in 1972, a larger provenance experiment with
20 Slovak beech provenances was established on a site at School Forest Enterprise of the University
College of Forestry and Wood Technology in Zvolen, which was later evaluated by PAULE (1982). The
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assessments of both trials focused on height and diameter growth and its seasonal dynamics, as well
as spring phenology.

Large-scale exploration of the genetic variation of European beechwoods employing allozyme
markers started in the late 1980s in cooperation between the Faculty of Forestry in Zvolen and the
team of B. Comps at the University of Bordeaux, later it continued by own activities supported by
several successive grants of the Slovak Grant Agency for Science. Within these projects, almost 300
populations covering the whole distribution range of Fagus orientalis and the whole eastern half
of the range of F sylvatica were analyzed, demonstrating rangewide as well as regional trends and
patterns of genetic diversity and differentiation in western-Eurasian beech taxa (GOMORY, PAULE,
VYSNY 2007).
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ABSTRACT

In Slovenia European beech is autochthonous and the most economically and ecologically important
tree species. The paper presents the characteristics of Slovenian beech forests regarding their natural
distribution range, diversity of beech forest types and site conditions, sustainable co-nature-based
management and gene pool conservation. New information about observed beech injuries and future
perspectives of beech forests in the territory of Slovenia according to predicted climate changes are
included. The mesic beech-forest vegetation may be adversely affected by changing environmental
conditions predicted by the existing climate-change scenarios, and the area of prevailing beech forests
is likely to decrease in the future.

Key words: Fagus sylvatica L., bukev (in Slovenian), natural distribution, forest types, genetic
resources, Slovenia

EUROPEAN BEECH FORESTS DISTRIBUTION IN SLOVENIA

Slovenia belongs to one of the most forested countries in Europe. At the end of 2005 forests covered
an area of 1,216,815 ha which represents 60% of the total country. According to PERKO (2007), 70%
of forests in Slovenia grow on potential beech (44%), fir-beech (15%) or beech-oak (11%) sites.
According to palynology data (CULIBERG 1994, 1999) the proportion of potential beech sites is
probably higher, as records confirm that beech used to be more common in Sub-Mediterranean
(Karst) region, where its current infrequency is associated with centuries-long anthropozoogenous
influence (DAKSKOBLER 2008).

European beech (Fagus sylvatica L.) is among 71 naturally growing trees in Slovenia (KOTAR, BRUS
1999). The highest area of growing stock has the following tree species: Fagus sylvatica L. (32%), Picea
abies (L.) KARST. (32%), Abies alba MiLL. (8%) and different species of Quercus sp. (7%) (LESNIK,
MATIJASIC 2006).

Beech covers a major part of the forested area of the country and occurs mainly in the montane zone.
From the hilly zone, where many mixed forests of sessile oak (Quercus petraea /MATT./ LIEBL.) and
hornbeam (Carpinus betulus L.) have been converted to farmland, to montane zone these mixed
forests change gradually into forests, in which beech dominates. In the Alpine region, beech grows
in mixture with Norway spruce (Picea abies /L./ KARST.), and European larch (Larix decidua MiLL.),
while pure beech forests reach up to the higher belt of the dwarf mountain pine zone (Pinus mugo
TuRRA) in the Dinarics. In the Dinaric region, the mixed forest of beech and silver fir (Abies alba
MirL.) is the most wide spread forest community.
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In Slovenian forests diverse vegetation patterns have been recognized (ZurANCIC 1996). The most
important beech forests as regards surface area, their size, economic value and protective and biotopic
roles are listed below (DAKSKOBLER 2008). Beech forests on acid (dystric) soil are found under the
following: acidophilic beech forest with hard fern (Blechno-Fagetum), moderately acidophilic beech
forest with chestnut (Castaneo-Fagetum sylvaticae), and moderately acidophilic beech forest with
white wood-rush (Luzulo-Fagetum). In the hilly areas and submontane altitudinal belt the following
forest communities on calcareous or calcareous-silicate bedrocks are commonly found: submontane
beech forest with pyrenees star-of-Bethlehem (Ornithogalo pyrenaici-Fagetum), submontane beech
forest with hacquetia (Hacquetio-Fagetum), beech and sessile oak forest with ivy (Hedero-Fagetum),
and subpanonic beech forest with vetch (Vicio oroboidi-Fagetum). In the montane and altimontane
belt the most extended beech forests are montane beech forest in association with dead nettle (Lamio
orvalae-Fagetum), beech forest with goatsbeard (Arunco-Fagetum), the Dinaric montane fir and
beech forest (Omphalodo-Fagetum), high-montane beech forest with bitter-cress (Cardamini savensi-
Fagetum), high-montane beech forest with rue-leaved isopyrum (Isopyro-Fagetum), and beech
forest with hairy alpine-rose (Rhododendro hirsuti-Fagetum). On warmer sites in the submontane
and montane belt, beech occurs in termophilic beech and hop-hornbeam forest (Ostryo-Fagetum)
and beech forest with autumn moor grass (Seslerio autumnalis-Fagetum). In the altimontane and
subalpine belt predominantly in the Alps, beech occurs in the alpine beech forest (Anemono trifoliae-
Fagetum), fir and beech forests with homogyne (Homogyno sylvestris-Fagetum), altimontane beech
forest with large white buttercup (Ranunculo platanifolii-Fagetum), and subalpine beech forest with
holly-fern (Polysticho lonchitis-Fagetum).

Forest stands of all listed communities are part of the habitat types in EU Community interest
(Habitat Directive 1992). Surface distribution of beech communities in Slovenia can be found in
two vegetation maps in scale 1: 100,000 (Ko$IR et al. 1974, 2003), and in scale 1:400,000 (CARNT et
al. 2002).

CHARACTERISTICS AND FOREST MANAGEMENT

European beech in Slovenia grows and forms communities in all phytogeographical regions (WRABER
1969), on all terrain positions and slope orientations, on calcareous, silicate and mixed calcareous-
silicate bedrock. It occurs on different soil types: lithosols, regosols, rendzinas, rankers, brown soils
on limestones and dolomites, eutric and distric brown soils, lessivé soils, podzols, semipodzols and
pseudogleys (URBANCIC et al. 2005), from hills (150 m a. s. 1.) to the subalpine belt (1,650 m a. s. 1.)
(DAKSKOBLER 2008).

According to the international soil classification (WRB 2006) different soil groups with soil subunits
were determined on beech sites. Fir-beech forests and beech forests on carbonate parent material (as
limestones, dolomites, marls, flyschs etc.) mostly overgrow Leptosols, Phaeozems, Cambisols and/or
Luvisols with eutric to calcaric properties. For beech-oak forests Luvisols on limestones and dolomites
are characteristic. Acidophilic beech forests mostly cover Leptosols, Umbrisols, Cambisols, Alisols
and/or Acrisols with dystric properties developed on non-carbonate parent material.

Special beech sites can be rarely found also on folic Histosols (high mountains), Regosols (eroding
areas, unconsolided material), Podzols (bases poor siliceous parent material, in areas with high
precipitations) or Planosols (on clayey sites).

In the Alpine and Dinaric high mountain belt (alpine vegetation belt), in cold air pools (frost hollows),
in lowlands on hydromorphic soil, and on steep, stony, rocky or explicitly sunny and warm sites in
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the Sub-Mediterranean and in the hinterland, the climatic and soil conditions are mainly unsuitable
for beech.

Forests as a renewable natural resource with their multiple roles are ranked among the country natural
wealth. Forestry is traditionally co-nature-based and oriented in sustainable and multifunctional
management regardless of the ownership. Clearcuts are forbidden since 1947. Natural regeneration is
promoted wherever possible. Renewal work with care for forest young components is carried out on
10,000 - 12,000 ha per annum. If seedlings are used, they should originate from known seed sources
in Slovenian forests and from adequate tree species and provenances. Replanting with sowing and
seedlings is carried out annually on ca 500 ha, mainly for implementation of the long-term ecological
improvement (conversion) from spruce monocultures growing in natural beech or beech-silver fir sites
to broadleaved forests. To achieve the conversion, a combination of natural and artificial regeneration
starting as advanced planting is preferred (D1acr 2006). On average 130,000 beech seedlings from
local provenances are planted annually. Tree seeds and seedlings are collected from officially approved
selected seed stands or from the source identified seed stands in the Slovenian forests.

Managements regimes in beech forests are carried out with regard to the site, stand conditions and
silviculture technique used (irregular shelterwood system, single tree selection system or group
selection system). In managed beech forests only small-scale regeneration practices are applied. The
regeneration is usually induced through diffuse opening in the canopy layer. The total growing stock
for beech in 2005 was 95,486,453 m® (SFS, 2006). Beech is present in 89% (> 1 million ha) of total
forested area. In 73% of the area (851,333 ha) its presence in growing stock is more than 5%. Annual
harvesting of beech in 2005 was 795,470 m’, representing 66.1% of total yearly felling of broadleaved
tree species in Slovenia and 24.6% of total amount of all trees harvested. Long-term monitoring
revealed a 15.8% average level of defoliation of beech in the years 1993 - 2005.

In 2008 the prices of non coniferous roundwood in Slovenia (fco. forest road) were for sawlogs
(beech) 63.60 EUR/m?, pulpwood, round and split 32.56 EUR/m?, other industrial roundwood 37.32
EUR/m’, wood fuel 32.60 EUR/m? (Statistical Office of the Republic of Slovenia; http://www.stat.si).

Legislation in regards to forestry includes the Forest Act (UL RS, no. 30/93, 13/98, 56/99, 67/02,
110/02, 112/06, 115/06, 110/07) and the Act on Forest Reproductive Material (ULRS, no. 58/02,
85/02), which was based on the Directive on the marketing of forest reproductive material (1999/105/
EC). Supporting documents: three regulations, 19 rules and two other legally documents are valid
(http://www.mkgp.gov.si).

BEECH DISEASES AND PESTS

In Slovenia, sanitary felling of beech comprised 1,021,000 m’in the period 1995 - 2006, which
represents 9.9% of all sanitary felling and 3.1% of total felling in this period (Timber, ZGS). The
highest percentage in the sanitary felling of beech was due to sleet damages (46%), forest operation
damages (18.8%), wind throw (14.2%) and snow (11.5%). Diseases of beech were the cause of 4.6%
of sanitary felling while other damages (pests, game, pollution, unknown reasons) were the cause of
4.9% of sanitary felling.

In the last few years different symptoms of beech injuries and dieback were observed locally in
Slovenian forests. With expected climate change harmful biotic factors are expected to intensify
and extend over wider areas (Jurc 2007, OGRIS, JURC, JURC 2008). Stands suffering from extreme
dry and hot weather were more susceptible to Armillaria spp. and unusual cases of fast mycelial
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spread in the cambial zone of seemingly healthy beech trees were observed. Fomes fomentarius (L.)
J. J. Kickx, Ganoderma spp., and Kretzschmaria deusta (Horrm.) P. M. D. MARTIN were frequent
invaders of sun-burnt portions of the bark. Oportunistic pathogens as Nectria coccinea (PERS.) Fr.,
Neonectria ditissima (TuL. & C. TuL.) SAMUELS & RoSsSMAN and Nectria cinnabarina (TopE) Fr.)
which are the cause of cankers and branch dieback appeared in a wider extent. In central part of
Slovenia infrequent symptoms of Phytophthora infections occurred. Isolates in pure cultures were
identified as Phytophthora cambivora (PETRI) BuisMAN and P. citricola SAWADA. At the edge of the
beech area in Slovenia (E & W parts of the country) cases of massive top dieback of mature beech
trees were observed. Bark of the trees was necrotized and some necrosis extended downwards to
mid stem heights. On the dead bark numerous stromata of Biscogniauxia nummularia (BULL.)
KunTzE developed. The trees were occasionally also attacked by beech bark beetle, Taphrorychus
bicolor HERBST and beech splendour beetle, Agrilus viridis L., which, in these cases, were secondary
pests. Some stands of beech showed attack of ambrosia beetle Xyloterus domesticus L. Although
the number of entrance holes on a single trunk could be small, the sourrounding bark dies out in
large oval necrosis. Wood degrading fungi spread relatively fast in wounded trunks causing rapid
deterioration of their value. In recent years some outbreaks of leaf disease caused by endophytic
fungus Apiognomonia errabunda (ROBERGE ex DEsM.) HOHN. were also detected. The populations of
primary pests reducing leaf tissues (Rhynchaenus fagi L.), or sucking on leaves and bark (Cryptococcus
fagisuga LINDIGER, Phyllaphis fagi L.), have expanded in recent years, causing considerable defoliation,
browning of leaves and weakening of the trees.

Fig. 1: Present distribution of beech (Fagus sylvatica L.) in Slovenia according to its share in growing stock
(SFS, Pisek 2005)
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EUROPEAN BEECH GENE POOL PRESERVATION AND CONSERVATION
ON NATIONAL LEVEL

After the primary succession in the postglacial period, the larger part of the Slovenian territory was
overgrown by forests, above all by beech and fir-beech forests (SERCEL] 1996). Results of genetic
analysis of European beech populations in Central and South Eastern Europe using isoenzymes as
gene markers have shown the existence of genetic differences between provenances of beech from
north-western part of the investigated area and provenances of beech from eastern part of the Balkan
Peninsula (Brus 1999, Brus, HORVAT-MAROLT, PAULE 1999). The obtained results supported the
hypothesis that during the ice ages the European beech was present in microrefugia at the South
Eastern periphery of the Alps and on the territory of today’s Slovenia (BrRus, HORVAT-MAROLT, PAULE
2000, Brus 2008a). Findings were confirmed by the MAGRI et al. (2006) study which analyzed large
palaeobotanical and genetical data of common beech in Europe. The territory of today’s Slovenia
was one of the main source areas for the post-glacial development of beech and supposedly the
most important glacial refugia for its re-colonization in Europe (MAGRI et al. 2006, BRus 2008b).
Development of beech forests allowed a possibility that European beech in the territory of present
day Slovenia passed the way of genotypic specialization which resulted in locally adapted races or
ecotypes.

Conservation of locally adapted races is ensured by approved forest seed objects, through protection
of natural parks, natural monuments, and forest reserves (virgin forests). In the network of 173
virgin forest reserves which was established in the 1970s on suitable sites (MLINSEK 1980), beech
is the dominant species in 62% with high share in its growing stock (SMOLEJ et al. 1998). However
conservation of forest genetic resources in Slovenia is traditionally an integral part of close-to-
nature and sustainable forest management and linked to the Forest Act (1993). In order to mitigate
the impacts of climate changes on forests and to enhance their sustainability with promotion of
dynamic genetic processes for adaptation to changing environmental conditions, collection and use
of forest beech reproductive material is strictly implemented through the Act on Forest Reproductive
Material (ULRS, no. 58/02, 85/02) and the Rules on requirements and approval procedure of basic
forest reproductive material (FRM) in the categories “source identified” and “selected” and Slovenian
national list of basic material (ULRS, no. 91/03). The main criteria for approval of seed sources for
multifunctional forestry are autochthony, effective population size, adaptation to site conditions,
health status and resistance, uniformity, isolation of the stand, age and development stage of
population, volume production, quality of wood and the form and growth habit. European beech
seed sources which are approved in category “selected” need to be at least 5 ha in extent, to contain
70 phenotypically acceptable fructifying trees, and up to 20% of phenotypically less favourable trees
(KRAIGHER, PucCko, Boz1i¢ 2004).

The national list of basic forest reproductive material in Slovenia is established and published by
the Slovenian Forestry Institute (SFI) each year in the official gazette and on SFI web page. As for
current state of European beech basic material (seed sources) for reproductive material in Slovenia,
to 01/01/2009 (KRAIGHER et al. 2009) the following basic material sources have been registered: in
the category “source identified” 269 ha (7 seed stands from 3 regions of provenance); in the category
“selected” 504 ha (20 seed stands from 7 regions of provenance); whereas four seed stands have been
notified out of the total area of 203 ha as European beech dynamic “gene conservation units”, of all
stands classified under category “selected sources”
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Fig. 2:  Rajhenavski Rog forest reserve in KoCevje Region is overgrown by Dinaric fir-beech forest (Photo:
L. Kutnar)

Fig. 3:  Natural regeneration of mountain beech forest on the Gorjanci Mountain near Novo Mesto Region after
application of selective thinning treatment (Photo: L. Kutnar)
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BEECH DOMINATED FOREST SOIL ECOSYSTEM RESEARCH

Beech dominated forests are important regarding biodiversity both above- and below-ground. The
Slovenian Forestry Institute research team in cooperation with several national and international
institutions studied the below-ground aspect of beech dominated forests recently, starting from
the basic analyses of fine root growth and their importance for soil structure and carbon dynamics
(KRAIGHER et al. 2007, ZELEZNIK et al. 2007, 2009, GREBENC, STUPAR, KRAIGHER 2007) to the
applied studies of rhizosphere symbionts diversity. The influence of ozone (GREBENC, KRAIGHER
2007a, b) and small canopy gap (GREBENC 2005, GREBENC et al. 2009) were proven to influence the
below-ground components. Several biodiversity analyses were performed in various groups of beech
forests soil organisms including ectomycorrhizal fungi (GREBENC 2005, GREBENC et al. 2009), litter
decomposing fungi (Bajc et al., in prep.), eubacteria (GREBENC, Bajc, KRAIGHER 2009, KRAIGHER
etal., in prep.) and pedofauna (GREBENC, Bajc, KRAIGHER 2009, GRGIC et al., in prep.) all indicating
a high biodiversity under moderate anthropogenic influence, pronounced differences among sites and
within repetitions at sites, and also a general shortage of knowledge on below-ground components
in temperate beech forests. Studies represented parts of national and international (EU) projects
covering different forest management systems applied in the country, from virgin forests, managed
forests, to remediation sites and the international beech provenance trial.

FUTURE PERSPECTIVES OF BEECH FORESTS

Predicted climate changes could cause significant changes in the beech forest distribution. The
change of forest vegetation pattern, driven by expected climate changes, has been studied recently
(KUTNAR, KOBLER 2007, KUTNAR et al. 2009). Based on the three different climate scenarios, the
trend scenario, the hot-and-dry scenario, and the wet-and-less-hot scenario, the simulations showed
that the spatial pattern of forest vegetation types would be altered significantly under impacts of
predicted changes. In the following decades the vegetation type of major part of forest sites might
change. Due to the predicted climate warming, the share of thermophilous forests might increase
from the present 14% to range between 21% (wet-less-hot scenario) and 71% (hot-dry scenario).
The share of thermophilous forests, which are economically less interesting and more fire-prone, will
increase significantly by replacing mesic beech forests. From ecological-, nature-conservation- and
forest-management points of view, the predicted decrease of the share of Dinaric fir-beech forest
(Omphalodo-Fagetum) is especially important (KUTNAR, KOBLER 2007, KUTNAR et al. 2009). Taking
into account the most pessimistic hot-dry scenario, and assuming the actual ecological niche of this
forest would not change in the future, this forest type might disappear completely from the territory
of Slovenia by the end of the 21st century.
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ABSTRACT

A summary of the current state of European beech (Fagus sylvatica L.) in Spain is provided, including
information on the distribution, main typologies of beech forest, plant communities, site conditions,
and forest management practices usually applied in Spain. Also include is information concerning
genetic aspects of beech: regions of provenance, national register, and status for conservation of
genetic resources.

Key words: European beech, Fagus sylvatica, haya (in Spanish), distribution, Spain, genetic
resources

DISTRIBUTION OF EUROPEAN BEECH IN SPAIN

European beech covers 330,000 ha in Spain, where it reaches the south-western limit of the species
distribution. European beech is located at medium and high altitudes in the mountains (above 1,000
meters), usually on north facing slopes. The distribution range covers the Cantabrian Mountain,
Pyrenees and Iberian range, with scattered stands in the Coastal Catalonian Range, Beceite Mountains
and Central Range (Fig. 1).

The altitudinal range of the species is variable depending on the geographical area where it is located
(Tab. 1).

CHARACTERISTICS AND FOREST MANAGEMENT
Typology of beech forests

It is possible to distinguish four main types of beech forests in Spain depending on soil and climatic
characteristics (SAINZ 1992):

1) The oligotrophous beech forests are distributed in continental and dry climate, with vegetation
not very abundant and generally acidophilous. This type of forests reaches a lower density and
height in comparison to the eutrophic beech forests.
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EGIONES DE PROCEDENCIA
DE

Fagus sylvatica L.

1. Galicia y Sierra Ancares
2. Cordillera Cantabrica Occidental
3. Cordillera Cantabrica Meridional
4. Litoral Astur-Cantabrico

5. Cordillera Cantabrica Oriental
6. Cuenca del Alto Ebro

7. Litoral Vasco-Navarro

8. Aralar y Urbasa-Entzia

9. Pirineo Occidental

10. Sierras Exteriores de Navarra
11. Valle de Arén

12. Pirineo Central

13. Pirineo Oriental

14. Cordillera Litoral Catalana
15. Puertos de Beceite

16. Moncayo

17. Sistema Ibérico

18. Sierra de Aylion

Fig. 1: Distribution of European beech in Spain (including the regions of provenance of the species)
Tab. 1: Altitudinal range and some ecological characteristics of European beech in Spain (Acunpez et al. 1995)

Region of provenance Altitude (m)  Annual rainfall (mm) DI Geological background
1. Caurel and Ancares 800 - 1,200 1,972 0 Siliceous
2. Western Cantabrian Range 800 - 1,600 1,713 0 Calcareous/Siliceous
3. Southern Cantabrian Range 1,200 — 1,600 1,367 0.5 Calcareous/Siliceous
4. Cantabrian/Asturias 600 — 1,000 1,824 0 Calcareous
5. Eastern Cantabrian Range 800 - 1,600 1,562 0 Calcareous/Siliceous
6. High Ebro River 800 — 1,200 771 1 Calcareous/Siliceous
7. Litoral Vasco-Navarro 600 — 1,000 1,860 0 Calcareous/Siliceous
8. Aralar and Urbasa-Enznia 800 — 1,200 1,380 0 Calcareous/Siliceous
9. Western Pyrenees 800 — 1,600 1,650 0 Calcareous/Siliceous

10. Navarra Mountains 800 — 1,200 898 0.2 Calcareous/Siliceous

11. Aran Valley 1,000 - 1,800 955 0 Siliceous

12. Central Pyrenees 1,200 - 1,600 1,134 0 Calcareous

13. Eastern Pyrenees 1,000 - 1,400 945 0 Calcareous

14. Montseny 1,000 - 1,400 906 0 Siliceous

15. Beceite Mountains 1,200 789 1.5 Calcareous

16. Moncayo Mountain 1,200 - 1,600 637 1.5 Siliceous

17. Iberian System 1,000 - 1,600 910 0 Siliceous

18. Ayllon Range 1,400 — 1,800 942 1.5 Siliceous

DI — Length of drought season (no. of months with Rainfall < 2*Temperature)
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2) The eutrophic beech forests are found on deep soils which are rich in nutrients. They are located
in flat areras or on low slopes, where this type of soil can develop under any type of substratum,
being more frequent in lime soils. These beech forests are the most evolved ones being the
habitats with a minor exploitation. In lower altitudes, they are mixed forests. When the climate
has a major tendency towards a Mediterranean climate, the air and soil moisture is very low and
the accompanying vegetation is very scarce. These zones represent the transition of the beech
forests towards sub-Mediterranean type.

3) The sub-Mediterranean calcareous beech forests are located in drier zones, in environments
of transition towards the Mediterranean climate, where the importance of the accompanying
vegetation is very important, due to low moisture and high pH of the soil. The fraction of area
covered by the canopy is lower than in the previous types, which allows the penetration of
light and the enrichment of the accompanying vegetation (especially Buxus sempervirens and
Amelanchier ovalis). In some of these sites, the beech forests have low density, and low height,
under stony and steep areas.

4) And finally the beech-silver fir (Abies alba) forest, where the beech forms a continuous canopy
that can reach 30 m in height, and the silver fir up to 35 m. It constitutes a very complex ecosystem,
with high productivity and the maximum biological value of the forests of the temperate region.
The structure of this type of forest is efficient in the use of water, light and soil resources. This
type of formation is distributed principally between 1,000 and 1,700 meters of altitude, occupying
valleys, on shady and humid hillsides.

Seed production and regeneration

In Spain seed production starts (commercially), when the trees are 60 — 80 years old, with a mean
production of 3 — 10 kg/tree. Mast years occur every 4th — 6th year and are mainly dependent on
weather; they can be detected for broad regions (RODR{GUEZ-GUITIAN, FERREIRO 2005).

Natural regeneration in beech forests is affected by different ecological and management practices.
Limitations to regeneration are related to late frost in the Mediterranean region, mortality during
the summer due to drought, low levels of air humidity, high levels of radiation, browsing by cattle,
and by the existence of ancient coppice forest structures with older and decaying trees with low seed
production. These factors have a higher impact under Mediterranean conditions. On the contrary,
in the Cantabrian Range production of 900 seed/m? have been reported. In this region densities of
100,000 - 200,000 seedlings/ha are observed, with a survival of 10% after 10 years, and the seedlings
are usually found in the gaps in the canopy (BLAaNCO et al. 1997).

Regulation and marketing of reproductive material

Commercialization of beech reproductive material is regulated by EU Directive 105/CE, and Spanish
RD 289/2003. According to these norms, regions of provenance of the species were defined (AGUNDEZ
et al. 1995, ALiA et al. 2009), and at present basic material (seed sources and stands) from 16 out of
the 18 regions of provenance has been included in the Spanish National Register, for production of
identified (267 seed sources and stands) or selected (20 stands) forest reproductive material. Seed
transfer recommendations have also been established (MARTIN, DiAz-FERNANDEZ, DE MIGUEL
1998) to facilitate the use of forest reproductive material in Spain.
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SILVICULTURE AND FOREST MANAGEMENT

In general, the beech forest in Spain has a medium to low productivity in comparison to other
European countries. In natural forests, beech is usually found in even-aged stands (MADRIGAL 1992).
In southern and mountainous areas, it is common to find uneven aged stands. Only in open stands it
is possible to find uneven aged stands as a result of species mixture or stands of different ages.

Clearcuttings are not used nor recommended in Spain, due to the special ecological characteristics
of the stands. The silvicultural treatment most frequently used (to favour natural regeneration) is
the shelterwood system (MADRIGAL 1992). Rotation age in even-aged stands varies from 100 to
150 years, with a regeneration period of 20 to 30 years. In the Spanish beech forests, stands with age
class structures close to uneven forests can often be found (CirAc 1992, SANCHEZ DE MEDINA et al.
2001). Generally these types of structure have their origin in poor silvicultural management or high
grading. A major part of the beech forests has traditionally been managed as coppice forests for fuel
wood which explains the broad representation of even-aged structures in mountain forests. In this
case, low thinning of the pole-woods is the most common treatment.

GROWTH AND PRODUCTION

In general, the growth and the production of the Spanish beech forests are lower than those
from Continental Europe (Germany, NE France) and of Atlantic Europe (Great Britain, Belgium,
W France). The mean value is 1.9 - 6.0 m*/ha/year. In Spain, the less productive sites correspond to
the Mediterranean beech forest type. Among the different tools for forest management of the beech
forests in Spain, can be mentioned the density functions (IBANEZ 1989):

N =10,000*exp [(-0,25+0,006 SI)*(HO-3)]

where, N: no. of trees/ha; SI: site index in m, HO: top height in m.

There are also different yield tables for the Spanish beech forests (IBANEZ 1989, MADRIGAL 1992).
Table 2 includes the value of the mean annual growth, defined for a rotation age of 120 years, and
comparing different yield tables for different zones of Europe and the two most representative types
of Spain.

Tab. 2:  Mean annual increment (m®ha/year). Comparison among different site indexes, and for a rotation period
of 120 years (MabriGaL et al. 2008)

Navarra, Spain La Rioja, Spain Great Britain Continental Europe
(MabRriGaL 1992) (IBANEZ 1989)
- - 9.4 9.4
- - 7.5 7.5
6.1 - 5.8 -
5.0 4.8 - 5.4
3.9 3.6 4.0 -
2.8 23 - 3.4
1.9 1.2 - 1.7

239



PEST AND DISEASES

The effects of pollution in Spanish forests are lower than in other areas in Europe, although higher
concentrations of some elements (Ca, Mg and S) or damages by ozone have been reported in some
areas. Economically, the most important disease is the red heart, which depreciates the wood, being
caused by the mycelia of some fungi (e. g. Ungulina marginata, Ganoderma applanatum, Fomes
connatus) penetrating by wound. In timber already cut, the first two fungi can result in red colorations
and putrefactions. The insect Euproctis chrysorrhoea consumes leaves, sprouts and flowers, the insect
Orchestes fagi consumes the leaves.

EUROPEAN BEECH GENE POOL CONSERVATION

European beech is included as one of the priority species within the National Strategy for Forest
Genetic Resources Conservation. Studies on the genetic variation of the species in Spain have shown
large differences among populations for several traits of interest evaluated mainly in provenance
tests. The results (PUERTAS 1992, VEGA et al. 1992, PUERTAS, TRAVER, OLAVE 1995) show that no
clear pattern of variation related to the origin is found in nursery or after 10 years in the field.
Using isozymes (ComPps et al. 1993) it is possible to distinguish three main groups of populations:
Cantabrian Mountains, Pyrenees and an Iberian group. Genetic resources of European beech are
not endangered in Spain as a whole, although some populations need some conservation activities
(GOIKOETXEA, AGUNDEZ 2000) mainly due to new conditions derived from climatic change. Special
attention needs to be paid to the correct use of forest reproductive material in afforestation and
restoration programmes.
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ABSTRACT

More than half of Sweden is covered with forests. Beech migrated from more southern areas of
Europe approximately 4,000 years ago and is today located in the very southernmost part of the
country. Beech has been used for several industrial purposes over recent centuries. A large part of
the original beech forests was converted into spruce woodland in the 20th century due to economical
reasons. As a result the “Hardwood Tree Forestry Act” was approved with the aim to protect beech
and other hardwood forests. Today beech forests are primarily regenerated naturally and managed
using an intensive thinning program. The rotation period generally varies from 80 to 140 years. It is
primarily recommended to use regeneration material from seed orchards or from approved seed
stands close to the cultivation location. Research is mainly focused on cost-effective management,
but also assesses issues relating to biodiversity, recreation and vitality (indicated by crown defoliation
and reduction of soil pH). Tree breeding work with beech is very extensive. Future climate change is
predicted to increase yield within the species present distribution and may also lead to an increase of
the beech forest area in Sweden.

Key words: European beech, Fagus sylvatica L., bok (in Swedish), Sweden, current state

GENERAL FOREST DATA OF SWEDEN

The major part of Sweden belongs to the boreal vegetation zone: in the southernmost part there is
the nemoral zone and between, there is a transition zone called the boreo-nemoral or hemi-boreal
vegetation zone (AHTI, HAMET-AHTI, JaLas 1968). The total land area of Sweden is 41.3 million
hectares of which 23 million hectares (55%) is forest land. The total volume of growing stock is
3 billion m? distributed as follows — 38% Scots pine, 42% Norway spruce, 11% birch, 2% hardwoods,
3% other broadleaves and 3% dead trees. The mean growing stock per hectare is 132 m®. Since the
1920s the growing stock in all of Sweden has increased by 80%, while in the southern part of Sweden
it has more than doubled. The mean annual increment per hectare is 5.3 m® giving a total annual
increment of 110 million m? The annual cut is around 80 million m? (Swedish National Forest
Inventory 2008).
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GENERAL INFORMATION ABOUT BEECH IN SWEDEN

The only beech species in Sweden is European beech (Fagus sylvatica L.) which was a late migrant to
Sweden. It arrived from the south about 4 000 years ago, at the same time as Norway spruce migrated
from the north. When humans started to settle in southern Sweden, about 2 500 years ago, beech
was mostly concentrated in the outlands, since it competed with different crop species. In the 17th
century beech and oak were the dominant tree species in the forests of southern Sweden. The sparse
forests were at that time mostly used as pasture land for animals and for fuel-wood. In the 18th and
19th centuries the beech forests were exploited for industrial purposes. Production of potash from
beech, used for making soap, glass and gunpowder, was profitable. There was also a great need for
beech barrels, used for storing herring. Since the need for arable land was high among farmers, large
areas of beech forests were cut down.

Beech was mostly found in areas belonging to the nobility, who could afford to keep forests for
hunting purposes. That is the explanation why beech and other hardwood species are called “noble
trees” (EICKHOFF et al. 1995). During the 20th century many beech forests were converted into
Norway spruce stands due to economical reasons and the beech forest area decreased dramatically
(Swedish Environmental Protection Agency 1982). In 1974 this resulted in the Beech Forestry
Act, with the purpose to preserve the beech forests by appropriate management and forbidding
conversion into other tree species (SOU 1971:71). It was replaced in 1984 by the Hardwood Tree
Forestry Act with the same purpose, but also including other “noble” tree species such as ash
(Fraxius excelsior), elm (Ulmus glabra), hornbeam (Carpinus betulus), lime tree (Tilia cordata),
maple (Acer platanoides), oak (Quercus petraea, Q. robur) and wild cherry (Prunus avium), (SOU
1992:76). An implication of the Hardwood Tree Forest Act is the prohibition on the conversion of
low-yielding beech stands into stands consisting of other tree species potentially better suited to
local site conditions. As a result there are many beech forests on sites which are inappropriate for
beech production.

Today the primary product of beech is mostly used for floors, furniture and carpentry. Beech is also
used for production of high quality paper. There is a big price differential for different log qualities.
Large trunks (> 50 cm) receive the highest financial returns. Beech forests often have a long continuity
and are important for biodiversity. Many red-listed lichens and insects can be found in old trees.
These forests are also very popular for recreation (EICKHOFF et al. 1995).

In Sweden beech grows up to around N 58° and up to 200 meter above sea level where the climate
is maritime (DAHL 1998) (Fig. 1). Beech is often found on slopes and grows well on silt, calcareous
moraines with good water supply. Mixtures with other broadleaved species are common, especially
oak, ash and hornbeam, and in the northern parts of the distribution area also pine and spruce can
be found. Beech covers an area of about 58,000 hectares defined as areas where more than 65% of
the basal area is beech. The total volume is about 21 million m®. Trees with diameters of at least
25 cm at 1.3 m above ground accounts for roughly 85% of the total volume. The annual increment
is approximately 450,000 m® and the annual cut approximately 400,000 m?* (SvENssoN 1995, The
Swedish Forest Agency 2008).

The Swedish name for beech is “bok” Sometimes it is called “rodbok” (red beech) synonymous to the
German “Rotbuche” To separate it from “avenbok’, the Swedish name for hornbeam, beech is also
sometimes named “vanlig bok” (common beech) (The Virtual Flora 2008).
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SILVICULTURE AND RESEARCH

The common way to regenerate beech is by natural regeneration. Mast years appear every second or
third year, but large variation occurs, depending on the weather conditions (OVERGAARD, GEMMEL,
KARLssON 2007). Soil preparation with the intention of exposing large areas of mineral soil should
be done before the seed-fall. Seeds should then be covered with soil to protect them from seed-eating
animals. During winter a heavy thinning is conducted, leaving just a sparse shelter of trees. This
shelter is removed within a 10 — 20-year period by felling trees at 2 — 4 occasions in order to gradually
increase the amount of light. Most often some retention trees are left for biodiversity reasons. Since
the seedlings are abundant there is mostly no need for fencing. The management is intense in the
young stands with at least two cleanings and frequent thinning. When the stand is older, the thinning
intervals increase. The normal rotation period varies from 80 — 140 years, shorter on the more fertile
sites, but also it depends on the quality of the stand, target diameter and timber prices.

Establishment of beech plantations is often both a costly and risky business. Fencing is necessary and
herbicides are needed, at least on former arable land. Using shelter trees, like larch, birch or alder, may
be one way to protect the plants from extreme temperatures during the first years of establishment.
Problems one always has to consider in new plantations are those caused by rodents and mice.

Photo 1: A Swedish beech forest in the springtime (J. NormAN)
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Cheaper and better ways to regenerate beech forests are important research issues. Sowing and
planting are two methods with a big potential to improve as well as naturally regeneration on
poor, acid soils. Examples of questions where the Swedish research tries to find answers are: 1) is it
possible to minimize the costs for pre-commercial thinning and to shorten the rotation period with
retained stem quality? 2) Could the thinning program be more rational, but less intensive without
any major effect on growth and stem quality? Tree-living lichens in close-to-nature managed forests,
biodiversity in beech production forests, innovations and use of the beech wood, and recreation and
health-aspects of hardwood forests are other research fields also in progress (The broadleaf program
2008).

GENETIC RESOURCES AND LEGISLATION

Climatic adaptation is of great importance for practical forestry. If the reforestation material is not
climatically adapted to the plantation site, there will be a considerable risk of damage, reducing growth
and deteriorating timber quality, with resultant economic losses. Climatic adaptation is therefore one
of the key traits for a successful establishment of high quality beech forests.

Today there is a lack of good Swedish indigenous forest reproductive material of many broadleaved
species, among others beech, which is compensated for by importing material mainly from Poland
and Germany. However, our knowledge about north transfer effects on survival, vitality and growth
is very limited, and might be crucial since the northern limit of natural distribution of many “noble
hardwood” species is found in southern Sweden. Thus, it is recommended primarily to use material
from seed orchards and as asecond choice from approved seed stands close to the cultivation
location.

The tree breeding work with beech is very extensive. Earlier activities, in the 1940s and 1950s, had
resulted in two seed orchards. Both orchards contain untested plus-trees from southern Sweden.
The plus-trees are now being tested in two progeny tests established in year 1998. To increase
the knowledge of the transferring effects of different beech material within Europe, two series of
international beech provenance trials (1993/95 and 1996/98) were established throughout Europe.
One trial in each of the series was established in Sweden.

Only reproductive material from seed sources approved by each of the member countries of EU can
be used commercially. In Sweden the application is examined by the Swedish Forest Agency. All
approved seed sources in Sweden are registered in a national list which can be found on the web,
http://www.svo.se/episerver4/templates/SNormalPage.aspx?id=11530. A seed source is approved
when it is expected to produce forest stands with good prerequisites for good development and
acceptable yield.

In Sweden, the approved basic material is divided into seed orchards, seed collection stands and seed
collection areas. The different seed sources are listed separately and maps over the seed collection
areas are provided. The seed collection stands are selected based on factors stipulated by the OECD.
The seed collection areas consist of several stands of genetically more or less homogenous, mainly
autochthonous forests. Mixing of seeds is only allowed within a region of provenance (Fig. 2). Each
seed orchard and seed collection area is considered to be a region of provenance.
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HEALTH STATE AND IMPACT OF CLIMATE CHANGE

Special surveys of crown health condition of beech and oak forests in southern Sweden were carried
out in 1988, 1993 and 1999, showing increased crown defoliation in the beech stands. The soil
condition of the subsurface mineral layer at a depth of 20 — 30 cm was highly acid with a pH value
less than 4.2 in 86% of the forest stands surveyed (ANDERSSON, SONESSON 2000).

The beech distribution area (Fig. 1) may be expanded in the future as an effect of climate change, since
spring frost, which is an important limiting climatic factor, may be less frequent during flowering.
Furthermore, an increased temperature will enhance the breaking-down process of organic material,
liberating more nutrients in the soil. This will, together with high nitrogen deposition and longer
growing season, promote yield and shorten the rotation period in the present beech distribution area
(BERG et al. 2007).

Fig. 1:  Beech distribution area Fig 2: Regions of provenances
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ABSTRACT

Beech is the second most important tree species in Switzerland, covering a wide range of the forested
area with varying site conditions. In many forest communities of the sub-montane and lower
montane range, beech is the dominant tree species; whereas from the lower to middle montane zone,
beech becomes less important in comparison to spruce and fir. Beech accounts for around 17% of
the Swiss total growing stock, which explains its importance for timber production. The rotation
time for good quality timber is around 100 - 140 years. Since beech has been regenerated naturally
for a long time, beech provenances for artificial regeneration have played only a marginal role so far.
Nevertheless, in studies from the beginning of the 20th century, Swiss lowland provenances were
compared to provenances from higher altitudes. Furthermore, in the Danish provenance trial, the
two tested Swiss provenances Adliswil and Sihlwald were found to be of superior economic returns.
However, Switzerland is not carrying out provenance trials under COST E52, although some Swiss
provenances have been tested in other European countries. Recently, several projects have been
undertaken studying environmental impacts on beech in Switzerland. Further investigations will
be needed to understand better the impact of climatic changes and raising CO, on the distribution
and growth of beech in Switzerland. At least model simulations suggest an altitudinal upward shift in
beech distribution due to increasing drought, if beech does not have the plasticity or the evolutionary
potential combined with the required time to adapt to future environmental conditions.

Key words: Fagus sylvatica L., distribution range, provenance, Switzerland

COUNTRY DATA

Area: 41,285 km?

Elevation: between 193 m a. s. l. (Lago Maggiore) and 4,634 m a. s. l. (Dufourspitze)

Climate data: annual precipitation: between 521 mm (Ackersand Stalden) and 2,701 mm (Santis)
annual mean temperature: between -7.9 °C (Jungfraujoch) and 11.6 °C (Lugano)

Climate is regionally diverse.

These climate data are norm values for the period 1961 — 1990 and are taken from the website of the
Federal Office of Meteorology and Climatology MeteoSwiss.

Forest area: 12,746 km?, 31% of total area (FOEN/WSL 2007)
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ECOLOGY AND DISTRIBUTION OF BEECH IN SWITZERLAND

Beech is the second most important tree species in Switzerland. After spruce (Picea abies (L.) KARST.)
(43.1%), beech covers 17.9% of the forest area (BRASSEL, BRANDLI 1999). However, in the colline and
sub-montane forest zones of the Jura and the Pre-Alps, beech is the most important tree species with
35.1% and 31.7% of stems, respectively (BRANDLI 1998). The current presence of beech, as monitored
in the National Forest Inventory sample plots, conforms approximately to its suggested natural
distribution area (cf. Fig. 1). Beech is very shade tolerant, and therefore, under natural regeneration,
occupies a large ecological niche. As illustrated in figure 1, forest associations with beech have the
potential to cover Swiss forests to a large part; beech is present from the colline to the subalpine
forest zones. However, in particular in the Swiss Plateau (Mittelland), it is assumed that the portion
of beech (23.8% of stems) has been replaced substantially by spruce (37.1% of stems) due to former
forest management (BRASSEL, BRANDLI 1999). Today, the Jura, the Swiss Plateau and the Pre-Alps are
the most important regions for beech, with high density growing stock in the forest (Tab. 1).

Fig. 1:  Distribution map of beech according to BrAnDLI (1998). Current distribution (presence on NFI sample
plots) conforms more or less to natural distribution according to WELTEN, SuTTER (1982).

Beech is present in more than half of the 71 forest associations that have been described for
Switzerland (ELLENBERG, KLOTZLI 1972, in the following abbreviated EK). In forest associations
which are dominated by beech (EK units 1 — 17), the basal area of beech reaches an average of 30% of
total forest basal area (BRASSEL, BRANDLI 1999). These forest associations belong to the sub-alliances
Luzulo-Fagion (EK units 1 — 4 on acidic soils), Eu-Fagion (EK units 5 - 13 on nutrient-rich soils) and
Cephalanthero-Fagion (EK units 14 — 17 on dry and nutrient-poor soils, often on steep slopes), and
are mainly found in the sub-montane to lower montane forest zones (400 to 1,000 m a. s. 1.). In forest
associations of the silver fir-beech alliance (Abieti-Fagion) (EK units 18 — 21), beech makes up 18.3%
of the basal area (BRASSEL, BRANDLI 1999). These forests are often found in the lower to middle
montane zone (800 to 1,400 m a. s. 1.). In the remaining broadleaved forest associations (EK units 22
— 45), beech accounts for 12.5% of total forest basal area (BRASSE, BRANDLI 1999).
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Tab. 1:  Number of stems (DBH = 12 cm), growing stock and timber use for beech according to the five production
regions as estimated from the National Forest Inventory (NFI) (BrasseL, BRAnDLI 1999)

Switzerland Jura Swiss Plateau  Pre-Alps Alps of tsr?eug:ps
Number of stems (1,000) 97,595+2 29,1484 24,076 + 4 19,425+5 12,743+8 12,2029
Portion per region (%) 100.0 29.9 24.7 19.9 13.0 12.5
Portion of all tree species 18.3 32.0 23.8 17.8 7.8 18.1
Growing stock (1,000 m?) 70,7702 22,7914 22,068 + 4 14,861+6 6,674+8 4,376+10
Portion per region (%) 100.0 32.2 31.2 21.0 9.4 6.2
Portion of all tree species (%) 171 31.5 223 15.0 5.9 14.5
Timber use (1,000 m?)
11,521 3,240 5,149 1,922 825 385

Time span: NFI1-NFI2 = 10 yrs

GENETIC RESOURCES OF BEECH IN SWITZERLAND

At the beginning of the postglacial period, beech most likely expanded to Switzerland from the
Slovenian refuge (MAGRI et al. 2006). The expansion along the North-Alpine forelands started before
the beginning of large-scale Neolithic human activities and therefore, was mainly driven by climatic
changes (TINNER, LOTTER 2006).

Most of the Swiss forest (around 80%) is regenerated naturally (BRASSEL, BRANDLI 1999) and artificial
regeneration has ceased continually since 1965. Regarding beech, the portion of natural regeneration
is near 100%, due to optimal regenerating conditions for this tree species over a wide area and the
difficulties to obtain high quality timber by regenerating beech artificially. This high amount of
natural regeneration allows for the conservation of the genetic diversity of native tree species in
Switzerland (BoNFILs, RoTacH 2003). In the case of plantations, national regulations exist for seed
collection and utilization (Art. 21), as well as for import and export of seeds (Art. 22) (Verordnung
iiber den Wald). All tree species under these regulations are listed (Anhang 1: Verordnung iiber
forstliches Vermehrungsgut). Seeds are collected and forest genetic resources are handled according
to the OECD regulations. For this purpose, Switzerland is divided into 14 provenance regions, which
belong to the five main production regions corresponding to geographical regions (Fig. 2). In case of
artificial regeneration, foresters are obliged to use the closest available provenance.

Although some Swiss provenances have been tested in different provenance trials in other European
countries, no recent provenance trials have been undertaken within Switzerland. Some of the current
provenance trials of COST E52 include the Swiss provenances Oberwil and Aarberg (WUHLISCH et
al. 2008). In an earlier Danish provenance trial, the provenances Sihlwald (cf. Fig. 3) and Adlisberg
were tested among other European provenances. They were found to be superior in economic returns
due to a higher frequency of trees with straight stems and long boles (HANSEN, JORGENSEN, STOLTZE
2003, WUHLISCH 2005). BURGER (1948) reported about early provenance tests with different beech
provenances in Switzerland, e. g. differences in height growth between provenances of lower and
higher altitudes. In these studies, it was shown that fast growing provenances from the lowlands
might experience problems at higher altitudes. In recent germination tests at the Swiss Federal
Institute WSL the germination capacity of different Swiss beech provenances ranged usually between
50 - 80% (personal communication Anton Burkart).
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Fig. 2. Map of the Swiss provenance and production regions

FOREST MANAGEMENT AND TIMBER HARVESTING

Due to its high amount of growing stock (17.1% across Switzerland, cf. Tab. 1), beech plays an
important role in timber production, in particular in the beech regions Jura (324,000 m*/yr) and
Swiss Plateau (514,900 m*/yr) (Tab. 1).

Most of the beech trees grow in even-structured high forest (73%, cf. BRANDLI 1998). In accordance
with earlier studies by LEIBUNDGUT, AUER, WIELAND (1971), ZINGG et Ramp (2004) found that
thinning in such forests improved stem quality of beech, but also led to a slightly reduced total
production. In another study, ZINGG (1996) recorded that, after 1950, the basal area increment of
pure beech stands moved clearly above the values that were expected from yield tables. This deviation
may be partly induced by a changing climate, nitrogen deposition or CO,-fertilization. However, the
complex reasons are still under investigation. Noteworthy is the speciality “plenter forest” - a single-
tree management form, leading to a mixture of trees of different sizes, ages and heights — which is
common in the Jura and the Emmental. In Switzerland this silvicultural technique is particularly
abundant in the silver fir-beech forest in the montane forest belt. Alltogether, around 3% of beech
trees grow in plenter forests (BRANDLI 1998). Along with this practice, Abies alba and Picea abies
trees are often fostered at costs of Fagus sylvatica trees (SCHUTZ 2001).
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The rotation time for growing high quality timber depends on the prevailing site conditions, but
often is between 100 and 140 years. On the other hand, fuelwood, which is optimized for quantity,
may be produced within a shorter time. Overall, one third of the Swiss beech forests exhibit a stand
age of 80 — 120 years (BRANDLI 1998). Around 2% of the stands are estimated to be older than 160
years, i. e. the amount of ecologically important old growth forest is comparably low.

Within the European forestry community, it is well known that high quality timber of beech can
be found in many places in Switzerland. It is not rare to identify tree heights of 40 m with straight
stems up to 20 m (Fig. 3) (cf. HANSEN, JORGENSEN, STOLTZE 2003). However, although the physical

Fig. 3:  Beech stand in the forest reserve “Sihlwald” (Picture: P. Weber)

appearance is excellent, red heartwood is abundant. A few studies have been conducted on the
occurrence and economic implications of red heartwood in beech in Switzerland (cf. POHLER,
KLINGNER, KUNNIGER 2004). Red heartwood is developed facultatively and is difficult to diagnose
in standing trees. In 2002, a survey of the cantonal forestry departments resulted in approximately
50% of beech timber being affected by red heartwood, leading to a decrease of sometimes up to 50%
in value. However, POHLER, KLINGNER, KOUNNIGER (2004) demonstrated that the mechanical and
technological properties of beech wood are not reduced due to red heartwood.
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BEECH UNDER CHANGING ENVIRONMENTAL FACTORS

The effect of the increasing atmospheric CO, concentration on beech growth was tested in
Switzerland on saplings (e. g. SPINNLER, EGLI, KORNER 2003) and adult trees (e. g. ASSHOFF, ZOTZ,
KORNER 2006). SPINNLER, EGLI, KORNER (2003) demonstrated that growth of saplings under elevated
atmospheric CO, depends on the soil type with increased growth on calcareous and decreased
growth on acidic soils. Growth responses of the four tested provenances were highly variable
(SPINNLER, EGLI, KORNER 2003) but there was no indication that one of the provenances would be
superior under elevated CO, conditions. If approximately 100-year old beech trees are exposed to
elevated CO,, stem basal area increased in two of four experimental years (ASSHOFF, Z0Tz, KORNER
2006). However, AsSHOFF et al. (2006) stress the point that only three beech trees were exposed to
the elevated CO, treatment which is not enough to make the case for the whole species. In the same
experimental setup LEUZINGER et al. (2005) found evidence for a CO, driven mitigation during
the very hot and dry summer of 2003. Future CO, concentration might thus counteract damage
by increased temperature and drought. Under ambient CO, conditions during the exceptional year
2003, several beech trees throughout Switzerland shed their leaves earlier (Z1NGG, BRANG 2003).
However, it is difficult to tell whether this was already an indication that beech locally comes to its
physiological limit, or whether beech will be able to adapt within its genetic/phenotypic flexibility
to more frequent drought periods.

According to forest model simulations for Switzerland under climate change (ZIMMERMANN et al.
2006), beech is suggested to retreat to higher altitudes and to lose its dominance in the sub-montane
and lower montane zone where more drought tolerant species are expected to come to dominance.
Currently, it is under investigation, how Mediterranean beech provenances germinate and grow in
Switzerland (COST-Action FP07032, MUHLETHALER et al.) to potentially introduce such provenances
to our natural beech stands.
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CURRENT STATE OF ORIENTAL BEECH (FAGUS ORIENTALIS
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GAYE EREN KANDEMIR

Turkish Ministry of Environment and Forestry, Forest Tree Seeds and Tree Breeding
Research Directorate, Department of Biotechnology, Gazi Tesisleri, 06560 Ankara, Turkey

ABSTRACT

The purpose of the following paper is to describe the current state of oriental beech (Fagus orientalis
L1psky) in Turkey. It provides information on the distribution of the species, together with details of
breeding activities and related seed transfer zones. It also provides information on the conditions of
forest stands with associated plant communities. Oriental beech natural distribution in Turkey is 1.7
million ha and it is the main broadleaved species. There are almost 7,000 ha of in situ conservation
areas of oriental beech in the country.

Key words: oriental beech (Fagus orientalis L1Psky), kayin (in Turkish), distribution, gene-pool
current state, Turkey, forestry research

ORIENTAL BEECH DISTRIBUTION IN TURKEY

Forest land covers 21,188,747 ha in Turkey out of a total area of 77,846,000 ha. 10,621,221 ha of
forests are productive while 10,567,526 ha are degraded. The composition of forest tree species
is mainly represented by conifers (12,772,654 ha). Deciduous forests cover 8,416,093 ha area and
conifers-deciduous mixed forests are also included in these figures and account for 2,204,267 ha with
the remainder made up of coppice and high forest (http://www.ogm.gov.tr/bilgi/orman_01.htm).

Turkey has two species of beech, oriental beech (Fagus orientalis Lipsky) and European beech (Fagus
sylvatica L.). The main beech species is oriental beech while European beech has limited distribution.
European beech is distributed in Kirklareli-Demirkdy, Canakkale-Bayramig, Edremit-Kazdaglar:
and Kiitahya-Simav area in Turkey (Davis 1982) (Fig. 1).

Oaks (6.4 million ha), consisting of 18 different oak species, are predominant in species composition.
Pines are the next most important group with Turkish red pine (Pinus brutia) covering an area of
5.4 million ha while European black pine (Pinus nigra) covers an area of 4.2 million ha. Beech covers
an area of 1.7 million ha in Turkey (Anonymous 2006). In the past, most beech stands were felled
and replaced generally by conifers and in some cases converted to agricultural lands, especially for
the production of tea plantations and for hazelnut production.

Oriental beech is distributed in the northern part of Turkey mainly on the slopes of the mountains
overlooking the Black Sea. The optimal spreading areas of oriental beech are the lower slopes of the
mountains of Black Sea Region and in the Marmara Region. Dense oriental beech forests in these
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regions reach down to the Murat Mountain in the inner Aegian region. In addition to these dense
oriental beech forests there are small marginal populations in central Anatolia and in the southern
part of Turkey. The oriental beech forests in the southern part of Turkey, particularly in the Amanos
Mountains and Adana-Maras districts, are relic populations. In contrast, European beech which has
its main distribution in the European subatlantic climatic regions has a very limited distribution in
Turkey. There are also some scattered populations in the Kaz Mountains and in Kiitahya-Simav.

Optimal growing conditions for oriental beech are found at the altitude ranging from 700 m to
1,200 m. As the thermal requirement for the species is higher than for fir and spruce, it cannot
grow at high altitudes but there are some exceptions. The altitudinal minimum for oriental beech
populations is in the locality of Sinop-Bektasaga from sea level to 30 m along the Black Sea coast. The
altitudinal maximum of oriental beech is recorded in the eastern Black Sea Region in the location
of Artvin-Yusufeli at 2,100 m. From an economic viewpoint, oriental beech is the most important
broadleaved species in Turkey.

Proximity to the sea and climate have positive effects on length of beech vegetation period. Therefore
the relatively more temperate, moist and high precipitation areas, as found in parts of the Black Sea
region such as in parts of the Marmara Region, are the most suitable lands for growing beech.

The wood of oriental beech has a reddish white colour and reddish brown heartwood formation
occurs when the trees reach the age of 80 to 100 years. Beech wood is classified as of medium density
(0.66 g.cm™). As a hardwood species, the wood is heavy, hard, strong and highly resistant to shock. It
is also suitable for steam bending. Nevertheless, the main use of oriental beech wood is for fuel, but
there are other uses such as particleboard, furniture, flooring veneer, mining poles (props), railway
sleepers and the paper industry (KANDEMIR, Kaya 2009). According to research on the wood quality
of beech from samples which were taken as cross sections from trees grown at different altitudes,

Photo 1: Oriental beech forest compete with Rhododendron ponticum (Kanpemir 2008)
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the widest annual rings and the highest number of trachea were found in samples from the optimal
growth area (Kanvect, Huss 2009).

Dense vegetation cover, mainly Rhododendron ponticum L. and Rhododendron flaum DoN., in oriental
beech growing sites, causes problems for natural regeneration. Other species which have negative
effects on the natural regeneration of beech forests are Ilex aquifolium L., Vaccinium arctostaphylos L.,
Prunus laurocerasus, blackberry (Karvect, Huss 2009). Other factors which prevent regeneration
in oriental beech forests in Turkey are the predators of seed such as rodents and infrequent seed
formation.

In the past, especially up to the 1980s, the wood quality of beech was considered to be poorer than
that of conifers and therefore degraded and coppiced forests of beech were replaced by conifers
(Kauvecr, Huss 2009).

In the past, oriental beech forest in Turkey suffered from the effect of improper silvicultural treatments
and other anthropogenic factors (CaLiKOGLU, KavGact 2001). These affected the quality of oriental
beech timber and the genetic base of beech stands. The regeneration with seedlings resulted in
genetic recombination and the provision of a larger genetic base needed for adaptation to existing
or changing environmental conditions. Thus, regeneration of oriental beech forests in such places
should be gradually replaced through seedlings rather than coppicing (KANDEMIR, Kaya 2009).

Photo 2: An example of stem sprouting regeneration of oriental beech in Sinop (Black Sea Region of Turkey)
(KanDEMIR 2008)
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CHARACTERISTICS AND FOREST MANAGEMENT

Geographically, Turkey is mainly divided into three phytogeographical regions and the diversity of
the species is depending on this division. These floristic regions are:

a)

b)

<)

The Euro-Siberian Floristic Region: Black Sea and Marmara Geographical regions are Euro-
Siberian phytogeographical regions with vegetation types of broadleaved deciduous forests,
humid and sub-humid forests, dry forests and pseudomaquis and maquis. In the eastern Black
Sea region, oriental beech is in mixture with Picea orientalis, Alnus barbata, Castanea sativa and
Abies nordmanniana. In the mid section of Black Sea region, productive beech forests are found
together with Castanea sativa, Alnus barbata, Prunus spp., Carpinus betulus and Rhododendron
flavum. At the low elevations of the western Black Sea region, oriental beech is in mixture with
Tilia spp., Pinus brutia, Laurus, Castanea sativa and Carpinus betulus while Pinus sylvestris, Abies
bornmulleriana, Rhododendron flavum, Taxus baccata, Quercus spp., Prunus spp., Acer spp.,
Cornus spp. generate the species mixture with E orientalis at higher elevations. In the Marmara
region, oriental beech Castanea sativa, Carpinus betulus and Quercus spp. are a typical species of
low elevations and Abies spp., F. orientalis, Pinus nigra are characteristic at high elevations.

Mediterranean (Aegean-Mediterranean) Floristic Region: This region occupies the northern
coasts of the Marmara Sea, all of Mediterranean region and sub-region of the Aegean Geographical
region. Mediterranean mountain forests are diverse. In the Mediterranean belts (800 - 1,200 m)
oriental beech and hornbeam are present as a small group in the Amanos Mountains.

Irano-Turanian Floristic Region: This region covers all central, eastern and south eastern Anatolia.
Dry oak and Scots pine forests are the main vegetation types of this floristic region. There are
some small patchy oriental beech groups in this floristic region (ZENCIRCI et al. 1998).

Oriental beech is the only broadleaved tree in Turkey which has been part of the National Breeding
Program. The main purpose of oriental beech breeding is to enhance the height and volume growth,
together with maintaining the quality of stem. The natural distribution area of oriental beech has
been divided geographically into two main breeding zones based on the climatic and ecological
conditions (ATALAY 1992). The border between the Black Sea coastal and inland regions is along the
first coastal mountains parallel to the Black Sea, where the climate changes slightly from maritime
towards continental. The borderline follows township administration boundaries, except for Tasova
which is divided by the Kelkit River.

Tab. 1:  Oriental beech breeding zones in Turkey (Koski, AnToLA 1993), Fig. 2

Breeding zones Region Altitude
(Sub zones) (ma.s.l)
1(1.2) Black Sea Region Coast (mid zone) 500 - 900
1(1.3) Black Sea Region Coast (High elevation zone) 901 - 1,300
2 (2.3) Black Sea Region Inland (High elevation zone) 1,100 — 1,500
3(3.1) Marmara Region * (low elevation zone) 0-500
3(3.2) Marmara Region * (mid zone) 501 — 1,000
3(3.3) Marmara Region * (high elevation zone) 1,001 - 1,500
4(4.1) Amanos Mountains Region (gene conservation area) 1,100 — 1,500

(high elevation zone)

* Thracia is not in the breeding zones, it is only for seed production.
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Under these two main breeding zones there are sub-breeding zones and one seed production zone

(Tab. 1).

In addition to these breeding zones there are also seed transfer zones for oriental beech in Turkey
(Tab. 2, Fig. 2). There are three seed transfer zones and one gene conservation area which are
delaminated by geographic, geomorphologic and climatic conditions (ATALAY 1992).

Tab. 2: Seed transfer zones and sub zones of oriental beech in Turkey

Seed transfer zones and subzones Regions

1
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
1.10
1.1
2
2.1
2.2
2.3
24
2.5
2.6
2.7
2.8
2.9
2.10

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9

BLACK SEA REGION

Camili Basin

Goktas-Muratl Coruh Basin

Sarp-Ordu

Ordu-Sinop

Sinop-Eregli

Eregli-Akgakoca

Catalca-Kocaeli

Samanl Mountains

Istranca Mountains Eastern site

Istranca Mountains Mid and Western site
Istranca Mountains Southern site
BACKWARD REGION OF BLACK SEA
Ortakdy and Dokmeci Basin

Artvin Region

Yukari Altiparmak (Barhal) Basin

Orta Harsit Basin

Koyulhisar-Tasova, Northern site of Kelkit River
Southern side of Kelkit River
Ladik-Boyabat Basin

Kastamonu Basin

Arac River Basin (Karabik-Arag)
Dokurcun Basin

MARMARA REGION

Samanl Mountains western site
Katirli-Avdan Mountains northern site
Southern Marmara (Kapidag-Karadag)
Uludag-Domani¢ Mountains
Gatal-Omeralti Mountains

Biga-Goénen

Kazdagi

Akdag (Dursunbey)
Demirci-Saphane-Murat Mountains (North-East Aegean Site)
GENE CONSERVATION REGION

260



Wide distribution of oriental beech in Turkey results in the creation of seed transfer zones to facilitate
seed production and afforestation. Beech forests have different growing regions according to site
quality, productivity and floristic composition. Therefore all ecological properties which affect the
growth of beech are considered when establishing these seed transfer zones. Oriental beech forests
are divided into four main seed transfer zones and 30 subzones which have been established taking
into consideration precipitation, temperature, aspect, altitude and the floristic compositions of the
regions (ATALAY 1992).

Oriental beech is important economically. Average prices of the third class beech round wood in
Turkey was approximately 135 Turkish Liras (TL)/m? (83 €/m?) in 2005, 138 TL/m’ (70 €/m’) (http://
www.ogm.gov.tr/ipl/index) in 2008, 165 TL (84 €/m’) in 2010.

GENETIC CONSERVATION IN SITU AND EX SITU

Gene pool conservation of oriental beech in Turkey is mainly through in situ conservation. These are
seed stands, gene conservation areas and national parks. In Turkey there are 23 gene conservation
forests of oriental beech. The area of these gene conservation forests is 3,042.9 ha. There are 28 seed
stands which cover 3,439.6 ha.

The most important ex situ conservation activities are grafting and establishment of clonal archives
and seed orchards. Although there are many seed orchards with conifers and some with broadleaves
such as Liquidambar orientalis and Sorbus torminalis in Turkey, there is no seed orchard with oriental
beech. There are other conservation programs in other locations such as National Parks and Nature
Conservation areas where oriental beech stands can be used as seed sources if allowed. Seeds collected
from these areas can be used for reforestation according to the seed transfer zones.

Fig. 1:  Natural distribution of oriental beech in Turkey

261



Conservation of oriental beech genetic resources is done mainly by setting up seed stands and
gene conservation forests through in situ programs. Seeds collected from these areas can be used
for reforestation according to the seed transfer zones. In reforestation programs, although oriental
beech is used, the minimum requirement is that the origin of the reproductive material is known
and its adaptive characters appropriate for the ecological conditions at the regeneration site. For this
purpose, the guidelines for oriental beech seed transfer zones (ATALAY 1992) based on climate, soil
and bedrock characteristics have been used until a more ecologically and genetically sound seed
transfer set of guidelines is prepared.

The establishment of ex situ conservation plantations of oriental beech may be necessary in order to
conserve the genetic variation of threatened populations that cannot be maintained at the original
site such as relic populations. The objective will be to establish a new population that maintains as
much as possible of the original genetic variability and allows for long-term adaptation to the local
conditions at the new planting site.

FOREST RESEARCH

Research on oriental beech in Turkey is generally concentrated on regeneration and afforestation
studies. There is only limited research on the genetics of oriental beech. Because of the requirement
of genetic diversity of oriental beech forests a couple of projects has started, supported by the Turkish
Ministry of Environment and Forestry and The Scientific and Technological Research Council of
Turkey. One of these projects contains 33 populations with representatives from all seed transfer

Fig. 2:  Breeding zones of oriental beech in Turkey
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zones and marginal populations and this will provide genetic reference data for effective gene
conservation activities concerning oriental beech in the future.

There are also research projects on provenance, seedling quality and other characteristics. Other
studies include adaptive traits and information on height growth characteristics of various
subpopulations under various site conditions. These research plots are of a long-term character, and
will continue to provide results with increasing age.

In addition, in the Forestry Faculties of Universities the main purpose of a number of ongoing projects
is to study the genetic background, seeds germination-dormancy properties, adaptive properties of
seedlings and is mainly directed to the protection and reproduction of oriental beech gene resources.
These studies will contribute to creating conditions for preserving and increasing proportion of this
species in the forest stands.
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EUROPEAN BEECH (FAGUS SYLVATICA L.)
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ABSTRACT

Information on the distribution of European beech as a forest resource in the Ukraine is presented.
The significance of this tree species is discussed, and information on beech virgin forests is also
presented. The principal felling methods for beech forests are characterized. Fruiting data and natural
reproduction of European beech are outlined. In the Ukraine, European beech occurs naturally only
in the Carpathians (up to 1,400 m above the sea level), Sub-Carpathians and at higher elevations in
the Volyn-Podillya highlands. The area of beech forests is 503,000 ha, of which beech virgin forests
are around 39,000 ha. In the Ukraine beech is characterized by high productivity and an uneven
age structure. The beech stands are generally managed under the shelterwood silvicultural system
(on 90 - 94% of the area) while much less selective fellings are used (less than 5%) and clearcuts
(1.5 -2%).

Key words: European beech (Fagus sylvatica L.), 6yk (in Ukrainian), Ukraine, distribution, forest
resources, methods of principal felling systems, fruitage, natural reproduction

EUROPEAN BEECH DISTRIBUTION IN UKRAINE

In the Ukraine, European beech (Fagus sylvatica L.) occurs naturally only in the Carpathians, Sub-
Carpathians and at higher elevations in the Volyn-Podillya highlands (Fig. 1). The modern border of
the continuous distribution of European beech is almost identical with the border of the Carpathian
sub-mountains. At the north-east of this border, beech has only isolated distribution. The border of
this isolated distribution of European beech follows approximately the line Volodymyr-Volynskyy,
Kremenets, Sataniv, Hermakivka, Kamyanets-Podilskyy (MoLoTKOV 1966). Beyond this borderline,
only individual trees or small groups of European beech are reported close to the village Goryngrad,
situated 40 km east of Rivne (MoLOTKOV 1966), in the Novomalyn forest of the State Enterprise “Ostrog
forestry management” (south of Rivne) (IvcHENKO, VOYTYUK 1978), north-east of Kremenetsk
mountains in the Volyn forest of the State Enterprise “Kremenets forestry management” (MELNYK,
KorINkoO 2005), close to the town Starokostyantynova in the Khmelnytsk area (MELNYK, KORINKO
2005, POoSTRYGAN 1957, BiLous 1962b), near Kuzminsk in the Vyshnivetske forest of the State
Enterprise “Yarmolynets forestry management”, near Verbovets in the Grytsiv forest (Khmelnytsk
area), close to the village of Stanislavchyk in the Khmelnytsk region and the village of Shenderivka
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Fig. 1: Distribution map of European beech and other species in Ukraine
Source: developed by Ukrainian Research Institute of Forestry and Forest Melioration named after G. N. Vysotsky (URIFFM)

in the Mogyliv-Podilskyy region of the Vinnytsya area (BiLous 1962b, ZAVERUHA, IVCHENKO 1986),
close to the town of Murovani Kurylivtsi and the villages Berezove in the Murovane-Kyrylivetskyy
region of the Vinnytsya area (MELNYK, KORINKO 2005, ZAVERUHA, IVCHENKO 1986).

Beyond the north-east border of the distribution range in the vicinity of Cherkassy, Zhytomyr,
Vinnytsya or Kyiv, European beech is partly present in artificially established stands, and despite
a dry continental climate, it grows rather well (BiLous 1962a, c, 1995).

In the Ukraine, the largest beech forest massifs are situated on the southwestern side of the Carpathian
mountains, within an altitudinal span of 500 to 1,200 m, characterized by sufficient precipitations
(700 to 1,200 mm per year), high air humidity, and mild temperature without major fluctuations in
the winter (SHELYAG-SOSONKO, ANDRIYENKO 1985). Pure beech forests occur in the altitudinal belt
between 600 and 800 (900) m a. s. l. This is the ecologically optimal altitudinal range, where beech
almost completely out-competes all other species (MOLOTKOV 1966).

In the Carpathians European beech plays an essential role in forming tree stands up to 1,300 to
1,350 m, and solitary beech trees reach elevations up to 1,400 - 1,450 m, for example at the mountain
Goverla (MoLOTKOV 1966).
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On the eastern limit, beech occurs over 280 m above sea level (MELNYK, KORINKO 2005). Here the
climate and ecological conditions for European beech are very specific. Temperature fluctuations,
particularly the winter minimum temperature, and alower air humidity negatively influence
European beech and limit its range (MOLOTKOV 1966, POGREBNYAK 1968).

FOREST RESOURCES OF EUROPEAN BEECH IN UKRAINE

Stands with the prevalence of European beech in the Ukraine represent almost 7.4% of the forest area
(PARPAN, STOYKO 1995). The area of beech stands managed by the State Forestry Committee of the
Ukraine in six western regions with an almost continuous natural distribution of European beech is
502,889 ha, out of which 53.3% is situated in the Zakarpattya, 18.1% in the Lviv region, 17.5% in the
Ivano-Frankivsk region, 8.3% in the Chernivtsi region, and only 2.6% and 0.2% in the Ternopil and
Khmelnytsk regions, respectively.

In the mountains, 78.3% of beech forests grow and 21.7% in the highlands. In the Zakarpattya region,
mountain conditions represent 99.7% of the area of beech forests, whereas in the Ivano-Frankivsk,
Lviv and Chernivtsi regions these shares are 81.4%, 49.5% and 23.3%, respectively.

In the mountains, 9.7% of beech forests grow on very steep slopes (over 30° on south slopes and over
35° on north slopes), 47.9% slopes are steep (21 — 30° on south slopes and 21 - 35° on north slopes),
and 35.0% are moderate (11 - 20°). Very steep and steep slopes are most frequent in the Zakarpattya
region (11.8% and 52.7%, respectively), which shows the important soil protection, water protection
and water regulating function of beech forests in this region.

Optimum, and nearly optimum sites (nutrient-rich fresh and moist soils) represent 64.6% of the
beech stands area. Most fresh rich soils are present in the Ternopil and Khmelnytsk regions (90.9
and 92.9% respectively), but a significant part can be found in the Chernivtsi region (41.7%). In the
Lviv and Zakarpattya regions, most beech sites are represented by wet rich soils (56.4 and 48.7%,
respectively), whereas in the Ivano-Frankivsk region, most represented are wet, moderately rich soils
(53.5%). In total, of the range of European beech forests 35.4% are found on sites with fresh and
moderately nutrient-rich soils.

Growing mainly in favourable habitats, European beech forms highly productive forest stands: 32.2%
of the beechwood area are classified as Ia quality class or higher, and in some places beech stands
even of reach quality classes Ic and even Id. The largest percentage of highly productive stands is
found in the area of Ternopil (43.5%), followed by Lviv (37.2%), Chernivtsi (35.9%), Khmelnytsk
(35.0%), Zakarpattya (33.6%), and Ivano-Frankivsk (18.9%).

Because of poorly regulated control, and after the Second World War destruction of the forest, the
current age structure of beech stands is extremely irregular. In particular, large areas are represented
by forest stands of the third and fourth age class' (22.9% and 24.1%, respectively) and the proportion
of the other age classes is quite small. For instance, the 8th, 9th and 10th age classes represent only
between 2.8 and 3.9 of the beech stand area. Especially affected is the age structure of beech stands
in the Ternopil area, where 43.7% of stands belong to the 4th age class, 21.1% to the 5th, and 13.9%
to the 3rd age class. Predominance of beech stands of the 3rd to 5th age classes (especially compared
to older stands) is characteristic also for the Lviv, Ivano-Frankivsk and Chernivtsi regions but is less
pronounced in the Zakarpattya region.

' Age class span is 20 years. The oldest tree stands belong to the 16th age class.
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Pure stands represent 57.4% of the beech area, while 42.6% of stands are mixed. The largest proportion
of pure stands is found in the Zakarpattya area (64.9%), whereas they are considerably less represented
in the other areas (Ivano-Frankivsk 52.3%, Lviv 48.9%, Ternopil 46.0%, Chernivtsi 43.0%), and the
lowest proportion is found in the Khmelnytsk area (21.3%), which means that towards the north-
eastern limit, the area of pure beech stands is decreasing.

BEECH VIRGIN FORESTS

Beech virgin forests of Ukraine represent a unique natural area. A decision was made by World
Heritage UNESCO in June 2007, to include it together with beech virgin forests of eastern Slovakia in
the World Natural Heritage category under the designation “Beech Virgin Forests of Carpathians”

The series of UNESCO-protected beech virgin forests consists of ten separate forest complexes
situated in a 185 km long east-west gradient from the Chornohirskyy Hrebet in the Ukraine to the
Bukovske Verhy and Vihorlat mountains in Slovakia.

Beech virgin forests in Ukraine occupy in total 38,680 ha. The largest massifs are located on the
Polonyna ridge (13,500 ha) and in the Svydovets (11,240 ha). Beech virgin forests are also found in
the Gorgany (6,094 ha), Chornohory (4,092 ha), Marmarosha regions (3,600 ha), and in the Volcanic
Carpathians (154 ha).

Most beech virgin forests are situated below the elevation of 1,000 m a. s. 1., and fewer occur within
the altitudinal range between 1,000 and 1,400 m and very rarely they are found over 1,400 m. Most
frequently they occur on slopes of 20 to 30° inclination.

A major part of beech virgin forests is formed of pure stands, but considerable areas are represented
by mixtures with Picea abies (L.) KARST., Abies alba MILL., Acer pseudoplatanus L. and other tree
species.

Beech virgin forests are inhabited by many endemic, rare and endangered elements of flora and
fauna. They have a very important aesthetic and recreational function.

From the scientific point of view, beech virgin forests of Ukraine represent a valuable object for studies
on the history of the development of vegetation cover during the postglacial period. Its structural
organization with peculiarly high biotic diversity, developmental dynamics and decomposition
processes can be used for building models of sustainable forest use, as well as for the transformation
of the current forest use towards close-to-nature management models.

FOREST MANAGEMENT IN BEECH STANDS

At present, beech stands in the Ukraine are generally managed under the shelterwood system. Much
less selective fellings are used, and very rarely clearcuts. For the period 1999 to 2008, shelterwood
fellings were planned on 93.7% of the area while prescribed cutting, selective fellings and clearcutting
were planned for 4.8% and 1.5%, respectively.

However, even though clear fellings are avoided, natural regeneration of beech stands is not always
warranted. During the period 1999 to 2008, beech forest stands were naturally regenerated on 69.3%
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of felling area only, whereas the remaining felling area (30.7%) necessitated being reforested. This
means that on a considerable area, beech natural regeneration was insufficient, not only after clear
fellings, which is quite typical, but also after shelterwood fellings. However, as a rule, beech stands of
artificial origin with the highest tree quality are regenerated naturally.

There is not a regular periodicity educed in beech fruit set in the Carpathians (MALTSEV 1980).
Prolific beechnut crop occurs on average once in ten years, moderate crops are repeated more often,
every four to six years (MoLOTKOV 1966). In the western part of the Podillya highlands, good harvest
of European beech nuts has been recorded once in 12 to 15 years, weak and moderate crops once on
a two to four years cycle (KRYNYTSKYY et al. 2004).

Tab. 1:  European beech fruitage dynamics in Volyn-Podillya highlands (north-eastern part of beech area)

Nuts quantity,
Y Nuts harvest, 1.000/ha The proportion of Mass 1,000 seed Crop capacity
ear ’
kg/ha . healthy nuts, % crops, g category
total good quality

2003 269 + 24 2,124 + 177 447 + 37 21.0 133.2 very poor
2004 17+2 185+ 29 0.6 £0.1 0.3 90.6 absence
2005 320+ 23 1,887 + 129 1,249 + 85 66.2 169.7 poor
2006 351+19 2,189 + 181 1,265 + 69 57.8 160.1 poor
2007 102 £ 12 700 + 86 227 +28 324 146.0 absence
2008 323+23 1,905 + 123 1,095+ 70 57.5 170.0 poor

Within our research conducted at the Sukhodil beech site (western part of the Podillya highlands)
during the period 2003 - 2008, findings show one year of absence of fruiting of European beech, two
very poor and three poor crops were registered (Table 1). The proportion of filled living seeds ranged
from 0.3 to 66.2%. A considerable part of the nut crop was empty (14.8 — 71.5%) and disease-affected
(11.9 - 42.7%). During the autumn and winter periods the healthiest nuts, and in some years even
the entire seed crop (99.5%) were predated by murine rodents.

In general, beech regeneration in the Carpathians is good (GOLUBETS, MALYNOVSKYY 1968,
GORSHENIN 1974, 1976, HENSIRUK 1995, KRYNYTSKY, SAVYCH 1973, KRYNYTSKY et al. 2004, PARPAN,
VITER 1999, SABAN 1995, TRETYAK 1954 and others]. In mature and over-mature beech and oak-
beech stands, up to 5,000 seedlings and undergrowth trees per hectare were recorded in 10% of beech
stands, 5,000 to 10,000 seedlings per hectare on 24%, 10,000 to 20,000 seedlings per hectare on 38%,
20,000 to 50,000 seedlings per hectare on 17%, and 50,000 to 100,000 seedlings per hectare on 11%
(MoLroTtkov 1966). In optimum conditions, with the stocking of 0.6 - 0.7 and under a rich fruit set,
almost 200,000 seedlings per hectare may appear (KRYNYTSKY, SAVYCH 1973, TRETYAK 1954).

The relatively low success of natural regeneration in beech stands under current forestry practice
is not caused by infrequent heavy-crop years, but rather by insufficient protection of the beech
understory during the main felling operations.

Our experiments conducted at the Sukhodil beech site showed that the main methods of shelterwood
and selection fellings ensure a satisfactory natural regeneration of European beech. In 2003 - 2008,
the highest number of seedlings and understory trees of beech appeared in the compartment where
regular two-stage shelterwood felling was performed, namely 23,600 individuals per hectare. Slightly
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less seedlings were found in the compartment with the selection (“plenter”) fellings of moderate
and high intensity (21,300 and 20,300 individuals per hectare). Considerably less seedlings and
understory trees appeared in the compartments managed under the three-stage group-selection
system, regular three-stage shelterwood cutting and three-stage group-shelterwood fellings (15,600,
13,000 and 10,000 seedlings per hectare, respectively). In the compartments managed using group
selection felling and Wagner irregular shelterwood fellings, 8,500 and 7,000 seedling per hectare
appeared, whereas on the control plot without any felling, understory density was 6,600 individuals
per hectare. In the compartments with clear and strip fellings, the number of understory trees was
even considerably smaller compared to the control plot, namely, 2,400 and 3,800 seedlings per
hectare.
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